I'EQIIONIKO ITANEHIXTHMIO AOGHNQN
TMHMA AZIOIIOIHXHYE OYXIKOQN ITOPOQN KAI TEQPT'IKHE MHXANIKHX
EPI'AXTHPIO EAAD®OAOTI'TAY KAI TEQPI'IKHY XHMEIAX

E®APMOI'H ANAKYKAQXIMHE BIOMAZAY EAAIOAENAPQN
(KAAAEYMATA) I'TA TON HEPIOPIXEMO THX PYITANXHX NEPQN KAI
EAA®QN AIIO Pb KAI Ni: AIEPEYNHXH ®YXZIKQN KAI MIKPOBIAKQN
AIEPT'AXIOQN

AIAAKTOPIKH AIATPIBH

IQANNHZX I1. ANAXTOIIOYAOZ
['EQIIONOX I'.IT. A

YIIOBAHOHKE XTO I'EQITONIKO ITANEIIIZXTHMIO AGHNQN
A®HNA 2016

EmBrénov: Av. Kabnyntg Kov/vog Otyatimtng



AIAAKTOPIKH AIATPIBH

E®APMOI'H ANAKYKAQXIMHE BIOMAZAY EAAIOAENAPQN
(KAAAEYMATA) I'TA TON HEPIOPIXMO THX PYITANXHX NEPQN KAI
EAA®QN AIIO Pb KAI Ni: AIEPEYNHXH ®YXZIKQN KAI MIKPOBIAKQN
AIEPT'AXIQN

IQANNHX IT. ANAXTOIIOYAOZXZ
I'EQIIONOZ I'.IT. A

TPIMEAHX XYMBOYAEYTIKH EINITPOITH

EITIBAEITQN:
KQNXETANTINOX OIXAAIQTHY, ANANAHPQTHE KAOHTHTHE TOY TMHMATOS

AEIOIOIHZHE OYZIKOQN ITOPON KAI TEQPTTKHY MHXANIKHE TOY I'EQIIONIKOY ITANEIIETHMIOY AGHNQN

MEAH:

IQANNHY MAXXAY, EnKoyPOs KAGHTHTHE TOY TMHMATOS AZIONOIHEHE GYSIKQN TIOPQN
KAI TEQPTTKHE MHXANIKHE TOY TEQIIONIKOY TTANEIIZTHMIOY AOHNQN

IOPAANHX XATZHITAYAIAHE, grikoyPos KA®HIHTHE TOY TMHMATOS ENISTHMHE THE

OYTIKHY [TAPATQI'HE TOY I'EQIIONIKOY ITANEIIXTHMIOY AGHNQN

EEETAXTIKH EIIITPOITH

KONXTANTINOYX OIXAAIQTHY, ANANAHPQTHE KA®HTHTHE TOY TMHMATOS
AZIOTIOIHEHE GYEIKQN [TOPQN KAI TEQPTIKHE MHXANIKHE TOY FEQIIONIKOY ITANETIETHMIOY AGHNON
IQANNHY MAXXAY, EnKoyPOs KAGHTHTHE TOY TMHMATOS AZIONOIHEHE GYSIKQN TIOPQN
KAI TEQPTTKHE MHXANIKHE TOY TEQIIONIKOY ITANEIIZTHMIOY AOHNQN

IOPAANHX XATZHITAYAIAHE, grikoyPos KA®HIHTHE TOY TMHMATOS ENISTHMHE THE
®YTIKHE [TAPATQTHE TOY TEQIIONIKOY ITANEINIETHMIOY AGHNON

I'EQPTTIOYX XTAMATHY, TAKTIKOS KAOHIHTHE TOY TMHMATOE ASIOTMOIHEHE OYSIKQN
TIOPQN KAI TEQPTTKHE MHXANIKHE TOY TEQIIONIKOY ITANEIIZTHMIOY AGHNQN

AIKATEPINH XAPAAAMIIOYZY, A@HIHTPIA THE TXOAHE XHMIKQN MHXANIKON TOY
EONIKOY METEOBIOY TOAYTEXNEIOY

AEXIIQ DPATTA-KAXINOY, ANATAHPQTPIA KAGHTHTPIA TOY TMHMATOE TIOAITIKQN
MHXANIKQN KAI MHXANIKQN TTEPIBAAAONTOZ TOY TIANEITIETHMIOY THE KYTIPOY

AHMHTPIOX KAPIIOYZAZX, ANANAHPQTHE KAGHTHTHE TOY TMHMATOL BIOXHMEIAST KAI
BIOTEXNOAOTIAE TOY [TANEMIETHMIOY OEEEAAIAL



“H &yxkpion g mapovons Atdaktopikis Awotpifig oo to I'eomoviko
Havemotpio AONvOV, 6gv VTOOINAAOVEL ATOOYN TOV YVOUADY TOV GVYYPAPEMS”
(N. 5343/1932, apOpo 202, map.2).



Apiepouévo oty molvayarnnuévy
HOV 01KOYEVELD KOL GTO HIKPO

Havayiwtakny



EYXAPIXTIEX

‘Eva peydho 6vepo, éva onuoavtikd taidl €prace oto mpoopiopd tov. Ot
euyopLoTieg, TEAKA eival éva moAD dVOKOAO keipevo, Oyt yiati doev E€pelc mov Ha
AMOOMGELS TO ELVYOPLOTA OAAG YTl pe YALKIG vootodyio avoykalecol va QEPELS
OKEYELG, EIKOVEG, WVNAUES TNG a@eTNPiag avtov ToL Ta&ldlov, 7oV TPEMEL Vo
amodobovv oe pia, 0V0 ceAdeg. Eikdvec moAdYpmUES, GUYKIWNTIKESG, YOPOVUEVEG,
KOTOOTACEL, OVOKOAEG OV o€ amoBdppuvoy GAAE OmOSVVAUDOVOVTAY €GTIOALOVTOG
OTOV GTOYX0 GOV e TN Pondela T@V GVVOSOOP®V GOL Kat pe vropovn. [ dAlovg
amoTeELOVV £va aVOYKoio KOUUATL OAOKANPOONG TNG SIO0KTOPIKNG SLTPIPg Tov péca
oe Mya Aemtd €xer ypaogtel. Ilpocomikd euéva avtd TO OLGLOCTIKO KOl TTOAD
ocuvalcOnuatikd xoupdtt pe dvokoieye. Eivor to onueio mov dev €xel Opovg Kot
Kavoveg Kot WAGEL 1 yoyn.  EeKvam,  YpaQo, OTOUATA®, OKEQTOMOL,
ocvykwvoopat... Ilpootabd vo pnv Eexdom kavévav. OEA® v TOVS EVXUPICTHCM
oAovg évav mpog Evav. Niwbw moAld mepnpovog Kot evyvoumv mov otn (®n pov
KOTAPEPO VO KAVEO TO GTOYO HOL TPAYUATIKOTNTA OAAG KOl 7TOAD TLYXEPOS TOL
Bpénka oe TOGOLE KATAMANKTIKOVS avOpOTOLG-KOTAEIOUEVOVS  EMIGTILLOVES-
GLVEPYATEG.

Oewpd YPEOG LOL GE OWTO TO ONUEIO VO ELYOPICTHCW TOV EMPAETOVTO LOV,
Kov/vo OyoMat, avarinpot) kadnynm tov I'ewmovikov [Hoavemommuiov AOnvav,
OV UE OMOOEYTNKE, LUE EUMIOTEVTNKE OVOOETOVTAG OV TNV EKTOVNON TNG TOPOVCHG
dwaktopikng oatpPnc. Tov evyopliotd Y TG yvdoelg mov pe didae, yoo Tig
EMOTNUOVIKEG TOV GUUPBOVAES, Yo TN EVEPYO GLUUETOYN TOL KOl Yo TIG AVGELS TTOV
£€0ve ot gUmOdL OV TpoEkvTTay. H TOAOTIUN, KATAAVTIKY] GUVEIGQOPA TOV Kol M
AGQAAELL TOV ONUOLPYOVCE 1) TAPOLGIN TOV GE AVTO TO dVOKOAO OAAG ELYAPICTO
povomdtt Nrov kafoptotikny. Niwbw moAd evyvoOpmv Tov £Tuya vo glpot vId v
emiPAeyn evog KATAELOUEVOD EMIGTHHOVA Lo TAV® o’ dAa avOpdTov.

‘Eva peydho evyopiotd® omd xapdldg 10 o@eil® otov cuv-emiPAEnovta Tng
OOKTOPIKNG oL daTpPng, Tov enikovpo kabnynm tov I'ewmovikov [oavemotnpiov
Abnvov, lodvvn Mdaooa. Tov evyaptotd eivar moAd Alyo kot dev EEpm av Bo KaAdyel
Ol VTG oL MOV TPocéPepe. H 0LGLOOTIKY, E€MOIKOOOUNTIKY, ocLVEPYACia, 1
ouveyOuevn KaBodNyNom, Ol OTEAEIMTEC MPEC EPUNVEING TOV OMOTEAEGUATOV, 1
oLVEYNG EMKOWVOVIO, Kot 1] KABOPIOTIKT] GLUVEIGQOPA TOV TOCO GTO TMEPOUATIKO OGO

Kol OT0 amoTEAéopato kKot ov{ntnom, MTav Yoo HEVO OVEKTIUNTOL TAPAYOVTEG
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Kévovtog pe va Vi mold tuyepds. ‘Htav o dvBpwmoc mov maporio to @OpTO TOL
€xel vag aKadnUATKog Kadnynmge moté dev pe ékave vo aeBavlm doynua (yéyve va
Bpo pio otiyun aAld dev vapyel), katoAofaivovtag TavTo TV oy®vio Lov yio TNV
KaAOTEPN €kPaom kol vwooTHPEN aVTHG TG daKToPIKNg dTpprg. H avBpmmid
TOV, 1 KOAOGHVN TOV KOl 1 EUTIGTOCVVT] TOV 6TO TPOSOTO Hov cuvEPare BeTikd o)
dtekmepainon g SatpiPg avTnc.

Evyopiot®d Oeppd tov ayomntd emikovpo kabnynty tov [emmovikov
[Movemotpiov AOnvav, lopddvn XatlnmavAidr, Tov dEXTNKE VO GUUUETAGYEL OTNV
TPULEAT EMTPOTY| TPIUEAT] KO OTIG GUUPOVAEG TOL G BELOTO KOUTOGTOTOINOTG.

[dwitepa emiong evyoplotd Vv gvyevéstorn Kol cvumabdéotarn kadnyntpla
tov EBvikoh Metoofiov TToAvteyveiov, Awotepivn XopoAdumovs, mov OEXTNKE Le
B<puUn Kot pe Yapd Vo COUUETEYEL OTNV KPIoN KOl TOPOLGIaoT TG SIOUKTOPIKNG LoV
owtpPng kabBdg ko Yoo ™ Ponbeid ot perpnoelg tov  C-dvvoukod TV
TPOGPOPNTIKAOV VAIKOV.

Eniong etvor tiun pov kot peydin pov yapd m 0etikn oviomoOKpion g
avamAnpatpog kKadnyntprog tov [Havemomuiov Konpov, Aéonmg @drta-Kdoivov,
VO CUUPETEXEL oTNV Kpiom, afloAdynon ¢ SOaKTOPIKNG MOV OTpng Kot vo
tagoéyel and v ayonnt Kompo, dote va mapevpebel oty mapovsioon me. IV
avtd 10 AOY0 Ba Bl va TV gvyaploTNo® BepudL.

Evyopiotieg emiong B N0k va ekppdcm, GTOV ovOTANP®TH KaOnynt 1oL
[Tavemomuiov g Oecoarioc, Anuntpro Kapmovlao, mov avroamokpidnke Oetikdtata
Vo GUUUETEYEL oTNV a&lOAOYNON KOl GTNV TOPOVGINGT TG O0AKTOPIKNG OaTpPng.
Tov guyoplotd emiong yw To YEYOVOS OTL 1| LOKPLVY] OTOGTAGT] TOV TOTOL £PYACIOG
oV (Adpioa) Eog v ABNva, dev amoTéEAEGE AVAGTOATIKO TOpdyovTa.

‘Eva etikpwvég evyapiot® otov kabnynt tov 'ewmovikov Ilavemotnuiov
Anvav, T'edpylo Ztopdrrn, mwov d&yxtnKe amAlodyepa Kot Oeppd vo GUUUETEYEL OTNV
Kkpion Kot a&loAdynon ¢ mapodcsos SOaKTOPIKNIG dStaTpPs.

Ba NtV TOPAAEWYT OV VO UMV EVXOPICTC® TOV AEKTOPO TOL APLGTOTEAEIOL
[Tovemomuov  ®sccarovikng, Awovocto Tlaomoapdrto, vy 1 QUMK Ko
EMOIKOOOUNTIKT OYECT TOL OVOTTOEAUE OAOL LT To YPOVIK TTov epyaldTay OTO
gpyaomplo Edagporoyiog kot I'empywkng Xnuelag tov 'ewmovikov IMovemotnpiov
Abnvov.

Ao Kopio LEAETN (TTLYLOKT), LETOTTVUYLOKY], O100KTOPIKY) OV Agimel To dvopa
TOV ZTLALVOD AGAAM, EPYOCTNPLOKOD TOPUCKEVAGTH TOL gpyactnpiov Edaporoyiog
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kol ['eopyune Xnueiog tov ewmovikov IMovemommuiov AOnvav; ditkatoAoynuéva
vl gfvort éva amd to o ayomnTd pEAN tov epyactnpiov. ‘Eva etlkpivég vyoplotd
oTov KoAO @iho XTtélo Yo TV moAvTIUn PBondeld Tov Kot To YEAO TTOV LoV YAPLoE
ONUIOVPYDVTOS [io EVYAPLOTY ATULOGPOLPA GTO YMDPO TOV EPYACTIPIOV.

®o MoV Topdieyn pov vo unv gvyapiotno® v Adevn lodvvov, EEAIIT
tov gpyaomnpiov Edagoroyiog wo Tewpywng Xnueiog tov [Neomovikol
[Movemotpiov ABnvov, yuo ™ Ponbetd g otn Asrtovpyio. TG POCHOTOCKOTING
ATOKNG amoppdPNoNG KaOdS Kot yio T @Aia Tov avartdape OAa oLTA T XPOVIL.
Evyaprotd emiong ko v Mapio. Mmovlivn, €pyactnplokn TOpOcKELAGTPLO TOV
gpyacTnpiov.

Kotd ™ Odekmepaioon ¢ OwTpifng  awthig,  (PEWICTNKE v
npaypatononBodv emmpdobeteg LETPNOELS Kal YU 0LTO TO GKOTO OPEIA® £va PeydAo
EVYAPLOTA GTOVG:

A) TTétpo Tapavtiln, avarinpot) kabnynt tov ['eonovikod [avemotnuiov
ABnvov kobng Kot otov voyneo dwdktopa EAsvBépio Tletpdkm, yio T1g ANpelg
eoaopatov FTIR tov mposponTtik®v VAMK®V.

B) I'edpylo Popavo, epevvnm B Babuidoc oto Ivotitobto ducikoynueiog tov
EPELVNTIKOD KEVIPOL ANUOKPITOG, YO TIC HETPNOES TNG EWOIKNG EMQAVEINL TOV
TPOCPOPNTIKMY VAIKDV.

I Awoatepivn  Xaporaumovg (kaBnyntpiag tov  EBvikod Metcofiov
[ToAvteyveiov), g Evayyeiiog ITavAdtov (avarmAnpatprog kKabnynrpiag tov EOvikon
Metcofiov IToAvteyveiov) kot tov vroy. Addktopa Anuitpio Toodxiepn, yio Tig
UETPNGELS TOV {-OUVOIKOD TMV TPOSPOPNTIKMY OGS VAIKDV.

e avto 1o onpeio Ba NBela va evyaplotHow T cvvadelpo Evayyeiio I1oyka
Y. TNV GQPLGTI GLVEPYOCIO TTOL EUYOLE KOL TNV EVEPYN GLUUETOYN TNG YO TNV
TPOETOOCIO KOl TNV ekTéAEON TV TEpapdtov Tov 4 Kepaiaiov (Emidpacmn tov
YPOVOL KOl OPYOVIKGOV VTOGTPOUATOV GTN OOECIUOTNTO TOV Pb* watr Ni** o¢
£dapoc g ta&ewc Alfisols).

Kotd ) owdpxeta g 0100KTOpIKNG S1aTpPng NTAV TIUY HOV VoL XM LTO TNV
éupeon emifreyn] pov mruyokéG OTPPEG KOTA TIG Omoiec vmnpyxe dplot
ocvvepyacia. [t avtd 10 okomd Ba Bl va vYOPIETHOW® TOVG GLVAdEAPOLS, ['edpylo
Taykardakn, Kovotavtiva ['kovlov, Baciieio Zwvamrion, Pla [Movayidtov kot HAio

Mopyiwtondn.
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Evyoprotd toug ayammuévoug @idovg tov gpyactnpiov: Bacileto Kokkopn,
Yropatn  KaPoacidn, Teopyo Taykordxn, Potewvny TNoavvakomoviov, Do
l'swpyoda, Eiprvn Zkovptn, Ilévv Baocileiov, Xmvpdodria Tovvdtov, Opéot
Kaipn, Ocodmpa Anuntpiov, YAdva Moalavitov, Baciukn XZxwdd, Anpftplo
Applavé, Xprotiva NikoAdov, Iodvvn Méapavto kot I'edpyto Karvpo.

‘Eva peydlo evyoapiotd covg kabnyntéc tov gpyactmpiov Edagoroyiog wot
lsopywng Xnueiog, Kovotavtivo Owyolot, Iodvwn Mdéooca, Xopikieio
KoAidvov, Iodvvn Aonuaxoroviov, Nikéhao Movotdka, Kovotavtiva Xaivtovn,
Awovoolo KaivPa, Baociukny Korla-Kovsovpn kot Kovotavtivo Kooud mov pov
S1da&av Tov KOGHO NG £00POAOYING.

Oepd LVIOYPEMOY| LoV va guyoplotiow 10 Idpvpa Kpatwkdv Yrotpopiumv
(IKY) yw 0 yopnynom vrotpoiag katd Tn OdpKeEW EKTOVNONG TNG O00KTOPIKNG
Statppne.

OLdYvYo evyaplotd v ayarnt) ¢iln Miva Kopapecovtn ko oto odvlvyo
g Kovotavtivo Apupdkn yia m cvunapdotocn tovg, Tt ¢liio Tovg Kot T fondeid
TOVG GTO XEPIOUO TPOYPOUUUAT®V VTOAOYICTY.

Evyopiotd yoo v aydnn cog ko v vrootpién cag, Aviovn, [Havayio,
EAévn, Atltoa, Anuntpn, AW, Katepiva, Poola, ZéPn, [ewpyia, Anuntpn, Pavia,
"Elca, T'dpyo.

‘Eva peyélo meAmdplo uyopioT®d GTNV OKOYEVELL LoV Yl0. TNV KOTOVON o™, TN

Bonbela Tov pov mapeiye Kot yo TV oydmn Toug.
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INEPIAHYH

H mpoopoégnon Oewpeiton pio @Onvy kot amotedecpatikn  uéBodog
amopdKkpvvons 1 puetmong g dabeciuodmtog TV Papéwv HeTdAAOV 610 TEPPAALOV.
Aldpopa TpospoPNTIKAE LAIKA, gite avopyava dnwg Leolbot, dpythot, pretoviteg gite
0pYOVIKA O®S VTOAEIUUOTO/VTOTPOIOVTO YEOPYIK®OV POUNYOVIOV KOl  QUTIKE
vroAeippata Bpiockovv €QAPLOY GE PLTOGUEVOLS VOATIVOVS Kot €00PIKOVS TOPOLS
pe otdyo t Swyeipion pomavons. Ildpa moAlol epevvntég, PeitioTomolovv v
TPOCPOPNTIKY KAVOTNTO TOV VAIKOV UE O1dpopes HeBddovg Omms: o) UOIKES (TT.).
Bépuavon oe vynAr Beppokpacio kol o dPopa enimeda emdpkelag o&vyovov), B)
mukés  (my. yxpnon O&wvev M Pacikdv owAvpdtov) 1 Ploroyikés OTmMG M
KOUTOGTOTOING.

mv  mopovod  O0aKTOPKY  OwtpiPn  efetdotnke 1 €midpacm NG
KOUTOGTOMOIMNONG ¢ PLOAOYIKNG O00IKAGIOG OTN GUUTEPLPOPE TOV KAUOEUATOV
ehatokopiog oe teyvntd pumocpéve pe Pb, Ni 1 Pb+Ni, vddtva kot €dapikd
ocvotiuata. To KAadépata elotokopiog EMAEYONKAY, OC AMYyVIVOKVLTTAPIVOUYO. DAKA,
dwbéoa pe €Moto TEPLOOIKOTNTO G€ €EAUPETIKA UEYAAEG TOGOTNTES GE TOAAEG
TAPOUECOYELEG TEPLOYES, TOL OU®G €xovv eAdyloTo peAetnBel ®g TPoopoENTIKd
VMK Thava Aoyw ™ ovvnbouvg (Ko onuepa LIO KATAPYNOY) TPAKTIKNG TNG
KGN G TOVG GTOVG EAALOVEG LETE TO KAGAOEL TOV EAALOOEVOPWV.

e o0yKplon He To KAAOEHOTO EAOLOKOUING, TO KOUTOGTOTOMUEVO KAUOELOTOL
EAOOKOUTOG TTOPOVGIOGOV CTUAVTIKEG PLGIKOYNUIKES SLPOPES OGS LVYNAOTEPT TIUN
pH, vymAdtepn kavOTNTA AVTOALXYNG KATIOVTOV Ko younidtepo Adyo C / N, kabog
Kot 0AAAYEG OTIC EVEPYEG OLLADES EMPAVELNG.

Mo ™ perét tov KAUSEUATOV EAMOKOUIOS Kol TOV KOUTOGTOTOUUEVOV
KAOOEUATOV EANIOKOUIOG O TEYVNTA PUTTAGHEVO LOATIVOL KOl E00PIKA GLGTHUATA,
EQUPUOCTNKAY OVO OLOLPOPETIKES TEIPAUATIKES SLUOIKUGIES.

270, VOATIVOL GUCTNUATO TPOYUATOTOWONKAV TEPAUATO OLAAEITOVTOS EpYOv.
EEetdomke m emidpacm g opyKNG CLYKEVIPMONG UETAAAOL GTO OldALHO, 1)
emidopaon g Bepurokpaciog, Tov ¥poOVoOL avadevong Kol TG apykng Ting pH tov
ddvpdtov tov petdAiov. To arotedécpata £dei&av 0tL | Tpospdenon tov Pb ftav
Katd ToAd peyolvtepn and avti tov Ni kot péyiotn npoopdenon mapatnpndnke ot
T pH 5. And tig e€etalopeves 1000eppeg Ppédnke 0Tl To TEPAUATIKA dESOUEVQL

TEPLYPAPOVTOL IKOVOTOMTIKG otV 1660epun Tov Langmuir, evd m  KnTiky
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TEPLYPAPETAL  IKOVOTOMTIKA omd 1O poviého  yevdodevtepne taéng. H
KOUTOGTOTOINo™M 0dNynoe o€ avnomn e UEYIOTNG TPOSPOPNTIKNG IKOVOTNTOS TV
tov Pb kot tov Ni. Emiong efetdotmke perétm oe OSpetolkd GLOTHUOTO
(tavtoypovn dnAadr mapovoio tov Pb kot Ni). Ta omotedéopoata £dei&av OTL M
KOUTTOOTOMOINoN peiwoe tv aviayoviotikn opdon tov Ni évavtt tov Pb.

EmnpocBeta, mpaypotomom|dnkoy mepapoto eKpOPNoNG UE TN YPNoN TOV
e&Nc exkpoeNTIKGOV dtoAvpdTmv: omovicpévo vepo, 0,1 M HNOs, 0,1 M HCI, 0,1 M
NaNO3; ka1 0,1 M EDTA. YynAd mtococtd ekpO@NONG TAPOVGLACTNKAY LE T YPNON
0,1 M HNOj3 kot 0,1 M EDTA «xou yia ta 800 pétaida, oumg oty nepintwon tov Ni
N TPospOPNoN NTav Aydtepo 1oyvpn (TO TOCOCTA ELGIOPOPNUEVOL KOl EVKOAN
avtaAla&ipov Ni ftav vymiad).

210 &dapkd ocvotnua, Kiadépata glotokopiog (P) kot Koumoostomompéva
Khadépata edotokopiog (C) mpootébnkav e Eva ehapp®dg 0Evo £0apog TG TAEEmG
Alfisols, og avaloyio 1 g opyoavikod vikov : 10 g eddpovg. ITapdAinla, eEetdotnke
Kot M emidopacn g YAukons (G) wg ev- amodoUNGIUNG LOPPNG AvOpaKa G avaAoyio
4 mg C / g eddgpovc. 'Emerta, oe oleg tic petoyewpioerg (P, C wxar G)
npoypotonoOnke povopetorlhikn (500 mg Pb / kg 7 500 mg Ni / kg) 1 dipetadliiky
(500 mg Pb / kg kou 500 mg Ni / kg) pomavon oto piyuo £8609oc — opyavikod VAIKO.
Oleg o1 petayeipioelg enwaocmray otovg ypovovg 0,125, 1, 3,9, 27, 54, 108, 216, kou
301 nuépeg kot kaBOAN TN SLApKELD TOV TEWPAUATOV 1 VOATOTKAVOTNTO dloTnPNONKE
ot0 50%. Xe kdOe ypovikn otiyun mpoypartoromdnke xkiaoudtoon tov Bopéwov
pet@AAmv pe t pébodo g tpomonomuévng BCR (Community Bureau of Reference)
oe ave&aptnra deiypata (destructive sampling). Tavtoypova, e avtioTol o OLOEN
delypata, otovg 1010Vg ¥POVOLG emmacNg HeTprOnke 1 pikpoflokn dpactnplotnTa
péow g éxhvong CO,. Ta amoteléopota €dei&av 0Tl Ta 00O UETOAAL Eyovv
OLOLPOPETIKT) CLUTEPIPOPE KOl AAANAETIOPAOT) LE TO £00PIKO KOALOEIDEC.

O Pb Bpébnke vo ovvdéetar 16XVPA GTO OVOYDYIHO KAGOUO KOl Ol
petayepioetg pe to KAaodéparta eatokopiog (P) kot o kopmostomomuéve KAAdEHTaL
ehaokopiog (C) pelwoav eEloov 10 avroAldEyo kAdopo eved  ovéndnke To
ofedmoo, evd M yAvkoln Bpébnke vo unv emnpedlel v KAaopdtoon tov Ph.
AvtiBétog o Ni Bpébnke va cvvdéetar pe 10 ovtoAhaSino KAGGHO Kol OAEG Ol
petayepioeig P, C ko G peiwcov to avtaAra&ipo kKAGouo cOpL@®va e T oepd P >

C > G, evod avéndnke to o&edmoiuo, pe m oepd P> G > C.



H pikpofrokr] dpactnpiotro mapovciace emicyeon mapovsio pOmOVONG LE
Pb ka1 Ni 1) onoia pe ) evooudT®on Tov opyovik®v vAkov eEovdetepmdnke (G, C)
1N kot avtietpaenke (P).

Me Bdon ta mopondve SomeTOVETOL OTL TPOSPOPNTIKA VAIKG pe Bdaon to
EAOOKAOOENOTO.  UTOPOVV  OMOTEAECUOTIKA VO EQPOPUOCTOVYV YO0  TOV
neploplopd/daysipion g pomavone pe Ni kou Pb. v mepintowon tov vddtvov
CLGTNUATOV, 1 ¥PNOT TOV KOUTOGTOMOMUEVOV KAAdEUATOV elotokoping amotelel
évo. TOAAL VTOGYOUEVO TPOCPOPNTIKO VAKO. XTo €00(pIKO GCULOTNUOTO GTHV
nepintmon tov Pb amotelecpatikotepa speoviovrot to KAASEUATO ELOOKOUING KO

TO aVTIoTOLYO KOUTOOT EVH oty Tepinmtmon tov Ni ta kKhadépata eEAatokopiog.

A£Eerg khewdra: Biopoenon, Freundlich, Bapéa pérodia, Langmuir, Yrnonpoiovta
™m¢  Propnyoviag  elatorddov, Khadépota  ehatoxopiag, Koumootomoinon,

I660¢eppeg, Pb, Ni, Tporomomuévn BCR, "Edagog, Pomaven, Opyavikd vAkd
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ABSTRACT

Adsorption is considered an inexpensive and efficient method for removing, or
reducing the availability of heavy metals in the environment. Various adsorbents,
either inorganic such as zeolites and clays including bentonites or organic such as
wastes/by-products of agricultural industries and plant residues can be applied in
polluted water and soil aimed at pollution abatement. Researchers optimize the
adsorption capacity of the materials by various methods including: a) physical
treatments (e.g. heating at high temperature and at various oxygen levels), b) chemical
treatment (e.g. use of acidic or basic solutions), or biological, such as composting.

In the present thesis the effect of composting (a biological process) was
examined in the performance of olive tree pruning material in water and soil systems
artificially contaminated with Pb, Ni and Pb + Ni. The pruning material was selected
because it is reach in lignin-cellulose compounds and it is available annually in
extremely large quantities in many Mediterranean areas, but hardly has been studied
as adsorbent, possibly due to the widespread (and now banned) in-farm practice of
setting them on fire after pruning of olive trees.

The compost derived from the pruning material (C) showed significant
physicochemical differences compared to the original pruning material (P), such as
higher pH value, higher cation exchange capacity, a lower C / N ratio, and changes in
active surface groups.

The composted and non-composted olive pruning material was added to the
water and soil systems artificially contaminated with Pb and Ni. Their effects were
studied under two different experimental procedures.

In aqueous systems batch-type experiments were performed. The effects of the
initial concentration of the metals in solution, the temperature, agitation time and the
initial pH value of the solutions were examined. The results showed that the sorption
of Pb was significantly greater than the sorption of Ni and the maximum adsorption
rate was observed at pH 5. The experimental data are well described by the Langmuir
isotherm, while kinetics are well described by the pseudo-second-order model.
Composting led to an increase of the maximum adsorption capacity for Pb and Ni.
Bimetallic systems (i.e. simultaneous presence of Pb and Ni) were also examined. The

results showed that composting reduced the antagonistic effect of Ni to Pb.
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Additionally, desorption experiments were carried out using the following
desorbent solutions: deionized water, 0.1 M HNO3, 0.1 M HCI, 0.1 M NaNOj3 and 0.1
M EDTA. High desorption rates were observed using 0.1 M HNO3 and 0.1 M EDTA
for both metals, but in the case of Ni adsorption was weaker (physisorbed and readily
exchangeable Ni rates were high).

In the soil system, pruning material (P) and composted pruning material (C)
were added to a slightly acid soil of order of Alfisols at a ratio of 1 g organic material
: 10 g soil. Moreover, the effect of glucose (G) was examined as a readily-degradable
form carbon added at a rate of C 4 mg / g soil. Then, in all the treatments (P, C and
G), Ni and Pb were applied in monometallic form (500 mg Pb / kg or 500 mg Ni / kg)
or in bimetallic form (500 mg Pb / kg and 500 mg Ni / kg) simulating pollution of
each mix soil-organic mix. All treatments were incubated for 0.125, 1, 3, 9, 27, 54,
108, 216, and 301 days, and throughout the course of the experiments water content
was maintained at 50% of the water holding capacity. At each time point fractionation
of heavy metals by the method of the modified BCR (Community Bureau of
Reference) was carried out, to independent samples (destructive sampling). In
parallel, the microbial activity was estimated through the release of CO, from
corresponding similar samples. Results showed that the two metals have different
effect and interaction with the soil colloid.

The Pb was found to bind strongly onto the reducible fraction. Treatments
with pruning material (P) and composted pruning material (C) led to decreased
exchangeable fraction and increased oxidizable fraction while glucose did not affect
the fractionation of Pb. In contrast, Ni was found to be associated with the
exchangeable fraction. All treatments P, C and G reduced the exchangeable fraction in
the order of P > C > G, while they increased the oxidizable fraction in the order P > G
> C.

The microbial activity was reduced in the presence of pollution with Pb and
Ni, but the incorporation of the organic materials counterbalanced (G, C) or even
reversed (P) this effect.

Based on the above, it is concluded that adsorbents based on olive-tree pruning
materials can be effectively applied to reduce/abate pollution with Ni and Pb. In the
case of waters, use of composted olive-tree pruning is highly effective. In soil

systems, in the case of Pb both non-composted olive-tree pruning material and
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composted olive-tree pruning material were highly effectively, while in the case of Ni

non-composted olive-tree pruning material was more effective.

Keywords: Biosorption, Freundlich, Heavy metals, Langmuir, Olive by-products,
Olive tree pruning waste, Composting, Pb, Ni, Isotherms, Modified BCR, Soil,

Pollution, Organic materials
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Kepaiaro 1

Xp1o1 VAKOV (VTOAEPPATOV KOL DTOTPOIOVTMV) TPOEPYONEVOV Al TNV
napoyoyn propnyavios ehatordadov o fropoentic.
(Anuoctevpévo wg: Anastopoulos, 1., Massas, ., & Ehaliotis, C. (2015). Use of
residues and by-products of the olive-oil production chain for the removal of
pollutants from environmental media: A review of batch biosorption
approaches. Journal of Environmental Science and Health, Part A, 50(7), 677-718,
Mapaptmua 1)

Hepiinyn
Ymoleippoto Kot vwompoidovio TOv TPOEPYOVIOL Omd TN Propmnyovic mopoyyng
ehadAadoy eEetdlovior gupémwg ®G PlopoeNTég Yoo TNV OTOUAKPVVOT SLAPOPOV
POTOV ad TOLG VOATIVOVS KOl 68 AyOTEPN £KTAON, OO TOVG €500V mOpovs. H
VYNAN TPOGPOPNTIKT TOVG IKAVOTNTO, TO YOUNAO KOGTOS TOVGS, 1 IKOVOTNTA TOLG Yo
emavaypnoonoinon kabmg kot n  ObecuonTd TOLG E£ivol pEPIKA OO TO
YOPOKTNPIOTIKA TOVG 7OV EVIGYVOLV TNV TOPATAVE TOmoBETNoY. Xe ovT) 1
BBAoypapikn avackOTNoT, avOADOVTOL KOl HEAETAOVTOL VAIKE ®G Plopoentég amd
vroAeippata, amdépfinto Ko vmompoidovia e Prounyavicg eloorddov. Il
oLYKEKPIEVA, TEPAaUPavovTonl TAnpogopiec amd meEPAUOTO SloAEITOVTOg £pyov
OYETIKA LE TN ¥PNoN TOVG o€ BEpata amoppimaveng 1060 TV LOATIVOV, OGO KOl TOV
€00PIKOV TOPWV amd JAPopovg pOTOVE Ommc: Papéa HETOALD, YPOOTIKES,
POOIOVOVKAIOL, (QOIVOAIKES EVMOELS Kol QUTOQApUoKa. To amoteAéouato deiyvouv
OTL T0 VAIKG ovTd givon Kavd vo amopokpivouy O1dpopovg pOTOVE amd LOATIVOL
ddvpoto kot kopiog Pb ko Cd. Qotdco, yio pio omoTeELeGHOTIK) HEAET TOV
UNYOVIGHOD TNG TPOSPOPNOoNG KPIveTal avaykoaio 1 avantuén kot n BeAtiotonoinon
TOV TPOTOKOAM®V TOV TEPAUATOV S0AEITOVTOg £pyon KOOMS Kot 1 (PO VAKOV

avaLPOPAG.

AgEerg khewnd: Blopognon, Freundlich, Bapéa pérodro, Langmuir, Yrozrpoiovta

™G Propnyoaviog EA0oAdd0V



1.1 Ewayoym

H avéntuoén g Pounyaviog kabmg Kot g yewpylag, £(ovv odnynoel ot
onuovpyia ddpopmwv pHTT®V Tov 1 KatdAnén tovg e onuavtikd Pabud eival otovg
VOATIVOLG Kot €00PIKOVS TOPOVS, HE OMOTEAEGUO Tr POTAVOT Kot vrofaduion
QLOIKOV TOpwV. Ot puToL awtol, cuyvd TeptlapPdvouv Papéa HETAALN, YPOCTIKES,
QOVOLEG, QLTOPAPHOKE KOODS Kol ap®UATIKES evdoelg. H mapovsio tovg ota
amoPANTa, OKOUO. KOl O HIKPEG GLYKEVIPAOELS, WTOPEL VO EMQEPEL APVNTIKEG

EMMTMOOELS GE OPYOVIGLLOVG.

1.1.1 Ene€epyocio amopintov

Yrdpyovv mhpo TOAAES TEYVOLOYiEG TOL EPaPUOoVTOL GTO ATOPANTO KOl OTO
VOOTA YO TV TOUAKPLVGT TOV SLAPOPWOV POHTOV (OPYAVIKMY KOl AVOPYOV®V) OTTMG:
N xotofvoion, mn ovroavtoAiayn, 1N CLOCOUATOGCY, T TPOGPOHPNCN, 1 YPNON
ueuppavaov (Febrianto «.a., 2009, Bhatnagar «.o., 2011). Qot600, 6& TPOUKTIKO
EMMED0, MOAAEG POPEC M EQPAPLOYN Elvar SVOKOAN KOl GE GLVIVACUO LE TO VYNAO
Kk6610G, Kabotd TIc neBddovg un epapudoueg oe evpeia Kiipoka (Bhatnagar k.a.,
2010a).

Avaueca otig owapopeg  peBodovg emeepyaciog TV omoPAnToV, N
TPOSPOPNON OBETEL SLAPOPa BETIKA YapaKTNPLOTIKA OTTMG 1) €DKOAN AglTOLPYi KO
OYEOGOC GYETIKMY CLOTNUATOV KaODS Kot 1 upeior EQAPLLOYT Y10 OTOUAKPVVOT)
plog peyddng ykapog pomov (m.y. Popémv PHETOAA®V, POdIOVOVKASI®Y, XPOOTIKOV,
euTopapudkwv ko dAia) (Febrianto k.a., 2009, Bhatnagar «.a., 2010Db).

AlQopo. VAIKE Hmopovv pe YOUNAGS KOOTOC VO UETATPATOVV GE (pOnva
‘TPOCPOPNTIKG.  VAIKA™ Om®G oTeped / MUL-OTEPEN ATOPANTO KOl  YE®PYIKA
vrompoidvta (.. PAOOG pLilov, PAOVOEG UTAVAVOS, PAOVOES TOPTOKAALOD, GTTOPOL
oMuNTplok®V, Tploviol Kot voieippoto kopHooag (Bhatnagar k.a., 2010a, Okoro kot
Okoro, 2011). Avépeca ota VAKE avtd, VTOAEIppATO Kot amOPANTO TPOoEPYOUEVQ
amd TNV ToPAy®Yn €AIOAAO0V, £YOVV TPOCGEAKVGEL TO EVOLAPEPOLY YL TN XPNOM

oV G Propopntég (Hubbe «.a., 2011, Bhatnagar, 2014).



1.1.2 Yroleippotao Kot vronpoiovra tpogpydpeva amd ) fropnyavia tapaymyns

EMILOACO0V.

H gMd aviker omv owoyévela Oleaceae kot mepihapPaver 30 dtapopeTika
€lon. To povadikd €idog mov kaAliepyeitarl amd to omoio mapdyeTol PPOCIUOG KAPTOG
givan 1o ¢€idog Olea europeaea L. Ilaykoouimg, vmdpyovv 900 exatoppdplo
TOPOYOYIKEG €MEG Ol omoieg koTaAapuPdvovy éktacn yOpw ota 9.6 exoToppvPLo
extdpo. H kaAMépyeia g eAdg kobmg Kot 1 mopoy@yn €A0OAAS0V GUVEIGPEPEL
o1 TAPAYMYN TEPACTIOV TOGOTHTOV VTOAEYUUAT®V, VITOTPOTOVI®MV KOl OTOPANTOV
(Niaounakis kou Halvadakis, 2006). H kaAMépyeia g eMdc, ivol dtodedopévn oTig
Yopeg ™G Mecoyelov Kot omoteAel HEPOG TNG TOMIKNG KANPOVOMAG Kot givol
BepeMmoovg onuociog yio TNV oypoTikn otkovopia kot to tepaiiov. Ot xdpeg Tov
Bpiokovtor otn Aekdvn g Meocoyeiov kar otn Méom avatoAr|, kaAvmtovv 10 96%
NG OGLVOMKNG £KTOOMG TNG KOAMEPYENS TNG EAMAC, TN GUVOAIKY TOPOY®YN TOV
Oévipwv G €MAg Kol T OGUVOAIKN  mapoaywyn tov  Aadiov  (IOC
http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures,2013).

Ta kvuprotepa oTEPEG AMOPANTO KOt LTOTPOIGVTO TNG PLOPNYAVING TAPAYWOYNG
elatoladov sivar to: khadépata elatokouiag (pruning material), gvAlo (leaves), n
elatomupnva (pomaces) kot to rvpnvo&vro (exhausted pomaces or cakes), to omoia,
oynuatikd omewoviCovror oto Lynpa 1.1. Ta mapandve mapdyovror og 3 enineda. Ta
KAadépato eAotokopiog mopdyovtal otov aypd. H d1- ko tpi-goocikn elaiomupriva
polt pe to @OAAa mopdyovtolr oto poro. To mopnvo&uio mapdystal ot povada
eneEepyaciag e ELOOTVPNVOC.

Ta wlodépato elotokopiog omotehovvtol omd KAOSWL Kot @UAAO Kot
ocvoompevovtal otov aypd. Extog and ta @A, Tta LAKA avtd givol mAovolo o€
AMyviv kot €xovv vymAhd Adyo C / N. T vo avénbei n edwkf tovg empdveta,
QONTEITOL O TEUAYIOUOG TOVG 1 KAADTEPOA 1 Kovioptomoinon tovg. Ot Bropoentikég
TOVG IKOVOTNTEG UTOPOLV Vo BEATIGTOTOMOOVV HEGM S10d01KOCIDY OGS 1) TVPOALON,
N TopOy®mYY| EvEPYOV dvBpaKka kabmg Kol HEGH TNG KOUTOGTOTOINGNC.

Ta @OAA0 eMAG, Tapdyovion 6ToV aypd KOTA TN OLUPKEW TOV KANOELOTOG
KaOdg kot emiong oto POAO KaATh TN O1GPKEL ATOUAKPLVONG TOV GUAA®Y TPV TO
mAoipo. Katéyovv younio mocootd Aryvivig, ivol mAovoto o€ evoeLg avOpaka Kot
eneaviCovv youndd Aoyo C / N. Avtd S1evKoAdVEL TNV KOUTOGTONOINGY| TOLG

00N YDOVTOG GTNV TOPOUCKELT EVOG KAAG YOVUOTOMUEVOL BLOpOENTIKOD VAIKOV.


http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures

H ehatomvopnva, eivor 10 YAKO 00TO 7OV TOPAUEVEL KOTA TN Stodkocio
TOPOY®YNG A0SO GTOVE MOAOLE KOl OMOTEAEITOL OO TOV EAGIOTOATO KOl TOUG
mopnveg (kovkovtola). o v latomoinon Tov eAOKAPTON, VITAPYEL 1 SLPAGIKY
(two — phase — pomace 7 alperujo) kot m Tppacikn depyacio (three — phase —
pomace 1 orujo). Kat ot dvo pébodot mapdyovv v AOTUPNVE KOl TO EAALOAOSO
Kol M Pactkn] Toug Opopd eivar n EAAEyYN TOpAy®YNS VYPOV OmOPATOV O
dpaotkn péBodo. Xtnv tpipaciky péHodo, N Tapaymyn vypdv anofAntev (alpechin)
amoteLeiTOL amd PLTIKA LYPE TpoepyOUeva. amd To (E0TO VEPH TOL TTPOGTiBETOL KOTA
™ dwpKew ™G pdAaENe g Opvppatiopévng edooloune pali pe 1o vepd mov
EUTEPIEXETOL GTOV EANLOKOPTO KOl TO VEPO TOL YPNOULOTOLEITAL Y10 TO TAVGILO TOV
EAOLOKAPTIOV TPV TO GAecpa oto Opvmatipro. H tppacikr ehaomvpriva (0rujo)
amoteleitar omd youniod 1ocostd vepov (40 — 45%) ®G OMOTEAEGLOL TOV SLO(OPIGLOV
TOV omoPANTOV omd TNV EAOMOTLPNVO KOTA TN @LYOKEVTPNOY. AviBétmg, Ogv
yPEWleTanl O WPIOUOS TOV  OmOPANTOV o1 Olpacikny HEBodo, emedn  Ogv
npooTtifetan vepd Katd tn ndAiadn g ehooloung.

H dwpaoikn elatomupnva, eumepiéyel vynid mococtd vepov (70%), kabmg to
VEPO IOV TTEPIEXETOL GTOV KOPTO OEV OMOUOKPVVETOAL KATH TV TAPAYMYT] EAUOAASOV,
KOl DYNAT GUYKEVTPMOOT PULVOAIKADV, TOL 0V ATOUOKPOVOVTOL HE To. amOPAnTa. Ot
elatomupnveg, €xovv vymio Adyo C / N, eivon mhodoleg oe Ayvivn AOY® NG
TAPOLGIOG TV TLPNVAOV OV £XO0VV VYNAG TOG0GTO Ayvivng. Mmopohv mepattépm va
BeAtioTomonBovv 01 TPOGPOPNTIKEG TOVG IKOVOTNTES LEGM TN KOUTOGTOMOINONG, TNG
TLPOAVONG KO TG TToPOy®YNS EvePYoL GvBpaka. Ot dipacikol EANOTVPNVES £XOVV
VYNAO TOc0GTO VYPAGING TO OMOl0 ALEAVEL TIG TEYVIKES OLGKOAIEG KOl TO KOOTOG
eMeEePYAOIOG CLUYKPITIKA LE TIG TPUPUCIKEG EAOLOTVPTVEG.

To mupnvoévro (exhausted cakes), Tpoépyeton amd TG EAAIOTVPNVES O1 OTOTEG
€yovv vrootel mepautépw emelepyocio pe okomd TV €0 Y®YN TOV TOPOUUEVOVTOG
Ladwov (kernel oil), pe exydhon péom opyovikdv Swwivtodv (6mwg n-g&dvio). H
SUPaGIKN eAaOTLPIVA AOY® TNG LYNANG GLYKEVIP®ONG o€ vePO, amartel ENpaveon M
omoio av&dvel T0 KOGTOG KoL TNV KATOVAAMOT) EVEPYELNG. ZE VTNV TNV TEPITTMOT, TO
TOPOUEVOV AGOL (repasso) pmopet v amopokpuvlel HEC® TEPAUTEP® PUYOKEVTIPNONG
00MYOVTOS TOAL GE TEAKO TTPoidV, TO0 TuPNVOELAD. ATTO TO TLPNVOELAD, GLYKPITIKG
pe TV gAaomupnva, puopei vo dnpuovpyndovv Plopoentikd vAKE VYNANG TOLOTNTOG
kabahg mepiéyovv piKpn moocodtnta vepol (mepimov 15%) kar younAn cvykévipoon

Adiov Kot Aadtov.
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Ta omdPinto, vVITOTPOIOVTO Kol LWOAEUUOTO NG Plropmyoaviag mTapoymyng
eMaoAGO0oD, eKTOC amd TN YpNom Toug ¢ PropoenTikd vAkd, Ppiokovv gvpeio
EPOPLOYN OTNV TAPOY®YN SoPOpOV TPOTOVTIWV Kol depyacidv 6mws: o) BEppovon
™G prodceapag Kol Tapoyn OpenTIKOV 6 KOAMEPYELNL QyyOLUPLOy amtd KOUTOOT (
40% @OAoV ghdg kot 60% glatomvprva) (Ehaliotis k.a., 1999), B) vroAeippata
Khadepdtov yoo Bertioon g yoviudmrag tov edapav (Repullo k.a., 2012) kot
nopoyoy] obavoing (Martin k.a., 2010), y) ocvupetoyn VROTPOIOVIOV GTNV
TapaocKeLT oltnpeciov unpuvkactikedv (Molina-Alcaide ko Yahez-Ruiz, 2008), o)
YPNOTM EACLOTVPNVAG TTOV £XOVV ATOUAKPLVOEL TOL KOLKOVTSLO Y10 SLATPOPT) TV LOWV
(Ragni «.a., 2003), €) ypNoN KOVKOLTGLOV EAAOKAPTOV Y10t TAPAY®YN PLOKOWGTIH®Y
(Pattara k.o, 2010) Kot ©T) GULUUETOYN TOV KOVKOLTOIOV EANOKOPTOV GTNV
napackevn) kaAlvvtikov (Dermeche k.a., 2013).

Ye aut ™ BPMoypapikn avackdnnon nepiinedncav epyacieg amd to 2000
¢m¢ Kot to 2015 kot avodvdnKav T TPOSPOPNTIKA YOPAKTNPICTIKA TOV GTEPEDV /
NUIOTEPEDY PLOPOPNTOV TPOEPYOUEVOV O TN Propnyavio Topaymyng ELAOAAOOV,
YL TV OTORAKPLVGT OApopwV pUTTOV (Bapéwv HETOAA®V, YPOOTIKOV, QUIVOAMK®OV
EVOCEMY, POOIOVOVKAOIOV KOl QLUTOPUPUAK®V) Omd VOATIVOLG Kol EO0PIKOVG
nopove. Mo ovykekpipéva colnmOnke N TPOCPOENTIKY KOVOTNTA, 1 EPOPUOYY
HOVTEAMV 1000epplmv Kot KIvnTiKAg KaBdg kot 1 Beppoduvapuxn perétn g
Blopogpnonc. Iapdyovieg mov emnpealovv t Propoepnon omwe to PH, o ypdvog
avdoevons, 1 OpYLKY] CLYKEVIP®ON METAAAOL emiong oyoMdotnkav. EmmAéov,
npaypoatonomdnke eneEepyacio kot oyolooudc dedopévov (meta-data analysis) tov

QTOTELECUATOV TOV TEPAUATOV Blopdenong.
1.2 Movtéra fropoenong
Mo ™ Oomuovpyle &voc ac@EAODS KOl  OTOTEAEGUOTIKOD GULGTHLOTOG

Blopoégpnong, eivor avaykoio vo cvAdeyxBoldv dedopévo KivnTikng, 0eproduvapikng

KaOMG Kol amoTEAEGLOTO TPOTPOPNONG GTIV 1GOPPOTTa.



1.2.1 Movtéha otV 160pPOTia, LOVTELN KIVIITIKIG KOl Ogppodvvapikn) perétn

Mo to yapokmpiopd e Propdenong Kot T cLYKPISN NG TPOSPOPNTIKNG
KovoTNTag TV Blopoentodv, ypnoytorotovviot e£10MceEl; — Hoviéda, TOGO o1
YPOUUIKY) OGO KOU OTN UN YPOppiKy tovg popen. H 1060epun mpoopdenong
TEPLYPAPEL TN GYECGN TOL VIAPYEL AVAUEGO GTO TOGO TNG TPOGPOPTUEVIG OLGIOG KOl
oV ovcio mov £xel mapopeivel 6to ddAvua, oe otabepr] Bepuokpacio. Ot mo
YVOOTEG €EI0DGE — HOVIEAN VO TOPOUETPOV, TOL YPTCLULOTOOVVTAL EIVOL TOL
Langmuir kot tov Freundlich (H avolvtiky mapovoiocon tov 600 HOVIEA®V
nepapPavetor oto Kepdhowo 2. «'evikd YAkd wor MéBodowy). Aldpopa LAIKA,
amoPAnta, vmompoidvta, G Propmyovicg  mopaywyng  eAooAddoov  Exovv
ypnoonomBel wg PropoEnTtég Yo TNV AmopdKpLVeN SAPopwV pHTOV amd VOATIVOL
dwAvpoto. Ot mopduetpor tov 1660epuwv Langmuir xou Freundlich, yw ta
TOPATAVE® VAKA, Topovstalovrol avalvTtikd otovg [Tivakeg 2 kot 3 oto [apapmua
1. Ta vAIKA aVTd, KATEPYUSUEVA e PLGIKO N YNUIKO TPOTO, deiyvoLuV YEVIKA OTL Elvar
amoteleopatikol Propopntéc oe pia gvpeion ykapo povmwv Onwc Poapéo HETOAAQ,
YPWOTIKEG, POSIOVOLKADIL, @avOAeG Kol @utogdpupaka. H @uowm katepyoacio
nepapfPaver peddoovg dmwg n TPOTAVOT TOL PropoPnT e amovicuévo vepo (Leotd
N Kpvo), evd ot ynukoi péBodotl mepthapfdvouv ™ ypHon YMUKOV SIOAVUATOV [
OKOTO TNV 0ALAYT TOV QUOIKOYNUIK®OV 110N TV ToL Propoenty|. TeAevtaio, moAlol
EPEVVNTEC YPNOILOTOLOVV BlroAoyikéc pefdoovs, OmmG 1 KOUTOGTOTOINGT, TOL £YEL MG
0160, OTMOC CLUPOLIVEL Kot LE TIG YMNUIKES HEBOOOVG, TNV OALAYT TOV PLGIKOYNUIKOV
WO0THTOV TOV Blopoentdv Kot T BEATI®ON TG TPOSPOENTIKNG TOVg tKovotnTos. Ot
neplocotepes epyocieg eotidlovv ot Propdenon Popéwv petdAimv amd vodTivo
StoAdpaTo.

Onwc @aiveton otov Ilivaka 2, ITlapapmua 1, pe Pdon ™ péylom
TPOGPOPNTIKY KOVOTNTA OTT®MG TpokvITEL amd v 16obepun tov Langmuir,
peyoAvtepn tpoopdenon yuwo to Cd, Tapovcidletol GTOVE TPOTOTOINUEVOVS TVPTVES
eMag (200 mg Cd / g), yia o Cu ota eOAa ehag (71,43 mg Cu / g), yia o Cr(VI)
otV ghatomvpniva. (33,44 mg Cr(VI) / g), yua to Fe(lll) oty ehaomvprva (58,48 mg
Fe(lll) / g), ya to Fe(ll) og tpomomomuévo evepyd avBpaka (62.50 Fe(ll) / g), yia to
Pb ka1 Ni o€ evepyd avOpaxa mpoepyopevo amd mopniva eadg (549,45 mg Pb / g ko
21.95 mg Ni / g) xou Zn og tponomomuévn pe dtdAvpo NaOH ghatomvpniva (27 mg

Zn | g). Ot mapamdve S1opopomotoelg eivor d0oKolo vo anodofodv o€ kdamolo
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ovykekpiévo mapdyovia. H mpoopdonon emnpedleton omd mopdyovieg OmmG 1M
ovyyéveln HeTalh TG TPOSPOPOVLEVNG OVGIOG KOl TOV TPOCPOPNTH, TOV OPYIKAOV
TEWPOALUATIKOV GLVONKAOV (Y. €0POG OPYIKNG GLYKEVIPMONG TNG TPOGPOPOVUEVNG
0VGiag), TO YNUICUO TOV HETAA®V KOODS Kol TNV KOTAGTOOT TOV TPOGPOPTTIKOV
VAMKOV ONAadN €hv £xel VITOGTEL KATO10V €100V¢ emeEepyaaia.

H pedém g xwmtikng, kabog mopéyer mAnpoeopieg yw tov mHoavo
pnyoviopd g Propdenong, eivor onuavtiky ywoo v wpofreyn tov PEATiIoTOV
cuvinkov. Ta mo gvpéwg kuplapya kot epoappoldpeva LOVTELD KIVITIKNG ival To
HOVTEAO WYELOOTPAOTNG Kol yevdodevtepng tdéng (H avalvtikny mapovcioon tovg
neprapPaveror oto Kepdiaio 2. «"evikd YAkd kow MéBodo).

H Beppodvvapuxn perétn moapéyet mAnpo@opieg oxeTikd pe to ovfdpuUnTo 1 0L
NG avTidpaoTg Kot Yo To 0Ppog TG Bepprokpaciog 6to omoio guvoeital 1 Propdenon.
Ot onuavtikotepol Beppodvuvautkoi mapdyovieg eivon 1 eAedBepn evépyeion Gibbs
(AGO), n evloAmio (AHO) Kol 1 EvIpomio (ASO) (H avolvtikn mopovciocn tovg

nepthopPdvetar oto Kepdrato 2. «I"evikd YAk kot MéBodow).

1.3 Ta Bapéa pétaira

Ta Popéo pétorlo elvar amd Tovg TMALOV MO avBeKTIKODG pOTTOVG GTO
neplPdAlov mpokaA®VTaG TNV VTOPAEOUICT] TOV OIKOGLGTNUATOV Kol EMNPEALOVTAG

v vyeia Tov avBporvov minbvuopod (Febrianto «.a., 2009).

1.3.1. Avpaocikoi Kot TPLPAGIKOL ELILOTVPIVES

Ol JPOCIKES KOl TPLPOCIKEG EAOLOTLPNVES, OTN (QUOIKN TOVS HOPPN N
KOTEPYAGUEVES, EIVOL IKOVES VO TPOGPOPOVV Papéa LETOALN A VOATIVO STOAVLOTAL.
[IpoxdmTovy amd ™ dwdwkacios Topay®yYNg Tov AodoD KOl OTOTEAOVVTOL OO
@AoVd0, GhpKa Kol KOLUKOVTolo Tov Koprmov. H dwpaoikn elatomvprive (alperujo),
OmmG avaeépnke kol vopitepa, £xel HEYOADTEPN CLYKEVIPMOY O VEPO KOl GE
(QOIVOAIKEG EVACES CLYKPITIKA HE TNV TPLPOOCIKY, Kol umopel pe pio ogvTepn
Quyokévipnon va amoddoel AdoL (repasso). Ov eloomvupnveg emiong pmopel vo
AmOOMGOLV AAOL LLE TN XPNOT OPYOVIK®OV EVOGEWV (Tty N-€£AV10).

[ToAAég epyaoieg avapépovial ot ¥PNoN TETOI®Y VAIK®OV Yo T Plopoepnon

Pb, Cu, Zn, Cr(VI), Cd, Ni xar Fe(lll). T svpoc Oeppoxpaciac 20 — 30 °C, oty
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TPOoEPYOUEV] amd €AOOTLPNVEL 1 OKATEPYAOTN €AOTTLPN VA, £de1&0V  UEYAAN
TPOGPOPNTIKN KavOTNTO Yoo €va peydho €Opog Papéwv petdArov (ITivokag 2,
Mopapmpa 1) 6mwg: Cd = 7,32 mg / g, Cr(VI) = 33,44 mg / g, Ni = 10,64 mg / g kot
Pb = 19,53 mg / g. H ynuin wooppomio emttuyydavetar ypnyopo (amd pepikd Aemtd
€0C PEPIKEG MPEG) Ko amd TN UeAETN NG Oepuoduvapikng amodeiytnke OTL 1
Blopoéepnon Nrav avbopuntn pe evddbepuo yopaktipa. Mo kdto, avoidovior yio
KéOe HETOAAO M OCLUTEPLPOPE OTN YNUIKN tooppomic, 1 OepLOdLVOIKY Kot Ot

1000epLEG TPOGPOPNOTG.

1.3.1.1 To koo

['a 1o Cd, eégtdotnke  mpoopoenot| tov and ghonomvprvae (Doyurum xon
Celik, 2006, Azouaou k.a., 2008) kot otdytn mopnvoéviov (Elouear x.a., 2008). H
HEYLOT TPOGPOPNTIKT IKOVOTNTA Yo OAES TIG TEPMTOGELS, Ppébnie o evpog pH 4.5
— 6 (e0pog pH mov peretOnke 2 — 8). H ynuikn coppomia emitevydnke oe ypovo
avadevong, 30 kar 40 min ywo T1ic loomvpniveg ko 120 min ywoo ) otdytn
mopnvocvrov. Tlepdpata ekpoéoenong €dei&av 6t 1 ypnon 0,2 M HNO;3 éxet og
QTOTEAEG O, TNV UEYOADTEPT avaKTNoN TOL petdAAiov (Doyurum ko Celik, 2006). Ta
TEWPAUOTIKE dedopéva Ppédnkay 6Tt akolovbobv v 1660epun Tov Langmuir, extog

v Azouaou k.a. (2008), mov akolovbobv v 1660gpun tov Freundlich.

1.3.1.2 O yoAikdg

H Bropoégnon tov Cu amd eharomvpnva, 1 omoia £xel TpomAvdel pe vepd kon n-
e€avio (Pagnanelli «.0., 2002), ond otdyt eharomvpnvag (Bouzid x.a., 2008), and
oteped amdPinto elotokopiog (Chouchéne x.a., 2014) ot omd Pro-eEavOpdxwmpa,
gAUOTVPTVOG aPOv £xsl VITOGTEL TN diepyasio g TupdIvenc otovg 300 Ko 600 °C
kot TV v3polepuikn pébodo otovg 300 °C (Pellera x.a., 2012), sfetdomre amnd
dapopovg epguvntés. Meyolvtepn PeAtioon Tng TPOSPOPNTIKNAG KAVOTNTAG TOV
VAoV Bpébnke vo emTuyyaveTol pe T dadkacio TG TPOTAVLGONG LE VEPO KOl LE TN
nupdIvon otovg 300 °C. Ta mepopaticd dedopéva TeptypdeovTal KaAITEPA 0md TV
1060epun  tov Langmuir ektdéc amd NV mEpimtoon  epappoyng tov  Pio-

eEavOpakopdtov elatomvpnivag mov akoilovbodv v 1660gpun tov Freundlich.



2OUQOVA PLE TN HEYIOTY TPOCPOPNTIKY IKOVOTNTO OTTMC TPOKLATEL Amd TNV 1660epuUn
tov Langmuir, ™ peyaivtepn npoopdenon mapovctdlel n TpoTAVUEV EAALOTVPAVEL
pe vepd o€ pH 5 (qm = 13,5 mg Cu / g) (Pagnanelli k.a., 2002). H ynuixn woopporia,
Bpébnke va emtvyydvetar ota 60, 120 1 240 min. Zvykpirikd pe Tipég pH dtodvpatog
3 xou 5, o Ty pH 7 mopommpnbnke m erdyotn mpoopdenon. AvEnom g
Oeppokpaciog omd tovg 10 otovg 40 °C, odiymoe o6& adENGT THE TPOSPOPNONG EVD 1
Oeppodvvapkn perétn €0gi&e 0t m Propognomn eivar avBopunt pe evdobeppo
yapoaxtipa (Bouzid k.a., 2008).

1.3.1.3 To ypodmo

Ov Dakiky «.a., 2002, xkou ot Malkoc «x.a., 2006, e&étacov ™ ypnHon
EAMALOTIVPNVOV G TTPOC TNV KOvOTNTA Tovug v tpospoeovy Cr(VI) oamd vodtva
dAvpoto. Méyiotn npocpdéenon mopotnpndnke oe i pH 2 (evpog pH = 1 — 10)
EVD 1 TPoopoOPnon olokAnpmbnke péoa e 120 / 180 min. Ta nepapotikd dedopéva
TEPLYPAPOVTAL IKAVOTOMTIKA atd TNV 1600gpun Tov Langmuir, evod to amoteAéopoto
KvNTikng delyvouv 0Tt akoAovBoldv 10 poviélo yevdonpmtng taéng (Dakiky k..,
2002) ka1 m Propdéenon eivor awbopunT Ko evodbepun ovtidpaocn (Malkoc k.a.,
2006). Xe avtifeon pe ta vwoOAomo PETOAAQ, GTOL OO0 TAPOTNPEITOL HEYIOTN
TPospOPNoN o€ LVYNAEG TwéG PH, n mpoopoenon tov Cr oe yoaunAés tipuég pH, éxet
TOMAKIG avopepbel og didpopa opyoavikd Propoentikd viwkd (Singha et al., 2005,
Albadarin et al., 2011). Emnpocbeta, éxel avapepbei 6tL 10 £€acbevig ypdpuo dtav
EpYeTol o€ EmMOP ME KLTTOPWVOUYO PlopoenTikd LAMKG OmOG ivec Kapvoag,
KOLKOVUTOO OO YOLVPUADES, Kol VTOAEIUUATO TGOYLOV, avdyetolr oe Tplobevég, To
omoio eivan Aryotepo 10&ko0. Ta Bropopntikd vAkd o yapnAéc Tiuég pH, stvon kvupimg
BeTicd opTicUéVa, AOY® TNG TPOTOVIMOTG TOV EVEPYDV OUASMV Kol Ol ETKPATOVCES
HOPPEG TOL Cr** giva aviovikég (HCrO, and Cr,077). Zuvendg, oe yaunhéc THég
pH, n mpoopoéenon elvar avénuévn, Ady® ™G MAeKTpooTtatikng AENG Hetalld g
OeTIKA POPTICUEVNG EMPAVELNG KOl TOV OPVNTIKA QOPTICHEVOV 1Ovtewv tov Cr.
Avtibétog avénon tov pH, oonyel oe oapvnTikd @QOpTIGUEVN EmQAvElR, e
amotéAecpa T peimon g mpoopoepnong (Singha x.a., 2005). Xe tuég pH > 6, n

EMKPATOVGO LOPPN TOV Cr** eivan eniong avioviky (CrO;), pe amotéhesua
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LEOPEVT TPoGpdeNon. Avénon e Bspuokpasiog amd tovg 25 °C otovg 60 °C,
odfynoe oe avEnon e mpocpéenong tov Cret (Malkoc k.o., 2006). Mia mavi
e€nynon elvan 6t 10 €€acbevég ypodpo avayetar oe tpobevég 1o omoio €xel
HKpoTEPN opaipa evoddatmwong (Schneider k.a., 2007).

