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IMPOAOI'OX

Oéw va euyoploTno® Tov KoOnyntm pov k. Baociiewo Avtoviadn yo v
kaBodnynon kat ™ Ponbewa kab' 6AN T Sidpkela TG SatpPrg pov. Oa MO va
evyapotom emiong v K. I'kdAia Evayyeha yuo v onpavtikny g Ponbeia oty
OAOKANPMOOT TOV EPYUSTNPIK®V OVOADCEDV, TNV K. Anunpkov AvOovlo Kol K.
AePilov EvbBupia, xabng kot tig vmoyneleg dwdktopeg Mrpoélov Evoayyeiio kou
Zovviy Avva. Téhog Ba 0gha vo euxapIGTNG® TNV OIKOYEVELX LLOV Y10 TH GLVEXY] TOLG

oTPIEN OAa avTd T YPOHVIOL
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IHEPIAHYH

Ta Bapéa pétarro amotelohv PLGIKE GLOTOTIKG TOV EAOOL TNG YNG KOl OPIGUEVA
amod oVTO amoTEAOVV OpemTIKA oTOLYElD Y100 PUTE OE UIKPEG GUYKEVIPOOELS, EVM OE
VYNAEG mOpoLGLAlovY  apVNTIKEG emmtooelg (OTwg kol otov avOpwmo), mov
eCaptvTol Kuplwg and 10 €100G TOV ELTOV KOl TN GLYKEVIP®ON TOV UETOAAOVL. ¢
attio. g pYdmavong tov €ddpovg Bempovvtal ot avOpmdmTve amobécelc OTmE ot
YEOPYIKEG OPACTNPIOTNTEG, TO OOTIKA AVUATO, 1 KOG OPLKTI®V KOl GLVOETIKOV
KOLGIHOV K.6. XV mapovco gpyocio. cLAAEEQUE €30QIKA Kol QLTIKG (o1Tdpt)
delypoto amd v guphtepn mepoyn wog mbavig mnyng povmavong (epyocticlo
XaAvBovpyiag Borov) kot eEeTdoape TIC CLUYKEVIPOOELS Kat TN SofECIHOTNTO TOV
duvntikd to&ikdv otoreiomv Mn, Zn, Cu, Ni, Cr, Cd, Pb, Fe, Al, kabnhg kot 11g
€00QIKEC 1010TNTEC OV emmpedlovy TN SHESILOTNTO TOV TUPATAVE® UETAAA®DV CE
@uTd ToV 1d10V €idovg. Bprikape 6TL T delypato £dap®V TOL GLAAEEANE NTOV UETPLOL
OAKOAKA, pe meplekTikdtTo tkavomomtikny o€ CaCOsz kat younAn € opyovikn
ovoia. Ot olikéc cuykevipmoselg Tov vikeliov (Ni) kot tov ypopiov (Cr) mapovciocay
OPKETA VYNAOTEPEG TIUEG OO TIC ATOJEKTES KOl O1 OPOLOIMGIUEG LOPPES TV PapimV
UETOAA®V TAPOVCIOCAY CYETIKA YOUNAEG CLYKEVIPMOELS. XTO0 PAOCTO TOV QLTOV
LEYGAES CLYKEVTIPMOELS, AV® TOV EMTPENTMOV, EUPAVIcE TO xpduto (Cr). Q¢ mpog tov
napdyovto. pomovong (CF), vynAéc tuég ovykprtikd pe ta GAAo  otoyeia
napovoiacay 10 ypoduo (Cr) ko 1o vikédo (Ni), evd ®¢ TPog T0 CLVIEAESTN

uetapopac (TC) vyniéc Tipég Tapovsiasce 0 Yevddpyvpog (Zn) kot o xaikdg (Cu).
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ABSTRACT

Heavy metals are natural ingredients of the earth's crust. Some of them provide
nutritional value to plants in small concentrations, whereas, in larger doses negative
consequences occur (much like in human beings). These doses depend on the species
of the plant and the minerals concentration. The contamination of the ground is a
consequence of the human factor, such as agricultural activity, urban waste, burning
of fossil and synthetic fuels etc. In this project we collected both soil and plant
samples from the area surrounding a possible contamination source (a steel mill
factory in VVolos), and we examined the concentration and the availability of potential
toxic elements (PTEs) Mn, Zn, Cu, Ni, Cr, Cd, Pb, Fe, Al, as also the soil properties
that affect the above mentioned metals to plants of the same species. We found that
soil samples collected were moderately alkaline, with good content in CaCO3 and low
in organic matter. The total concentrations of nickel (Ni) and chromium (Cr) showed
significantly higher values of the accepted and assimilable forms of heavy metals
showed relatively low concentrations. In the shoot of plants high concentrations
exceeding permissible, showed chromium (Cr). As to the contamination factor (CF)
high values compared to the other elements presented chromium (Cr) and nickel (Ni),

while in the Transfer Coefficient (TC) zinc (Zn) and copper (Cu).
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Eyo, o Ilpdmoc Aviovng, sipon o ovyypagéag avtig e M.A.E. Avt 1 M.A.E.
avtikatontpilel v €pegvva mov £yve omd epévo Kot dgv €xel vmoPAndet (€€
olokApov N HEPOG TNG) oav mpomtuykny OatpPn | MAE. 1 ©g uépog
Awoktopkng Aatping og avtd | dAro Ilpomtuylokd | Metamtuyiokd Ipdypappa
Ymovdav Idpvudtov Tprrofdbuiag Exmaidevone tov eocmtepikod 1 £E®TEPIKOV.
Omowr ovvepyacio kabmdg kot to péyebBoc avtig OnAwvoviorl emakpipdg oTo
avtiotoyo medio avtng ¢ datpPng. Emiong £y dwPdcetl 6deg tic PifAoypapikég

avapopég Tov mapotifevion 6to TEAOG.

O Xvyypopéog
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Q¢ emPAET®V TG £PELVOG OV TTEPLYPAPETOL GE AVTY| T dlaTpiPr), SNAdV® 6Tl 601 o1
6pot tov Ecmtepikod Kavoviopot tov Metamtvytokov TIpoypdppatog Znovdmyv Tov
Tunuatog I'eomoviag Ouvtikng Tapaywyng kot Aypotwkod IlepiBdiioviog Exouvv

mpn0el and tov [Ipdma Aviovn.

O Emprénmv Kadnyntrg
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KE®AAAIO 1: Ewcayoy

1.1. It TES KOl KaTOVOuT TV PapEé@v peTdAlov

[Mopd ™ ocvyvnq yxpnon tov 6pov "Bopéo HETOAAA", dev LIAPYEL GLYKEKPIUEVOC
OpPIGUOG Yoo TNV TANPN meptypapn tov. Qg Poapéa péroiia yoapaxtnpilovror to
HETOAAD. TTOL €YOVV OTOUIKO PApog HEYOAVTEPO TOL GONPOL KOl TLKVOTNTO
peyoAvtepn amd 5.0 g/cm3 N atopko Bapog peyorvtepo tov 20, Tov givol T0 ATOUIKO
Bapog tov acPectiov. O opiopdg avTOC aPopd Kvpiwg ta pETOALN peTAPaoNG,
OPIGUEVO LETOAAOELDT], AvVOOVIOES, OKTIVIOES. KOl CLGYETIOTNKE LE TNV OWKOAOYiOL Kot
Vv owoto&ikoroyia. O Tpocdopiopdg Tovg yivetor pe Bdomn tov atopukod apfuod, v
to&OTNTA 1] AAAOVG TTaPAYOoVTES. 2GTOGO 1 XPNON TOL OPOL ExEl EMKEVIP®OEL oTOL
HETOAAIKA oTotKEln TOL 0TTOT0L £XOVV AVTIKTUTTO 6T PLTA, 6T LM 1) GTOV AVOP®TO Kot
oL OTAV EKYEOVTAL GTO QPUOIKO TEPPAAAOV GE GUYKEKPIUEVEG GLYKEVIPMOGELS,
eueoavifouv TG  apvNTIKEG TOLG  EMOPACES. MeyoAdTEPO  EVOIPEPOV  OTNV
nepiPailoviikny emotiun mapovctdlovv o porvpsog (Pb), o vdpdapyvpog (HQ), o
kaduo (Cd), 1o ypodpo (Cr), o yarkog (Cu), to payyavio (Mn), o vikélo (Ni), o
Yeudapyvpog (Zn) kat o dpyvpoc (AQ).

O PaBuog to&ikdTTag TOVG €E0PTATOL OO TN CLYKEVIPMON TOVG, TO €100G TOL
petdAlov, v Vmopén Kol cLVEPYIKY] OpAcn CGAA®V UETOAA®V, TO €100 TOV

0PYOVIGHOV Kol TN LopeN Le TNV omoia ivar dtabécipa 6to TepPaAiov.

Ta Poapéa péroilo Ppiockovtal o©TO EMPAVEINKO £00(QOC O WIKPEG OYETIKA
GUYKEVIPMGEIS, GOV OCLOTATIKA OVOPYOVOV 1] OPYOVIKOV EVAOGEMV KOl GOV
TPOCPOPNUEVO 1OVTO OTO KOAAOEWT Tov. Kdamoww omd avtd sivor omapaitmto
yvootolyeia Yo To eUTA, OTMG 0 G1OMNPOG, 0 YOAKOG, TO LOYYEVIO, O YELOAPYLPOGS KOl
T0 poAvPdaivio Kol YOV  ELEPYETIKN EMOPAOT Y TO QUTH O YOUNAEG
GLYKEVIPAOGELS, PEATIOVOVTAG TNV avATTLUEN, TV €EEMEN Kol TIg Agttovpyieg Tovg. O
oidnpog kot 1o apyiko eivar Ta otoyelo mov Ppiokoviar oe  HEYOAVTEPEC
GLYKEVIPAGELS OTN AMBOCOUIPA EVD Ta TEPIGGOTEPA Kot TAEOV TOEIKA Ppiokoviot o€
LIKPEG CLYKEVTIPADGELS GTO PLGIKE GCLGTHLATA KOl YopakTnpiloviatl Gov yyvooTotyEia.
Abpopes avBpomoyevelS dpacTNPOTNTEG EYOVV MG OMOTEAEGUO TNV aOENCT NG
OLYKEVTIPMOOTG GTO £30POG, YEYOVOS TO 0Toio 00Myel o€ aAlayég ot uoloAoyia TV

QLTOV, LEIMGELG GTNV AVATTLEN TOVS, OKOLN KOt TANPT) VEKPMGT| TOV GUTOV.
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Mepikég amd T dpeceg TOEIKES €MOPAGES TOV TPOKAAOVVIOL Omd TNV LYNAN
oLYKEVTPOOT Bopév HETAAA®V TEPIAAUPAVOLV OVOCTOAN TV KVTTOPOTANS LATIKOV
evlopwv, PBAAPN TOV KLTTAPIKOV OOp®V OT®G Kot mopeUmddion  evOupIK®V
dpACTNPOTATOV, YPNOIU®V Y10 TO HETAPOAICUO TV GUTOV. 'Exovv emiong apvnrikn
EMOPAoT 6TV AVATTLEN Kol TIG OPAGTNPIOTNTES TOV LKPOOPYOVICU®MY TOV £6G(POVG
TOV UTOPEL EMIONG VO EMNPEAGEL EUUESH TNV OVATTTLEN TV ELTOV. [ TaPaderypa, N
peimon Tov apBpod TOV OEEMU®Y UIKPOOPYOVIGLMVY TOV 3GPOVE AOYM TNG VYNANG
OLYKEVTPMOONG HeTAALOVL pmopel vo odnynoel oe peimon g amocvvheons g
0pYOVIKNG VANG Tov odnyel og peiwon tov Opentikdv cuotaTik®V Tov £ddpove. H
enidopaon ¢ To&koOTNTAG TOV PapémV HETAAL®V GTNV aVvATTLEN TOV PLTOV TOIKIAEL
aviroyo pe to €idog tov petdirov. I'a pétarla 6mwg Pb, Cd, Hg mov dev €youvv
KOVEVO, EVEPYETIKO POAO OTNV avlmtuén TV QULTAOV, TaPoLSLAlovVTol OVGUEVEIS
EMATAOCELS OTNV OVATTVEN TOV QLTAOV GE TOAD YOUNAES GUYKEVIPAOGEIS OLTMOV TWV

UETOAAWV.

Ta Opentikd cvoTaTiKA TOV £lval OmOPOITNTO YIOL TNV AVATTLEN KOl TIG AEITOVPYIES
TOV PLTOV KO TPOGAAUPAVOVTOL Ao TO £50POG 1 TNV OTULOGPOIPO ATOTEAOVVTOL OO
ta poakpoototyeia (N, P, K, O, H, C, Mg, Ca, S) ka1 and ta yyvootoyeio (Cu, Mn, Zn,
Fe, Cl, B, Mo). Ext6¢ and 1o mapamdve omopaitnto Opentikd cvotatikd, £ival
duvaTov va TpooAneBovv amd To ELTE Kot AL 1N amopaitnTo avOPYave, GUCTUTIKA

omw¢ opropévot kowvoi avopyavot (Pb, Cd, As, k.A.) | opyavikoi pomot.

Evd ta Bapéa pétoria e LUKPEG GLYKEVTPAOGCELS Elval avayKoio Yoo TNV avamtuén Kot
TIG AEITOVPYIEG TOV QUTMV, GE VYNAEG OCLYKEVIPMGELS TOPOLSIALOVV PV TIKEG
EMNTOCELS OVOLOYA LLE TO €100G KOl TN CLYKEVTPMOON TOV UETAALOV.

Yvykekpyéva: (Kaptowvakn, 2004)

Apyilo (Al). To apyido pmopei vo TpoKoAEGEL oNUOVTIKY LEIDON TG 0TOd0ONG GE
0&wva €0don pe pH<7. Yyniég cuykevip®oES 0dNyovV GE TEPLOPICUEVT OVATTTUEN
TV pav, Ta dkpo TV omolmv Kol 01 TAAYES SUKAAIMGELS YIvOovTol YOVOPES Kot
QTOKTOVV PO KAPE.