Avtibétmg pe tig mpoavagpepbeioeg epyacieg, ot EI — Hamouz «.a., 2007,
pEAETNOOV TNV KOvOTNTO. €veEPYOD dGvBpaxa mpoepyduevov omd mopnvoSvio, vo
TPOCPOPA YPOHUIO 0mTd VATV GLGTHHOTA KOl TapaTpnoay 0Tt avénon tov pH and
2 oe 10, avénoe v mpoopdenon tov. Ot ot avagépovv OTL 68 VAIKG OT®MG O
evepyoc avpakoag, 1 Lopen ypmuiov Tov emkpatel eival Cr¥, kot o¢ oLVVOLACUO LE
TO yeyovOg OTL oe younAég Tég pH n emedvela tov mpocpoent) eival BeTikd
QOPTICUEVT], €XEL OC OMOTEAEGUO TO GYNUOTIOUO OTMOOTIKOV OLVAUE®V Kol KT

EMEKTACT TN YOUNAN TPOCPOPNON).

1.3.1.4 O oidonpog

O Fe, elval ovoumoeg KpoOpenTIKO GTOLYELD, TOV GE LYNAEG GUYKEVTIPMOOELG
YL TV OmOELYN TOEKOTNTAG Kol ETPAPVVONG TOV VOATIVOV Kol E0APIKOV TOP®V,
emPdrdetoan o €heyydg tov. Qotdc0, eAdyiota Exel pehetnOel n cvppeToyn tov Fe
otV emPdapvvon/vroPdduion Tov euoikav mopwv. H wavotnta tg elotomuprvag
vo Tpocpo@a Fe, eléyybnke amd tovg Al — Anber kot Al — Anber, 2008. H Biopognon
gketdotke oe Ogppokpacio 28, 35 wor 45 °C ko To mepopotiké dedopéva
neptypdpovton amd tnv wobepun tov Freundlich (Mapdapmmua 1, Mivakog 3). Méyiot
npocpoPnon Tapatnprdnke oe Ty PH 4,5, otovg 28 °C pe mocodmTo fropoenTikod
vAkov 5 g/ L. H Blopognon tov Fe amodsiyfnke o1t eivan avbopuntn kat eEdOepun.

1.3.1.5 O p6rvpdog

H Blopognon tov Pb amd amdPinto mpoepyduevn amd S1pacikd QUYOKEVTPIKO
ovotuo (Martin-Lara k.a., 2009, Blazquez «.a., 2010), glatomvprva. (Doyurum xoi
Celik, 2006), mopnvo&vro (Gharaibeh k.., 1998) kor amd otdytn mopnvoéEviov
(Elouear «.o., 2009) efetdotnke pe ypnon mepopdtov oloAeimoviog épyov. H

emidopaon tov PH kot Tov ypdvov avadevong eAéyyOnkav og edpoc pH =2 — 7 ko t =
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5 — 300 min, avtiotoya. Méyiotn mpoopoenon mapatnpnidnke oe tun pH 6 ko M
oopporio. etA0e og 30 min (Doyurum ko Celik, 2006) 1 60 min (Blazquez «.a.,
2011). To mepapatikd dedopéva mTePLypAPOVIOL IKOVOTOMTIKA Ao TNV 1600EpUN TOV
Langmuir extdc and v mepintoon g epyaciog tov Gharaibeh x.a., 1998, mov
neptypdoovtar and v 1660gpun tov Freundlich. Ocov agopd v enidpoaon g
Oeppokpaciog (10 — 40 °C), péyom mpoopdenon mapatnpridnke otovg 30 °C
(Doyurum «ou Celik, 2006) xor 40 °C (Elouear «.a., 2009). H piopégnon tov Pb
Bpébnke va axorovdel kivntiky yevdodevtepng taéng (Elouear «.a., 2009) kot amd
peAétn g Oeppodvvoaukng mpoékvye OtL M Propdenon Mrav avBopuntn Ko
evoobepun (Doyurum ko Celik, 2006, Elouear «.a., 2009). [Mepdpota ekpdbenong pe
0,5 M HNO3 éde1i&av 0Tt T0 TOGOGTO £KPOPNONG OTAVEL TO 95,92%, AmOTEAEGHO TTOV
amodideTon oTovV avTayovicpud tov Pb pe ta kotidovia vdpoydvov, yio tig idieg Béoelg

npoopdenong (Doyurum ko Celik, 2006).

1.3.1.6 To vikéiro

Mo v aropdxpovvorn tov Ni and vdédTve cuoTHuaTa £OVV YpNoLpoTotnOel
eharorvprva. (Nuhoglu xar Malkoc, 2009, Chouchéne k.a., 2014,) kot otdytn amd
nopnvoévro (Elouear k.a., 2008). H emidpaon g apyikng tiune tov pH oty
TPOGPOPNON, HeAeTNONKE Ge €0pog 2 — 8 kol 1 PEYIOTN TPOoPOHPN O™ TopaTnPONKe
o€ g0poc pH 4 — 6. H enidpaon g Oeppoxpaciog omnv npocpoepnon eetdotnke and
10 éw¢ 75 °C. AbvEnon otovg 40 °C (Elouear k.a., 2008) ka1 otovg 60 °C (Nuhoglu
koar Malkoc, 2009), Beltimoe TV TPOGPOENON EVEO TEPAUTEP® OOENON NG
Bepuokpaciog eiye oav amotélecpa peioon g npoopoéenone tov Ni (Chouchéne
K.0., 2014). Ta armoteléopata g Oeppodvvapikng £éei&av ot i fropdenon tov Ni
etvan evooBepun kar ow06pun (Elouear «.a., 2008, Nuhoglu ka1 Malkoc, 2009).

1.3.1.7 O yevdapyvpog

o v amoudkpuven tov Zn amd VOATIVOL GLGTHUOTO YPTNOLUOTOWONKaY
edatomvpnva.  (Hawari  k.a., 2009), mopnvoéuro (Gharaibeh «.a., 1998),

TPOTOTOMUEVT e YMUKA Staddpato ehoomvprva (Fernando k.a., 2009) kot otdyt
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and mopnvocvro (Elouear k.a., 2009). H pekétn g enidpaong g Tiung tov pH kot
TOV YPOVOL OVAOEVONG OTNV TPocpdPNoT, LeAeTOnke oe ebpog 2 — 7 ko 5 — 600
min, avtiotoya. Méylotn mpocopoenorn mapatnpndnke o€ pH 6 kot 60 — 180 min
NTOV OPKETA Yo va emtevydel n ynukn woppomnia. Tpomomoinom g elatomvpnvag
ue NaOH BeAtiooe v npoopdenon (Fernando k.a., 2009). H kivntiky Bpébnke va
akoAovBei ta poviédo yevdompmtng (Elouear x.a., 2009) kot yevdodedtepng téénc
(Hawari «x.a., 2009). Z1ic meplocotepeg mepmT®OCel 1 1600gpun tov Langmuir
TEPLYPAPEL TO IKOVOTOMTIKG Ta TEpapatikd dedopéva (Elouear x.a., 2009, Hawari
K.0., 2009, Fernando «k.a., 2009) amd 611 1 1660gppog Tov Freundlich (Gharaibeh «.a.,
1998, Fernando k.a., 2009). H Bropdéenon tov Zn Bpébnke va av&aver pe v adénon
¢ Oeppokpaciog and tovg 10 otovg 55 °C (Elouear «.a., 2009, Hawari «.a., 2009).

1.3.2 O rup1veg (KOVKOVTOLN)

Ot mopnveg o1 QLOIKY TOLG HOPPN 1| OE KOTEPYUOSUEVN, KOODS Kot 1
onuwovpylo  evepy®v  avOpAKOV  TPOEPYOUEVOV  AO  TOLG TULPNVES, EYOLV
ypnoporomOet yio v amopdkpovven Papémv pHetdAiwv omd vddtva dtaivpata. Ot
EPLO0OTEPEG epYasies eotialovv otnv tpocpdenon tov Cd, Cr, Pb, Cu ka1 Ni, evd
Myotepeg e&gtalovv v Tpocspoenon tov Al kat Fe. Mkpn tpoopognon tv Cu, Ni,
Pb xou Fe mopatmpeitor 6TOVG OKATEPYAOTOVG TUPNVEG, EVD VYNAEG TIUEG
TPOGPOPNONG  TOPATNPOVVTOL  OTOVS  TPOMOTOUUEVOLS TUPNVEG  AOY®  TNG
UEYOAVTEPTG EOIKNG EMPAVELNG KOl TOV GYKOL TOV TOP®V. ATO T ATOTEAEGLOTO TOV
EPYOOIAOV OVTOV TPOKVTTEL, OTL Ol TPOTOTOUEVOL TVPNVES eivarl KataAinAdtepot an’

OTL OL U1 TPOTOTOMUEVOL, Y10, TNV Propdenon Papéwv HeTdAL®Y.

1.3.2.1 To kaopo

Xoupwvo pue t Piproypaeio, peietbnke m mpoopdéenon tov Cd amd
nopnveg (Fiol k.a., 2006, de Hoces «.a., 2006, Azouaou «.o., 2008, Salem kot Allia,
2008, Rouibah «x.a., 2009, Babakhouya «.a., 2010), tporomoiuévoug mopnveg (Aziz
K.0., 2009a, Aziz x.a., 2009b), ka1 evepyovg avBpakec (Kula k.a., 2008, Bohli x.a.,
2012, Alslaibi x.a., 2013, Bohli x.a., 2013, Alslaibi x.a., 2014). H peyolvtepn
npocpoéenon tov Cd mapartnpndnke otovg tpomomomuévoug pe HoSO4 ko 0,1 M
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NaOH (gm = 128,20 mg /g) (Aziz x.a., 2009b) ko1 pe NaHCO3 (gm = 200 mg /g)
(Aziz «.0., 2009a) Toprves. Ot evepyol dvBpokec Topovsiocay pkpotepn (Qm = 1,85
mg /g) (Kula «.a., 2008), idw (qm = 11,72 mg /g) ( Alslaibi k.a., 2013) 1 vynAdtepn
npocpoeNTiky wavotnto (m = 59,88 mg /g) (Bohli x.a., 2013) and tovg un
TPOTOTMOMNUEVOVS TTLUPNVEG, OAAE otabepd younAidtepn mPoopOENoY Oomd TOVG
Tpomonouévong mupnvec. Méyiotn npoopdenon mapatnpidnke otovg 20 °C (Kula
K.0., 2008, Rouibah x.0., 2009) kv otovg 80 °C (de Hoces x.a., 2006). Xtic
TePIooOTEPEG HEAETEG, M Propoenorn tov Cd akolovbel KivmTiKn WevdodenTepng
Taéng, wotoco ot Salem ko Allia, 2008, avapépovv 0Tt akolovbel KvnTiKN Wevdo-
TPOTNG TAENG. ZTIC TEPLOCOTEPES MEPITTAOGELC, 1| 16000epun Tov Langmuir meprypdest
IKOVOTTOMTIKG T TEPpapoTIKG dedopéva evéd ot Fiol k.a., 2006, ko Rouibah «.a.,
2009, avagépovv 0Tt 1 1660epun tov Freundlich kot ov 1660epueg Langmuir o
Freundlich, meptypdeovv kaidtepo To mepapotikd dedouéva, avtiotoyo. H
Oeppodvvopkn perétn, £oeie Ott 1 Popoéenon tov Cd eivar avBopuntn Ko
evdobepun (Babakhouya k.a., 2010) 1 e€EmBepun (Aziz k.a., 2009b, Kula «.a., 2008).

1.3.2.2 O y0Ak6g Kor TO VIKEALO

H mpocpopnon tov Cu eivor moAd pikpr Otav  (pNOUOTOI00VTOL [N
TPOTOTOINIEVOL TUPNVES, WGTOGO OVEAVETOL GTNV TTEPITTMOT EVEPYDV AVOPAK®V TOL
npoépyovral amd mopnveg (Fiol k.a., 2006, Youssef k.a., 2006, Bohli k.a., 2013,
Alslaibi «.a., 2014a). v mepintoon tov Cr(VI), o1 ehaomvpnves mapovsiacay
peyaAvTePT TPOSPOENTIKY tkovoTTa (qm = 33,44 mg / g ) an” 611 ot mopHvee (Om =
14,34 mg / g) ka1 ot gvepyoi avOpakeg mpoepyouevol amd tovg Tupnves (dm = 25,60
mg / g). Iapoépola taon mapampeiton ko v to Ni (Youssef k.a., 2006, Fiol «.a.,
2006, Bohli k.a., 2012, Bohli k.a., 2013, Alslaibi k.a., 2014b). Méyiot tpocpdenon
Kol ylo Toe Ovo pétaiha mapatnprdnke oe pH 4,5 — 6 kot 1 1ooppomia emAbe oe 60
min (Fiol x.a., 2006) | 270 min (Bohli x.a., 2013). Ta zmepapotikd dedopéva,
TEPLYPAPOVTOL IKAVOTONTIKA 0omtd TV 1660epun tov Langmuir (Bohli k.a., 2012,
Bohli x.a., 2013, Alslaibi «.a., 2014a, Alslaibi «k.a., 2014b) 1 v 1660gpun tOL
Freundlich (Fiol k.a., 2006). Ot Youssef k.a., 2006, coumépavay 0t o1 0&gdmuévol
gvepyol GvOpokeg Tpomomompuévol pe vitpikd o&h M vmepbetikd appdvio Kot

vepoleidlo  Tov  VOPOYOVOL, OLEAVEL TNV  TPOGPOPNTIKH IKOVOTNTO TOV Un
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tpomonmomuévev avbpdxkmv. Ot Alslaibi k.a., 20144a, Alslaibi «.a., 2014b, avaeépouvv
0Tl M Bépuavon pe HKPOKOUOTO GUYKPITIKA pe Tn ovupotikny 6€épuavorn, odnynoe
OTNV TOPUYOYN EVEPYDOV avVOPAK®OV LE VYNAOTEPT TPOCSPOPNTIKY TKOVOTNTA KOL [E

HUIKPOTEPO KOGTOS TTAPOLYOYTG.

1.3.2.3 To ypomo

[Muprveg (Rouibah «.a., 2009) kot ynuiké TpOTOTOMUEVOL EVEPYOL AVOpaKES
(Attia k.a., 2010) e&etdotnray yio v amopdkpvven Cr(VI) amd vddtiva cuotiuata.
H enidpaon g tung tov pH eléyyOnke og €bpog 1 — 12 ko pé€yrom mpocpdenon
tov Cr(VI) mapatnpndnke oe iun pH 1,5 — 2. H ynuikn 1oopponia emttvyydveton oto
30 min (Rouibah k.a., 2009) ka1 oto 100 min (Attia x.a., 2010) ko 1 KwnTIKY
akoAovbel 0 povtédo yevdompmtng (Attia k.a., 2010) kot yevdodevtepng TaENG
(Rouibah k.a., 2009), avtictorya. Ot Rouibah k.a., 2009, topoatpnoav 6Tt avEnon
¢ Beppokpaciog omd Toug 5 otovg 22 °C, 0dfynoce og adENGT TG TPOGPOPNONG TOL
Cr(VI), eve mepoutépm avénon otovg 40 kar otovg 50 °C, dev anédwoe avénon g
npoopognong. Ov Blazquez «.a., 2011, avagépovv 011 o vynAéc Oeppokpooieg
(e0pog perétng 25 — 80 °C) guvonbnke N Tpocpdenon.

1.3.2.4 O oidonpog

H ypnon moprvov (mpomivpévev pe kpbo kot pe (eotd vepd) pedetnOnke yu
™V amopdkpuven tov Fe ard vddtva dtaddpato and tovg Nieto k.a., 2010. e pio
vedtepn epyacion ot Hodaifa x.a., 2013, pelétnoav emimiéov v emidpoocn g
EKmhvong Tov Tupnvev pe N-e£avio 1 0Eikd abviectépa, otn Propoenon tov Fe. Ot
mopnvec mov glyav vmootel mAvon pe (E0Td KoL KpLO VEPO, TOPOLGIOGAV TN
LEYOADTEPT] TPOGPOPNTIKY| IKOVOTNTA. Q6TOG0, OGS Kot 6TV TepinTmon tov Cu kot
tov Ni, n Blopognon tov Fe and tovg mopnves (qm = 1,20 mg / g) (Nieto k.a., 2010,
Hodaifa x.a., 2013) Bpébnke vo givar pukpdtepn omd ot oL TopoTnPNONKe oTIg
ehatomvpnves (Om = 58,48 mg / g ) (Al-Anber ka1 Al-Anber, 2008). H tpocpdenon
ntov ypnyopn (n woppomio. emtevybnke oto 10 — 20 min) kol mwEPLypAQETOL

TKOVOTTOUTIKG, KOl 07t TOL LOVTEAD WEVSOTPATNG KOt Wyevdodevtepng Taéne. H avénon
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e Ogppokpaciac amd tovg 5 otovg 70 °C avénce v mpospdenon tov Fe. H
Bepuodvvapikny perétn €o€iEe O6tL M mpoopdenon tov Fe Mrav avbopuntn Ko
evoo0epun. H mapaywyn evepydv avlpdkov and mopnveg pe 0€ppavon (copfotikn 1
YPNON HIKpOKLUATOV) EAEYYONKe emiong Yo tn Propognon Fe oe tiun pH 5 (Alslaibi
K.0., 20144, Alslaibi k.a., 2014c). To amoteréopato £6ei&av 0Tl N péEOOdOG pe ™
YPNON HWKPOKVLUAT®V 0ONYNCE OTN TOPOUCKELN] EVEPYDV OvOpaKwV pe vYMAOTEPN

€10tk empdveto (BET) kot peyaddtepo dyko Tmv mOpmv.

1.3.2.5 O pérvpdog

H ypnon mupfiveov yioo v amopdkpouven tov Pb eetdotnke extevag amd
dtapopovg gpevvnrég (Fiol k.a., 2006, Martin-Lara «.a., 2009, Blazquez «.a., 2010).
Ot Martin-Lara «.a., 2013, yio v Pektiotonoinon g TpoGPOPNTIKNG IKAVOTNTOG
TOV TUPNVOV, TPOYDPNGAV GTNV TPOTOToinct Tovg pe dtoivpata 6&va (2 M HNOs,
2 M H3S04) 1 Baocwkd (2 M NaOH). H tpocpoentiki tkavoTthTa TV aKATEPYUOTOV
Topnvev Kal Tov tpomornomuévev pe HoSO4, HNO3 ko NaOH, ftav 6,32, 15,15,
49,46, xar 38,2 mg / g, otoug 25 °C kon oe T pH 5. Ta amoteAéopato Tmv
TPOTOTOMCEMY OelyvouV OAOQPAvVEPO TN PEATIOON TNG TPOGPOPNTIKNG KAVOTNTOG
tov mopnvev. H ypion evepyod avBpaka mpoepyduevov omd tovg muprveg (Attia
K.0., 2005, Ghazy ko EI-Morsy, 2009, Bohli x.a., 2013, Alslaibi k.a., 2014a) édwoe
KOADTEPO AMOTEAECUATO UE TN UEYLIGTH TPOGPOPTTIKY IKOVOTNTA VO KOUAIVETOL od
112,24 — 549,45 mg / g. Emmpocbétmg, ot Ronda x.a., 2014, katéAn&av 0Tl o€
Syetodkod ovompa Pb — Cu, o tyuq pH 5 kat Osppokpacia 25 °C, n Propdenon

tov Pb dev ennpedotke amd v mapovsia tov Cu.

1.3.2.6 Alha pétarra

Evepyol dvOpakeg mpoepyduevol amd TUPNVES TOPACKELAGTNKAV YO, TNV
amopdxpovon Al (Ghazy xar ElI-Morsy, 2007) kow Zn (Alslaibi «k.a., 2014¢) amo
vddtva ovotiuoto. H Bropoéenon tov Al meprypdeetor 1kavomomnTikd and Tic
1060eppec Tov Langmuir kou tov Freundlich eved tov Zn povo and tov Langmuir.

Ao ™ peAETN NG KIVNTIKNG TPOKVOTTEL OTL 1) Plopod®noT| Tovg akolovdel To povtédo
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KWWINTIKNG WYELOOTPOTNG TAENG Kot ol Betikég Tég ™ evBodmiog dsiyvouv Ttov

€vO00EPLLO YOPAKTPO TNE TPOGPOPNONG.

1.3.3. Ta khadépata eharokopiog

[Tapéro mov ta Khaoépato elonokopiog (OTPW) mapdyovionw oe peydaieg
TOGOTNTEG OTIG EANOTOPAYWOYIKES XDPES, AMYEG epyacieg £XOVV E0TIAGEL GTN XPNON
TOUG ©OC Plopoentés. ZEeMepvAVTOG TG OVGKOAEG TNG CLAAOYNG TOVG KOlL TOL
TEUAYIOUOD  TOVG, TO KAUOEUOTO EAOOKOUIOG UTOPOLV VO OOTEAEGOLV  Hid
VTOGYOUEVT] OVOVEDGIUN TNYN LE GTOXO TNV TOPACKELT Plopopntdv. AKATEPYOOTA
Khadépato elatokopiag (OTPW) efetdotkay yioo v Propoéenon Cd, Cu ko Pb
(Blazquez «.o., 2011, Uzunosmanoglu x.a., 2011, Calero k.a., 2013, Ronda «x.a.,
2013). Tpomomompéva, KAAGEUATO ELAOKOUIOG HE YNUIKE StoAvpoTo EAEYYONKOV mG
TPOTOTLTO BLoPoPENTIKA VAIKA Yio TV omoudkpvvon tov Pb amd védtiva daddpoto
and tovg Calero k.a., 2013.

O Calero k.a., 2013, odnyndnkov 6to cvumépacua OTL 1| TPOTOTOINCN TOV
KAOEHATOV EAEG e ynukd dtoaddpata (6&wva ko Baoikd) énwg: 1M H2SO4, 1 M
HNO3 ko 1 M NaOH atvéncav v TpoopoenTiki KovOoTnTa TOV KAUSEUATOV EAMAG

and 27,05 mg / g (axatépyacto vako) og 121,60 mg / g (NaOH — OTPW).

1.3.4. Alha amtofinto erarokopiog (7. @OAAWY)

Ta @OAAa eMdg €xovv ypnoomoindel tkavomomtikd yio ™ tpoopoenon Cd
(Hamdaoui, 2009, Awwad kou Farhan, 2012). O Hamdaoui, 2009, cvykpwve v
TOPOOOGLOKT OVAOELON UE OVOUIKTN KOODG Kol TNV OVAOELOT LLE DITEPNYOVE, Y10 TNV
amopdkpoven tov Cd amd vddrtve dwwdvpota. Ta amotedéopoto £0ei&ov OTL O
GLVOLAGHOG KoL TOV 0VO AVENGE TNV TPOCPOPNTIKN IKAVOTNTA TV VALV gAdc. H
UEYIOTN TPOGPOPNTIKY 1KOVOTNTA VITOAOYILOpEVT amd TV 1600gpun Tov Langmuir ce
Beppokpacio 25 °C ko pH 5,3, Yo TV TOPASOGIAKY AVASELGT, THY YPTION VIEPTYOV
Kot ToV ovvovooud Kot tov dvo frav 42,19, 55,87 kor 64,94 mg / g, avtictorya.
Opoimg, n ypnon movdpag EOAA®V €MAG, avadelydnKe ATOTEAECUATIKN Yol TN
Bopogpnon Pb, Cu xor Cd (Awwad xou Farhan, 2012). H péyiom mpoopoentiky
wovot o yio. tov Pb (pH 4, T =30 °C), o Cu (pH 6, T = 30 °C) xou yio. to Cd (pH 5,
T =30 °C) fyrav 119,05, 71,43 xon 90,09 mg / g, avrtictouyo.
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1.3.5. T'evui] Tdon ¢ Propoonong tov Bapéov petdiiov

H Buopopnon tov Popéov petdAlov ovopévetor vo givol OlQpOpPETIKN,
®oto00, Emerta omd  Tavopmon 85 avaeopdvV TOV  aPOPOVV  GOTN  HEYLOTN
TPOGPOPNTIKY KAvOTNTO (Jm T™NE 16000gpunc Tov Langmuir) tov Papémv petdAiwv
amd T amOPANTA Kot To voAeippata e Propnyaviag eAatoAddov, Tapatnpeiton pio
EexdBapn taon (ZxMua 1.2). T peyardtepn Bropodenon napovcioce o Pb (néon tyun
gm = 108 mg / g, didpecog Tiun = 54 mg / g) xar akorovbdei to Cd (uéon Tiun gm = 39
mg / g, dtduecog tiun = 12 mg / g). Tn younAdtepn tpospdéenon napovsioce to Ni
(uéon Ty gm = 10 mg / g, ddpecog Tiun = 9 mg / g ). H tdon avty @aivetol va
oyetiletal mEPIGGOTEPO LE TO YOPOUKTINPIOTIKA TV Popémv UETIAA®V TOpd pHe TIg
TPospoPNTIKES 1010TNTEG TV VAK®OV (ITivaxag 1.1). Oco peyoAdtepo eivor to
atoptkd PAapog, N NAEKTpapNTIKOTNTO Kot TO péEyeBog Tov 10VTog, TOGO HEYOADTEPT
givan kon 1 mpoospdenon (Sengil won Ozacar, 2009). Avtifétmc, peydhec TWES TG
erehBepng evépyelog eVuOATOONG VITOINAMVEL OTL TO 1OV TOL UETOAAOL TPOTIUE VoL
Tapapeivel oty vOATIKN Gdon ovti vo mpoopoenBel otn oteped edon (Hui k..,
2005).

Mivoxag 1.1 XapoktnpioTucés QUOTKES Kot YNHkéc 1otnTeg Tav 1oviav P, Ni** kot Cd*.

Mérallo lovakn axtive,  Aropiko Popoc  Hlextpoapvytikotyro, Elevbepn
pm amu EVEPYELO.
EVDOATWONG
Kcal / g-ion
Pb** 119 207,20 2,33 -357,8
NiZ* 83 58,69 1,91 -494,2
Cd* 95 112,41 1,90 -430,5
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Yympo 2.2 Mécog 6pog Kot SIAUESOG TNG TAPAUETPOV (y TOL APOPA GTNV TPOCSPOHPToN
Spopmv Papémv PeTdAA®V amd To LAKG TG Propnyaviag edatorddov. Ta amotedéopata
npoépyovtal and 88 avapopéc (Ilivakag 2, TTapapnua 1). O pécsog 6pog katl 1 ddpesog
avapépovial Ady® tov 6Tl ot TWéS On Yo tov Pb xor 1o Cd dev akolovBodv Kavovikn
KOTOVOUT).

1.4. Opyavikoi pOmot (YpOOTIKEG, QUILVOAKES, QUTOQAPLAKA)

1.4.1. OvpooTtikég

H mopaymyn Kot 1 eKteTapévn ypron 1oV YPOCTIKOV ToYKOGUIMG GUUPBAALEL
ot Onuovpyi  amoPANT@V MOV GLVTEAOLV  OTN  POTAVON TV VIATOV
(Vijayaraghavan k.a., 2013). TIadpa moAld mpoPAnuata vyeiog oyetiCovral pe tnv
POTOVGT TV VOATOV OO YPOCTIKEG OTWOC OAAEPYIDL, OEPUOTITION KOl KOPKIVOYEVEST)
(Bhatnagar «.a., 2010). Ot ypmoTiKéG maPOAO TOV EIVOL YEVIKO PUIVOAKEG EVAOOCELS,
eEetalovtan TapokdTm, e Eeympiot) Tapdypago. H mAeiovotnta TV ¥pooTiKOV Tov
TOPAYOVTAL KOl YPNGLULOTO00VTaL oUEPQ €ivarl cuvBeTKES Ko 1 EevoProTikn @vom
TOVG KOTAGTEAAEL TN HKpoPilakn tovg amoddunon. Emopévag kpivetar avoykaio m
AMOUAKPLVOT TOV YPOOTIKOV TPV TNV O1d0eon TV amoPANT®V GTOVS VOATIVOLS
OTOOEKTEC,.

H amopdkpoven g ypowotikig Methylene Blue omd védtive Stodvpota,
efetdotnke pe 1t ypnon mwopnvoéviov kot kdpPovvov oTEPEOD  amOPANRTOL

TpoepyOuevoL amd T Propunyoavia ehatoradov (Banat k.a., 2007), evepydv avOplakwv
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and mopfveg (Berrios x.a., 2012) kot avOpakoOy®v LMKOV OmoTEAOVUEVOV OO
pntivn veoldkng (novolac resin) kot moprveg ehawokopiog (loannou kai Simitzis,
2013). To amoteréopato €dei&av OTL M| TPOCPOPNOTN NG YPWOTIKNG oKoAovOel
KIWNTIKY Wevudodentepng taéng kot to kdpPovvo (qm = 62,7 mg / g) mapovoiace
peyoaAvTEPT TPOGPOPNTIKY KavoTTa 0ot” 0Tt TOo TVPNVOELAO (Qm = 42,3 mg / g). O
Berrios k.a., 2012, avaeépovv 0t 1 avEnon g Todnrag avadsvong and 50 og 100
rpm odnynoe o avénomn g TPocspdPNoNG, eV o VYNAELG Beppokpacieg pumopel va
npokAnOel ekpoenon g ypwotiky Methylene Blue. Ot loannou kou Simitzis, 2013,
TopoackevLacay avOpakovya VAKd cvvovalovtag pnrtivin veoAddkng (N) Kot Tupiveg
(B) og avaroyia 20 / 80 ka1 40 / 60 w.w akorlovBmvtog ckAnpomoinon (C) twv
detypatov kot avBpakomoinon (C). To vikd NB40 / 60Cc, mapovcioce v
VYNAOTEPT TPOGPOPNTIKT] IKOVOTNTO.

Ot ypwotikég avtidpaong oynuatiCovtor ond to ocvvovacpd (alw)
YPOUOPOPOC  opadag pall  pe  opddeg  avtidpaong  Oomwg  yAwpotplalivn,
Tprylopomvpyudivy kA (Aksu, 2005). Ot Akar «.o., 2009, pelémmoav 1
npoopoéeNnon ™ ypwotikng Reactive Red 198 omd elatomvpriva. Méyiom
pospoenon (qm = 58,53 mg / g) mapoatpndnke oe pH 2 ko M yMukn coppomia
emq\Be og 40 min. H mpoopopnon Ppébnke va akorovbel Kvntiky yevdodehtepng
Taéng, evd M 1060epun Tov Langmuir amodeiybnke OtL ek@palel KaAvTEPO TO
nepapatikd dedopéva. H pedétn g Beppoduvvopikng £6eiée 6tL np Propdenon eivor
avBOpuUN TN Ko EvOOBepuN avtidpaon.

Evepydc avBpaxog amd mupnvoEuho EETAGTNKE Y100 TNV OTOTEAEGLATIKOTNTO
TOV Y10 TV TPoSpoOPN oM TG ¥pwotikng Lanaset Grey G and tovg Baccar «.a., 2010.
Ta amotedéopata £3€1&av OTL 11 TPOGPOPNON TEPTYPAPETAL IKAVOTOMTIKA OO TNV
1060gpun Tov Langmuir kot 1 péyiotn tpocpoentiky ikavotnta rav 108,7 mg / g oe
pH 6 kar Beppokpacio 25 °C. AvEnon g Beppokpacioc and tovg 10 otovg 37 °C
odnyel og av&Non ™G TPOoPOENONG Kol 1) HEAETN TNG KIWNTIKNG OmEdeEe OTL 1M
KIVNTIKN TG avTidopaons akoAovBel To LOVTELO YeudOTPOTNG TAENS.

H mpoopdéenon ¢ ypwotikng Black Dycem TTO and evepyd davOpoxo
TPOEPYOLEVO OO YNUKA EVEPYOTOMUEVO TLPNVOELAD pedetOnke amd Tovg Baccar
K.o., 2013. H npocpdenon orlokinpmbnke ce 48 h ko mapatnpndnke avénomn otav n
Oepuokpacio avéndnke amd tovg 15 otoug 40 °C. H péyiot mpocpoentikni
wavotnto frav 146,31 mg / g otovg 25 °C. Ta dedopéva £8e1&av OTL 1 TPOGPOPNoN
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axoAovBel KivnTikn yevdodevTepng TAENG Ko TEPLYPAPETAL amd TNV 1660gpun TOL
Langmuir.

Ou Ugurlu x.a., 2008, e&étaocav v wkoavotra evepyod dvOpako (ZnCl;
SLIAv L EVEPYOTOINGTG) TPOEPYOUEVO OO TVPNVES VO TPOGPOPA TNV YPMOOTIKY (Alm)
Remazol Red B. H npoopogpnon Ppédnke vo perdverarl pe avénon tov pH and 3 oe
12, evd avénnke pe avénon g Ogppoxpacioc péypt toue 35 °C. H péyiom
TpocpoPNTIKY KovoTnTo Yrav 8,53 mg / g otovg 25 °C ce 60 min. Ta mepopatid
dedopéva meptypapovtal amd v 1660epun Tov Langmuir kot To HOVTELO KIVNTIKNG
YEVSOJEVTEPNG TAENC.

H ypnon muprvov tpomoromuévev pe odivpa 0,1 M NaOH, eetdotnke y
™V TPoSpOPNGN TG YPWOTIKNG cappavivng (Aziz k.o., 2009b). T'a o ckond avtd
SeEnydnocav melpdpato SIAEITOVTOS £PYOV HEAETOVTIOG TNV EMOPAON TNG APYIKNG
oLYKEVIpOONG uetdAiov (25 — 600 mg / L), apykng tiung pH tov dtokvpatog (4 —
10), Tov xpdvov avadsvong (5 — 180 min) kar g Oeppokpaciag (25, 35 kar 45 °C). H
UEYIOTN TTPOCPOPNTIKY tKavoTtnTo, Bpédnke va givar 526,3 mg / g oe Ty pH 6,8.

2ThyTn TPOEPYOUEVT OO TUPNVEG YPNOLOTOWONKE Y10 TNV ATOUAKPLVON TNG
ypwotikng Reactive Blue 19 (4lw) amd vddrwva dwAddpate (Jamshidi k.a., 2013).
Méyiotn mpoopoenon mapotnpndnke oe tiun PH 4 ko to mEpapatikd dedopuévo
Bpétnke va okolovBodv TO HOVIEAO KWWNTIKNG WYevdodevTepns Ta&ng Kot TNV

1060gpun Tov Langmuir.

1.4.2. Ov pawvoMKEG EvOIGELg

Ievikd o1 POVOMKEG EVAGELS ATOTEAODV TPOTEPAUOTNTO Y10 TNV TOYKOG L0,
vyelo AOY® ™G agbovia Tovg ota avOpOTOYEVH] OIKOGUGTNUATO KOl TNG VYNANG
TOEIKOTNTA TOVG KOO Kot o€ younAéc ovykevipmoelc (Ahmaruzzaman, 2008). H
amofeorn amoPANTOV omd Odpopeg Propunyavieg, To OmMOlN TEPLEYOLV POIVOAIKES
EVAOOELG, OTOVG VOATIVOVG OMOOEKTEG OMOTEAEL CNUOAVTIKY OEIAN YLl TV TOYKOG L0
vyelo kKot v mowoTNTa TV vepdv. H vynAn tofikotnta, 1 ouvey®s avsavouevn
TOPOVGIO. PUIVOMK®V EVAOCEWV 0TO TEPPAAOV KaODG Kol TO ovoTnpd VOUIKO
TA0io10, £(0VV TOPAKIVIGEL TNV EMGTNUOVIKT] KOWOTNTO GTNV £PEVVO, KOl 0vVATTLEN
OlEPYOSIOV Y10, TNV OTOUAKPVVOT TOV QOVOAIKOV EVOGEMV Omd TO AmOPANTO.
AmoPAntTa kot vroAsippato g Propmyoviag mopaymyng  EAOAGOOVL  £xouvV

ypnoporomet yro v emitevén yio o 6KOToO QLTO.
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H yprion Enpng elatomvpnvag (OP-1), Enpov mupnvocviov (OP-2) ko Enpov
TopnvoEvAov mov €xel vmootel pepikn avapieén (OP-3), eléyyOnkav yu v
TPOGPOPNCN OMKAOV QUIVOMK®OV evidcemv omd Ttovg Stasinakis k.o., 2008. To
amoteléopato £0ei&av 0Tl oty mepintwon twv OP-1 ko OP-2, ghevbepdbnkav
(QOIVOAIKEG EVAOGELS 00NYOVTOG o€ aOENON NG VTOAEWWUOTIKNAG OMKNG  TOLG
oVYKEVTPOONG. AvtiBétwg, to vAMkO OP-3  avtemeénibe wkavomomrtikd otnv
TPOGPOPNGT TOV PAIVOMK®DV EVAOCEMV Kot 1| TPocpdenon orokAnpmbnke o€ 5 h. H
TPOGPOPNCN PUIVOMK®OV HE TOPOLGio. TpospoenTikod viwkov 10 g / L xon
oLYKEVTPWOT POVOMK®Y ovoldv S0 mg / L, fjitav peyaivtepn amd 40% ovapépovv
og A epyacio tovg ot Nesseris ko Stasinakis, 2012.

Evepydg avOpaxac (evepyomompévog pe xpnom MAEKTPIKNG  EVEPYELOG)
TapoyOpevog amd oteped amdPAnto g Propnyaviog mopoymyns EANOAAOOV,
YPNOLOTOMONKE OMOTEAEGLOTIKA YL TNV OTOUAKPLVOT] PUIVOAKAOV Omd LOATIVOL
dodvpozo (Aioueche k.a., 2000). H avénon g tovtikng oyvoc (tpoodnkn NaCl)
Kot TG okAnpomntag tov vepov (mpocsHnkn CaCOjz) peiwoe v TpoopoenTiKy
KOVOTNTO TOV VAIKOV.

Ot Mameri «x.a., 2000, mapackedacav evepyobc OGvOpakeg omd otePed
amofAnto ¢ Prounyaviog Tapaywyns eAAoAdd0L apob tponynonke avlpakomroinon
10V VUKoV 6Tovg 800 °C Kon evepyomoinen tov pe guotkd tpdmo (CO2, vEpoTHOVE 7
aépa). Meydho pikpomopddes kau peydhn ewdwn emedavewr BET (1500 m? / g)
mapatnpiOnke oty evepyomoinon pHe vVOPATHOVG. AvTOg €ivor 0 AOGYOC mov TO
GLYKEKPIUEVO DAIKO TOPOLGIOGE TN UEYOAVTEPT TPOGPOPNTIKY tKavotnTa (11,24 mg
/ 9). Ta anoteréopata Tpocapudloviol IKovomomtikd oty 1660epun tov Freundlich.

Ou loannou «ou  Simitzis, 2009, mopoaokedacov oavOpokodye VALK
ovvdvdlovtag pntivn veordkng (N) ko mopnveg edatoxopiog (B) oe avaroyio 20 / 80
ko 40 / 60 w.w axolovBmvtag ckAnpomoinomn (C) Tov detypdtomv Kot avhpakomoinon
(C). Ta vAKG eAéyyONKOV ®C TPOG TNV IKAVOTNTA TOVG VO TPOGPOPOVY PUIVOAT Kot
3-ViTpo@atvOAn, amd VIATVOL OloADpHOTO. ZE OAEG TIC TEPAUOTIKEG OCLVONKEG
mopoatnpROnKe LEYAADTEPT TPOGPOPNOT TG PAVOANG 0T’ OTL TNG 3-VITPOPAVOANG.

Kopudg ehdg, kovioptomonke Kot vaéotn TAVGELS e O1dpopa daAvuaTo
(6nwg e€dvio, aBavoin N dyyhmpopeddvio) pe oKomd T AMOUAKPVVOT) GALVOANG, 2-
YAOPOQAIVOANG,  3-YA®po@avoing,  4-YA®Po@oavoAng,  2-vitpo@ovoing,  4-
viitpoeovoine kot 2,4- dwitpoeovorng (EI-Sheikh «.a., 2013). H peydin
TPOGPOPNON 7OV TapaTPNONKE 0PeideTal 0TO YEYOVAS OTL KOTA TNV TPOTALGN TV
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OEYLATOV OTOLLOKPOVONKAY OVGIES OO TNV ETLPAVELD TOV DAIKOV LE OTOTEAEGLOL TNV
avdoelEn Bécewv edkoAng mpocPacng amd To popla TV VIO peAéTn evooewv. H
TPOGPOPNCN TEPLYPAPETOAL KAVOTOMTIKG amd TtV 1600gpun tov Freundlich kot m
Oeppodvvapukn pedétn €deie Ot M mpoopdenon Nrtav e&mBepun avtidopaon.
E&aipeon amotelel 1 mpoopdenon g 2-YAmPpo@atvOAng Tov oy evoodepun.
Evepyol dvBpoakec mpoepyouevol amd mopnveg pe ovoikég (Nouri ko
Ouederni, 2013, Temdrara «.a., 2011) N ynuikég pebddovg (Aladham, 2012, Bohli
K.0., 2013, Nouri kot Ouederni, 2013 Temdrara k.a., 2011) 1} cuvdVAGHOG KoL TV dVO
(Temdrara «.o., 2011) g€etdomKay ®OC TPOGPOPNTIKG VAIKA yloL THV OmoudKpvuvVeN
QeoWVOADV  oamd  vodtva  owAvpota.  Ilepdupota  dwAdeimovrog  €pyov
npaypatonom|dnkay o evpoc Oeppokpaciog 25 — 40 °C kar Ta melpopatikd dedopéva
Bpébnkav va mEPLYPAEOVTIOL KOVOTOMTIKG 0omd TV 1600epun tov Langmuir
(Temdrara x.a., 2011, Aladham, 2012, Bohli «.a., 2013, Nouri ka1 Ouederni, 2013)
kot Tov Freundlich (Nouri ka1 Ouederni, 2013). H péylotn mpocpoentiky KavoTnTo.

gm xopavOnke and 4,60 —333,3mg/ g.

1.4.3. ®vtopappoka,

EAdyioteg avagopég €xouv yivel yio v €QopUoyn TOV OmOPANTOV Kol TOV
VROAEWUATOV NG Propunyoviog €A0OAGS0L Yo TNV OTOUAKPLVGT QUTOPUPUAK®OV
omd v3&Tve Stadvpora. ITupiveg evepyomompévol pe cuvdvacud Beppiig (300 °C)
Kot ynuikng pebodov e€etdotniay yio v mpoopoenon ‘drin’’ eutoeopuakov (El
Bakouri «.a., 2009). Méyiot Bropdéenon mapatnpnidnke yio péyebog copatidiov 63
— 100 pm ko1 1 oepd péyotg mpoopdenong nrav e&ng: aldrin > dieldrin > endrin. H
TPOGPOPNTIKN IKAVOTNTA EXNPEAGTNKE OPVNTIKA amd TV avénon g Bepuoxpaciog
amd Toug 10 otovg 40 °C kar 1 pedétn kKivmTikng €de1ée OTL yMkn 1oppomio emiOs
péca og 240 min,

ATOTEAEGLOTIKY] YPNON TOALUEPIKOD TUNUOTOS omd KATGIyopo Yio TNV
npoopdéenon tov (ilavioktovov Cyhalofop-butyl e&etdotnke and tovg lorio x.a.,
2007. H péywotn mpoopoégnon mapatnpninke oe tynq pH 4,5 wor pe Adyo
TPOCPOPNTIKO VAKO / OYKOG SAVUATOG TPOSpopovuevng ovoiag ico pe 0,5. H
HEYLOTN TPOGPOPNTIKY] IKOVOTNTO ONMG VROAOYioTNKe oamd TNV 1000epun TOL

Langmuir fytav 43,68 mg / g o Tip pH 4 otovuc 20 °C.
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1.5. Padwovovkiiowo

Ta  padlovoukAidie  GuooOPEVOVTAL  E€ITE  OTOL  OVAOTEPO  CTPMLOTOL
(empavelokd) Tov £dapdv eite ota Wpata TV VOATIVOV cuothpdtwyv. MTopovv
gvkola va eloayBodv otV TPOEIKN OAVGIO0 TPOKOAMVTOG 1daiTEPO. TPOPANUATA
(Das, 2012). EAdyioteg ava@opic £Xouv Yivel yio TV eQapuoyn Tov anoPfAntov Kot
TOV  VIOAEWpdTOV NG Popnyaviog  €A0oAddov Yoo TNV amoudKpuvon
PadLOVOUKASI®V 0md vOdTIVOL STEADLOTAL.

Ot Eroglu x.a., 2009, xou Yapici k.a., 2011, mopotipnoov 1KavOTOUTIKn)
npoopdPNon TV podtovvovkAdiov Ga-67 kar Ti-201 amnd elatomvpriva. H
npocpoeNon eaivetal va Exel enttevydei ota 120 min (Eroglu «.a., 2009) kot oto 10
min (Yapici k.a., 2011) ko Bpédnke va givar péyiom otig €ng ovvonkec: pH 10, T =
10 °C, péyefoc copatdiov 0,150 — 0,212 mm kot ToGOTNTO TPOGPOPNTIKOD VALKOD
159/ L.

Elonomoprva.  axotépyostn f  avOpaxomomuévny (1 h otoug 500 °C)
eEethomke Yo TV amopdkpuver “'Cs amd vddrva Stahvpato (Omar kou Abd El-
Baset Attia, 2013). H pelétn g kivnrikng £6eiée 6t Tor 120 min givat 1kovomomnTika
®oTe Vo emTeLYel N YNUIKN 1G0PPOTIO. KOl TO TEWPOUUOTIKA dEGOUEVOL TEPTYPAPOVTOL
KOVOTOMTIKG, omd T0 HOVTEAD KvNTiKNg Wevdodevtepns taéns. To mocootd
poopoenong Ntav 80% kot 99% vy TNV akaTEPYNOTN Kol TNV avOpokomomuévn
elatomvpnva, avtiotoyo. Tao TEPAPATIKO dEGOUEVO TEPTYPAPOVTIOL TKAVOTOUNTIKA
and Tig 1w6obepuec twv Langmuir, Freundlich xoi Dubinin Radushkevich (D-R).
[Mewpdpata expoéenong éde&av o6tt n ypnon HCl umopel va avaktiost 10
TPOGPOPTUEVO BCs EVIGYDOVTOG TNV SVVATOTNTO ETOVOYPTCUYLOTOINCTG TOL VAIKOV.

Evepyol avBpakeg ynuikd evepyomompuévol (ZnCl,) e€etdotnray yioa v
npocpdenon ovpaviov kat Bopiov amd vepd (Kitahyali ko Eral, 2010). H péyiot
TPOCPOENON Yot TO OLPAVIO Kot To BOplo emtedyOnke oe Tiég pH 6 kot 4, avtictoryo

(evpog perétgpH =2 -7).

1.6. H Bropoonon mg mpocsyyion otny TEPITTMO PUTACUEVOV EO0.PDV

AmoPAnta Ko vmoAsippoto ™G Popunyoviag €AooAdoov kol Kupiwg
elatomupnvesg, £xovv peretndel cav mTpoOcHeto €0GPOVS e GKOTO VO PELOCOLV TN
dwbecpuom o kuping eutoeapudkov (ITivakag 5, MMapdptnua 1). O cvvovOGHOG
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TEPOUATOV  OlaAeimovtog épyov pall pe mewpdpoto EKTALONG GE GTNAEG Ko
TEPALOTA ETMACEDV LE EGAPT LAPTLPEG KL LE E0GPN oTa. om0l £xovv TpooTebel Ta
OpYOVIKA VAMKG, YPNOILOTOLEITOL Yoo TOV €Agyx0 NG ObecudTNTOS TOV
QLTOPOPUAK®V.

Efvor kowvd omodextd 01t m opyovikny ovcio Tov €3GQOVE €ivol 0 KLPIMG
TPOGPOPNTIG TOV HOPI®V TOV QUTOQOPUAK®OV, AEITOLPYEL MG PN TOAIKO HEGO e
VYNAN oxéon (cuyyéveln) yo TUTIKG pn ToAKa uopla eutogapudkov (Wauchope
K.a., 2002). H gpappoynq opyovikdv VAIKOV oTo £00¢N, EMNPeAlel ONUOVTIKG TNV
TPOGPOPNON TOV PLTOPUPUAK®OV Kol 001Yel 08 Pel®ON TNEG KIVNTIKOTNTOG TOVG GTO
€006 cvotnua. ['evikd, ota €30QIKA KOALOEDN, N TPOSPOPNOT EVOC YEMPYIKOD
QOpHaKoL, ekppaletal amd to cvvieleotn mpoopogpnons Ky (Kq=Cs/Cj), 6mov Cs
elval 1 GLYKEVIPOGT TOL YEMPYIKOL POPLAKOV TOL XL TPOSpoPn el 6TO £50(pOG Ko
Ci eivar m oLYKEVTP®OON OTNV 1G0PPOTI. TOV YEMPYIKOD (POPUAKOL GTO E£00.PIKO
dtddvpo. Yrapyet évac mo a&lomoetog cUVTEAESTNG, 0 Koc, 0 0010¢ avapépetal 6To
ocvvteleot mpoopdenong (Kyq) o omolog KavOVIKOTOLEITOL G TPOG TNV OPYOVIKY
ovoia Tov €86eovg (Koc= Kq/ foc, 0mov Ky givar o cuvteheotic tpocpdenong kot foc
glval 1o KAdopa tov opyoavikoh avlpaka oto £30¢pog). O cLVTEAESTNG aLTOG deiyvel
TNV TAoN HOG OPYOVIKNG OVGIOG VO TPOGPOPATOL-LETAKIVEITAL GTO 500G Kot gfvat
Mo a&lomotog Aol AapPAvel LVTOYN TOVL TNV TEPIEKTIKOTNTO TOL E£JAPOVS GE
opyavikéd avOpaka (Koskinen kou Harper, 1990).

[Tepdpato dSadeimovtog épyov, €xovv ypnolomombel yioo ) HEAETN NG
TPOGPOPNONG OYPOYNUK®V EVOGEMV 0md PLOPOPNTEG. ZNUAVTIKG EVPTLLOTO, CYETIKA
LE TNV EQOPLOYN VIOAEWUUATOV KOl VITOTPOIOVI®V TPOEPYOUEV®V amd T Propmyovio
elaloAdoov, ota €640, teptiapfavovtar oto Iapdaptnua 1, IMivaxog 5. H 1060epun
tov Freundlich, meptypdopetl kadbtepa ta dedopéva. TG TPOSPOPNGNG, EVD 1 1060epUN
tov Langmuir dgv eeopuoletor, €meldn N wapadoyn NG MUOVOCTPMOUNTIKNG
TPOoPOENoNG Oev €lval PEDAICTIKY] OTNV TEPIMTMOOT TG TOAVTAOKOTNTOS TOL
€0aQ1KoV eptBdAlovtog. Tlapoin v epapproyn TV VIOTPOIGVTOV TG Propnyaviag
ELOOAAOOV GTOL €0GPN YO TNV TPOGPOPNON PULTOPUPUAK®Y, TO VAIKG 0VTE, OgV
€xovv epapuocdel Yoo GBALOVG GNUOVTIKOVG pOTTOVG OTmG T Papéa LETAALAL.

[Ipopavag, emedn ta £669N gival amOdEKTEG PLTOPAPIAK®OV Kol O KIvOLVOg
EKTAVoNG VTOV TV popiov og Babitepa 0aPIKd oTpdpaTo Eivol VYNAOS, 00NYNCE
OTNV KOTE TPOTEPOLATNTA LEAETT TNG XPNONS PLOPOPNTIKMV DAIK®OV Y10, TN Helmon ™G
KWW TIKOTNTOG TOV QLTOPUPUAK®OV GTO €0G.QT1. ZVYKPITIKA, To. fapéa LETOAAN pmopel
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VO OEGUEVTOVV 10YLPA OTO EQAPIKA KOAAOEWTN (LOVTOUVTOAAAKTIKEG emipdveleg). H
peAén g emidpaons Propoentdv mTPoepYOUEVOY amd VMKO €AOOKOUiOG o1
dwbeoomta TV Poapiomv HETEAL®V oTa €64 Bo pumopécsel va dDGEL VEX YVAOoN
ot dwyeipton €0apmdV pumacuéveoy pe Papéa HETAALN, EWOIKOTEPU GE TEPLOYEG TTOV

eMKPATEL 1 KOAMEPYELD TNG EMAG,.

1.7 Extipnon 1ov 0gppoduvopik@v nopopétpov. METa-avaivoen Ko evogyopevo

ocpaipato

To yeyovog 6t 1 fropdenon elvarl avBOpunTn avtiopaor Ko exnpedleTon and
™ Oeppoxpacio, omoTeAel ONUOVIIKO TOPAYOVIO Yoo TNV TPOKTIKN aflomoinon
BlopoenTik®v LVMKGOV Gg pHEYAANG KAHOKOG €QAPUOYEG. TNV TAEWOVOTNTA TOV
pereT®V PBropdenomng, ot 6vo TOPAUETPOL OEIOAOYOVVTIOL HE TOV VTOAOYICUO TNG
ehevbepnC evépyelr Gibbs (AG®), te evBarmioc (AH®) kon tne evepomioag (AS®) amd
oelpd 0edopévav TPoopdPNoNs oe dopopeTikés Bepprokpacieg (cuvnbmg Tpelg) Kot
omv Katdotaorn tcopporniog (Ramesh kot Lee, 2005). Qotdéco, and ™ perétn g
YPOLUIKNG TOAMVOPOUNCTG TILDV AH® xar AS® mov TPOEPYOVTAL OO OLPOPETIKA
GUOTHLOTO. TPOGPOPNONG, TPOKVATEL U0l OAOPAVEPN OVTIGTOOMOTIKY emidpaon
petalh g evipomiog kot g evlaimiog. Zopuewva pe tovg Ramesh ko Lee, 2005,
ko Liu xou Lee, 2014, n ypoppukdmra tov peyedmv edikd yioo pn vépo@oPikég
ovoieg, elval aueofnmolun Kol amodidetonr e opaipa g peBodov emewdn to
peyéon AHC kot AS° vroAoyifovton amd Tov 1010 padnuotiKd Tomo.

Me agopun T0 OTOTEAEGHLOTO TOV TOPOUTAVE EPELVNTAOV, TPAYLATOTOMONKE
pnéta-avévon ota dedopéva T Topovoag emokomong afomotbvtag Tig Tiwég AHC
kot AS? wov npoépyovtor and 31 peléteg Propogpnons Poapéwv peETAAA®V Ko 16
peréteg Propdenong opyovikdv pdmwv, He LAIKE (vroAsippota, amOPANTA) TOL
npoépyovtal amd TN Propnyovio eiatoradov ([Mapdaptnua 1, Ilivaxag Al). Onwg
(QOIVETOL OTO GYETIKO AH® xar AS° Suypappo (Zynua 1.3), mapatnpeitor pio Eviovn
YPOUUIKOTNTO KOl OTIG 000 TEPMMTMOELS, TOV VTOOEIKVLEL OTL Ot Oeppodvvoptkol
TOPAUETPOL TPETEL VO a0 0YoUVTAL pE 1d1aitepn Tpocoyn. Ta amoteAéopatTo ot
™G HETO-OVAALONG TV JEJOUEVOV NG eMOKOTNONG Ppiokovial 6€ CLUP®VIN [E
QVTIQOTIKA OTOTEAECUOTO LEAETMV TTOV OVOPEPOVV Yo TAPASELYHa OTL 1) fropopnon

tov Ni amd oteped VIOAEULO TPOEPYOUEVO aO TNV TOPAYWYT EAAOAASOV Eivar gite
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avtidopaon avBopunt ko evodbepun (Elouear «k.o., 2008, Nuhoglu ot Malkoc,
2009) | un avBopuntn kot EdOepun (Hawari «.a., 2014).

#Metals A Organics
Ymetats = 0,0034x+0,0521

0,3 R2=0,9223 (N=31)

)
)
3
g T 1
=-100 80
7 2]
<
* ’ Voreanice = 0,0035% + 0,0257
Organics ? Ehdend
* 0,3 - R2=0.9309 (N=16)

AH (kJ/mole)

Zype 1.3. Ipoppukn mtokvdpounon tov Tipev evlodmiog AH kot evrpomiog AS omd peréteg
OV 0POPOVV GTNV TPocpoPnon Popéwv petddlomv (N = 31) kot opyovikav pomov (N = 16)
amd VAIKA g Prounyoviog elatoiddov. Ta aptlOuntikd amoTeEAECHATO QVTOV TOV UEAETAOV,
nmapovotdlovtot avorvutikd oto [Hopdptmua 1 — IMivakag Al.

1.8 Zopumepdopato Ko PEALOVTIKES TPOOTTIKES

e autnyv ) PAMoypaeikn emiokOnnon, tapovstaletatl Kot agloloysitan vag
peYaAog aplOpdg epyacidv oxeTikd e Plopo@enTikd LAMKA, GLYVA TPOTOTOUUEVA,
pogpydueva amd ™ Prounyavio Tapaymyng EAaordoon. Avtd to flopoenTiKd LAIKA
YPNOCLOTOOVVTOL Y10 SLAPOPOLS THTOVG PUTT®V TOL PpicKovial cg vepd, amoPAnTa
Kot €6a¢n. H mpocspdenon Ppébnke va eEaptdrol amd TV TpOsPOPOVIEVT 0VGIN EVHD
amd TI§ TapaUETPoLg Tov Kabopilovv v mpoopoenon (m.y. Bepupokpacia, ypdvog
avadELONG, APYIKN CVYKEVIPWON UETAAAOV GTO dtdAVLa, opyLKO PH daAvpatog K.a.)
10 pH Ppébnke va eivar omd tOvg WO onuoviikovs mopdyovtes. Ilapdtt ot
TEPOAATIKEG GLVONKEG TNG TPOGPOPNONG KOl 1] TPOTOTOINGN TOV VAIKOV TOIKIAovV

eVpEmg, uropovv va, e&ayBovv ta akdAovba cvopmepdopata:
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1) Q¢ Propoentikd LAKA YpNOUOTO0VVTOL KUPIWG Ol EANIOTVPNVES KOl Ol
TVPNVES, VO TO KAOOERATO EAatoKOpiag Exovv pehetnBel ToAD Aryotepo mopOAN ™
HEYAAN SLoBECIUOTNTA TOVG KOl TNV VYNAN TOVG TEPLEKTIKOTNTO GE ALyviv.

2) Ta meprocoTEPA PLOPOPNTIKA VAIKA TopoLGtalovy VYNATY TPOGPOPNTIKY|
KavoOTNTO Yoo ToL 1OVTo. LETOAA®V Y10 TO, OToioL £XOVV YiVEL Ol TEPIGGOTEPES UEAETEG,
evd Mydtepec givor o1 PEAETEC TOL OPOPOVV OTNV ATOUAKPVVGT YPOCTIKAOV,
POSIOVOVKASI®MV KOl QALVOAK®V EVOGEMV Omd VEPH KOl AmOPANTO.

3) Zmyv mepintwon tov Popéov petdAiov, Béitioteg Twéc pH  mov
mapatnpOnkKe péylotn tpospodenon NTav S — 6 €kt0¢ amd v nepintmon tov Cr mov
N MEYIOT Tpocspoenon mapatnpridnke oe younAdtepeg Twég pH Adyo g
EMKPATNONG TOV OVIOVIK®OV LOPPADV TOV GTOLYEIOV.

4) Ta oamdéPfAnto Ko To vEOAEippoTo ™G Propnyaviog €A0oAGS0L
amodeiyfnKaV 16YVPA TPOGPOPNTIKE VAIKA Y1 TV omoudkpuver Kupimg Tov Pb adrd
kot Tov Cd amd védTva dtoddpata, evd dEV TPOGPOPOVY IKAVOTOINTIKA Ta. LETOALO
Cu, Cr, Zn ko xvpiog to Ni.

5) O evepydg GvBpoakag moOv TPOEPYETOL OO OKATEPYOOTO VAKE TV
vrompoidvtwv ¢ Propnyoviog eAatoAddov, pe ehdylotec eEoupéoels, mapovcioce
BeATiopéveg TPOSPOPNTIKEG IKAVOTNTEG,.

6) Extetapévn kovioptomoinon kot peimon tov peyéouvg tov copatidiov tov
YPNCLOTOLOVUEVOV VAIKAOV, 00NYel 6e adENom TG EvEPYNG EOIKNG EMPAVELNS, LE
ATOTEAEGHLA TNV AOENGT TG TPOGPOPNTIKNG IKOVOTNTOG.

7) Zmmv mepintoon TOV  €00QOV, TO (QLTOPAPLOKO OTOTEAOVV  KOPLO
TPOTEPOLOTNTO YO TN UEI®OTN TG KwnTiKOTNTAG TOLG Héc® NG Propdenong. Ot
ehatomupnveg (OKATEPYOOTES 1 TPOTOTMOMUEVEG) €lval KOAEG LTOYNQLES Yo TNV
TOPATAVD TEPIMTOON YIATL EKTOG GO TNV LYNAN TPOGPOPNTIKY] TOVS KAVOTNTO,
TOPAYOVTOL GE PEYAAES TOCOTNTESG KO £XOVV YOUNAO KOGTOG.

8) Ot Beppodvvapuxol mapdyovteg mov Paciloviol 6e GeEPE TEPOUUATIKOV
ogdopévmv ot YNMUIKN  1ooppomion o€ Odpopes  Bepuokpaciec, mpémer  va
a&loAoyovvTot [ 1laitepn TPOGOYY).

Yrdpyovv axoun apketol Topeig mov umopovv vao, LEAETNO0VV 6€ HEALOVTIKECG
gpyoocieg OM®G: o) M OmOS00T TOV TPOCPOPNTIKOV VAK®OV G€ TOAD-UETOAMKO
cvotnua pUTEV, B) N eE0HolMoN TOL UNYOVIGHOD TNG TPOGPOPNONG HECH UNYOVIKOV

HOVTEA®V, Y) 1 amdO0oN TV PlopoPnTIK®OV VAKOV € Tpaypatikd omdfAinta, 0) N
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duvoTdTTo AVAKTNONG TOV Popémv PETOA®V amd To. PlopoNTIKG VAIKE Kol €) 1M
amod00 TG PlopdPNONG e TEWPAULOTO GVVEXOVS POTIG.

AmO TV TOPOVGO EMGKOTNOT TPOKVTTEL OTL Y1 TNV IKOVOTTOWTIKN GUYKPLoT,
aflohdynon kot aflomoinon TV OTOTEAECUATOV EPYOCIOV 7OV UEAETOOV TNV
TPOGPOPNCN OPYOUVIK®OV POTTOV Kol PopEvV UETAAA®Y amd VAIKE TOL TPOoEPYOvVIaL
arnd v Prounyavio €AooAddov, omorteitor 1 SUOPPOON  EVOG  YEVIKOV
TPOTOKOAAOV  KOWNG TEWPAPATIKNG TPOKTIKNG. [evikd, T vmompoidvia g
Bounyoaviag €A0oAdOOV VTOKEWTOL GE OPOPEG TPOTOMOUGELS, Ol TELPOLLOTIKES
oLVONKEG KOl Ol OOIKACIEG TPOTOTOINGNG TV VAIKAOV OV OVOQEPOVTOL LE
KOVOTOINTIKY  okpifeln Kou o€ TOAAEC epyoaciec oyetkéc pe 1o Oéua dev
aKOAOVOOVLVTOL TPOTVTEG OVOPOPES. ZVVETMGS, EXOVTIOS OC GTOYO TN PeATioTomoinom
™G €PELVOG KOL TOV OQEAOVG TTPOG TNV KOWVAOVIO TOL UTOPEL VO TPOKLYEL AO OVTY,
TPOTEIVETOL O1 LEALOVTIKEG HEAETEG VO TEPIAaUBAVOUV: ) To POCIKA XOPAKTNPIOTIKA
Tov VMKoOV (uéyeBog copatdiov, €dkn emedvela BET, wavotmto aviailoyng
Katwovtov, Pacikn  oTtoyelokn  avdivon), B) oAAAYEC TOV  QUOIKOYN UKDV
YOPOKTNPIOTIKOV HETA amd QUOIKEG-YNUIKES Kol PLOAOYIKES TPOTOTMOCELS TV
TPOTOUPYIKOV DMK®V, Y) OTNV TEPIMTOON TNG UEAETNG TPOTOMOMUEVOV DMK®OV Ha
TPEMEL Vo, TEPIAAUPAVOVTOL TO OTOTEAEGUATO OO TN UEAETN TOV OPYIKOV VAK®OV
Kdto omd TG 10leC MEPOUATIKEG OULVONKES, HE OTOXO TNV KOTOVONGN TOV
ATMOTELECUATOV OV EMEPEPAV Ol TPOTOTOMGELS TOV VAIK®V, 0) To PH Ba mpémer va
HETPATOL GTNV ¥NUIKY 100ppomio Kol Oyl OTIS apykég ovvOnkeg kot €) Oo Tpémel va
TPOYLOTOTOOVVTOL  dladlKaoieg avdktnong tov Popéov  UETAAA®V amd  To

Bropoentikd VAIKA pe TOVTOYPOVO EAEYYO KOl GLINTNGT EVOEYOUEVOV UNYOVICUMV

TPOGPOENONG.
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Kepaiaro 2

2.1 llewpapota Tpocspoenong

2.1.1 Yhka

Ta khadépata ehaokopiog (Olive Tree Pruning Waste) mpoépyovtot amd v
nwepoyn tov I'ewmovikoy [Mavemommuiov ABnvov. Aol tepoyiommkov pe €01k
unyévnpa, TAOOMKOY EAQEPE Yoo THV QmOUAKPLVOT EEVAOV OLCIOV LE ATLOVIGUEVO
vepo, oTN GLVEYELD TTpaypoToTomOnKe agpoinpavon kot tonofetOnkav ce Povpvo
otovg 50 °C, uéypt otabeponoinon tov PBapovg tove. ‘Emcita, to Enpaviév deiypa
KOVIOPTOTOMOMKE KO Y10 TNV OLOYEVOTOINGT TG SAUETPOL TV KOKK®V Tov OTPW,
T0 TEAMKO delypa mépace and koéokvo 0,5 mm. Avtd to KAdopa Tov vAkov (<0,5
mm) ypnotporomnke yioo OAa Tol TEPAPATO TG PLOpOPNONE KO GTO TEPEUATO TWV
EMMAGEDV.

lNoe v mopackevry tov koumdotr, 180 Kg tepayiopévov OTPW,
tomofeTOnKav oe €01KOVE KAOOVG KOUTOGTOMOINONG. XTOV TATO TOL KAJOUL,
tomofeTOnKe diytv, £T01L OGTE VO EMTPETETOL O TOONTIKOG OEPIGUOG TOV OETYUATOC.
Katd tv koumootomoinon twv opyavikdv vikov, o Adyog C / N emnpedlet
onuovtikd to puoud amodounong. O Woavikog Aoyog C / N kvpaiveron peta&y 25 — 30,
apo¥ Bewpeitar 6TL o1 pkpoopyavicpol ypetdloviot Tepimov o povado aldtov yio
k&g 30 puépn dvBpoaka mov amodopovv yia va tapapeivoov evepyol (Chowdhury «.a.,
2013). Z1ovg 16T00G TV pikpoopyovioudv, o Aoyoc C / N kvpaivetar amd 5 @ 1 émg
10 : 1. Ta Boktplo €govv Yevikd TeplocdHTEPT TPMTEIVY] OO TOVG HOKNTEG, Kot
ouvendg kot pikpodtepo Adyo C / N. Emopévmg, ot pukpoopyavicpol mov avéavovrol
paydaio oTo aPYIKA OTASI TNG KOUTOOTOTOINGNG TPEMEL VO EVOMOUATOVOLV GTO.
KOTTOPA TOLG KOTA LEGO OpO OKTA péEPN avBpaka yia kdbe éva pépoc aldtov. Adym
Tov 0Tt povo to 1 / 3 mepimov tov dvBpaxa mov petoforileror amd ta pikpoOPio
EVOOUATMOVETAL 6TO, KOTTOPA TOLG (To vOAOwmo ekmvéeTal kat ydvetar wg CO»), Ta
pukpoPia yperaletor va Bpovv mepimov 1 g N yia kabe 24 g C mov amodopovv. Avti n
avdykn oonyel mpokTiKd o€ emioyeon ™G WKPOPLOKNG OpacTNPOTNTAS KOl TNG
AVOTOPUYOYNS omodounT®dv (Kupiwg mpoPfAnuate oty mpoteivochvieon) otav o
Adyog C / N ota amodopovpeva VA tov Koprmootoowpov Eemepvd 1o 25 - 30. I'a to

Adyo avtd TpochHitovpe ALMTO G EDKOAN APOUOIDSIUN popeY). Edv mdAr o Adyog C
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/' N givan apxetd youniog (my. C / N=10 - 15) ko1 o opyovikdg avOpaxog gvKorn
amOdOUNCIHOS (Y®PIg HEYEAN TEPLEKTIKOTNTAG GE Alyviveg) TOTE pmopel va Exovue
OLGGMPELON  TOXEMG EKALOUEVNG OUUOVIOG 7OV OV EMOVOKIVITOTOEITOL.
YrepPolkn mocodtTo appoviog umopet emiong vo amoPel 1dwaitepa TOEKN,
nopeumodilovrag €tor v oadikacio g koumootomoinong (USEPA, 1994). Ot
Topamave Adyot givor ) ortia Katd TV omoia TPy TV Evapén TG KOUTOGTOTOINoNG
pootifetan TosoTNTA Al®TOvYOL AMmdcpatog Yo T 610pbwon tov Adyov C / N oto
~ 30/1. H vuirpwn oppovio eivor pio Ko emAioyn o0t £XEl GETIKA YOUNAO KOGTOG
Kol TOPEYEL EVOV KOAO GLVOVOCUO OUU®VIOKNG HopeNS N (Tov a@OopOldVETOL U
HIKPOTEPO EVEPYELONKO KOGTOG OO TOVG LKPOOPYAVICUOVS OAAG elval TOEkn o€
HEYAAES CLYKEVTIPMOOELS Kot pmopel kot va amwAiectel o¢ appovia av to pH avePel
vrepPoikd YnAd o€ KAmMOlES TEPLOYEG TOV KOUTOGTOGMPOV) Kol VITPIKNG HOPPONG
(Tov €xel PEYAAVTEPO EVEPYELOKO KOGTOG OAPOUOIMONS, OAAL Oev mopovclalel ta
TpofAquato pOOIOTG TOV VITPIKMV).

INo va dtopBwbei n apyxn oxéon C / N tov kKhadepudtov elatokopiog and 64
/1 610 30/ 1, mpoctébnkayv cto apyiko deiypa 2,8 Kg vitpikng appmviag (34.5% N).
X€ TOKTA YPOVIKA SLCTNUATA, YVOTAV EAEYYOS TG Beprokpaciog kot TG vypociog.
Otav N Oeppokpacio émspte YOpm otovg 30 °C, yivovrav yvpicpoto Tov KOPTOoT.
210G TPOTOVG 4 Pnveg (otabepomomtiky mePiodog) 1 Bepuokpacio KopdvOnke amd
29,2 éwg 60,1 °C, evd otovg emduevovg dVo pfveg (mepiodoc mpipovong) m
Oeppokpacio kopavOnke anod 24,5 éog 28,3 °C. To mpipo xopmdot (Compost Olive
Tree Pruning Waste) culAéybnke, mA0ONKe OPKETEC POPEC UE AMOVIGUEVO VEPO,
Enpabnke oe povpvo otovg 50 °C, kovioptomodnke kot mépace and kdéokvo 0,5
mm, o6mwg okplPdc mpaypatomrombnke ota OTPW. And €6 ko oto €£ng, 1O
KAadEpaTO, EAatokopiog Kot To Tapayopevo koumdot o avapépovror wg OTPW ko

COTPW, avrtictoyo.

2.1.2 Ileypapata oraAeimovTog £Pyov

Y& mhaotikd eraAidwa (falcon) tomoBetnhOnke katdAinin tocdmra (C)-OTPW
KOl  OUYKEKPUEVOG  OyKog  OlaAduatog Pb nf/kow  Ni, mpokabopiopévav
ovykevipdoeny. Ta Stock SoAdpoTo TOV WOVIOV HETAAM®OV TOPACKEVAGTNKOV
dodvovtag katddniec mooodtrteg okovng Pb(NO3), 1 Ni(NO3),-6(H,O) oe
amESTAYUEVO VEPO KOl 0KOAOVONGE TPosHKN KpdV TocotNTeV 0o 1 Pacemg
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mpokeévou va pvbuiotet To pH otig embountég Tipés. ‘Emerta axolovdnoe pvbuon
¢ Oeppokpaciog otig emBLUNTEG TYES. LT GLVEYELD, TO PLOALdLO ovaKiviOnKay og
dpopovg ypovovg. Tlpwv ko petd v avakivnon, kotaypdenke n tiun pH tov
SO pOTOG Kot awpnpatog avtiotorya, pe pH-petpo Crison micropH 2002. ‘Enetta
aKOAOVONGE PLYOKEVTIPNON GE GLYKEKPIUEVEG GTPOPES Kol TPOKAOOPIGUEVT OLAPKELLL
Kol TEAOC mpaypatomomOnke dmbnon.

H axpipfg cvykévipmon Tov KaTiOVIOV HETAAA®Y GTO VIEPKEIPEVO SLOAVLLAL
TPOGOIOPIGTNKE LLE TN YPNON PAGLOTOPOTOUETPOL OTOUIKNG omoppdenong Varian
SpectraA300. To mpoopoenuévo Tocd petdAlov avd Enpd PBapoc vikod ce mg / ¢

VTOAOYIOTNKE MG EENG:

_V(G,-C)
m

o 2.1)

o6mov ;¢ givar 1 moocdTTA pET@AAov mov &yl mpoospoendel and ta (C)-OTPW og
omoldNToTE Ypoviky otiyun t exppacuévn oe mg / g, V eivor o Oykog tov
StAvpdTov ToV VIOV HETIAwV ot L, Cy glval 1 apyikn cuyKEVIP®OT TOV 1OVI®OV
petdhiov oto dtlvpo oe mg / L, C; givor 1 1EMKN GLYKEVIPOON TOV 1OVI®V
UETAAA®V 0TO dtdAvpa 6T XPOoviKn otyun t ekppaocuévn oe mg / L. m givon to Enpod
Bapog twv (C)-OTPWoe g.

Ta mepduoto ekpdenonsg Erafov yodpo aEOL TPATO TPAYLATOTOMONKE
TPOCPOPNON GLYKEKPIUEVNS cuykévipwong petdArov ota (C)-OTPW. To mocootd
expoenong % vroroyiletar mg e&€ng:

SKpé(pnﬁT]%:g—d X100 (2.2)

e

Omov (g, €lval T0 TOCO HETAAAOL TOL €KPOQEATOL KOl (e €lval TO TOGO TOL

TPOGPOPATAL, AVTIGTOLYOL.
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2.2 Movtéla Bropéoonong

Me o10%0 TV OavATTUEN €VOG OMOTEAECUOTIKOL Kol akpifodg oyediov
amopdkpouvong pOHTOV amd VOATIVA GLCTHHATA, XPEWGLETOL 1] LEAET TG 1COPPOTING,

NG KIVNTIKNG Kol TG 0EPLOOVVALIKTC KATAGTAOTC TOV GUGTNLOTOG,.

2.2.1 Io60gppec mpocpéenong

Ot 1060epueg mpoopdenong eivar €va ypnolpo epyoreio mov  mopEyel
TANPOPOPIEg OYETIKA UE TN Oe@PNTIKY] HEYIGTN TPOGPOPNTIKN KOVOTNTA KL TIC
eVOEYOUEVEG  OAANAETOPACELS UETOED TOV  TPOCSPOPNTIKAOV HECOV  KOL  TOV
npocpoenuéveov ovolmv (Bharathi xor Ramesh, 2013). Ot mo yvootég kot gupémg
EPaPUOGILES vt ot 1600gppeg Tov Langmuir kot tov Freundlich.

H 1660gpun tov Langmuir (Langmuir, 1918) otn un YpOpUK) Kot YPOLUIKN

popon, anekovietor otny e&icwon 2.3 ko 2.4, avtictoryo:

b.C

= e 2.3
B = 1+b.C, (23)
C_ 1,1t (2.4)
qe qm qum

Onov (e elvar n mocdtTOL LETAALOL OV €)Yl TPOSPOPNOEl Amd TO TPOSPOPNTIKO
VAIKO, otnv Kotdotaot tooppomiac, ekepoacuévn oe mg / g, Ce eivanr m teMKn
GLYKEVTIPMOOT) TOV SLOAVLATOG TOV LETAAAOD GTNV KOTAGTAOT) IGOPPOTING EKPPACUEVT
oe mg / L, by xou gm eivor cvvieleotég mov oyetiCovrol pe T ovyyéveln Kot T
UEYIGTI TPOGPOPTTIKY] IKOVOTNTA, OVTIGTOTYO.

H 1060epun tov Langmuir, bswpei O0TL T0 €vepyd KéVIpo, o©TO. OmOio
TPOYUOTOTOEITOL 1] TPOGPOPNOY, EYOLV TNV 101 YNUIKN OLYYEVEWL pHE TN
TPOCPOPOVLEVT] 0VGI0, OONYMVTAG GTO GYNUOTIGUO LOVOSTPMUATIKNG KAADYNG TOV

TPOGPOPNUEVOV OVCIDV.
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Yy mapovco epyacio, ot otabepés gm ko b vwoloyiotkav omd v Khion
Kot omd v tetaypévn ent mv opyn avtiotoya (Ce/ge évavtt C,), g Ypopikng
napdotaonc e ypapuutkng popene Langmuir (E&icwon 2.4)

Avtibétog 1 1660gpun tov Freundlich (Freundlich, 1898), mepiypdoper v
TPOGPOPNGCT OE ETEPOYEVELG EMPAvVEIES OTIS Omoieg To. evepyd ké€vipo Omov
oLVTEAEITOL M TPOGPOPNOT SLOPEPOVYV (OC TTPOG TNV YNUIKT GLYYEVEWD MG TPOG TNV
npocpopovpevn ovoia. H 1660gpun tov Freundlich ot un ypopukn kot ypoppikn

popon, anekovietor amd Tic eElomoelg 2.5 Ko 2.6, avtioToryo:

d. = K,C." (2.5)
Ing, =InK_ +%In C, (2.6)

Omov Qe €lvar M 7OGHTNTO TOL TPOGPOPNUEVOL HETAAAOL OTNV  KOTAGTOOM
ooppomiog exkepacpuévn oe Mg / g, Ce glvar  TEAKN GLYKEVIP®OOT TOV SOAVUATOG
TOL UETOALOL 0TV Katdotaon lcoppomiag ekppacpuévn o€ mg / L, Kg eival o
ovvteLeoTNG oV oyetTiletan pe v evlaimio poPNoNg Kot 0 GuVTEAESTHG N oyeTileTOn
LLE TNV ETEPOYEVELD TNG EMUPAVELOG.

Ymhpyovv TePMTMOELS, TOV TopaTnpeitan ot 1060eppeg va amoTeAoVVTOL Omd
dvo eminedo omdTE pmopet vo epapuocbei n 1660gppog tov Langmuir 6vo emmédwv

(LOpez-Pifeiro «.a., 2009), 6nwg gaiverar otnyv &icmon (2.7):

bLZCe

bLlCe
+ qm2
1+b,,C,

1+b,C,

q = qel + qe2 = qml (27)

o 10 k@Oe emimedo Eeywpiotd epapudleton M ypouuky popen tov Langmuir
(E&lomon 2.4) €101 0mmg avagépbnke mapandve. TO cuvolikd ABpolGHa TNG LEYIOTNG
TPOCPOPNTIKNG KOVOTNTAG (m TPOKLMTEL amd TO HOVOUEPESG ABpolcpa TV Vo

EMMES®V (qmiKot gmy).
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2.2.2 MovTtéAho KIVIITIKNG KO UMY OVIOROG TS TPOSPOPTONG

H pedétn g xivmtikng, eltvor onuoavtikn ywoo tv mpdpreyn tov PEATIOTOV
ocUVONK®OV OTNV EQOPUOYN OOIKAGIOV TPOGPOPNONG O€ UEYAAN KAipoako. H
EQOUPUOYT] TOV HOVTEA®V KIWNTIKNG Oivel emiong mAnpoopieg yio Tovg mOovovg
unyaviopovg g mpoopoenons. 'evikd, ocopeove pe tovg Maksin x.o., 2012, n
TPOCPOENON €VOG UETOAAOV GE €va TOPMOES VAIKO, meptlopfdavel ta e&ng otddo
Eympo 2.1):

o) O1dyvon TV VIOV HeETdAAoL oto ddAvua (bulk diffusion),

B) dtbyvon TV 1OVTIOV HETAALOL pEoa amd GTAGILO VUEVIO TTOV TTEPBAAAEL TO
pocpoenTKo VAo (film diffusion),

Y) mPocpOéHENON TV WOVI®V HETAAAOVL OTNV eEMTEPIKY| EMUPAVELD, TOV
TPOGPOPNTIKOD  VAIKOV  oynuotiloviag oOUmTAOKO €0MTEPIKNG 1N €EOTEPIKNG
emMEaveiag,

d) EVOOGOUATIOWKY] O1dYLON TOV WOVIWV UETAAALOL GTOVG HAKPO-, HECO- KoL
pikpo- mépovg (intraparticle diffusion) ko

€) TPOGPOPNON TOV WOVIMOV UETAAAOL GTNV ECOTEPIKT ETPAVELQL.

To mo apyd otddo omd to mapandve (o-g) Aéyeton 0Tt kabopiler Tov pvOUd ™G
npoopoenong (Crini ko Badot, 2008). A&iler va avagepbel 6T Ta 6TAdIAL ¥ KO €,
elvar apketd ypryopa KoOIGTOVTAG £T61 AVEPIKTO TOV VTOAOYIOUO TNG TOYVTNTAS
toug. Emiong Aéyeton 611 0 otdda a (bulk diffusion) xou B (film diffusion) pmopei va
ayvonBovv edv emtevyBel GpPKETA KAVOTOMNTIKY TOYVTINTA OVAOELONG KOTA TNV
ekTéLEOT TOV TEPOUATOV dtaAeimovtog épyov (Crini ko Badot, 2008). H mapamdvem
Bedpnon elvar cwot Yo T0 o 6TAd10, MOTOCO OUMG €ival ap@EAeyouevn vy o B
6Td010.

Ymdpyovv mapo MOAAA HOVTEAD KVNTIKNG Tov e@appdlovior o Béuata
TPOCPOPNONG MGTOCO TO, O EVPEMS OLAOEOOUEVA EIVOL TO LOVTEAO YELOOTPMTNG KOl
yevdodevtepng tééng. A&iler va avoeepBel OTL TOpPATOVEO HOVIEAN KIVNTIKNG
nepapfPdvouv Oha ta mpoavaeepBivia otdole (0-g) YU avTtO OTOKOAOVVTIOL
WYEVOOUOVTEAN KO 1 OVOTOPOY®YN TNG KWWNTIKNG NG TPOSPOPNONG HE avTd TO
povtéla dev €xovv euoikn onuacio (Crini ko Badot, 2008). Avty givar kou 1 autia
ov ot PBipAoypagia TpoTEivETOL 1 OVOTAPOYWYN TNG KIVITIKNG OO LOVTEAD OV

BaoiCovtat otn petagopd palog (Crank, 1975, Mckay «.a., 1986, Findon k.a., 1993).

43



@ lovTa yeTrdAlou

® Evepyéc BEoeig-opadeg

Yompo 2.1 Zynuatikn anetkéviorn Tov oTadiov TG TPospoOPNong TOV OVIOV HETAALOL of
éva TopmOEC HEGo OOV @) Sldyvon TV WvTeV peTdiiov oto didAvpoe (bulk diffusion), B)
Sudyvon TOV VIOV UETAAALODL HECH OO GTAGIUO LUEVIO OV TEPIPAAAEL TO TPOGPOPTTIKO
vAko (film diffusion), y) mpoopdenon tav WOVIOV PeTdAlov oV eEMTEPIKY EMPAVELD TOV
TPOGPOPNTIKOD VAMKOD oynuatiloviag cOUTAOKE €0MTEPIKNG 1 eEMTEPIKNG empaveiog, 0)
EVOOCMUATIOWKY OldYLOT TOV WOVIOV HETOAAOVD GTOLG WAKPO-, HECO- KOl HIKPO- TOPOLG
(intraparticle diffusion) kot €) TPoGPOPNON TOV WOVI®V PETAAAOL GTNV ECMOTEPIKT EMLPAVELQ.

Mo ™ pedémn tov unNyavicpov TG TPOSPOPNONG Kol TNV EVPECT] TOVL TLO
apyov otodiov, To omoio koAeitar pvOpopvOotikd Prpo (rate limiting-step) o
kaBopilel To puOUO TG TPOooPOPNONG, EPAPUOLOVTOL SIAPOPA LOVTEAN [LE KVPLOTEPQL
TO HOVTELO TG evdoompatidtakng ddyvong (Weber and Morris, 1963) kot to povtédo
tov Boyd (Boyd «.a., 1947).

H xwvntuay yevdompadg tdéng, yvoot kot og e&icwon Lagergren, yevikd
TeprypapeTarl and v akolovdn e&iowon (Lagergren, 1898), n onoia otn ypopuky
™G Hope G eivar n 8AG:

In(q, —q,) = Inq, —kit (2.8)
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6mov e (Mg / @) givar M mocdTTO. PETAAAOL TIOL £)XEL TPOGPOPNOEL GTN YMUIKY
wooppomio, gt (MY / g) eivor M mocdMTO peTAAAOL OV €yl TpoopoPndel otV
exGoToTe Ypovikh otypd t kot kg (Min™) eivon 1 otadepd kivntikdg Tpde tééng. To
TEWPALATIKE dEGOUEVA TPOKELLEVOL VO AKOAOVOOVV KIVNTIKN Wevdompdtng TaENG Ha
npénel M ypagkn mapdotacn In(g, —g,) ovvapticel tov ypodvov t, va eivar gvbeia
ypopun. Amo v kiion g evbeiog ypoapuune Kot amd v TteTayuévn i v apyn
vroloyilovtan ot otabepéc Ky kat ge, avticTorya.

2V TEPITTOON OV 1 KIVITIKY YELIOTPATNG TAENS dev elvan gvbeia ypapun,
umopet va vioBetBel Kivntikn yevdoodevtepng téEng (Ho kot McKay, 1999) n omoia
etvon m eéne:

t_t .1 2.9)

q ko’ q,

omov Je (mg / g) eivar n mocdtTO pETAAAOL OV €xEL TPoopoPNBel oTNn YNUIKA
wooppomia, (i (mg / g) eivar m moocodHTO petdAhov mov €xel mpoopoenbel oe
omowdfmote ypovikn otiyun t kar ko (g mg?t min™) eivor n otabepd kvnTikic
dgvtepng 1aénc. o va akoAovBel n pdenon KNtk yevdodedtepng TG, Oa
npémel M Ypoeikn mapdotaon t/ gy Evavtt tov t va mpokvmtel gvbeio. Amo v Khion
™G evbelag Kat amd TV TETAYUEVN XL TNV 0Py, LTOAOYILOVTaL 1) TOCOTNTO LETAAAOL
7oL €xel TPoSpoPNOEl ot YNKY 1oppoTia Je kot 1) otabepd Ko, avtictorya.

To povtého g evdocopatdlokng owdyvong (Weber kot Morris, 1963)
opileton wg e&Ng:

G, = kigt** +C (2.10)

omov (¢ (Mg / g) eivan  mocdTNTA PETAALOV OV £)EL TPOGPOENOEL GE OMOLUONTOTE
ypovikn otypd] t ko kig (Mg g min®?) eivon 1 otadepd TaydTTAg TG Stévonc.
Edv n ypagwn mopdotacn ¢ Evavtt t°° eivar evbeio YPOUUN KOl TEPVAEL OO TNV
apyn tov aE6vov kot emopéveg C = 0, 10te 1 evo0couaTIdOWK: Odyvon givol To
puOuopLOoTIKO PApa mTov eAEyyel TV Tpoopdenon (Maksin k.a., 2012). Edv
evbela dev mepvael amd v opy Tov afdvov kol emopéveog C # 0, t0te M
EVOOCOUATIOWKY Oldyvon dev glvarl 10 uévo KaBopPIoTIKO Yo TNV TaVTNTO GTAJ0

aAAG VEAPYEL KATol0¢ Pabudc enidpaocng g opraxkng otoadag (Maksin k.a., 2012).
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To povtého tov Boyd (Boyd «.o., 1947) mapovoidletar othv mopoKatom

eElowon:

B, =-0.4977 — In(l- X (2.11)

e

o6mov ge (Mg / g) elvan n mwocodTNTO. PETAALOL 7OV EYEL TPOoSpoPNOEl 6T YNUIKY
toopporio. ko (¢ (Mg / g) eivor n mwocodTHTO. PETGALOL 7OV €YEL TPOoGpoenOel g
omowadnmote ypovikn otiyun t. Edv n ypagikn mopdotaon Bt évavtt t eivon gvbeia
YPOUUT Kot TepvAeL amd v apyn Tov aovov, T0Te 1 EVvOOCMUATIOWKT O1dyvon
elvar 10 pvBuopvOcTIKd Pripa, T0 oTAO INANSN TOL EAEYYEL TNV TPOCPOPNON
(Feng «a., 2012). Avtibétmg, dv ivor gvubeio ypapun Kot 0ev TEPVAEL Amd TV apyn
TOV 0EOVOV, TOTE 1 Od(LOT TOV OVTIOV HETAAAOD UECO OO GTAGILO VUEVIO TTOL
nepifdrrer to mpocspoentikd viko (film diffusion), anotelel to pvOUOPLOUGTIKG
prua (Pirbazari k.., 2014).

2.2.3 Ogppodvvopiki HEAETI) TOV GVGTINOTOG

H Beppodvvapuxn perétn €xet g okomd v €dpeon TV HETAPOADV NG
npdtomng evlodmiog AHY g mpoTumng erevBepnc evépyewag Gibbs 4G kar tng
TPOTLTNG EVTPOTIOG 48°. H YVOOon ToV UeEYEBDV auTdv givar yprotun yio T HEAETN
TOL UNYAVIGLOV pOPNONG.

H petopors g npotumng ehevBepng evépyewag Gibbs AG® (kJ / mol), katd

poOENoN Uropel va VITOAOYIoTEL G EENG:
AG® =—-RT Inb, (2.10)

6mov by (L / mol), n otabepd Tov Langmuir , oe dtdpopeg Bepuokpacies T (K) kot
R=8.314 J K mol® n maykéopo otabepd aepiov. Apvnrucée tpég g AG°
InAmvouv awBopunt pdéenon (Munagapati k.a., 2010).

H npdromn evBamio poenone AH® (kJ / mol) opitetar o 1 BeppodTnTa mov
amoLTELTAL Y100 TN PETaPOPA evog Mole dtoAvpévng ovciog 6€ mPOTLTN KOTAOTOOT

dmepng d1dAvong, and v vVOATIKY PAoN OTN GTEPEN PACT € TPOTLTN KOTAGTAO
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drmelpng OodAvong. Oetikéc TEG NG AH, oNAdvel OTL M TpocpodPNon elval
evdoBepun avtiopaon (Yang k.., 2010) ewddArhwg, apvntikég TiHEG OnAmdvouy OTL M
npocpoenon sivar eEmOepun avtidpoon (Garcia-Rosales x.a., 2012).

Oetikéc T g ASY SnAdvouy abénon e ota&iog Tov GUGTAHATOC KaTd T
npoopdenon (Yurtsever kou Sengil, 2009) evéd apvntikég THEG INA®VOLV peimomn g
ata&iog tov (Iddou k.a., 2011).

H ehedbepn evépyewa Gibbs AGY, n mpétomm evOodmion pdenong AH® xar 1
petaBoln g evrpomiag e poenong AS° (kJ / mol K) cuvdéovtar pe tnv eEfg oxéon:

AG® = AH? —TAS® (2.11)

Edv amd ™ ypoapik| mapdotoom AG® évavti tov T mpokLTTEL gubeion yYpopun,
EMTPEMETOL O VTOAOYIGUOG TOV UETAPANTOV AS® kou AHC amd v KAlon ¢ evbeiag

Ko 7o TV TETayUéVn emi Ty apyn, avtiotorya (Wang «.a., 2010).
2.3 llewpdpoto etmacemv

2.3.1. M£0060g vToA0YIGHOD MKPOPLUKNS AVATVONG

To Jw&eido TOL GvBpaKka MOV TOPAYETOL KOTE TNV  OVOTVON TOV
UIKPOOPYOVIGU®MY 0T €001k detypota moyldevetal 6to dtdAvpo vOPo&ediov Tov
vatpiov (NaOH) mov mepiéyovv ta falcon. Xt ocuvvéyeln, o€ TPOKAOOPIGUEVES
YPOVIKES oTryuéG vtoAoyileton n mocodtnTa Tov NaOH mov dev €xel avtidpacel pe to
CO, péom T1itAodoTNoNG tE VIPOYAWPIKO 05D YVOGTNG CLYKEVTPOOTG.

[T ovykekpyéva, 10 ddAvpa tov NaOH oavtidpd pe 1o d10&eido tov

avBpaxa (CO7) ko oynuotilel avBpakiko vaTplo cOLP®VA e TV EENG avTidpao:
2NaOH + CO, =Na,CO;3; + H,0
2T QuaAEG TOV TEPEXOLV EJUPIKA Oetypato 1 €0apkd VAKE pall pe

opyovikd vAwkd, o CO;, Tpoépyetor amd TNV OVOTVELSTIKY OpacTnpdTTe TOV

€00PIKAOV UKPOOPYOVIGUADV KOl TOV a€pa TNG QLIANG, EVO € OVTEG OV Ogv

47



neptEyovion edaPikd deiypoto (TvPAd) to 010&eidlo Tov AvBpako TPoépyetar UOVO
amo TOV 0EPa TNG PLAANG.

Ao ™V mapondve avtidpacn mepioceel mocdtnta dStaAvpatog NaOH o161t
10 mapayopevo CO;, dev emapkel yia va to eEavtinoet 06Ao. 'Etol mpokimtel didhvpa
mov mepi€xel NaOH ko Na,COs3, to omoio dev eivan dvvatdv va tithodotn el dueca
pe to HCI, apov kot to vdpo&eidto Tov vatpiov kot to avOpakikd vATplo avtidpodv pe
avtd. T va koataxpnuvicotel to avBpakikd vdaTplo, mpootibetor StdAvpa TOv

yAopLovyov Papiov, Kot TPOKVTTEL 1] TOPAKAT® OVTIOPAON:

Na,CO3 + BaCl, >BaCOj; + 2NaCl

To avBpakuo Baplo (BaCO3) mov mpokdntel katamintel og {nua kot dgv avTdpd e
to HCIL. To HCI avtiopd poévo pe 1o vmoroito NaOH ocoueovo pe v mopakato
avTiopaon £E0VOETEPMONG:

NaOH + HCI =NaCl + H,0

2.3.2. Mg0odoroyio kKhaopdtoong — Tporomomuévy BCR: Awdwkacio

OLd0 KNG EKvMonG 3 oTadiOV

H pébodog dradoytkng ekydAiong mov emAéydnke nrav n tpomomomuévn BCR.

Ta otddo mov mepthauPavet sivar ta e€ng (Nemati «.a., 2011):

A) Ztéd0 1% KAhdouo dtodvtd oe achevéc 0D - Aviadddéipo

Xe ovtd 10 KAAopa TEPAOUPAVOVTOL Ol VOOTOSIHALTEG KO OVTOAAGEIUEG
popoéc Tv ototyeiov. [a v apaypoatonoinon avtod tov ctadiov tpootédnray 35
mL SwAvpatog o&wov o&émg (CH,COOH) 0,11 M (Merck Suprapur ®) ce 0,88 g
detyporog (£dapog 1 Ko £60pog + vAkd). ‘Enetta, ta detypata avakwvovvion otig 30
+ 10 rpm vr6 Beppokpacia 22 = 5 °C yu 16 dpec. To exyoopa dwywpileton pe
evyoxévrpnon otig 3000 rpm yio 20 Aemtd. Téhog, ta delypata dmbodvtar, eved To
StdAvpo cVAAEYETOL 0 TAOGTIKA QloAidia Tov 50 mL kou amobnievovtal 6to Yyuyeio

otovg 4 °C péypt T HETPMOT TOVC.

48



B) 216810 2% KAGouo cuvdedeuévo Le To avay@yLue. GLGTOTIKG - Avaydyuo

Ye avtd 1o KAGouo TEPAOUPAVOVIOL Ol HOPPEC T®V OTOLEI®V OV
exyeMlovtar Vo avaymyues ocvvOnkes (omnv TEPINTOON €30QOV EVVOOVUE TIG
HOpOES eketves TV oTotyelmv Tov cuviBmg Ppickovtor cuvdedepéves pe ta 0&eidta
tov Fe ka1 tov Mn).

[o v =@paypatonoinon oavtov Tov otadiov, mpootiBevror 35 mL
vopoyrpikng vopo&viapivng 0,5 M (o pH 1,5) (Merck pro-analysis) 6to vwoOAepo
TOV TPAOTOL 6TAdIOV. XTN GVVEXELD, Ta deiypata avakivodviot otig 30 = 10 rpm vd
Bepuoxpacio 22 £ 5 °C yuu 16 opeg. H o&ivion tov avidpactnpiov yiveton pe v
npocHnkn daivpatog 2.5 % (v/v) 2 mol / L vupwov o&éwg (HNO,). Téhog,
axoAlovBel puyokévrpnon, dbnon, GLALOYN Kol AToBNKELOT TOV JSEYUATOV, OTMG

GTO TPAOTO GTA10.

IN) Ztado 3°: KAdouo cvvdedeuévo ue ta 0&eldmoipo cvuototikd - O&elddouio

Xe auTd 10 KAAouo TepLAapPavoval ot LopPEég TV otoryeimv, exyetdiloviot
VO 0EEWMOUEG GLVONKES (CTNV TEPIMTOON EGUPDV EVVOOVLLE TIG LOPPES EKEIVEC TV
ototyelov Tov cuVNBWG BpiokovTol CLUVOEIEUEVES LUE TNV OPYOVIKT] OLGI).

e avutd t0 6TAd10, Tpootifevar 8,8 mL wukvol vepoiediov Tov VAIPOYOVOL
(H202) ota vmoleippoto tov dgvTEpOL OTOGIOL. TN GLVEXEWD, TO OElypato
agnvovion va npeunocovv yu 1 opa otovg 22 £ 5 °C. 'Emeita tomobetodvionr 610
V30TOA0LTPO 6TOVG 85 £ 2 °C vy 1 dpa, péypt vo petmbel 0 0YKoG TOv SIHADLATOG GE
Myotepo and 3 mL. Axolovbei emmAéov mposOnin 8,8 mL H,0; og kébe delypa kot
EMOVAAN YT TNG TOPATAVE dtadkaciog pEypt va. Letwbel o 6ykog TV SEIYUITOV GE
Myotepo and 1 mL. 'Emerta, mpootifevion 40 mL dwwAdpoatog o&ikod appmviov
(CH,COONH ) (Merck pro-analysis) kot o pH pvBpileton oto 2 pe v mpochnkn
nokvoL doivpatog HNO,. Ta detypata, tédog, avakivovvtor otig 30 = 10 rpm vno

Oepuoxpacio 22 = 5 °C yia 16 opec K1 €merto puyokevrpovvtal, ombovvral,

GLAAEYOVTOL KOl OTOONKEVOVTOL OTTMG GTA TTPONYOVUEVA GTASLAL.

A) Ttédo 4°: Yrorewpnotikd kKAAoUo ToL HeTdAAov

e autd T0 KAAGHO TEPIAAUPAVOVTOL O1 LOPPEG TV CTOLYEI®V TOV ATOTEAOVV
GLOTOTIKA TNG OOUNG TOV OPLKTAOV (VTOAEUUATIKEG HOPQES). MeTd Tto TEAOG TV

Tponyovpevemy otadiov, mpootiBevtar 25 mL aqua regia oe kdBe delypo. Xt
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ocuvéyela, to oelypata Beppaivovtor oe vynAn Beppokpacio yoo 16 ®peg kot téA0G

dmOBovvtan kot cLAAEYOVTAL GE TAAGTIKA PloAidla Tov 50 mL.

2.3.3 IIpocowopiopdg TV apé®v peTadilov

H ovykévipoon tov Popéov pHeTdAAOV  OTo  VTEPKEIPHEVA  VYPA

Tpocdlopiotnke o€ aTtopky anoppoenon (Varian SpectrAA).
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Kepdaiaro 3

Enidpaon TS KOPTooTomoineng 6€ AyVIvOKUTTUPLVOU)Y O DVAIKA Y10, TN
Bropoenon Pb kat Ni aé véoativa daivpato.
(Anpooievuévo ¢ €énc: I Anastopoulos, I. Massas, C. Ehaliotis, Composting
improves biosorption of Pb?* and Ni** by renewable lignocellulosic materials.
Characteristics and mechanisms involved, Chemical Engineering Journal, 231 (2013)
245-254, Tlopaptnuo 1)

Iepiinyn
H xoupmoctomoinon g Proroyikr| Oepyacia, eivar wovy va Peitidost v

TPOGPOPNTIKN KAVOTNTO OPYOVIKOV VAIKOV TPOEPYOUEVO OO OVOVEDGIUES TNYEC.
Ta evpéwg drnbéoipa KAadépata eratokopiog (OTPW) kot to mpoepyoduevo amd avtd
kounoéot (COTPW), eEetdomnkov GULYKPITIKO GE HOVOUETOAAMKY KoLl OUUETOAAKNY
pomavon pe Papéa pétaira. H Bropdenon tov Pb ftav peyorvtepn an’ 6t tov Ni ko
péylomn mpoopoenon moapotnpndnke oe pH 5,0. Merétn g kivnTikng £€0€1Ee 0TL N
dldkacion TG TPoopOHPNoNS akoAlovbel KvNTIKY yevudodenTepng Taéng evd To
TEPOAUOTIKA SESOUEVA TG TPOGPOPNONG, aKoAoLOOVV TV 1660gpun Tov Langmuir. H
Kopmootomoinon odnynoe oe avénon tov Twov RTo duvapkod kot 1 wKovoTnTo
AVTOALOYNG KOTIOVTOV oYedOV vrepdmlaciaotnke (amd 37,6 avénbnke oe 87,4
cmol/ Kg), odnyovtog oe peyaivtepn npocpdéenon tov Pb kot Ni, akdpo kot o1ig
vynAég Beppoxpaciec. Ta mOGOGTA aVENCNG TNG TPOCPOPNTIKNG KOVOTNTOS NTOV
144%, 78% xou 148% oty mepintwon tov Pb ot 29%, 59% kot 108% otnv
nepintoon tov Ni, otoug 10, 25 ko 60 °C, avtictoo. Adym TS KOPTOGTOTOINoNG,
ta pacpata FTIR €ei&av onuovtikés alhayég otn ynuikny dopn tov OTPW, ko
épyovtol e cupemvia pe TV depyacio e 0EEWBMTIKNG amoddunons. Avdpeso ota
yxpnoonoovpeva ekpoentikd dwAivuata, to HNOj3 kot 1o EDTA édeiéov
péylom avakmmon tov Popéwv petdAiov. H xoumocstomoinon odonynoe oe éviovn
HEl®ON NG QUOIOPOPNONG, OElYVOVTAG TNV 1oYVPY OLYKPATNON TOV Popémv
petdhiov oto COTPW. Xg dipetaldiky pomaven, 1 avioyovietikny dpdcn tov Ni
otV TPocpdENoT 1oV Ph o€ OAEG TIG GLYKEVTIPDOGELG KO 1] OVTOY®OVIGTIKT OpAon Tov
Pb otnv npoopdenon tov Ni otic yapniéc ovykeviphoelg eEaieipOnke pe ™ xpnon
tov COTPW. Tevikd, to OTPW amodeiytnke 611 givor wovo PBropoentikd vAIKoO,
€101kd yia to Pb, kot 011 | KopmooToTOINGN 001YNGE G MOADTAEVPN PeATioTOTOING

TOV TPOGPOPNTIKMV YAPOKTNPIOTIKAOV.
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AéEerg kKrewona: Kiaodéparta elatokopiog, Kopmootonoinon, Biopogpnon, Iodbeppec,
Pb, Ni
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3.1 Ewoayoyn

Elvar xowd amodektd o1t ta Papéo pétaria (BM) givar onpavtikoi pomot ot
omoiot etvan avBextikoli oto mepPdAlov Adym g un amoddunong tovg. To BM
EICEPYOVTOL GTNV TPOQPIKN OALGION KOL GCUOCMPELOVTAL GTOVG 1GTOVS OPOPWOV
OPYOVICUMV, TPOKAADVTOG O1apopeg aobéveleg (Sari k.a., 2007, Farooq k.a., 2010).
Ta BM, Bpickovtolr 6€ DYNAEG GUYKEVIPOGEIS OTO OmOPANTO 7). Propnyavikd,
ovvBétovtag €161 €va onuavTIKO TEPIBoAiovTikd TPOPANUa maykoouiov euféletag
(Abdel Salam k.a., 2011).

O Pb, givar éva amd to 1o ToEKA péTalAa oTov AT Ko Bpiokel gvpeia
EQOPLOYN OE SAPOPES Propunyavikég d1adIKacieg OTMS Ol O1001KAGIEG EMUETAAADONG
(Yang x.a., 2010). H dnAnmpioon and Pb, éyer og amotéiecpo T Snpovpyia
ONUOVTIKOV TPOPANUATOV oTOV ovOp®OTIVO opyoavicpd, witepa PAGmTOVIOG TO
VEQPQ, TO NTOP, TOV EYKEPOAO, TO VELPIKO Kol TO avamapaymyikd cvotnua (Reddy
K.0o., 2010a).

O Brounyavieg eEopv&emg, ot atponiekTpikoi otadpol Tapaymyng evépyelag,
N TOPOYMOYN UTATOPIDV, ATOTEAOVV CNUOVTIKES TNYES POTAVONG TWV VOATIVOV TOPWV
arnd Ni (Gutha «.a., 2011). To Ni gival tkavo vo TPoKOAEGEL AAAEPYIKES AVTIOPAGELC
E0IKA €melto, omd OEPUOTIKY EMAPT, EVAO VYNAEG GLYKEVIPMGELS GTOV ovOp®OMTIVO
opyaviopd 0d1yodv og Kapkivo tov mvevudvov (Wang kot Qin, 2006).

Ymhpyovv Spopeg TEXVIKEG TOV YPNCLLOTOLOVVTOL Y10 TV ATOUAKPVVCT] TOV
BM ond to omdPAnto, OT®C 1 10VTOOVTOAAOYY, N YNUIKA KOTOKPNUVIOY, T
npocpoéeNon o€ evepyd avBpaka k.A.m. (Lawal x.a., 2010). Qotdc0, 0VTES OL TEXVIKEG
eneoviCouv  PEOVEKTAHOTA OTt®MG TO VYNAO KOOTOG EQAPUOYNG, T MUITEANS
amoOUAKpLVOT TV Popémv UETAAM®V KaB®G Kol 1 mopaywyn ToSik®v omofAnTmv
(m.y. Aomnc) (Wang xor Qin, 2006). Amd 10 Topamdvm, KATAANYOLUE GTO
CUUTEPAGO. OTL 1] EVPECT] ACPOUADY TEYVOLOYLDV TTOV GTOYELOLY GTNV enesepyacio
TOV amoPATOV Yoo TV omopdkpuven tov BM pe yvopova tov youniod xo66tog
EQUPUOYNG KOL TNV DYNATN OTOTEAEGLOTIKOTNTA, VOl avayKaia.

Ta tehevtaio ypovio, TO EMCTNUOVIKO EVOOQEPOV E£XEL OTPAQPEL GE [a
OTOTEAECUATIKY] KOl EVOALOKTIKY] Oladtkacio omopdkpuvong tov BM oand ta
amoPAnta, yvoot og fropéenon. H Bropdéenon Paciletar 1o madntcd dtouympiopod
tov BM péoco mg poenong 1 ¢ cvumiokomoinong toug and Bropo@ntikd LAKA
(Gavrilescu, 2010), kvpimg TPoepOUEVO OO OVAVEDGUUES TNYEC.
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Ta wovpotepa  mAeovekTnuota G  Propoenong elvar 1 KavotTo
EMOVOYPTCLOTOINGNG TOV PLOPOPNTIKMOV VAIKADV, TO YOUUNAO KOGTOC EPAPLOYNG KOL 1)
ATOVGI0 SEVTEPELOVIMV VIOTPOIOVI®OV 1 YNUKOV mpdcbetwv (Munagapati «.o.,
2010). Ymapyovv mOAAL ALyVIVOKLTTOPIVOLYO VAIKG 7OV YPNGULOTOLOVVIOL MG
Bopopntég (Hubbe «.a., 2011). T 1 Pektiotonoinon G TPOGPOPNTIKNG
KAvOTNTOG TOV PLOPOPNTIKOV VAIKAOV YPNCLUOTO0UVTOL SLAPOPES PLGIKEG (OTMG
0éppavon) N mukég nébodot (6nmg yprion Poacikdv daivudtov) (Ahalya k.a., 2003,
Mukhopadhyay «.a., 2011, Plaza Cazon x.a., 2012).

Koumootomoinon opiletor wg 1 agpdfro Proroykn (o&edmtikn) drodikacio
amolKoOOUNoNG Kot otafepomoinong opyovIK®V LMK®V TOL EMITEAEITOL LTO TIG
QUOIKEG KOl YNWKEG  oLVONKEG TOL  €uvoovV TN ddoyn  Beproelimyv,
Oeppoaviektik®v Kot pecOPA®V  pikpofrok®v  mAnfvopmv. Toa  koumdot
epapuoloviar kupiwg oe €6aen pe okomd v avnon g Yovipdtntog Kot Tnv
BeAtimon ¢ mopayoyikdTNTag TOV KOAEpyeumv. Qotdco, doev €xel dobel 1
KATOAANAY TTPocoyn Yo TNV €vOgyOuevn ¥pNomn TG KOUTOGTONOINoNG ®¢ HECO
Bedtimong TV TPoGPOPNTIKAOV 1310THTMOV TV PLOPOPNTIKAOV VAIKMV.

H ypnon vAKodv mov tpoépyovtal amd v mopaywyn fropunyaviag eratorddoon
YPNOUOTOLOVVTIOL EVPEMS Yo TNV amopdkpvuveny BM and védtiva dwaddpoato (Fiol
k.o., 2006, de Hoces «k.a., 2006, Konstantinou «k.a., 2007, Al-Anber x.o., 2008,
Nuhoglu ka1 Malkoc, 2009, Nieto k.., 2010). Ta KAadépoto elatokopiog (OTPW)
TOPAYOVTAL G PEYAAEG TOGOTNTEC OTIC EANOTOPAYWOYIKEG YMDPES KOl GLVINOME GTO
TEAOG TNG KOAALEPYNTIKNG TTEPLOSOL Kaiyovial ota yopdolo, pio emPArafrg yuo to
nepPdAlov texvik) mov odnyel otnv avénon oepimv tov Beppoxknmiov. Qotd6c0, M
EVOALOKTIKY] YPNON OLTAOV T®V VAMKOV ¢ Plopopntdv, £xel peiemdel oe pikpn
KMpoko péypt ottypns. Ta OTPW €yovv ypnoporombet yio tnv amopdkpuvern tov
Pb ka1 Pb, Cu ko Cd, amd tovg Blazquez k.a., 2011 ka1 Uzunosmanoglu «.a., 2011,
avticTolya.

2KOTOG NG TOPOVCHG EPYNCIOG NTOV VO UEAETHGOLUE TNV EMdpOoT NG
KOUTOGTOTOINoNG, ®G PloAOYIKNG dlEPYOCiag, OTNV TPOSPOPNTIKN KAVOTNTO TOV
OTPW, yia v amopdxpovon tov BM amd vodtiva dwoidpata. o to okomd avtd ta
OTPW akolovOncav t diepyacia g kounootonoinong (COTPW) kat ot cuvéyeila
To 000 VAIKG e€etdomkay Yo v amopdkpuven Pb, Ni 1§ kot Pb+Ni and védtva

ovotiuata. o 1 peEAET NG mpoopoOenoNng — ekpdENONG Kot  KIVNTIKNG,
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ekteléotnray mepduato daleinovrog Epyov. Eniong, edopota FTIR tov OTPW kot

COTPW elobnoav, deiyvovtag v nidpaoct TG KOUTOGTOTOINOTG.

3.2 Yika ko pé@odor

3.2.1 Xepropoi vAK®V

O tpoémog cvAroyng kot mapackevng v OTPW kot COTPW, avaeépovtan
avaiutikd oto Kepdrawo 2 (YAkd). Ztn ovvéyeta, ta OTPW xow COTPW, mAvOnkav
OPKETEC QPOPEG LLE OMOVIOUEVO VEPO YL TNV OTOUAKPLVOT GVETIOOUNT®V OLGLOV,
tomofethOnkav Y ERpoavon otovg 50 °C, émerta koviopromomdnkay Kot TEAOC

népacav ond kookwvo < 0,5 mm.

3.2.2 Lyed1o6pn0g TEPUNATOV OLoAEiTOVTOS £pYyov

[Ma ta wepapata mpocspoenong (Kepdiawo 2, Iepapata Tpocspoenong), 0,1
g VAMK®V, tomobetOnkav oe €10kd QraAidte Tomov falcon kou mpootébnke 30 mL
YVootig ovykévipmong BM. Ola to mepdpoto mpoypotonomonkay g tpurlodv
eKTOC TOV TEPOUATOV KIVNTIKNAG 7oL mpaypoatomomonkay € durhodv. o v
EQUPUOYT TOV KOTAAANA®Y LOVTEL®VY 1000EpImOV Kot KIVNTIKNG, XPNOLOTOoOnKay ot
HEGOL OPOL.

H enidpaom tov pH ot Propdéenon tov Pb kau Ni e€etdomke petald 2 — 6, og
toyodo apyiky cvykévipwon petéirov (100 mg / L), otoug 25 °C v 24 dpeg
avdoevong otig 125 otpopéc / Aemto.

H enidpaon tov ypoévov avddevong (mepdpato Kivntikng) eAEyydnke oe
Tuyoda apykn cvykévipoon petériiov (100 mg / L) oe T pH 5, otovg 25 °C yia 5 —
300 Aemtd avadevong otig 125 otpoeéc / Aentd. H tyunq pH 5 emiéybnke 10Tt og
QVTAV TNV TN TOPOVCIAGTNKE HEYIGTN TTpospoenon tov BM and ta (C)-OTPW (
3.3.3 H enidpaon g tyung tov pH). e tiuég pH > 6 dev e€etdotnre n HEAETNG T™NG
npoopdenong twv BM and ta (C)-OTPW yia v anopuyn Katakpriuviong tov BM
¢ adtdAvtov evicoewv (m.y. Pb(OH), kot Ni(OH)2).

IMa 116 16060eppeg TPOGPOPNONG TPAYLATOTOMONKAV TTEPAUATA TPOSPOPNONG

oe Tuyaio evpog Bepuoxpacidv (10, 25 kar 60 °C), oe s0pOg OPYIKNAG GLYKEVIPOONG
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petaiiov 50 — 500 mg / L, tyunq pH 5, yua 24 opec avddevong otic 125 otpopéc /
AEMTO.

IMa tov mpocdiopiopd tov evepydv opddwv tov (C)-OTPW, edopota FTIR
eMjpOnoav oe gvpoc 4000 — 400 cm™.

[Mo to mepduoato eKpOENONG, TPAYLOTOTOWONKAY TPOTO TEPAUATO
TPOGPOPNONG LE aPYIKT SLYKEVTP®ON HeTdAlov 100 mg/L o Ty pH 5, otovg 25 °C
vy 24 ®peg avadevons otic 125 otpogés / Aemtd kau €meita yio TNV AvAKTNON TOV
BM, ypnowonombnkav 30 mL dykov ekpo@nTiKOV SI0AVUATOV OTOS: OTOVICUEVO
vepo, 0,1 M EDTA, 0,1 M HCI, 0,1 M NaNOs3 kot 0,1 M HNO3 ot1g 101eg ouvOnkeg
TPOGPOPNGNG.

2 SeTOAMKY pOTTOVET, akolovOnOnkayv ot ideg apykés cuvOnkeg Omwg
OTN HOVOUETOAMKY, e otabepd AOyo ocvykévipoong 1 : 1 Pb / Ni oe gbpog
ovykévipoong 50 — 500 mg / L.

3.3 Anoteiéopato kKoL ovinTnon

3.3.1 H enidpaon tg KOPTOGTOTOINGG

Ytov Ilivaka 3.1, mopovsialovrol ta yapakmmpiotikd tov (C)-OTPW. Ta
OTPW egivar mhovola og Ayvivn Kot og evdoelg avlpaka, ot onoieg mepdriovton
amd popro Ayvivng. H Atyvivn etvan avBextiky] otnv amodounon mopepmodiloviog
dwdikooio ¢ koumootomoinong twv OTPW (Martinez x.a., 2005). Qotdoo, to
COTPW, epgdavicav younidtepo Adyo C / N odnydvrog oty mTopaymyn opvnTikd
QOPTICUEVOYV  OUdd®V O  KapPoSvlopddov kol  @owvorlopddwv, vrevBuvev
EVOEYOUEVMGS Y1oL TNV auENUEVT IKOVOTN T ovToAlaynG Katioviwv tov COTPW évavtt
tov OTPW. To televtaio amotelel deiktn g wpipudtTog tov kopndot (Gao K.o.,
2010).

H xoumoctonoinon odnynce og avénomn g tiung tov pH and 5,4 oe 7.4, yia
ta OTPW o1 COTPW, avrtictoya. I[evikd mopatnpeitor 6t1 kotd Vv
Koumootonoinomn 1 Ty tov PH petafaileton dpmg teivel va avEdvetal oTadlaKd Kot
T0 TEMKO TPolov eppoavilel Paocikd pH. Xto apyikd otddio mapatnpeitor cuyva
peimon tov pH g amotélecpa TG TAPAYWYNG OPYOVIKAOV 0EEMV TOV GTI) GUVEXELL

amodopovvtal (Bazrafshan x.a., 2016). Avtd ouwg ocvvnbwg cvvdvdletor pe v
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TOTKY EMKPATNON AVOEPOPIKOV CLVONKADV GTOLE KOUTOGTOCMPOLS KATA TO, TPMTO
otdo Tayelog amoddUNoNg Kol KATovaA®ons o&uyovov. AToQEDYETOL GE GOPOVG
7OV £Y0VV KAAO TOPMIESG 1] GVGTN LA EVIGYLUEVOD aepiopov (forced aeration systems).
Eniong n avénon g ovykévipoong CO, 610 vYpd KAAGHO TOV KOUTOGTOGMPOV LLE
™ HopeN| avOpaKIKOV 10VIOV Teivel va peidoet To pH:

CO; + H,0 — H,CO3 < HCO; + H pKa =6.35 (I)

HCO;3; «» COZ +H' pKa=10.33 (II)

H otadwokn adénon g telkng tywng tov pH mov mopatnpeiton kotd tnv
KOUTOGTOMOINGN 0QeileTan og:
a) Ztadlokn peioon S WKPoPlokng  dpaoctnpldtnTag Kot TNG  OVTIGTOWMNG
ovoowpevong CO, oto vVYypd KAAGHO TOV KOUTOOTOCMPOL (ueiwon g
ovykévipoong CO, oonyet tic avtidpdoelg Tov Tomov I & I mpog ta apiotepd).
B) AvBpaxiké drata tov K wor tov Na* mov sivar oystikd svudidAvta kot Sivovy

— J4 v + r Ie 4
CO% ™, évovtl auTtdv TOL Ca®* mov eivar Svodidivta oe pH 7 - 8, odnywvrog Tig

avtipdoelg tov tomov I & II mpog ta apiotepd Kot evvodvtag v dvodo tov pH oe
axopa peyorvtepeg tinég pH (Brady & Weil 1996b, Mari «.a., 2005).

Y) ZTadl0KY] GLVEYN OTOSOUNCT] OPYOVIKOV LTOCTPOUAT®V KOl OTOOOUNCT TOV
VOPOAVOT TOV TPOTEVOV, OUIVIKOV EVOGEMY TOLG TOL OONYOVV GTO GYNUOTIOUO

appmviov (NHz) 1 appeviag (NH3) (Brady ko Weil, 1996a, Bustamante «.a., 2008).
R-NH,; — OH™ + R—-OH + NH,"

NH4+ + OH «<H,0 + NH31
(AtAvpéva 1OvTa) (Aépio)

To cVotnuo appoviov-apupoviog éxet pKa (9,24, otoug 25 °C) smopévag teivel va
avénoet 10 pH oto cvotnpa (ota cuvnon Yo ta Kopmdot pH guvoeitor | petatpony|
™G OUUOVING GE UU®VIOKE KoL 1] 6uvodds amehevfépwon OH).

v) Kotavélmong mpotoviov katd Tnv omoddouncr TTNTIKGOV AMTopdv 0oV Kot
oynproticpd CO;2 ovuemva pe v mopakat® ynuiky aviidopaon (Yan xk.a., 1996,
Bazrafshan «k.a., 2016)

R-COO-COO™ + H" — R-CHO + CO;,
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3.3.2 ®aopata FTIR

210 Zynupa 3.1, mtapovoidlovrar ta edopato FTIR tov vikodv kot ot oyetikég
Kopv@ég avapépovtal otov Ilivaka 3.2. Xvykpirikd pe to OTPW, ota COTPW
vIapyEL peTATOMION TOV KOopLve®v 3404, 2935 ko 1426 cm?, oe YOUNAOTEPECS
GLYVOTNTEG EVD O KOPLPEG TV 1374, 1160 wo 1110 cm™?, eEapaviCovtat. H xopuon
ota 1324 cm™ nov anodideton oTig KaPPOEVAOUESES, HETATOTIOTKE GE YNAOTEPES
ovyvoTNTEG eV LINPEe pelwon TIc cuyxvotTog TG Kopveng 1737 cm™, AMOy® {omg
NG KOTAGTPOPNG TOV SOUDV TOV EGTEP®V, TOV EIVOL TUTIKO POIVOUEVO GTA KOUTOOT
(Ait Baddi «.0., 2004). H petatpom OAEQATIKOV OOUDV KOODG KOl T®V
vouTaVOPAK®OV OT®MG Ol TOALGUKYOPITES Kotd TNV koumootomoinon twv OTPW,
£pyovtal 6 CLUPOVIL HE OVTEG TIG TopoaTave oddayég (Jouraiphy k.o, 2005).

Hivokog 3.1. Xapaxmpiotikd tov (C)-OTPW

OTPW  COTPW M£60d0g

pH 5,56 7,42 1-to-5 Bdapog / dykog adpnuo o€
vepd (Sellami k.a., 2008)

CIN 64,2 24,03

C.E.C. cmol/kg 37,6 87,4 CH3;COONa (Brewer k.a., 2003)

Avtaira&a kotiovto (cmol/kg) CH3;COONH,

Na* 0,85 1,28

K* 13,42 19,35

ca* 11,84 43,35

Mg** 9,79 15,85

Ewuch empéavelo m?g 3,3 3,9 BET

OMK6g 6YK0g ToL TopMSoVg ML/ 0,008 0,012 BET

IO.T.P.W. 3404

3 17371653

iC.OT.P.W 3368

o 300 3000 2500 2000 "7 1s06 77 1000 77 s00
Wavenumbers (cm-1)

Tyqna 3.1. dacpoto FTIR tov (C)-OTPW.
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Hivokog 3.2. Kopveic evepydv ouadmv tmv ocudtonv FTIR tov (C)-OTPW.

OTPW COTPW

(Cm'l) (Cm'l) Evepyéc opdosg Avapopéc
3404 3368 O-H (Smidt xax Meissl, 2007)
2935 2930 Adewpotikég evaroeg C-H (Kejun k..., 2011)
1737 1733 C=0, eotépeg (Ait Baddi x.a, 2004)
1653 1654 C=0 (apidwa 1), C=C (apopatikdg S0KTOAMOG, GAKEVIX) (Huang «.o., 2006)
1507 1507 Avyvivn (Smidt xaw Meissl, 2007)
1459 1460 C-H (Kejun k.a., 2011)
1426 1423 Alapatikéc evoelg C—H , pavoreg OH, kappo&uikd o&éa (COO™ (Smidt xon Meissl, 2007,
) Jouraiphy «.a., 2005)
1374 - Adlewpatikég evioelg C-H , povoreg OH (Kejun k..., 2011)
1324 1334 KapBo&oikd o&éa (Reddy x.a., 2011B)
1244 1235 KapBo&oikd o&éa (Smidt xou Meissl, 2007)
1160 - C-0-C nolvocaxyapiteg (Smidt kaw Meissl, 2007)
- 1126 Apopatikoi aBépeg (Amir k.., 2004)
1110 - C-0-C nolvoaxyapiteg (Smidt kar Meissl, 2007)

Y10 COTPW epgaviotke kawvovpio kopuer ota 1226 cm™ mov amodidetar otovg
apopoatikods obépec. Kapio aAlayn oty Kopuen mov amodidetor ot Atyvivn oev
nmapatnprinke. H xoumootonoinon ocvviédece otn ynuikn 1 Poroywkn ofeidwon
OAELQOTIKOV EVOCEMV KOl TOAVGOKYOPITMOV KOl OTN  ONUIOLPYio  OpOUOTIKOV

evoemv vyming otabepotntag (Huang k.a., 2006).

3.3.3 H enidpaon g Ty tov pH

H apyum T tov pH tov dtodvpdtov yuo ™ Bropdéenon tov Pb kot tov Ni
oV ooppomia, pekemOnke oe tipég pH 2 — 6 (Zynuata 3.2a ko 3.2.6). Eivon
eVpEmG YVOoTd 0Tt To PH TV dStoAvpdTmVv KoTéel GNUOVTIKO pOAO GTNV TPOGPOPN oM
TV Bapéov petdAiov Adym tov yeyovotog 6tt 1o PH emnpedlel tOc0 TV empavela
TOV VAK®OV 060 kol to ynuoud tov petdAiov (El-Ashtoukhy xk.a., 2008). H
TPOGPOPNON KOl TOV dVO PETAAM®V avEavetal péypt Tig tipés pH 3 kot 4 yio to Pb
kot Ni, avtiotoyya, mapapével otabepn puéypt v T pH 5 kot énetta ) Bropdenon
@Biver oty Ty pH 6. H 1610 tdon mapatnpeiton kou otoo COTPW. Ta anoteAéoparta
avtd t660 Yo to Pb 660 xar yia to Ni, épyovial oe cupe®vio pe GAAOVG epevVNTES
ov peAénoav t Propdenon tovg amd dideopa opyavikd vikd (Deng k.a., 2007,
Gupta k.a., 2010, Pelit k.a., 2011, Javaid k.a., 2011, Dekhil k.a., 2011).

Ye run pH 2, 1 pocpdéenon tov Pb givar moAd pikpn evd yia to Ni oyeddv
UNOEVIKN KOl 0T dVO VAIKA. Avtd umopel va oeidetor o) ommv advénon g

r r + r r r r 4
oLYKEVTpOOoNG TV Wvtov H' ta onola avtaywvilovtot pe to vwd perétn pétoaila yo
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Tyfpa 3.2. Exidpacn e apyicic twic pH tov todvpdtev oty Propdenon (o) Pb* and (B)
Ni%*, ota (C)-OTPW. Ietpapatikéc cuvOnkes: apyikh ovykévipoon petéiiov 100 mg / L,
xpOvog avadevong 24 dpeg, Adyog vAkov / dyko dAavpotog 0,1 g / 0,03 L, tayvmta
avadevong 125 rpm, Bepuokpacio 25 °C (n=3). (y) Twég Mo duvapkov tov (C)-OTPW ce
dtapopeg Tég pH.
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T1g 016G Oéoe1g TpoopdeNnong towv vAk®v (Gutha k.a., 2011) kot B) otnv advénon g
TOKVOTNTOG TOV BETIKOL QOPTIOV, HEIDOVOVTOG £TCL TNV TTPOGPOPNON TV Papéwv
petdhiov (Sari k.o., 2007). H avénon tov pH péypt mv tun 5, odnynoe oty
ATOTPMTOVIMOT TOV EVEPYDV OUAd®V, avEdvovTag £Tct TNV Tpoopoencen tov Ph kat
tov Ni (Munagapati x.a., 2010). Mg Bdon 1o mopomdve cvumepdouata, OAo To
TEPAUTEP® TEWPAATO TPpAyLoTOTOOnkay oe Tiun pH 5.