Kadpwo (Cd). To kdaduto mpokareli to&ikd ocvumntdpoto oto mavildpla, ot
CoyopdtevtAa, oTo POGOMA, OTOV TEPLEYETOL GTO VEPO APOELONG M| o€ OpenTiKd
dwAvpata oe ovykevipooelg 0,1 mg/l. Zvocopevetor 6ta PuTa Kot 6Ta €6G¢PN OF

OLYKEVIPAOGELS EMKIVOLVES Y10 TOV AvOp®TO.
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Kopaitio (Co). To koPdrtio oe ovykevipmoelg 0,1 mg/l oe Opentikd dwwAdpata
TPOKOAEL TOEIKA GLUTTOMOTO GTNV TOpAte. AvtiBeto e 0vdETEPO KOl OAKOAIKA
€001 TOPAUEVEL AOPOVES.

Xoikog (Cu). O yorkdg mpokorel TOEKG cvumTOUOTO O©TO QUTG OTOV Ol
OVYKEVIPADOELS TOL 6T0 vePO Apdevong kvpaivovior amd 0,1 mg/l oe 1,0 mg/l,
OMUOVPYAOVTOG HKPE KOl YAOPOTIKE UAAN e TPOWPT TTMOGT] GAAL KOl OVAGTOAN
g avamtuéng g pilac.

Yionpog (Fe). e peydrec mocOTTEC O GIONPOG TPOKAAEL TV EUPAVIOT) KNAIS®V
YPOLOTOG YOAKIVOV. Otav tar eUTE avOTTOCCOVTOL GE KOAG aepllopeva €04en, o
cidnpog dev pokalel patvopeva ToKOTNTOG.

MoivBdog (Pb). Otav mapoatnpnbovv vyniéc cuykevipdoelg noAvpoov ota £54en,
1OTE TOpOTNPEITOL TOPEUTOOIOT TNG AVATTLENG TOV PUTIKAOV KVTTAP®V, UEI®ON TNG
QMOTOGLVOETIKNG KAVOTNTAG KOl TNG EEATHGOOINMVONG, UOPAGHOS Kol KOKKIVIGHO
TOV HLEYOA®DV QUAA®V KOl VEKP®GT 1 LOVPLGHO TV PidV.

Mayyéavio (Mn). To payydvio Bpicketar 6 VYNAEG GLYKEVTPDOGOELS KVPimG oTo GEva,
€001, TPOKAADVTOG LOPUGHO Kol KOPE KNAOEG OTNV ETPAVELD TOV PVAA®V.
Nwého (Ni). Ze ovdétepa Kot oAkahikd €66gn T0 ViKéMo dev mpokael To&ikd
ocuunTOMOTE 6TA ELTA. AvtifeTa, dTOV 6TO VEPO APOELONG VILAPYOVV GUYKEVTIPDGELS
0,5-1 mg/l, mapatnpodvtar ToEIKOTNTEG.

Yevdapyvpog (Zn). O yevddpyvpoc mpoKaAel TOEIKOTNTO OTO. VLT O VYNAEC
OLYKEVTPMOOELS. € €001 pe pH>6,0 dev mpoxaiel T0Ekd counTOUOTO, OTMOG ETIONG
dev &yovv mapatnpnbel T0&kOTNTEG G EAAPPIIG CVOTUONG EOAPT KOl GE OPYAVIKA

€000N.

Opopéva putd givar oe Béon va aveyBovv vyniég cuykevpwoelg Papémv petdAiwmv
oto wepiPaiiov Toug pécm 3 unyavicpav: (Chibuike, Obiora, 2014)
1) Tov amoxAelopov: TEPOPIGUOS TG UETAPOPAG TOL HETOAAOVL KOl dlathpnon
pog otafepng GLYKEVTPMONG LETAALOL 6TO PAACTO.
2) Tnc évtaéng: ovykevipdoelg PetdAhmv 610 PAacTO MOV ommbodv ekeiva TOL
Bpiockovtor 610 €60k dtbAvpo.
3) Tnc Procvoodpevong: cvooOpPevon HETAAA®Y 6T0 PBractd kot TS pileg TV

QLTOV TOGO G€ YOUUNAES OGO Kot VYNAEG GUYKEVTIPMGELS GTO £J0(POC.
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Ta Popéo pétorlo, péowm kvpiwg ™G PlOCLGOMPELONG KOl TNG HOKPOYPOVING
KOTAVAA®ONG LOAVCUEVAOV TPOPIL®V, KATAAYOUV 6TOV AvOpmmo mov Bpicketal oty
KOPLPN TNG TPOPIKNG 0ALGIdNG, avEAVOVTAG £TOL TO. QUGIOAOYIKE EMIMEdD TOV
Bpiokoviar otov avBponivo opyaviopod. Ta pétoria dev apopoldvovtal, ovTte OUmg
Kot amofdAilovior omd TO GUOTNUO TOV OPYOVIGUAOV HE OTOTELECUN VO
CLCOMPEVOVTOL EKAEKTIKA GE OPIOUEVOLG 10TOVG (CUKMOTL, VEQPA) eppavifovtog £Tot
VYNAEG oLYKEVTPDOGELS. Ot EMMTAOGELS TOVS, avAAoyo LE TO 100G KOl T CLYKEVTPMOOT)
TOV UETAAAOL OAAG KOL TOV TPOTO €16OO0V TOVE GTOV AvOPOTIVO 0pyaviGUd, sivat
apkeTq emikivouveg kabwg umopel vo mpokaAéoovv veppikég/mmatikes PAdPec,
KapOlyyelokég  moONoES, TOPAALGT  VEVPIKOV  GLGTNUOTOS,  KOPKIVOYEVEST,
emPBrafeic emdpacelc oty eVLUIKT, OPLOVIKT KOl OVATOPAY®YIKT OpacTnploTnTa

K.O.

Ta Papéo pétaria péo® SPOP®Y PLOIKOV YEOYNUWKOV KOKA®V OoAAL Kot

avOpomoyevav  emeufdoemv  avOKOTOVEHOVTAL OTO  Odpopa  TEPPAALOVTIKA

dwpepiopata. Ot avBpomoyeveic oamobBéoelg Poapéov petdAiwv oto mepPdiiov

mapovciocay HEYAAN GAvodo He TV adénom g mopaym®yns Kol ¥pNong YnUikov

ovolv, ot facikdtepeg amd T1¢ omoieg eivar: (Alloway, 1995)

o Tewpywés Opaompomtes: Audopoto, eviopoktovo/{ilavioktova, @Bopda
UETOAAIKOV OVTIKELEVOV K. 0.

e AoTikd AVUOTO: KATOVOA®GOT OQOp®V YNUKOV TPOIOVIOV 7OV TEPLEYOLV
EVOGELS PapEV HETAAL®Y, KODOT] OO0 PPLUATOV K. 0L

e  Kohon opuKt®V Kol GUVOETIKOV KOUGIU®V: £YEL WG OMOTEAEGHO TNV TOPOYMYN
Bapéwv petdAlmv 6oV HES® NG PPOYNS KATAATYOLV GTO £0.POG.

e Bilounyavikéc dpactnpomnres: e£0pvEn  petdAmv, metpelaiov, Propmyovieg
LETAAL®V, YMUKOV, NAEKTPOAOYIKDOV, TOPAYMOYNG XPOUATOV, K.O.

o ZTpaTioTIKEG dpacTNpOTTeg (SoKWES OMA®V, EANTTOUOTIKOG €E0TMGUOC,

TLPOLLOYIKE, YPTION KOVGIL®V).

Ov @uowég mmyéc Poapéov peTdAA@V Tpoépyovior kupiwg amd ™ SPpwon
TETPOUATOV 7OV givarl TAOVCI0L 6€ 0pLKTA oV mePEyovv Papéa puétara: (Bradl,
2005)
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¢ Moypotikd Tetpopata, onpovpynonkoay ord pdypo, Tov oTepeonomdnKe 6To
€0MTEPIKO 1 KAAVPONKE 0md GALN TETPMOUATO TOV EEMTEPIKOD PAOLOD TNG YNG.

¢ Inuotoyevn metpopoto, oynuotilovior amd LVAIKO TOL TPOKLATEL amd TNV
KOTOGTPOPT] GALDV TETPOUATOV GTNV ETPAVELD TNG YNG.

¢ MEeTOROPPOCIYEVT] TTETPOUATO, TPOEPXOVTOL OO TNV KOOOAMKN 1 TN HEPIKN
LETOUOPPMOT TPOVTAPYOVIAOV INUATOYEVAV 1] EKPNELYEVOV TETPOUATOV.

¢+ Hoaotewkn dpactnpioma.

1.2. Zopmeproopa Boapémv petdriimv 6to £60.p0g
Ta Popéa pérorlo péo® TOV QUOIKOV KOl OvOPOTOYEVOV dpacTNPlOTATOV
KATOAYOUV 610 €00p0G. Ol GLYKEVTIPMOELS TOVG GTO £J0(POG TPOTOTOOVVTAL HECH
€00(QOYEVOV Kol Ploye@ymuikav dtadikacidv. To peyoAdtepo mocootd tov PBapiéwmv
UETOAAW®V OV KATOANYEL GTO GLTA CLYKEVTPAOVETOL OTIC Pilec Ko o€ TOAD HKpOTEPO
TOGOGTO GTO VIEPYELD TUNIA TOL PLTOV OTMG TOVS PAAGTOVS Kol TOLG KOPTOVS. AVTN|
1 CLGOCMOPELGN GTA SLOPOPETIKA TULOTO TOV PLTOV TOAVOAOYEITOL TOG EYEL OYEOM
pe 1o puhud kol tn Spkew dtamvong. Ot mapdyoviec ot omoiot kabopilovv v
TOGOTNTA TOV UETAAA®V OV Ba amoppoenBovV amd Eva utd givar:

*  H mocoTTa TOV HETAAAOV GTO EGUPIKO SLAAVLLOL.

=  To &idog ka1 1 LopPN TOL HETAAAOL LEGH GTO EOUPIKO OLAAVLLL.

=  H nopovsia 10vIwv vopoydvov 1 GAADV 10VIOV GTO £00(PIKO SIOAVLOL.

= Ot ovvOnKeg aepiopov Kot 0eplokpaciog Tov enkpatoHv 6To £60(POG.

=  H i tov duvopikov 0EEW0avaymyns ToL £60POVG.

Emiong aAlotr mapdyovieg etvar: 1o €i00¢ TOL LTOL KOU 1) KOVOTNTA TOL VO
npocAaufivel 1 Oyt petodhkd otoyeic, TOo OTAOW OVATTLENG TOL ELTOV, 1|
KIVNTIKOTNTA TOV UETOAAKOD 1OVTOG GTO €J0PIKO SIGAVIO TPOG TNV EMPAVELL TNG
pilag Tov ELTOY, N UETAPOPA TOV UETAAAOL OO TNV EMPAVELL GTO ECMOTEPIKO TNG
pilag ko 1 petaxivnon tov petdAiov and ) pila mpog 10 PracTod Kot To PUAAA. Ta
QULTE ATOPPOPOVV EMIONG ONUAVIIKEG TOCOTNTEG UEPIKAOV OTOYKElOV pEc® TV
QUAL®OV TOVG YEYOVOG IOV GLVTEAEL GTN PUTOVGT) OLTOV Ao To. ototyeio Mn, Zn kot
Cu. O 1pdémog avTOG XPNOLOTOIEITAL Kol GTN YEMPYIO Y1 TNV TOPOYT TOV QUTMOV LLE

TO OmoPaiTNTO Yo TNV avantuER Tovg tyvoototyeia 0w to Mn kot o Cu (XpvooW,
2007).

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 05:41:28 EEST - 3.138.33.9


https://el.wikipedia.org/wiki/%CE%9C%CE%AC%CE%B3%CE%BC%CE%B1

H dwBecudtta tov Bapéov petdhiov oto £dapoc eEaptatal and: (Adriano, 1986)

To pH tov gddpovg. T'evikd, n avénon tov pPH tov £ddpovg éxel ®¢ amoTéAeTL
™ Helon TS KvnTIKOTNTOG TOV Popémv HETAA®Y 6TO £60.00G.

Tnv wavétta avrarrayng katdoviov (1.A.K).

Tnv TeplekTIKOTNTO GE OPYOVIKT OVLGIAL.

Tnv mocoTNTO KOt 0 TOTOG TS APYLAOV.

Ta o&eidra tov G1d1pov.

Tig ovvOnKeC 0EEId®ONG Kot avory®yMG.

Tov avtayoviopdg petald otoyeiov: Otav  €povpe 0600  pETOAAD  TOV
avtayoviloviol 610 €00QIKO TEPPAAAOY, T.Y. YO TNV KOTAANYT avTOAAAE @V
0écewV oTIC 0TEPEES EMPAVELES, OV TO EVa KLPLOPYNGEL TOTE TO GAAO B awEnoet

™V SBEGOTNTA TOV KOTE TOAD.

EVD TN GLUTEPIPOPE TOVG 6TO £dapo¢ emnpedlovv: (Kabata, 1995)

H etepoyevng Katavoun t@v evOGE®V GTO £50(POG.

Emoylaxéc kon edapikég petaforéc oe onuovtikég petafintég omwg to pH Kot o
duvapko oéedoavaywyng (Eh).

Aw@opmv €100V  avTOPACES OT®MG: OVTIOPACES UETOPOPAS MAEKTPOVI®V,
OPYOVOUETOAMKEG OVTIOPACELS, PLOUETATPOTEG.