210 Zynua 3.2y, mapatnpodvtor ot TIHES Tov CRTa duvapkoy o Tiuég pH 2 —
7 kot yuo ToL 500 VAIKA. TO toonAektpikd onpeio Kot yo To dVo LAIKA eivan og Tyun pH
1. AvEavopevng g tung tov pH amd 2 oe 7, ov Tég tov (T duvoptkov
avéavovtar o 21 ko —24,4 mV, yio ta OTPW xar COTPW, avtictora. Ot
amolvteg Tég tov {fta duvapkod ywo too COTPW cuykpitikd pe 11 Tipég tov
OTPW, Ntav amod Tig mpdteg Klolog Tipég PH peyaddtepeg Kot mopovsiocoy TAATO G
Tinég pH 3 — 5. Ta aroteAéopato oTd dEKVOOVY OTL 1] KOUTOGTOTOINGT 001 YNoE 0N
onuovpyioe evog vVAKoD pe vymAdtepes TIEG (TR SLVOUIKOD Kol HE KOADTEPT
otabepdtnTa OTIC HETAPOAES TV TV TOL PH.

Ta mopamdve £pyoviol o€ ovueovia pe Tn Jdlepyociocs ™S 0EEWOMTIKNG
OlodIKOGT0G Kot PE TN HETPOVLEV IKOVOTNTA AVTOALUYNG KATIOVT®V, 1 0moia avEavet

LLE TNV KOUTOGTOTOINGN.

3.3.4 H enidpacn tov ypoévov avadevong

Y10 Zynuo 3.3 mopovoudletor 1 EMOPACT TOL YPOVOL OVASGELONG OTN
Bropoenon Pb kot Ni and ta (C)-OTPW. Onwc gaivetal oto Zynua 3.3, eugaviCovrat
dvo otadwe (El-Ashtoukhy «.a., 2008): éva ypfyopo oto omoio To UETOAAQL
TPOCPOPOLVTAL OTIG AUECH OBEcIEG KOl gVKOAo pooPdoipeg 0écelg kot €va
deVTEPO OTAOL0, TO OPYD, TOL ATOSIOETAL GTOV KOPECUO TOV EVKOAN TPOCPAGIU®V
0éoewv. H mpoopogpnon tov Ni frav katd modd pikpdtepn o’ 6t tov Pb ko oto 600
VAKA o€ Oho 1O LVIO peAET ypovikd ddotnuae. H ynukn coppomia yio tov Pb,
emruyyaveral oto 120 kot 180 min yuwo tao OTPW kot COTPW, avtictoyo. Evod yuo
10 Ni, N ynwkn toopporia emttvyydveror ota. 300 Min, kot dev mapatnpovVIOL
KaBOlov onuavtikég dtapopéc oty tpoopdenon tov Ni amd ta 300 min uéypt tig 24

h kot ota dvo VKA.
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Tyfquna 3.3. Exnidpacn tov ypoévov avdadevong oty mpocpdenorn tov Pb xar Ni ota (C)-
OTPW. Ot melpapatikéc ovvOnkeg ivor ot e€nc: pH 5,0, apywn cvykévipmon petdiiov 100
mg / L, Adyog vikov / dyko Sodvuatog 0,1 g / 0,03 L, toydmroa avddsvong 125 rpm,
Oeppokpacia 25 °C (n=2).

Mo 6ho ta mopaKdte mEPAUATO, TPOKEWEVOL Vo EIHOOTE Glyovpolr OTL £YOLV
KoAveOel kot ot mo dvokolo TpocPaciueg 0écelg mpoopdenons, emALyOnke g

xPOVOG avadevong ot 24 h.
3.3.5 Movtého KIvITIKNG KOl HY0VIGHOS TS TPOSpoPong

Mo ™ perém g kwvntkng g Propdenong tov Pb kot Ni, e€etdomrav ta
HOVTEAN KIVIITIKNG WELOOTTPMOTNG Ko yevudodentepns taéng (Kepdiowo 2, Movtéla
KWWNTIKNG) Kot To  amoteAéopota  mopovcstdlovion otov Ilivoka 3.3. Onwg
napotnpeitar oto Ilivaxka 3.3, 10 HOVTELD KIVNTIKNG WELSOTPAOTNG TAENS KO Yo TO.
§Ho pétalho kot ota dV0 VAIKG, epedvice yopmAés Twés r? (0,504 — 0,972), evé ot
TPOPAETOUEVES TIUES Je1 KOL (o2 NTOV KATA TOAD YOUNAOTEPEG OO TIC TMEPOUOTIKEG
TIWEG (e. Ta mOPATAVEO 0ONYOHV GTNV OOLVOUIO TOL HOVIEAOL VO TEPLYPAYEL TNV
npoopoéenon tov Pb kot Ni ota (C)-OTPW ot épyetar o€ ocvppovio pe
TPOTYOVUEVES EPYOGIES TTOL AVOPEPOVY T OVGKOAIN TOL GUYKEKPIUEVOD LOVTEAOL VO
npocopotdoet v tpocpdenomn (Nuhoglu ko Malkoc, 2009).

Ytov Ilivaxa 3.3, mopovcialovtol ot TOPAUETPOL Y10 TO HOVTEAO KIVITIKNG
YeudodevTePNS TaéNc. Onwg mapatnpeitol, Kot Yo 7o SV0 HETOAAN KO DVAIKA, Ot TULES
r* fitav vymiéc (0,964 — 0,999) kot ot TPOPAETOUEVES TIHEG Ger KL (e TTOV TOAD
KOVTA OTIC TEPAUATIKEG TIHES Qe. ATO TO TOPOTAVED GLUTEPOAivovUE OTL 1] fropoenon

tov Pb kot Ni ota (C)-OTPW, akolovbei kivntikny yevdodevtepng taéng. TToAlég
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UEAETEC £XOVV AVAPEPEL TNV AMOTEAECUOTIKOTNTA OVTOV TOV LOVTEAOL VO, TEPLYPAWEL

NV KN TIKf ¢ Tpoopodenong (Sari k.a., 2007, Lawal k.a., 2010).

Mivaxkag 3.3. [apdpetpol T@V HOVTEA®V KIVNTIKNG WELSOTPDTNG KOl WYEVLSOIEVTEPNG TAENG
v T peAétn g Kwntiknig g Propoenong tov Pb kot Ni amo ta (C)-OTPW. Ou
mepapaTiKéC cvvOnkeg eivan ot e€ng: pH 5,0, apyixn ovykévipoon petdAiov 100 mg / L,
Adyog VAo / Oyko dredvpatog 0,1 g / 0,03 L, tayvtnra avadevong 125 rpm, Beppoxpacio
25 °C (n=2).

Métailo Qe , . . .
—— Yevoompatng TaENG YevoooevTepng Taéng
el kl 2 e2 k2 2
(mg /) (mg lg)  (1/min) ' (mg /g)  (g/mg min) '
OTPW
Pb 25,90 10,31 0,007 0,972 25,32 0,004 0,994
Ni 6,03 2,91 0,006 0,896 6,04 0,006 0,964
COTPW
Pb 31,04 7,36 0,031 0,759 31,15 0,016 0,999
Ni 13,05 1,76 0,010 0,504 12,99 0,019 0,999

Mivakag 3.4. ZuvapTNoElg KoL GUVIEAESTEC TPOGOIOPIGUOD TV UOVIEA®V KWVNTIKNAG TNG
£VO0GMUATIOWKNG dtdyvong kot Tov Boyd, yia ™ pedét ¢ kivntikig g Propognong tov
Pb ka1 Ni and 1o (C)-OTPW. O mepopatikéc cvuvOnkeg sivar ot eéng: pH 5,0, apyn
ovykévipmon| petdiiov 100 mg / L, Adyog vAkos / oyko daivpatog 0,1 g/ 0,03 L, toydtnra
avéoegvong 125 rpm, Ogppokpacia 25 °C (n=2).

Métailo Evdocoportiotoxi otdyvon Boyd
g: évavtt 105 r? B: évavti t r?

OTPW

Pb y =0,9474x + 13,004 0,809 y =0,007x + 0,4238 0,972

Ni y = 0,1626x + 2,806 0,873 y =0,0061x + 0,2231 0,897
COTPW

Pb y =0,7623x + 22,338 0,663 y =0,0176x + 1,3346 0,477

Ni y =0,1883x + 10,176 0,632 y = 0,0069x + 1,5079 0,504

AdY® aduvapiog TG TEPLYPUPNS TOL UNYAVIGHOD TNG TPOSPOPNoNG omd Ta.
HOVTEAD  WYELOOTMPMTNG KOl WELAOOEVTEPNG TAENG, OTO TEWPOUATIKE dedopéva
EQAPUOGTNKAY TO LOVTEAQ TNG EVOOCMUATIOOKNG dtdyvong (Weber kar Morris, 1963)
kot Tov Boyd, 1947. o 10 Ip®dTO HOVTEAD, 1 YPOPIKN TOPAGTACT [t EVOVTL t%° ko
v ToL 000 PETOAAD NTAY YPOUUIKY] 0AAG 1) €VOEI0L VPO TTOV TPOEKLYE EV TEPVAYE
amd v apyn tov aovov (Ilivaxag 3.4), cvunepaivoviag 0Tt 1 EVOOCMOUATIOWNKY|
owvuon dev  givor 10 povadikod  puOpopvBUIcTIKO OTAO0 oL  EAEYYXEL TNV
npocpogpnon. Ocov agopd TV €QapUOY TOVL OeVTEPOL HOVIEAOL, 1) YPOPIKN
napdotacn Bt évavtt t mov mpoékvye NTav emiong gvbeior ypopun kot yio ta oVO

pétoddlo mov opoiwg dev mépvaye amd v apyn tov aovov (IMivakag 3.4),
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detkvvovTag OTL 1 S1dYLOT TOV OVTOV TOV HETAAL®V pésa amd oTdoo vuévio (film
diffusion) mov mepPairer ta mpoopoenTikd vika (C-OTPW), amotehel 710

puOpopLOIeTIKS P 6T Sadkacio TG TPOSPOPNOTG.

3.3.6 Enidpaon g Oeppokpaciog

H enidpaon g apyiknig ocvykévipoong tov dtoivpdtov tov Pb kot Ni (50 —
500 mg / L) otV mpocpdenon, oe dtdpopec eppokpasics (10, 25, 60 °C) eéetdomre
KOl 01 0VTIoTOLYES 1600EpEC TPOTPOPNONG TOpoVGLALovTal 6To Zyfua 3.4.

H avénon g opykng ovykévipmong HeTdAA®V o610 d1dAvpa odnynoe o€
avénon g TPospOPNONG KOl TV V0 UETOAA®V GTO. OVO VLAMKGA, £mG OTOV
mopovolaotel TAATO oTIC VYNAOTEPEG ovyKevTpwoels (Zynua 3.4). H peyaidtepn
pocpoOenon tov Pb évavtt tov Ni, éxel mapotnpndel Kow oe GAAXL OpyoviKG LAIKA
(Sari x.a., 2007).

H avénomn g Oeppokpaciog and tovg 10 otovg 25 °C, oto OTPW 0dfynoe ot
avénon g tpoopdenomng Tov Pb 6e OAeg TIG CLYKEVTPOGELS e PEYOADTEPT) aWOENON
VO TOPATNPEITOL OTIG VYNAOTEPES aPYIKES cLYKEVIpOGELS (Zynpa 3.40). Qotdco, Le
nepartépm avénon g Oeppokpaciog otovg 60 °C, n Propdenon tov Ph mapépeive
TPOKTIKA oTabepn 1| TOPOVGiace EAAYIOTN UEIOON OTIG VYNAOTEPES CLYKEVIPAOOELS
(Cyuo 3.4.0). AvtiBétog, 1 avénon g Oeppokpacioc omd tovg 10 otovg 60 °C,
avénoe v mpoopoenor tov Pb ota COTPW, deikvdovTog TNV OmoTEAECUATIKOTITA
kot tn otafepotnta tov COTPW cg vynAég Beppoxpacies (Zynua 3.4p).

Avédvovtag ) Oepuokpoasio and tovg 10 otovg 60 °C, n tpospdenon tov Ni
ota OTPW peiobnke ce 0A0 10 VIO PEAETN €0POC TV APYIKDOV GUYKEVIPOCEWV
Eymuo 3.4y). Avibétmg, oty nepintoon tov COTPW, n tpospdenon tov Ni amod
tovg 10 °C émc Toug 25 °C, avéndnke evd mepottépm adéEnom g Oeppokpaciog 6Tovg
60 °C, peimoe v npoopdenon (Zyfua 3.40).

Youmepacpuatikd, propet vo emmbel 6t n koumocstomoinon dev avénoe uoévo
mv mpocpoPnTikn wkavotnta tov OTPW, oAlld Peltioce v TpospoenTikn
KovoTnTo Kol ot VYnAEg Beppokpacies. Xe avtiBeon pe o OTPW ota omoia M
avénon g Beppokpaciog peiwoe v TpocspoPnTiky Tovg wavotnta, to. COTPW
Bpébnke va £x0oVV MO OTOTELECUOTIKN EQPAPLOYT O i vpeia YKAUo OepLOKPOCLDY
epeavifovtag 10witepo  PEATIOUEVY] TPOGPOPNTIKY] KOVOTNTA GTNV TEPITTMON

Brounyovik®dv amofAntov mov £xovv VYNAN Beppokpacio.
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3.3.7 Io00gppeg Tpoopo@NONG

Yta mepapatikd dedouéva, epapudoTkay ol 1600epueg tov Langmuir ko
tov Freundlich (Kepdhowo 2, Io6Bepueg mpoopodenong) Kot Ol TOPAUETPOL TOV
1000epL®V KOl 01 GUVTEAEGTEG TPOGOLOPIGHOD (®) ancwoviCovtal otov Ilivaka 3.5.
Ocov ogopé Vv 1060epun tov Langmuir, ot cuvieheotéc TPoodlopopod (re)
kopaivovray 0,934 — 0,998 kot yio tor VO pETAAAN KOl GTO VO DMKA, OEIKVOOVTOG
ot Tpocspdenon tov Pb kot tov Ni, meprypdeovtat tkavomomtikd and v 1660gpun
tov Langmuir. Ot Tég TV m TOL aVTIGTOLOVV GTNV TPOCPOPNTIKN IKAVOTNTU TOV
(C)-OTPW, axorovBolv Tapopote, GOUTEPLPOPA 0TIC OAAAYES TIG Oeppokpaciog 6T
ocv{nmOnke omv mponyovuevn evotnta (3.3.5) kot yi to 000 pHETAAAD KO MTOV
peyoAvtepeg oty mepintwon tov Ph. To yopoktnplotikd tov petdAiov épyovial 6€
CLULEOVIOL PE TO OTOTEAECHOTO TNG TPOGPOENoNG. Xvykpitikd pe to Ni, o Pb
eppoavifel peyodvtepo otopkd PAPoc, MAEKTPOPYNTIKOTNTO, 1OVTIKY OKTiVo Kol
younAdtepn erebBepn evépyela evuddtwong (dnAaodrn, atopkd Papog = 207,2 amu,
wovTikn oktiva = 119 pm, niektpapvnrikdtnta = 2,33 ko erebBepn evépyesia
evudatoong = -357,8 keal / g-ion for Pb®*, evéd ot avtiotoryes Tyée yia to Ni givan
58,69 amu, 83 pm, 1,91 ko -494,2 kcal / g-ion). Meydhec tiuég atopkov Bapovg,
OVTIKNG aKTivog Kot mAektpopvntikdétrag avavovv v mpocpoenon (Sengil ko
Ozacar, 2009). Avtifétmg, VynAéC TG g ehevdepnc evépyslag evOdATOOTC,
VTOSMADVOVV OTL TO HETOAAD TPOTIHOVV VO TOPOUEIVOVY GTNV VOATIKY| PAoT TOPE Vo
petafovv ot oteped edon (Hui k.a., 2005).

Ot Tpég ™G HEYIOTNG TPOGPOPNTIKNG tKavOTNTOS Om Yo Too COTPW, frav
KOTA TOAD peyoAvtepn amd TS ovrtiotowyes Tinég tov OTPW. ITio ocvykekpyéva
otovg 10, 25, 60 °C, n mpoopdenon tov Pb kot tov Ni avénbnke 144, 78 xar 148%
kot 29, 59, 108%, avtictoyyo. Ot peyodvtepeg Tpég tov {NTa SLVOUIKOD KOl TNg
wKavotTog avioAlayne kotoviov tov COTPW évavtt tov OTPW, épyovion oe
CLUEMOVIOL UE TO OMOTEAEGUOTO TNG TPOCPOPNONG KOOMDC Kol HE TIC OEEOMTIKEG
pikpoPlokéc aAlayég mov mopatnpovvIal oTn JdKacio TNG KOUTOGTOMOINGNG

(Tuomela k.a., 2000).
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Tympa 3.4. Biopoéenon Pb ota (o) OTPW kat (B) COTPW kat tov NiZ* ota (Y) OTPW and (8) COTPW o¢ Sopopetikés Oeppokpaciec (°C) kot SlapopeTikég
apylkég ovykevipmoelg uetdAimv. Iepapatikés ovvOnkec: pH 5,0, Adyoc vikov / 6yko dwoivpatog 0,1 g / 0,03 L, toyvtnro avadsvong 125 rpm,

Beppokpacia 10, 25, 60 °C (n=3).
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Ov ipég R Mrov kot yuo ta 000 PETOAAD Kol oTo OVO VAKG Ntav <1,
VITOONADVOVTAG OTL 1] SLOOIKOGIO TNG TPOCPOPNONG TEPTYPAPETAUL TKAVOTOUTIKA Ao
™V 1660epun Tov Langmuir.

Ytov Ilivaxo 3.6, mopovoidlovror ddeopeg TWEG TG UEYIOTNG
TPOGPOPNTIKNG KOVOTNTOG, OV TPOoEPYovTal amd v 1660epun tov Langmuir,
daPoOpOV VAKGOV yio. v tpocpdenon tov Pb kot Ni, o6& mapduolec melpapotikés
ovvOnkes. Onwg mapatnpeitat, N TtpocspoPnTiky avotnta towv OTPW kot daitepa
tov COTPW egival ToAD 1KavoTomTiKn Kot apKeETH VYNAT, €101Kd Yo Tov Pb.

Ytov Ilivaxa 3.5, answovilovtal ot TIHEG TOV TAPAUETPOV TG 1000EPUNG TOV
Freundlich. Ov tywég 1 / n frav oe Oheg Tig meputtdoels <1, deiyvoviag OTL M
npocpoenon tov Pb kot Ni and ta (C)-OTPW ftav ypriyopn kot evvondnke otig vmod
peAétn ovvOnkeg (Sari k.a., 2007). H 1660eppog tov Langmuir meptypdpet kaAlvtepa
TO, TEWPOUOTIKA OEOOUEVA GE OAES TIG OEPLOKPAUGIES, (G ATOTEAEGILA TOV VYNAOTEPWOV
OUVTEAEGTMOV TPOGOIOPIGLOV r* an’ om n Freundlich. Ztmv xoatoAAnAdtto g
1000epunc tov Langmuir katéAn&av ot Yurtsever kot Sengil, 2009, kot o1 Hanif, «.a.,
2007, mov perétnoav v mpocspdenon tov Pb amd tavivn kot tov Ni and Propdala

Cassia fistula, avtiotouya.
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IMivoxkog 3.5. Topduetpot tov 1660epumv Langmuir kou Freundlich yio m Blopéenon tov Pb kot Ni, ota (C)-OTPW, otoug 10, 25 and 60 °C. Teipapotikég

owvOnkeg: pH 5,0, evpoc apyikng cvykévipmong 50 — 500 mg / L, Adyog viiko / 6yko daddpatog 0,1 g/ 0,03 L, taydmto avadevong 125 rpm.

Métaiho G)apug(r;pacia Egggﬁquﬁ YraBepéc Freundlich
dm (Mg / g) b, (L/mg) r’ R Ke(mg/g)(L/mg)™  1n r’

OTPW

Pb 10 33,90 0,039 0,994  0,049-0,344 7,98 0,243 0,970

Pb 25 54,05 0,051 0,986  0,038-0,284 11,45 0,273 0,958

Pb 60 52,36 0,031 0,088  0,060-0,393 7,70 0,330 0,889

Ni 10 12,15 0,026 0994  0,075-0,718 2,51 0,257 0,921

Ni 25 10,53 0,015 0978  0,125-0,818 0,74 0,441 0,844

Ni 60 6,21 0,021 0,096  0,089-0,754 0,87 0,325 0,828
COTPW

Pb 10 82,64 0,055 0,998  0,032-0,230 11,03 0,385 0,882

Pb 25 96,15 0,044 0,995  0,040-0,270 10,51 0,427 0,868

Pb 60 129,87 0,066 0,083  0,027-0,197 14,35 0,490 0,736

Ni 10 15,70 0,021 0934  0,085-0,485 5,12 0,159 0,767

Ni 25 16,78 0,031 0,087  0,059-0,387 5,21 0,185 0,766

Ni 60 12,90 0,056 0,986  0,034-0,261 7,21 0,070 0,577
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Hivaxag 3.6. Twég ™ péylotmg mpospoPNTIKNG KAvOTNTAS (Jm) NG 1000gpuneg TOL
Langmuir, da@dpmv vAK®v, Tov oaeopodv v mpocpoéenon Pb ko Ni, ce mopduoleg

TEPOUATIKEG GUVOTKEC,

Pb
Bopoontikd vAka pH TCC) gn(mg/g) Avopopég
Cladonia furcata (Aeyyfvo) 5 20 12,30 (Sari x.a., 2007)
Tponomompéva pvAra Moringa oleifera 5 30 195,62 (Reddy «.a., 2010)
Calophyllum inophyllum 4 28 34,51 (Lawal «.a., 2010)
dro1o¢ dévrpov Acacia leucocephala 4 30 185,20 (Munagapati x.a., 2010)
drovda podtov (akatépyaotn, AC1-AC3) 5,6 261 13,87-17,95 (El-Ashtoukhy «.a., 2008
Muwpodryn Caulepra racemosa 5 20 34,50 (Dekhil x.a., 2011)
Cladophora Fascicularis 5 25 198,5 (Deng k.., 2007)
DdLovdeg pumavavag 5 25 2,18 (Anwar «.a., 2010)
Krodépota eharoxopiog (OTPW) 5 25 22,79 (Blazquez «.a.., 2011)
Klodépoto ehorokopiog (OTPW) 55 21 46,20 (Uzunosmanoglu k.a., 2011)
Kiadépato ehatokopiog (OTPW) 5 25 54,05 [Hopovoa epyacia
Koumootomompuéva khadépata ehoatokopiog 5 25 96,15 [Mopovoa epyacia
(COTPW)

Ni
Bopoontikd vika pH T(CC) gn(mg/g) Avopopég
Cladonia furcata 5 20 7,90 (Sari x.a., 2007)
Kovkottor and Caesalpinia bonducella 5 30 121,90 (Gutha x.a., 2011)
Alternanthlera philoxeroides 6 20 9,73 (Wang xou Qin, 2006)
Elaomupnvag 4 25 10,64 (Nuhoglu ko Malkoc, 2009)
dro16g dévopov Moringa oleifera 6 30 26,84 (Reddy «.a., 2011)
Oedogonium hatei 5 25 40,98 (Gupta k.a., 2010)
Aryvivn 55 20 5,99 (Guo «.a., 2008)
Myriophyllum spicatum L. 8 20 3,00 (Lesage «.a., 2007)
Saccharomyces cerevisiae 6,75 27 9,01 (Padmavathy, 2008)
K adépato ehaokopiog (OTPW) 5 25 10,53 [apovoa epyacio
Koumootomompuéva khadépata ehoatokopiog 5 25 16,78 [Mopovoa epyacia

(COTPW)

3.3.8 Ogppodvvopiki) HEAETI TOV GUGTINOTOG

"o ™ Ogppodvvopikn perétn tov cvotiuatog Bapéa pétairo — (C)-(OTPW)

EQOPUOCTNKAY Ol TUTOL 7OV EUQAVIOVTOL KOl TEPLYPAPOVTOL OVOAVTIKO GTO

Kepdiao 2 (Oeppodvuvapikny HEAETN TOV CLGTHUOTOG) Kol YPOEIKA amewkovilovtol

010 XyMua 3.5.

Onwg mapamnpeitar otov ivaxa 3.7, kot yio Ta 600 péTaAra, apvnTKES TILEG

e eledBepng evépyeiog Gibbs AGP, vmodnidvovv 6Tt 1 mpoopdenon sivar

avBopun (Munagapati .o., 2010). Ostikéc Tipéc e evBomiog AH® (COTPW)

onpaivovyv 0t 1 TpocpodPn o givar evodOepun ( Yang k.a., 2010) evd apvntikég TYéG

delyvouv 611 1 Tpocpoenon sivar eEmBepun (OTPW) (Garcia-Rosales x.a., 2012).
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Yyqna 3.5. Tpageikn tapdotacn AG® évavtt T tov Pb xat Ni ota a) OTPW ko B)

AG (kJ/mol)

AG (kJ/mol)

O I I -I\- (K) I I
-5280 290 300 310 320 330 340
-10 -|y=-0,0568x - 0,5996 o Pb-OTPW
R2=0811 O Ni-OTPW
-15 — ChT
-20 1 o —f
_25 |y =-0,0585x - 4,9802 N
R®=0,9053
-30
0 I I T \(K) I I
-5280 290 300 310 320 330 340
-10 4 y=-0,1128x+15,074 ¢ Pb-COTPW
R?=0,9989 B Ni-COTPW
-15 - !
-20 - ‘\.\.
-25 - W
.30 R®=0,9734

COTPW, avrtictoya.
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Mivokog 3.7. Ogppodvvapukoi tapduetpot v Pb kou Ni a6 ta (C)-OTPW

T (°C) AG® (kJ / mol) AS® (kJ / mol K) AH° (kJ/ mol)
OTPW
Pb 283 21,158
2908 22,964 +0,0585 4,980
333 ~24,302
Ni 283 17,219
208 16,725 +0,0568 0,600
333 19,740
COTPW
Pb 283 -21,963
2908 -22,494 +0,0920 + 4,381
333 -26,388
Ni 283 -16,758
298 -18,483 +0,1128 +15,074
333 -22 440

Mia evogyduevn Tpocéyyion g evoobepikdOTNTaG TG TPOocpOeNong Tov Pb kot Ni
a6 to. COTPW, givan 611 katd TV TPOSpOPNoN TOV UETAAA®V GTNV EMPAVELD TOV
COTPW, uépoc popiov HoO mov mepifdiiovv tor pétaddra, yavetor HECH TNG
dwdwaciog g aguodtoonc. H evépyela mov amatteitar yu' avtv 1N depyaocia,
Eemepvl TNV €VEPYELDL TTOV ATEAEVOEPOVETOL KOTA TNV TPOGPOPNCN TOV UETAAAW®V
oty em@bvelo. tov COTPW (Yang k.o., 2010). Ot tipég g eviporniag AS® ftav
BeTicég Ko Yo ta 000 HETAALD KOt 6T dVO VAIKE, KOTUAYOVTAG GTO GUUTEPOCLLO OTL
katd v mpoopdenon tov Pb kot Ni ota (C)-OTPW, avédaveton n atatio Tov

ovotiuatog (Yurtsever kou Sengil, 2009).

3.3.9 Ileypapato ekpoéonong

Y10 Zynua 3.6, mapatnpovpue v ekpdenon tov Pb kot Ni and ta (C)-OTPW
(apov mpdta giyav mpaypoatomombel TEWPAUATO TPOGPOPNONG TOV GLYKEKPIUEVMV
HETOAAW®V GE GUYKEKPIUEVEG CLVONKES), e TN fonBela SLIAPOPWV EKYLAICTIKMOV UECWHV
omog: o) amoviouévo vepd, B) 0,1 M NaNOs, 0,1 M HCI, 0,1 M HNO3 kou 0,1 M
EDTA. H ekpognon €xel ¢ KOPL0 GKOMTO TNV EMTVYT OVAKTNOT TOV LETAAAOD Ao TN
Bopdlo pe oxomd v emavoypnowonoinon twv (C)-OTPW. H ypnon opmg
OLLPOPETIKMOV  EKPOPNTIK®OV OOAVUATOV, TEPOV TOV Kupiwg oTdYOoL, MO Olvel
TANPOPOPIEG KO Y10 TO UNYOVIGHO NG Tpospoepnons. H yprion amovicpévou vepoo,

npokoiel ekpoenon oto  Popéo  HETOAAG OV  TPOGPOPOVVIOL WEC® NG
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@voopdENoNG, ONA. Bpiockovtarl yarapd cuvoedepuéva ota TpospoPnTikd vAIKA (Fang
k.o, 2011). H yprion tov HCI wor tov HNO3, €yel @g okomd v avénon g
GLYKEVTPmONS TV 10viov tov H' oto vddtvo Stdlvpo, to omoio. Ady® TOL
avToyOVIcHoY Tovg pe To Papéa péETaAla yio TS i01eg Bécelg TpospoPNoNG TV
POPNTIKOV VAIKOV, HEG® TOV UNYOVIGUOV TNG LOVIOOVTUAAAYNG, TPOKAAOLV TNV
expognon tovg (Akhtar k.a., 2008, Ngah kot Hanafiah, 2008, Ofomaja ko Ho, 2008,
Zhang .a., 2010). To NaNOs, avédvel T ovykévipoon tov dviov Na® oto
dlvpa, to omoio. TPOKOAOLV TNV avAKTNoN otV VOATVI QAo TV YoAopd
TPOGPOPNUEVOV HETAAA®V, LEC® TOV UNYOVIGHOV NG lovtoavtoiiayns. Télog, to
EDTA, oonyel omv ekpdenon petdAiov mov PBpiokoviar mpocpoenuéva oto (C)-
OTPW péow ovpmrokonoinong (Fang x.a., 2011, Li k.a., 2010).

To mocd tov Pb mov guciopogdrtar peidverar omd 3,82% (OTPW) cg 0,75%
(COTPW) evd oty mepintwon tov Ni peidveton amd 32,62% (OTPW) oe 16,52%
(COTPW) (Zynua 3.6). Iapopoing, n xpnon NaNOs, ko ota 600 Papéa pétoria
odnyel oe YoUNAOTEPA TOGH EKPOPNONG TOV UETOAA®OV OTIC TEPUTOCEL METaALO-
COTPW an’ 611 otig meputtdcelc Métaaro-OTPW (Pb: OTPW = 9,25% ka1t COTPW
= 2,37%, Ni: OTPW = 70,97% xar COTPW = 31,32 %). To Na* &gl peyén oxtivo
EVLOATMONG LE ATOTEAEC O VO, EKPOPOVVTOL TOGE LETAAAWDY TOL PLGLOPOPOVVTOL KO
Bpiokovtar ce gvkoAa avtaArdéipeg Béoeig ota (C)-OTPW. Amd to mopamdve
CLUTEPACLLOTO KATAATYOVUE OTL 1] KOUTOGTOTOIN G 001 ynoe oyt Lovo o adénom g
TPOGPOPNONG TOV Popé®V HETAAA®V OAAG KOL OE 7O 1GYVPOVE UNYOVIGLOVG
TPOGPOPNONG.

Yy mepintoon tov OTPW, 1o mocd Ni mov expoedror pe T ypnon
amovicpévov vepol kat 0,1 M kot NaNO3 (¢ mpog 10 GLUVOAMKO TPOGPOPTUEVO
1066 Ni, 10 1/ 3 puolopogdtor kat to 1 / 3 Bpioketor og edkora avtaArdEipo) pag
deglyvel 0Tl mpoopo@dtol acOevdc, evd 1oYVPOTEPOL UNYOVIGUOL TPOGPOPNONG
emkpatovy oty zmepintowon tov Pb. Tlapduown tdon mapatnpeitor kot otny
nepintwon tov COTPW, oAAd To T0GA OV EKPOPOVVTOL E TO, AVAOTEP®D EKPOPTTIKA
Stddpata etvar ToAD younAdtepa. Amd ta Topomdved 001 YOVLOOTE GTO CUUTEPACLLO,
0Tl 1 Koumootonmoinom PBertiooe onuAvVIIKA TN oTafepOTNTA TG TPOSPOPNONG TOV
Ni. Eniong n peyoaddtepn NAEKTPOPVNTIKOTNTO, 1 LOVTIKY OKTIVOL KOl 1) YOUNAOTEPY
erevlepn evépyelo védT®oNG tov Pb évavtt tov Ni, dnidvouvv ctabepdtepn kot

EVIOVOTEPT] TPOGPOPNON KOl EPYOVIOL GE CUUPMVIN. LLE TO TOPATAV®D ATOTEAECUATA.
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100 || Pb-OTPW
B Pb-COTPW

80 1|ON+OTPW
EN+COTPW

Desorption %

Distilled water 0.1 M NaNO3 0.1 NHCI 0.1 NHNO3 0.1 M EDTA

Yyfqua 3.6. TTocootd ekpoenong Pb kor Ni amd o (C)-OTPW, pe ypnon dibdgopmv
EKPOPNTIK®V StoAvpdtov. Ot TEPaUOTIKEG cuvOnKeg NTaV Ol €ENG: OPYIKN CLYKEVTPMON
petaiiov 100 mg / L, ypovog avadsvong 24 dpec, Aoyog gr vAtkov / oyko dtdvpoatog 0,1 g/
0,03 L, taydtnta avddevong 125 rpm, Oeppokpacia 25 °C (n=3).

Yty zmepintoon tov HCI, 10 mocd mov ekpoennke omd TIG MEPMTOGCELG
Métarra-OTPW kot MétoAra-COTPW, oto Pb fitav 78,26% kot 94,91% «ot oto Ni
nrav 73,85% wor 90,85%, avtictoya. H ypnon HNO3; odnynoe oe mocootd
ekpoenong yw o Pb 91,01% wou 88,81% kot yiae to Ni 94,12% o 94,76%, yio ta
OTPW ka1 COTPW, avrtictotya. Ta mapamdve amoTeAEGHAT, EPYOVIOL GE CUUPMVID
HE TN YOUNAN TPOopOPNOTN TOL TopATNPEITOL OTIG YoaunAES TéEG Tov PH,
VTOONAMVOVTOG TNV EVEPYN CLUUETOYN TOV UNXOVIGUOV TNG OVTOOVTUAANYNG GTO
QUWVOLEVO TNG TPOoPOPNONG Kol TV 60 petdririov and ta (C)-OTPW. H ypfion tov
EDTA, eixe oc anotédecpa oty nepintwon tov OTPW, 1o mocootd ekpdpnong tov
Pb kot Tov Ni va givor 100% kor 92,58% eved oty mepintwon COTPW va givar
97,11% «xov 97,66%, avtictorga. TO mopamdve coumépoacpe Oev  oNUaivel
aVOYKOOTIKG  OTL 0 EMKPATECSTEPOG  UNYOVIGHOS — mpoopoenong  eivalr 1
CLUTAOKOTIOINGT AGY® TOL OTL LYNAAL TOGOGTA EKPOPNONG TapTPNONKaY emiong

ko pe ypron t xpnion 0,1 M HCI kot 0,1 M HNOs.

3.3.10 AwpeTar ko cOoTNNO TPOGPOPNONG

Y10 Zynua 3.7a, mapatnpodue v mpospoenon tov Pb and to OTPW og
uovopetodhikny (Pb) kot dwetodhkn pomaven (Pb+Ni). Onwoc mapatnpeitor, n
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npoopodenon tov Pb mapovsio Ni givor katd oAl pikpdtepn o’ OTL 6TV TEPINTOON
™G povopetaAMkng pomavons (Pb). To 1610 gaiveror Ko ot PEY10TN TPOSPOPNTIKT
KOVOTITO, Qm OV TPOEPYETOL amd TNV 1060epun tov Langmuir (¥ = 0,994). H
Bropoenon tov Ni mapovsia tov Pb, oty wepintwon tov OTPW, amotedeitan omd
dvo eminedo (Zynua 3.7y): to mpdTO, UEYPL TN ovykévipwon tov 150 mg / L, oto
onoio 0 Pb Aertovpyel aviaywviotikd peidvovtag v mpocpoéenon tov Ni kot 1o
de0TEPO GTAO10, GTO 0T0i0 M Tapovaia Tov Pb dev emnpedlel Ty mpospdenon tov Ni.
AvT16 dekviel 0Tt avtoyoviotikomto tov Pb kot Ni yia tic 0éceic mpospoepnong dev
glvor avaloyn TV GLYKEVIPOOE®Y TV UeTdAl®v. T v mepintwon tov Ni ot
SETAAMKY pOTTOVOT), Kot 6T0 dV0 OTAd EQOPUOCTNKE 1 16000eppoc tov Langmuir
Eeyoplotd, Omwg mpoteivetar and v efiomon 16060epung tov Langmuir oty
nepintwon ™G VYmapéng dvo emmédov (Kepdiowo 2). H péylomm mpocpoentikn
wavotnta Tov Ni ot dipetalkn poToven TpokvTTel and To abpotouad TV Om (Qme
+ Qmz2) TOV dV0 Kot TV dVo emmédwv (IMivaxag 3.8).

Yty mepintowon tov COTPW, 1 Bropdéenon tov Pb mapovsia Ni, 0dfynoe og
ueioon g Tpospdenong an’ 6Tl 6N HovoueTaAlky povmavon (uovo Pb) povo oty
TEPIMTOON VYNADV cvykevipooemVv (Zynqua 3.7.8). ITapouola taon tapatnpeiton Kot
omv mpoopdédenon tov Ni amd ta COTPW (Zynua 3.7.5), xotd tnv omoia, m
npoopoéenon tov Ni peidverar mapovsio tov Ph dnAdvoviag v avioy®VvieTIKn
oxéon. To 1010 aviwatontpileTor Kot oI HEYIOTN TPOSPOPNTIKN KOVOTNTO (m, TTOV
mpoépyeTol amd TV 16d0epun Tov Langmuir, cOpu@®va pe Ty omoio ot TIHEG o1
OWeTaAMKN pOTOVON Ntav TOAD ukpoTepes am’ 0Tt otn povopetariik (ITivaxog
3.8).
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Tymna 3.7. Biopoenon Pb ota (o) OTPW «ot (B) COTPW kot tov Ni** ota (y) OTPW and (8) COTPW oe povopetarikn (novo Pb 1 Ni) kot Sypetadiixy
(Pb+Ni) pomavon. Iepopotikég ouvOnkes: pH 5,0, Aoyog gr vAkos / dyko dwodvpotog 0,1 g / 0,03 L, taydtnta avadsvong 125 rpm, Ogpuokpocio 25 °C
(n=3).
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Mivaxag 3.8. [Mopapetpor e 1660epung Langmuir ot dipetariikn pomaven (Pb —Ni) ota (C)-OTPW otoug 25 °C .

Msétailo  Ogppoxpacio °C IIpocpopnTiKd VKO Yrabepic g 1660epung Langmuir
On- be 2
(mg/g) (L/mg)
OTPW
Pb 25 23,58 (54,05) 0,050 0,994
Ni 25 Ipdto tpuua 50-150 mg / L 152 0,050 0,082
Agbtepo tppa 250-500 mg / L 7,62 (10,53) 0,020 0,976
COTPW
Pb 25 66,67 (96,15) 0,152 0,992
Ni 25 9,92 (16,78) 0,141 0,987

" O TéG oTIC TaPEVOESELC TPOEPYOVTOL OO TO HOVOLETOAMKT pOTTAvVo).
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3.3.11 Xopnepdaopato

Ta amoteAéopata g mapovoag gpyaciog ociyvouv 0tt T OTPW pmopovv
QTOTEAEGLOTIKA VoL EQapUocBovy yio TV amopdkpuven Kupiog tov Pb kat Arydtepo
tov Ni, ard védtva dwwdvpata. H koumootomoinon amodeiybnke ot1 0diynoe ot
onuovpyio evdég vikov (COTPW), pe vynhdtepn mpoopoentikny 1KovOTNTa,
otafepov oTig petafoArég Tov pPH, pe 1oYLPOTEPOLS UNYOVIGHOVS TPOGPOPNONG KO E
BeAtiopévn mpospodenon axouo Kot oe VYNAEG Bepurokpaciec. Avaroylopevor v
apBovia tov OTPW o1 Aaiomopaywylkés YOpeg Kot TO YOUNAO KOGTOG
KOUTTOGTONOINGNG TPEMEL VO TPAYLLATOTOM OOV TTEPIocOHTEPEG HEAETES YO TN XPNOM

1oV OTPW kot €101k tov COTPW, mg Propoentik®dv vAKOV.
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Kegpdraro 4

Ezidopaocn tov ypovov Kol 0pyaviK@V VTOGTPORATMOV 6T O100E0IUNOTNTA TOV
Pb%* ka1 Ni?* 6 6&wo £dagog T TaEemg Alfisols

Hepiinyn

Ymv mapoboo epyacio peAeTHONKe HEC® TEWPAPATOV ETOOONG, 1M EMOPAOT
OPYOVIKOV VMK®OV oTnV KAdcUdTmon Popéov UETAA®Y KOl oIV HKPOPLOKY
dpacTNPOTNTA, GE EVa TEYVNTA PLTTAGHEVO OEWVO £00pog TG ThEeme Alfisols. toyog
™G XPNONG TV OPYOVIKOV VAIK®V NTOV 1 JlEPELVNON NG EMOPACNS TOVG, OTN
dwbeodTNTO. TOV HETAAA®V HEC® NG Aeltovpylag Tovg TOGO dpeco (HEcw
UNYOVICU®V TPOCPOPNONG) 000 Kol EUUECH, MG OPYOVIKA VITOGTPOUUTH OVATTUENG
€00QIK®V  Kkpoopyavicuwv. Il  ovykekppéva, ot10  £€50pog, mPooTEO KAV
Khadépata ehanokopiog (P) 1 xopmootomompéva kiadépata siarokopiog (C) oe
avaroyio 1 g opyavikod viukov: 10 g eddpovg evd 1 mpocHnkn g yAvkolng (G)
avtiototyovoe oe 4 mg C / g eddpovs. 'Enetta, mpoypotomodnke LOVOUETOAAIKY
(500 mg Pb / kg 1} 500 mg Ni / kg) 1 dypuetarikn (500 mg Pb / kg xon 500 mg Ni /
kg) pdmavon oto piypo £dapog — opyavikd viko. Metd and 0,125, 1, 3, 9, 27, 54,
108, 216, ko 301 nmuépeg emmaong okolovOnce 1 KAacpdtwon tov Poapéov
HETOAA®V e pnéEBodo d1ad0yIKkNG exydMong (Tpomomoimuévn BCR). TTapdAinia otovg
10100¢ YpOVOLG EMMACEMS OALL oe aveEdptnta delypoto peTpiOnke 1 puKpoPilokm
avamvor|. Xtnv mepintmon tov Pb o010 téhog ¢ endaong, ta amoteAéopata £de1Eav
ot ta kKhadépota eharokopiog (P) xar (C), odnynoav oe peiwon tov avtaAra&yov
KAdopatog tov Pb evd dev mapatnpnOnke 1o 1010 v v TpocOnkn g YALKOING.
Ymv mepinton tov Ni 6T0 TEAOC TG EMDOAONS, OAEG Ol LETOYEPIGELS 001YNOAY CE
EVILTIOGLOKY peimon tov avtaidd&ipov Ni pe oepd amotelecpatikémrag P> C > G
Kot ovéioyn oavénon tov ofewdoov Ni. Ta amotedéopato avtd Ogiyvouv
SLPOPETIKO PUNYOVIGUO GLYKPATNONG Y1 TO VO VIO HEAETN HETOAAA. € avTifeon pe
0o Ni, o Pb guopavileton va decpedeton dueca kol 10YLPG GTO OVOYDYLLO KAAGLLOL,
OTOTEAECUO. TOV GLVAOEL UE TIG OLOPOPETIKEG (PUCIKOYNUIKES 1WO10TNTEG TV 000
petdAlowv. H mpoohnkn tov Papéov petdriov eaivetor va odnyel oe peiwon g
piKpoPrlaxng dpactnprotrog oto £6apog (S), 1 omola dpwe e€ovdetepmveronr (SC,

SG), N ka1 avtiorpépetan (SP) oty mepintmon TavtdYPOVNG EPAPLOYNG OPYOVIKDV
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vamkov. To amoteAéopato dgiyvouv 0Tl To KAAOEUOTO EAOMOKOMIOG UTOpPOHV

OTOTEAECUATIKG VO LELOOOLV TN SoBECIUOTNTA KOl TV VO Popév HETAAL®Y ot

€04.oM.

Aé&Eerg khewona: Pb, Ni, Tpomortomuévn BCR, 'Edagog, Purtavon, Opyavikd vikd
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4.1 Evoaymyn

H pomovon tov &doedv omotedel éva  dloykovuevo mpofAnue.  otov
Bopnyovomomuévo kdGpo. Xvyvd, vmepPolkés mocdTTEC PopiéwvV  UETOAA®V
nmpogpydueva amd avlpwmoyeveic dpacTNPlOTNTES, KUPIWS PLOUNYOVIKES KOl 0ypOTO-
Bropnyoavikég, KataAnyovv otovg £dapkovs mopovg (Janos k.a., 2011). Ta Papéa
pétaAla og avtifeon e TOLG OPYOVIKOVG POTTOVE, OEV OITOOOLOVVTOL KOl TOPUUEVOVV
oTO €00(N YO TOAD Kopd HETA TNV €l0aywyn tovg oe avtd (Kabata — Pendias kot
Pendias, 2001). e vynAég ovykevipmoelg, avfavetar 1 KIVNTIKOTNTA TOLS GTO
€00P1KO TePIPAALoV, odnydvtag otn pdmaven twv £doedv. Eriong eioympodv ctov
VIOYE0 VOPOPOPA OpilovTa TPOKOADVTIONS HAKPOYPOVIEG EMNTMGES TOGO GTOV
avBpwmo 600 Kol 6to owoovotnua (Janos k.a., 2011). And ta mopoandve Kpiveton
avayKoio 1 avantuén pefOdwV AmMOTEAECUATIKMY Y10l TNV ATOPPVUTAVOT) TOV E00POV,
™ peiwon g Prodabecindtrag Tov Papémv HETAAL®Y KOl TNV 0KIYNTOTOINGN TOVG,
HE KpO KOGTOG EQPAPLLOYTG.

Ot ovpPoatikéc péBodol amoppOTOVONG OTTMOC 1 APAIPEST TOV PLTUCUEVOV
€00PMOV E EKOKOPN KOL 1) UETAPOPE Kol OmOPPIYN TOVG GE EOIKOVG YDPOVS ivarl
AmoTEAEGOTIKT 0AAG yapaktnpiletar amd vynid kootog (Tica k.o., 2011). Me Bdon
TO YOUNAO KOGTOG KOl TNV LYNAN OMOTEAEGHOTIKOTNTO, Ol EPEVVNTEG £YOVV GTPAPEL
0€ eVOAMOKTIKEG HEBOSOLG anoppfmowcng* / dayeiptong g povmavons. Mio amd
avtég glvan ) in Situ epappoyn un ToIKdOV VAKOV 610 £60pO¢ TOV 6KOTOG TG Eivat 1)
peiwon g  Prodwbeoyomtog TV Poapiéov  PETOAA®V  PECH  UNYOVICU®OV
TPOCPOPNONG, UE OMMOTEPO CKOMO TOV MEPLOPIGUO TNG SOBECIUOTNTAS TOVG, 0K
oto Pabvtepa oTpdpaTO TOL €0GPOVS, Kol TNV HelwoN Kivouvov pOTOVGNG TOV
VIOYELOV VOPOPOPOL opilovta (Zhang kar Pu, 2011).

Ynrdpyovv moAAE VAKE TOV XPNGLOTOIOVVTOL Y0 TV OTOPPVUTOVGT E00PDV
ue Papéa pétorha o0mtmg koumodot (Tapia k.o., 2010), ProeavOpaxdpata (biochars)
(Al-Wabel «.a., 2014), unetovitng (Houben k.a., 2012), kompiéd. (Houben k.a., 2012),

: O 6pog amoppLTAVOT YPNCYLOTOIEITOL LE TNV €VPEiD £VVOlo TOGO TNG OMOUAKPVVONG OGO Kol TNG
peimong g Prodabeciottag Tov pouTOv
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amatitme (Tica k.a., 2011) ktAn. ATOPANTA/VTOTPOIOVTA TPOEPYOUEVO OO AGTIKN,
YEOPYIKN Kol Bropnyaviky xpnon, WUTopovv emiong vao YpNoiHorotnfovy mg LAKA
amoppLTAVONG €00.PMV, GLUUPAALOVTOC £TGL GTNV AVAKVKAMOT TOV OTOPANTOV Kot
oTNV EVOALOKTIKY emovaypnoytoroinoet] tovg (Venegas k.a., 2015). Apketéc épgvveg
€YOVV ECTIACEL GTN YPNON TOV OPYOVIKOV VAK®V. To onuavTikOtePo TAEOVEKTNUA
ToVg elval OTL TPOGPEPOVY BEGEIC TPOCPOPNONG IKAVOV VO, OKIVITOTOM GOV TO
Bapéa pétarra. ‘Eva opyovikd vAIKO Yo va givol amotelecatikd, B mpémet va eitvat
wKavo va pewwvel ) Prodwabecipdmra tov Popémv PETIAA®V OAAGL TO OTOTEAECLO
dgv eivar mhvta 10 embBounto: H mpocsOnikm opyoavikng ovciog oto €0000G Yo
mopdoetypa, umopel va avénoet tov dtwhvtd dvBpaka (DOC), avédavovtag étol v
KinTikodmta tov opéov petdhiov (Antoniadis ko Alloway, 2002).

O éheyyog g KwvnTKOTNTOC/OfecudTTag TV PopémV HETAAA®V GTO
£00po¢ mpaypatomoteitar pe ™ HEBOSO TV JOOYIKOV EKYVAMGE®MY. XKOTOG TWV
Swdoykdv  ekyvAicemv glval vo  Onpiovpynoovv  oldpopeg ocvuvOnkeg (Y.
OVTOAAOYNG, OVAYOYIKES, OEEWOMTIKEG) TOV 0dNYOVV GE OVTIOTO(N EKPOPNOT TOV
oTOXEVOUEVOL HETAALOL. Mia gvpémg Stadedopévn néBodog dladoytkng EKYOAONG
elvar n tpomomomuévn BCR, m omola teivel va kabiepwbel wg mpoéOTLAN KOWA
amodeyt) HEDOSOC amd TO. EPYOCTIPIOL TOV OGYOAOVVIOL HE TNV KAOCUAT®OON TOV
Bopéwv petdhiov ota edaen (Ahmadipour k.a., 2014).

AnoBInTa/vmonpoidvTo TPoepYOUEVE OO TNV EANIOKOUIKT dladtKacio £xouv
xpNopomomBel evpPEMS Yo TNV ATOPPHTAVOT TOV VOATIVEOV TOP®V, ®GTOCO 1| YPNOoN
TOVG GTOVG £00PIKOVEC TOPOVG eival eplopiopévn (Anastopoulos k.a., 2015). Onwg
KOL € TO TEPICCOTEPO OPYAVIKA DAKA, 1 €MOpAOT TOV Aueca dabésyov dvOpaka,
Tov dpa ®G VIOSTPOUO WIKPOPLoknG ovimtuéng, ot Oabecudomta  Popémv
HETAAAWV oTOL £04pN £xel EAdyoTO pLEAeTNOEL.

> debvny Piprloypapio vhpyovy OpPKETEG €PYOCIieg TOL UEAETOVV, TNV
pikpoflokn avamvorn 6to cOGTNHA: £30P0G-Bapéa HETOAAN KOl GTO COGTNLO: £00(POC-
Bapéa pETaAAa-TPOSHNKN 0PYOVIKOD VALKOD.

H mopovcio Poapéwv petdAlov oto £00(0c, avamdeevkto ennpedliel ™
piKpoPiokn Kowdtnto Kot 01dpopeg Aettovpyieg . ‘Exel amodetytel 6t1 T0 Ni givan
OpenTiKd GTOLYEID V1O TOVG UIKPOOPYOUVIGHOVS KOl GUUUETEYEL GE OPKETEG KLTTOPIKEG
Aertovpyieg (Mulrooney won Hausinger, 2003). Xe mepdpota enmdcemv 7OV
mpaypatorombnkav oe éva €dapoc Typic Xerofluvent, texyyntd pumacpévo e
Swpopetikég ovykevipooelg Ni (100 — 8000 mg Ni / kg eddpovg) oe Odpkela
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enwdoewv 1 nuépa — 45 nuépeg, ov Tejada k.a., 2008, mopatipnoav O6tL KAOOG
avéavetar 1 ovykévipoon Tov  Ni  mopotnpeiton  peimon  otic  evOopukég
dpaoctnprotec. Qot6GO, 1 TPOGHNKN OPYAVIKOV VAIK®V (KOUTOGT VLTOAEWUUATOV
EKKOKKIOTNPIOL KOl KOTGIALEG TOLAEPIKAOV) Agltovpyncav Betikd, avEavoviog Tig
evOOUIKEG  OpaoTNPOTNTEG TV HIKPOOPYOVICU®V  €E0VOETEPOVOVTING TNV
napepnodiotikny opdaon tov Ni. e mopopola cvumepdouata, katéAnéov ot idiot
(Tejada x.a., 2007), otV Tepintmon Tov Pb, 611 1d1ec mepapotikég cuvOnkeg (LAKGE,
enineda povmavong Pb, evlupukég dpaotnplotnTeg).

Avtibétmg, £xel Bpebei 6t1 0 Pb dev ovupetéyel o Proloyikég diepyacieg Kot
EMOUEVOG 1) TOPOLGIO TOL OTO €JAQPT €YEl HOVO OVUOUEVEIG EMMTMOELS OTNV
pcpofraxn Propdla kot otn doun tov TAnBvopod TV pikpoopyavicu®v (Renella et
K.a., 2004). Ov Liao «.a., 2007, perémmoov v emidpacrn OlOQOPETIKMOV
ovykevipooemv Pb (0 — 900 mg Pb / kg €ddpovg) pe t popen o&kod dlatog, ot
KaAAepyovpeva pe kwvéliko Adyovo (Brassica chinensis) &€ddon kot og un
KoAAlepyovpeva €0401. e yaunAéc ovykevipooelg, 100 kor 300 mg Pb / kg, 1
picpofroxn Propdla mapovsioce AaPpd avENGT, YEYOVOS TOL 1GMG amodideTal Kot
oTOV 0pYaVIKO avOpaka mov mepiEyetat otov 0&kd Ph. Xtig ovykevipmoeig >500 mg
Pb / kg, n wkpoProxn Bropala mopovciooce peimon, SnAdvoviog 0Tl 6€ KATAGTAGELS
KOTATTOVNONG, 10MG 1 €VEPYELL TOL Bo XPNOUOTOOVTOV Yo TNV AVATTLEN Kol
TOAOTANGLOGHUO TOV UIKPOOPYUVIGUAOV XPNOLUOTOLEITOL KOTA TPOTEPALOTNTA YOl TIG
ALENUEVES OVAYKEG GUVTIPNONG KVTTAPIKMV AEITOVPYLADV, LE OMOTEAEGUA TN Helmon
g pkpofakng Propaded.

Oocov apopd ™ HKPOPLOK: avamvoY|, TO ATOTEAEGUATO TOV ATOPPEOVY OO
™ PBProypaeikn ovoaokonnon eivar cvyvd aviikpovdueva. Mepikol pPeEAETNTEG
avaeEépovy 0Tl 6e €d4Qn puvmacuéva pe Poapéa HETOAAN, 1 WIKPOPLOKN OvomTvor|
avéavetal pe v ovénomn g cLYKEVIP®MONG TOV PBapéwv PETAAA®Y evd GALOL OTL
uewwveral: Ot Shentu k.., 2008, peAémoav petald tov GAlov, Tog ennpedletar N
wikpoPlokn avomvon oe texvntd pumacuéva €ddon pe Cd (0 — 16 mg Cd / kg
€00(POVG), o€ YPOoVIKd dtacTipata enmdcemy 15, 30 kat 80 nuepav. Iapathpnoav 61t
N wikpoPrakn avamvon avéndnke pe v avénon g ovykévipoong tov Cd (1 — 16
mg Cd / kg €ddgpovg). IIpoteivovv 6Tt | TOpOLGio TV Papémv UETAAA®Y, OTMOG TOVL
Cd, pmopei vo odnyel oe arlayn Tov TANOVLOPOL, OTO TPOKAPLMOTIKOVG OE
EVKOPLOTIKOVG, 01 0TTOT01 £YOVV YOUNAOTEPO PLOUS avaTAPAYM®YNG KOt VATTLENG Kol

YPNOLUOTOL0VV TEPIGGOTEPO AVOPOKO Y10 ONUIOVPYID OPYOVIKDY 1GTMV, GE GVYKPION
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LE TOVG TPOKAPLMTIKOVE. Oumc vynAéc ovykevipmoelc Cd, 0dnyodv oe katdotaon
ToEIKOTNTOG Y10 TOLG HKPOOPYAVICHOVS Kol avENUEVOLS puBodg Bavatmong Tovg.
Me ) oelpd TOVG, To VEKPA KOTTOPO TOV LKPOOPYOVICU®MV, OTOTEAOVV OPemTiKd
VIOGTPOUO Y. TOVG (MVTEG OPYOVIGUOVG, TOL TOVG OTOSOUOVV YPNYOpd, HE
amotélecua N UkpoPlakt avamvon vo avEdvetol. ['evikd, umopel vo emmbel ot1 oe
€00pN He YOUNAG emineda pOTAVONG, Ol LIKPOOPYOVIGLOL IKAVOTTOIOUV TNV EVEPYELONKT)
TOVG OVAYKN Yoo ETOpKN katovolmon mocdtrag C, éxovv amodotikd HETOPOAKO
unyoviopd kot pikpd mocootd CO;, exAdeton oty atpudseopa. Xe VYA emineda
pomavong (Katdotaor Stress), avfdvovtal ot OvAYKES TV UIKPOOPYOVICUAOV CE
evépyela kal emopévog o C mov €yxel Katovolwbel petatpénetal o€ PEYOADTEPO
1060010 o¢ ekAvopevo CO;, (aw&avetar 0 petafoikdg cvvieheotig qCO7), evd
Myotepoc C amodnkedeton ota Sopkd cvototikd (Smejkalova et al., 2003).

Avtibétmg, ou Simona «x.a., 2004, mopatipnoov peimon g UKpoPLakmg
avVOTVONG o€ TOAD puvmacuéva, €04en pHe Papéa HETOAAN, om’ OTL TO ALyOTEPO
pPVTAGUEVO £J0pog oV emA&yOnKke ¢ paptupas. Ot pkpoopyavicpol PUmopovv va
EVEPYOTOMOGOLV  OUOLOGTATIKOVG — UNYOVICHOVS, O  OmOldNmote  €EMTEPIKN
nmepBailoviikny aAlayn mov Ba emmpedoel v emPimon tovg. Ot Aettovpyieg avTEG
EYouv LYNMAG evepyELOKO KOOTOG KOl KOTA EMEKTOOT AYOTEPT EVEPYELD O1DEGUN Yo
™V avamtuén Toug Kot Yo T ovvleon eviopwv. EmmAéov oe eninedo moAd vyming
pomavong (Kot To&kdTnTog) ot cuvinKes pikpoPilakng avamtuéng dvoyepaivovtal o
t€t010 PaBud, mOL Ol COUTPOTPOPOL UIKPOOPYOVIGUOL 7OV  YPNOCLUOTOOVV TNV
avénuéVn TOCOTNTO TPOTOYEVAS VEKPOUEVOV HKPOOPYOVIGUOV 0dLVATOOV V.
avamTLYOOLV GTA VEQ OVTA VITOGTPAOLLATO.

‘Exel Ppebel 011 M mpocHNKN opyovikdV LAMK®V CE PLTAGUEVO £AQT,
emnpealet gite avéavovtag (de la Fuente x.a., 2011) gite peuwvovrag (Cotrufo x.o.,
1995) ™ wikpoPiaxn avamvon gite oyt (Renella k.a., 2005).

Ot Khan xou Joergensen, 2006, topatipnoov OTL 1| EPOPUOYT] PLTAGUEVOV
TGOVKVIO®MV GUYKPITIKG LLE TNV EQOPUOYN UN PLTOCUEVOV, GE PLTOCUEVO €04,
odnynoe oe peiwon g MkpoProkng avomvors. Emiong ota €dden mov dgv
nmpooténkay vk (pndptopec) n oepd e EkAvong CO,, akoiovBovoe T cepd:
[ToAd puracpéva £6aen > Métpla pumacpéva £6aen > Xapunid pumTacpuéve e04en.
Ot Nwachukwu ko Pulford, 2011, peiémoav v mpocOnkn dapopOvV 0pyovIK®V
VMK®OV (1veg KOKKOPOIVIKO, KOUTOGT, PAOLO OEVTPOV, TOPPN) GE PLTTACUEVA EOAPN LE
Pb xou Zn kot mapathpnoav O6tL 1 TPOSOHNKN TV OPYOVIKOV LAKOV, £101KO OF
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HEYAAEG oLYKEVTPMOELS, avénoe v ukpoflokn avamvor. H epappoyn opyovikov
VMK®V G€ HEYAAEG OOGELS, GLVEICQPEPOLV GE OPYOVIKY) OLGIO, TOL TPOKELTAL VO
amodounfet apufrvvoviag to mpoPAnpa o&eiag tolkdTTOS TOV Popé®V UETAAA®V,
KaOdG peldvetor 1 dfectudTTa ToVg AGY® GYNUATICHOD OEGHOD LE TO. OPYOVIKE
VAKEL.

Yxomdg g moapovoog epyosiog eivor va pehetnBel n emidpoaon TpLOV
opyaviK®V VAKOV (YAukdoln (G), khadépata glatokopiog (P) kot kopmoctorompéva
Khadépato eratokopiog (C)), og edapn pvracuéva pe Pb, Ni v Pb+Ni. Ta khadépata,
elotoKopiog, OTme Kot To TEPICCOTEP PUTIKA VITOAEIULOTA, EUTEPLEYOVLY EVO KAAGLLOL
€0KOAO  OMOSOUNCUL®MY  OPYOVIK®OV  €VOOEDV  (UIKPOUOPLOKEG Kol Kuplwg
VOATONOAVTEG EVIOGELS, OTMOS 0pYOoVIKA 0&€a, Kot GAKYAPa) Kot £vVOL KAACLO EVOCEDV
TOV OTOJONOVVTOL SVGKOAN 1/KOL oontovV EE1OIKELIEVO EVEVUIKA GUGTHLOTO OGS
nukvTTOpiveg, KutTOopiveg Kol Tig eSonpeTikd dvokolo omodopnolpueg Myviveg. H
«OVUOTOINCT» TO®V VAIKOV 0VTOV HECH 1TNG KOUTOOTOmOoiNnong odnyel oe
otafepomompévo opyavikd LAKO Tov amodopeitor TAéov moAd apyd. H emioyn twv
TPV VAK®OV (YAvkoln (G), khadépata elotoxopiog (P) kor kopumoostomompéva
Khadépata eratoxopiog (C)), €ywve dote va egetaotel GLYKPITIKA 1 emidpoon Tov
ebKoA0  OmOdOUNGIHOL  KAAoUoTog (Tov  ekmpocomeitor oamd T YAvkoln Kot
CLUVVLTIAPYEL LE TO OVOKOAN QTOOOUNGILO GTO 1) KOUTOGTOTOMUEVO KAASEUATO AALG
Oyl ota Kopmootomopéva) otn dabeoyotnta tov Pb kot Ni. T to okond owtd
TPAYLLATOTOMONKE TEYVNTH POTAVOT TOV EOAPDV LE TO. CLYKEKPIUEVA Papéa LETOALN
og éva. £6aog g Taéemg Alfisols, pe tavtdypovn eQapUOY) TOV OPYUVIKOV DAIKOV.
Epoppdotre n pébodoc g dtadoykng ekyvAlong g tpomomoinuévng BCR oe
SLPOPETIKA YPOVIKA SCTNUATO TNG ENTMOONG, MOTE VO HEAETIGOVUE TO TPOPIA
dwbeopdmrTog Tov KABe petdAiov. IMoapdAAnio e ovTA To TEPAUOTO KOL GTOVG
10100V¢ ¥POVOVC, TPAYUATOTOMONKOV UETPNCELS TN OVOTVEVCTIKNG OpaoTNPLOTNTOG

ota €04pN VIO TIG 101EG CLVONKEG EMMACNC.

4.2. YMkd kon péfooot

4.2.1’'Ed0.¢o¢ Kol 0pyavIKA VAIKG

‘Edagoc g tééewc Alfisols, agpoénpavinke, kot mépace ond kdéokivo <0,5

mm. O mpocdlopIoHdg TG KOKKOUETPIKNG GVOTAONG, TNG KOVOTNTOS OVTOAAOYNG
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katwoviov (LAK.), ¢ meplektikdmtog o opyovikd avOpako kot tov pH,
npoypatonomdnkav couemvo ue to Soil Survey Laboratory Methods Manual (1996).
Ta opyovikd vVAKE TOPACKELACTNKOV £TGL OTMG OVOPEPOVTOL OVOAVTIKA GTO

Kepdrao 2 ko tepoyiomkav og péyebog <0,5 mm.

4.2.2 Tleypapoto ETOACEMV

[Mpaypatomrombnkav 0o aveapreg mapdiinieg oepéc mepoudtov. H
TPAOTY GTOYEVE GTOV TPOGOIOPIGUO TNG UIKPOPLAKNG OpasTNPLOTNTOS COUPMVO, [LE TN
péBodo mov meptypdpeTor oto Kepdhato 2 kot 1 0e0tepT 6TOYELE GTNV KAUCUATMOON
TV Bapémv petdAlov pe ™ pébodo g tportonomuévng BCR (Kepdhato 2).

Extéheon: Xe e101kég ouaheg (Yoo T pétpnomn t pkpoflokng avomvons) (M
falcons (otv mepintwon ¢ Khooudtwong tov Papémv petdhiomv) tomobethOnkay
£00.pog / opyavikd vAko o€ avaroyio 10 / 1 kotd Bapoc. Ot petayeipicels opyavikmv
VAMKAOV TOL €QUPUOGTIKOY MTOV:

a) ‘Edagoc (S)

B) ‘Edagog + yAvkoln (SG)

v) Edagog + khadépata elatokopiog (SP)

) 'Edagpog + xopmoostomompéva kKhadépota edatokopiog (SC)

o ™ petayeipion SG epappdcape KatdAAnin mocoétto YAvkO{ng oe
VOATIKO StdAvpa €161 GoTe M TN Tov opyavikod C va aviiotoryei o 4 mg C / g
eddipovg, evd otig petayepioetg SP kot SC epapuolope oteped TEUAYIGUEVO DAKO
<0,5 mm. 'Etot omv mepintmon g pkpoPrlakng avamvong n tedkn pdlo ftav 50 g
(50 g v Tig petayepioeig S kot SG 1 45 g €84@ovg + 5 g LVAIKOD Yo TIC LETOYEPIOELC
SP ka1 SC). v mepintoon tov TEWPIUATOV Yoo TNV KAACUATOOoN Tov PBapiémv
uetdAAov, n tedkn pala frav 0,88 g (0,88 g yia tig petoyepioeic S ko SG 1 0,8 g
eddpovg + 0,08 g vAikov yu Tig petayepioetg SP ko SC). INa kabe petayeipion,
npoypatonomdnke texvnty pvravon ion pe 500 mg MetdAlov / kg (Métaiio = Pb,
Ni 11 Pb+Ni). Zg 0leg 11 mepumtdoelg vanpyav paptopes (S, SG, SP, SC) ywpig
pomavon. o kaBe petayeipion vpyav 4 eravainyels. H vdatoikavotnta mapépeve
otabepn] oto 50% pe TV TPOoHNKN OMOVIGUEVOL VEPOV. Xg TOKTA YPOVIKA
SWICTAATO TPAYUATOTOIOVVTOV EAEYYOL HEG® (VYIoNng €Tol MOTE Vo TPocHETovUE
AMmOVIGHEVO vEPO Yo TNV Tapotovi 6To 50% tng voaToikavOTNTAG. XE TAKTA YPOVIKA

dloTnuaTo Katd TN ddpkela tov enwdosmv (0,125, 1, 3,9, 27, 54, 108, 216 kot 301

91



NUéPES), AapPdavovtay petpnoeig g ekivong CO, (g deiktn pikpoPiaxn avomvon)
KOl TPOYUOTOTOOVVTIOV KAAGUAT®OOYN TV Popéov ueTtdAwv pe 1 pébodo g

tpomortomnpévng BCR.

4.2.3 LrotioTikn eneepyncio TOV ATOTELECUATOV TNS MIKPOPLOKNS AVOTVONS

INo ) otototiky enelepyacio TV dedopévev, TPAYUATOTOMONKE avAAVOT|
¢ owakvuavons (Anova) ce Smapayovtikd cUCTNUO Yo KAOE YPOVIKY OTIYUN HE
napbyovieg to ovvodd pétario (Pb, Ni, Pb+(Ni), Ni+(Pb)) ka1 v mpocHikn
opyavikov vAkov (S, SP, SC, SG).

4.3. Anoteréopota ko Zolntion

4.3.1 ®voKoyNUIKE YOPUKTIPLOTIKA TOV £0G(POVS

Ta puotKoyMUIKE XaPAKTNPLOTIKAE TOL £00¢QOVE Tapovstdlovtal otov [Tivaka 4.1.

Hivaxag 4.1. vcucoynpikéc 1010t TeC TV €0dPOoVE Kol LEH0OOL OV YPNGIUOTOONKaY

DuoKoyN KA

LOPUKTIPLOTIKG Tum MéBodog Xapaxtnpropog

aupog 50,5
Kokkopetpikn ; , , , .
sboTaon (%) woc 30,3 MéBodog Bovylovkov [InAmdeg £d0pog

apytvog 19,2

Opyavikn ovoia % 1,03 Walkley - Black TToAD younAn
el MéBodog 0&ucoh vatpiov Ny

I.AK. cmol.-kg 11,3 (CH,COONa) Xounini-Méon

oH 5.9 Ardpnpo £36povs: vepov Métpior 6£wo

(avoroyia 1:1)

Hlektpu . , ,
oyoypmTa uS-cm™ 423 [Tdoto Kopeopuon Xounin
OMk6 afoto % 0,07 MéBodog Kjeldahl Xounio
AwBéo1pog edapkdg
POGPopog oe pg 100 1,84 M¢é6odoc¢ Bray -Kurtz [ToAD yaunAog
g™ edGpoug
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4.3.2 H jmkpofroxn avamvon

H pikpofrokn avamvor|, n pikpofroky Popdla, o petafoikds cuvteleoTnc
gCO; ot n €dapkn evOLUIKN OpacTNPLOTNTO OTOTEAOVV OEIKTEC AEITOLPYIKDV
dwdwacumv ota €0aen (Fernandes et al., 2005). Ot pukpoopyavicpoli gival vrevbouvol
Yo TNV ATOJOUNGT KOl 0VOPYOVOTOINOT) TOV OPYAVIKOD KAUGUOTOGS, YPNCULOTOIMVTOG
OPYOAVIKEG EVADGELG, OC TTNYY| EVEPYELNG KOL BPETTIKMOV GUOTUTIKMV/SOUKOV VAIKOV Y10
TO oYMUATIGHO TG Propalag tovg. H epappoyn opyavik®v DAIKOV, 6To 0001 EXEL MG
amotéAecuo TNV avénon g pkpoflakng avamvong kot tnv ékAvon CO;2 o¢ telko
TPOIOV  JOOYIK®OV  OLEWMOEMY TOV OPYOVIKOV VTOCTPOUATOV HE  OAPOPOVS
Babuovg amddoong. Xtnv mapovoa epyoacion LETPHONKE 1 UIKPOPLOKY| OVOTVOY| ©G
vevikog Ogiktng pikpoPlakng dpactnpromrag pe v pébodo déouevong CO;, oe

Toyi0eC OAKAAEWMG £T01 OTMG avapEPETAL AvaALTIKA 6To KepdAato 2.

4.3.3 Kvpieg emopaceirs otn pikpoProk) avamvon)

Téco 1o opyavikd VAIKE 000 Kol TO PETOAAQ EMNPEAGAV CNUOVIIKG TNV
pikpofroxn avamvor|. And tov Ilivaxa 4.2, cvopmepaivovpe OTL VIAPYEL CTOTIOTIKA
ONUOVTIKY €MIOPOON TNG OPYOVIKNG TPOCONKNG Kol TOL GLVOOOV UETAAAOL, OGNV
piKpoPioxn avamvon| (ektdg amd TIC TPDOTEG MPEG TOV TEPAUATOS TOV 1) ENXLOPOCT TOL
petdAlov dev gpeavifetor akopo wg onuoavtikn). Eriong mapatnpnnke ototiotikd
ONUOVTIKY 0AANAETIOpaoN TV 000 TAPAyOVTOV (OPYOVIKNG EI0PONG KOL GUVOOOV

HETAAAOV).

4.3.4 H enidopaon g opyovikig TpocOKng

Ytov Ilivaxa 4.3 xou oto Zynuo 4.1 mapatnpovpe v obpoloTikn
oVYKEVIPOT Tov eKAVOpEVOV CO;, e Mg/ g, yio KGOg eminedo opyavikng TpocONKNG
evtog kBe ovvoooy petdAlov. Ta pukpd ypdupata (Ilivaxog 4.3) avagpépoviar o
OLYKPIGEIS HETAED TV OPYOVIKOV EIGPOMV £VTOG KABe EMMESOV GLVOOOD UETAALOV

(Pb, Ni, Pb+Ni) ot k40¢ ypovikn otryun.

93



ivaxag 4.2. Avaivon Sdwacmopdg (Anova) oe Sumapayoviikd cvotnuo: Opyaviky €16por}, cuvodd
pétaAro yo kéBe ypovikn otiypn pe mapdyovieg to ouvodod pétorro Pb, Ni, Pb+(Ni), Ni+(Pb)) kot v
npocOnkn opyavikod viwkov (S, SP, SC, SG ) yw v HiKpoPloKkn avomvor yio OAO TO YPOVIKO
Suompa (0,125 — 301 nuépec) ywo eminedo onuavtikdémtog 0=5% (ot apbpol g oTHANG P, HE
actepioko vmodnidvovv v Omapén oToTIoTIKG  onuavtikng emidpoong). (A.T.. ABpoioua
tetpayovov, B.E.: BaBpoi ehevbepiac, M.T.: Méoa tetpdymva, F: mapdyovtag dtuomopds, P: eninedo
oNUAVTIKOTNTOG).

A.T. B.E. M.T. F p
0,125 Hpépeg
Opyaviki e16pot 7,997 3 2,666 2033 0,000*
Xovodo6 pétarro 0,001 3 0 , 0,87
Opyaviki] ewopon] X Xvvodd pétarro 0,073 9 0,008 6 ,000*
1 Hpépa
Opyavuai si6poi 51,79 3 17,26 6438 0,000*
2uvodo pétaiio 0,07 3 0,02 8 ,000*
Opyavikn gi6pon X Xvvodd pétailo 0,15 9 0,02 6 ,000*
3 Huépeg
Opyavikn si6poi 256,7 3 85,58 7495 0,00*
Xovodo pétarihro 37 3 1,25 109 0,00*
Opyavikn giopon X Zovodo pérairo 18.4 9 205 179  0.00*
9 Huépeg
Opyovuci gwopor 1203 3 401,1 7211 0,00%
Xvv0d0 pétarlro 27 3 8,9 161  0,00*
Opyavikn ei6pon X Xvvodo pétailo 99 9 11 198  0.00*
27 nuépeg
Opyaviki| s16pon| 2695 3 898 10200 0,00*
20v0d6 pétarro 29 3 9,7 111  0,00*
Opyavikn ei6pon X Xvvodd pétairo 160 9 178 203  0.00*
54 nuépeg
Opyavucii s16pon 5439 3 1813 9801 0,00*
2ov0d6 pétaiho 39 3 13 70  0,00*
Opyaviki] e1opof} X Xovodd pévarihro 292 9 32 176  0.00*
108 Huépeg
Opyaviki e16pot 9519 3 3173 6880 0,000*
20v0d6 pétarro 59 3 20 42 000*
Opyaviki e1opon) X Zovodo pétairo 467 9 52 112  0,000*
216 Huépeg
Opyavuai e16poiy 19400 3 6480 7090 0,000*
20v0d6 pétarro 48 3 16 17 000*
Opyavikn gi6pon X Xvvodo pétairo 475 9 53 58  0,000*
301 nuépeg
Opyaviki ei6pon 27200 3 9071 7110 0,000*
Xovodo6 pétaiho 48 3 16 12 000*
Opyaviki g1opon) X Xovodo pérailo 603 9 67 53  0,000*
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IMivaxog 4.3. ABpoiotiky cvykévipmon CO, (Mg / g) oto ypovikd didotnuo 0,125 — 301 nuépeg SUPOPETIKOV 0PYAVIKOV TPOcHNKOV £vdg Kbe emmédon
oVV0B0D PETAALOL 0) Ywpic pvmoven, B) mapovsio Ph, y) mapovoia Ni kat 8) mapovsio Pb+Ni. Ta pukpd ypdppotoe avitiotoyody e cuyKpicelg Heta&d Tmv
OPYOVIK®OV EI0POMV €VTOC KAOE emMmEdOL oLVOOOL UETAAAOL oe KABe ypovikn otiyun. Ilopovoio kKowvod YPAUUATOS VTOONAMVEL AMOVGIN, GNUOVTIKNG
OTATIOTIKA S10POPAC.

Xpovog (Hpépeg) 0,125 1 3 9 27 54 108 216 301
Meraysipion (o)
S 0,01c 0,10d 0,14d 0,28¢c 0,42d 0,60d 0,65d 0,86¢ 0,96¢
SG 0,48b 1,23c 2,10c 7,65b 12,85b 15,56¢ 18,62c 25,36b 27,28b
SP 0,92a 1,85b 3,29b 7,16b 11,95¢ 17,72b 24,15b 38,95a 46,78a
SC 0,88a 2,57a 4,62a 9,85a 14,36a 21,25a 27,62a 40,75a 48,67a
(B

S-Pb 0,00c 0,07d 0,12d 0,24d 0,29d 0,48d 0,57d 0,72d 0,87d
SG-Pb 0,58b 1,28¢c 2,46¢ 8,41c 12,48¢ 14,51c 17,65¢ 26,25¢ 28,71c
SP-Pb 0,84a 1,68b 5,32a 11,87a 18,23a 25,72a 34,23a 48,10a 56,18a
SC-Pb 0,88a 2,47a 4,30b 9,89b 14,95b 22,25b 28,49b 40,55b 47,690

)

S-Ni 0,01d 0,06d 0,07d 0,16d 0,27d 0,44d 0,50d 0,55d 0,80d
SG-Ni 0,56¢ 1,18¢c 1,93¢c 7,90c 11,61c 13,59¢ 16,41c 23,62¢c 26,09¢
SP-Ni 0,78b 1,68b 6,26a 14,19a 20,76a 28,52a 37,55a 51,04a 59,65a
SC-Ni 0,92a 2,51a 4,34b 9,32b 13,70b 19,89b 25,30b 36,14b 42,27b

()

S-Pb+Ni 0,01d 0,06d 0,06d 0,12d 0,18d 0,33d 0,35d 0,35d 0,45d
SG-Pb+Ni 0,56¢ 1,15¢ 1,90c 7,77¢c 11,93c 14,09¢ 17,02¢ 25,95¢ 28,94c
SP-Pb+Ni 0,81b 1,87b 5,90a 13,65a 19,20a 27,65a 36,51a 50,02a 58,91a
SC-Pb+Ni 0,943 2,61a 4,40b 9,00b 13,35b 18,60b 23,42b 33,82b 40,080

95



=]
-
[o2]
o
)

CO, (mg)/g)
w S )]
o o o

N
o
|

10 4

—4—S —8—SG —4&—SP——SC —— S-Pb —8— SG-Pb —&— SP+Pb —0— SC-Pb

=
~

2]
o
]

a
o
|

CO, (mg)/g)
w D
o o

N
o
|

10

| 4
»

3
»
o

CO, (mg/g)
w
o

N
o
I

10

50 100 150 200 250 300 0 50 100 150 200 250 300
t (Hpépeg) t (Huépeg)
—&— S-Ni —8— SG-Ni —&— SP+Ni —— SC-Ni 8) —&— S-Pb+Ni —8— SG-Pb+Ni —&— SP+Pb+Ni —— SC-Pb+Ni
60 -
50 -

IS
o
|

CO, (mg/g)
w
o

50 100 150 200 250 300 0 50 100 150 200 250 300
t (Huépeg) t (Huépeg)

Yyfua 4.1, ABpoiotikn ovykévipwon CO, oe mg/ g, oto ypovikd ddotnua 0,125 — 301 nuépeg yio kGO opyavikn Tpocsdnkn evidg ke emmédon a)
amovoiag Papéwv uetdhimv, B) mapovsia Pb, v) mapovoia Ni kat 8) mapovoio Ph+Ni.
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Onwc mapoatmpeiton otov Ilivoka 4.3 xou oto Zynuo 4.1, oe Oleg TIg
TEPUTTAOGELS 1) OPYOVIKT TPocHnKn, odnyel o onuaviikn avénon g ékivong CO;
Kol KOT' €MEKTOON TNG WKPOPLOKNG OVOTVONG. XtV TEPITTOoN omovciag PBapéwv
petdAdlov (BA. Zynua 4.1a), otig 301 nuépeg, n oepd £ékivong CO, sivon n eéng: SP =
SC > SG > S (SC kat SP, dgv mopovcstdlovv GMUOVTIKY OTOTIOTIKY O10pOopa UETAED
TOVG). XTI OPYOUVIKEG EIGPOES, TOPoLGia TV Papéwv petdAiov (PA. Zyfua 4.1B-0),
otg 301 nuépeg, OAeg ol petayepicelg mopovctdlovy CNUOVIIKEG OTATICTIKA
dweopéc. H oepd éxhvong CO, mapapéver i 01 pe ™ Swweopd OTL To U
KOUTOGTOMONUEVE  KAUOEUOTO TOPOLGLALoVV TAEOV  HEYOAVTEPY] OVATVELCTIKN
OpacTNPLOTNTA GLYKPLTIKA pE To Kopmoatomomuéva: SPy > SCy > SGy > Sy (6mov X
= Pb, Ni, Pb+Ni).

Ta amoteAéopata avtd €pyoviar o€ cvopgwvio pe tovg Nwachukwu ko
Pulford, 2011, ot omoiot mapatnpnoav 0Tl e pvmacpéva pe Pb ko Zn €ddon, N
EQUPUOYT OPYOVIK®V DMK®V 0dnynoe o avEnuévn ékAvon CO2 cLYKPITIKG [E TOVG
péptopeg (£0G0N YOPIG OpYaVIKY €GPON) Kot T0 anédwoov cg dvo Adyovs. IlpaTov,
TO. OPYOVIKA VAIKO GULVEICPEPOLV GE OPYOVIKA VTOGTPAOUATO 7OV GTI GLVEXELN
amOdOHOVVTOL KOl KOTA OEVTEPOV, TA OPYOUVIKG VAIKA OeGpevovV To foapéa LETOAAN

KOl EMOUEVOS LELOVOLV T TOEIKOTNTA TOVG.

4.3.5 H enidopaon Tov Papiémv petdirov evtog kKaOe opyavikis TpocOfkng

Ytov Ilivaxko 4.4 xou oto Zyfuo 4.2, mopatnpovpe Tnv obpoicTikn
ovyKévipwon tov ekivouevov CO, oe mg / g, v kébe enimedo cuvodoD UETAAAOV
€VTOC kB opyavikng mpocOnkmg. Ta kepaiaio YpAULATO AVAPEPOVTOL OE CLYKPICELG
peta&d tov ovvodod petdArov (Pb, Ni, Pb+Ni) evtdc kdbe emmédov opyoavikng
mpocnkng (S, SG, SP, SC) ot kdOe ypovikn otiyun.

Ocov apopd oty mepintwon Tov £66.povs ympic Tpocsbnkn opyavikoh VAKOD
(S) (PA. Zynua 4.2a) mapoatnpodue OTL €V YEVEL 1| TPOGONKN uetdAlwv odnyel oe pia
TAOM VO HEWOVETOL TN WIKPOPloK)  OpaoTNPlOTNTO. X UEPIKOVG  YPOVOLG
TOPOTNPOVVTIOL GTOTICTIKG CMUOVTIKES OOPOPEG OVAIESH OTN UNOEVIKY TPocOTkN
Bopéwv petdAlmv kot v mapovcia tovg (Pb, Ni, Pb+Ni) (m.y.= nuépeg 0,125, 1, 27,
54) ko dAAote mapotnpeitan vo. ELEAVICETOL GTATIOTIKO CNUOVTIKY S0lPOpa LLE TNV
napovoioa Ni ko Pb+Ni povo. A&oonueioto sivar 611 1 towtdypovn mpocHHKN

Pb+Ni, 0dnynoe o€ 6TATIOTIKA GNUAVTIKY HEI®OTN TG HKPOPLOKNG dpOoTNPLOTNTOG
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Mivoxog 4.4. ABpoiotiky cvykévipoon CO, (Mg / g) oto ypovikd didctnuoa 0,125 — 301 nuépeg S10POPETIKOY GLVOOMY HETAAA®V £VTOG KABE OpYOVIKNG
nwpooOnkng (S, SG, SP, SG). Ta kepolaio YPAUUATO AVTIOTOLOVY GE GUYKPIGEIC LETAED TMV OPYOVIKOVY EIGPOMYV eVTOC KOOE EMMESOV GVVOOOD UETAAAOV OE
KkéOe ypovikn otryun. [lapovsio Kowow ypapUaTog VTOSNADVEL ATOVGIN CTUAVTIKIG CTATIGTIKA SL0pPOPAC.

Xpévog  (Hpépes) 0,125 1 3 9 27 54 108 216 301
Merayeipion
S 0,01A 0,10A  0,14A  0,28A 0,42A 0,60A 0,65A 0,86A 0,96A
S-Pb 0,00B 007B  0,12AB  0,24A 0,29B 0,48B 0,57AB 0,72AB 0,87A
S-Ni 0,01AB 0,06B  0,07BC  0,16B 0,27B 0,44B 0,50B 0,55BC 0,80A
S-Pb+Ni 0,01AB 0,06B 0,06C  0,12B 0,18C 0,33C 0,35C 0,35C 0,45B
SG 0,48B 1,23AB  2,10B 765B  12,85A  1556A 18,62A 2536AB  27,28AB
SG-Pb 0,58A 1,28A  246A  841A 1248AB  1451B 17,65B 26,25A 28,71A
SG-Ni 0,56AB 1,18BC  1,93C  7,90B  11,61C  13,59C 16,41C 23,62B 26,09B
SG-Pb+Ni 0,56AB 1,15C 1,90C  7,77B  11,93BC  14,09BC  17,02BC 25,95A 28,94A
SP 0,92A 1,85A  329C  7,16C  11,95C  17,72C 24,15C 38,95C 46,78B
SP-Pb 0,84AB 1,688  532B  11,87B  1823B  2572B 34,23B 48,10B 56,18A
SP-Ni 0,78B 1,68B 6,26A  14,19A  20,76A  28,52A 37,55A 51,04A 59,65A
SP-Pb+Ni 0,81B 1,87A  590A  1365A 1920B  27,65A  36,51AB  50,02AB 58,91A
SC 0,88A 257A  462A  9,85A 14,368 21,25B 27,62A 40,75A 48,67A
SC-Pb 0,88A 247A  430B  9,89A  1495A  22,25A 28,49A 40,55A 47,69A
SC-Ni 0,92A 251A  434B 9,32B  13,70C  19,89C 25,30B 36,14B 42,27B
SC-Pb+Ni 0,94A 261A 440AB  9,00B  1335C  18,60D 23,42C 33,82C 40,08C
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Yypa 4.2. ABpoiotikr ovykévipwon CO, oe mg/ g, 610 ypovikd didotnua 0,125 — 301 nuépeg yia kabe cuvodd LETAAAO evTdg KAOE emMTESOL ) AmoVGing
opyavikng eipong (S), B) mpocdnkn yivkolng (SG), y) mpoohnkn xhadepdtov eatdg (SP) kat 8) mpocshnkn kopmootomomuévey kiadepdtov eidc (SC).
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EVOVTL TOV VITOAOIT®V 0md TIC 54 nuépeg kot petd (pe e€aipeon v enépPaon Ni otig
216 muépeg). Mio mBavny eénynon eivor 6tL N towtdypovn mpooHnkn Papémv
uetaAiov (Pb+Ni) eiye abpototikn to&ikn enidpacn oty pikpoflaxy dpactnplotra
TV piKpoopyovicpov. Z1ig 301 nuépeg n oepd €kivong CO, dwpopeadvetor wg
edng:

S = S-Pb = S-Ni > S- Pb+Ni

Ocov apopd oty mepintwon G (mpocHnkn yivkding) (PA. Zynuo 4.2P),
TOPOATNPOVUE OTL O1 O10POPOTOMGELS LETAED TOV ETEUPAGEMV Elvar TOAD PIKPECS:

Ytg 9 nmuépec m petayeipion SG-Pb, mopovcicce ototiotikd onuoavtiky
dpopd Evavtt Tov dALmV petayepicemv kot n ogpd ékivong CO, dtopopeddnke
g eENg:

SG-Pb > SG = SG-Ni = SG-Pb+Ni

2115 301 nuépeg n oelpd StapopemdVETOL ®¢ eENG:

SG-Pb = SG-Pb+Ni > SG = SG-Ni

Yy mepintmon g opyovikng mpocstnkng SP (kAadépata shotokopiog) (PA.
Zua 4.2y), mapatnpovpe pio Eexabaprn tdon m omoio emkpatel 6e OAO YPOVIKO
SAoTNA Ao TIG TPAOTEG KIOANG LEPES, KoL 1 OTTola Elvon avTioTPOET a0 TO LAPTLPA
(xopic opyavikn| giopon, Zymua 4.20) apov gv YEVEL 1] TPOGHNKN HETAAAWV 00MYEL OE
pio tdon vo petdvetor 1 pkpoPlokn dpactnpomra. Xt 301 nuépeg ko pe Paon

NV 6TaTIoTIKN enegepyacia, 1 oepd EkAvong CO; katoAnyetl va eivan 1 €ng:

SP-Pb = SP-Ni = SP-Pb+Ni > SP

Me Bdaon 1o mopandve, odNyoOHOGTE GTO GUUTEPAGLO OTL GTNV TEPINTOON
TOV KAUOEUATOV EMAG, OAeG ol emepPdoelg pe Papéa pétarro iowg odnynoov o€
KOTAGTOOT  KOTATOVIONG TMV  HIKPOOPYOVICU®OV HUE OMOTEAEGUO TNV &VTovn
OVOTVELCTIKY] dpacTnploTnTo. ovaykoio ywo v empPioon tovg o€ €va TETOl0
neptPdAlov (avEdvetar 0 petofoikdg ovviedeoms (CO2, kabag Arydtepog C

amoONKEVETAL OTU SOUIKG CLGTOTIKA).
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Ymv mepimtoon g opyovikng €epong SC (Kopmootomomuéva KAadELTOL
ehaoxopiog) (PA. Zynuo 4.20) ot SPOPOTOMCELS €lval OTMG KOl GTNV TEPITTMON)
™g YAukoing oxetkd pikpéc. [apatnpodpe 6t otig mpdteg dpeg (0,125 kan 1 nuépar)
OEV VTLAPYOVV GTATICTIKO CNUOVTIKEG SIAPOPES HETAED TOV SOPOPETIKAOV GLUVOIDV
uetaAiov (Pb, Ni, Pb+Ni). Opwg and tig 108 nuépec ko émetta, 1 oelpd EkAvong
CO;, dapopedveTon mg €ENG:

SC-Pb = SC > SC-Ni > SC-Pb+Ni

[Mapatnpodue 6t n mopovsion Ni, odqynoe oe yauniotepn piKpoPiokm
avamvor], Oeikvhovtag mBove TOEIKO YOPOKTNPO YOl TOVS  HIKPOOPYOVIGUOVG
TOPOUOL0 LE OVTOV TTOV TOPOTNPEITOL GE GKETO £50(POG 0LPOV TO KOUTOGTOTOMUEVO
VMKO TPOGOUOLALEL TEPIGTOTEPO GE OOUN| KOl GCVUGTOGCT LE TNV OPYAVIKY] OVGIO TOL

€00(POVG.

4.3.6 Khoopatoon tov popiov petdrimv Ko oTaTIoTIKN eneepyacio

IMa 1™ perétm ko 1 otatotiky  enefepyacic. TV OEGOUEVOV,
TpoypatoromOnke avéivon g dtakdpoavons (Anova). Xe kdbe cuvodd pétairo (P,
Ni, Pb+(Ni), Ni+(Pb)) kot otddio ¢ tpomomomuévng BCR, peiembnkav ot
TOPAYOVTEG YPOVOG ETMOCNC Kot 0pyaviky tpocOnkn. Me ) Bondewa towv ITivaikov
4.5 — 4.8, ovumepoaivovpe OTL VLAPYEL GNUOVTIKT GTOTIOTIKG EXIOPACT) TG OPYAVIKTG
TPOGHNKNG Kot TOv XpOVOL ETMACNG, avtioTorya. Eniong yia 6Aa Ta cuvodd HETOAAL
Kol 6€ OAQ TOL OTASLOL VITAPYEL OAANAETIOPACT] TV TAPAYOVTIOV OPYOVIKY] TPOGHNKN

KoL YpOVOL ETDOCTG.

4.3.7 H nepintoon tov Pb

Ytov [livaxa 4.5. mopoatnpodpe OTL VTAPYEL CNUOVTIKN OTOTIOTIKA ETIOPOOT
TOV TopayOVI®OV OpYoVIKN TPocsHnkn kot ypoévov endoonc. Emiong eaivetar ot
VILAPYEL KOl OAANAETIOPOOT) TV OVAOTEP® TOPAYOVTOV.

Y10 Zynua 4.3(a-0) mapovstdletol N TOGOSTIOHN KOTAVOUY TOV afpoicpaTog
TV TocoTNTOV ToL Pb mov exyvAilovion oto téooepa kAAopata (avToaALASHLo,
avayDYo, 0EEIOMGIIO KOl VITOAEIUUATIKO KAAoua) Tng Tpomomouévng BCR yua tig
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opyavikég mpoonkeg S (udprtopoag), SP, SC ko SG, oe kdbe ypovo enmwaong. O
[Tivaxog 4.6 meptlapupdavel T1g cvykevipmoelg tov Pb (mg / kg) ota didpopa otdoa
¢ tpomomoinuévng BCR (A Ztddo: avtaAra&yo kAdopa, B Ztddo: avoydyyo
KAaopa, I' Xtdoo: o&edmoo kKAdopo kot A ZTdd10: VTOAEUUATIKO KAAGUO), Yo
OAeg T1g opyavikég mpoonkeg (S, SP, SC, SG) kot ypoévoug enmdoemc (0,125 £wg 301
nuépeg). To peyaddtepo mocootd 10V Pb katavépuetonr 610 avay®ypo otado (katd
nécso 6po 61 — 83%) amd T1g 3 TPMOTEG MPEG Kot yioL OAL TOL YPOVIKE S10GTHLATA, LLE TO
VTOAEUUOTIKO KAQopo v gpeavilel ) yopnAdtepn ocvykévipwon. Ou Jalali kot
Khanlari, 2008, peAétnoav v enidpacn tov ¥poévov (ypovikd ddotnuo 3 ®pec £mg
28 uépec) omv xhaoudtoon twv Pb, Zn, Cd kot Cu, oe acPeotodyo £0don wot
TopaTNPNoaV 0Tl T0 peyaAvTepo néPog tov Pb Ppiokdtav ota o&eidia Tov G1d1pov
Kol TOL payyoviov (avoydyylo kAdouo), Oeiyvoviag £TGlL TNV TPOTIUNGCT TOV OTa
HETOAAIKE 0&eidia o’ OTL oTaL GAAL KAAGUOTO.

O ypovog emdoaong owpopormotel Tic peTayepioels. e Pdbog ypdvov, 10
KAGopo mov  avtikotonTpilel TG 000evdg TPOGPOPNUEVES LOPPEG OTO  E£S0QPIKO
KOAAOEWES (VOOTOSOAVTO KOl OVTOAAAELLO KAGGUQ), LETOTPEMETOL GE MO 1oYLPE
deopevpéveg popeég (KAdopo ofedimv kol g OpyOVIKNG 0Lciag). X& TapOUOLld
aroteAéopato odonyndnkav ot Lu x.a., 2005, mov peAétnoav v KAACUATOON TMV
Cu, Zn, Pb, and Cd, og 3 €0don, o xpovikd ddomnuo 3 opeg £og 8 efoouddss. To
oo a&iCer va avoaeepbei, dev moapompnnke oty mepintwon tov Cd, ywti 6mmg
e€nyovv ot id101, T0o avtaArdéipo Cd mbavov evudatdveral Kot oynuatilel cOuTAoKa
eEwTePKNG empaveiog, Tapepmodilovtas £T61 TNV LETAPOPA TOV GTO GAAL KAAGUATO.

Ocov apopd Vv emidpacn NG OpPYoVIKAG mPocsHnkng, ot1o avtaAra&ylo
KAaopa (BA. Zynua 4.3B-0) mapatnpeital 6tL 1) TPOGONKN TV 0pYyavVIKOV VAIKOV (SP,
SC), k1o ¢ YAvkO(NS (SG), 0dfynoe og peimwon tov avtoAldEOV KAAGHOTOS Kot
avénomn tov o&ewdoov KAAoHoTog, emPBePardvovtag TV apykn vrddeon yo v
KOTOAANAOTNTO TOVG MG VAIKOV OKIWVNTOTOINGONG TOV UETAAA®V oTo.  €04QM.
Tavtdypova dpmg eppavifeTor Kot po Tdon petaxivnong tov Pb and 1o avaydyipo
070 0EEMOtUo KAdopa. Mia mBavr e&iynon yio TNV GUUTEPIPOPE TOV OPYOVIKDV
VMK®V glvar 6tL 1 mpooHnkn Tovg, odNynoe ce avEnomn Tov evepymv BEcewv
TPoopOPNoNG (active sites) Kol KoT' EMEKTACN OTO GYNUATIOUO CLUUTAOK®V Pb —
opyavikod vAkov. Ot Brown «x.a., 2003, woir Abbaspour kot Golchin, 2011,

KatéAn&av 0TL N TpocsHnKN PlooTEPEDY (KOUTOGTOTONUEVOV KOl UT)) KOl KOUTOGT OO

102



YOUOOKMOANKES (vermicompost), o€ pvracuéva pe Pb £ddoen, odnynoav ce peimon tov

avtoALa&pov Pb kot avénon tov Pb mov exyelileton pe oelddoieg cuvOnKec.

IMivoxog 4.5. Avdivon dacmopdc (Anova) yia tn ocvykévipmon tov Pb oe dumapayovtikd
GUOTNLO LE TTOPAYOVTEG TNV OPYOAVIKT TPOGHNKN Kol TO YPOVO EXDACTG Y10 OAM TA, GTALN TNG
Sdwdoykng exydviong g tpomomonuévng BCR, yw enimedo onpavtikotntag a=5% (ot
aplBpol g omAng P, He AoTEPIOKO VTOINAGVOLV TNV VRAPEN OTOTIOTIKA GMUOVTIKNG
enidpaong). (A.T.: ABpooua tetpaymdvmv, B.E.: Babuoi ehevbepiag, M.T.: Méca, tetpdymva,
F: mopdyovtog S100mopagc, P: EMImESO GNUAVTIKOTNTOG).

A.T. B.E. M.T. F p

AvtaAra&o

Opyaviki TpocONKN 58000 3 19300 192,6 0,000*

Xpovog emrdoong 29900 8 3732 37,2 0,000*

Opyavii] TpocsOikn X Xpévog emdaong 22400 24 933 9,3 ,000*
Avoyoyyo

Opyaviki TpocONKN 27000 3 9011 41,85 0,000*

Xpovog emrduong 28100 8 3518 16,34 ,000*

Opyavii] TpocsOikn X Xpévog emdaong 50800 24 2115 9,82 0,000*
O&edmoylo

Opyavikn TpocOfKn 120000 3 40100 319,8 0,000*

Xpoévog emdaong 19700 8 2461 19,7 0,000*

Opyoviki tpocdkn X Xpovog smdaocng 22600 24 942 7,5 ,000*

YmoAepotikd

Opyoaviki| TpocOKn 372 3 123,9 15,67 ,000*

Xpovog emrdoong 1902 8 237,7 30,07 0,000*

Opyavii] TpocsOikn X Xpévog emdaong 1288 24 53,7 6,79 ,000*
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Yypa 4.3. Katavour % tov abpoicuatoc tov mocotjtov tov Pb mov exyviilovion ota
T€60€p0 KAAGHOTA (OVTUAAAEILO, avaydYIO, OEEWMOIO Kol VTOAEWUATIKO KAACUM) TNG
tpomomoinuévng BCR ywo tic opyovikéc mpooOnkeg S, SP, SC kor SG, og kdbe ypdvo
ENMAOTC.
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IMivokog 4.6. Zvykévipwon Pb (mg / kg) ota didpopa otddio g tpomomomuévng BCR (A Xtddi0: aviodrda&ipo kidopo, B Xtédio: avayoyyo kidoua, T
210010: 0EEOMGIUO0 KAGGHO Kot A XTA010: VITOAEUUATIKO KAAGH), Y10 OAEC TIG opyavikég Tpoctnikeg (S, SP, SC, SG) kot ypovovg enmwaceng (0,125 ¢mg 301
NuéEpes. Xe Kabe o1dodl0, To. KEQUAMIN YPAULATO OVTIOTOLYOVV G GLYKPIoELS HETAED TV OPYOVIKGOV TPOcONKOV £viog KAOe emmEdOn YPOVOL EMWACEWMS
(0,125 — 301 nuépec. Xe kabe 6TGO10, TO LKPA YPOUUOTO AVTIGTOLOVV GE GLYKPIGES HETAED SOQPOPETIKOV YPOVOV EM®ACE®V €vTOg KGe emmédon
opyavikng mpocOnkng. Kot otig dV0 mepmmtdoel N mapovsio Kool YPAUUOTOS VTOONADVEL OTOVCIN CTUTICTIKG CNUAVTIKNG OlpOpag oe emMimedo
onuavtikomrag 0<0,05.

Xpovog o€ nuépsg 0,125 1 3 9 27 54 108 216 301
Meraysipion A Xtddro
S 111,80Aa 92,85Aabc 106,09Aab 77,29Acd 55,45Bd 79,40Abcd 75,28Acd 59,07Ad 59,25Ad
SP 60,17Bab 74,93Ba 23,29Be 45,81Bbhcd 29,84Ccde 48,87Bhc 30,37Bcde 25,92Bde 38,26Bcde
SC 40,49Babc 55,75Ca 29,08Bcd 36,38Bbc 48,56Bab 39,87Bhc 20,84Bd 34,17Bbcd 42,78Babc
SG 130,10Aa 98,60Ab 105,22Aab 66,30Ac 81,85Abc 88,66Abc 33,95Bd 65,32Ac 60,21Acd
B Xtaowo
S 377,65Bd 407,58 ABbc 387,02Acd 439,48ABa 437,84Aa 441,41Aa 424,85ABab 446,68Aa 439,17Aa
SP 406,60ABab 395,89ABab 392,29Aab 420,46Ba 405,33Bab 384,33Babc 396,83Bab 362,13Chc 340,29Bc
sC 419,79Aab 394,49Bc¢ 405,52Abc 415,82Babc 408,30Bbc 430,35Aab 439,35ABa 411,31Bbc 367,07Bd
SG 376,07Be 411,00Acd 394,64Ade 448,99Aab 412,01Bcd 426,23Abcd 464,99Aa 436,93ABabc 439,03Aabc
I' Xtaowo
S 41,91Bab 28,81Chc 37,99Babc 25,55Bbc 46,24Ca 21,97Cc 31,38Cabc 28,77Chc 37,91Babc
SP 68,26Acd 59,92Bd 110,08Aabc 68,74Acd 101,59Abcd 94,36Abcd 102,38Abcd 130,49Aab 149,17Aa
sC 78,84Ahc 75,46Abcd 93,02Ab 78,51Abc 77,56Bhc 59,00Bd 72,86ABcd 78,53Bbc 122,27Aa
SG 38,07Bab 26,20Ccd 31,29Bbcd 25,38Bcd 48,98Ca 23,67Cd 41,63BCab 31,72Chcd 35,12Bbc
A Xtaowo
S 29,72Aab 31,83Aa 29,99Aab 18,76Bde 21,54Acde 18,29Be 29,56Aab 26,56Cabc 24, 75Abcd
SP 22,01Bcd 26,29BChcd 31,38Ab 22,03ABcd 20,27Ad 29,47Ab 27,44Abc 38,50Aa 29,32Ab
SC 17,91BCe 31,33ABab 29,41Aabc 26,32Abcd 22,60Ade 27,81Aabcd 23,98Bcde 33,02ABa 24,91Acd
SG 16,84Bd 25,27BCabc 29,93Aa 20,41Bbcd 18,24Acd 22,52Babcd 20,51Chcd 27,12BCab 26,71Aab
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Avtibétog, mn yAokoln (PA. Zyqua 4.30), m omola otepeiton Béoemv
npoopoPNnone, dev emnpéace kaBoOAoOL TV KwnTikdéTTa Tov Pb ot0 €dapikd
KOAAOEWOES 0OMYDVTOS OTN UN VTOPEN SPOPOTOCEMY AVAUESOH GTIG OPYOVIKES
emepPaoceic S kar SG. H yAvkoln dev mapovoidlel evepyéc Béoelg mpospdenong,
yeYovOg TOv cLVAdEL pe TV mporyovuevn eénynon. [lbavd odnyel oty mopeia Tov
xpévov ot onuovpyio  otabepomomuévav  KPOPLOKOV  UETOPOMTAOV  TOV
napovctilovy BEcelc TPOoopPOENONG, AVTO OUMS OV NTOV 1OOITEPA EUPOVEG OTIS
OULVONKEG TOVL TEPAUATOG KOt LE TN OEO0UEVT] TOGHTNTA TPOGONKNG.

Me Bdon ta avotépm, 0dNyoOHOCTE 6T EENG GCUUTEPACLOTOL:

a) H toym tov Pb ota €dden elvar otevd ocvvoedepévn pe ta o&eido tov
onpov/payyaviov (S, SG) 1 pe 1o avayoyyo khdopa (SP, SC).

B) Ta kKhadépato glotokopiog Kot T0 KOUTOGT aVT®V, Helmoe T0 avtaAldSipo
KAMopo €€ioov, mOPoVGLALOVTOS OMUOVTIKY] OTATIOTIKY] Opopd HeE Tig GAAES
HeToyepioelg oAAd Oyl LeTAED TOVg omd TOL aPYIKE OTAOLN TNG EXTDOCTE KOl CTOOOKA
TO VMKG 00Td 00MYyouV o€ avénon tov 0&eddoipov kKAdopatog. Ondte Kot tor 600
VMK gival kaTtdAAnAo Yo v akwntomoinon tov Pb e mepimtwon mpdoeatng
pYmavong edapav e Pb.

v) H xhoopdtoon tov Pb dev mapovcioce ONUOVTIKES OLOPOPOTOUCELS

avapesa g mapovaio yYAvkolng (SG) kot oty amovcio opyoaviknig tpoctnkmng (S).

4.3.8 H nepintomon tov Ni

Ytov Ilivako 4.7. mapotnpovpe OTL LAAPYEL ONUAVTIKY ETOPACN TV
TOPOYOVTOV OPYAVIKY] TPOcONKn Kot xpovov emmaocns. Emiong eaiveton 011 vdpyet
KOl OAANAETIOPOOT TOV OVOTEP® TOPUYOVIMV.

Y10 Zynua 4.4(a-0) mapovstdletol N TOGOSTIOHN KOTAVOUY TOV afpoicpaTtog
TV TOocoTNT®V ToLv Ni mov ekyvAilovion ota Téooepo KAdouato (avtorAdéiuo,
aVOYDYULO, 0EEWOMOIUO Kol VITOAEUOTIKO KAdoua) g Ttpomortomuévne BCR yuo to
udptopa S ko T1g opyavikég mpoodnkeg SP, SC kol SG, oe kdbe ypovo endOONC.
Ytov Ilivaxa 4.8 Biémovpe v cvykévipmon Ni (mg / kg) ota didpopa otddo TG
tporortompévng BCR (A Xtd4dw0: avtaAra&yo xidoupo, B Xtddwo: avoydyo
KAMaopa, I' Xtddo: oeddoipo kKAdopo kot A XTddto: VTOAEUUOTIKO KAAGUW), Yo
OAeg T1c opyavikég mpoonkeg (S, SP, SC, SG) ko ypoévovg enmdoemc (0,125 £wg 301
NUEPES).
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IMivoxog 4.7. Avéivon dwcmopds (Anova) yio ) cvykévipworn tov Ni 6g dumapayovtikd
GUGTNUO LE TTOPAYOVTES TNV OPYOVIKY] TPOGOTKN Kot TO YpOVO ETMACTG V1ol OAQ T GTASIO TNG
dradoyikng exydiong g tpomomomuévng BCR, o eminedo onpoavtikoétrog 0=5% (ot
aplBpol g omAng P, He AoTEPIOKO VTOINAGVOLV TNV VRAPEN OTOTIOTIKA GMUOVTIKNG
enidpaong). (A.T.: ABpooua tetpaymdvmv, B.E.: Babuoi ehevbepiag, M.T.: Méca, tetpdymva,
F: mopdyovtog S100mopagc, P: ENIMESO GNUAVTIKOTNTOG).

A.T. B.E. M.T. F p

AvtaAra&o

Opyaviki TpocONKn 490000 3 163000 614,5 0,00*

Xpovog emrdoong 426000 8 53200 200,2 0,00*

Opyavii] TpocsOikn X Xpévog emdaong 162000 24 6739 25,3 0,00*
Avayoypo

Opyaviki TpocONKN 203000 3 67600 221.8 0,000*

Xpovog erdoong 87800 8 11000 36 0,000*

Opyoviki tpocdkn X Xpovog smdaocng 50900 24 2122 7 ,000*
O&edmoylo

Opyavikn TpocOfKn 224000 3 74700 856,2 0,00*

Xpovog erduaong 242000 8 30300 3475 0,00*

Opyaviki TpocsOikn X Xpovog endaong 153000 24 6363 73 0,00*

Y OAEIUUOTIKO

Opyaviki TpocONKn 909 3 303 67,94 0,000*

Xpoévog emdaong 1189 8 148,6 33,33 0,000*

Opyavii] TpocsOikn X Xpévog emdaong 478 24 19,9 4,47 ,000*

A&ilel va avapephel yevikd 0Tl oty TTEPITT®ON amovciag opyovikng tpoctnkng (S)
nepimov 10 50% tov Ni Ppioketon 610 ovioAld&io KAGoUo GE OAO TO YPOVIKO
dlotnua ¢ enmaong. To 00 mapatnpeitar oty mEPITT®ON NG TPOGOHNKNG
YAVKOING (SG) aAld drapkel To TOAD €mg Tig 27 nuépeg (42 — 57%). e moAv Arydtepn
YPOVIKY éKTOoT TapoTnpeitol 1 ovykpatnon tov Ni oto aviaAAdéyo Khaoua oty
nepintwon tov SP (Yo to mpmdTo 24mpo pudvo) kot oty mepintmon tov SC (Aydtepn
TOGOTNTA KO Y10 TO TPADTO 24wp0o POVO). ApyIKA GUUTEPAIVOLLE OTL GTNV TEPIMTOCN
(S), o Ni akolovOel S1APOPETIKO PUNYAVIGUO GLYKPATNONG GTO EOAPIKO KOALOEIOES
ovykprtikd pe o Pb. Xto €dagikd cvomua, o Sposito, 1989, Oempovoe 6tL N ThoM
TV oapiéov uetdAlov va oynuatifovv opototoikd deopd (covalent bond) oyetiCeton
ue v vtk aktivo, (ionic radii) kot to dvvapukd ovicpob (ionization potential) kot
npdtewe Ty €N oepd exhekticotntag: Pb> > Cd** > Cu** > Co** > Ni®* > Zn*. 3¢

avtiotoyia, 1 Tpospdenon tov Pb ftav katd modkd peyakvtepn oe oyéon pe tov Ni,
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omwg pog mapadétovv ot Cazanga x.o., 2008, o1 omoiol peAétnoov v tpocpdenon
SPOp®V HETAAA®V omd €04QN, o€ HOVO Kol TOAVUETOAMKO ovotnua. [evikd
dEYOUAOTE OTL OGO PEYOAVTEPT E€IVOL 1) 1OVTIKY aKTiva Tov ototyeiov (Pb: 119 pm, Ni:
83 pm) kot m mlextpopvnrikdétra katd Pauling (Pb: 2,33, Ni: 1,91), téco
peyoAvTEPN €ivorl 11 TPOoopOPNOT TOL OTIS KOAOEWELS empaveleg. Opoimg, LiKpn T
¢ eAevBepng evépyetag evuddtmong (free energy of hydration) (Pb: -357,8 kcal / g-
ion, Ni: —494,2 kcal / g-ion) kot g otobepig Tpmtng vopodAvong (Pb: pK,= 7,71, Ni:
pKa = 9,86), odnyovv ce avénom g évtaong g mpoopdenong (Essington, 2004,
Selim, 2012, Hui «k.a., 2005). Ta mopondve StkaloAoyovv v avénuévn mtapouvsio
tov Ni 010 aviola&o KAdopa og ovykplon pe tov Pb.

Me v mapodo TOoVL YpOVOL, OmMMOG Kol oTNV TEpimTmon tov Pb, ot
AVTOAAGEILES HOPPEG TMV OTOWEIDMV UETOKIVOUVTOL GE TO 1oYVPE OEGUEVUEVEG
pnopég (ITivaxag 4.8). H enidpacmn tov ypovov g OAeG Tig opyavikég etopoég (SP, SC,
SG) frav évtovn evd amovoio opyavikng mposnkng (S), dev vnpye enidopacn AOY®
TV 1810TNTeV T0L Ni, 1OV aVvaEéptnkay avoTépm.

Ye avtifeon pe tov Pb, omv mepintwon tov Ni, 0L OpyoviKEG E€1GPOEG
00NYNOAV GE GNUOVTIKEG SLOUPOPOTONGELS TV KAAGUATOV (BA. Zymua 4.4-0).

H npocnikn SP oe oiykpion pe v mpochnkn SC, odnynoe oe peyardtepn
OTOTIOTIKA HEI®ON TOL OVTOAAAEIOV KAGGHOTOG ard Tig 54 nuépeg mg kot Tig 301
NuUépes, pe tautdypovn avénomn tov 0EEWMGIUOL KAUCUATOG, TOV €IVl GTATICTIKY
onuavTikn omd Tic 9 nuépeg €m¢ to TéA0G TV enmwdcewv. A&ilel va avapepBel 6TL 6Tl
mpdTa ypovikd owctnuota (0,125 €wg 3 nuépeg) n SC, mpokdiece 1 peyardtepn
peimon tov avrodra&ipov KAAoUaTog pe Tavtdypovn adHENCT TOL OVAYDYLLOV Kot
ofewdoov. Mio mbavny e€nynon eivan n €€ng: To Ni, émwg mpoavapépbnke,
amovcio opyavikng tpocOnkng (S) Ppioketor ¢ eni to mAgioTov otV avtaArd&iun
@aon tov £0deovg. Katd tv tpochnkmn tov opyavikdv vikav (P, C), tavtdypova pe
™ pOmaven, avtaAld&ipo pépog tov Ni, GUVIEETOL OTIC aPVNTIKA POPTIGUEVES BEoELg
TOV VMKOV pe amotélecpa T pelmwon Tov aviaiddéipov kidopatog. To koumodort,
EXOVTOG LEYOADTEPT IKOVOTNTO OVTOAAOYNG KATIOVI®OV, CUYKPATEL LEYOAVTEPO UEPOG
tov Ni, on’ 61t to0 KAadéuata glatokopiag, £o¢ ko Tig 3 nuépes. Emopévag,
neplocotepo avtaAra&ipo Ni, mapatnpeiton oty mepintwon SP. To opyavikd VAIKA,
EKTOC OO 1oYVPA TPOSPOPNTIKE péoa, cuvelc@Eépovy o€ C kat N kot ko’ eméktoon

evlappoivouy vV ovamtuén TV uikpoopyaviopumy. Q¢ yvwotd, to Ni amotelel
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Yympo 4.4. Katavourn % tov abpoicpotog tov mocotitov tov Ni mov ekyvAilovtal ota
T€66€p0 KAAGHOTA (OVTOAAAELO, avay@YIo, OEEWMOIO Kol VTOAEUATIKO KAACUM) TNG
tpomomoinuévng BCR ywo tic opyovikéc mpooBnkeg S, SP, SC kor SG, og kdbe ypdvo
EMMAOTC.
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IMivoxog 4.8. Zvykévipmon Ni (mg / kg) ota dideopa. otadia ¢ tpomomomuéving BCR (A Xtddio: avtodrd&ipo kidopa, B tédio: avayoyyo kidoua, T
210010: 0EEOMGIUO0 KAGGHO Kot A XTAd10: DITOAEUUATIKO KAAGH), Yo OAEC TIG opyavikég Tpocbnfkes (S, SP, SC, SG) kot ypdvoug enmacewg (0,125 émg 301
nuépes. Xe Kébe otdolo, To KEQOAio YPAUATO OVTIOTOLYOVV G GUYKPIoELS METAED TV OPYOVIKGOV TPOCcONKOV £viOg KAOE emMmEOOV YPOVOL EMWAGEWG
(0,125 — 301 nuépec. Xe kabe 0TAO10, TO WKPA YPAUUOTO OVTIGTOLOVYV GE GLYKPIGEC HETAED SUPOPETIKOV YPOVOV EM®ACE®V €vTOg KABe emmédov
opyovikng mpocsOnkne. Kot otic 000 mepmtdoelg 11 mopovsiot Kowvov YPEUUOTOS VITOSNAMVEL GOLGI0 GTOTICTIKE OMUOVTIKNAG Olpopdc o€ eminedo
onuavrtikotntog 0<0,05.

Xpovog o€ nuépsg 0,125 1 3 9 27 54 108 216 301
Meraysipion A Xtao10
S 304,29Aa 291,00Aab 273,69Abc 284,12Aabc 268,66Abc 260,49Ac 262,94Abc 262,92Abc 281,31Aabc
SP 302,70Aa 292,08Aa 171,27Bb 116,17Bc 84,51Bd 70,99Dde 83,44Dd 53,10Ce 40,69Df
SC 227,76Ba 227,85Ba 141,88Bbc 152,27Bb 93,98Bd 115,91Cbcd 109,19Cbcd 103,56Bcd 104,36Ccd
SG 309,86Aa 310,21Aa 282,14Aab 253,44Abc 227,35Ac 169,68Bd 138,98Bd 132,00Bd 142,87Bd
B Xtdovwo
S 197,89Babc 189,49Bbc 214,16Babc 206,30Babc 220,10Ba 213,97Cabc 224,01Ca 218,62BChc 187,68Cc
SP 199,10Be 187,71Be 304,04Aa 292,54Aab 251,81Bbc 285,95ABabc 245,75BCcd 204,17Cde 196,39BCe
SC 265,27Acd 238,55Ad 320,75Aab 312,32Aab 346,65Aa 323,13Aab 337,08Aab 322,09Aab 300,21Abc
SG 193,80Bcd 174,91Bd 205,25Bbcd 230,82Babc 241,16Babc 251,50BCab 265,88Ba 242,80Babc 226,84Babc
T Xtaowo
S 18,15Bf 31,60Chcd 25,36Cde 18,13Cf 27,47Dcde 35,86Ch 24,10Def 34,09Dbc 44,06Da
SP 19,63Bd 36,94Bd 41,33Bd 102,15Ac 177,63Ab 153,63Ab 180,58Ab 254,90Aa 275,41Aa
SC 27,25A¢e 50,00Ad 51,59Ad 48,37Bd 73,45Bc 74,45Bc¢ 66,04Cc 90,41Cb 111,40Ca
SG 16,03Bf 29,23Df 26,87Cf 22,83BCf 44,90Ce 90,13Bd 109,13Bc 135,25Bb 151,41Ba
A 10010
S 24.81Ae 33,05Aabc 31,93Abcd 36,58Aa 28,91ABd 34,82Aab 34,09Aab 29,52Bcd 32,10Abcd
SP 19,60Bc 24,30Bch 24,38Bch 30,16Bab 27,07Bab 30,45ABab 31,25Aa 28,85Bab 28,53Bab
SC 20,74Bc 24,62Bb 26,80Bab 28,07Bab 26,94Bab 27,53Bab 28,72Aa 24,96Bb 25,05Cb
SG 25,46Acd 30,79Abc 30,87Abc 38,05Aa 31,73Ab 33,83Aab 31,15Abc 35,09Aab 24,02Cd
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ONUOVTIKO Opentikd oTolyEeio Kot &lval YvOOTH 1 CGLUUETOYN] TOL OE KVLTTOPIKES
Aerrovpyieg (Mulrooney kot Hausinger, 2003). Zvvendc, 660 TeplocOTEPO AOEGILOC
avOpokog, TOcO peyaAvtepm  eivan M aAAnAemidpacn tov NI pe  TOLG
LIKPOOPYOVIGHOVS KOl ETOUEVMOG 1] CUUUETOYN TOL OTIC KLTTOPIKES Agttovpyieg. H
evoopatmon avty tov Ni otovg pikpoopyovicpovg (mov Oa npémel va emPePformbel
KOl TEPARATIKA), QatveTatl vo epgoviletol oTadlakd Kupiwg 6To 0EEOMGIHO KAGCUO
(ue 10 oTadKO turnover TV WKPOOPYaVIGU®OV). MeydAn otadlakn avénorn Tov
ofedmoipuov KAdouatog mopovotdlel emiong kot M eméuPoacn pe TNV EQAPULOYT
yAvkolng (SC).

‘Etolr Aowov e€nyeiton, yati n mepintowon SP (ta un xoumoctomomuéva
KAadépata £x0VV HEYOAVTEPO TTOGOCTO SBEGIOV AvOpOKa), EUPAVICE TEMKA TN
Hikpotepn kot peyaddtepn T Ni, ot0 avtaAld&ipo kot 0&eld®oIpo KAAoUA,
avtiototya. To 1010 cevdplo, £yl 1oyd Kau ot epimtwon e SG. O tepintooelg, S
kot SG, akoAovBovv 10w mopeion (ITivaxag 4.8) Kot 0LGLOGTIKEG O1POPOTOCELS
ToPATNPOVVTOL Ao TIC 27 NUEPES £C TO TEAOG TV emmAcewV. H yAvkoln, og edkoia
ATOJOUNGIUN HopeN GvOpaka ywpic BEcelg mpospodPnoNg, anoteAetl T Pdon yo v
avamtuén tev pukpoopyavicumv. H apyn epedvion dwopopomomoewy, Umopel va
opeiletar oto OTL M YALKOLN mpémel TPpMOTA Vo petafoAlotel pukpoflokd Kot vo
evoopotmdel kot Ni ota mpoidvto tov petoforopod. Emiong mbavd mpoPinuota
OGLMTIKNG KOTATOVNONG Y10 TOVG HKPOOPYOVIGHOVS, OTA TPADTO YPOVIKH SLOCTHOTO
™G EM®OoNg AOY® TG TOPoLGiag TG YALKOING va odnynoav ce Kabvotepnuévn
apYIKA LETAPOAIKT dPAGTNPLOTNTOL.

Ye avrotowyio pe ta mpoovapepBivta, 1 TPOcHNKN opyaviKAg ovciag og
purtacpévo  €dapog pe Ni o (tannery soil, édagoc pumacpévo omd  amdfinta
Bupoodeyeiov), axwnromoinoe mocotnto. Ni pe oamotélecpo vo ueiwbei Tto
Brodiabéciuo kKhaoua Kot apa 1 petakivnon tov oe koAlépyeia pullov (Kashem kot
Singh, 2001).

Ocov apopd 10 ovayd®yyo kiAdopa, to ekyvAilopevo Ni ftav onpovtikd
neplocdtepo otnv SC am’ 011t oty SP mepintmon. Avtd pmopet va opeiletal KaTd
TPADTOV GTO YEYOVOG OTL GTO AVAYDYILO GTAOI0 TO OVTIOPOCTIPLO TOV YPNCLLOTOLEITON
glvar n vdpofvropivy 0,1 M, pvBulépevo oe Ty pH 1,5. H mepicosio HY,
avtayoviletar 1o mpoopoenuévo Ni, dpdvTag ®g eKpoENTIKO HEGO. XVVET®DC, TO
KOUTOOT KAOOEUATOV EAMAC, Aoy £xel meplocotepeg BEoelg mpoopoenong AdY®
HEYOADTEPNG  IKOVOTNTAG — OVIOAAOYNG  KATOVI®V,  gpeavilel  meplocoTtepo
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ekyvMlopevo Ni oto avaydyo otddio. Katd devtepo Adyo, o€ yaunréc tipég pH,
uopel vo cupPaivel S10AVTOTOINGT OPYAVIKOV 0VGIOV pE omoTédespio, mocotnTeg Ni
TOV NTOV TPOCPOPNUEVEG GE BEGEIC LTOYNPLES Y10 SIOAVTOTOINGY|, EMELTOL OO ETOAPT
ue &/po pe 6&wo pH, va petapaivouv oty voatikny edon. Ouv Calero k.a., 2013,
TOPOTNPNOCAY OTL KATH TNV TPOTOTOINGN KAAdEUATOV eAdg pe 6/to 1 M NaOH, 1 M
H,SO4 xor 1 M HNO3, vanpée mocootd andAeiog Propdlog mov xvpaivoviav amrd
27,5 —46,7%.
YOUTEPAGUOTIKA UTOPEL VoL emmwBel OTL:

a) To Ni 610 €80¢0oc, Tapovctdlel £va SLOPOPETIKO UNYOVIGUO GLYKPATHONG
OTO €00PIKO KOAAOEWEG HE EUQOVY] KLPI®G TV OvTOAAGE U @domn, YEYovOg Tov
enyeitarl omd TIC SLPOPETIKEG PLGIKOYNIKESG 1010TNTEC TOV Ni 68 chyKplon Le Tov
Pb.

B) H mpocHnkn 6Awv TV VAMK®OV 00NyNCE GE ONUAVTIIKEG SLUPOPOTONGELS
otV Khoopdtwon tov Ni.

v) Ot pkpoopyavicpoi eaivetor va dtadpopatilovv onuavtikdé polo otnv
KAaopdtmon tov Ni, 1 vedbeon avt ypnlel Tepartépm diepevvnomng.

0) H mpooOnkn xiadepdrov eidg (P) moapovcioce v younAdtepn Kou
VYNAGTEPN TIUN GTO OVTOAAGEINO Kot OEEWOMGIHO KAAGHO, aVTIIGTOL(d, OEIKVOOVTOG
étor v mBov KataAAnAdTnTe TV KAAdEHATOV €AMb oe Béuata TPOSPATNG

pOTavoNg £d0eoVv pe Ni.

4.3.9 H nepintoon tov Pb ntapovsia Ni.

Ytov Ilivaxa 4.9. mapatnpovpe 6Tl VIAPYEL CNUAVTIKY] GTOTIOTIKA £TIOpOoN
TOV TopayOVI®OV OpyoviKn TpocsHnkm kot ypoévov endoonc. Emiong eaivetar ot
VILAPYEL KOl OAANAETIOPOGT] TOV AVAOTEP® TOPAYOVTIMV.

Y10 Zynua 4.5(a-0) mapovstaletol N TOGOSTIONN KOTAVOUY TOV afpoicpaTog
TV TocoTnTtv tov Pb mopovcic Ni mov ekyvAilovior ota téc0epa KAAGUHOTO
(avtoAAGEo,  avoy®yllo, OEEWMOCYO KOl LTOAEWUUOTIKO  KAAGHO) NG
tpomomompévng BCR yia tic opyavikég mpoobnkeg S (ndptvpag), SP, SC kot SG, og
Ka0e ypovo. Lrov [Mivaka 4.10 BAEmovpe v cvykévipwon Pb mapovoio Ni (mg / kg)
ota 01dpopa otddia g Tpomomtopévng BCR (A Ztddio: avrodra&yo kidoua, B

>1ad10: avaydyyo kAdopo, [I' Xtado: ofewdwoo widopo xor A Ztdoto:
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VIOAEPATIKO KAAoua), Yoo OAeg TIg opyovikég mpooOrkes (S, SP, SC, SG) xm
1POVoLG enmwdoewg (0,125 £mg 301 nuépeq).

Inuavtikny mapatnpnon eivar 01t 1 cvumepipopd tov Ph, mapovsio tov Ni,
070 £30(0C, OeV OALOLOVETOL KOl TOPAUEVEL OTEVA GLVOEdEUEVN He Ta 0&eidla TOv
ownpov / payyaviov. Emiong, kabopiotikd poro, OM®G KOl OTIG TPONYOVLEVES
TEPITTMOCELS, EYEL O XPpOVOG odnydvtog T petakivnon tov Pb oe Babog ypdvov,
KUPlOG otV o0& HOPPY OTO GLGTNUA  E00(POC-0PYOVIKO VAIKO. XTIG
nepimtdoelg SP kot SC, moapatnpeitoan téon peiowong tov avtaAldEon Kot Peimon
TOL OVOYOYLHOL KAGGUATOG VA ONUOVTIKY adénon mopatnpeitor 6to 0EE0MGIUO
KAAG L.