Metagopd petah @AcE®V: avIOPAGEIS TPOSPOPNONG, OLIYVON-ATOPPOPNCY| GE
oteped @dom, Oyvon o€ QAo OWAVUOTOS, OCYNUOTIOUOG OTEPEGS (AONMG,
ovykafilnon, mén.

Bilonpdoinym kot frocvcodpevon.

AwBeopotnta Papiov petdriov 610 £60.00g

Moivpdog (Pb): O porvpdog Bpioketon cuviifog ot poper Pb*" mopovoidletal

opog ko g Ph(OH)*, PbCO,, PhO, Pb(OH),. ‘Exst tv 1401 VO GUYKEVIPOVETOL GTOV

emeaveko opilovta tov €ddeovg kot vo dnpovpyel otabepd cvumAoka pe To

0PYOVIKA KOAAOEW|. Zyetileton 1oyvpd e VOPOEEIDIN GLONPOL Kol payyoviov, pmopel

va Bpioketal 6 POGEOPIKA Kot ovOPUKIKA COUATION Kot £XEL IGYVPN GYECT UE TNV

opyovikny ovcio. H peydAn edaewr o&btnta avédvel v KvnTikdTnto Kot

daAvtotnTtd Tov. Ot péoeg ovykevipmoelg tov Pb yio empaveioakd €ddon oe

noykoopa kKAipoka vroloyilovton oto 25 ppm (Alloway, 1995).
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Kadpo (Cd): H péon ovykévipwon tov 610 oteped eAo1d g yng eivor petad 0.1
kat 0.5 ppm. Me ) gpfion eWIKOV pHovtédwv €xel omoderydel 6TL o€ 6EIva £64¢T, 6TO
£80QIKO S, KuPLPYovV ot eERG Hopeéc Tov kadpiov Cd™, CASO, ko CACl,",
evd oe alkokd edaen Cd*?, CACI', CdSO, kor CAHCOs*. H ovykévipoon tov
kadpiov oto £8agog eEaptdtal amd ™ décuevon Kot TV kotafvoion Tov kaduiov
amo TN oTePEN Ao Tov £dAPovs. To edapikd pH mpoteivetar va dtatnpeitar 6€ TYHES
peyoAvtepeg tov 7, koD £tol pewdveton 1 Prodwbeoudtntd Tov ota eutd. H
amoppOPNO™ TOL KAdHIoV amd Ta PUTE avEdveTon Pe TN peimon tov edapkov pH. Xta
o&wva €640n, N OWAVTOTNTO TOL KAOUIOL EMNPEALETOL GO TNV OPYOVIKY OVGIM, TO
o&eld kot ta VOPOLeidia, evd oe OAKOAIKA €dA@T, KaboploTikd poio ywo TnV
OTOKOTAGTAOT TNG 10O0PPOTING 6TO £0PIKO ddALHA £xEl N KaTAPVOIGN TOV EVOCE®V
tov Kadpiov (Myodmoviog, 2010).

Yeudapyvpog (Zn): Zvvavtdrar 61o £3a¢pog pe TiC &S popeéc ZnO, ZnCl*, ZnCO;3,
ZnHCO3". H peyoldtepn mocsodtto. Tov ZN cuykpateital omd to ofgidio Tov 61dnpov
Kot ToV apyiiiov (o€ 1060010 14-38%), and t0 opvKTa TG apyidov (24-63%), evd ot
VO0TOOWAVTEG evioelg avépyovtal o€ 1-20% kol ta GOUTAOKO WPE TIG OPYOVIKEG
evaoelg og 1060010 1.5 émg 2.3 % g cvvolikng mocdttag Tov ZN 610 £0apoc. O
YELOAPYLPOG amoTeAEl €val amd Ta WO KVNTIKG HETOAAO Kot €ivol 7o €0KOA
OOEG1OG OTO PUTA LE TNV VOATOSIOAVTY] KO AVTOAAAEIUT LOPPT) TOV.

Xoikog (Cu): O yaAxkdg Ppioketor o010 £00POC G TMOAAEC UOPPEG Ol OTOieg
JloKpIvOVTOL GE ATEG TNG OTEPEAS PACNG KOl TOV £50(PIKOV dtaAdpatos. H katavoun
TOV YOAKOD UETOED TV O0POPOV EG0PIKAOV GLOTATIKAOV EMNpealeTon Kotd KHPLo
AOYO amd TNV TOPOLGIN TNG OPYOVIKNG OVGIOG TOL €3APOVE Kot amd T 0&eidio Tov
payyoviov kot tov cdnpov. H amoppopnon tov yoikod oand tig pileg TV Quidv
eCaptaton oe peydAo Pobud omd ta emimeda TG OWALUEVIG OPYOVIKNG OLGIOC, M
omola amotelel PETAPOPED TOV KOTIOVIOV, OEVKOADVOVTOS £TGL TN Ju(LoT TOV
YOAKOU amd TO £30(POC TPOG TO PIKO GVGTN LA

Nwkého (Ni): H péon mepiektikdmro tov vikediov oto édapog givar 15-20 ppm. To
VIKEMO epovifeTal oTa e60QIKG SLOUAVLOTO MG Ni%*, NiOH*, NiHCO;", HNIO,", ko
Ni(OH);. H ocvunepipopd tov 610 £600p0G €E0PTATOL QO TNV MEPIEKTIKOTNTO GE
Gpyo, opyavikr] ovoia kot to PH kot ot popeég tov umopel va givor woyvpd

OECUEVUEVES EMG KO TTOAD KIVITIKES.
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Xpopwo (Cr): H péon tun tov ypopiov ota €64en o€ maykdcuo eninedo eivor 49
ppm. Ady® ™G e0KOANG HETOTPOTNG TOV YP®UIoV amd TN pio 0EEMTIKY KOTAoTOo

oV GAAN, N YEOYMUEID TOV eVl apKETH TEPITAOKN.

Ta Bapéa pétarla Ppiokovtar 6to £60pog o€ d1apopeg LopPés: (Mntotog, 2004)

e  Me ) dwAvt) popen 610 £60.P1KO dtdAvpa Kabdg Kol 6To vepd oTPayyIonc.

e YuyKpoToOVTOL OO TN OTEPEN GACT TOV €OAPOVG UE OAPOPES HOPOES Kot
LOVTIKEG KOTAGTAGELC.

o  KoatapouBiCovrar pe m Hopen adtdAVTOV EVHOGEMV.

e IlpociapfBdvovtol amd to PUTA TOV KOAAEPYOVVTOL GTO £J0POG 1 Al TO LT
TOV AVOTTOGGOVTOAL GE OVTO.

o TJlopapévouv oty aépla. @AcT TOL €JGPOVS KOTA TN HETATPOTN TOVG HE TN

HOPOT TTNTIKAOV EVOCEWDV.

1.3. ATOKOTAGTAGT PUTUCUEVOV EOAPDOV

g KATMO1EG TEPMMTMOELS, AOY® TNG VYNANG CLYKEVTP®ONG TOV Papéwv LETAAWVY, givat
EMTAKTIKY] 1 OVAYKN YO OTOKOTACTOOT OLTOV TOV €00Q®V Yo OTKOVOUIKOVG
(yewpylo) Kot 0O1KOAOYIKOLG/TEPPAAAOVTIIKODG AOYOVS, EMOVOPEPOVTIONG £TOL TIG
(QLGLOAOYIKEG 1010TNTEG TOV €0dPovc. H amoxatdotaon Tov £00(pOV GTOYEVEL GTNV
amOpaKpLVON TV Popév HETOAA®V amd TO £00(pOoC M TOV TEPLOPICUO NG
To&IKOTNTAC TOLG OV pImopet va emitevyDel eite pe puoikég uebodoovg, o1 omoieg dev
emMpedlovy TIC QUOIKOYNMIKES 1WO10TNTEG TOV POV, &ite pe yMukég uebooovg,
TPOTOTOIMVTOG TIC PUOTKOYNUIKES TOVG 1010TNTEG LE OKOTO TN LEIMOT TOV OPVNTIKOV

EMOPACE®V.

Ot puowéc néBdSoL amoterovvion amd Tig nebOSOVE OV M EPAPHOYN TOVLS YiveTon
emrtomo (in Situ) otoyedovtag og KPR dTapayn Tov €00PIKOD TEPPAALOVTOC
OmmC:

Yahomoinon: Xpnon NAEKTPUKoL PeOLOTOS Yo TO ADGUHLO TOV EOUPIKAOV VAIK®OV
KV TOTTOLOVTOS £TGL KO TOVG POTTOVG TOL EAPOVG.

Buoagpropoc: Awoyetedetor aépag 6To £30(p0C e GKOTO VO EVEPYOTOMGEL T OpAoT

TV piKpoBiov yo ) foarodduncn tov puToy.
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dvutogduyiaven: XpNHon TOV QUGIKOV AETOVPYIDV GULYKEKPUEVOV QUTMV, 7OV
TapoLSLALovV AVOEKTIKOTNTA GE VYNAEG GUYKEVIPOGELS PapEwV HETAAA®V, LE GKOTO
TNV omoppOENGN T0VG omtd TO £60POG.

"Exmhvon: [Nvetar doyétevon €01kod voatikoy S1oAOUOTOC 6T0 £00(0g He KOO

TNV ATOUAKPLVGT] TOV POTOV.

Emiong vrdpyovv kot péBodot mov amartovv ekokap 1/kot eneéepyacio Tov £34POVS
(ex situ) to omoio petagépetar oe GAAN TEPLOYN KOl VITOPOAAETOL GE E101KN
enefepyacia ylo TV anoppOTAVOT TOV OTTMGC:

Eda@un mivon: Tivetal peta@opd tov pumtacpUéVOL £04(POVG GE EOIKES HOVAOESG
eneLePynciog yio TNV OMOUAKPLVOT| TV POT®V.

Eda@wkoc owyompiopog: Eivor m dwdwoacio pe v omoio oaywpilovpe Tig
PLTACUEVEG TTEPLOYES TOV EOAPOVG KOt TIC aAmopakpOvovpe. O doympiopog pmopel va
etvat Baputikdg 1 poyvnTikoc.

Edapun eayoyn: Tvetar apaipeon oAOKANPOL TOL €04QIKOD TUNUOTOS KOl
LETOPEPETOL GE EOTKOVS YMPOVG OTOL YIVETOL 1) ATOPPVTOVGT| TOV.
Buwanokatastaon: Xmpiletal otn opdomn HWKPOOPYAVICUDV 1| TPOIOVTOV HeETAPO-

Mool Yoo TNV oTodOUNGT| 0PYAVIKAOV OVGLUDY GE OVOPYAVES, LT PUTOYOVES, EVOGELC.

Mo v katodAnAdtepn emdoyn g pueBOdOL, €KTOC amd TNV OTOTEAEGUOATIKOTNTA
0V, B Tpémel va GLVVLTTOAOYIGHOVV JLAPOPOL TOPAYOVTIEC OTMG Ol PLGIKOYNKEG
1010TNTEC TOVL POTTOV, 01 YEMAOYIKEC O10TNTEG TOV EOAPOVE, 1| TOCOTNTA TOL EGAPOVG

oL BEAOVE VO ATOKATOGTIGOVE KO TO KOGTOG TNG EPOPLOYNS TNG LeBdO0L TOL.

"Evog tpdmog emavapopis TV puTOcUEVOVY 000®OV o€ emfuountd emineda anotelel 1)
YPNON GLTMOV, T OTOie HECH UG GEWPAEG UNYOVICUOV Kol S0dIKAGIOV EYOVV TNV
wavotrta vo tepopilovv, va eEdyouvv 1| va amodopovv ta Papéa pétaiia. Opiouéva
QLTA £YOVV TNV KAVOTNTO, 0POV ATOPPOPICOVY Ta. fopéa LETOAAN, LECH PLoynUiK®V
OWOKAGLOV VO TOL UETATPEYOLV G AYOTEPO TOEKES HOPPEG N aKkOUO Kol Vo
napovcstalovy pHeyain avlektikdtnTo Yopic va gueovilovy onuddio toikdtTog o
OYETIKA VYMAES cvuyKevipwoels. H amoppdmavon tov eddpovg yivetar apyukd pe v
AVATTUEN OVTAOV TOV PLTAV GE PLTTACLEVO EXAPT KOL GTT] GUVEYEL [LE TNV KATAAANAN
xpovikd expilmwon tovc. O pvmotl emiong pmopel va axwvntomomBovv amd Kdamolo

QUTA, péow katofvblong 1M axwntomoinong €viog TG MEPOYNG TOL  PLLKOV

9
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CUCTNUOTOG 1| UE UNYOVIGHOVS GLUGGMOPEVCNG KOl OTOPPOPNONG CTNV TEPLOYN TMV
pllov. H @utoomokatdoToon eKUETOAAEDETOL TIG QUOIKEG  OlOOIKOGIEG TOV
dlevepyobvtal ot QLTA Kol Ol omoieg TePAaUPAvVOLY amoppdPNoN VEPOD Kot
ANUIKOV EVOGE®MV, UETOPOMOUO €VTOG TOV QUTOV, AMEAELOEPMOOT OVOPYOVOV Kot
OPYOVIKOV EVOCEMV (EKKPILOTO) OTO £00POG KOl PUOIKES Kal PLOAOYIKES EMOPACELS

TV LAV TOV GULTOV.

Ol 1egviIKéG TOL YPNGIULOTOOVVTOL OTNV TEXVOAOYIR TNG QUTOEELYIOVONG YEVIKA
UTopovV va 01aKpBoy o 600 LeYAAES Kot yopies:

1. ®vroamoppimaven (Phytodecontamination).

[Teprhopfaverl pnyavicpovc OV HEWDVOVY GE AOOEKTH EMITEON TI CLYKEVTPMOT] TOV
PLTTAVTY| GTO £00.(POG, TO VEPO KL TNV OTULOCPULPOL.