Ocov agopd NV TPOcHNKN OPYOVIKOV VAK®OV, OTNUOVTIKA HIKPOTEPN
ovyKévipwon Pb 610 aviodAdEyo KAGGHO Kol GNUOVTIKG LEYOADTEPT GLYKEVTPMGN
Pb ot0 ofeddouo kAdopo, eueavicay Gueco oe oyéorn HeE To paptvpa (S) ot
neputtdoelg SP ko SC, aArdd 6y n SG. Ta aroteléopota vioyhovy T TPONYOLLEVQ
Kot ToviCouv TV YPNOUOTNTA TOV OPYOVIKOV VAMKGOV (KAodepdtov €Adg kot
KOUTOOT 0VTOV) MG ¥PNOYL®V DAKOV Y10, T LElmo g dtobectudTTOS HETOAAWDV GE
edapn, pe owetaAlikn pomavon (Pb xar Ni). H petoyeipion SG dev gueavioe
SLPOPOTOMNCELS LE TN peToyeipion S, emPePardvovtag 6T 1| TpocsON KN TG YALKOING
KOl K0T’ EMEKTOON Ol LUKPoopyoviopoi dgv emepPaivovv oty toyn tov Pb oto
€dapoc, mOavotoTo AOY® NG AQUEONG EKAEKTIKNG Tpocspdenong tov Pb oto

avaydYUYLo KAAG L.
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IMivokog 4.9. Avdivon doomopdg (Anova) yio n cvykévipmon tov Pb moapovoia Ni oe
SmMaPAYOVTIKO GUGTNUO UE TUPAYOVTEG TNV OPYOVIKN TPOGONKN Kol TO YPOVO EXMACNS Yo
OA0 To otad TNg Owdoyikng ekybAong g tpomomoipévng BCR, ywo emimedo
onpoavtikotntog 0=5% (ot apBpoi e oANg P, Le 0oTEPIGKO VIOOMADVOLY TNV VTaPEN
OTATIOTIKA onUavTIkiG entdpaonc). (A.T.: ABpocua tetpayovav, B.E.: Babuol ehevbepiag,
M.T.: Méoa tetpdyova, F: mapdyoviag diaomopds, P: eninedo onuavTikoTTog).

AT. B.E. M.T. F p

AvtorAGEo

Opyaviki TpocOfKn 80000 3 26700 2294 0,000*

Xpoévog emdaong 7223 8 903 7,8 ,000*

Opyavii] TpocsOikn X Xpévog emdaong 6712 24 280 2,4 ,001*
Avayoypo

Opyaviki TpocOfKn 42700 3 14200 67,54 0,000*

Xpovog emdoong 43300 8 5412 25,65 0,000*

Opyoviki tpocdkn X Xpovog smdaocng 32500 24 1355 6,42 ,000*
O&edmoyo

Opyaviki TpocOfKn 175000 3 58400 4727 0,00*

Xpovog emrdoong 59000 8 7369 59,6 0,00*

Opyoviki tpocdkn X Xpovog smdaocng 30800 24 1282 10,4 0,00*

Y OAEIUUOTIKO

Opyoviki| TpocO KN 380 3 126,7 15,19 ,000*

Xpovog erduong 1627 8 203,4 24,37 0,000*

Opyavii] TpocsOikn X Xpévog emdaong 942 24 39,3 4,7 ,000*
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VTOAEUUATIKO KAGGHA) TG Tpomomomuévng BCR ywa tig opyavikég mpocsbnkeg S, SP, SC kot
SG, ot ka4be ypodVO EMD®OONG.
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IMivoxog 4.10. Zvykévipmon Pb mapovoia Ni (mg / kg) ota d1dpopa otddio tng tpomomomuévng BCR (A Etddio:aviodra&ipo kKhdopo, B £16o10: avoydyipo
KAaoua, I' X1ad10: 0&e1ddotpuo kKAdopo kot A X1dd10: VTOAEUUATIKO KAGGUA), Yoo OAEC TIG opyavikég Tpoabnfkes (S, SP, SC, SG) kot ¥povoug enmAcEDC
(0,125 ¢wg 301 nuépec. e kdbe o1dd10, TO KEPAAOIO YPALLATO OVTIGTOLYOVV GE GUYKPIGEIS HETAED TV OPYAVIKAOV TPOSONK®OV €vTOg KB eMMEGOV YPOHVOL
enmaceng (0,125 — 301 nuépec. Xe kabe 6TAd10, TO LKPA YPALLOTO OVTIGTOLYOVV GE GUYKPIGEIS LETAED S10POPETIKMV YPOVOV ETMAONG EVTOG KGOE emmédon
opyovikng mpocsOnkne. Kot otic 000 mepmtdoelg 11 mopovsiot Kooy YPEUUNTOS VITOSNAMVEL GTOLGI0 GTOTIOTIKE OTMUOVTIKNAG Olpopdc o€ eminmedo
onuavrtikotntog 0<0,05.

Xpovog o€ nuépsg 0,125 1 3 9 27 54 108 216 301
Meraysipion A Xtddo
S 96,82Aa 82,04Aa 67,18Ba 92,64Aa 78,09Aa 75,17Aa 87,41Aa 74,30Ba 78,33Aa
SP 47,16Babc 56,61ABa 22,33Cd 51,49Bab 26,87Bd 34,95Bbcd 39,47Babcd 31,21Ccd 31,12Bcd
SC 33,14Bbc 40,02Bab 23,33Cc 48,60Ba 24,31Bc 34,07Bbc 34,05Bbc 36,89Cb 34,68Bbc
SG 97,78Aa 75,93Aab 99,30Aa 90,67Aab 63,86Ab 70,54Aab 90,69Aab 91,86Aab 83,64Aab
B X140
S 415,27Abc 440,46Aab 455,37Aa 426,95Aabc 422 ,52ABabc 440,25Aab 400,18Ac 426,81Aabc 427,33Aabc
SP 424,05Aa 427,75Aa 437,14ABa 385,46Ch 328,21Cc 382,01Bb 357,07Bbc 361,06Bbc 360,59Chc
SC 422,04Aab 431,36Aa 432,59BCa 419,50ABab 386,80Bc 440,00Aa 413,64Aabc 397,96Abc 386,81Bc
SG 425,06Aabc 450,91Aab 414,83Cc 422,06Abc 427,88Aabc 456,03Aa 400,15Ac 416,10Ac 416,14Ac
I' Xtaovo
S 18,83Cd 12,91Cd 22,10Bcd 17,88Cd 35,82Ch 24,39Chcd 54,76Ca 34,63Ch 32,93Bhc
SP 50,40Be 48,28Be 79,19Ade 94,03Acd 175,86Aa 118,52Abc 127,82Abc 136,31Ab 139,85Aab
SC 76,96Acd 62,86Ad 81,66Abcd 59,66Bd 128,36Ba 62,25Bd 80,15Bbcd 97,20Babc 112,59Aab
SG 12,56Ce 11,48Ce 29,25Bd 17,72Ce 52,10Ca 17,41Ce 45,33Cab 31,86Ccd 39,37Bhc
A X13610
S 30,16ABa 25,67Aab 16,43Ad 23,62Bhc 24,65Aabc 21,26Abcd 18,73Bcd 25,33ABab 22,48Abcd
SP 35,43Aa 24,40Abcd 18,37Ad 26,05ABabcd 26,10Aabcd 21,55Acd 32,68Aab 28,46Aabc 25,47Abcd
SC 24,89Bab 22,79Abc 19,45Abc 29,28 ABa 17,56Bc 20,72Abc 29,20Aa 24,98 ABab 22,95Abc
SG 25,69Bb 22,76 Abc 17,71Ade 30,64a 17,24Be 17,11Be 24,91ABbc 21,26Bcde 21,93Abcd
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4.3.10 H nepintmwon tov Ni mapovsia Pb

Ytov Ilivoka 4.11. mopoatnpodue OTL LEAPYEL ONUOVTIKY EMIOPOCT TOV
TOPOYOVTOV OPYAVIKY] TPOcONKn Kot ypovov emmaocns. Emiong gaiveton 0t1 vdpyet
KOl OAANAETIOPOOT TOV OVOTEP® TOPUYOVIMV.

Y10 Zynua 4.6(a-0) mapovstaletol N TOGOSTIOHN KOTAVOUY TOV afpoicpaTog
TV mocotitv tov Ni mapovsio Pb mov exyvAilovior ota téccepa KAAGuOTO
(avtoAAGEo,  avoy®yllo, OEEWMOCYO  KOU  LTOAEWUUOTIKO  KAAGUO) NG
tpomomompévng BCR yia tic opyavikég mpoobnkeg S (ndptvpag), SP, SC kot SG, og
Ka0e xpovo endaong. Xtov [livaxa 4.12 BAémovpe v cvykévipmon Ni tapovoio Pb
(mg / kg) ota diapopa otdda g Tpomomoinuévng BCR (A Xtddo: avtoAraipo
KAMaopa, B Xtddio: avayoyipo kidopo, I' Ztdowo: oedboo kAdopa kot A Ztdoro:
VTOAEPATIKO KAdoua), Yoo OAeg TIg opyovikés mpooOrkes (S, SP, SC, SG) xm
1pOvoug enwdceng (0,125 £mg 301 nuépec).

Onwg kot otV TepinT®mon TG HOVOUETAAAKNG pOTTAVOT G, 6TO Xynua 4.6aq,
TOPATNPOVUE OTL amovsion opyavikng epon|g (S), to Ni Bpioketar 6e avtaAAdSiun
popon kovpoiveror ce OA0 TO Ypoviko dSotnua g enmacng oto 47-60 %. H
TpocHNKN opyovikdv vAMK®V (PA. Zynua 4.6B-0), TPOKAAEGE GTATIGTIKA CUAVTIKES
dlpopomomoelg oto.  ddpopa  otad ¢ tpomomomuévng BCR  mov  elvan
EVIVTTOGLOKA TOPOUOIES [E TIG emMdpdoelg mapovaia Ni, povo ympig to cuvodd Pb
Emuo 4.4).

Ot avtoAAdEipes TV OTOLYEIMV PETOKIVOUVTOL LE TO YPOVO GE MO 1GYLPE
OECUEVUEVESG LOPPES.

Svumepacpatikd, pmopet va emmbel 0tL yo v mepintwon tov Ni mapovsio
Pb n xhacpdrtwon tov Ni 6t SetaAkn poToaven, akoAovinoe v id1a tdor dmwg
OTN HOVOUETOAMKY OEIKVOOVTAG TNV oTofepdTTA TOV JPAOVIOV UNYOVICUOV
aveapmta an’ v mapovcio Pb. Xvykekpiuévar:

a) To Ni 610 €80¢oc, Tapovctdlel £va SLOPOPETIKO UNYOVIGUO GLYKPATHONG
O0TO €00PIKO KOAAOEWEG HE EUQOVY] KLUPI®G TV OvTOAAGE U @domn, YEYovOg Tov
enyeitarl omd TIC SLPOPETIKEG PLGIKOYNIKESG 1010TNTEC TOv Ni 68 chyKplon Le Tov
Pb. H tavtoypovn mapovoia Pb dev emmpedlel to punyaviopd avtod, mbava dioti, o
avtifeon pe o Ni, o Pb deouedetar dueco Kot 16yvpd 6TO avay®@ylo KAAGO.

B) H mpochikn OAwv TV 0pyovIKGOV VMK®V O0O0YNGE GE ONUOVTIKEG

dwapoponomoelg otV KAaopdtmon tov Ni kot ovykekpipéva oe avénomn Ttov
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o&e1ddouov kat peimon tov avtaAddéipov kKAdopotog. H tavtoypovn mapovcio Pb
dev emnpedlel Tov dlopopomoinon avt.

v) Ot pkpoopyavicpotl eaivetor va dtadpopatilovv onuavtikdé polo otnv
Khaopdtoon tov Ni, Kot vo unv KoTomovouvtal TEPIGGOTEPO Omd TV TAVTOYPOV
napovoio Pb (mbavd emedf o Pb deopeveton queca kot oyvupd 610 ovOyOYLLO
KAaopa), n voddeon avt ypNiel TEPUTEP® dEPEVVIONC.

d) H mpooBnkn xhadepdtov eidg (P) mapovoioce v yapnAdtepn kot
VYNAOTEPN TIUN OTO OVTOAAASILO KOl OEEOMGIHO KAAGHO, OVTIoTOL(O, OEIKVOOVTOG
étor v mBoavny KOTOAANAOTNTO TV KAodepdTOV Mg oe Oépata TPOoEOTNG

pYOmavong edapav pe Ni.

IMivokog 4.11. Avdlvon daonopdc (Anova)yia t ovykévipmon tov Ni mapovoio Pb oe
SUTOPAYOVTIKO GUGTNUO [LE TOUPAYOVTIEG TNV OPYOVIKT TPOGOHNKN KOl TO ¥POVO EXDOACNC Yo
OA0 To otad TNg Owdoyikng ekybGAong g tpomomopévng BCR, yw emimedo
onpoavtikotntog 0=5% (ot apBpoi e oAng P, Le 0oTEPIGKO VIOOMADVOLY TNV VTAPEN
OTATIOTIKA oNUavTIK)G enidpaonc). (A.T.: ABpoicua tetpayovav, B.E.: Babuol ehevbepiag,
M.T.: Méca tetpdyova, F: mapdyovtog d1aomopds, P: eXinedo onuovTikOTTag).

A.T. B.E. M.T. F p
AvtaAra&o
Opyaviki TpocONKN 618000 3 206000 623,4 0,00*
Xpovog emrduong 370000 8 46200 140 0,00*
Opyoviki tpocdkn X Xpovog smdaocng 206000 24 8571 26 0,00*
Avayoypo
Opyaviki TpocONKN 284000 3 94700 349,1 0,00*
Xpoévog emdaong 80500 8 10100 37,1 0,00*
Opyavii] TpocsOikn X Xpévog erdaong 66500 24 2773 10,2 0,00*
O&edwoo
Opyaviki TpocONKN 251000 3 83500 1143 0,00*
Xpoévog emdaong 220000 8 27500 377 0,00*
Opyavii] TpocsOikn X Xpévog erdaong 164000 24 6836 94 0,00*
Y moAepotiKd
Opyoviki] TpocOnKn 693 3 231,1 48,37 0,000*
Xpovog erdoong 1185 8 148,1 31 0,000*
Opyoviki tpocdkn X Xpovog smdaocng 839 24 34,9 7,31 ,000*
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exyoAilovion  oto  téooepa  KAdouota  (OVTOAAGEO, OVOYDYLHO, OEEWDADCUO Kot

VTOAEUUATIKO KAGGpa) TG Tpomomomuévng BCR yia 11 opyavikég mpocsbnkeg S, SP, SC kot
SG, g kabe ypovo emd®OONG.
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Mivoxog 4.12. Xvykévipoon Ni mapovoia Pb (mg / Kkg) ota didpopa otdda g tpomomoinuévng BCR (A Ztddwo: aviodlrdéio kidopo, B Ttdadio:
avay®yo kKhaopa, I' £1ado: o&eddoiuo kKAdopa kot A Tad10: vroAslupotikd KAdopa), yio. OAeC Tig opyavikég mpoobnkeg (S, SP, SC, SG) kot ypovoug
enmwdoeng (0,125 éoc 301 nuépec. Xe KaOe oTdd0, TA KEQUANIN YPALUATO GVTIIGTOLYOUV GE GUYKPICEIS UETOED TV OPYOVIK®OV TPOsOnk®dv evidg kdbe
emumédov ypovov enmacewc (0,125 — 301 nuépec. Le Kabe 0TAd10, TO LUKPA YPALLOTO OVTIOTOLOVV GE GLUYKPIGELG LETAED SLOPOPETIKAV YPOVOV ETMACEDY
evtdg KaOe emumédov opyavikng tpoctnkng. Kot otig 600 mepmtdcelg 1 mapovsio Kooy YPAUUETOS VITOONADVEL OTOVCI0, GTATIGTIKA GTLLOVTIKNG O10popag
o€ eninedo onuavtikomrag 0<0,05.

Xpovog o€ nuépeg 0,125 1 3 9 27 54 108 216 301
Meraysipion A Xtddo
S 327,81ABa 310,75ABab 304,61Aab 282,07Abcd 282,30Abcd 284,38Abcd 289,78Abc 268,54Acd 254,33Ad
SP 337,73Aa 322,47Aa 180,07Bb 143,31Bb 82,51Bc 69,37Cc 56,61Dc 50,38Dc 52,97Dc
sC 237,40Ca 209,76Ca 154,93Bb 104,04Bbc 118,42Bbc 93,54Chbc 134,83Cbhc 133,64Chc 115,32Chc
SG 312,51Ba 282,42Bbc 308,01Aab 277,45Ac 269,79Acd 240,87Bde 234,94Be 212,27Be 176,08Bf
B X140
S 172,91BCd 178,53BCcd 193,66Babcd 202,08Cabcd 214,62Cab 191,62Cbcd 196,53Cabcd 208,17Babc 222,46Ba
SP 155,43d 167,39Cd 310,62Aa 265,67Bab 248,48Bbc 265,98Bab 254,01Bbc 185,64Cd 204,40Bcd
sC 234,74Ae 267,77Ade 318,38Aabc 347,08Aa 334,57Aab 347,44Aa 319,06Aabc 291,68Acd 300,18Abcd
SG 185,78BChc 206,64Bab 192,25Babc 206,25Cab 213,30Ca 206,66Cab 202,16Cab 172,66Cc 200,44Bab
I' Xtaovo
S 18,54Ce 19,99Ce 16,94Be 27,37Cd 25,19Cd 32,71Chc 28,79Ccd 37,59Da 34,74Dab
SP 24,08Bd 25,35Bd 27,00Bd 106,25Ac¢ 180,32Ab 172,73Ab 198,75Ab 271,89Aa 251,29Aa
sC 39,25Ac 37,13Ac 44,23Ac 63,79Bb 62,10Bb 68,20Bb 58,64Bb 90,30Cc 96,23Cc
SG 15,02Cf 22,76BCef 17,06Bf 27,81Ce 36,98BCd 60,49Bc 74,63Bb 123,83Ba 129,04Ba
A X13610
S 25,87ABcd 35,87Aab 29,94Abc 33,63Aab 23,03Bd 36,44Aa 30,05ABbc 30,84Babc 33,61Bab
SP 23,78Cc 25,82Bhc 23,33Bc¢ 25,80Bhc 29,71Aab 32,94ABa 31,65ABa 33,11ABa 32,36BCa
sC 29,63ABab 26,36Bbc 23,48Bc 26,12Bbc 25,93Bbc 31,84Ba 28,50Bab 25,41Cbc 29,29Cab
SG 31,83Acd 33,32Abc 27,82Ade 33,63Abc 25,08Be 37,12Aab 33,41Abc 36,38Aabc 39,58Aa
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4.3.11 Zratiotikn enelepyaoia otig 301 nuépes. H nepintoon tov Pb

Yrtov IMivaxa 4.13, anewoviCovrat ta ekyplopeva mood Pb tov kdbe otadiov
¢ tpomomopévig BCR og povopetodlikr (uévo Pb) kot dypuetorikn pomovon (Pb
napovoia Ni), otigc 301 nuépeg, avtiotorya. o ™ otatiotikny eneéepyoocio TV
dedopévmv, mpaypoatoromonke avdivon tng dakvpavens (Anova) yio Kabe otddo
o€ OUaPAYOVTIKO GUGTNHO LE TOPAYOVTES TNV TPOGHNKN OPYOVIKOD VAIKOD KOl TO

ovVvod0 HETaALO, Ommg eaivetal otov [livaka 4.14.

IMivoxog 4.13. Zvykévipwon Pb (mg / Kg) ota didpopa otddio ¢ tpomomomuévig BCR (A
214010: ovtaAAGEo KAdoua, B Ztddo: avaydyo kidoua, I' Z1ddio: o&eddoipo KAAouo
Kot A X16010: VIOAEIUHOTIKO KAAGUQ), Y100 OAEC TIG TEPIMTMGELS OPYAVIKDV g16pomV (S, SP,
SC kot SG) o1 povopueTaAAkn Kot SUeTaAMKN pomaven, otig 301 nuépec.

Mérarho Pb Pb+(Ni) Pb Pb+(Ni) Pb Pb+(Ni) Pb Pb+(Ni)
Meraygipion A Xtao10 B Xtd610 I' 14610 A X1dd10

S 59,25 78,33 439,17 427,33 37,91 32,93 24,75 22,48
SP 38,26 31,12 340,29 360,59 149,17 139,85 29,32 25,47
SC 42,78 34,68 367,07 386,81 122,27 112,59 24,91 22,95
SG 60,21 83,64 439,03 416,14 35,12 39,37 26,71 21,93

Mivaxag 4.14. Avdivong dwomopdc (Anova) oe dmopayoviikd ovotnua (Tpoctnkm
opYaviKoh VAKOD, cuvodd HETOALO) Yo TN ovykévipmon Tov Pb, ce povopetaAiikn kot
SUETOAMAIKT, pOmaven o€ OAo. o otdodle g tpomomouévne BCR, otic 301 nuépeg, yia
emimedo onpovTikotnTag 0=5%. (o1 apiBuol g oTAANG P, UE AGTEPICKO VTOINADVOLV TNV
vmopén otatiotikd onuavtikng emiopacncg). (A.T.: Abpowcpa tetpayovov, B.E.: Babuoi
ehevbepiag, M. T.: Méoa tetpdymva, F: mapdyovtag dStaomopdc, P: eXinedo onUAVIIKOTITOG).

A.T. B.E. M.T. F p
Avtariagipo
Yuv0od6 pétario 372 1 372 553 ,027*
Opyaviki] s16por) 9163 3 3054 45,44 ,000*
Xovodo pétairo X Opyaviki swepony 1687 3 562 8,36 ,001*
Avay@yipo
Yuv0od6 pétario 14 1 14 0,09 0,77
Opyavikn] gopon 38600 3 12900 79,56 ,000*
Yuvodo pétarro X Opyaviki swepory 2917 3 972 6,02 ,003*
O&eddopo
Yvv0d06 pétaidlo 195 1 195 1,1 0,316
Opyavikn g6pon) 74600 3 24900 134,2 ,000*
Yovodo pétario X Opyavikn swopony 252 3 84 05 0,717
Ynoleyppotikd
Yuv0od6 pétario 82,62 1 82,62 4,874 ,037*
Opyavui] s16pon) 72,99 3 24,33 1,435 0,257
Yuvodo pétarlo X Opyaviki swepor) 10,64 3 3,55 0,209 0,889
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Onwg gaiveton otov Ilivoka 4.14, vrapyel GTOTICTIKA CNUOVTIKN €TidpaoN
TOV TOPAYOVTO GUVOOO HETOAAO GTO OVTUAAAELLO Kot VITOAEUUATIKO KAGopa. Emiong
ONUOVTIKN €lvon M €midpacn Tov TaPdyovIo OpyoviKn TPocHnKn 610 avTaAAGELO,

aVay®YLHO Kot 0EEWBDCIHO GTAS10.

4.3.12 H emidpa.on Tov 6vvodoD neTdriiov oty Khaopdtmon tov Pb.

Y10 Tyfuo 4.7, mapatnpodue ) katavour tov Pb ota didpopa otddio tng
tpomomompévng BCR, ot povopetoriikn (S) koar ot detadiko (D) pdmovon,
evioc (avToAAAEO, Ovay®YIHo) 1 €KTOG (0EEWOMOILOV, VTOAEUUOTIKOV), KAOE
emmédov opyavikng mpocsOnkng (S, SP, SC, SG) otig 301 nuépeg. 10 avtarrd&ipo
KoL ovoy®yuo kKAdopa, Adym dmapéng aAAnAenidpoong tov tapaydviov, 1 enidpaon
TOL GLVOOOV HETAALOL peAeTNONKE Eexwplotd €vidg KAOe emmédov TPOooONKNG
opyoavikod vAkov (S, SP, SG, SC). Avtifétoc 610 0EEIOMOGIUO KOl OVOYDYLLO
KMo, Adyom pn vmopéng aAAnAemiopaonc, €EETACTNKE O TOPAYOVIOG GLVOSO
HETAALO aveEAPTNTO OO TNV OPYOVIKY ELGPON.

210 avTOAAGEILO KAAGHO, TTapatnpove OTl, 6€ OAOL TO EMIMESA OPYOVIKOV
EI0POMV €KTOC NG YAVKOING (SG), N LOVOUETOAMKNY Kot 1) OIUETOAMKY pOTTAVOT OEV
TOPOVGINCE OTATIOTIKA ONUOVTIKEG OPOPES, OEIKVDOVTOG T U1 OVTOY®VICTIKY
oxéon tov Pb pe 10 Ni. Aviifétog omv mepimtmon ¢ petoyeipong SG,
napatnpnOnke teplocodtepog exyvAMlopuevoc Pb otn dipuetaldikn pomoveon an’ 0Tt o1
LLOVOUETOAMKT], 0ONYOVTOG poag otnv vrobeon otL mapovoio yAvkodlng, 1o Ni
Aertovpyel avioyoviotikd, katolapfdavovtag 0éoelg petapépovtag £tot tov Pb oto
avToAAGEIo KAAG L.

O Pb mov Bpioketor 610 avay®ylo KAGoHo dev €lye SLOPOPOTOMNOELS OTN
LOVOUETOAMKY Ko SYUETAAMKN pOTavon oe Kabe emimedo opyovikng mpocOnKnc.
Avt6 pog odnyel oto ovpmépacpa 6t 1 apovoia tov Ni, dev emmpéace to Pb mov
BpiokeTot GUVOESEUEVOG GTO OVOLYDYILO KAAGLLAL.

Opoiwg, o Pb mov exyeriletar vd o&eddoipec ocvuvbnkee, dev mapovotdlel
SLLPOPOTONGELS OVALEGO GTI) LOVOUETOAMKT Kol SYLETOAAMKY pOTOVOT OVEEAPTITOV
opyavikng eopong emPePardvovrag 6Tt kKaBe péTaAlo katélaPe TIg OKES TOV BEoElS
TPOGPOPNOTNC.

270 VIOAEUUOTIKO KAAGHO, TOPOAO TO YEYOVOG OTL Ol VIOAEUUOTIKEG OEoELg

OV AVAPEPOVTOL GTO TAEYLO TOV OPLKTAV, £ivat TOAD SVGKOAO VO, EXNPEACTOVV KO
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{mg Pb/Kg)

(mg Pb/ Kg)

amatteital gpovog yro. va emnpeactel o Pb mov sumepiéyetan oto mAéypo, ot
LLOVOUETOAMKT pomavon, mapatnpeitor 6Tt exyvAiletar onuoviikd meprocdtepoc Pb
b

ar’ Ot oty OetaAlkn  pOmavon. Ilepiocdtepeg  pehéteg  mpémer  va

npoypatoromBodv yio vo emiPeforwbel avty 1 mapatipnon kKot va amodobel oe

KATO10 EVOEYOLEVO UNYAVICUO.
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Yyfqua 4.7. Mécog 6pog g ovykévipoong tov Pb og kdbe khdopa otic 10popeg opyavikeg
EI0POEC KOl GVVOOO HETOAAO. XTO aAVTOAAGEO KOl OVOYDYIHO GTAd0 (VM) To KEPaAaiol
YPAUUOTO AVTIGTOLOVV G oLYKpicels peta&d povopetaAAkng (S) kat dwetariikng (D)
pOTTOVENC €vTOg Kabe emmédov opyavikng mpostnkng (S, SP, SC, SG). Xt0 o&elddoiuo Kot
VTOAEWUOTIKO KAGOHO (KAT®O) TO KEPOAOIO YPAUUOTO OVTIIOTOWOVV G GLYKPIoELS
LOVOUETOAAKNG Kol SIUETAOAAIKNG pOTAVONG OVEEAPTNTO GO TV OPYOVIKT EIGPON.
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4.3.13 H emidopaon g 0pyaviKig E16po1S 6TV Khaopdtmon tov Pb.

Onwg gaivetal, otov [Mivaka 4.14, vrdpyel OTATIGTIKO CNUOVTIKY ETIOPOOT
TOV TOPAYOVIO OPYOVIKT TPOGOHNKN, GTO OVIOAAAEILO, OVOYDYHO KOl OEEIODMGILO
KAMopa, eved O0ev mapoatnpeital to 1010 610 VIOAEPATIKO KAAopa. Emmpdcbera,
OAANAETIOPOOT] TOV dVO TOPAYOVTIOV TOPATNPEITOL GTO OVTOAAAEILO KO OVOLYDYLUO
oTAO10.

Y10 Tyfuo 4.8, mapatnpovue v KAacpdtmon tov Pb oto didpopo otddio
¢ tpomomomuévng BCR, kdOe opyavikng mpostnkng (S, SP, SC, SG) evtog 1 €ktog,
K@Oe emmédov pHmavons (LOVOUETOAMKY 1 OIUETOAAIKY] pOTTaven), oTig 301 nuépec.
Onwg eaivetoar oto Zynua 4.8 kou pe Pdon to aroteréspota tov Ilivaxka 4.14, oto
AVTOAAGEIHO Kol OTO avay®YHo KAGopo €EeTdotnKe M €MOPOCT NG OPYOVIKNG
glopone Eexoplotd €vidg KABe emmédov GvVVOO0D» petdAdov. Aviifétmg oTo
0&E0MOI0 KOl OTO avVOy®YLHo KAdoua, AOYy® pn Yvmopéng oAAniemiopaong twv
TopayOvVTOV, HEAETHONKE O TOPAYOVIOG OPYOVIKN TPOSONKT oveEapTT®S GLVOSOV
HeTAALOV.

Y10 Zymua 4.8 mapatnpovpe OTL €viog kGbe emMTESOL GLVOOOV WETAAAOL
(LOVOUETOAMKY T OWETOAAIKY] puTavor), M opyavikny mpocsOnkn SP kot SC,
TOPOVGIOCE ONUAVTIKEG GTATIOTIKA O0POPES, TOCO GTO OVTUAAGEO OGO Kol GTO
avay®Yo kKAaopo and Tig petoyelpioels S kot SG. AveEapttwg cuvodod HETAALOL
TOPOLO.  CLUUTEPIPOPE  Tapatnpeitol o610  0&EOMOIH0  KAAOUO VD OTO
VTOAEUPATIKO  0gV  TOpaTNPOUVTOL  OTOTIOTIKO  ONUOVTIKEG — SLOPOPES.
SOUTEPAGUOTIKA 1| TPOCONKY OPYOVIKOV E10POMV TANV TIG YAvkO{ng, v kdOe
enminedo ovvodoy HETAAAOVL, 0dnyel o€ YounAdtepa mocd ekyvAilopevov Pb oto
OVTOALGEILO KOl OTO avoy®Yluo KAAopa. AveEaptHtmg ovuvodoy HETAAAOL, Ol
€10P0EC aVTEG (KOUMOOTOTOMUEVOVY Kol Un KAOOEUATOV) 0dnyobv oE aviioTouym

avénon tov ekyvMLopEVOL VIO 0EEBMGIEG cuVONKes Ph.
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Yypa 4.8. Mécog 6pog g ovykévipoong tov Pb og kdbe kKAdopa oTIc S10¢popeEg OPYOVIKES
€10p0€C Kl oLVOOO UETOAAO. XTO OVTOAAAEILO KOl avaydYHo oTddlo (Tave) to pKpd
YPAULOTO OVTISTOL(OUV GE GUYKPIGEIS LETAED TV 0pYOVIK®V giepodV (S, SP, SC, SG) evtog
KGO emmédov oLVVOS0D HETAAAOVL (HOVOUETOAMKNG M OWWETOAMKNG pomovon). XT0
0Ee0MTIKO KOl VTOASUHOTIKO KAGGHO (KOT®) To UIKPA YPOUUOTO OVTIIGTOLOVV GE
ovykpicelg opyavikav swepomv (S, SP, SC, SG) avefdpmmrta oamd t0 GUVOSO UETOAAO
(LovopETOAAKN ) SUETOAAIKNY pOTTOVOT)).

4.3.14 Xrototikn enelepyaoia otic 301 nuépec. H mepintmon tov Ni

Yrtov ITivaxa 4.15, answoviCovton To ekyvAlopueva mood Ni tov kabe otadiov
™m¢ tpomomomuévng BCR yia kdOe opyavikn tpocbnkn, o povopetodhikn (Lovo Ni)
ko dwetaAlikny pomavon (Ni mopovsio Pb), otig 301 nuépeg avtiotorya. o tnv

OTOTIOTIKN]  €meEepyncio. TV OEOOUEVOV, TPAYHOTOTOWONKE OvAALON NG
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dtakvpavong (Anova) yuo kibe 6tddlo o€ dSUTOPAYOVTIKO GOGTNUO LE TAPAYOVTES TNV

TPOGHNKN 0PYaVIKOD DAMKOV KOl TO GUVOOO HETAAAO.

IMivaoxog 4.15. Zvykévipoon Ni (mg / kg) ota didpopa otddio ¢ tpomomomuéving BCR (A
21ad10: avtaArd&ipo kKAdopo, B Ztado: avayoyo khdopa, I' Ztadio: ofedmoyo kKAdoua
Kot A Xtdo10: vrolelupatikd KAGoua), yio Oleg Tig petoyepioeg S, SP, SC kot SG, otig 301
NUEPES.

Merayeipion S SP SC SG

Métoilo Ni Ni+(Pb) Ni Ni+(Pb) Ni Ni+(Pb) Ni Ni+(Pb)

A 21410 281,31 254,33 187,68 222,46 44,06 34,74 32,10 33,61
B Zt6610 40,69 52,97 196,39 204,40 275,41 251,29 28,53 32,36
I' Zrad10 104,36 115,32 300,21 300,18 111,40 96,23 25,05 29,29
A 216810 142,87 176,08 226,84 200,44 151,41 129,04 24,02 39,58

ivaxag 4.16. Avdivong owomopds (Anova) oe dumopoayoviikd cvoTNUe (TPocsOnKn
opYaVIKoH DAIKOD, cLUVod0 UETAAAO) Yia T cvykEvipwotn Tov Ni, o povopetariikn (Ni) kot
duetardiky pomavon (Ni+(Pb)) oe 6ha 1o o1ddia g tpomomomuévng BCR yio eminedo
onpoavtikdmroag 0=5%. (ot apiBuoi g oYANG P, HE 0oTEPIGKO VTOONAGVOLY TNV VTapEN
OTATIOTIKA onpoavTikng emidpaonc). (A.T.: ABpowoua tetpaydvev, B.E.: Bobuoi elevbepiag,
M.T.: Méoa tetpdyova, F: mapdyoviag d10omopds, P: eXinedo onuavTIKOTNTOG).

A.T. B.E. M.T. F p
Avtoird&rpo
2uvodo pétaiio 434 1 434 14 0,246
Opyaviki| €1opoi) 209000 3 69800 226,8 0,000*
Yuvodo pétarro X Opyavikn siepory 3769 3 1256 4,1 ,018*
Avayoyyo
Xuvodo pétaiio 134 1 134 0,43 0,516
Opyaviki| s16pon| 53500 3 17800 57,86 ,000*
Xovodo pétarro X Opyoviki ewepory 3809 3 1270 4,12 ,017*
O&admopo
Xovodo pétaiio 2518 1 2518 10,1 ,004*
Opyoaviki g16pon| 213000 3 70900 285,5 0,000*
Xovodo pétario X Opyoviki ewepony 279 3 93 04 0,772
Ynoleippotikod
Xovodo pétaiio 315,8 1 315,8 117 ,000*
Opyaviki €16por) 146,3 3 48,8 18,1 ,000*
Xovodo pétario X Opyoviki ewepony 237,9 3 79,3 29,4 ,000*

Onwg eaivetor otov Ilivaxko 4.16, vadpyel GTOTIGTIKA CNUAVTIKY ENidOpOoN
TOV TOPAYOVTO GLVOSO HETOAAO GTO 0EEWMOIUO Kot VITOAEUpATIKO KAdoua. Eniong
ONUOVTIKN €lvat M €midpacn Tov Tapdyovio opyovikn TPocHnKn 610 avTaAAGELO,
avaydYUo 0EEWOMCIO Kol DVTOAEWUATIKO KAdouo. Emmpdcobeta, alinienidopaon twv

d00 TOPAYOVTOV TOPATNPEITOL 0E OAO TO KAACUATO EKTOG TOV 0EEWODGLOV.
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4.3.15 H emidopa.on Tov 6vvodod pnetdriov otV KAaopdtmon tov Ni.

Y10 Eynua 4.9, topatmpovpe v Kotavoun tov Ni oto dtdpopa oTddio g
tpormortompévng BCR, otn povopetaAlikn kot SIHETOAMKO pOTOVGT, EVTOG 1 EKTOG,
KkéBe emméoov opyovikng mpocsOnkne (S, SP, SC, SG) otic 301 nuépec. Onwg
QOIVETAL, OTO OVIOAALASILO OVOYDYILO KAAGUO KOl LITOAEWWHOTIKO KAAGHO, AGY®
Omopéng aAAnAemidopaong TV Topaydviov, 1 EMIOPOCT TOL GLVOJOD UETOAAOV
peAetnOnke Eexymprotd evidg kdbe emmédov TposOnkng opyavikod vAkov (S, SP, SG,
SC). AviBétwg oto ofewddoyo kAaopa, AdYy® un vmopéng aAAnAemiopoong,
€EETAOTNKE O TOAPAYOVTAG GLVOSO HETAAAO OVEEAPTNTMOC EMTEOOV OPYOVIKNC EIGPONS.

Mo cvykekpipéva, 6to avTOALAEILO KoL ovay®YLLo KAAGpa, to ekyvlopevo Ni
JEV TOPOVCINGE GNUAVTIKY GTOTIOTIKN S0pOPE OVAUESH GTNV LOVOUETOAAKY Kot
detaAMkn pvmavon, eviog kabe petayeipiong (S, SP, SC, SG). Avtd pog odonyet oto
ocvunépacpo. 6t to Ni mov Bpioketar otnv avtaAla&iun popen kabmg kot to Ni wov
ekyeMletan og avaydyleg cuVONKeS, 6T SIUETAAAIKY] pUTTOVOT) OV emnpedleTot amd
mv tavtoypovn mapovcia Pb. H tavtdypovn mopovcio Pb dev emnpedlel tovg
avtioToyove UNYovicpovs, mhoavda d1otl, oe avtifeon pe 1o Ni, o Pb degouevetan
GUECH KO 1GYVPA GTO OVOLYDYUO KAAGHLAL.

To mocd tov Ni mov exyeliletor oe o&edmdoipeg cvvOnkes, aveEaptNTmg
petayeipiong, epgovifer pkp oAAG  OTOTIOTIKA ONUOVTIKY  Olopopd, o©TN
HLOVOUETOAMKY KOl OWMETOAAKY] pOmavorn. [T ovykekpiuéva, 1 HOVOUETOAMKN
pomavorn  eugoavifel ehappd  peyaddtepo mood ekyvilouevov Ni om’ ot 1
SeTaAMK, odnydviog oto ocvunépacpo 6t o Pb  Asrtobpynce ehoppic
avtayoviotnka kot katéAape 0oelg tov Ni.

10 vIoAslpoTikd K doua, to ekyvAllopevo Ni dev mopovcioce GNUAVTIKY
OTOTIOTIKA SL0POPE OVALEGO GTNV HOVOUETAAAMKN Kol SYUETOAMKN pOTTAVOT), EVIOG
TOV EMTEOOV 0PYOVIKNG TPpooHNKkng S kot SP. Avtifétwg ot opyavikég giopoég, SC
kot SG, LEAVIGOV GTATIOTIKA CNUAVTIKT Jl0(POPA Kol GUYKEKPLUEVO 1] TOPOLGIO TOV

Pb avénce 10 mos6 tov Ni mov exyetdileTon 6TO VITOAEUUATIKO KAAG LA,
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Yyfqua 4.9. Mécog 6pog tng cvuykévipwong tov Ni og kGbe KAAopa oTIC S1APOPES OPYAVIKES
€I0POEC KOl GLVOOO HETOANO. XTO OVTOAAGELLO, OVOYDYIHO, KOl VDTOAEWUUATIKO GTASIO TO
KEQPOAQIO YPAUUATO OVTIGTOLYOUV GE GUYKPIGES METAED LOVOUETOAAKNG Kol OYUETOAAIKNG
pomaveng evtog kdbe emmédov opyavikng mpocnkng (S, SP, SC, SG). 1o o&edmoiuo
KAGoUO, TO KEPOAGIC YPAUUOTO OVTIIOTOL(OOV O GOLYKPIGES HOVOUETOAAIKNG Ko
SETOAMKNG pOTTOVOTG AVEEAPTITO, OTTO TNV OPYAVIKT EIGPOT.

4.3.16 H emidopaon g 0pyaviKi|g E16P01G oTNV KAaopdTtmon tov Ni.

Onwg eaiveton, otov Iivaxa 4.17, vrapyel GTATIOTIKA GNUOVTIKY] ETLOPAOT)

TOVL TAPAYOVTO OPYAVIKY] TPOGHNKY, GTO OVTOAAAEILO, OVOYDYIHO, OEEWOMOIUO Kol

128




VROAEPOTIKO  KAQopa. EmmpocOeta, aiiniemiopacn tov V0  Tapayoviwmv
TOPOTNPEITOL OTO AVTOALAELLO, AVAYDYILO KOl VITOAEIUUATIKO KAGGHLAL.

Y10 Xynua 4.10, mapatnpodue v KAacpdtmon tov Ni oto didpopa 6Tadio
¢ tpomomomuévng BCR, kébe opyavikng ioponig (S, SP, SC, SG) evtog 1 oy, kéOe
EMIESOV POTTAVONG (LOVOUETAAMKT 1 OIUETAAAIKT pOTOVET), oTic 301 nuépeg. Omwg
eaivetar oto Zynuo 4.10 ko pe Paon to oamoteléopota tov Ilivaxa 4.16, oto
AVTOAAGELLO OVAYDYILO KOl GTO VTOAEWUUATIKO KAAOUA £EETAGTNKE M EMIOPAOT TNG
OPYOAVIKNG E10PONG EEXOPLOTA EVTOG KABE EMTEOOV GLVOOOV PETAALOVL. AVTIBET™G GTO
0&e0MOI0, AOY® Un YmopENG OAANAETIOpAoNC TOV TOpayOVI®V, HEAETHONKE O
TOPAYOVTAG OPYOVIKN TPOGONKN aveEapTiTOL GLVOSOV UETAAAOL.

Y10 Zynua 4.10, mopatnpovpe 0Tl £vTOg kdbe emmédov cuvodov PETAALOL (
LOVOUETOAMKN 1 SyueTaAlky) pdmaven), 1 opyavikn mpocdnkn (S, SP, SC ka1 SG)
00NYNOE O CNUOVTIKEG OTATIOTIKA O10POPES, OTO AVIOAAAEO KAGopa. [dwaitepa
ONUOVTIKY KPIVETOL 1 HEI®OTN TOV OVOYDYIOV KAAGUOTOG OTNV eMEUPOOT) LE TAL U
Koumootomomuéva  kKhodépata  (SP)  aveCaptntog povopetardikng  (Ni) 1
dwetaAlikng (Ni+Pb) pomovong. Xto ovaydyyo KAAGGHO ©TN HOVOUETOAAIKY|
pomavon, n opyovikn mpocsHikn (S, SP, SC kar SG) odnynoe o€ oNUOVTIKEG
OTOTIOTIKA SLOPOPES EVA 1) OIUETAAALKY] pOTTOVGT], 001 YNOE GE GNUOVTIKY| OTATIOTIKA
dtpopd puovo g petayeipiong SC évavtt tov S, SP kot SG. AveEaptitwg cuvodod
HETAALOV OTO O&EWOMOIUO KAAGHO QOivVOVTOL VO VITAPYOVV GTOTIOTIKA OYLOVTIKEG
Spopég o€ OAEG TIG TEPIMTMOELS OpYOVIKAOV lcpodV (S, SP, SC kot SG). Idwaitepa
ONUOVTIKY KPIVETAL 1 ADENGCT TOL 0EEOMGIUOV KAACUOTOS GTNV EMEUPOOT) LE T UM
Koumootomomuéva  kKhodépata  (SP)  aveEaptntog  povopetardikng  (Ni) 1
dwetarlikng (Ni+Pb) pdmavong Xto vroleyupotikd KAAdopo, eviog kdbe emumédov
oLVV0000 UETAAAOV (LOVOUETOAMKN 1 OUETOAMKT] POTOVGT), 1| OPYOVIKT TPOGHNKT
(S, SP, SC xouw SG) odnynoe o KAMOlEC IKPEG OANL ONUOVIIKEC OTATIOTIKA

JSLpopEc.
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Yyfqua 4.10. Méoog 6pog g ovykévipwong tov Ni og kébe kKAdopo oTig S149opeg opyavIKES
€I0POEC KOl GLVOOO HETOARO. XTO OVTOAAGELLO, OVOYDYIHO, KOl VDTOAEWUUATIKO GTAOO TO
LKPG YPAUUOTO AVTIGTOLYOVV GE GUYKPIGELS UETAED TV opyaviKdV eiepodv (S, SP, SC, SG)
eviOc kdébe emmédov ouvodoy HETAAAOL (UOVOUETOAMKN 1 OUYETOAMKY POTOVON). XTO
0&E10MOI0 KAAGHO, TO KPA YPAUUATO OVTIGTOLYOVV GE GLYKPICELG OpYavIK®V 16podv ((S,
SP, SC, SG) ave&apmnta amd T0 GLVOdO HETOAAO (LOVOUETUAAIKN 1) SIUETAAAIKTY pOTTOVOT)).
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4.4 Yopmepacporta,

Ta omotedéopota ™G mapovoos peAEng dOeiyvouv 6Tl ta KAdEpaTo
elookopiog, Kol OELTEPEVOVIMG TO KOUTOOT TPOEPYOUEVO Omd TO KAUOEUOTOL
ehooxopiog ot 1 yAvkoln, pumopovdv va ypnowyomombBodv yio TNV peiwon g
dabeoyotntag Tov Pb kot axopa nepioedtepo tov Ni 6g €56

[To ovykekpéva, T amoteléopato Kol W0KE o1 Slodkacieg OO0y IKNG
KAMIGLATOONG, £0€15AV OTL GUUUETEXOVY OLUPOPETIKOL UNYOVIGHOL GLYKPATNONG TOV
kaBopilovv ™V O0BecIUOTNTA/CLUTEPIPOPE OTO YPOVO TOL KAOe VIO peAéT
HEeTAALOV.

To Ni mapapéver oe peyorvtepo Pabud dabéoo (avtaAra&ipo) kot yr avto
O EMPPENEC OTNV EMIOPACT, TOV OPYOUVIKOV VAIKOV KOl HoKpompOBeouo TG
pikpoPraxng opactnpottag. Ot pikpoopyavicuol (pecompdbecpa) kot ol BEceLS
avtoAlayns (BpoyumpdOecua) eaivovtol vo, GUUUETEYOVV EVEPYE GTNV TEPITTOGT TOL
Ni, evdd ta. 0&gidia G1OMPOL Kot LOyYoviov KOTEYOLV OTLOVTIKO pOLO GTNV TEPITTOON
tov Pb, avtictotrya. H mpooBnkn tev Bapémv petddlmv paivetol va odnyel o€ peiowon
™G WIKPoPlokng dpactnpoTrTag oT1o £0000¢ (S), 1 omoia OU®G EE0VOETEPMOVETIL
(SC, SG), 1 xor avtiotpépetan (SP) oty mepintwon TOVTOYPOVNG EPAPUOYNG
OPYOAVIK®Y DAK®V.

H tovtdypovn mopovsioo Pb xar Ni dev emmpedler tovg avtiotoryovg
unyaviopove, mbova 81611, oe avtifeon pe o Ni, o Pb deouedetan dueoa kot 1oyvpd
OTO OVOYMYLLO KAAGLLOL.

Ye avtifeon pe ™ yAukoOln, To KAMOEUOTO EAOOKOMIOG KOU TO KOUTOOT
QOIVETOL VO LEOVOLV 1KOVOTOMTIKG ToV ovTollaéo Pb 1660 otn povouetaAiikn
0G0 Kol 0T SYETAAMKN POTOVOT).

Yy mepintwon tov Ni, Ola Ta opyavikd VAIKG peiwoav t0 avtaAldEipo
KAGOLO GTN LOVOUETAAAKT Kot SIUETOAAIKT PUTOVOT), LE TO KAAOELOTO EAOKOUTOG
va 01lvovv TaAL ToL KOADTEPO ATOTEAECUOTAL.

Mehétec in situ pe mpayuatikd amdfinta, mov Bo mepthaupavoovy didpopovg
pomovg, Kot petafoariropeves mepiPorloviikég cuvOnkes (LeTaEd TV OmolMV Kot
KOKAovg Vypavong/Enpaciog) Tpénet vo mpaypatonomBoiv, yio v eniepainon tov
TACEMV TOV TOPATNPNONKAY KoL TOV OVTICTOL®V UNYOVICUOV, Kol TNV e€aymyn mo

PEAMOTIKMOV GUUTEPUCUATOV.
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Ievika Xoprepaoporta kot Merrovtki) ‘Epgvva

Ta xAadéuoto  €AOMOKOMOG KOl TO  KOUTOGTOTMOMUEVO — KAOOEHOTO
EAOLOKOMIOG, TTEPLOPLGOV CNUOVTIIKE TN ovykévipwon tov Pb kot Ni oe vodrtiva
CLGTHOTA KoL T1) OBESTUOTNTA TV dVO PETAAAWV GTO £60.POG.

Koatd v xoumootomoinom, &va HEYAAO HEPOC TMV OPYIKAOV OPYOVIKOV
evioewv petaforilovror pukpoPlokd Kol KOPLEEG OHAOMV OTMC OAELPATIKOV
EVOOEMY, EO0TEPMV, TMOAVGOKYUPITOV, UETOMIMTOVY O YOUNAOTEPEG TIMES N
eCadeipovtal, evd mapotnpeital adENCT OPOUATIKOV EVOCE®V Kol KOPBOELAOLAS®V.
H xopmoctonoinon odnynoe ot dnpovpyia €vog LAIKOU pe vymAdtepn Ty pPH ko
VYNAGTEPN tKOVOTNTA OVTOAAAYNG KaTOVToV Kat younAdtepo Aoyo C / N. Odnynoe
oe avénon Tev TV Tov (-duvapkoy, mov tapovsince Eva TAato o Tinég pH 3-5,
delyvovtag peyaAvtepn otafepodTnTo ToV PLoamoppoENTIKOD LAKOD GTIG 0AAAYEG TOV
pH.

Yy mepintmon €QOUpUOYIS TOV KAASEUATOV glotoKopiog Kabde kol TV
KOUTOOTOMOMUEVOV  KAOOEUATOV  €AOOKOpioG  oTo  LOATIVOL  GLGTHLOTO
napatnpnnke 6t 1 Tpoopoenor tov Pb ftav katd mold peyaivtepn amd tov Ni,
yeyovdg Tov  omodideTol  6TO0  yNMopd TtV petdAdlov  (lovtikn - axtivao,
NAEKTPOPVNTIKOTNTO, EAEVOEPT] EVEPYELD EVVOATMOONC, OTAOEPH TPADTNG VOPOAIVOTC).
SUYKPITIKG PE TO KAOOEUOTO EAOOKOMIOG, TO KOUTOGTOTMOUMUEVO KAOOELOTOL
eAAOKOpIOG, TOPOVGIOcAY HEYRAVTEPY TPOGPOPNTIKY KAVOTNTA, WOliTtEPA OTNV
nepintmon tov Pb, Aoym g vynAdtepNg KOVOTNTAG OVIOAAGYNG KOTIOVI®V 7OV
amEKTNoOV HEC® NG Kopmootomoinong. Emiong m ypnon tov koumdot odnynoe oe
LEI®OGTN TOV TOG00TOV TNG PLGL0POENoNg Tov Pb kot Tov Ni kot emopévmg 0dnynoe ot
1GYLPOTEPT GLYKPATNON TOV VIO HEAETN UETAAL®V GTO KOUTOGT VA TOPATHPNONKE
Bedtiwon ¢ Tpoopdenons o€ LYNALS Beprokpacied.

Ocov agopd v gpapuoyn v VAKoOvV ce £dagog g tdéewc Alfisols,
napatnpnOnke 6tL  peimon ¢ dabesudTTag Tov Pb ko tov Ni edéyyetan xotd
TPOTOV OO Tr GLUTEPIPOPH TM®V HETAAA®V OTA €0QIKH KOAAOEWN KOl KT
devTEPOV OO TNV TEPIEKTIKOTNTA TV SVVNTIKA BlOamoppoeNnTIK®V VAMK®OV 6€ E0KOAN
amodopiclpo dvOpaxa.

H pikpofrokr] dpactnpidotro mopovcioce enicyeon mopovsio pOmTAvong e

Pb kou Ni 1 omoia pe ™ &VoOUATOON TOV OPYOVIKOV VAK®OV £E0vdeTepdOnKe
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(YAokoln,  KOUmooTomOMUEVO  EACOKAQOEMATO) 1M KOl OVTIIOTPAQNKE
(eAarokhadépata).

[MopatpnOnke 0Tl cLYKPITIKE pe TO pApTLPO (£30(POC YWPIS €PApUOYN
opyavikod VAKOV) 1M ypNon  TOV  KAOSEUAT®V  ghouoKopiog Kol TV
KOLTOGTOTOMUEVOV KAUOEUATMV EAOIOKOUING UEIDVOVV GE TOPOUOL0 TOCOGTO TO
avtaALa&ipo kKAdopo tov Pb avédvoviog to 0&eldmoipo evd 1 yAukoln dev emnpéace
K0OOAOV TNV KAAGUATOGCT TOV LETAALOVL.

Ye avtibeon pe tov Pb mov £1elve v GUVOEETOL EVPEMG UE TO OVOYDYLLO
KAMaopo apéomg petd v epapuoyn tov, to Ni mapatnpndnke vo epeavifetal oto
AvVTOALAELO KAAoHO (TopaTPTON TOV GLUVADEL LE TOV YNUOUO TOV) Kot 1 YAVKOON
Bpébnie va emnpedlet TNV KAAGUATOGT TOL, YEYOVOS TTOL OOMIOETAL GTNV OVTIGTOLY O
ueyadvtepn dobecipdtnto oV Ni ¢ avToALAEOV OTIG KOALOEWEIG EMPAVELES OTTOV
mopaTNPEiTOl Kot 1 ovENEéEVN Hikpoflaky dpacTnplOTNTa. TNV TOPEiD TOV YPOVOL
Kol Ol TPELS EMEUPACEIS PE OPYAVIKA VAIKO TPOKAAESHY peimon Tov ovTaAAGEIon
KAdopotog tov Ni kot evivmootlokn avénon tov 0EEOCIUOL (TOL VTOJEIKVOEL
EVOOUATOON OTIG E00PIKES OPYOVIKES VAEG).

Ye dpetadldikn pomaven (. tavtdypovn tapovsia Pb ko Ni) Bpébnke ot
JEV VILAPYOVY OLGLUCTIKES SLAPOPOTONCELS LE TN LOVOUETOAMKY poravor (Pb 7 Ni)
YEYOVOS OV OOIOETAL GTO OLUPOPETIKO UNYAVICUO GLYKPATNONG TV OLO UETOAAWDY
oo o €00PIKA KOAAOELON.

JUVOMKA, To KAAOEUATO EAOKOUIOG Tapovsiacay T BEATIOT KOV OGOV
apopd ot peimon ¢ dbecipudrog Tov puetdhov (1witepo Tov Ni) ota £dden
(netagopd o Aydtepo dabéoieg HOPPES), EVAD 1) KOUTOGTOMOINGY €vioyvoe TV
OTOTEAECUATIKOTITO TOVG 6T VOUTIVO GLGTHLLATOL.

Ol TapoKAT® TPOTAGELS ATOTEAOVY TOLG UEAAOVTIKOVS GTOYOVS E0TIOONG TNG
EPEVVNTIKNG TPOCSTADELOG:

E@appoyn Tov vAIKOV 6T00G VOATIVOVS TOPOVG:

e Tpomomoinon t@v KAASEUATOV (KOUTOGTOTOMUEVOV KOl UT) UE SLOADUOTOL
(6&wva M Baowkd) M mapackevn evepydv avBpdkwv Yo v adEnon g
TPOGPOPNTIKNG IKOVOTNTOC.

o Melétn NG TPOGPOPNONG GE TPAYUOATIKA Propnyovikd amdfinta mov Oa

TEPLEXOLY 1OVTO LETAAAMV KOl YPOOTIKES.
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Merét g Tpocpdenong oe mEpauato o€ kKhiveg otabepng porg (fixed bed
column studies).

Melé tov kdoToug epappoyng v C-OTPW ¢ BlopodnTikdv LVAIK®V.
Enavaiapoavopevoug KOKAOVE TPoopOeNoNG-ekpoOPNoNG Yo vo, eEETAGTEL M)
emavaypnopomoinon twv C-OTPW g Bropoontikddv vAKdv kabdg Kot m
€0peoT KOTE TOGO AALOIMVETAL 1] TPOGPOPNTIKY| tkovoTnTa TV C-OTPW.
Melétn emavaypnoiponoinons (T€pav NG EMAVOYPNGLULOTOINGNS TOVG MG
Blopopntikd vAIKE) Tov eéaviinuévov Bopoentodv (C-OTPW-upetdAiwv) og

Blokavoipo.

E@appoyn Tov vAIKOV 6T00G £60.01KOVS TOPOVG:

H BeAtiotonoinom tov TepayloHov TovG.

Merétn g enidpaong TOV EAMOKANSELATOV, KOUTOGTOTOUEVOV KO LT, G
ovvOnKeg Tpaypatikng poumaveng (in situ), Tpéceatng 1 Tahotdg, cOVOETNC.
Epappoyn tov viikov (C-OTPW) ce €6don mov Ba dapopomolodvion c€
QLOKOYNUIKEG  Olapopés Ommwg: PH, wovotnto aviaAdayng Katdviov,
KOKKOLETPIKT] CVLGTOGCT, TEPLEKTIKATNTO GE OPYOVIKT ovaia, 0&eidia G1dMpov-
payyoviov, avBpakikd acBECTIO Kol GLUGYETION OMOTEAECUOTIKOTNTOG LLE TO

YOPOKTNPLOTIKA OVTAL.
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Use of residues and by-products of the olive-oil production
chain for the removal of pollutants from environmental media:
A review of batch biosorption approaches
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Residues and by-products of the olive-oil production chain have been widely studied as biosorbents for the removal of various
pollutants from environmental media due to their significant adsorption properties, low cost, production at local level and
renewability. In this review, adsorbents developed from olive-tree cultivation residues and olive-oil extraction by-products and
wastes are examined, and their sorption characteristics are described and discussed. Recent information obtained using batch
sorption studies is summarized and the adsorption mechanisms involved, regarding various aquatic and soil pollutants (metal ions,
dyes, radionuclides, phenolic compounds, pesticides) are presented and discussed. It is evident that several biosorbents show the
potential to effectively remove a wide variety of pollutants from aqueous solutions, especially Pb and Cd. However, there is need to
(a) develop standardized batch study protocols, and potentially reference materials, for effective cross-evaluation of biosorbents of
similar nature and for improved understanding of mechanisms involved and (b) investigate scaling-up and regeneration issues that

hold back industry-level application of preselected adsorbents.

Keywords: Biosorption, Freundlich, heavy metals, Langmuir, olive by-products.

Introduction

Industrial, agricultural and transportation activities have
resulted in the generation of various types of toxic pollu-
tants, which are the main sources of water and soil pollu-
tion on a global scale. The pollutants present in industrial
wastewater mainly depend on the nature of the industry.
Common pollutants present in effluents include metal
ions, dyes, phenols, pesticides, detergents and a wide spec-
trum of aromatic compounds. Pollutants in wastewaters
can be toxic to aquatic life, even at low concentrations,
and lead to the degradation of water sources. General tox-
icity effects are at large easy to identify, but targeted effects
on specific life forms may be harder to detect.

Treatment processes

A wide range of treatment processes have been applied to
water and wastewater. Many of them are based on

Address correspondence to Constantinos Ehaliotis, Laboratory
of Soils and Agricultural Chemistry, Department of Natural
Resources and Agricultural Engineering, Agricultural University
of Athens, Iera Odos 75 St., Athens 11855, Greece; E-mail:
ehaliotis@aua.gr

Received October 23, 2014.

coagulation, foam flotation, filtration, ion exchange, aero-
bic and anaerobic treatment, advanced oxidation pro-
cesses, solvent extraction, adsorption, electrolysis,
microbial oxidation/reduction and wuse of activated
sludge.["*! However, success at practical/commercial level
is rare because of scaling up difficulties and cost factors,
restricting wide application of efficient pollution control.l*!

Among various available treatment technologies for pol-
luted waters, adsorption processes combine many favor-
able features including consistency, flexibility ease of
operation and simplicity of design.!¥ Furthermore,
adsorption processes can remove/reduce different types of
pollutants providing a wider applicability in water multi-
source pollution control.

Solid/semisolid wastes may be converted into “low-cost
adsorbents” for the treatment of water and wastewater dis-
charged from various industries, reducing their pollutant
load at a reasonable cost.

Various agricultural by-products have been used as bio-
sorbents, such as rice-husks, cassava peels, orange peels,
banana peels, corn cobs, sawdusts, potato peels and coco-
nut based materials.”-) Among them, olive oil agro-indus-
try residues and by-products have attracted particular
attention and have been extensively studied as biosorbents
to remove pollutants from wastewater.[*”]



Downloaded by [Athens Agricultural University] at 10:56 23 April 2015

678

Residues and by-products of the olive-oil production chain

The olive tree is a member of the Oleaceae family, which
comprises about 30 different species. The only edible fruit
species is Olea europeaea L, which is cultivated for its
plump, nutritious and fleshy, oil-containing fruits. There
are about 900 million productive olive trees worldwide
which occupy an area of about 9.6 million hectares. Both
olive tree cultivation and olive-oil processing-related
industry produce large amounts of residues, wastes and
by-products.®® Olive cultivation is widespread throughout
the Mediterranean countries; it constitutes a part of the
local heritage and it is of fundamental importance for the
rural economy and the environment. Countries around the
Mediterranean basin and in the Middle-East provide over
96 % of the total area of olive tree cultivation, the total
number of productive trees, and the total olive production,
but cultivation is rapidly expanding in other parts of the
world !

Sustainability of the olive-oil production chain is linked
to efficient recycling and valorization of the biological
resources involved. The main solid wastes and by-products
of the olive-oil production chain (cultivation and oil pro-
duction) include pruning material, leaves, pomaces and
exhausted press cakes. They are depicted schematically in
Figure 1 (in bold letters). They are produced at three lev-
els: Pruning material is produced on farm. Two-phase or
three-phase extraction pomaces plus leaves from the de-
leafing of olives are produced at the olive mill. Exhausted
press cakes are produced at the pomace processing unit.

Pruning material consists of woody plant branches,
twigs and leaves and is produced on farm. Apart of leaves
this material is rich in lignin and shows a particularly high
C/N ratio. It needs to be chopped and preferably ground
in order to increase its surface area. Its biosorption proper-
ties may be improved by further processing, via pyrolysis,
activated carbon production and composting (following
amendment with a nitrogen source).

Olive leaves are produced on farm during pruning, and
at the olive mill during the de-leafing of olives prior to
washing. They are low in lignin, rich in labile carbon com-
pounds and show a low C/N ratio. This facilitates com-
posting leading to highly humified biosorbent materials.

Pomaces mainly consist of the olive pulp (flesh and
skins) and crushed stones (also referred to as pits, cores or
kernels) that remain following olive oil extraction in the
olive mills. They are produced as by-products of three-
phase and two-phase centrifugal oil extraction systems.
Both systems produce pomace and olive oil, their main dif-
ference being the lack of wastewater production in the
two-phase systems (Fig. 1). The wastewater produced in
the three-phase systems (“alpechin’) consists mainly of the
“vegetable water” derived from the hot water added dur-
ing kneading the crushed olive mass, plus the water present
in the olive fruit and the water used to wash the fruit
before crushing. Pomaces deriving from three-phase

Anastopoulos et al.

Olive Tree

' '

Olives

Pruning material

! |

Deleafing / washing | —

|

Crushing / Kneading

!

Centrifugation

Leaves

(Two- or Three- Phase Decanters)

'

Wastewater

Olive oil Olive oil

Three-phase
Pomace/Cake

. .

Chemical extraction

Two-phase Pomace

Centrifugal extraction
(repasso)

'

Wastewater

Kernel oil Kernel oil

Exhausted Cake Exhausted Cake

Fig. 1. Wastes and by-products derived from the olive oil produc-
tion chain.

systems (“orujo”) are cake-like by-products that have low
water content (40-45%) as a result of centrifugal separa-
tion of the wastewater from the pomace. On the contrary,
there is no need for wastewater separation in two-phase
systems since no water is added during kneading of the
olive mass.

Therefore there are only two outlets in theses systems,
one for oil and one for pomace (“alpeorujo”). However,
since the water present in the olive fruit remains in the
pomace following oil extraction, pomaces derived from
two-phase systems have a high water content (approaching
70%) and a higher content of phenolics, which are nor
removed in wastewaters. Pomaces have a relatively high
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C/N ratio, they are rich in lignin (due to the presence of
the lignin-rich olive stones) but still have a high content of
labile carbon (present in the pulp and the liquid fraction).
They may be further processed via composting, pyrolysis
and activated carbon production. In pomaces derived
from the two-phase systems, high humidity results in tech-
nical difficulties and elevated processing costs compared to
pomaces from three-phase systems.

Exhausted cakes (or exhausted pomaces) derive from
pomaces that have been further processed in pomace proc-
essing units, in order to extract the remaining oil that they
contain (typically kernel oil). Standard processing involves
initial drying followed by extraction with organic chemi-
cals like n-hexane, leaving exhausted cake as a by-product.
For two-phase pomaces, that have a high water content,
initial drying is costly and energy consuming. The stan-
dard alternative in this case is to remove the remaining oil
via pomace centrifugation (“repasso”) leaving again an
exhausted cake as a by-product. Exhausted cakes, or
“exhausted press-cakes” as they are also called, (a term
derived from the early oil extraction systems using pressure
instead of centrifugation to extract olive oil) usually make
high-quality biosorbent materials, as they have low water
content (around 15%) and low content in lipids and oils
(and therefore more hydrophilic surfaces) compared to the
original pomaces.

The simple term “olive cake” is occasionally used in the
literature to refer to “exhausted olive cakes”; this is some-
how confusing and the term should be further defined.
However, practitioners use the term “olive cake” more
often to describe nonextracted pomaces from three-phase
mills. The term “olive stones” is also occasionally poorly
defined. Olive stones derive from pomaces, from which
olive pulp (flesh and skins) is removed. However, some
investigators use this term as an alternative to “exhausted
olive pomaces” from three-phase mills.

Apart of their use as biosorbents, the solid wastes and
by-products of the olive oil production chain have been
used in various valorization processes. Ehaliotis et al.'”
used in situ sub-rootzone composting of olive tree leaves
(40%) and olive pomace (60%), in order to heat the root
zone and to provide nutrients to cucumber plants. Olive
pruning residues have been used as soil cover material to
improve soil fertility!’'! and for ethanol production.['”!
Molina-Alcaide and Yanez-Ruiz,'? reviewed the relative
literature on the potential use of olive by-products in rumi-
nant fodder. The de-pitted pomace was also used for ani-
mal feeding!" while olive stones were utilized as
biofuel.'™! Olive stones have recently been effectively
incorporated into cosmetics formulations due to their exfo-
liating properties.['®!

In this review, we focus on the sorption characteristics
and behaviour of solid/semisolid biosorbents derived
from the olive-oil production chain (cultivation and oil
production) relevant to their use for the removal of differ-
ent pollutants (metals, dyes, phenolic compounds,
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radionuclides, pesticides) from environmental media. Lit-
erature of the past 15 years regarding their efficacy in the
treatment of water and soil is reviewed. Adsorption capac-
ities, applicable adsorption isotherm models, kinetics mod-
els and thermodynamics are compared and discussed.
Factors constraining efficient metadata analysis, synthesis
and identification of mechanisms involved are highlighted
and critically discussed.

Biosorption Modeling

To develop an effective and accurate model for the
removal of pollutants from aqueous media by sorption
processes, adsorption kinetics, thermodynamics and equili-
bration data are required.

Equilibrium Modeling

Linear and nonlinear adsorption isotherms are used to
characterize the biosorption process and to compare the
biosorption capacities of biosorbents. An isotherm
describes the relationship between the amount of pollutant
adsorbed and the pollutant concentration remaining in
solution at constant temperature. Langmuir and Freund-
lich isotherms are still the two-parameter isotherms most
widely used.

By definition, the application of a Langmuir isotherm
assumes that all binding sites have equal affinity for the sor-
bate, resulting to the formation of a monolayer of adsorbed
molecules.'”’ The Langmuir equation (Table 1)!'® 2! s
often presented and used in four different linear forms.**
Although, direct fitting in the nonlinear form provides bet-
ter accuracy®* the linear forms are still utilized in most
biosorption studies due to their simplicity and conve-
nience.!) Out of the four different types of linearized Lang-
muir isotherm equations, Langmuir-1 and Langmuir-2
(Table 1) are the most commonly used because of mini-
mized deviations from the fitted equation resulting in the
best error distribution.”*!

Assumptions for fitting the Freundlich isotherm
equation (Table 1) are less strict. It describes adsorption
onto heterogeneous surfaces that provide adsorption sites
of varying affinities."® It should be noticed that K is nei-
ther a unitless parameter nor is it expressed in mg/g (the
units of ¢,) or L g~', as it is often presented in the
literature. !>’

From Eq. 1, the units for Ky are clearly derived:

qe mg/g
KF: 7KF =
cl" (mg/L)'/" O
1/n
_ms (i) or mg! ~ (/Mg =1L 1/n
g \mg
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The linear and nonlinear expressions of the Freundlich
isotherm are listed in Table 1. Various olive oil industry
by-products have been used as biosorbents to/in aqueous
solutions. A synopsis of the Langmuir and Freundlich
parameters, empirically estimated and reported in the liter-
ature for the adsorption of different pollutants by olive-oil
production chain residues and by-products, is presented in
Tables 2 and 3. These materials, in a raw or modified
form, were in general shown to be efficient biosorbents for
a wide range of polluting substances, embracing heavy
metals, dyes, radionuclides, phenols and pesticides. Raw
materials include materials pretreated by physical methods
only (such as prewashing with hot or cold water) remove,
or to reduce pollutant concentrations from, while the mod-
ified materials include materials pretreated by chemical
methods or materials with altered chemical and physical
properties via biological processing or carbonization.
Most of the published studies deal with biosorption of
heavy metals.

As shown in Table 2, the highest sorption capacity was
observed onto succinylated olive stones for Cd*" (200 mg
g~ 1), onto olive leaves for Cu*™ (71.43 mg g~ "), onto olive
cake for Cr®" (33.44 mg g "), onto olive cake for Fe’"
(58.48 mg g '), onto modified activated carbon for Fe**
(62.50 mg g~ "), onto activated carbon from olive stones
for Pb>™ (549.45 mg g "), and for Ni** (21.95 mg g 1),
and onto olive cake treated with NaOH for Zn*" (27 mg

g ).

Kinetic modeling

To evaluate adsorbent performance, it is necessary to sup-
plement the adsorption equilibria with adsorption kinetics
data. Several kinetic models, namely pseudo—first-and
pseudo—second-order, Weber and Morris, and the Elovich
model, are available. The pseudo—first and the pseudo—sec-
ond-order kinetic equations are used most frequently. The
linear and nonlinear forms of pseudo-first-and pseudo—
second-order kinetic models are presented in Table 1.

Thermodynamic parameters

The thermodynamic parameters related to the adsorption
process include Gibbs energy (AG®), enthalpy of adsorp-
tion (AH®) and entropy of adsorption (AS?). At constant
temperature and pressure, the AG” value serves as the fun-
damental criterion of spontaneity. If the value is negative,
adsorption would take place, following a spontaneous pro-
cess. A positive AH” value indicates that the process is
endothermic, while a negative AH” value suggests an exo-
thermic process. In addition, positive or negative AS” val-
ues imply increased (+ASY) or decreased (—AS%)
randomness at the solid/solution interface.

The thermodynamic parameters are calculated by fitting
data obtained by adsorption experiments at different
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temperatures to the equations presented in Table 1. How-
ever, following this standard estimation approach, an
“enthalpy-entropy” compensation has been previously
noted, leading to a linear AS” vs AH? relationship, which
is unlikely to occur over a range of different biosorbents
and nonhydrophobic absorbates.”! Since such a relation-
ship indicates that the thermodynamic parameters may
have not been properly assessed, we carry out a metadata
analysis, to examine the potential occurrence of a similar
linear AS® vs AH" relationship in the reviewed literature
(see relevent section).

Heavy metals

Heavy metals are among the most persistent pollutants
that cause ecosystems deterioration and affect the human
health.!!)

Olive pomaces from two-/three-phase mills

Olive pomaces produced from two-and three-phase olive
mills may adsorb heavy metals from aqueous solutions, in
raw or modified form. The olive pomace contains skins,
flesh and pits (stones) of crushed olives that remain follow-
ing oil extraction. As described earlier, pomace derived
from two-phase separators (often called “alperujo”) has
higher water content and higher concentration in phenolics
compared to pomace derived from three-phase separators
(Fig. 1) and may be used for secondary centrifugal oil
extraction (repasso). Pomaces may also undergo thermal
water removal followed by secondary oil extraction with
the application of organic solvents.

Dried and extracted pomaces are quite often called
“exhausted pomaces,” “exhausted cakes” or even just
“olive cakes.” Most studies dealing with these materials
focus on the biosorption of Pb>*, Cu®", Zn**, Cr°',
Cd**, Ni** and Fe**. At a temperature range of 20-30°C
the ash of olive cake (exhausted or not) or just olive cakes
(exhausted or not) show substantial sorption capacity for a
wide range of heavy metals (Table 2) including Cd*"
(7.32 mg g~ 1.2 Cr* (33.44 mg g7 !),P? Ni** (10.64 mg
g H# and Pb** (19.53 mg g ). Equilibrium was
achieved rapidly in all cases studied (from a few minutes
to a few hours) and all thermodynamic parameter esti-
mates that were carried out indicated spontaneous and
endothermic nature of biosorption. Effects per metal are
highlighted next:

Cadmium. The adsorption of Cd** onto olive cakel®® ¢!

and onto ash of exhausted olive cake®”! has been exam-
ined. Maximum metal removal was observed by all investi-
gators at pH values between 4.5 and 6.0 (tested pH range
2.0-8.0). The adsorption equilibrium was achieved at con-
tact time of 30 and 40 min for olive cake and 120 min for
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pomace ash, while treatment with 0.2 HNO; resulted to
maximized metal desorption.”® The experimental data fit-
ted the Langmuir isotherm while data obtained by
Azouaou et al.*®! fit better the Freundlich isotherm. Ther-
modynamic parameters indicated that the biosorption pro-
cess was, spontaneous and endothermic while positive AS°
values pointed to increased randomness of the
system.[27’36]

Copper. The uptake of Cu** by olive })omace prewashed
with water and n-hexane solutions,?®! by olive pomace
ash,*” by olive solid waste!®” and by biochar of olive
pomace produced via pyrolysis at 300 and 600°C and via
the use of a hydrothermal method at 300°CP! have been
examined. Prewashing with water and pyrolysis at 300°C
resulted to improved sorption characteristics compared to
n-hexane prewashing, pyrolysis at 600°C, and the hydro-
thermal method treatments. Experimental data better fit-
ted the Langmuir model, except of data derived from olive
pomace biochars that showed better fit to linear and
Freundlich models indicating that Cu?* biosorption did
not comply with the monolayer coverage assumption in
the case of biochars.*!! Based on experimental results ade-
quately expressed by the Langmuir model, it is evident
that olive pomace simply treated with water at equilibrium
pH 5.0 showed the highest copper removal (g,,=
13.50 mg/g) and released COD below the legal limits.!*®!
Equilibrium was reached in 60, 120 or 240 min, depending
on the experimental conditions. Minimum Cu*" in solu-
tion was observed at pH 7.0, compared to pH 3.0 and 5.0.
However, lower pH conditions were selected to avoid pre-
cipitation which could affect the adsorption results.l*% 3!
Increased copper removal was observed by increasing the
temperature from 10 to 40°C and thermodynamic studies
suggested that the biosorption process was spontaneous
and endothermic."

Chromium. Dakiky et al.??! and Malkoc et al.**! tested
olive cakes/pomaces for their ability to remove Cr®" from
dilute solutions. Maximum adsorption capacity was
obtained at pH 2.0 (tested pH range 1.0-10.0) and the
equilibrium was accomplished within 120/180 min. Low
pH optima for chromium absorption on natural organic
absorbents are repeatedly reported®>°?! in contrast to the
high optimal pH reported for most other heavy metals.
Moreover, it was observed that Cr®* is reduced to the less
toxic Cr’™ upon contact with natural lignin-rich biomate-
rials as coconut choir,”* date pits and tea waste.”” Bio-
sorbents are generally positively charged at low pH due to
surface protonation, and the dominant forms of Cr®" at
pH 2.0-6.0 are anionic (HCrO, and Cr20% 7).

Hence, sorption increases due to strong electrostatic
attraction between positively charged adsorbent surface
and chromate ions, while by increasing the pH, the sorp-
tion surface becomes negatively charged and sorption
decreases.” The predominat species of Cr®* at pH>6.0 is

Anastopoulos et al.

still anionic (CrOi_), resulting in suppressed sorption of
Cr ions. For both biosorbents, the sorption process was
adequately described by the Langmuir isotherm. It was
expressed by the pseudo-first-order model® and was
spontaneous and endothermic.*?! Increasing temperature
from 25 to 60°C resulted to increased Cr®" adsorption®*
an effect potentially related to a reduced hydration sphere
of the Cr** ion following reduction of Cr®* to Cr**.°¢!

Contrary to the above, El-Hamouz et al.*¥ studying the
ability of activated carbon produced from exhausted solid
olive waste to remove chromium from aqueous media con-
cluded that by increasing the pH from 2.0 to 10.0 the sorp-
tion capacity of the biosorbent increased. The authors
suggested that at low pH values, in the presence of certain
species such activated carbon, Cr’* is formed and as a
result low adsorption capacity is observed, due to repulsive
forces between Cr’* and positive surface charges of the
biosorbent. Moreover, they suggest that Cr** did not enter
into the micropores of the biosorbent due to its large size.
Further research on chromium fate and forms upon con-
tact with activated carbon at low pH is needed to clarify
this. Repulsion of newly formed Cr** on natural organic
absorbents has indeed been suggested, accompanied how-
ever with complexation of Cr’™ to carboxyl, carbonyl and
phenolic groups and the potential formation of Cr’*
hydroxide precipitates.”*?*! Observations of poor perfor-
mance of activated carbon at low pH may be related to
lack of formation of such complexes and precipitates.

Iron. Iron is an essential micronutrient and, due to rela-
tively low toxicity, particularly high concentrations should
be monitored in natural waters, soils and sediments in
order to alert for potential pollution problems. Therefore
iron has not been a primary research focus in general envi-
ronmental pollution research. The adsorption capacity of
olive cake for Fe’", was however examined by Al-Anber
and Al-Anber.’> The biosorption process was tested at
28, 35 and 45°C and the experimental data were well
described by Freundlich isotherms (Table 3). Maximum
adsorption was observed at pH 4.5, 28°C and a 5 g L™!
concentration of biosorbate material. The sorption of
Fe*" onto olive cake was spontaneous and exothermic.

Lead. Batch experiments were applied to investigate
removal of Pb*" from aqueous solutions by two-phase
olive mill waste (OMS),P”3¥ olive cake (OC)®
exhausted olive mill solid residue (EOMS)?*! and ash of
exhausted olive pomace (AEOP).[*! The effect of pH and
contact time on the adsorption process was studied over
2.0-7.0 pH range and 5-300 min time range. The opti-
mum conditions for highest metal uptake were obtained at
pH 6.0; 30 min®® or 120 min*” was sufficient contact
time to achieve equilibrium. Sorption data fitted better the
Langmuir model except of data regarding EOMSE*! that
followed the Freundlich isotherm. Temperature effect was
tested in the 1040°C range, and maximum biosorption
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capacity was established at 30°CP% and 40°C.*! The
kinetics of biosorption well described by pseudo—first-
order kinetics model®” and the thermodynamic parame-
ters indicated a spontaneous and endothermic sorption
process.Po* T ead-saturated olive cake treated with
0.5M HNO; showed the highest lead recovery
(95.92%),B°! indicating competition with protons for
exchange sites.

Nickel. Olive pomace®*! and ash from exhausted olive

cake!?” were used to remove Ni** from aqueous solutions.
Within the 2.0-8.0 pH range tested, maximum Ni** sorp-
tion was observed at pH values 4.0-6.0. Equilibrium was
reached in 2 hours and the equilibrium data fitted well the
Langmuir isotherm. The effect of temperature on the
adsorption process was studied in the range from 10 to
75°C. It was observed that metal adsorption was improved
by increasing the temperature up to 40°C*” and 60°C!"
while Chouchene et al.* reported lower Ni adsorption at
elevated temperatures. The calculated thermodynamic
parameters indicated a spontaneous and endothermic sorp-
tion process.m’ 4

Zine. Olive pomace,*? exhausted olive mill pomace
(cake),*”! chemically treated olive cake** and ash of
exhausted olive pomace,*”! were studied for the removal of
Zn** from aqueous solutions. Adsorption efficiency of the
biosorbents was tested in the 2.0-7.0 pH range allowing for
a contact time of 5 to 600 min. Maximum Zn>" adsorption
was observed at pH around 6.0 and 60-180 min of equili-
bration were sufficient for achieving equilibrium. Pomace
modified by NaOH solution presented improved sorption
characteristics (¢,,= 27.00 mg g ').*! Both pseudo-
first-*" and pseudo-second-*?! kinetic models fitted well to
experimental results. In most cases the best fit for the equili-
bration data was given by Langmuir isotherms!*4>4’
rather than Freundlich isotherms.”**! According to
Elouear et al.**! and Hawari et al.**! biosorption capacity
increased by increasing system’s temperature from 10 to
55°C.

Olive stones

Olive stones (also referred to as olive pits or cores or ker-
nels), and modified olive stones, have been applied as sorb-
ents to remove heavy metals from aqueous solutions.
Researchers have also repeatedly used activated carbon
prepared from olive stones, since olive stones are highly
lignified and suitable for activated carbon production.
Most studies primarily examine Cd**, Cr’* or Cr®",
Pb>*, Cu®", Ni*", sorption. A few studies investigate
APt Fe*™ sorption. Poor biosorption was observe by raw
olive stones especially for Cu*", Ni**, Pb>* and Fe’", but
high ¢,, values have been achieved with modified materi-
als, apparently related to higher BET surface area, higher
pore volume and modified pore size distribution,
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indicating that modified olive stones are particularly suit-
able raw materials for heavy metal removal via
biosorption.

Cadmium. The removal of Cd*" from aqueous solutions
by olive stones,”***! chemically modified olive
stones®®!! and activated carbons prepared from olive
stonest®>>! has been examined extensively. As shown in
Table 2, the highest biosorption capacity for Cd** was
achieved by the modification of a) olive stone biomass
with H,SO4 and 0.1 M NaOH solutions (g, =
128.20 mg/g)®"! and b) succinylated olive stones with
NaHCO; (g,, = 200 mg/g).®" Activated carbons pre-
pared from olive stones showed variable efficiency, includ-
ing lower (¢,, = 1.85 mg/g),’* similar (¢,, = 11.72 mg/
2) or higher (g,, = 59.88 mg/g)** maximum sorption
capacities compared to raw olive stone materials, but cer-
tainly lower sorption capacities than chemically modified
biomasses. Maximum Cd>* sorption was observed by
Kula et al.® and Rouibah et al.*®! at T ~ 20°C, and by
de Hoces et al.l*®! at 7= 80°C. In most studies, the kinet-
ics of the adsorption process were well described by the
pseudo—second-order model. Nevertheless, Salem and
Allia” presented biosorption data following the pseudo—
first-order kinetics model. The Langmuir model ade-
quately described the experimental data. Rouibah et al.,[*®!
however, concluded that Langmuir and Freundlich models
equally represent the biosorption data while Fiol et al.[*’)
demonstrated that Freundlich model was more suitable.
Thermodynamic analysis showed that Cd** adsorption
was spontaneous and endothermic*” or exothermic.>!->?
Copper and Nickel. Cu** removal from water!*>>*37-38]
was rather poor when olive stones were used directly as a
biosorbent, but increased considerably when activated car-
bon from olive stones was used: Olive cake presented
higher biosorption capacity for Cr®", (g,,=33.44 mg/g)
when compared to olive stones (14.34 mg/g) and to acti-
vated carbon from olive stone (g,,=25.60 m%/ g). Similar
trends were observed for Ni*+ 143233457661 Maximum
metal biosorption was found at pH 4.5-6.0 and the equi-
librium was established either at 60 min®*” or at
270 minutes®. Equilibrium data fitted satisfactorily to
the Langmuirl®*>*>86% or to Freundlich isotherm mod-
els.*! Youssef et al.’”! concluded that oxidized activated
carbons treated by either nitric acid, or ammonium perox-
ysulfate and by hydrogen peroxide, showed higher maxi-
mum capacities than untreated carbons for both metals.
Alslaibi et al.’®%®! syggested that microwave heating com-
pared to conventional heating produced activated carbons
of higher removal efficiency and of lower cost.

Chromium. Olive stones*®! and chemically activated car-
bon from olive stones (H,SO,-activated),>”! were used for
Cr®" removal from aqueous solutions under various con-
ditions. The tested pH range was wide (1-12), but the
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optimal pH for Cr®" adsorption was determined within
1.5-2.0. This is expected for Cr®" and mechanisms
involved are discussed earlier. Kinetics data indicated that
process equilibrium was achieved in 30" and in
100 min®*! and followed pseudo-second-I**! and pseudo—
first-order™®  kinetics models respectively. Rouibah
et al.*8 observed that raising temperature from 5 to 22°C
led to increased Cr®" sorption, but further temperature
increase to 40 and to 50°C had no effect on the quantity of
adsorbed Cr®". Bldzquez et al.[®” also showed that raising
temperature to high levels (25-80°C) resulted to increased
Cr’" sorption on olive stones an effect potentially related
to reduction of the hydration sphere of the Cr*" ion fol-
lowing reduction of Cr®t to Cr’*" at the sorption
surface.l”®

Iron. The use of olive stones (prewashed with cold and
hot water) was studied for the removal of Fe*" from solu-
tions by Nieto et al!® Recently, Hodaifa et al.l®?
expanded their experimental set up, and investigated the
effects of olive stone biomass either prewashed with cold/
hot water or extracted by n-hexane and/or ethyl acetate
on Fe*™ biosorption. Olive stones, raw or prewashed with
cold and hot water, exhibited the highest biosorption
capacity. However, similarly to results for Cu®>* and Ni**,
Fe*" biosorption onto olive stones (g,,, = 1.20 mg/g)*'¢%
was much lower than onto olive cake (¢,, = 58.48 mg/
2).2% The sorption process was rapid (equilibrium reached
within 10-20 minutes) and described well by both the
pseudo—first-and the pseudo-second-order models. Tem-
perature increases, from 5°C to 70°C, positively affected
Fe** biosorption. The thermodynamic study showed that
Fe™ adsorption on olive stones was spontaneous and
endothermic. Activated carbon prepared from olive stones
by microwave, and by conventional heating®®¥ was also
tested for the biosorption of Fe*" at pH 5.0. It was found
that the microwave method resulted to greatly improved
adsorption capacity (¢,, = 62.50 mg/g)"® due to the
higher BET surface area and the higher pore volume.

Lead. The use of olive stones (OS) was examined for
Pb>" sequestration from aqueous solutions using batch
trial approaches.*”**%! In an attempt to enhance the
Pb*"sorption capacity of olive stones, the investigators,
treated the biomass with acidic (2 M HNO;, 2 M H,S0,)
and basic (2 M NaOH) solutions.®) At 7= 25°C and pH
5.0, the maximum uptake capacity was 6.32, 15.15, 49.46
and 38.02 mg g_1 for raw-OS, H,SO,-treated OS, HNO;-
treated OS and NaOH-treated OS, respectively. These
results clearly indicated that chemical modification of olive
stones improves the sorption capacity of the biomass. Acti-
vated carbons prepared form olive stonesl>**:64% were
even more effective for the removal of lead from solutions
and the maximum biosorption capacities ranged between
112.24 and 549.45 mg g~'. Moreover, in a binary Pb-Cu
system Ronda et al.,”’”! concluded that at pH = 5.0 and T

Anastopoulos et al.

= 25°C lead biosorption did not significantly suppressed
by the presence of Cu’™.

Other metals. Activated carbons from olive stones were
also produced and used to remove A4 and Zn>* B9
from aqueous solutions. A" and Zn>" adsorption were
well described by the Langmuir model. AI** sorption was
also described by the Freundlich model. It followed
pseudo—first-order kinetics and positive AH” value indi-
cated an endothermic process

Olive tree pruning waste

Although olive tree pruning wastes (OTPW) are produced
in large quantities on yearly basis in olive fruit and olive
oil production regions, few studies have focused on this
material. Scaling up difficulties related to collection and
shredding prior to use have to be overcome, however, the
highly lignified OTPW is a promising and widely available
renewable biosorbent source. Raw OTPW was tested for
the removal of Cd**, Cu®", Ni** and Pb>* from aqueous
solutions.[*”- 98991 Chemically modified OTPW and com-
posted OTPW, were used as novel biosorbents for the
adsorption of Pb** and of Pb*" and Ni*", by Calero
et al.l®" and Anastopoulos et al.,!® respectively.

Calero et al.l'®! found that chemical modification with
1 M H,SO4, 1 M HNO; and 1 M NaOH greatly increased
the biosorption capacity of OTPW from 27.05 (raw) to
121.60 mg/g (NaOH-OTPW). Anastopoulos et al.,[®®
concluded that composting also increased substantially the
biosorption capacity of OTPW: biosorption capacity at
pH 5.0 and T = 25°C increased from 54.05 and 10.53 mg
g~ ! (raw OTPW) to 96.15 and 16.58 mg g~' (composted
OTPW) for Pb** and Ni*" respectively, suggesting that
the low cost procedure of composting has the potential to
provide cheap and stable biosorbents with high biosorp-
tion capacity.

Other olive production chain wastes (olive leaves, olive
pulp)

Olive leaves are produced during de-leafing of olives and
usually collected in piles in the olive-mill backyard. They
may be used fresh to feed goats or other dairy animals (in
small portions), but they are mostly left there to rot slowly
for several months, or even years, before getting applied as
soil mulch. They have also proved to be efficient biosorb-
ents, for Cd** particularly.”>"! Hamdaoui™” tested the
effect of stirring and sonication on the removal of Cd*"
from aqueous solutions. The results showed that the com-
bining stirring with sonication enhanced biosorption
capacity; the maximum adsorption capacity calculated
from the Langmuir isotherm was 42.19, 55.87 and
64.94 mg g~ for the stirring (conventional method), ultra-
sound-assisted method and the combined method
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respectively, at pH 5.3 and 7' = 25°C. Olive leaves powder,
also effectively adsorbed Pb**, Cu®" and Cd>*.""! The
maximum biosorption capacity for Pb>* was 119.05 mg
g ! (at pH 4.0 and T = 30°C), for Cu*" 71.43 (at pH 6.0
and T = 30°C) and for Cd** 90.09 (at pH 5.0 and 7 =
30°C).

General trends in biosorption efficiency of metals

The efficiency of biosoprtion is expected to differ between
metals. Indeed, when we classified 88 reports on the sorp-
tion of heavy metals on wastes and by-products of the
olive production chain using the g, values as indicators of
sorption efficiency, a clear pattern emerged (Fig. 2). Pb*"
showed the highest sorption efficiency by far (mean ¢, =
108, median = 54), followed by Cd>" (mean ¢,, = 39,
median = 12). The poorest sorption results were shown for
Ni** (mean g¢,, = 10, median = 9). This trend is in line
with specific properties of the metals (Table 4) rather than
sorbent characteristics: The greater the atomic weight, the
electronegativity and the ionic size, the greater the affinity
for sorption.[®®1%! On the contrary, higher values of the
free energy of hydration indicate that metal ions tend to
remain more to the solute phase than to be adsorbed.[**1°!]

Organic pollutants (dyes, phenolics, pesticides)

Dyes

Production and extensive use of dyes worldwide generate
coloured wastewaters which result in pollution of water
resources.'®” The coloured dye effluents are generally
considered to be highly toxic to aquatic biota.'®*' Many
health-related problems such as allergy, dermatitis, skin
irritation, cancer, and mutagenesis in humans are associ-
ated with pollution of waters derived from dyes.”*! There-
fore, although dyes are generally phenolic compounds,
they are discussed here in a separate section. The majority
of dyes produced and used nowadays are synthetic and
their xenobiotic nature restrains their efficient microbial
biodegradation. Thus, their removal from effluents before
they are mixed up with natural water bodies is important.
Olive oil industry by-products have been evaluated as
potential biosorbents, especially regarding reactive dyes.
Exhausted olive pomace and charcoal produced from
solid olive waste,!'% activated carbon form olive stones,”!
and carbonaceous material consisting of a mix of novolac
resin (phenol-formaldehyde resins with a formaldehyde to
phenol molar ratio < 1) with olive stones,!'*”! were exam-
ined as biosorbents for the removal of methylene blue (MB)
from aqueous solutions. The results obtained by Banat
et al.,'% showed that kinetic data followed the pseudo—
second-order model and that the charcoal presented higher
sorption capacity (62.7 mg/g) than the exhausted olive
pomace (42.3 mg g !). Interestingly, Berrios et al.l’”
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Fig. 2. Mean and median ¢, values for the sorption of different
heavy metals onto wastes and by-products of the olive produc-
tion chain. Data derived from 88 reports. Both mean and median
values are presented since Pb’>" and Cd** data do not follow a
normal distribution.

concluded that as the agitation speed increased from 50 to
100 rpm the adsorption capacity of the biomass was also
increased, and that at higher temperatures (studied temper-
ature range 25-40°C) desorption of MB from the solid
phase may occur. IToannou and Simitzis!'® prepared carbo-
naceous adsorbents combining novolac resin (N) and olive
stones (B) at ratios of 20/80 and 40/60 w.w. following cur-
ing (c) and pyrolization/carbonization (C). The results of
their study showed that the produced carbon-rich materi-
als, are highly effective in adsorbing methylene blue,
NB40/60-cC being most effective.

Reactive dyes are formed by the combination of azo-
based chromophores with different types of reactive groups
including vinyl sulfone, chlorotriazine, trichloropyrimidine
and difluorochloropyrimidine.l'® Chemical biosorbent
activation appears important in improving sorption capac-
ity of reactive dyes. The adsorption of reactive red textile
azo dye RR198 onto untreated olive pomace was investi-
gated by Akar etal’? RR198 was efficient (g, =
58.53 mg g~ ') maximum uptake was observed at pH 2.0
and the required contact time to obtain equilibrium was
40 min. Adsorption kinetics followed the pseudo—second-
order model, the Langmuir isotherm was well fitted to equi-
librium data and the process was spontaneous and
endothermic.

Activated carbon derived from exhausted olive cake,
was prepared, and its effects on absorption of the Lanaset
Grey G wool dye were examined by Baccar et al.l’* The
equilibrium process was described well by the Langmuir
model, and the maximum sorption capacity was 108.7 mg
g~ ! at pH 6.0 and 25°C temperature. Dye adsorption
increased as temperature increased from 10 to 37°C and
the adsorption kinetics data were well described by the
pseudo-first-order kinetic model.
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Table 4. Properties of heavy metals showing contrasting sorption efficiency.

Metal lonic Radius (pm) Atomic Weight (amu) Electronegativity Free Energy of Hydration (kcal/g-ion)
Pb>+ 119 207.20 2.33 —357.8
Ni*™ 83 58.69 1.91 —494.2
cd*t 95 112.41 1.90 —430.5

Adsorption of Black Dycem TTO dye onto activated
carbon from chemically activated exhausted olive cake
was also studied by Baccar et al.’”*! Adsorption equilib-
rium was reached at 48 h and the effectiveness of the sor-
bent increased by rising the solution temperature from 15
to 40°C. The maximum adsorption capacity of activated
carbon at 25°C was 146.31 mg g~ '. Sorption kinetics and
equilibrium data followed pseudo-second-order kinetics
and Langmuir adsorption isotherm models, respectively.

Ugurlu et al.l’® tested the ability of activated carbon
prepared from olive stone by ZnCl, activation to remove a
Remazol Red B azo dye. Among the tested ZnCl, solution
concentrations, activated carbon produced by 20% ZnCl,
(w/w) resulted in a sorbent with the highest surface area of
790 m? g~!. The maximum Remazol Red B dye removal
was achieved at pH 3.0, while by increasing solution pH
up to 12 dye adsorption consistently decreased. On the
contrary, temperature rising up to 35°C amplified the sorp-
tion ability of the activated carbon. The maximum sorp-
tion capacity at 25°C was 8.53 mg g~ and recorded at
60 min. The experimental data followed the pseudo-sec-
ond-order model and the equilibrium process was
described by Langmuir isotherm model.

The potential of olive stones chemically modified by sul-
furic acid and by 0.1 M NaOH solutions, was evaluated in
a batch process regarding the removal of safranine dye.[>"!
Experiments were carried out as a function of contact time
(5-180 min), initial concentration (25-600 mg L") and
temperature (25, 35 and 45°C). The maximum monolayer
adsorption capacity was found to be 526.3 mg g~ ' at 6.8
solution pH value.

Olive stone ash!”! was also tested for the sequestration
of Reactive Blue 19 azo dye from water media. Maximum
adsorption capacity was found at pH 4.0 and the biosorp-
tion process followed pseudo-second-order kinetics and
was described by the Langmuir model.

Phenolics

Phenol and substituted phenols are priority target pol-
lutants due to their abundance and high toxicity to
humans at even low concentrations.'®” The discharge
of phenol containing effluents from various industries
into natural water bodies constitutes an ongoing serious
threat to human health and water quality. High toxicity
and constantly increasing presence of phenols in the
environment along with strict environmental regula-
tions, have motivated the scientific community to

search for the development of appropriate processes to
remove phenols from wastewaters. In this context, olive
oil industry by products have been explored as poten-
tial phenol adsorbents.

The ability of dried olive pomace (OP-1), dried-solvent-
extracted olive pomace (OP-2) and dried-solvent-
extracted-incompletely combusted olive pomace (OP-3) to
adsorb total phenols from olive mill wastewaters was
investigated by Stasinakis et al.”® The results showed that
by using OP-1 and OP-2 the residual total concentration
of phenols increased, due to the release of polyphenolic
compounds by these adsorbents. On the contrary, OP-3
tests resulted to lower residual total phenols concentration
and equilibrium was attained in 5 hours. For sorbent and
sorbate concentrations of 10 g L™! and 50 mg L™, respec-
tively, OP-3 removed more than 40% of total phenols,
which was also verified for phenols removal from olive
mill wastewater.[%®)

Adsorption of phenols onto olive mill waste has also been
explored by Abdelkreem.’” The Dubinin-Radushkevich
adsorption isotherm model (R® = 0.999) fitted the experi-
mental data better than the Langmuir (R? = 0.968) and the
Freundlich (R = 0.904) models. The sorption equilibrium
was reached within 100 min and kinetics data were satisfac-
torily described by pseudo—second-order model.

Granular electro-activated carbon (GEAC) produced
from olive mill solid residue was successfully tested as bio-
sorbent for the removal of phenols from aqueous solu-
tions.”” Increased ionic strength and hardness of the
water solutions, (NaCl and CaCO; addition, respectively)
suppressed the adsorption capacity of GEAC.

The utilization of carbon derived from olive mill residue
carbonized at 800°C and physically activated by CO,,
steam or air, has been investigated by Mameri et al.[8%
Carbon activated by steam produced activated carbons
with larger micropore volume and higher specific surface
areas (exceeding 1500 m? g~', BET method). Steam acti-
vated carbon showed a maximum phenol adsorption
capacity of 11.24 mg g~' and the equilibrium data fitted
well the Freundlich isotherm model.

Novolac resin (N) and olive stone (O) mixtures (40/60
and 20/80 w.w. N/O) have been used as raw materials to
prepare novel carbonaceous adsorbents.'®! Rich carbon
sorbents produced after curing (c¢) and carbonization (C)
of the above mixtures were used for the sequestration of
phenol and 3-nitrophenol from aqueous solution. Under
all experimental conditions more phenol than 3-nitrophe-
nol was adsorbed.
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Ground olive wood (OW) washed with various
organic solvents (ethanol, tetrahydrofuran, ether,
dichloromethane or hexane) was examined for its effi-
ciency to adsorb phenol, 2-chlorophenol, 3-chlorophe-
nol, 4-chlorophenol, 2-nitrophenol, 4-nitrophenol and
2,4 dinitrophenol.'® The observed higher adsorption
capacity of the washed OW was attributed to the
higher accessibility of the active binding sites to phenol
molecules since the washing procedure may have
removed other substances from the sorbent’s surface.
The adsorption process was described by the Freund-
lich model and was considered exothermic; however,
the adsorption of 2-chlorophenol onto raw/prewashed
OW was considered endothermic.

Activated carbon produced from olive stones by physi-
cal methods,®"'!% by chemical methods®!-#>11%-1111 354
by combined chemical-physical methods,®!! was tested as
potential adsorbent for the removal of phenols from aque-
ous solutions. Batch experiments were conducted at 25—
40°C and equilibrium data fitted well to Lang-
muir8182 110,111 [110].

I'and Freundlich isotherms!!'": ¢, values
ranged between 4.60 mg g~ ' and 333.3 mgg~'.

Pesticides

Olive oil industry by-products have received very lim-
ited attention as effective biosorbents for removing pes-
ticide molecules from aquatic media. A biosorbent
prepared from olive stones activated by a combination
of thermal (300°C) and chemical (1M HCI) treatments
was examined for its ability to remove “-drin” pesti-
cides from aqueous media.® The obtained results
showed that among the tested adsorbent’s particle size,
the 63-100 wm size exhibited the maximum adsorption
capacity, and followed the order: aldrin > dieldrin >
endrin. Adsorption capacity was slightly lowered as the
temperature rose from 10°C to 40°C and kinetic experi-
ments demonstrated that the adsorption equilibrium
was reached within 240 minutes.

Efficient adsorption of the acid form of herbicide Cyha-
lofop-butyl (cyhalofop-acid) was observed in the poly-
meric organic fraction (polymerin) of olive mill
wastewater (OMW).®®) The maximum cyhalofop-acid
adsorption was obtained at pH around 4.5 and a solid/lig-
uid ratio of 0.5. The monolayer adsorption capacity of pol-
ymerin obtained from Langmuir isotherm was 43.68 mg
g atpH 4.0 and T = 20°C.

Radionuclides

Radionuclides accumulate either in the upper layer of soils
(topsoils) or in sediments of aquatic systems. They may
easily get integrated in the food chain and cause health
problems.!''?! Olive oil industry by-products have received
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relatively limited attention as effective biosorbents for
removing radionuclides from aqueous solutions despite
promising results:

Eroglu et al.® and Yapici et al.’” observed efficient
removal of Ga-67 and TI-201 by olive pomace in water.
Equilibrium was reached at 120 min®™” and at 10 min®”
and the maximum adsorption were recorded at pH 10,
temperature 10°C, adsorbent particle size 0.150-
0.212 mm, and adsorbent dose 15 g L

Olive pomace either as raw material or in its carbonized
form (1 h at 500°C) was also used for the removal of '*’Cs
from aqueous solutions.®* Kinetic studies showed that
120 minutes was sufficient time to attain equilibrium and
that a pseudo—second-order rate model showed optimal fit
to the experimental data. The maximum % removal of
137Cs was 80% and 99% for raw olive pomace and its car-
bonized form respectively. Sorption experimental data
were successfully modeled using Langmuir, Freundlich,
and Dubinin Radushkevich (D-R) equations. The authors
concluded that concentrated HCI solutions may
completely desorb '*’Cs from the loaded adsorbent and
hence the adsorbent can be regenerated and reused for
137Cs removal.

Activated carbon prepared by chemical activation of
olive stone (treatment with ZnCl,) was examined for the
sorption of uranium and thorium from aqueous solu-
tions.®! The maximum adsorption for uranium and tho-
rium occurred at pH 6 and pH 4.0, respectively (studied
pH range 2-7). The kinetics data conformed better to the
pseudo—second-order equation. Thermodynamic parame-
ters showed that adsorption was spontaneous and endo-
thermic. Experimental data on uranium were shown to fit
the Langmuir model while data on thorium were ade-
quately explained by the Freundlich equation.

Application of batch biosorption approaches on the
pollution of soils

Wastes and by-products of the olive oil production chain,
mainly pomaces and processed pomaces, have also been
used as soil amendments to ameliorate soil pollution, par-
ticularly pollution derived from pesticides (Table 5). Batch
equilibration approaches have been combined with leach-
ing experiments in soil columns and soil incubation studies
of control vs amended soils, in order to investigate pesti-
cide dicipation related to enhanced biosorption processes.
It is well established that organic matter in soils is a
main sorbent of pesticide molecules in soils, acting as a
generally nonpolar medium with high affinity for the typi-
cal nonpolar organic pesticide molecules."* Therefore
the amendment of soils with organic materials may greatly
influence pesticide sorption and reduce pesticide mobility
in the soil matrix. Indeed the soil sorption coefficient (K,),
corrected for the soil organic carbon content of a soil, gives
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Fig. 3. The enthalpy-entropy compensation plot for adsorption of metals (n = 31) and organic pollutants (n = 16) on biosorbents
derived from wastes and by-products of the olive oil production chain. Data listed in Table Al.

the carbon content coefficient (K,,.). The latter is used as a
standard estimate of relative potential mobility of pesti-
cides in soils.!'*"!

Batch experimentation approaches have been used to
investigate sorption processes between biosorbents and
agrochemical compounds. Main findings, regarding the
use of wastes and by-products of the olive oil production
chain in the presence of soil, are summarized in Table 5.
The Freundlich model provides good data fitting in most
cases, whereas the Langmuir model is not applied, appar-
ently because the restriction to a unilayer sorption surface
is a highly unrealistic prerequisite regarding the complex
soil matrix. However, despite the positive results obtained
on pesticide sorption, wastes and by-products from the
olive production chain have not, to the best of our knowl-
edge, been examined as biosorbents of other soil pollutants
as heavy metals in soils.

Apparently the function of soils as pesticide receptors
and the high risk of leaching of these molecules to deeper
soil layers, make pesticides priority targets for biosorption
research; comparatively, heavy metals may exhibit strong
binding to soil colloids (cation exchange surfaces).
Research on the effects of these biosorbents on heavy
metal availability and sequestration would however pro-
vide new insights to the management of soils polluted with
heavy metals, especially in regions where olive tree cultiva-
tion dominates.

Assessment of thermodynamic parameters. Meta-analysis
and potential flaws

The spontaneity of biosorption reactions and the effects of
temperature are of particular importance regarding practi-
cal application and scaling up processes. Therefore they
are assessed in the majority of biosorption studies by

estimating changes in free energy (AG”), enthalpy (AH°),
and entropy (AS®) under standard states based on a set of
temperature-dependent equilibrium absorption data.!®!]
Sorption data at three different temperatures are usually
employed. However, caution has been expressed regarding
this approach, since an apparent enthalpy—entropy com-
pensation effect was noted when plotting AS® versus AH®
values from different adsorbent/adsorbate system studies
which is hard to explain.”! The linearity of the relation
between AH® and AS® is highly disputable especially
regarding different nonhydrophobic substances, and it was
potentially attributed to an artifact of the assessment
method.P!: 131

Therefore, we carried out a meta-data analysis plotting
AH® versus AS° values from 31 studies dealing with sorp-
tion of heavy metals and 16 studies dealing with sorption
of organic pollutants on different residues and by-products
of the olive-oil production chain (Table Al). An unlikely
strong linear relationship emerged in both cases (Fig. 3),
indicating that the thermodynamic parameters such
assessed should be viewed with caution. This is in line with
inconsistent conclusions derived from the assessment of
thermodynamic system parameters, as for example the
reported biosorption of Ni*™ jons on solid olive wastes
which has been denoted either as spontaneous and endo-
thermicl?” *! or as nonspontaneous and exothermic.!'3?

Conclusions and future perspectives

A great number of experimental reports have been pub-
lished on the sorption properties of biosorbents derived as
residues or by-products from the olive-oil production
chain, often modified in various ways. These biosorbents
were used for the removal of diverse types of pollutants
from water, wastewater and soil. Among the tested
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parameters, pH was the most critical factor affecting the
sorption process. Optimized process conditions and mate-
rial modifications vary widely; however, some general
trends may be derived:

e Olive pomaces and olive stones are primarily studied for
their ability to serve as biomaterials for the development
of effective biosorbents while olive tree pruning wastes
have received little attention, despite their wide avail-
ability and their high lignin content.

e Most of the biosorbents showed high sorption capacities
for metal ions, but less experimental work has been con-
ducted on the removal of dyes, radionuclides and phe-
nols from water and wastewater.

e Regarding removal of heavy metals, optima are gener-
ally reached at pH 5-6, with the exception of Cr that is
usually more efficiently removed at lower pH, appar-
ently due to its presence in anionic forms.

e Biosorbents derived as residues or by-products from the
olive production appear to be highly efficient in the
removal of Pb followed by Cd, but less efficient in the
removal of Cu, Cr, Zn and particularly Ni from aqueous
media.

e The production of activated carbons from raw olive oil
industry wastes via physical or chemical modification
resulted, with a few exceptions, to the development of
biosorbents with improved sorption characteristics. The
modification of raw biomaterials may lead to economi-
cally feasible pollution control of waters and
wastewaters.

e Extended grinding and reduced particle size of the mate-
rial used appears to increase sorption capacity, appar-
ently an effect of increasing total reactive surface area.

e Pesticide compounds are high priority targets for bio-
sorbent application in soils. Olive cakes (raw or treated)
are good candidates for these applications since they
show efficient sorption properties and are produced in
large quantities and at low cost.

e Assessment of thermodynamic parameters based on a
set of temperature-dependent equilibrium absorption
data should be viewed with caution.

There are still several issues to be addressed in future
studies, including scaling up, assessment of sorbent’s
behaviour under multicomponent pollutant systems,
mechanistic modelling to investigate sorption mechanisms,
study of these materials with real industrial effluents,
recovery of metal ions, regeneration studies and continu-
ous flow studies.

There is, however, need for establishing a general con-
sensus on practice guidelines and standardisation.
Research on biosorbents derived from the olive-oil pro-
duction chain has been tailored to specific ideas, priorities
and local conditions and usually follows a “black-box
optimization” approach. As a result different research
groups have been using their favoured modifications and
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experimental conditions, often poorly described, and usu-
ally without hypothesis testing and without reference to a
common standard. Research would built on previous
knowledge and the scientific community would benefit
more from research reports if: (1) main characteristics of
the material (including particle size, BET-analysis, cation
exchange capacity, basic elemental analysis) are clearly
reported, together with changes in these characteristics
induced by modification processes; (2) the raw material is
included in the research and compared to the modified
material when modified materials are tested; (3) system
pH is measured at equilibrium and not just at initial condi-
tions; and, (4) desorption studies, hypothesis testing and
discussion of potential mechanisms are carried out and
highlighted.

Funding

Ioannis Anastopoulos thanks the Greek State Scholarship
Foundation (IKY) for financial support.

References

[1] Febrianto, J.; Kosasih, A.N.; Sunarso, J.; Ju, Y.H.; Indraswati,
N.; Ismadji, S. Equilibrium and kinetic studies in adsorption of
heavy metals using biosorbent: a summary of recent studies. J.
Hazard. Mater. 2009, /62, 616-645.

[2] Bhatnagar, A.; Vilar, V.J.; Botelho, C.M.; Boaventura, R.A. A
review of the use of red mud as adsorbent for the removal of toxic
pollutants from water and wastewater. Environ. Technol. 2011,
32,231-249.

[3] Bhatnagar, A.; Vilar, V.J.P.; Botelho, C.M.S.; Boaventura, R.A.
R. Coconut-based biosorbents for water treatment —A review of
the recent literature. Adv. Coll. Interf. Sci. 2010, /60, 1-15.

[4] Bhatnagar, A.; Sillanpda, M. Utilization of agro-industrial and
municipal waste materials as potential adsorbents for water treat-
ment—A review. Chem. Eng. J. 2010, 157, 277-296.

[5] Okoro, I.A.; Okoro, S.O. Agricultural by products as green chem-
istry adsorbents for the removal and recovery of metal ions from
waste-water environments. Cont. J. Water, Air and Soil Pollution
2011, 2, 15-22.

[6] nubbe, M.A.; Hasan, S.H.; Ducoste, J.J. Cellulosic substrates for
removal of pollutants from aqueous sustems: A review. 1. Metals,
Bioresources 2011, 6, 2161-2287.

[71 Bhatnagar, A.; Kaczala, F.; Hogland, W.; Marques, M.; Para-
skeva, C.A.; Papadakis, V.G.; Sillanpda, M. Valorization of solid
waste products from olive oil industry as potential adsorbents for
water pollution control—a review. Environ. Sci. Pollut. Res. Int.
2014, 21, 268-298.

[8] Niaounakis, M.; Halvadakis, C.P. Olive Processing Waste Man-
agement— Literature Review and Patent Survey, 2" ed., Elsevier:
Amsterdam, 2006.

[9] IOC. World Olive Oil Figures. 2013. Available at http://www.
internationaloliveoil.org/estaticos/view/131-world-olive-oil-fig
ures (accessed Oct 2014).

[10] Ehaliotis, C.; Papadopoulou, K.; Kotsou, M.; Mari, 1.; Balis, C.
Adaptation and population dynamics of Azotobacter vinelandii
during aerobic biological treatment of olive-mill wastewater.
FEMS Microbiol. Ecol. 1999, 30, 301-311.


http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures
http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures
http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures

Downloaded by [Athens Agricultural University] at 10:56 23 April 2015

710

(1]

(12]

(13]

(14]

(15]

(16]

(17]
(18]
(19]

(20]

(21]
(22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Repullo, M.A; Carbonell, R.; Hidalgo, J.; Rodriguez-Lizana, A.;
Ordénez, R. Using olive pruning residues to cover soil and
improve fertility. Soil Till. Res. 2012, 124, 36-46.

Martin, J.F.G.; Cuevas, M.; Bravo, V.; Sanchez, S. Ethanol pro-
duction from olive prunings by autohydrolysis and fermentation
with Candida tropicalis. Renew. Energ. 2010, 35, 1602-1608.
Molina-Alcaide, E.; Yanez —Ruiz, D.R. Potential use of olive by-
products in ruminant feeding: A review. Anim. Feed Sci. Technol.
2008, 147, 247-264.

Ragni, M.; Melodia, L.; Bozzo, F.; Colonna, M.A.; Megna,
V.; Toteda, F.; Vicenti, A. Use of a de-stoned olive pomace
in feed for heavy lamb production. Ital. J. Anim. Sci. 2003, 2,
485-487.

Pattara, C.; Cappelletti, G.M.; Cichelli, A. Recovery and use of
olive stones: Commodity, environmental and economic assess-
ment. Renew. Sust. Energ. Rev. 2010, /4, 1484-1489.

Dermeche, S.; Nadour, M.; Larroche, C.; Moulti-Mati, F.;
Michaud, P. Olive mill wastes: Biochemical characterizations and
valorization strategies. Process Biochem. 2013, 48, 1532-1552.
Langmuir, I. The adsorption of gases on plane surfaces of glass,
mica and platinum. J. Am. Chem. Soc. 1918, 40, 1362-1403.
Freundlich, H.M.F. «<ber die adsorption in 1osungen. Z. Phys.
Chem. 1906, 57, 385-470.

Lagergren, S. About the theory of so-called adsorption of soluble
substances. K. Sven. Vetenskapsakad. Handl. 1898, 24, 1-39.
Blanchard, G.; Maunaye, M.; Martin, G. Removal of heavy met-
als from waters by means of natural zeolites. Water Res. 1984, 18,
1501-1507.

Ho, Y.S.; McKay, G. Pseudo-second order model for sorption
processes. Proc. Biochem. 1999, 34, 451-465.

Foo, K.Y.; Hameed, B.H. Insights into the modeling of adsorp-
tion isotherm systems. Chem. Eng. J. 2010, 156, 2-10.

Ho, Y.S. Isotherms for the sorption of lead onto peat: Compari-
son of linear and non-linear methods. Pol. J. Environ. Stud. 2006,
15, 81-86.

Kumar, K.V. Optimum sorption isotherm by linear and non-lin-
ear methods for malachite green onto lemon peel. Dyes Pigments
2007, 74, 595-597.

Bowman, B.T. Conversion of Freundlich adsorption K values to
the mole fraction format and the use of Sy values to express rela-
tive adsorption of pesticides. Soil Sci. Soc. Am. J. 1982, 46,
740-743.

Azouaou, N.; Sadaoui, Z.; Mokaddem, H. Removal of cadmium
from aqueous solution by adsorption on vegetable wastes. J.
Appl. Sci. 2008, 8, 4638-4643.

Elouear, Z.; Bouzid, J.; Boujelben, N.; Feki, M.; Montiel, A. The
use of exhausted olive cake ash (EOCA) as a low cost adsorbent
for the removal of toxic metal ions from aqueous solutions. Fuel
2008, 87, 2582-2589.

Pagnanelli, F.; Toro, L.; Veglif , F. Olive mill solid residues as
heavy metal sorbent material: a preliminary study. Waste Man-
age. 2002, 22, 901-907.

Chouchene, A.; Jeguirim, M.; Trouvé, G. Biosorption perfor-
mance, combustion behavior, and leaching characteristics of olive
solid waste during the removal of copper and nickel from aqueous
solutions. Clean Technol. Environ. Policy 2014, 16, 979-986.
Bouzid, J.; Elouear, Z.; Ksibi, M.; Feki, M.; Montiel, A. A study
on removal characteristics of copper from aqueous solution by
sewage sludge and pomace ashes. J. Hazard. Mater. 2008, 752,
838-845.

Pellera, F.; Giannis, A.; Kalderis, D.; Anastasiadou, K.; Steg-
mann, R.; Wang, J.-Y.; Gidarakos, E. Adsorption of Cu(II) ions
from aqueous solutions using biochars prepared from agricultural
by-products. J. Environ. Manage. 2012, 96, 35-42.

Dakiky, M.; Khamis, M.; Manassra, A.; Mer’eb, M. Selective
adsorption of chromium (VI) in industrial wastewater using low-

(33]

(34]

(35]

[36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

[50]

(51]

Anastopoulos et al.

cost abundantly available adsorbents. Adv. Environ. Res. 2002,
6, 533-543.

Malkoc, E.; Nuhoglu, Y.; Dundar, Y.M. Adsorption of chro-
mium (VI) on pomace-An olive oil industry waste: batch and col-
umn studies. J. Hazard. Mater. 2006, /38, 142-151.

El-Hamouz, A.; Hilal, H.S.; Nassar, N.; Mardawi, Z. Solid
olive waste in environmental cleanup: Oil recovery and carbon
production for water purification. J. Environ. Manage. 2007,
84, 83-92.

Al-Anber, Z.A.; Al-Anber, M.A.S. Thermodynamics and kinetic
studies of iron(III) adsorption by olive cake in a batch system. J.
Mex. Chem. Soc. 2008, 52, 108-115.

Doyurum, S.; Celik, A. Pb(II) and Cd(II) removal from aqueous
solutions by olive cake. J. Hazard. Mater. 2006, /38, 22-28.
Martin-Lara, M.A.; Herndinz, F.; Calero, M.; Blazquez, G.; Ten-
orio, G. Surface chemistry evaluation of some solid wastes from
olive-oil industry used for lead removal from aqueous solutions.
Biochem. Eng. J. 2009, 44, 151-159.

Blazquez, G.; Calero, M.; Hernainz, F.; Tenorio, G.; Martin-
Lara, M.A. Equilibrium biosorption of lead(II) from aqueous sol-
utions by solid waste from olive-oil production. Chem. Eng. J.
2010, 160, 615-622.

Gharaibeh, S.H.; Moore, S.V.; Buck, A. Effluent treatment of
industrial wastewater using processed solid residue of olive mill
products and commercial activated carbon. J. Chem. Technol.
Biotechnol. 1998, 71, 291-298.

Elouear, Z.; Bouzid, J.; Boujelben, N.; Ben Amor, R. Study of
Adsorbent Derived from Exhausted Olive Pomace for the
Removal of Pb>" and Zn>*. Environ. Eng. Sci. 2009, 26, 767-774.
Nuhoglu, Y.; Malkoc, E. Thermodynamic and kinetic studies for
environmentaly friendly Ni(II) biosorption using waste pomace of
olive oil factory. Bioresour. Technol. 2009, 100, 2375-2380.
Hawari, A.; Rawajfih, Z.; Nsour, N. Equilibrium and thermody-
namic analysis of zinc ions adsorption by olive oil mill on solid
residues. J. Hazard. Mater. 2009, /68, 1284-1289.

Fernando, A.L.; Monteiro, S.; Pinto, F.; Mendes, B. Production
of biosorbents from waste olive cake and its adsorption character-
istics for Zn ion. Sustainability 2009, 7, 277-297.

Ghazy, S.E.; El-Morsy, S.M. Removal of aluminum from water
samples by sorption onto powdered activated carbon prepared
from olive stones. Carbonlett. 2007, 8, 191-198.

Fiol, N.; Villaescusa, I.; Martinez, M.; Miralles, N.; Poch, J.; Ser-
arols, J. Sorption of Pb(II), Ni(II), Cu(II) and Cd(II) from aque-
ous solution by olive stone waste. Sep. Purif. Technol. 2006, 50,
132-140.

de Hoces, M.C.; de Castro, F.H.B.; Garcia, G.B.; Rivas, G.T.
Equilibrium modeling of removal of cadmium ions by olive
stones. Environ. Prog. 2006, 25, 261-266.

Salem, Z.; Allia, K. Cadmium biosorption on vetetable biomass.
Int. J. Chem. React. Eng. 2008, 6, 1-9.

Rouibah, K.; Meniai, A.-H.; Rouibah, M.T.; Deffous, L.; Bench-
eikh Lehocine, M. Elimination of chromium (VI) and cadmium
(IT) from aqueous solutions by adsorption onto olive stones. Open
Chem. Eng. J. 2009, 3, 41-48.

Babakhouya, N.; Boughrara, S.; Abad, F. Kinetics and thermo-
dynamics of Cd(II) ions sorption on mixed sorbents prepared
from olive stone and date pit from aqueous solution. Amer. J.
Environ. Sci. 2010, 6, 470-476.

Aziz, A.; Elandaloussi, E.H.; Belhalfaoui, B.; Ouali, M.S.; de
Meénorval, L.C. Efficiency of succinylated-olive stone biosorbent
on the removal of cadmium ions from aqueous solutions. Coll.
Surf. B: Biointerf. 2009, 73, 192-198.

Aziz, A.; Ouali, M.S.; Elandaloussi, E.H.; De Menorval, L.C.;
Lindheimer, M. Chemically modified olive stone: A low-cost sor-
bent for heavy metals and basic dyes removal from aqueous solu-
tions. J. Hazard. Mater. 2009, /63, 441-447.



Downloaded by [Athens Agricultural University] at 10:56 23 April 2015

Review of batch biosorption approaches

(52]

(53]

(54]

(53]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Kula, I.; Ugurlu, M.; Karaoglu, H.; Celik, A. Adsorption of Cd
(IT) ions from aqueous solutions using activated carbon prepared
from olive stone by ZnCl, activation. Bioresour. Technol. 2008,
99, 492-501

Bohli, T.; Ouederni, A.; Fiol, N.; Villaescusa, I. Uptake of cd**
and Ni** metal ions from aqueous solutions by activated carbons
derived from waste olive stones. Int. J. Chem. Eng. Appl. 2012, 3,
232-236.

Bohli, T.; Villaescusa, I.; Ouederni, A. Comparative study of
bivalent cationic metals adsorption Pb(II), Cd(II), Ni(II) and Cu
(IT) on olive stones chemically activated carbon. J. Chem. Eng.
Proc. Technol. 2013, 4, 1-7.

Alslaibi, T.M.; Abustan, I.; Ahmad, M.A.; Foul, A.A. Cadmium
removal from aqueous solution using microwaved olive stone
activated carbon. J. Environ. Chem. Eng. 2013, 7, 589-599.
Alslaibi, T.M.; Abustan, I.; Ahmad, M.A.; Foul, A.A. Prepara-
tion of activated carbon from olive stone waste: Optimization
study on the removal of Cu**, Cd**, Ni**, Pb>*, Fe?*, and Zn>*
from aqueous solution using response surface methodology. J.
Disper. Sci. Techol. 2014, 35, 913-925.

Youssef, A.M.; El-Nabarawy, T.; El-Shafey, E.I. Modified acti-
vated carbons from olive stones for the removal of heavy metals.
Carbonlett. 2006, 7, 1-8.

Alslaibi, T.M.; Abustan, I.; Ahmad, M.A.; Foul, A.A. Compari-
son of activated carbon prepared from olive stones by microwave
and conventional heating for iron (II), lead (II), and copper (II)
removal from synthetic wastewater. Environ. Prog. Sustain.
Energy 2014, 33, 1074-1085.

Attia, A.A.; Khedr, S.A.; Elkholy, S.A. Adsorption of chromium
ion (VI) by acid activated carbon. Braz. J. Chem. Eng. 2010, 27,
183-193.

Blazquez, G.; Calero, M.; Herndinz, F.; Tenorio, G.; Martin-
Lara, M.A. Batch and continuous packed column studies of chro-
mium (III) biosorption by olive stone. Environ. Prog. Sustain.
Energy 2011, 30, 576-585.

Nieto, L.M.; Alami, S.B.D.; Hodaifa, G.; Faur, C.; Rodriguez,
S.; Gimenez, J.A.; Ochando, J. Adsorption of iron on crude olive
stones. Ind. Crop. Prod. 2010, 32, 467-471.

Hodaifa, G.; Ochando-Pulido, J.M.; Alami, S.B.D.; Rodriguez-
Vives, S.; Martinez-Ferez, A. Kinetic and thermodynamic param-
eters of iron adsorption onto olive stones. Ind. Crops Prod. 2013,
49, 526-534.

Martin-Lara, M.A.; Blazquez, G.; Ronda, A.; Pérez, A.; Calero,
M. Development and characterization of biosorbents to remove
heavy metals from aqueous solutions by chemical treatment of
olive stone. Ind. Eng. Chem. Res. 2013, 52, 10809-10819.

Attia, A.A.; Shouman, M.A.; El-Nabarawy, T. Sorption of Pb>*
ions on to activated carbons prepared from olive stones. Carbon-
lett. 2005, 6, 141-147.

Ghazy, S.E.; El-Morsy, S.M.; Sorption of lead from aqueous solu-
tion by modified activated carbon prepared from olive stones. Afr.
J. Biotechnol. 2009, 8, 4140-4148.

Alslaibi, T.M.; Abustan, I.; Ahmad, M.A.; Foul, A.A. Micro-
wave irradiated and thermally heated olive stone activated carbon
for nickel adsorption from synthetic wastewater: A comparative
study. AIChE J. 2014, 60, 237-250.

Uzunosmanoglu, O.; Uyanik, A.; Engin, M.S. The removal of cad-
mium (IT), copper (IT) and lead (IT) from aqueous solutions by olive
tree pruning waste. Fresen. Environ. Bull. 2011, 20, 3135-3140.
Anastopoulos, I.; Massas, 1.; Ehaliotis, C. Composting improves
biosorption of Pb>* and Ni** by renewable lignocellulosic materi-
als. Characteristics and mechanisms involved. Chem. Eng. J.
2013, 231, 245-254.

Calero, M.; Pérez, A.; Blazquez, G.; Ronda, A.; Martin-Lara,
M.A. Characterization of chemically modified biosorbents from
olive tree pruning for the biosorption of lead. Ecol. Eng. 2013, 58,
344-354.

(70]

(71]

[72]

(73]

(74]

[75]

[76]

(77

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

711

Hamdaoui, O. Removal of cadmium from aqueous medium
under ultrasound assistance using olive leaves as sorbent. Chem.
Eng. Proc. 2009, 48, 1157-1165.

Awwad, A.M.; Farhan, A.M. Equilibrium, kinetic and thermody-
namics of biosorption of lead(II) copper(Il) and cadmium(II) ions
from aqueous solutions onto olive leaves powder. Amer. J. Chem.
2012, 2, 238-244.

Akar, T.; Tosun, I.; Kaynak, Z.; Ozkara, E.; Yeni, O.; Sahin, E.
N.; Akar, S.T. An attractive agro-industrial by-product in envi-
ronmental cleanup: dye biosorption potential of untreated olive
pomace. J. Hazard. Mater. 2009, 166, 1217-1225.