2. Dvtootobepomoinen (Phytostabilization).

[Tepthopfaver unyovicpovsg ot omoiot €govv @G GTOYO TNV AOPAVOTOINGTN Kot
AmTOUOVAOGT TOV PLTOVTY] DCTE VO TUPEUTOOIGTEL 1| LETAVACTEVCT] TOV OO TO £S0POG
O0TO LTWOYEW veEPO 1M otV atpoceapo. Booiletor oty Kavot)to TV QUTOV Vo
exkpivouv ovoieg, Héow tov pdv TOVG, 01 OTOIEC ELVOOVV UNYAVICUOVS OIS M
YOVUOTOINGT, OEGUELON TOV PLMOVIN] OTO YOVUIKE CLOTUTIKA TOL €0APOVS, M

Myvitomoinom, S£CUEVOT OTO. KLTTOPIKE TOWYMOUOTO TOV PLdV Kol dEGUEVOT OTa

€00QIKA COUOTIOW.

IMieovekTiporta

e Tlapdayovrtal Aryotepa d0evtePOYEVN AmOPANTO OO OTL GE AAAEG TEXVOAOYIES

e H ogvutocéuylavon epappdleton ent tOTOL Ko dev €ivo avoykaio pio eKoKagn M
bvtAnon v mepotépm eneepyacia.

e Eivon owovopkn emeepyacio wdlaitepa v peydhovg 6yKovg YOUATOG 1 vEPOD,
OV Vol LOAVGUEVO IE PIKPEG TOGOTNTES TOEIKADV PLTTOVTMV.

e  Emrtuyydvetot n cuYKEVTIPMOOT] TOV TOEIKMY OVGLOV GE TOAD UIKPOVS OYKOLG,.

Mewovektiporta
e Ot pvBpoi putoeduyiavong etvan Wwitepa apyot.
e H opurtogduyiavon @épvel povo amoterécpata, étav 1o Pdbog g poéAvvong dev

Eemepva 10 1M oto £60pog Kot To. 3m ctov VOpoPdpo opilovra.
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e  Ymbhpyer n dvvatdtnta peETddooNg TV TOSIKAOV OVGLOY GTNV TPOPIKN ALGId
petd and mbovi fookn TV GUTOV omd (Ma.

o Ot KMUaTIKEG GLUVONKEG GTNV HOAVGUEVT TTEPOYN] UTOPEL VO PNV EMTPETOVY TNV
KOAMEPYELD KO OVATTUEN TOV KATOAANA®V Y T utoeéuyioven putov.

e To npdfAnua g evamdfeong TV PLTAGUEVAOV GUTAOV LETA TI) GLYKOLOT TOVG,.

(AavmAidov, 2010)

XOoueovo pe v vanpecio mpootaciog tov mepPdriovtog tov H.ILA., ot opiopotl
YL TOVG SLAPOPOVS UNYXOVIGUOVS TG QuToeSuyiavong €xovv ¢ eENG: (ZoUmeTaKng
K.0. 2005)

dutocfaymyn: AvapEépeTol 6TNV TPOGANYT UETOAA®V KOl TN KETOPOPA TOVG GTO
VIEPYELD TUNLOTO TOL QUTOV. ZTNPILETOL BTN YPTOT PLTOV TOV £YOLV TNV IKAVOTNTO
VO, GLGGOPEVOLY VYNAEG CLYKEVIPMOGELS UETAAA®Y o1 Propdlo tovg, g kot 100
POPEG TEPIGGOTEPO GE GYECN UE OAAL QUTA.

®vrodwdonac: [eprapPavet dradikacieg ol omoieg 0dnNyoHv 61N S1ACTACT Ko TV
armoddunon tov povmovt]. H dwdomacn tov pvmaviy  givor  dvuvatdov  va
TPAyLOTOTOlEiTOL €iTte €VIOG TOL ELTOV, HECH UETAROMKOV OlEPYOCIOV Eite
eEmtepkd otV eproyn g piloc HEcm TG mapaywyns evoOp®v.

®vrocfoépmon: Ta pétarlio Kol opyavikéG ovciec, mov TposAauPdvovior omd ta
QUTE, LETATPEMOVIOL GE TINTIKEG UOPPEC KOl EALOEP®VOVTIOL GTNV OTULOCPOIPOL.
Méo® avtod TOv UNYOVIGHOD emTLYYaveTal 1| eELYIOVON PLTACUEVOV E0APOV KOl
VIOYEL®V VOATOV YWPIG VO Eval amapOITNTN 1] GLYKO IO TOL PLTIKOV VAIKOV.
Piloowaomaon: Avagépetal, péow ™G ploceopoc oTn  OIoTACY OPYOVIKDV
PLTTOVIOV OTO £00.(POC, UECH WHIKPOPLOK®V TANOBLOUOV OV avVaTTOGGOVTOL GTHV
neployn Tov prlikod cuotNuotog. Ot pikpoopyovicpol (Lbknteg, Paktmpia), dSGTOVV
N petacynuatilovy opyovikeés ovcieg Kat TS ¥PNGLOTOOVY ¢ OpENTIKO LIOGTPOLLO
YL TNV avamTtuEn Toug.

PiloomOnon: IlepihopPdver ™ pdéonom otic eutikég pileg pumovidv ot omoiot
Bpiokovior oe voatkd dwAdpata. Ta @utd avornticcovtal e Bgppoknmio pe

péBodo g vopomoviag.
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1.4. Agikteg frodabeorpotnrog fapémv petdriimv
H prodwBecipdmra evog piypotog oto €30¢po¢ pmopel vo petpndel pe tn ypron
pikpoopyavicpmv. Ot deikteg Prodabecipudtrag anstkovilouv/ekppalovy LETPNOELS

7OV aPOPOVV Ta ENMineda TANOVOUOD TOV HKPOOPYAVIGUOV.

Boxktipro froavyyveotéc

Ta Poxtpro Poaviyvevtés eivor oyedloaopéva OCTE Vo OVTATOKPIVOVTOL GE
OVYKEKPIUEVES KOTAOTACELS oTpeg (M) Tto&kOTTa) WHEGH TNG YPNONG YOVidimv
avaeopdc. Awbéowywo ot pépeg poag  eivor  Poktpa  Proaviyvevtés  mov

VTOTOKPIVOVTAL GTOV VOPAPYLPO 1| GE YPOUIKE AAATO 1) GTOV YEVAAPYLPO.

Boxktipro mov mepiéyovv Tlacpiown

H ovyvomra tov PBakmmpiov mov mepiéyovv miaouidw €xel amoderytel Ot eival
VYNAOTEPN GE HOALGUEVA £04QN omd OTL 6€ KaAMeEPYNOO £6GPN Kot avEaveton
aKOUN TTEPLGGOTEPO HE TNV TTPOGONKN Papéwv HETAA®Y. ZVUVETMG, 1| LETPNON TOV
ap1Bpov tev Paknpivv mov meptEyovy TAacid 1§ Tov apldov TV TAACUII®Y oTa
€00pN umopel va ypnotporombel g yeVIKOG OEIKTNG TOV PUTOV KOl CLUYKEKPIUEVQL

TOV Papémv HETOAAW®V.

Boktipro avOekTikd o€ avrifrotikd

O1 00TIKES KO YEMPYIKEG EKPOES, O1 0TTO1Eg TEPIEXOLV OVTIPIOTIKA, EYEL OTOJELYTEL OTL
Exovv g amotéleopo TV avénon tov apBuod tov Pakmmpiov mov eival avOeKTIKA
oe aviiotikd o moapomotdue. mepiBdiiovro. KatdAowro avtifotikov €xovv
aviyvevtel omv €000 TmEPOY®V pHE  EWWKE QUTA  Kabopiopol  amoPfAnTv
(putoamoxkatdoTaon), 0 AMTACUOTO KOl YEVIKOTEPO OE aypoTikés meployés. H
poérvvon pe Papéa pétarra mbavé va kabopiler Eppeca v mopovsio avOeKTIKOV
Baktnpiov ota avtiflotikd, epdcov £xel mapatnpndel 6tL vhpyel oyéon avapeca
oV avOEKTIKOTNTO KOl TN GLYKEVIPOGNS LOPUPYDPOL GE TOPATOTApLL LT
Enopévac, n mapakorovdnon avlektikdv oe avtifotikd Paktnpiov o Ba Bondnocet
povayo otnv ektiunon evog mbavov Kwvovvov Yo ) dnuodcla vysion oAAG pmopel
emiong va ypnowomombel kol ®g Oelkng POUNYOVIKNG KOl OOTIKAG WOALVONC.

(ABovcdxm, 2009)
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1.5. Zkomog g epynciog

YKoTA¢ NG epyaciog rav va eEETAGOVUE:

(0) Katd moco 1 andBeon Papémv petdAhov eEaptdtal amd Tn YEOYPOUQPIKN £YYOTNTL
He v mhovi Tyn pOTOVONG.

(B) Tig edapikéc 1010TNTEG OV EMNPEALOVV TN JOEGIUOTNTA TOV PapEV HETAAA®V
o€ PuTd 1010V gidovg,.

(v) Tig ovoyetioelg peta&d edapk®mv 1310THTOV Kot Bapénv LETAAL®Y GTO QUTA.
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KEDAAAIO 2: Yka kor M£0ooor

2.1. lepapotikég 6YE010OHOGS

Apywcd, ovAréEope 30 detypato €ddpovg kot amd to 1010 onueio avtictoyo 30
delypata eutdv (Practd kol omdpo) amd Tvyoieg tomobecieg aAAd oe KOVTIVNA
andotacn and v mhavr| Ty poivvong mov eetdlovie, TOV GTNV TEPIMTOON HOG
etvat To gpyootacto yolvPovpyiag Borov. H culhoyn €yve pe 1€1010 TpOTO MGTE VOl
vrdpyet pio dSofaduion g andotaons Tov onueinv detypatoAnyiog amd v mbavi

YN LOAvVeNE mov Kupaivoviav epimov and 163 m émg 3 km.

21N GLVEYELN, AKOAOVONGE 1 TPOKATEPYUSIO TOV QUTIKMOV KOl EG0PIKMV OEYHATOV

Y0 TIG LETEMELTO AVOADGELG. ZVYKEKPUUEVOL:

> Tpayuotomomdnke ERpavon tmv LTOV o€ Povpvo 6tovg 70 °C yio 2 nuépeg.

» AoV dwympiocape ta eUTA 6€ PAAGTONE KOl GTOPOVS, 0KOAOVONGE dAEGHA TOV
derypdtov oe poro. Kookwicape ta aleopéva detypato oe k6okvo tov 500 pm
KOl T0L OO KEVCALE GE YOPTOGUKOVAECS,

» Zvyicape 0,5 g tov mopondve deiyudtov e KOWeG Kol TIC Tomobsticaue o€
@ovpvo ctovg 250 °C yio 2 dpeg ko Eretto. otovg 450 °C yia pia nuépo. Kavoue
dmonon tov derypdatev pe 20 mL HCI 20% og oykopetpiky @1aAn tov 25 mL ot
CUUTANPOCOUE VEPO HEYPL TN Yopayn. Metaeépope kol oamobnkedooaue 10
ddAvpo oe provkaidakio torov falcon.

» Kookwiocape to €8agn oe kdéokvo Ttoov 2 mm kot tov 500 pm kot to

amoONKeEVoAUE GE YAPTIVO KOVTIE KOl GE YOPTOCAUKOVAEG OVTIGTOLYO.

2.2. Avaldoeig

2.2.1. pH

Ye pumovkodkio tomov falcon tomobetovpe 10 g £ddpovg (axpiPdg KoTayeypappévo)
Kot 25 ml amoviopévov vepov. AkolovOnce avakivnon tov derypdtov yuo 15 Aentd
Kot énerta o agpnvovpe og npepia yuoo 30 Aentd tovidyiotov. H pérpnon tov pH

yiveton epPontilovtag 1o NAEKTPOSI0 TOV TEXAUETPOV GTO OEAVLLAL.
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2.2.2. Opyovikn ovoia

Mo ™ pérpnon g opyavikng ovoiag CuyiCovpe apyikd mepimov 0,5 g eddpovg
(axpporg xotayeypopupéva) oe motipt (€oewc tv 50 ML kor otn ocuvvéyeln
npocBétoope 10 mL KyCr,07 ko 10 mL wokvo HaSO4. A@od agproovpie to dtdlvpa
vy 30 Aentd dote va yiver n o&gidmon, kavovue dmbnon pe 200 mL omoviepévov
vepol og KOVKT elaAn tov 1000 mL. Apod orokAnpwBel n dmMbnon, tpocbHitovpe
10 mL wokvo H3PO4 kot ot cuvéyela 5 otaydveg deiktn dwpavvrapivine. Kotdmy
OYKOUETPOVUE TO SLYPOUIKO KOMO OV TEPicoeye amd TNV oEeldwon TG 0pYaVIKNG
ovoilag pe owWivpa 0,5 M mov mepiEyetonw oty mpoyoida. H oykopérpnon
OAOKANPOVETOL OTAV TO OldALHO petatpanel oTadlokd and okovpo Kapé o Padhd
umAé ko teAkd oe mpdotvo ypouo (Ewova 1). Térog, koataypdeovpe too ML tov

FeSO4 mov KatavaAdOnkay yioo v oAhoyn TOV YPOUATOS TOL SHADUATOC.

Ewova 1. TeAko otddto pétpnong opyavikng ovciog.

2.2.3. CaCOs
Apyikd, Yo vo VTOAOYIGOVUE TNV TOGOTNTA TOV £0G.POVS TOL Bl PN GLOTOU|GOV|LE,
eréyyoope av 1o €0agog eivor odkolkd, ovdétepo 1 O6&wo kot avrticTolyo

ypnowomowvpe 10 g, 5 g kor 1 g eddpovg kot o Balovpe o Kovikny eéAn. Encrta
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tonoBetovpe og falcon 25 mL HCI 2% pali ko to Pubiovpe oty KoViK @A Tov
nepéyel 1o €dapog pe amotéleoua v €kAvon tov CO,. H mocdtnta tov CO; mov
exhoeton givar avédioyn ¢ mosotoag tov CaCO; mov mepiéyet to €6apog. o va
petpnoovpe v mocoTNTA ToV COZ TOL EKAVETAL YPNGILOTOLOVE TO AGPECTOUETPO
Bernard (Ewova 2), 10 omoio moyldevel 10 €KALOUEVO 0éPLO Kot cLumiElel o

Babpovounuévn otmin vepo.

Ewova 2. AcBeotduetpo Bernard.

2.2.4. Av@Aoo1n KOKKOUETPIKNG 6VOTACG

ZvyiCovue 50 g eddpoug (axpimg Katayeypaupéva) oe motpt (Eoewg twv 250 mL.
[IpocBétovpe 50 ML dwomopucov doidpatog kor S0 ML amovicpuévov vepov kot
apnvoupe ta ogtypato yioo 1 nuépa. Xtn ocvvéyeln, tomobetodue ta detypoto o€
NAekTPIKO Mixer yo 15 Aemtd. Metapépovpie ta delyoTa 6 0YKOUETPIKOVG COAVEG
1 L ka1 tovg copuminpavoovpe pe vepd (Ewdva 3). Apod avadesvcovpe e €101KN
papoo, petpape tn Beppoxpacio Kot TNV TOKVOTNTO TS A0S Kot NG apyilov HETA
a6 30 devtepdrenta (Ypovog mov Bewpovpe 6TL 1 Aupog €xel oM Kabldver) pe 1o
mokvopetpo Bovylovkov. Apov apncovpe to detypa oe npepio yuo 2 dpeg, LETPALE

TNV TOKVOTNTA TNG apyilov Kot T Bgprokpacia Tov.
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Ewéva 3. METpnomn KOKKOUETPIKTG GVOTUCNG,

2.2.5. Métpnon apopeov oéediov Fe, Al, Mn

ZvyiCovue 0,5 g eddpovg (axpiPac katayeypappéva) kol to tomobetobue o€
umovkaiakio tomov falcon. TIpocBétovpe ota falcon 20 mL  Swiduatog C
(amoteAeiton amd 700 mL o&aAkov appmviov kot 535 mL o&ohkov o&émg). Kavovpe
avakivnon tov delyudtov oe okotevd Bdlapo v 4 opeg. H pétpnon tov setypdtov

YIVETOL GTN GLOKELT TNG ATOUIKNG amoppoenong (Ewova 4).

Ewodva 4. Zuokevn oToUKnG omoppOPnomng.
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2.2.6. Exyvion owa0éoipmv iyyvootoryciov pe DTPA

Tonobetobue o€ pmovkordkio tomov falcon 20 g eddpovg (axpPdg Katayeypappéva)
kot TpocBétovpe 40 mL dwwdvpatog DTPA. Kédvovpe avakivnon tov detypdtov yio 2
opeg kol akolovbel dmOnorn. Metpdpe 10 ekyOAMGUO GTI) GLGKELN TNG OTOLUKNG

AmTOPPOPMNOMNG Y10 TYVOCTOTKELDL.

2.2.7. OMKEG GUYKEVTPAGELS 1Y vosTOLYEiOV g factiko vepé (Agqua Regia)

To Pacthkd vepd eivor dtdAvpo mokvov o&Emv HCI kow HNO3; e avaroyia 3:1.
ZvyiCovue oe Luyoapid axpiPeioag 3 g (axpPac kotoyeypappéva) £6GQOVE Kol To
LETAPEPOVLE OE SOKILAOTIKOVG cmANVeC. Tomobetov e Tovg cwinveg oe €1d1k6 block
ko TpooBétovue 9 mL HCI xar 3 mL HNO;. Metagépouvpe 1o block oe anaywyo
aepimv Kot a@vVovpe T delypoTa Yoo pio NUEPA £T61 AGTE TA 0EEN VO EIGYWPTICOVV
o€ OAOVG TOLG TWOPOLG TOL €0APOVS Kol Vo dlevkoAvvhel 1 deAvtomoinomn TV
0OpLKTMOV TOL £84PovS. AkorovOel Téyn otovg 50 °C yio pio dpo Kol 6T GLVEYELD
otovg 140 °C yia tpeig dpeg (Ewcova 5).

Otav ta deiypota KpLOGOLVY, KAVOLLE d1ONGN LE OTIOVICUEVO VEPO GE OYKOUETPIKES
QLaAEG TV 25 ML., coumAnpdvovpe pEXPL TN XOPOyN UE OMIOVIGUEVO VEPO KOl OTN
ouvvéyelo, ta tomobetovue oe umovkaiakio falcon 6mov kot yivetow n uétpnon tov

YVOOTOLYEI®V GTNV ATOUIKT) AmoppOPNoN.

Ewova 5. Extipnon 1ov oMK®V GUYKEVIPOGE®V tyvooToyeimv e factkd vepo:
OTAO0 TTEYNG TV OELYLATOV.

18

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 05:41:28 EEST - 3.138.33.9



KE®AAAIO 3: Anoteréopota ko Zvlntion

3.1. Ileprypa@i] £30.QIKAV 1O10THTOV

To pH givon pia 19t Tar TOL €3GPOLE OV Ba TPEmel vo AapuPavetar VEOYN Yoo TV
kaAMépyea. H Ty tov pH tov €ddpovg avéavel ) dobeociudtnto tov Opentikmdv
CLGTATIKOV TOV LAGAPYOLV GTO £J0POS KOL TNV KIVNTIKOTNTA TV PopEwv HUETAAA®V
(oymAotepeg Twéc pH  petdvouy v KvnTIKOTNTO TV Popémv  UETOAA®V).
I'vopilovtag to pH t0v €0dpovg mov mpodkettol vo kaAhiepynOel emléyovion Ko Ta
avtiotora UTAE TOL EVOOKILOVY G TO. Emiong o1 acBéveileg mov mAntTovy T PLTA,
EYouvv TNV Tdomn va gunuepovv oe £dden pe cvykekpéves TwéS PH. Ta edden mov
eEetdoape oty meployn tov epyactaciov XaivBovpyiag (BLIIE. Béiov) Bpédnkav
pétpla aAkoAkd pe péon tiun pH 8,1, tyun mov Bewpeiton kavoromTikny yoo v

aKwnTonoinon Tov Papéwv HETAAA®V.

H nepektikdtta tov avOpokikov acPeotiov (CaCO3) oto £dagoc emiong emnpedlet
™ Sfec1udT™TO OTTOC Kot TNV TPOGANYT OPIGUEVOV BPENTIKOV GTOYElOV amd TO
£€00p0¢ KaBhg N adénon g TEPLEKTIKOTNTAG TOL 6TO £00POG TPOKAAEL aOENGM TNG
g tov pH. Ot tég tov avBpokikov acPectiov oto €dAEN HOC MTOV
wovoromrikég (r.o. 5,15 g/100g), kdtt Tov avauevotav e&aitiog TG aAKAAIKOTNTOG
mov mapovciacav. H opyoavikn ovcio amoteleiton amd dAa Too 0pyaviKa VITOAEILLOTOL
QLTIKNG Kot CoKNG Tpoérevons. Amotelel Eva amd T TO GNUOVTIKE GLGTATIKA TOV
€00(QOoVC KoOMDG emmpedlel TNV 1KOVOTNTO GLYKPATNONG VEPOL Kol OPEmTIKOV
OLOTOTIK®OV, TN doun, TN OMONTIKY wKoavotnTo, TN PlomoIKIAOTNTA TOV €04POVS, TO
TopMAES, KOOMC Kot Tt dlabeciudTa TV Opentikdv cvotatik®v. Ta enineda TV
€00pmv ¢ EAANGOOC ¢ mpog TNV MEPEKTIKOTNTO TOVG GE OPYOVIKN OVLGia
BewpovvTat yopmAd, yeyovog mov emainBedtnKe Kot otV TopoHoa LETPNON KaODS Ta

£600N OV EETACAE NTOV PTWYE G OpYyOVIKY ovoia pe péso 6po o 1,25 (9/100g).

Ta mocootd og dupo (p.o. 34,43 g/100g), o (p.o. 28,71 g/100g) xar Gpytko (p.o.
36,87) xototdocovv to €04 HOC GE aPYILOTNAMIN, ONAadN Popldg UNYOVIKNG
ovotaong (ZyAquo 3). To €3aen ovtd ocvykpatodv TOAD vePd Kol € TOAAEC
TEPIMTAOGELG N ATOCTPAYYIoN KOl 0 0ePIGUAG dev glvan Kahol. H meplextikdtta oe
avOpokikd acPéotio (CaCOsz) ota edapn mov avaivoape ntov 5,15 (g/100g), kdt 0

01010 NTOV OVOUEVOUEVO AOY® TOV OAKOAIKOD YOPOKTNPL TOV £60PAOV. ZOUPOVO LE
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tov KovkovAdkn (1995), ta €6don pog Bewpovviol mhovcia g avBpakikd acPEcTio
v To. EMANVIKG dedopéva. H mapovsio tov Bonbd otn dnuovpyio kadbtepng ooung
0V €04Povg kabmg Kot oty avénon g puocTiKig Tov Kavotntag. H mapovsio
TOV WOTOG0 o€ LVYNAA eimeda (>10%), emnpedlel ONUAVTIKA TIC YMUKES KOl QUOIKEG

W010TNTES, KOOMGS Kot TN YOVILOTNTA TOVC.

3.2. LuyKEVIPAGELS HETAAMLMOV 6T0 £00.90¢ (0Mkd kar DTPA)

Ta mepiocdtepa deiypoto mov cLAAEEaUE Kol €EETACOUE OV TEPLOYN TOL
gpyaotaciov XoaivPovpyiag mapovsiacay TES, ®C TPOG TIG OMKEG GUYKEVTIPDGELS
070 £300G, YouunAdTEPES and ta emTpentd Opla mov Kabopilovror amd Tig emionUeg
odnyieg g Evponaikne Evoong, Zuykekpipuéva ol HEGES TIUEG amd TOV YELOAPYLPO
(Zn) (70,68 cvykprrika pe to 6pro CEC 150 mg/kg), to yorkd (Cu) (29,98 cuykpirikd
ue to 6pro CEC 50 mg/kg), to kaduwo (Cd) (0,13 ocvykprrikd pe 1o 6po CEC 1
mg/kg) kot to poivfdo (Pb) (0,13 cvykpitikd pue to 6pio CEC 1 mg/kg) Bpébnkoav
LKPOTEPEG amd Ta EMTPENTA Opla oe avtibeon pe Tic péoec TréG Tov vikediov (Ni),
(295,65 ovykprtikd pe 1o 6pro CEC 30 mg/kg) xoi tov ypwpiov (Cr), (514,55
ovykprtikd pe 1o 6pio CEC 30 mg/kg) mov o1 GLYKEVIPOGEIS TOVG OTO £00.POG
Eemépaocay ta emrpentd enimeda (ITivaxag 3.3). Xe peAétn mov £yve, e €0GQN TOV
yopaktnpiloviot yio Tig VYNAEG GLUYKEVIPMGELS TOVE GE VIKEALO KO YPDULO0, OITO TOVG
Licina et al (2010), Bpédnkav TopoTANGIES TIES Y10, TO YPOULO OALG UEYOAVTEPES VIO
T0 VIKEMO. Xe TOPOUOLEC UEAETEC MOV EYVOV GE TEPLOYN OTOV VLIAPYEL YLTNHPLO
uetdhov otnv Kiva (Li, 2015a) 6mwg ko oty Kolwvia e I'eppaviag (Shaheen et
al. 2015) ot Téc pog NTov apketd WKPOTEPEG o€ OAO. TO. oTOlYElRL EKTOG amd TO
YPOLO KOl TO VIKEALO. X& HEAETN TTOV £YIVE GE KOAMEPYNOUESG EKTAGELS GTNV TTEPLOYN
Yunnan g Kivag (Zu, 2014) ot tyuég tov Pb, Cd, Cu, Zn Bpébnkav dAeg peyardtepeg
and TG OKEG pog, eved ot TWég tev uetdhAwov Cu, Ni, Pb, Cr, Zn, Bpébnkav
LEYOADTEPES OO OETYLOTA EQ0PMV KOAMEPYELNS KOTVOD GE O18POPES TEPLOYES SVTIKEL

100V Mraykiavtég (Saha et al. 2015b).

Ytov Ilivaka 3.2 mopovoidlovior ot HEGEG TWEG TOV OQOUOIDCIU®V HOPOOV
petdAlov pe ™ pébodo exydiong pe DTPA, tov popepdv dniadn ekeivov mov etvat
Brodwbéopeg yio Ta eUTA OTMG givorl Tor pETaALo oL givar dtodvpéva 6To vEPO Kot
TpoGpoPNUéEVa otV opyavikn ovcia. Ot pécot 6pot tov poAvBdov (Pb) kot tov

vikediov (Ni), 2,17 (mg/kg) wor 2,05 (mg/kg) ovtictora, Mtav vynAdTeEpOL
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CULYKPITIKA LE TIG TIHEG TOV KOAMEPYNOW®V EKTAGE®MV GTNV TEPLOYN ToL Zdo [1doro
¢ Bpalidiog (Santos-Araujo and Alleoni, 2016), evd oe peléteg mov €ywvav e
€04.pN pumacuéva amd aoTIKG ADHOTO oTNV TEPLoYN Tov duTikov Aglyi oty Ivdia
(Rattan et al. 2005) ot Tég pog oto payyavio (21,84), tov yevdapyvpo (4,8), tov
yaAko (2,12), 1o vikého (2,05), to udivpéo (1,31) (oe mg/kg) ko to oidnpo
Bpébniav peyarvtepeg.

Y10 Zymuo 1 amewovileton 1 YpOUWK) cuoyxétion petald g amdotacng omd ™
YOALPOVPYIKT) KOl TOV OAMK®V OLYKEVIPOOE®Y ToL poAvPdov (Pb) kot tov
yevddpyvpov (Zn) oto £da¢og. Tlapatnpovue OtL LIAPYEL CTATIGTIKMOG OTUAVTIKN
ovoyétion (p<0,05) peta&d tov mapaydviev olikos Pb/amdotacny ko olikog
Zn/omooroon, ONAOON N amOGTACT] amd TOV Topdyovto emMPUOAVVONG emNPealel Tig
OMKEG TIHEG TOV HOAVPOOVL Kot TOL WELOAPYOPOV. ZVYKEKPIUEVA, TO OElypa oL
oVAAEEQE amd TNV KOVTIVOTEPN AmOGTACT] od TN XOALPOVPYIKY TOPOLGINGE TIG

HEYOADTEPES TYES GE OAMKO HOALPAO Kot WELOGPYVPO.

210 Zynua 2 mopovctdletal N YPOUUIK ouoyETion HETaED TG amdoTtaong amd
yaAvBovpyikn Kot Tewv ekyvAicipumv pe DTPA ocvykevipdoemv tov poivBdov (Pb) kot
0V Yevddpyvpov (Zn) oto €dagog. Kal oe avty v mepimtwon mapatnpovue 0Tl
VIAPYEL OTATIOTIKMG onuovTiky cvoyétion (p<0,05) petaéd tov moapoaydviov DTPA
Pb-ardoraon xwou DTPA Zn-amdotacn, dnhadn n amdotacn omd Tov mapdyovio
EMUOALVONG emnpedlel Kol TIG OMKEG TYEC TOV HOAVPOOVL KOl TOL YELAUPYVLPOU.
Jvuykekpléva, to Oetypo mov cLAAEEaUE amd TNV KOVTIVOTEPT OmOGTOCT OO TN
YOAVBOVPYIKT TAPOVCINCE TN UEYOADTEPN GLYKEVIP®OTN o€ HOAVPOOo pe T néBodo
ekyvAong pe DTPA.

3.3. LUYKEVIPAGELS PETAAA®V 6TA QUTE

H Brocvocdpevon Papéwv petdAhov givor S1apopeTiKy Yo O10POPETIKE €01 PULTOV
Kot e€aptdtanr amd 1O oTAd0 OavamTtuény Tovg Kot TN dvvarotnta emPiwong oe
pvracpévo €04en. Afoonueimto givar 6Tt dtpopeTikd €idn vTOV Tapovcidlovv
PO PETIKN avBEKTIKOTNTA Y10 TOV 1010 PUTO, EMEWN Ol UNYovicpol Tpdsinyng dev

etva 10101 Yo OAa ta puTika €i0m (Khan et al. 2015).
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H mpoécinyn tov Bopéwmv petdAiov mov PBpickovtal 610 €6agikd dtdAvpa, yivetal
amo o PUTA HECH TV POV TOVG. AoV elgéABovv otig pileg, Ta WOVTa TV Papémv
HETAAL®V pmopel va amodnkeuTohv 68 aVTEG 1 VO LETAPEPHOVY GTO LITEPYELD TUNHOL
TOV PLTOV KVPIWG PEC® TOV ELAMIMV ayyeimv dmov cuVHBMG amobnkedovTal ot

YOLOTOTIO. TV KVTTAP®V PAactol dnmg kot Tov orndpov (Prasad, 2004, Jabeen et al.
2009).

Ot eMdyoteg Kol PEYIOTEG GUYKEVIPAOGELS TOV TOEIKAOV OTOlXElV 6TOVG PAOGTOVG
KopdvOnkav ond 10,47 og 61,57 yuu to payyavio (Mn), 20,60 wg 76,52 yw tov
yevdapyvpo (Zn), 3,41 og 32,65 yio 1o yaAiko (Cu), 6.80 wg 25,20 yia to ypodpo (Cr)
Kot 25,60 o¢ 794,61 yia to apyido (Al) oe mg/kg. Zta @utd, ot uéyloTes TIHEG, Yia. T
ovykévipwon oto otédexog (IMivaxag 3.5), tov yoAkod Mrav 32,65 kot TOVL
yevdapyvpov nTav 76,52 mg/kg, Twég mapdHoleg HE UETPNOELS OV EYVAV OF
€0 KOl apOUATIKG LTE oTo voTio Mapdko (Hamiani et al. 2015), evéd 0 yohkdg
Bpébnke peyoldtepog ano petproelg mov éywvav omd Li et al. (2015b) xou Shi et al.
(2013) o€ petpnoelc mov Eyvav oTNY EVPLTEPT TEPLOYN TNG OVLTIKNG Beyyding (Ivdia)
a6 tovg Saha et al (2015), 0 pécog 6pog TV TOV TOV YEVSAPYHPOL KoL TOV YOAKOD
Bpénkav pikpdtepec o€ oxéom e TIC OIKEG pog petproelg mov nrav 42,054 ko 8,894
mg/kg avtictorya. Ot Tiuég mov Pprkape oto ypduo (p.o. 14,26) fitav vyniotepeg ot

Ola o UTA amd TIG eMTPEMOUEVES TYWES OV 0pilel N Evponaikn Evoon.

Metpiioope emiong TIC GVYKEVIPDOGEIS TOV UETAAA®V GTO GTOPO TWV QLTOV LE TO
e&Ng amoteréopaTa:
O eMdyioteg Ko LEYIOTESG TUUES

e vy10 0 payydvio (Mn) kopdvOnkav amd 5,02 og 69,41 mg/kg,

e yio TOV YeLdapyvpo (Zn) 21,20 wg 109,21 mg/kg,

e vy 1o YaAko (Cu) 4,95 wg 20,92 mg/kg,

e vy 1o ypoo (Cr) 4,46 og 14,34 mg/kg,

e vy to apyido (Al) 15,34 wg 121,18 mg/kg.

3.4. Agikteg pOmavong
Ye ovt) v evomta Ba avaeepbodue oTovg delkteg LOALVONG KOU OTIS OAKES

GLYKEVIPAOGCELS TOV PopémV HETAAA®V, Ol OTTOIEC €lval AMOTEAECLO LETPNGEDY TOV
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http://link.springer.com/article/10.1007%2Fs11356-015-4881-0#CR332

YTV  TOL  €0APOVG, HEGH TNG EKYOAMONG omd &va  OIALHO  1oYLPDOV
ovpunvkvopévav o&Eov (HCI kat HNO;3 o avaloyia 3 mpog 1) o Oepuokpaciec ndvm
amd to onueio (éosme, yvootd kol o¢ aqua regia (Zhao and Hazelton, 2016). Ot
delktec poAVVONG TOL €3APOVE XPNOYLEVOVY GTNV KOADTEPT] KATAVONOT KOt GUYKPIoN
HETOEL TOV GLYKEVIPOGE®Y TV otolyelov mov efetalovpe Kot eméktoaon
EMTPEMOVY TNV KOINYOPLOTOiNo TeV €00Q0OV 6€ poilvouéva 1N uUn, OmOG Yo
napaderypo pio opopuévn T cuykévipmong evog ototyeiov (Mg/Kg) pmopel va
O&yeTOl OPOPETIKN EPUNVEIR Yt O0POPETIKA oToryeia, m.yx. ol 50 povdadeg
OLYKEVTPMOONG TOL Zn TOPATPOVVTOL GUYVE GE TOAAL ApOALVTO EAQN, EVD Y10 TO
Cd n ovykévipoon avt) Bswpeiton modrd peydin. Opoimg, 1000 povadeg yio to Mn
Bempovvtat yapnAég, eva yio dAla ToEika ototyeia Tov cuvavtovtol cvyva (m.y. Cu

ka1 Zn), detyvouv cofapn LOALVGN TOV £0GPOLG.

H poivvon g tpoeikng aivcidag ivorl pio onuavtiky] 000¢ Yo TV €i6000 To&IK®V
pOmwv oto avBpomivo copa. H cuvsodpevon Papéwv petdAlmv oto gutd e€aptdrot
and 1o €ido¢ TOov ELTOV. H omodoTiKOTTO TOV QUTOV OTNV ATOPPOPNON TOV
HETOAM®V a&loloyeitanr pe PAoT TO GLVTEAECTN UETOPOPAC TOV GTOXElOL amd TO
£dapoc oto eutod (Rattan et al. 2005). 'Etot, a&oloymvtag ) frodobeoipudotra tmv
Bapéwv PeETAAL®Y UmOpoVUE Vo fYGAOVUE GUUTEPAGLLOTO GYETIKA LE TN dvvaTOTNTO

HETOPOPAS KOl CLUGCDPEVCNG TV POUTMOV GTNV TPOPIKT AAVGIdA.

INo v a&oroyn tov Pabuod pomavens Tov e5apmV ¥PTNOILOTO0VVTIL GUVRO®E Ol
e&ng deiktec:

1) Hopayovrag poraveng (CF) (Hakanson, 1980).

CF = Cs/ Crefs

6mov Cs £vor 1 GLYKEVTPMGT TOL 6TOYEIOL pHéom exyOAong pe aqua regia ko Crefs
etvat n cvYKEVTPMOOT TOL GTOYXEIOL GE UT PLTTAGHEVO EOAPT.

2) Agiktng yewovosdpevong (lgeo) (Muller, 1979).

O d¢eiktng yew-cvsompevong (1geo) cuykpivel TIC ONUEPIVES GLYKEVTIPMGELS Popemv
HeTdAL®V o€ éva detypa pe TIg avtioTo e TIHEG 08 TPO-Propnyavikd emineda.

Igeo = log, [C,/ 1.5 By]

Cy etvar n ovyKéVTP®ON TOV PHETAALOV GTO AEMTOKKO KAAGHA TV KNUATOV.

B eivai n ouykévipwon tov 10100 peTdAAOL o€ Un puracuévo nua.
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3) Hapayovrog epmrovtiopov (EF).

O ovvtedeotg eumiovtiopoV (EF) vroloyileton pe Pdon ) mapoakdto e€icoon:

Tracer
(Normalizer

Tracer
(Normalizer

)Sample

EF =

)Background

Omov (tracer/normalizer)Sample xou (tracer/normalizer)background avtictouyo, gival
Ol GULYKEVTPMGELS HETOM®V (oe pg/g Enpov deiypatog) oto deiypo Kot otn un-
puTacuéVN Teployn. Tuvnbmg wg normalizer ypnoipomolovue £va LETAALO AVOPOPAS
TOV 0010V 1 GLYKEVTPMOT] OV oPeileTon 6e avOpwmoyevn enidpaoct. Tétown pétaria

elvat o 61dMpog kol T0 aAovpivio.

Xmv gpyacio pog vwoAoyicapue TOVG TapakdTe deikteg dabeciudTTog TOV Papéwv
UETOAA®V:

e Yvuvreheotiig peragopdgs (TC): (Shaheen and Rinklebe, 2015)

TC=Cp/Cs

Cp etvar 1 oVYKEVTPOON TOV GTOLKEIOV GTO PLTO KOl

Cs ovyKeVTPOO™N TOV GTOLYEIOL 6TO £50(POG HECH EKYDAIONG e agqua regia

e Ilapayovrog pvmaveng (CF):

CF=Cs/Chrefs

Cs ovyKeVTpOO™N TOV GTOLYEIOL 6TO £50(POG LECH EKYOAIONG Le agqua regia

Crefs €ival 11 CLYKEVTP®OT TOV GTOXEIOV GE UM PLTOCUEVOL EGAPN

Ytov Ilivoka 3.6 moapapovoidlovtalr ot pésor 0pot TV Popémv HETAAA®OV ©C
TaPAYOVTEG PUTTOVONG. Ta TEPIGGOTEPO GTOLYEID TOV UEAETNOAUUE TOPOVGIOGOV TULES
Kovtad otn povada (Zn, Cu, Pb, Fe, Al), evd vyniég Tuég oxéon pe ta GAia otoyeio
nopovciacay to ypopo (Cr) kot to vikého (Ni) mov vroloyiotnkav 8,04 kot 12,85

avtictorya.

Ytov Ilivaka 3.7 avaeépovtal ot Tipég tov cvvieleot petagopds (TC) tov Papéov
HEeTAAM®V amd T0 £0090G ot PUTA. Ot TIHES TOV GTOLEI®V MG TPOS TO GLVIEAESTN
petapopds mapovoidloviar pe v &€ng oepd Zn>Cu>Mn>AI>Cr pe tyég
735,69>304,14>40,90>24,34>0,025 (tipéc x1000), avrtictoyo. Ot Twég TOL
ovvteleot) petaeopds (TC) eloprovtor amd tov TOmO NG evamdBeons Twv

puroyovev ctoyeimv 610 £€00pog. H otadiokn| kol apyn cuecmdpevuon i dEKUETIEG,

24

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 05:41:28 EEST - 3.138.33.9



napovotalel younAotepeg TéG tov cvviedeot petapopds (TC) axdun kor oe

eEAPETIKA PLOAVOUEVDL EQAPN.
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XYMIIEPAXMATA

o Ta delypata eda@dv mov cVAAEEaLE (apYIAOTNAMON) TOPOVCIAGTHKOY HETPLOL
OAKOAIKA PE TIHEG TOL BemPOohVTAL KATAAANAES Y10 TNV 0KV TOTOINGN TOV
Bapéwv petdArwv.

e H nepextikdmta tov CaCO3 oto £06pN HTOV IKOVOTOINTIKY, 0 avtifeon pe ta
YOUNAQ emined OTIC TIEG TNG OPYOVIKNG OLGIOG.

e Ot olkég ovykevipmaoelg Tov vikediov (Ni) kot tov ypouiov (Cr) Eenépaoay og
peydao Babud Tig emTpeEMOUEVES TIUES.

o Ot 1yéc mov BpédnKav yia TG GUYKEVIPAOGEIS TOV OPOUOLDCIU®V HOPPDV TMV
Bapéwv petdAlov Bempovvtol GYETIKA YOUNALC.

e  O1 oVLYKEVTIPMOELS TOV YPOUIOVL 6T0 PAAGTO TOV PLTOV NTAY VYNAOTEPES GE OAN
ToL PUTA 0o TIG EMTPETOUEVEG TIES TTOV opilel N Evponaikn 'Evaoon.

o Apketd VYNAEC TIHEG GUYKPITIKA LE TO AAAO GTOLXEID G TTPOG TOV TAPAYOVTOL
poravong (CF) mapovciooay to ypodpo (Cr) kot to vikédio (Ni), evd g mpog 1o

ovvteheot petapopac (TC) o yevddapyvpog (Zn) kot o yaAkog (Cu).
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Mivakag 1. ZovteToypuéves, VWORETPLKT] TP TOV OEYRHATOV Kol at06TO0N 00 TO

mOavo onpeio pomavong (epyootacio yoivfovpyiag).

Agiypo B E vyopetpo | améotoon (M)
1 39-23-08.31 22-48-50.47 92 689,78
2 39-23-04.34 22-49-03.78 99 988,66
3 39-23-03.04 22-49-11,72 102 1233,32
4 39-23-22.15 22-47-51.79 70 1058,08
5 39-23-15.95 22-47-15.14 75 1622,59
6 39-23-10.63 22-46-13.79 75 3042,69
7 39-23-11.74 22-46-48.30 68 2203,80
8 39-23-11.44 22-46-52.18 68 2011,21
9 39-23-07.45 22-47-35.85 71 1055,72

10 39-23-07.30 22-47-39.02 71 963,84
11 39-23-01.10 22-47-23.83 71 1260,02
12 39-23-02.30 22-47-34.54 72 1102,83
13 39-22-51.40 22-47-21.83 73 1502,05
14 39-22-54.34 22-47-30.17 74 1387,22
15 39-22-50.12 22-47-34.15 77 1285,86
16 39-22-44.78 22-47-14.86 77 1744,59
17 39-22-41.68 22-47-21.04 82 1552,43
18 39-22-48.72 22-47-35.94 78 1178,15
19 39-22-49.96 22-47-44.61 78 977,42
20 39-22-51.37 22-47-51.57 77 786,40
21 39-22-57.67 22-48-00.85 79 615,38
22 39-22-56.41 22-48-09.51 81 448,66
23 39-22-58.18 22-48-15.84 81 318,63
24 39-22-58.26 22-48-21.42 84 294,41
25 39-23-00.12 22-48-29.08 85 396,89
26 39-22-57.75 22-48-34.69 91 408,90
27 39-22-56.92 22-48-33.35 90 416,21
28 39-22-49.08 22-48-25.26 92 489,19
29 39-22-48.65 22-48-24.96 92 513,57
30 39-23-03.65 22-48-27.92 85 162,92
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Mivakag 2.1. Baowoi @uoikoi, froloyikoi kor ynuikoi deiKTES Y100 TNV €KTipnon
NG €00.QKIG TOLOTNTUG.

®voikoi Bwoloyikoi Xnuikoti

Mnyavikn cbotaon MupoBroxn paloa C & N OAxc6 opyavikd C & N

AvvnTiKd avopyovOmOI GO

BdBog edapovg kot pilwv N

pH

®.E.B. ka1 dmOnticotra Avamvon £06povg HAextpkn ayoyypdmta

Y datoikavotnta Agopowwoyo N, P, K

Oeppokpacio
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Mivakoeg 2.2. Owoyéveleg VIEPGVEEMPEVTAV Y10 Papia pétarla (Brooks, 1998).

Bapéa Métaira Owoyévern
Kado (Cd) Brassicaceae
KoBdaitio (Co) Lamiaceae, Scrophulariaceae
Cyperaceae, Lamniaceae, Poaceae,
XaAkog (Cu) ]
Scrophulariaceae
Apocynaceae, Violaceae, Cunoniaceae,
Mayyévio (Mn)
Proteaceae
. Brassicaceae, Violaceae, Cunoniaceae,
Nwéro (Ni)
Proteaceae
Yedvio (Se) Fabaceae
®drto (TI) Brassicaceae
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Hivakog 3.1. [Topapetpor TOV €60.9®OV TOL EEETAGTNKAY.

Mécog 6pog StErr 10th-perc | 90th-perc

pH 8,10 0,03 7,95 8,24
CaCO3% 5,15 0,82 2,37 6,97
OC% 1,25 0,13 0,38 2,13
Appoc% 34,43 1,90 23,89 42,97
A% 28,71 0,98 21,94 34,99
Apythoc% 36,87 1,16 31,19 46,09

Fe-oxides 1499,89 57,08 1089,05 1821,06

Al-oxides 792,43 47,12 565,80 1158,24

Mn-oxide 1103,20 64,63 829,08 1477,27
Yoxides 76,19 2,82 61,90 93,50

CaCO3%: Anotéleospara og g/100g.
OC%: Amotéleopoata og g/100g.
Appoc, IMg, Apythog (%): Arotélecpota og g/100g.
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IMivaokog 3.2. Zoykevtp®doels ekyviioipneg 610 £d09og (DTPA).

average StErr 10th-perc 90th-perc
Mn-DTPA 21,84 6,71 14,51 28,81
Zn-DTPA 4,80 0,74 0,87 9,95
Cu-DTPA 2,12 0,13 1,38 3,32
Ni-DTPA 2,05 0,28 0,32 4,28
Cr-DTPA 0,78 0,09 0,48 1,45
Cd-DTPA 0,00 0,00 0,00 0,00
Pb-DTPA 2,17 0,39 0,00 4,58
Fe-DTPA 6,67 0,94 2,25 10,08
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Mivakog 3.3. ZuyKevipAOoels 0MKEG 6TO £00.00C.

average | oiprr 10th-perc | 90th-perc | Reference | O.T.
mg/kg

Mn-AR | 952,96 | 301,12 562,27 1025,42 540 -
Zn-AR 70,68 7,46 35,31 121,74 64 300
Cu-AR | 29,98 0,91 23,87 37,26 25 140
Ni-AR | 295,65 27,47 119,58 515,22 23 75
Cr-AR | 514,55 42,96 234,13 824,27 64 200
Cd-AR 0,13 0,04 0,00 0,38 0,49 3
Pb-AR 24,41 1,83 14,91 39,71 30 300
Fe-AR 1,56 0,02 1,42 1,66 1,5 -
Al-AR 1,84 0,07 1,39 2,28 2 -

Reference: ®vo10A0Y1KEG CLUYKEVIPOOELS GTOLYEIMV GE [T PLTAGUEVA EGAQT).

O.T.: Méyioteg 0plokéG CLYKEVIPMOELS OTOEI®V 0T €00pN oL €xel opioel M E.E
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MMivokog 3.4. Zoykévrpmen 610 6topo ortaprov (Mg/kg).

Agiypa Mn-Seed Zn-Seed Cu-Seed Cr-Seed Al-Seed
1 20,51 47,50 8,72 9,49 57,30
2 25,63 45,61 8,88 11,89 33,52
3 22,16 41,67 8,63 7,11 36,37
4 69,41 109,21 20,92 14,34 121,18
5 33,25 103,09 10,39 12,99 108,97
6 24,63 40,69 8,43 9,71 36,27
7 17,94 24,69 5,61 7,96 34,13
8 47,73 32,75 14,80 9,50 85,80
9 15,70 36,44 6,30 6,54 32,60
10 17,58 37,65 6,65 10,10 59,10
11 17,94 36,07 11,28 10,05 48,11
12 43,10 66,81 7,99 9,95 98,53
13 7,39 29,12 6,18 9,66 15,34
14 9,85 22,60 6,27 9,07 22,50
15 30,14 40,10 6,25 7,15 27,10
16 19,22 48,67 9,49 11,02 42,30
17 14,78 38,58 9,66 7,55 43,97
18 5,02 21,20 10,15 7,05 33,25
19 40,19 42,60 7,60 10,25 50,35
20 27,09 45,93 9,41 4,46 30,34
21 12,31 34,66 4,95 11,42 43,68
22 23,86 57,35 10,45 10,35 45,90
23 22,95 30,48 6,25 9,62 28,80
24 24,15 53,08 10,14 10,77 44,71
25 20,10 22,80 7,15 8,60 40,20
26 12,56 39,90 8,10 10,75 32,10
27 45,89 38,65 9,57 10,29 19,95
28 18,84 58,30 8,60 8,05 31,40
29 22,95 43,13 13,41 8,27 40,05
30 15,38 64,39 8,78 11,94 26,48
p.o. 24,27 45,12 9,03 9,53 45,67
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ivakag 3.5. Zvykévipoo

670 6T1éhEY0g crTapov (mg/kg).

Agiypa Mn-Shoot | Zn-Shoot | Cu-Shoot | Cr-Shoot | Al-Shoot
1 41,87 72,50 6,47 9,12 113,92
2 35,17 28,30 5,70 9,25 25,60
3 34,60 40,20 8,42 12,24 153,98
4 33,91 59,90 5,50 14,45 159,60
5 43,58 73,67 17,09 11,89 104,29
6 27,09 33,48 19,22 12,65 133,19
7 29,48 23,27 7,96 20,26 456,22
8 44,33 23,97 17,35 25,20 794,61
9 32,66 33,10 6,10 14,95 253,95
10 39,40 37,30 4,95 14,56 237,40
11 41,45 34,55 10,45 14,95 191,90
12 61,57 76,52 8,68 20,83 343,48
13 35,17 20,60 7,90 13,00 114,30
14 39,40 33,97 5,78 20,39 225,15
15 30,78 40,69 9,61 14,61 135,59
16 32,02 46,37 6,47 13,68 99,31
17 35,89 49,54 32,65 12,19 106,58
18 35,17 24,15 6,55 11,60 175,00
19 42,70 24,30 4,30 21,05 172,60
20 28,98 43,32 3,41 12,60 97,84
21 25,12 46,75 6,70 13,25 43,10
22 24,35 44,59 4,18 13,01 56,48
23 36,42 48,30 7,00 18,65 260,85
24 21,79 56,33 6,43 12,30 113,21
25 43,58 35,36 3,93 22,14 134,18
26 20,53 39,52 4,18 11,92 283,32
27 35,17 28,30 5,30 6,80 194,90
28 15,07 41,85 6,15 12,25 182,55
29 37,44 28,56 21,92 10,91 34,57
30 10,47 72,36 6,47 7,19 55,39

n.o. 33,83 42,05 8,89 14,263 181,76
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MMivokoeg 3.6. Mopayovrag poraveng (CF).

average StErr 10th-perc | 90th-perc
Mn 2,17 0,56 1,04 1,90
Zn 1,10 0,12 0,55 1,90
Cu 1,20 0,04 0,95 1,49
Ni 12,85 1,19 5,20 22,40
Cr 8,04 0,67 3,66 12,88
Cd 0,26 0,08 0,00 0,77
Pb 0,81 0,06 0,50 1,32
Fe 1,04 0,01 0,95 1,11
Al 0,92 0,03 0,69 1,14
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IMivakog 3.7. Zovrereotiic petopopdg (TCx1000).

Mn Zn Cu Cr Al
average 40,90 735,69 304,14 24,34 0,025
StErr 9,97 59,18 16,82 2,83 0,003
10th-perc 8,22 357,49 184,32 11,42 0,014
90th-perc 61,40 1225,12 409,46 42,47 0,038
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Hivakag 4. EVpog Tip®@V mov wapovotdlovial Y10, TOV GUVTEAEGTY] PETUPOPAS
(TC) (Alloway, 1995).

X1ouyeio TC
Cd 1-10
Co 0,01-0,1
Cr 0,01-0,1
Cu 0,1-10
Hg 0,01-0,1
Ni 0,1-1
Pb 0,01-0,1
Zn 1-10
As 0,01-0,1
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Yympo 1. Xvoyétion petald omdotecng amd T YOAVPOVPYIKN] KOl OAIK®OV
OUYKEVTPDOEMYV 6TO £60.)OC.
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Yympo 2. Xvoyétion petald andéotaons amd T YoAvfovpyik] Kol EKYVAIGIH®OV
pe DTPA ovuykevtp®@oe®v 610 £00.00G.
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Yympa 3. Tpiyovo pnyavikis 60V6Tao1S, KATIYOPLOTOiN61 £00.PAV.
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IHAPAPTHMA: IIPQTOI'ENH AEAOMENA IIEIPAMATOX

ivaxag I 3.1. Edagoioyikég mapapeTpor.

, . ) , Fe- Al- Mn- .
Agiypa | pH | CaCO3% | OC% | Appog | Iadg | Apyrhog oxides | oxides oxide Yoxides
1 8,27 5,53 158 | 32,01 | 34,79 | 33,19 | 1415,09 | 586,04 | 1003,34 | 65,22
2 8,09 6,17 2,13 | 34,84 | 25,98 | 39,18 | 1113,58 | 831,32 | 1331,93 | 74,89
3 8,17 17,67 101 | 34,41 | 29,59 | 35,99 | 1387,45 | 1218,04 | 1057,20 | 89,11
4 8,04 3,15 0,69 796 | 42,82 | 49,22 910,38 | 979,23 | 979,25 70,33
5 7,96 2,30 1,80 | 19,95 | 38,82 | 41,22 | 1632,55 | 637,65 | 1162,33 | 73,90
6 7,50 2,54 0,85 | 38,38 | 25,61 | 36,01 | 1466,12 | 623,67 | 956,96 66,68
7 8,35 2,66 0,52 | 41,95 | 24,82 | 33,23 |1521,89 | 466,79 | 991,28 62,49
8 8,23 5,20 0,78 | 1598 | 36,81 | 47,21 | 1676,54 | 779,23 | 1428,26 | 84,77
9 7,91 2,68 2,03 | 34,81 | 31,99 | 33,19 | 2099,23 | 580,77 | 851,08 74,47
10 8,21 2,38 0,34 | 25,97 | 30,81 | 43,22 |1807,69 | 963,08 | 1388,33 | 93,19
11 8,25 3,94 1,65 | 24,74 | 30,02 | 45,24 | 1721,60 | 1169,60 | 1568,70 | 102,58
12 8,16 1,96 0,32 | 26,34 | 31,63 | 42,03 | 1732,55 | 1497,65 | 2055,61 | 123,78
13 8,06 2,98 1,80 | 38,85 | 27,98 | 33,17 | 1410,94 | 571,70 | 1047,48 | 65,41
14 8,13 5,80 0,52 | 32,36 | 33,62 | 34,02 | 1553,21 | 628,68 | 1001,61 | 69,23
15 8,07 4,26 2,10 | 34,77 | 30,01 | 3521 |1628,30 | 820,00 | 907,34 75,94
16 7,92 7,00 0,79 | 38,44 | 27,58 | 33,98 |1038,08 | 512,69 | 990,72 55,54
17 8,19 2,88 0,38 | 40,05 | 28,78 | 31,18 | 1458,11 | 587,17 | 976,57 65,54
18 8,06 3,18 1,72 | 36,83 | 25,99 | 37,19 | 1292,94 | 891,76 | 1263,97 | 79,10
19 8,12 5,61 1,95 | 42,02 | 24,79 | 33,19 | 1472,45 | 722,64 | 1436,07 | 79,17
20 8,01 2,81 0,33 | 24,32 | 31,63 | 44,04 | 1643,46 | 1040,00 | 1013,80 | 86,30
21 7,98 6,96 1,19 | 40,84 | 21,99 | 37,18 | 141192 | 761,92 | 1066,99 | 72,83
22 8,24 5,57 0,73 | 48,49 | 21,56 | 29,95 |1674,90 | 588,24 | 849,58 67,14
23 8,16 2,91 2,33 | 40,81 | 27,99 | 31,19 | 2024,23 | 730,00 | 1019,54 | 81,72
24 8,15 4,84 1,76 | 60,79 | 18,00 | 21,20 | 1751,76 | 366,12 | 644,61 56,56
25 8,17 1,83 0,57 | 34,39 | 29,61 | 36,01 |1819,22 | 1068,24 | 1331,29 | 96,26
26 8,09 23,10 1,31 | 26,46 | 27,58 | 45,96 | 1123,60 | 964,80 | 859,55 71,43
27 8,17 5,23 2,13 | 28,03 | 24,79 | 47,18 | 1094,72 | 1156,98 | 1681,35 | 92,97
28 7,95 5,22 1,42 | 42,35 | 25,62 | 32,03 | 1837,69 | 596,15 | 473,26 63,50
29 8,20 5,52 0,45 | 48,82 | 19,99 | 31,19 | 1487,45 | 647,45 | 1467,11 | 77,22
30 8,14 2,68 2,44 | 36,83 | 29,99 | 33,19 789,06 | 785,28 | 290,97 48,47

CaCO3%: Anotélespara og g/100g.

OC%: Amotéleopata og g/100g.
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Mivaxag I 3.2. Zvykevipdoels ekyviioues 6to £da@og (Mg/kg).

Aciypa Mn- Zn- Cu- Ni- Cr- Cd- Pb- Fe-

DTPA DTPA DTPA DTPA | DTPA | DTPA | DTPA | DTPA
1 17,56 2,88 2,89 0,85 1,44 0,00 4,80 7,51
2 24,61 12,69 1,68 0,31 0,60 0,00 3,77 3,83
3 28,09 15,46 2,30 2,88 0,72 0,00 4,25 2,76
4 24,58 4,36 1,85 0,83 0,57 0,00 2,92 4,93
5 27,60 5,87 3,35 0,55 0,65 0,00 3,67 3,94
6 28,61 1,17 1,69 1,28 0,73 0,00 0,41 6,91
7 12,57 0,64 1,40 0,32 0,47 0,00 0,12 5,52
8 25,64 1,12 2,73 1,86 0,48 0,00 0,56 11,33
9 27,60 6,66 3,31 0,67 0,84 0,00 3,69 23,34
10 17,06 2,93 2,14 0,20 0,49 0,00 2,54 9,77
11 20,58 2,30 3,83 2,38 0,64 0,00 0,34 6,66
12 30,60 5,75 0,98 5,06 2,39 0,00 0,00 9,73
13 14,05 0,71 1,48 1,62 0,70 0,00 0,00 3,51
14 21,12 1,01 2,50 2,76 0,60 0,00 0,00 9,95
15 21,58 1,43 2,23 2,39 0,51 0,00 3,62 6,45
16 16,07 0,89 0,86 2,97 0,58 0,00 0,47 0,79
17 12,57 0,56 1,39 1,61 0,59 0,00 0,00 1,92
18 22,62 1,98 1,82 4,33 1,49 0,00 0,03 2,32
19 19,08 2,30 2,46 3,48 0,59 0,00 0,40 6,30
20 22,59 4,81 2,45 3,92 0,37 0,00 0,70 7,08
21 20,59 5,26 1,93 4,08 0,39 0,00 1,26 4,88
22 16,09 13,37 1,98 3,62 0,77 0,00 6,22 4,03
23 22,08 9,65 1,67 2,25 0,56 0,00 4,56 3,40
24 14,56 8,80 1,28 0,34 0,85 0,00 4,41 2,23
25 17,59 5,15 1,80 0,21 0,64 0,00 1,56 5,95
26 21,09 6,72 2,06 0,55 0,56 0,00 1,90 6,52
27 24,61 7,20 1,43 0,89 0,62 0,00 3,30 2,25
28 34,63 7,55 2,30 4,52 0,61 0,00 1,56 22,46
29 25,62 2,09 3,51 4,27 0,59 0,00 0,19 5,76
30 23,61 2,62 2,23 0,39 2,24 0,00 7,74 7,96
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IMiivaxag IT 3.3. Tvykevipdoelg oMkég 6to £6agog (Mg/kg).

Agiypo. | Mn-AR | Zn-AR | Cu-AR | Ni-AR | Cr-AR | Cd-AR | Pb-AR | Fe-AR | AlI-AR
1 794,9 101,8 31,3 149,9 | 301,9 0,0 33,0 1,5 1,8
2 606,7 92,9 22,9 115,7 | 200,7 0,0 39,6 1,4 1,9
3 708,1 121,5 27,8 212,1 | 338,0 0,0 42,2 1,5 2,0
4 1024,8 75,1 37,2 2243 | 390,7 0,0 24,1 1,7 2,9
5 770,2 100,1 41,6 2015 | 357,9 0,0 28,7 1,6 2,1
6 7103,1 42,1 29,2 207,6 | 328,8 0,0 16,3 1,5 2,0
7 682,4 38,5 30,4 276,1 | 426,3 0,0 16,6 1,6 1,8
8 836,7 47,5 37,5 267,1 | 475,2 0,0 18,0 1,6 2,4
9 675,9 74,5 27,3 116,3 | 237,8 0,2 24,1 1,4 1,6
10 711,5 51,7 28,8 1477 | 275,8 0,2 19,7 1,5 2,3
11 960,1 53,6 37,6 357,2 | 637,6 0,1 16,4 1,6 2,3
12 710,1 78,4 34,5 365,0 | 666,4 0,0 18,1 1,6 1,2
13 859,4 34,7 34,7 331,6 | 588,0 0,1 12,1 1,6 1,8
14 898,3 40,1 35,2 344,8 | 601,4 0,0 13,6 1,7 2,1
15 835,7 41,5 34,2 3457 | 693,1 0,0 22,5 1,6 1,9
16 463,0 34,4 22,5 396,4 | 739,0 0,8 16,3 1,5 1,4
17 668,5 30,1 33,6 291,3 | 604,6 0,0 10,0 1,6 1,7
18 1030,6 43,2 30,1 524,71 | 730,0 0,1 16,6 1,7 2,2
19 731,8 48,5 29,0 602,2 | 816,2 0,4 28,8 1,6 1,6
20 814,2 54,0 27,0 441,7 | 901,7 0,2 19,0 1,6 1,9
21 770,9 67,3 24,8 514,2 | 958,8 0,1 28,4 1,7 1,5
22 522,7 123,5 24,0 596,3 | 896,5 0,0 39,6 1,5 1,2
23 733,1 129,5 29,5 392,8 | 689,0 0,0 40,6 1,6 1,7
24 645,2 87,7 26,3 1549 | 399,2 0,2 30,0 1,4 1,8
25 898,8 63,5 27,2 1242 | 2444 0,0 20,3 1,6 2,3
26 544.,0 64,1 22,6 119,9 | 1749 0,4 27,4 1,3 1,6
27 624,8 60,2 25,3 133,4 | 253,44 0,0 27,0 1,4 1,7
28 564,3 57,2 27,1 302,9 | 697,1 0,1 151 1,5 1,6
29 773,8 35,4 32,9 4956 | 611,3 0,7 18,8 1,6 1,4
30 625,3 227,4 27,3 116,0 | 200,8 0,2 49,5 1,4 1,3
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Hivakaog I 3.6. Hapayovrog

Yraveng (CF).

Agiypa Mn Zn Cu Ni Cr Cd Pb Fe Al
1 1,47 1,59 1,25 6,52 4,72 0,00 1,10 1,02 0,89
2 1,12 1,45 0,92 5,03 3,14 0,00 1,32 0,95 0,94
3 1,31 1,90 1,11 9,22 5,28 0,00 1,41 0,98 0,99
4 1,90 1,17 1,49 9,75 6,10 0,00 0,80 1,10 1,46
5 1,43 1,56 1,66 8,76 5,59 0,00 0,96 1,09 1,06
6 13,15 0,66 1,17 9,03 5,14 0,00 0,54 1,03 0,98
7 1,26 0,60 1,22 12,01 6,66 0,00 0,55 1,07 0,91
8 1,55 0,74 1,50 11,61 7,42 0,00 0,60 1,10 1,20
9 1,25 1,16 1,09 5,06 3,72 0,45 0,80 0,95 0,81
10 1,32 0,81 1,15 6,42 4,31 0,34 0,66 1,03 1,13
11 1,78 0,84 1,50 15,53 9,96 0,27 0,55 1,09 1,14
12 1,32 1,23 1,38 15,87 10,41 0,00 0,60 1,09 0,61
13 1,59 0,54 1,39 14,42 9,19 0,20 0,40 1,09 0,90
14 1,66 0,63 1,41 14,99 9,40 0,00 0,45 1,13 1,06
15 1,55 0,65 1,37 15,03 10,83 0,00 0,75 1,10 0,97
16 0,86 0,54 0,90 17,24 11,55 1,68 0,54 1,02 0,70
17 1,24 0,47 1,34 12,66 9,45 0,00 0,33 1,07 0,86
18 1,91 0,67 1,20 22,81 11,41 0,30 0,55 1,12 1,10
19 1,36 0,76 1,16 26,18 12,75 0,76 0,96 1,04 0,78
20 1,51 0,84 1,08 19,20 14,09 0,47 0,63 1,08 0,95
21 1,43 1,05 0,99 22,36 14,98 0,15 0,95 1,12 0,76
22 0,97 1,93 0,96 25,93 14,01 0,00 1,32 1,00 0,61
23 13,58 2,02 1,18 17,08 10,76 0,00 1,35 1,08 0,87
24 1,19 1,37 1,05 6,73 6,24 0,36 1,00 0,95 0,91
25 1,66 0,99 1,09 5,40 3,82 0,00 0,68 1,08 1,17
26 1,01 1,00 0,90 5,21 2,73 0,80 0,91 0,88 0,81
27 1,16 0,94 1,01 5,80 3,96 0,00 0,90 0,94 0,87
28 1,04 0,89 1,09 13,17 10,89 0,27 0,50 1,00 0,81
29 1,43 0,55 1,32 21,55 9,55 1,34 0,63 1,07 0,70
30 1,16 3,55 1,09 5,04 3,14 0,44 1,65 0,93 0,65
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Hivaxog I 3.7. Xvvrereotn

peragopag (TC).

TCx1000 Mn Zn Cu Cr Al
1 25,80 466,76 278,48 31,44 0,032
2 42,25 490,75 387,48 59,23 0,018
3 31,30 342,83 310,76 21,03 0,018
4 67,73 1454,17 561,87 36,71 0,042
5 43,16 1029,76 249,85 36,29 0,052
6 3,47 966,82 288,25 29,52 0,018
7 26,29 642,15 184,52 18,67 0,019
8 57,04 688,77 394,43 19,99 0,036
9 23,23 489,01 230,72 27,49 0,020
10 24,71 727,73 231,03 36,62 0,026
11 18,69 673,04 300,02 15,76 0,021
12 60,69 852,18 231,29 14,93 0,081
13 8,60 838,81 178,23 16,42 0,009
14 10,97 563,77 178,16 15,08 0,011
15 36,07 966,23 182,53 10,32 0,014
16 41,52 1413,54 422,49 14,91 0,030
17 22,10 1281,40 287,70 12,49 0,026
18 4,87 491,20 337,24 9,66 0,015
19 54,92 877,93 262,39 12,56 0,032

20 33,27 850,28 348,03 4,95 0,016
21 15,97 515,21 199,44 11,91 0,029
22 45,65 464,27 435,91 11,55 0,038
23 3,13 235,37 212,14 13,96 0,017
24 37,43 604,89 386,09 26,98 0,024
25 22,36 359,12 262,94 35,19 0,017
26 23,09 622,11 358,57 61,46 0,020
27 73,45 642,21 377,62 40,61 0,012
28 33,39 1018,49 316,88 11,55 0,019
29 29,66 1218,86 408,01 13,53 0,029
30 24,60 283,11 321,17 59,46 0,020
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