Jamshidi, B.; Ehrampoush, M.H.; Dehvari, M. Utilization of
olive kernel ash in removal of RB19 from synthetic textile waste-
water. Environ. Treat. Tech. 2013, 7, 150-156.

Baccar, R.; Blanquez, P.; Bouzid, J.; Feki, M.; Sarra, M. Equilib-
rium, thermodynamic and kinetic studies on adsorption of com-
mercial dye by activated carbon derived from olive-waste cakes.
Chem. Eng. J. 2010, 165, 457-464.

Baccar, R.; Bldnquez, P.; Bouzid, J.; Feki, M.; Attiya, H.; Sarra,
M. Modeling of adsorption isotherms and kinetics of a tannery
dye onto an activated carbon prepared from an agricultural by-
product. Fuel Process. Technol. 2013, 706, 408-415.

Ugurlu, M.; Giirses, A.; A¢ikyildiz, M. Comparison of textile
dyeing effluent adsorption on commercial activated carbon and
activated carbon prepared from olive stone by ZnCl, activation.
Micropor. Mesopor. Mat. 2008, /71, 228-235.

Aioueche, F.; Lounici, H.; Belhocine, D.; Grib, H.; Piron, D.L.;
Mameri, N. Electro-activation of granular carbon from olive mill
solid residue. Environ. Technol. 2000, 2/, 1215-1221.

Stasinakis, A.S.; Elia, I.; Petalas, A.V.; Halvadakis, C.P.
Removal of total phenols from olive-mill wastewater using an
agricultural by-product, olive pomace. J. Hazard. Mater. 2008,
160, 408-413.

Abdelkreem, M. Adsorption of phenol from industrial waste-
water using olive mill waste. APCBEE Procedia 2013, 5, 349-
357.

Mameri, N.; Aioueche, F.; Belhocine, D.; Grib, H.; Lounici, H.;
Piron, D.L.; Yahiat, Y. Preparation of activated carbon from
olive mill solid residue. J. Chem. Technol. Biotechnol. 2000, 75,
625-631.

Temdrara, L.; Khelifi, A.; Djafer, A.; Addoun, A. Study of devel-
opment of porosity of activated carbon for elimination of organic
pollutant in aqueous solution. Smallwat 3rd International Confer-
ence, University of Hassiba Benbouali, Algeria, 2011.

Aladham, R.A.F. Removal of polyphenols from olive mill wastewa-
ter using activated olive stones. M.Sc. Thesis, An-Najah National
University, Nablus, 2012, Palestine.

Kiitahyali, C.; Eral, M. Sorption studies of uranium and thorium
on activated carbon prepared from olive stones: Kinetic and ther-
modynamic aspects. J. Nucl. Mater. 2010, 396, 251-256.

Omar, H.A.; Abd El-Baset Attia, L. Kinetic and equilibrium
studies of cesium-137 adsorption on olive waste from aqueous sol-
utions. Arab. J. of Nucl. Scie. And Applic. 2013, 46, 58-70.

El Bakouri, H.; Usero, J.; Morillo, J.; Ouassini, A. Adsorptive
features of acid-treated olive stones for drin pesticides: Equilib-
rium, kinetic and thermodynamic modeling studies. Bioresour.
Technol. 2009, 100, 4147-4155.

ITorio, M.; Sannino, F.; de Martino, A.; Pinna, M.V.; Capasso, R.
Removal of Cyhalofop acid from aqueous solutions by sorption
on polymerin. In Environmental fate and ecological effects of pesti-
cides; Re, A.A.M. del, Capri, E., Fragoulis, G., Trevisan, M.,
Eds.; La Goliardica Pavese: Piacenza, Italy, 2007; 607-613.
Berrios, M.; Martin, M.A.; Martin, A. Treatment of pollutants in
wastewater: Adsorption of methylene blue onto olive-based acti-
vated carbon. J. Ind. Eng. Chem. 2012, /8, 780-784.

Nesseris, G.K.; Stasinakis, A.S. Investigation of municipal and
olive mill wastewater co-treatment in activated sludge-powdered



Downloaded by [Athens Agricultural University] at 10:56 23 April 2015

712

(89]

[90]

[91]

[92]

93]

[94]

193]

[9¢]

(971

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]
[107]

[108]

activated carbon (AS-PAC) systems. J. Chem. Technol. Biot.
2012, 87, 540-545.

Eroglu, H.; Yapici, S.; Nuhoglu, C.; Varoglu, E. Biosorption of
Ga-67 radionuclides from aqueous solutions onto waste pomace
of an olive oil factory. J. Hazard. Mater. 2009, /72, 729-738.
Yapici, S.; Eroglu, H.; Varoglu, E. Bio-sorption of T1-201 radionu-
clide on olive pomace. Appl. Radiat. Isotopes 2011, 69, 614-622.
Ramesh, A.; Lee, D.J.; Wong, J.W.C. Thermodynamic parame-
ters for adsorption equilibrium of heavy metals and dyes from
wastewater with low-cost adsorbents. J. Coll. Interf. Sci. 2005,
291, 588-592.

Singha, B.; Naiya, T.; Bhattacharya, A.; Das, S. Cr(VI) ions
removal from aqueous solutions using natural adsorbents — FTIR
studies. J. Environ. Protect. 2011, 2, 729-735.

Albadarin, A.B.; Al-Muhtaseb, A.H.; Al-lagtah, N.A.; Walker,
G.M.; Allen, S.J.; Ahmad, M.N.M. Biosorption of toxic chro-
mium from aqueous phase by lignin: mechanism, effect of other
metal ions and salts. Chem. Eng. J. 2011, 169, 20-30.

Shen, Y.S.; Wang, S.L.; Huang, S.T.; Tzou, Y.M.; Huang, J.H.
Biosorption of Cr(VI) by coconut coir: spectroscopic investigation
on the reaction mechanism of Cr(VI) with lignocellulosic mate-
rial. J. Hazard. Mater. 2010, /79, 160-165.

Albadarin, A.B.; Mangwandi, C.; Walker, G.M.; Allen, S.J.;
Ahmad, M.N.; Khraisheh, M. Influence of solution chemistry on
Cr(VI) reduction and complexation onto date-pits/tea-waste bio-
materials. J. Environ. Manage. 2013, /74, 190-201.

Schneider, R.M.; Cavalin, C.F.; Barros, M.A.S.D.; Tavares, C.R.
G. Adsorption of chromium ions in activated carbon. Chem. Eng.
J.2007, 132, 355-362.

Ronda, A.; Martin-Lara, M.A.; Bldzquez, G.; Bachs, N.M.;
Calero, M. Copper biosorption in the presence of lead onto olive
stone and pine bark in batch and continuous systems. Environ.
Prog. Sustain. Energy 2014, 33, 192-204.

Ronda, A.; Martin-Lara, M.A.; Calero, M.; Blazquez, G. Analy-
sis of the kinetics of lead biosorption using native and chemically
treated olive tree pruning. Ecol. Eng. 2013, 58, 278-285.
Blazquez, G.; Martin-Lara, M.A.; Tenorio, G.; Calero, M. Batch
biosorption of lead(Il) from aqueous solutions by olive tree prun-
ing waste: Equilibrium, kinetics and thermodynamic study.
Chem. Eng. J. 2011, 168, 170-177.

Sengil, 1.A.; Ozacar, M. Competitive biosorption of Pb**, Cu?"
and Zn** ions from aqueous solutions onto valonia tannin resin.
J. Hazard. Mater. 2009, 166, 1488-1494.

Hui, K.S.; Chao, C.Y.H.; Kot, S.C. Removal of mixed heavy
metal ions in wastewater by zeolite 4A and residual products
from recycled coal fly ash. J. Hazard. Mater. 2005, 127, 89-101.
Vijayaraghavan, J.; Basha, S.J.S.; Jegan, J. A review on effica-
cious methods to decolorize reactive azo dye. J. Urban Environ.
Engng. 2013, 7, 30-47.

Crini, G. Non-conventional low-cost adsorbents for dye removal:
A review. Bioresour. Technol. 2006, 97, 1061-1085.

Banat, F.; Al-Asheh, S.; Al-Ahmad, R.; Bni-Khalid, F. Bench-
scale and packed bed sorption of methylene blue using treated
olive pomace and charcoal. Bioresour. Technol. 2007, 9§,
3017-3025.

Toannou, Z.; Simitzis, J. Production of carbonaceous adsorbents
from agricultural by-products and novolac resin under a continu-
ous countercurrent flow type pyrolysis operation. Bioresour.
Technol. 2013, 729, 191-199.

Aksu, Z. Application of biosorption for the removal of organic
pollutants: a review. Proc. Biochem. 2005, 40, 997-1026.
Ahmaruzzaman, Md. Adsorption of phenolic compounds on low-
cost adsorbents: A review. Adv. Coll. Interf. Sci. 2008, /43, 48-67.
Toannou, Z.; Simitzis, J. Adsorption kinetics of phenol and 3-
nitrophenol from aqueous solutions on conventional and novel
carbons. J. Hazard. Mater. 2009, /71, 954-964.

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

Anastopoulos et al.

El-Sheikh, H.; Newman, A.P.; Said, A.J.; Alzawahreh, A.M.;
Abu-Helal, M.M. Improving the adsorption efficiency of phenolic
compounds into olive wood biosorbents by pre-washing with
organic solvents: Equilibrium, kinetic and thermodynamic
aspects. J. Environ. Manage. 2013, /18, 1-10.

Nouri, H.; Ouederni, A. Modeling of the dynamics adsorption of
phenol from an aqueous solution on activated carbon produced
from olive stones. Int. J. Chem. Eng. Appl. 2013, 4, 254-261.
Bohli, T.; Fiol, N.; Villaescusa, I.; Ouederni, A. Adsorption on
activated carbon from olive stones: Kinetics and equilibrium of
phenol removal from aqueous solution. J. Chem. Eng. Proc.
Technol. 2013, 4, 165.

Das, N. Remediation of radionuclide pollutants through Biosorp-
tion — an overview. Clean—Soil Air Water 2012, 40, 16-23.
Lopez-Pineiro, A.; Pena, D.; Albarran, A.; Becerra, D.; Sanchez-
Llerena, J. Sorption, leaching and persistence of metribuzin in
Mediterranean soils amended with olive mill waste of different
degrees of organic matter maturity. J. Environ. Manage. 2013,
122,76-84.

Cabrera, A.; Cox, L.; Velarde, P.; Koskinen, W.C.; Cornejo, J.
Fate of diuron and terbuthylazine in soils amended with two-phase
olive oil mill waste. J. Agric. Food Chem. 2007, 55, 4828-4834.
Cabrera, A.; Cox, L.; Fernandez-Hernandez, A.; Civantos, C.G.
0.; Cornejo, J. Field appraisement of olive mills solid waste appli-
cation in olive crops: effect on herbicide retention. Agric. Ecosyst.
Environ. 2009, /32, 260-266.

Lopez-Pineiro, A.; Albarran, A.; Cabrera, D.; Pena, D.; Becerra,
D. Environmental fate of terbuthylazine in soils amended with
fresh and aged final residue of the olive-oil extraction process. Int.
J. Environ. Res. 2012, 6, 933-944. )

Lopez-Pineiro, A.; Cabrera, D.; Albarran, A.; Pena, D. Influence
of two-phase olive mill waste application to soil on terbuthylazine
behaviour and persistence under controlled and field conditions.
J. Soil. Sediment. 2011, 71, 771-782.

Delgado-Moreno, L.; Pena, A. Sorption/desorption behaviour of
sulfonylurea herbicides as affected by the addition of fresh and
composted olive cake to soil. Weed Res. 2008, 48, 461-469.
Delgado-Moreno, L.; Almendros, G.; Pena, A. Raw or incubated
olive-mill wastes and its biotransformed products as agricultural
soil amendments-effect on sorption-desorption of triazine herbi-
cides. J. Agric. Food Chem. 2007, 55, 836-843.

Delgado-Moreno, L.; Pena, A.; Almenbdros, G. Contribution by
different organic fractions to triazines sorption in Calcaric Rego-
sol amended with raw and biotransformed olive cake. J. Hazard.
Mater. 2010, /74, 93-99.

Albarran, A.; Celis, R.; Hermosin, M.C.; Loépez-Pineiro, A.;
Ortega-Calvo, J.J.; Cornejo, J. Effects of solid olive-mill waste
addition to soil on sorption, degradation and leaching of the her-
bicide simazine. Soil Use Manage. 2003, /9, 150-156.

Albarran, A.; Celis, R.; Hermosin, M.C.; Lopez-Pineiro, A.; Cor-
nejo, J. Behaviour of simazine in soil amended with the final residue
of the olive-oil extraction process. Chemosphere 2004, 54, 717-724.
Lépez-Pineiro, A.; Cabrera, D.; Penia, D.; Albarran, A.; Nunes, J.
M.R. Phosphorus adsorption and fractionation in a two-phase
olive mill waste amended soil. Soil Sci. Soc. Am. J. 2009, 73,
1539-1544.

Lépez-Pineiro, A.; Albarran, A.; Cabrera, D.; Pefia, D.; Nunes, J.
M.R. De-oiled two-phase olive mill waste application impact on
phosphorus sorption and fractionation in a Mediterranean soil
under olive production. Soil Sci. 2011, /76, 22-32.
Redondo-Gémez, S.; Cox, L.; Cornejo, J.; Figueroa, E. Combined
effect of diuron and simazine on photosystem II photochemistry in
a sandy soil and soil amended with solid olive-mill waste. J. Envi-
ron. Sci. Health B 2007, 422, 49-254.

Gamiz, B.; Celis, R.; Cox, L.; Hermosin, M.C.; Cornejo,
J. Effect of olive-mill waste addition to soil on sorption,



Downloaded by [Athens Agricultural University] at 10:56 23 April 2015

Review of batch biosorption approaches

[127]

[128]

[129]

persistence, and mobility of herbicides used in Mediterra-
nean olive groves. Sci. Total Environ. 2012, 429, 292-
299.

Gaémiz, B.; Celis, R.; Hermosin, M.C.; Cornejo, J. Effect of olive-
mill waste addition to agricultural soil on the enantioselective
behavior of the chiral fungicide metalaxyl. J. Environ. Manage.
2013, 128, 92-99.

Pena, D.; Albarrdn, A.; Lépez-Pineiro, A.; Rato-Nunes, J.M.;
Sanchez-Llerena, J.; Becerra, D. Impact of oiled and de-oiled
olive mill waste amendments on the sorption, leaching, and persis-
tence of S-metolachlor in a calcareous clay soil. J. Environ. Sci.
Health B 2013, 48, 767-775.

Wauchope, R.D.; Yeh, S.; Linders, J.B.; Kloskowski, R.; Tanaka,
K.; Rubin, B.; Katayama, A.; Kordel, W.; Gerstl, Z.; Lane, M.;

[130]

[131]

[132]

713

Unsworth, J.B. Pesticide soil sorption parameters: theory, mea-
surement, uses, limitations and reliability. Pest. Manag. Sci. 2002,
58, 419-445.

Koskinen, W.C.; Harper, S.S. The retention processes: mecha-
nisms. In Pesticides in the soil environment: processes, impacts and
modeling; Chang, H.H., Ed., Soil Science Society of America:
Madison, Wisconsin, 1990; 51-77.

Liu, X.; Lee, D.J. Thermodynamic parameters for adsorption
equilibrium of heavy metals and dyes from wastewaters. Biore-
sour. Technol. 2014, 160, 24-31.

Hawari, A.; Khraisheh, M.; Al-Ghouti, M.A. Characteristics of
olive mill solid residue and its application in remediation of
Pb22*, Cu?* and Ni** from aqueous solution: Mechanistic study.
Chem. Eng. J. 2014, 251, 329-336.



(28pd 3xou uo panuruoy))

[ €0¢
(9 $T 103 D09 ¥e patp
7 > ‘winwwnr pf H > ‘poAAls ‘punoisd ‘13 1e
[12] Y181 $6°89 LOC— M SA A&v uf ‘JJOH 1. UeA  €6T "D PAUP ‘Iojem UM PIYSEM) JIapmod $9A®3[ AAIO
P1I'€C— gle
88'1C— I ) 96¢C
[o€] CI'8I 96°0¢1 6L'0C— M SA A&v u ‘JJOH 1. ueA €8T +1O (wl o[ >) s0ewod 2AI[0 WO YSY
S6'C— 8C¢
€6'C— 80¢
(wwr 81°1-48°0 “poAdls
[ze1l 8€0°0 getl SS'0— —  86¢C +z110 ‘punoIz ‘) ,0¢ 18 PILIP) SMNPISAI PI[OS [[IWL A
SL'E— ele
SO'€— €0¢
(Y $T 10§ D09 ¥e pauip
I ) ‘winwwn pf H > “poAAls ‘punois ‘13 1e
[12] 8¢'LI €V'L9 8¢ C— M SA A@v u ‘JJOH 1. UBA €67 PO PAUIPp ‘Iojem U)IM PIYseM) Iapmod $9A®3[ AAIO
y'eC— 8I¢
8VC— 80¢
(Wl 0T > D.S0T ¥& PaLIp (L punore
0} 9yeyor9] oy ur [{d 9y Jo uoneziiqels
1 ) 01 dn A\ (T YIIM PaYseMm) SAUO0IS SAT[0 HOBN
[1¢] 9'L9— ['6€1— 79C— M SA Aﬁv u[ ‘JJoH 1ueA 86T +PO A 1°0 Pu® YOSTH Y pagIpow-£[[eorway)y
8L'8C— 8I¢
L9°8T— 80¢
(ww ¢ > ‘pauIp ‘QuoIdL
)M paysem ‘() punoie o} ajeyoed] oy} ur {d
1 ) o) Jo uonezifiqe)s 0} dn A\ YIM poysem)
[os] §TST— SI'TI 0S°8C— M SA Aﬁv u[ ‘JJOH 1. UBA  €6T +zPD  FODHEN YIm PaleaI) SaU0)s JAIO parefuroong
- - 19°¢— gle
CLSL— 0 1€C— 16°S— €0¢
I (" (ysowr 8 >) M/M 0/40C CIOUZ YHM
[es] 1€C6— 6C°S8C— 9L'8— ﬂ SA A@v u[ ‘JJoH 1. ueA  €6T +zPO PR1BANOE SUO}S SAI[O WOI) UOQ.Ied PAJBANOY
I (wr Z1Z-2€ 1 ‘poaars ‘punoid
fog] 8¢S 1€ 00°¢€l LS 6— = sA (Py)u[ ‘PYoH 1ueA  80¢ +zPO ‘1] Y8 POUIP ‘A UMM PaYsesm) 9D 9AT[O
PIET— I €1€
68'1C— I 96¢C
[L2] 067l SI'vel €6°0C— T sA (7q)uf ‘PJoH 1 ueA €8T +PO (wl 1 >) .5 AI[O PASNEBYXS WOLJ YSY
Uy (,_Jout ) HY (, N, 1owir) SV (,_[owry) OV uoissadxyg (M) .L Juaqiosorg

‘syonpoid-£q pue seisem AI1ISNPUI [I0 9AT[O SNOLIBA 0Ju0 sjuein[jod JUIAYIP Jo uondiosolq ay) J0j seyewunss Jjowrered SIWBUAPOWIAY ] *TV J[qEL

xipuaddy

GT0Z |udY €2 95:0T B [Aisiealun i noLbY suayly] Aq pepeojumoqg

714



(28vd 1x2u 1o panujuo))y)
6€°9C— £ee
6v'CC— 86¢C
(w70
> ‘PAAIIS ‘punoiI3 )06 18 PALP ‘M Yum
8¢y 0026 96’ 17— €8T +29d paysem) asem Surunid 9913 9A1[0 JO 3sodwo))
0EvC— €ee
96'CC— 86¢C
oSVL— (HV=,OV (wur ¢ > ‘pIAsIs “punoiIsd ‘DS 3¢ PaLIp
[89] 86— 05°8S 91I'1C— L $4 DV €8T +249d ‘Md Yam paysem) a)sem Jurunid 9213 JAI[O
¥8°¢€C— €ee
08°CC— I ) ¢Ie
[66] 08°'61— 120! ' eC— ﬂ SA A@v u[ ‘JJOH J.UBA 6T +249d (ww o7 >) s1sem Surunad 9911 IO
I (wr Z12-2€1 ‘paAals ‘punoil
[og] (A4 00661 98°CI— =sa (Py)ul ‘PYoH 1uBA  €0¢ +29d ‘1] 18 PILIP ‘M UMM PaYsesm) 3D SAI[O
R ! €Ig
cCec— I 96¢C
lov] $89 ¥0°T01 ' =sA (7g)uf ‘JOH 1. uLA €8T +29d (wl o[ >) d0rwod SAIO PAISNLYXS WOTJ YSY
9ps— ! 8z€
£eS— 80¢
(wrwr 1" [-$8°( PIASIS
lzetl L10°0 €69 86°C— - 86¢C +249d ‘punois Y (S ¥e PSLIp) AMNPISAI PI[OS [[IW JAI[O
0CeC— 1343
0C0C— (X4
0L 8I— €0¢
0S'LT— £€6¢
I (urr oz owm
09°8 806 0CLI— =sA (Py)ul ‘goH ruea g/z  uondiospe) +¢eod
0T €T~ I £pe
08°0C— €Ce
06'8I— €0¢
or'8I— £€6¢
1 (urur (6 owr) (D509 ¥e paLIp ‘19)em Joy-p[od
[zol [AN) 0'C6 00°LI— =sA (Py)ul ‘goH ruea g/z  uondiospe) +¢od YIM PIYSEM ‘W 8}y >) SUOIS JAIQ
6T L1— I 81¢
8891— 80¢
I (punois ‘H,001 e pauIp ‘Iem
[ss] €8°01— 661 L89I— =sa (Tq)u ‘POH 1.UBA  10€ +eod PaZIUOIop [009-10Y M PIYSEM) 3BD SAT[O
170~ [ 333
88°0— 8I¢
I ) (ww 6z°0 -61°( ‘punois
le€] c1o0'0 08'v¢ 90'C— ﬂ SA A@v u[ ‘PJoH 1ueA 86T or1D LI 1B PAUIP ‘M M paysem) soewod SAIQ
Ie— €Ie
20U2.19f2y SLQE ry) oHV ®|MTEE r) SV CkeE ry) OV uoissa1dxgy (X)L Juaq.iosorg

(panutjuoy) ) “synpoid-£q pue sajsem AISnpur [10 9AI[O SnOLIeA 0juo sjuein[jod JuaIdljIp Jo uondiosorq ay) J0j seyewnss J9jowered SrueuApowIay I, * 1V d[qe L

GT0Z |udY €2 95:0T B [Aisiealun i noLbY suayly] Aq pepeojumoqg

715



(28vd 1x2u 1o panu1juoy)y)

SLO'LY 86¢C
I > OlL (winuw w091 091-001)
[s2] Ies CIL'8LI €0S'LY M SA A&V u[ ‘JJOH 1.ueA 88T wadk( yorlg 9BJ AI[O PASNEYX? WO UOQIR) PAJBANOY
09°¢— 0l¢
9¢'I— 86¢C
(Wl 091-001 ‘PAARIS ‘PUNOIT Y.SOT
Je paLIp ()’ punoIe o} aeyoes] oy ur {d ay)
7 > A 0 KA1D Jo uoneziiqels 0} dn A\ 10Y Ylim paysem)
(2] 70°6¥ 0L 691 yI0— M SA A&V uf ‘JoH 1.UBA 88T jaseur A 9[BD QAT[O PISNEYXS WOIJ UOGIED PIIRAIIOY
08've— €ce
gTee— €Ie
69°'1¢— €0¢
1 (wr oG > “paAars ‘paysnio
[zl S¢Sl YL SST P1I'0c— =sa (7q)u ‘PJOH 1.UBA €67 861U 2AA D408 18 PP ‘M Y paysem) dewod SAIQ
8€ 17— ! €€
1T0C— I 96¢C
lo+] LL'Y 60’78 ce6l— =sA (7q)u] ‘JOH 1.UeA €8T +9Z (wl o[ >) s0rewod SAI[O PAISNLYXS WOIJ YSY
P TT— ! g€
8¥'81— 86¢C
(wwr 60
> ‘PAA3IS ‘punoil .06 18 PP ‘M Yum
LOST RTIIT 9.91— €8T +IN paysem) 9sem Furunid 9311 JAT[O Jo Jsodwo)
YL61— €ee
€L91— 86¢C
oSVL— (HV = OV (T ¢ > “paAdIS ‘PuNoIs Y, (S 1e PaLIp
[89] 09°0— 8°9¢ CTLI— L sa OV €8¢ +zIN ‘Md YIm paysem) s)sem Jurunid 3311 JAI[O
er're— €Ie
6L61— I 96¢C
ua 96°01 68°¢01 clrel— =sa (7q)uj ‘JJoH 1ueA €87 +zIN (wm Q0T >) 3[BI JAI[O PASNEBYXD WOIJ YSY
91'L— L gee
€e'e— 8I¢
7 ) (wwr 67°0 -61°0 ‘punoid
(141 8L°6C LSOIT 8T ¢— —SA Au wv u[ ‘JJoH 1.ueA 86T 1IN LYY paup ‘M YIM Paysem) soewod aA1Q
€0+ [ 8z€
0+ 80¢
(o Q1" [-p8°(0 ‘PIASIS
[ze1l ¢S00°0— L'8l— 60+ - 86¢C +zIN ‘punoIs ‘) ,0S 18 PILIP) SNPISAI PI[OS [[IWL A
90'v— €Ie
€ee— €0¢
(4 $T 105 D09 ¥e paLip
7 > ‘wnwwr $ p > PpAdLs ‘punoid ‘1Y 1B
[ OL'LIT 2969 99°C— 1 SA Au wv u[ ‘JJOH 1ueA  €6T 1+z9d  POUIp ‘IoeM IIM paysem) 1opmod ssA®a] 2AIIQ
20Uy (,_Jou ) HV (, N ,_[owi ) SV (,_[jow ) DV uoISSa4dx (X)L Juaqioso1g

(panutjuoy) ) “syonpoid-£q pue sajsem AISnpul [10 9AI[O SnOLIeA 03uo syueinjjod JUdIdIp Jo uondiosorq ay) Joj sejewnss J9jowered SrUeUAPOWIaY ], TV d[qe L

GT0Z |udY €2 95:0T B [Aisiealun i noLbY suayly] Aq pepeojumoqg

O

o

o~



(28vd 1x2u 10 panu1juo))y)

¥S81— €Te
YL LI— €I¢
¥6'91— €0¢
WL 008 €LST— 88¢ s+ UL
0€°ST— €T¢
00vC— €Ig
1LCT— €0¢
0,006 drmjerodwo)
1 EOE&NEODH&O Uﬁw QUGN %0— EOEmZaom
[es] mm.®~ 0.0MH OB.ONI — SA AvaH: mﬁom fﬁ.m\/ MWWN 0+D —Noﬂhuﬂo mg SAUO0]S 03—0 EO‘G EOD‘SO Uo~.m>ﬁo<
61— I g
1'c— €Te
S8I— € 6h— 8¢— €0¢  rousydonrui(q-#g
v'0— I9%3
vI— Y43
8'6C— §'98— 8¢— €0¢ [ouaydosiN-{
80 I9%3
01— Y43
TeE— T66— e €0¢ [ouaydoniN-¢
S0— I9%3
1'c— 543
6'0b— S8II— 1'$— €0¢ [ousydoryD-4
90— 943
€T Y43
T65— CeIr— 1's— €0¢ [ousydoryd-¢
e I9%3
S6— Y43
6 9°6¢ 61— €0¢ [ousydoryd-z
10— I9%3
9C— 7 ) Y43
6011 8 Ly— 1'6€1— L'S— n sA AMV u[ JOH 1ueA  €0€ [ousayq POOM AT[O MBY
€Te— 8I¢
8°0¢— 80¢
(wl 06T > ‘D.S01 38 PauIp ‘0L punore
0] BNLUME DLH :w EQ oﬂu mo COS.@NEEM%
I NU 0] dn MNAd Qﬁg Uoﬂwmgv SAUO0]IS ®>:O mOwZ
[1¢] I'LT €61 T6T— n sA Aﬁv u[ JJOH }ueA 86T surueljeg N 1°0 Pue FOSH Y3 pagrpowr K[[edruay)
8G°L— 80¢
0TI'S— 06L'L— 0S°L— 86¢
q UQM SQUO0]S
fos] OOB.@I Oho.ml Nm.ol QOp%DQEU-mSGSEU wwN _ONﬁEDM o>:O EOC :OQ.:NO woa.m\wﬁo.m ANMQQNYMMUMEQQU
vSL 9y €Ig
ou212y (,_jouwt ry) HV (, N, jowir) SV (,_jouiy) ,0V uorssa.dxzy ()L JuaqL0s01g

(panutjuoy) ) “synpoid-£q pue sajsem AISnpur [10 9AI[O SnOLIeA 0juo sjuein[jod JuaIdljIp Jo uondiosorq ay) J0j seyewnss J9jowered SrueuApowIay I, * 1V d[qe L

GT0Z |udY €2 95:0T B [Aisiealun i noLbY suayly] Aq pepeojumoqg

717



voi— ele

L9'T— 80¢
v0CT— €0¢€
€SC— 86¢
8T~ €6T
vTe— 88C
1€°6C— LL'9L— €5 ¢~ €8¢C uLpuy
67T~ €leg
ILC— 80¢€
Y0 €— €0¢g
LS'E— 86C
10— €6C
69— 88C
6€vE— S0'€01— ws— €8¢ uuppRIq
ry— €l¢g
Shy— 80¢
LLY— €0¢€
LOS— 86¢
95°s— €6C
S1'9— 88C
(wml
1 ) 00T1-€9 “PaASIS Y T 10J D001 1B P3LIp “Ijem
s h67— 31 18— 0S9— M SA Aﬁv u[ ‘JoH LUueA €8T uuply andenin yim paysem) sauols A0 Pajedn}-proy
¥9€— €I¢g
Y0v— €0¢€
60°S— €6C
oSVL — (HV =9V (W 71Z°0-0S1°0 ‘PRAAIS “punord
[06] 09— T 0L'S— L sa DV €8¢ 10T-IL  “L¥ 8 PauIp ‘M M paysem) doewod aATO
L8'T— €leg
8L'9— €0¢€
6v'8— €6C
oSVL— (HV = OV (wwr Z1Z°0-0S1°0 ‘PIAAIS ‘punors
l6s] ¥589— 9°907— 81'6— L sa DV €8¢ L9-BD 1LY Ve paup ‘M UM paysem) sorwod aAT|O
20Uy (,_Jou ) HV (, N ,_[owi ) SV (,_[jow ) DV uoISSa4dx (X)L Juaqioso1g

(panutjuoy) ) “syonpoid-£q pue sajsem AISnpul [10 9AI[O SnOLIeA 03uo syueinjjod JUdIdIp Jo uondiosorq ay) Joj sejewnss J9jowered SrUeUAPOWIaY ], TV d[qe L

GT0Z |udY €2 95:0T B [Aisiealun i noLbY suayly] Aq pepeojumoqg

0

o

o~



Chemical Engineering Journal 231 (2013) 245-254

Contents lists available at SciVerse ScienceDirect

Chemical
Engineering

Chemical Engineering Journal
Journal

journal homepage: www.elsevier.com/locate/cej

Composting improves biosorption of Pb?* and Ni** by renewable
lignocellulosic materials. Characteristics and mechanisms involved

@ CrossMark

I. Anastopoulos, I. Massas *, C. Ehaliotis

Laboratory of Soils and Agricultural Chemistry, Department of Natural Resources and Agricultural Engineering, Agricultural University of Athens, 75 lera Odos Str., 11855
Athens, Greece

HIGHLIGHTS

o Composting of olive tree pruning waste (OTPW) improved sorption characteristics of heavy metals.

o Ni%* biosorption was multiply lower compared to biosorption of Pb?* on both OTPW and composted OTPW.
e Composting led to stronger sorption mechanisms and higher sorption at elevated temperatures.

e Biosorption was well described by Langmuir isotherm.

e Composting led to consistent behavior under ion competition for exchange sites.
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Composting may alter the sorption properties of organic materials deriving from renewable sources. The
widely available olive tree pruning waste (OTPW) and its composted form (COTPW) were comparatively
tested for Pb?* and Ni2* removal in single- and double-metal systems. Pb?* biosorption was higher than
that of Ni>* and increased metal biosorption was observed up to pH 5.0. The process followed pseudo-sec-
ond order kinetics and described by the Langmuir isotherm. Surface area, total pore volume and zeta
potential values were increased following composting, while cation exchange capacity was over-doubled

Ke.ywordS: . (from 37.6 to 87.4 cmol. kg~') leading to higher Pb®* and Ni®* biosorption and improved biosorption at
Olive tree pruning waste o by o . R . .

Composting elevated temperatures. There was 144%, 78%, and 148% increase in the maximum sorption capacity for
Biosorption Pb?* and 29%, 59%, and 108% for Ni%* at 10, 25 and 60 °C respectively. FTIR analysis indicated significant
Pb shifts in the chemical structure of OTPW as a result of composting, in line with oxidative decomposition
Ni processes. Among the desorption solutions tested, HNO; and EDTA showed maximum recovery of both
Isotherms metals. Physisorption of both metals was greatly reduced by composting, leading to a biosorbent that

retained Pb?* and Ni%* more efficiently. The suppressive effect of Ni®* on Pb?* sorption on OTPW through-
out the whole range of Pb*? concentrations, and the suppressive effect of Pb*2 on Ni*? sorption at low Ni*?
concentrations were both alleviated when composted OTPW was used. Overall, OTPW proved to be a
highly efficient biosorbent, especially for Pb?*, and composting resulted in multifunctional improvement
of sorption characteristics.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

It is well recognized that heavy metals are persistent environ-
mental contaminants that may not be degraded; they enter the
food chain and accumulate in tissues of various organisms, causing
numerous diseases and disorders [1,2]. High heavy metal concen-
trations in wastewaters derived from municipalities and from var-
ious industries have resulted in serious global environmental
issues. Polluted wastewater must be depurated and returned to
water receptors or to land [3].

* Corresponding author. Tel.: +30 210 5294098; fax: +30 210 5294092.
E-mail address: massas@aua.gr (I. Massas).

1385-8947/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.cej.2013.07.028

Lead is one of the most toxic heavy metals on earth, widely used
in many industrial processes [4]. Lead poisoning causes severe
damage to humans, particularly to the kidneys, liver and brain,
and may affect the nervous and the reproductive systems [5].

Galvanization, smelting, mining, painting, steam-electric power
generation, dyeing, battery manufacturing and metal finishing may
lead to water pollution by nickel [6]. Nickel may cause allergic
reactions especially following dermal contact, while increased
Ni?* concentration in the human body may lead to lung, nasal
and paranasal sinus cancer [7].

Many techniques are used for the removal of heavy metals from
wastewater, for example ion exchange, coagulation, adsorption on
activated carbon, chemical precipitation, electrochemical
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operations and filtration [8]. However, these techniques have
drawbacks related to high implementation costs, incomplete metal
removal and the production of toxic waste in several cases [7]. Low
cost, efficient and safe technologies for wastewater treatment are
needed to protect the environment and public health.

The process of biosorption has emerged as an alternative, effi-
cient method to remove heavy metals from wastewater. It is based
on passive sorption and/or complexation of metal ions on biomass
materials [9], preferably derived from renewable sources. The main
advantages of biosorption techniques include reusability of the
biosorbent, low operating cost and lack of secondary by-products
or chemical additives [10]. Several biosorbents have already been
used for the decontamination of wastewater and many of them
are based on lignocellulosic materials [11]. To improve the adsorp-
tion capacity of biosorbents, physical treatments (heating/boiling,
freezing/thawing, drying and freeze-drying) or chemical treat-
ments (basic solutions, mineral and organic acid solutions, organic
compounds and oxidizing agents) are applied [12-14].

Composting is based on aerobic self-heating oxidation pro-
cesses carried out by diverse microbial consortia and is applied
on organic raw materials used as microbial substrates. These pro-
cesses lead to partly decomposed, humified and stabilized organic
materials that are commonly used as amendments to improve soil
properties. However, little attention has been paid so far on the po-
tential of composting processes to improve the properties of
biosorbents.

The use of by-products from the olive oil industry as biosor-
bents for the removal of heavy metals from aqueous solutions, is
reported in a number of studies [15-20]. Olive tree pruning waste
(OTPW) is produced in vast amounts in olive oil producing coun-
tries, and is usually set on fire in the fields at the end of the pruning
season; an environmentally damaging practice contributing to
greenhouse gas production. However, the alternative use of this
material as a biosorbent has received relatively minor attention
so far. The role of OTPW as a biosorbent of heavy metals has been
investigated by Blazquez et al. [21] for Pb®*, and by Uzunosmano-
glu et al. [22] for Cd?*, Cu?* and Pb?".

The purpose of the present work was to study the ability of
composting to alter biosorption of heavy metals by widely avail-
able and renewable lignocellulosic materials. OTPW was com-
posted following a typical aerobic self-heating composting
process and the potential of OTPW and its composted form (COT-
PW) to remove Pb?* and Ni2* from single- and double-metal ion
aqueous solutions were comparatively investigated. The sorp-
tion-desorption mechanisms involved were examined by batch
experiments, whereas the application of kinetics models and FTIR
spectra highlighted the effects of composting on the sorption prop-
erties of OTPW.

2. Materials and methods
2.1. Preparation and main properties of the biosorbents

Olive tree pruning waste (OTPW) was collected, chopped, rinsed
with distilled water, and oven dried at 50 °C. OTPW was subse-
quently ground and sieved to a particle size <0.5 mm.

Compost production: 180 kg of chopped OTPW were put in a
compost bin (80 x 80 x 90) and placed on top of a synthetic screen
to contain the material inside the bin, and to allow for passive bot-
tom-to-top aeration. 2.8 kg of ammonium nitrate (34.5% N) was
added to satisfy microbial N needs at initial composting stages.
Temperature and humidity were checked on a regular basis. Turn-
ings were carried out each time temperature in the center of the
pile fell to around 30 °C. During the first 4 months (stabilization
period) temperatures ranged from 29.2 to 60.1 °C. Throughout

the next 2 months (compost maturation period) temperatures var-
ied from 24.5 to 28.3 °C. Mature compost (COTPW) was collected,
rinsed with distilled water and oven dried at 50 °C. COTPW was
subsequently ground and sieved to a particle size <0.5 mm in ex-
actly the same way OTPW was treated. OTPW and COTPW biosor-
bents are collectively abbreviated as (C)-OTPW.

2.2. Chemicals and equipment

All chemicals used in this work were of analytical reagent grade.
The stock metal solutions were prepared by dissolving the appro-
priate amounts of Pb(NOs), and Ni(NOs3),-6H,0 in distilled water.
Metal concentrations in the samples were determined by using a
Varian SpectraA300 Atomic Absorption spectrophotometer and
the organic functional groups of (C)-OTPW were determined by a
Nicolet 6700 FTIR spectrometer. The surface charges of (C)-OTPW
at different pH values of 2.0-7.0 range were recorded using a nano
Zeta-sizer apparatus (Malvern Instruments Ltd.).

2.3. Batch experiments

Batch adsorption experiments were conducted by adding 0.1 g
of (C)-OTPW in 30 ml of a solution containing the heavy metal
ion in the appropriate concentration. All experiments were carried
out in triplicate (except for the contact time test that was carried
out in duplicate) and the mean values were used for model fitting.

The effect of pH on the biosorption of Pb%* and Ni%* on (C)-
OTPW was tested at a 2-6 pH range (adjusted by 0.1 M HNOs or
NaOH) using a metal concentration of 100 mg/L at 25 °C and fol-
lowing 24 h of equilibration on an horizontal shaker at 125 rpm.

The influence of contact time was investigated using a metal
concentration of 100 mg/L at 25 °C following equilibration for peri-
ods of 5-300 min on a horizontal shaker at 125 rpm.

The biosorption isotherms were studied at pH 5.0, with metal
concentrations at start-time ranging from 50 to 500 mg/L at 10,
25 and 60 °C.

To determine the main active functional groups on (C)-OTPW,
samples were subjected to Fourier Transform Infrared spectral
analysis (FTIR) in the region of 4000-400 cm™ ..

The amount of biosorbed heavy metal per unit of biosorbent
mass at time t (q,) was calculated as follows:

(Gi—CV
4. = —m (1)
where C; (mg/L) is the concentration of the metal ion in the initial
solution and C; (mg/L) is the final metal concentration in solution
at time t. V (L) is the solution volume and m (g) is the dry weight
of the biosorbent.

Distilled water, 0.1 M EDTA, 0.1 M HCI, 0.1 M HNOs and 0.1 M
NaNO; were used to recover the biosorbed Pb%* and Ni?* after
(C)-OTPW equilibration for 24 h with a 100 mg/L solution of either
Pb?* or Ni?* at pH 5.0 and 25 °C.

The effect of the presence of both metals in the equilibrating
solutions on the sorption of either Pb?* or Ni?* on (C)-OTPW was
examined by solutions having a constant 1:1 Pb/Ni concentration
ratio over the 50-500 mg/L concentration range. This double bio-
sorption process of metal ions was accomplished under the same
operating conditions as for the single-metal systems.

3. Results and discussion
3.1. General composting effects

Properties of OTPW and COTPW are presented in Table 1. OTPW
is rich in lignin and carbon compounds bound by lignin that are
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Table 1
Characteristics of OTPW and COTPW.
Biosorbent
OTPW COTPW Method
pH 5.56 7.42 1-to-5 w/v slurry in water [23]
Organic matter (g/kg) 974 924 Loss-on-ignition [23]
Organic carbon (g/kg) 564.9 535.9 Estimated as 58% of organic matter
Neotar (%) 0.88 2.23 Kjeldahl procedure [24]
C/N 64.2 24.03
C.E.C. (cmol./kg) 37.6 874 CH5COONa [24]
Exchangeable cations (cmol./kg) CH5COONH,4
Na* 0.85 1.28
K* 13.42 19.35
Ca%* 11.84 43.35
Mg?* 9.79 15.85
Surface area (m?/g) 33 39 BET
Total pore volume (ml/g) 0.008 0.012 BET

highly resistant to (or protected from) biological degradation [25].
However, COTPW showed a low C/N ratio, and decomposition pro-
ducing carboxyl and/or phenolic hydroxyl surface groups with neg-
ative charges is probably responsible for the high CEC value of
COTPW, which is also an indicator of compost maturity [26]. Com-
posting also increased the surface area and the total pore volume of
the mature composted material (Table 1).

The pH increased form 5.6 for OTPW to 7.4 for (C)-OTPW an ef-
fect attributed to the accumulation of basic cations during decom-
position [27] and to the mineralization of compounds such as
protein, amino acids and peptides to ammonia [28].

3.2. Fourier Transform Infrared Spectroscopy (FTIR) analysis

FTIR spectroscopy provided information on the chemical struc-
ture of the tested materials. The (C)-OTPW FTIR spectra are pre-
sented in Fig. 1 and the relative band assignments in Table 2. A
shift of bands at 3404, 2935 and 1426 cm~! to lower frequencies
and lack of peaks at 1374, 1160 and 1110 cm™! appeared in the
COTPW compared to the OTPW spectra. The band which is as-
signed to carboxylic groups at 1324 cm~! shifted to higher fre-
quencies and the band at 1737 cm™! decreased possibly due to
ester breakdown which is typical in composted materials [31].
The microbial transformation of aliphatic structures and carbohy-
drates such as polysaccharides during OTPW composting is in line
with such changes [33]. The band at 1653 exhibited a shift to
1654 cm ™! suggesting the rise of aromatic compounds, potentially
amides. Moreover, a new peak appeared in the COTPW spectra at

O.TPW. 34‘04

1.2
1.0
0.8
0.6
0.4

0.2
0.0

1126 cm™! that can be attributed to aromatic ethers. No change
in bands related to lignin was observed (1507 cm™!). These
changes in FTIR spectra indicate that easily degradable organic
matter constituents such as aliphatic chains and polysaccharides
are chemically or biologically oxidized, leading to increased aro-
matic structures of high stability [32].

3.3. Effect of pH

The effect of the initial solution pH value on the sorption of Pb?*
and Ni?* ions on (C)-OTPW at equilibrium was investigated be-
tween pH 2.0 and 6.0, and is presented in Fig. 2a and b. It is well
known that the solution pH significantly affects metal sorption
due to adsorbent surface alterations and to metal chemistry mod-
ifications [36]. Sorption of both metals on OTPW increased up to
pH 3.0 and 4.0 for Pb®* and Ni** respectively; it remained practi-
cally constant up to pH 5.0, but tended to decrease at pH 6.0
(Fig. 2). A similar pH effect on the equilibrium sorption of Pb%*
and Ni*" ions on COTPW was also noticed. These results are in line
with experimental data obtained for a variety of biosorbents; for
example data by Pelit et al. [37], show high biosorption for Pb%*
on natural spider silk at pH > 3.0, and data by Javaid et al. [38],
show decreased biosorption of Ni2* on Pleurotus ostreatus biomass
at pH < 4.0. Dekhil et al. [39] studied the biosorption of Pb?* by the
macroalga Caulerpa racemosa at pH > 5.0, and attributed the ob-
served Pb?* biosorption decline to the formation of soluble hydrox-
ylated complexes of Pb?* ions that altered Pb?* reaction with the
active sites and led to decreased metal retention capacity.
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Fig. 1. FTIR spectra of (C)-OTPW.
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Table 2
Assignment of FTIR bands to (C)-OTPW surface functional groups.

OTPW (cm™') COTPW (cm™ 1)

Functional groups

References

3404 3368
2935 2930
1737 1733
1653 1654
1507 1507
1459 1460
1426 1423
1374 -

1324 1334
1244 1235
1160 -

- 1126
1110 -

O—H strech, bonded and non-bonded hydroxyl groups [29]
Aliphatic C—H stretching in methyl and methylene group [30]
C=0, esters
C=0 (amide I, carboxylates), C=C (aromatic ring modes, alkenes) [32]
Aromatic sceleton-lignin [29]
C—H deformation (asymmetry in methyl groups) [30]
Aliphatic structures, carboxylic acids (COO~), phenol groups
Aliphatic C—H stretching in methyl and phenol OH [30]
Carboxylic acids
Carboxylic acids (C—0) [29]
C—0—C Polysaccharides [29]
Aromatic ethers
C—0—C Polysaccharides [29]

(31]

[29,33]

(34]

(35]
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Fig. 2. Effect of the initial pH on biosorption of (a) Pb?* and (b) Ni?*, on (C)-OTPW.
Experimental conditions: initial concentration 100 mg/L, contact time 24 h, biosor-
bent/solution ratio 0.1 g/0.03 L, agitation rate 125 rpm, temperature 25 °C (n=3).
(c) Zeta potential of (C)-OTPW at different pH values.

Additionally, Deng et al. [40], studying the sorption-desorption of
Pb?* on the green algae Cladophora fascicularis, concluded that at
pH 6.0 the Pb?* was removed from the solution by deposition. Sim-
ilar results for Ni%* were also reported by Gupta et al. [41], who ob-
served lower Ni%* biosorption on Oedogonium hatei at pH > 5.0.

At pH 2.0 the biosorption capacity of (C)-OTPW was dramati-
cally lowered for Pb?* and it was practically zero for Ni?*. This is
attributed to (a) increased concentration of H® ions that compete
with the studied metals for the same binding sites on the biosor-
bent [6] and (b) increased positive charge density on the binding
sites that reduce metals’ biosorption potential [1]. Increasing the
pH up to 5.0 resulted to the deprotonation of biosorbent’s func-
tional groups, leading to higher sorptive capacity for metal ions

[10]. Following the above results, all batch experiments were per-
formed at pH 5.0.

The zeta potential values for both biosorbents are presented in
Fig. 2c. The isoelectric point (IEP) for both materials was around pH
1.0. By increasing pH values from 2 to 7 the zeta-potential for (C)-
OTPW increased up to —21.0 mV for OTPW and up to —24.2 mV for
COTPW. The zeta-potential for COTPW showed a higher initial in-
crease followed by a plateau over pH values form 3.0 to 5.0. This
indicates that the composting process led to higher zeta-potential
and to more stabilized colloidal properties regarding pH fluctua-
tions and is in line with oxidative humification processes and the
observed cation exchange capacity increase following composting.

3.4. Effect of contact time

The effect of contact time on the amount of Pb?" and Ni?* ad-
sorbed on (C)-OTPW biomass is illustrated in Fig. 3. A two-stage ki-
netic pattern [36] was observed for both metals. The extremely
rapid adsorption rate in the first few minutes, decelerated
abruptly, apparently due to the saturation of the more accessible
adsorption sites. Ni* sorption was considerably lower than that
of Pb?* at all contact times. The equilibrium for Pb?* was reached
after 120 and 180 min for OTPW and COTPW, respectively; for
Ni?*, 300 min contact time was needed for both biosorbents to
reach equilibrium, and no significant additional metal adsorption
on (C)-OTPW was observed from 300 min to 24 h (Fig. 3). Yet, an
equilibration period of 24 h was used for the subsequent batch
experiments.

3.5. Kinetic models

To examine the biosorption kinetics of Pb?* and Ni?* two kinetic
models were applied to the experimental data: the pseudo-first-or-
der and the pseudo-second-order model.

40
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Fig. 3. Effect of contact time on Pb?" and Ni*>* biosorption on (C)-OTPW. Experi-
mental conditions: pH 5.0, initial metal concentration 100 mg/L, biosorbent/
solution ratio 0.1 g/0.03 L, agitation rate 125 rpm, temperature 25 °C (n = 2).
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The linearised form of the pseudo-first-order rate equation is
[42]:

In(q, — q,) = Inq, — kit 2)

where ¢, and ¢, (mg/g) are the amounts of the metal ions sorbed at
equilibrium and at time t (min), respectively, and k; is the rate con-
stant (1/min). The biosorption rate constants (k;) can be determined
experimentally by plotting In(q, — q,) versus t. The values of the
estimated gq., k; and 2 are presented in Table 3.

The 12 values for Pb?* and Ni** ranged from 0.504 to 0.972 for
(C)-OTPW biosorbents and the calculated q. (ge; and gep) values
were too low compared to the experimental g, values (Table 3)
indicating that the tested biosorption process did not follow the
pseudo first-order model. Failure of this model to fit the experi-
mental data and to provide good variable estimates has been pre-
viously noticed [18].

The experimental data were also fitted to the pseudo-second-
order rate equation, specified as [43]:

t 1 1

— =4 —t 3
9% ka2 q. 3

where k; (g/mg min) is the rate constant, g (mg/g) is the amount of
metal sorbed at time t (min), and q. is the amount of metal bio-
sorbed at equilibrium (mg/g). A linear relationship between t/q,
and t suggests that the experimental data follow the pseudo-sec-
ond-order kinetic model.

The estimated g, k, and r* are presented in Table 3. For both
metals the 1? values were high (0.964-0.999) and the calculated
q. values were in good agreement with the g. values obtained
experimentally (Table 3). Therefore, the biosorption of Pb?* and
Ni?* ions on (C)-OTPW was well described by the pseudo-sec-
ond-order chemical reaction. This is in line with the use of pseu-
do-second-order kinetics to describe metal adsorption to other
biomass materials as the biosorption of Pb%* on seed husk of Calo-
phyllum inophyllum waste biomass [8], and the biosorption of Ni%*
on Cladonia furcata biomass [1].

3.6. Effect of temperature

The effect of the initial solution concentration (50-500 mg/L)
and of temperature (10, 25 and 60 °C) on Pb?* and Ni?* biosorption
on (C)-OTPW was examined and the respective equilibrium iso-
therms were produced.

Regardless of temperature, increased metal concentration re-
sulted to increased Pb?* and Ni%* sorption on (C)-OTPW that
reached a plateau at high solution concentrations (Fig. 4). The con-
siderably higher biosorption of Pb?* on (C)-OTPW compared to that
of Ni%* has also been observed for other biosorbents [1] indicating
that this can be attributed to metal characteristics.

By raising the temperature from 10 to 25 °C, the biosorption of
Pb?* on OTPW increased over all initial solution concentrations;
this increase was greater at high initial metal concentrations

Table 3

(Fig. 4a). However, from 25 °C to 60 °C biosorption remained rela-
tively constant or even showed a tendency to decrease at higher
initial solution concentrations (Fig. 4a). On the contrary, raising
the temperature from 10 up to 60 °C resulted in increased Pb%*
adsorption on COTPW, indicating that the stabilized composted
biosorbent was highly efficient in high energy systems (Fig. 4b).

By raising the temperature from 10 to 60 °C Ni%* biosorption on
OTPW showed a consistent decrease throughout the whole range
of initial solution concentrations (Fig. 4c). On the contrary, Ni**
adsorption on COTPW, increased up to 25 °C, but decreased at
the highest temperature of 60 °C (Fig. 4d).

Apparently, the composting procedure not only resulted to in-
creased sorption capacity but also improved sorption characteris-
tics under elevated temperature regimes.

3.7. Langmuir and Freundlich isotherms

Based on the equilibrium adsorption data, Langmuir and Fre-
undlich adsorption isotherms were produced.

The Langmuir model assumes that biosorption takes place at
specific homogeneous sites on the adsorbent by monolayer cover-
age. The linear form used is [44]:

Loyt )
G Gm by

where C, is the equilibrium concentration of the metal ion in solu-
tion (mg/L), g. is the amount of the metal ion adsorbed per gram of
adsorbent at equilibrium (mg/g), g, is the monolayer biosorption
capacity (mg/g) and by is the affinity constant related to the binding
strength of adsorption (L/mg). The values of g,,, and b, can be deter-
mined from the linear plot of C./q. versus Ce.

The estimated g,, and b; values are tabulated in Table 4. The cal-
culated coefficients of determination were 0.934-0.998 for both
tested metals, indicating that the biosorption of Pb%* and Ni* on
(C)-OTPW is well described by the Langmuir model. The g, values,
that correspond to the biosorption capacity of (C)-OTPW, showed a
similar response to temperature changes to that discussed in the
previous Section 3.5 for both metals and were substantially higher
for Pb?* (Table 4). Ion characteristics of the two metals are in line
with these results; Compared to Ni?*, Pb?®* has greater atomic
weight, electronegativity and ionic size and lower free energy of
hydration (i.e. atomic weight is 207.2 amu, ionic radius is
119 pm, electronegativity is 2.33 and free energy of hydration is
—357.8 kcal/g-ion for Pb?*, while the respective values for Ni**
are 58.69 amu, 83 pm, 1.91 and —494.2 kcal/g-ion). The greater
the atomic weight, the electronegativity and the ionic size, the
greater the affinity for sorption [45]. On the contrary, higher values
of the free energy of hydration indicate that metal ions tend to re-
main more to the solute phase than to be adsorbed [46].

The q,, values for COTPW were considerably higher than the
corresponding g, values for the initial material; the respective per-
centage increase at 10, 25 and 60 °C was 144, 78 and 148% for Pb%*

Pseudo-first-order and pseudo-second-order parameter estimates for the biosorption of Pb?* and Ni%* on (C)-OTPW at pH 5.0 and 25 °C with initial metal concentration 100 mgjL,

biosorbent/solution ratio 0.1 g/0.03 L, and agitation rate 125 rpm.

Metal qe Experimental Pseudo-first-order Pseudo-second-order

(mg/g) o1 (mgfg) ky (1/min) r g2 (mgfg) ks (g/mg min) r
OTPW
Pb%* 25.90 10.31 0.007 0.972 25.32 0.004 0.994
Ni%* 6.03 291 0.006 0.896 6.04 0.006 0.964
COoTPW
Pb?* 31.04 7.36 0.031 0.759 31.15 0.016 0.999
Ni?* 13.05 1.76 0.010 0.504 12.99 0.019 0.999
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Fig. 4. Biosorption of Pb%* on (a) OTPW and (b) COTPW (hollow symbols) and of Ni?* on (c) OTPW and (d) COTPW (dark symbols) at different temperatures (°C) and different
initial solution concentrations. Experimental conditions: pH 5.0, biosorbent/solution ratio 0.1 g/0.03 L, agitation rate 125 rpm, contact time 24 h (n=3).

Table 4

Parameters of the Langmuir and Freundlich models for Pb?* and Ni?* biosorption on (C)-OTPW at 10, 25 and 60 °C. Contact time 24 h, agitation rate 125 rpm, biosorbent/solution
ratio 0.1 g/0.03 L, metal concentrations range at start-time from 50 to 500 mg/L, temperatures 10, 25 and 60 °C.

Metal ion Temperature (°C) Langmuir constants Freundlich constants
qm (Mg/g) by (L/mg) r R Kr (mg/g) (L/mg)"/" 1/n r

OTPW

Pb?* 10 33.90 0.039 0.994 0.049-0.344 7.98 0.243 0.970
25 54.05 0.051 0.986 0.038-0.284 11.45 0.273 0.958
60 52.36 0.031 0.988 0.060-0.393 7.70 0.330 0.889

Ni?* 10 12.15 0.026 0.994 0.075-0.718 2.51 0.257 0.921
25 10.53 0.015 0.978 0.125-0.818 0.74 0.441 0.844
60 6.21 0.021 0.996 0.089-0.754 0.87 0.325 0.828

CcoTPW

Pb%* 10 82.64 0.055 0.998 0.032-0.230 11.03 0.385 0.882
25 96.15 0.044 0.995 0.040-0.270 10.51 0.427 0.868
60 129.87 0.066 0.983 0.027-0.197 14.35 0.490 0.736

Ni?* 10 15.70 0.021 0.934 0.085-0.485 5.12 0.159 0.767
25 16.78 0.031 0.987 0.059-0.387 5.21 0.185 0.766
60 12.90 0.056 0.986 0.034-0.261 7.21 0.070 0.577

and 29, 59 and 108% for Ni2*. The greater surface area, pore volume
and zeta potential values and especially the over-doubling of CEC
in the composted material are in line with the observed differ-
ences, and with the oxidative microbial transformation processes
occurring during composting [47].

The term “R;”, a dimensionless separation factor, was also cal-
culated. R; is defined as [48]:

1

RL:]-}—b,_XC,‘

(3)
where C; is the initial concentration of metal ion (mg/L) and b; is the
Langmuir constant (L/mg). Depending on the calculated value of R;,
the shape of the Langmuir isotherm is described as: unfavorable,
R; > 1; linear, R; = 1; favorable, R; < 1; irreversible, R; = 0. For both
metals in this study, the R; values were <1, further supporting that
the examined biosorption process is well described by the Langmuir
isotherm model.

Langmuir g,, values produced for Pb?* and Ni?* sorption on var-
ious biosorbents are presented in Table 5, along with g, values ob-
tained in this study. Considering that the experimental conditions
were not greatly varied among studies, data in Table 5 indicate that
the biosorption capacities of OTPW are high, and that composting

of OTPW leads to a particularly efficient biosorbent (i.e. COTPW),
especially for Pb?",

The fit of the Freundlich model to the data was also tested. Fre-
undlich model is an empirical model that assumes sorption on a
heterogeneous surface and its linearized form is [53]:

1

Ing, =lnI(F+ElnCe (6)
where C, is the equilibrium concentration of metal ion in the solu-
tion (mg/L), g. is the amount of metal ion adsorbed per gram of
adsorbent at equilibrium (mg/g), K is a constant relating to the bio-
sorption capacity (mg/g)(L/mg)!/" and 1/n is an empirical parameter
relating to the biosorption intensity. The values of Kr and 1/n can be
determined by plotting In g, versus In C,.

The relevant values of the Kr and 1/n constants are presented in
Table 4. The 1/n values were always <1, indicating that the biosorp-
tion of Pb?* and Ni?* onto (C)-OTPW was fast and favored by the
studied conditions [1]. However, based on the coefficients of deter-
mination obtained by fitting the data to the linear forms of the
Langnuir and Freundlich models, the Langmuir model consistently
appeared to be more suitable to describe biosorption of the two
metal ions on (C)-OTPW over the whole temperature range.
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Table 5

Langmuir q,, values for Pb?* and Ni?* sorption on different biosorbents, along with the respective pH and temperature experimental conditions.
Biosorbent pH T (°C) qm (Mg[g) Reference
Pb2+
Cladonia furcata lichen 5.0 20 12.30 [1]
Modified Moringa oleifera tree leaves 5.0 30 195.62 [5]
Calophyllum inophyllum 4.0 28 34.51 [8]
Acacia leucocephala bark powder 4.0 30 185.20 [10]
Pomegranate peel (raw, AC1, AC2, AC3) 5.6 26+1 13.87-17.95 [36]
Caulepra racemosa microalga 5.0 20 34.50 [39]
Cladophora fascicularis 5.0 25 198.5 [40]
Banana peels 5.0 25 2.18 [49]
Olive tree prunning waste (OTPW) 5.0 25 22.79 [21]
Olive tree prunning waste (OTPW) 5.5 21 46.20 [22]
Olive tree prunning waste (OTPW) 5.0 25 54.05 This study
Compost of olive tree pruning waste (COTPW) 5.0 25 96.15 This study
Ni2+
Cladonia furcata 5.0 20 7.90 [1]
Caesalpinia bonducella seed powder 5.0 30 121.90 [6]
Alternanthlera philoxeroides 6.0 20 9.73 [71
Olive pomace 4.0 25 10.64 [18]
Moringa oleifera bark 6.0 30 26.84 [34]
Oedogonium hatei 5.0 25 40.98 [41]
Lignin 55 20 5.99 [50]
Myriophyllum spicatum L. 8.0 20 3.00 [51]
Baker’s yeast 6.75 27 9.01 [52]
Olive tree pruning waste (OTPW) 5.0 25 10.53 This study
Compost of olive tree pruning waste (COTPW) 5.0 25 16.78 This study

Yurtsever and Sengil [54], studying Pb>* biosorption on modified
quebracho tannin resin, and Hanif et al. [55] studying Ni** biosorp-
tion on Cassia fistula biomass have reached to similar conclusions.

3.8. Thermodynamic study

The standard Gibbs free energy (AG°), the enthalpy (AH°) and
the entropy (AS°) changes were derived from the Langmuir con-
stant b; by using the following equations [56]:

AG® = —RTInb; (7)

AG® = AH® — TAS® (8)

where by, b ; Ko by, are the Langmuir constants (in L/mol) at differ-
ent temperatures T (in K) and R (8.314 J/mol K) is the universe gas
constant. The AH° and AS° values can be calculated from the slope
and the intercept of a plot of AG° versus T. The values of these
parameters are included in Table 6.

For both metals, AG°® values were negative, indicating the
spontaneity of the biosorption process [10]. The calculated AH°
values for the biosorption of the studied metals on (C)-OTPW dem-
onstrate the exothermic nature of the process on OTPW (negative
values) [57] and the endothermic character of the process on
COTPW (positive values) [4]. One possible explanation for the
endothermicity in terms of enthalpy of adsorption on COTPW is
that when Pb?* and Ni2* ions are about to be adsorbed, they have
to lose part of their hydration sheath. This dehydration process
consumes energy that exceeds the exothermicity of the ions
attached to the surface [4]. The positive values of AS° imply
increasing randomness in the solid/solution system interface
during the biosorption process [54].

3.9. Desorption studies

Desorption treatments aimed at different sorption mechanisms:
distilled water can desorb physisorbed metals from the (C)-OTPW
[58]. The HCI and HNOs treatments increase the concentration of
protons (H*) in the solution, thus leading to competition with the
metal ions for the biosorbent’s exchange sites during ion exchange,

Table 6
Thermodynamic parameters for Pb?* and Ni?* biosorption on (C)-OTPW.

T (°C) AG® (k]/mol) AS° (kJ/mol K) AHe (KkJ/mol)
OTPW
Pb?* 283 -21.158
298 —22.964 +0.0585 —4.980
333 —-24.302
Ni2* 283 -17.219
298 -16.725 +0.0568 —0.600
333 —-19.740
COTPW
Pb?* 283 —21.963
298 —22.494 +0.0920 +4.381
333 -26.388
Ni2* 283 -16.758
298 -18.483 +0.1128 +15.074
333 —22.440
1000 Pb-OTPW
B Pb-COTPW
S 80 1|0 Ni-OTPW
g B Ni-COTPW
= 60
=
g 401
a
20

Distilled water 0.1 M NaNO3 0.1 NHCl 0.1 NHNO3 0.1 M EDTA

Fig. 5. Desorption efficiency of Pb?* and Ni?* with different desorbent solutions on
(C)-OTPW. Experimental conditions: pH 5.0, initial concentration 100 mg/L,
biosorbent/solution ratio 0.1 g/0.03 L, agitation rate 125 rpm, temperature 25 °C,
contact time 24 h (n=3). (bars in sequence: Pb-OTPW, Pb-COTPW, Ni-OTPW and
Ni-COTPW).
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Fig. 6. Experimental isotherms for the biosorption of Pb?* on (a) OTPW and (b) COTPW and of Ni** on (c) OTPW and (d) COTPW in single (Pb?* or Ni?* only) and binary
(Pb + Ni) solute system. Experimental conditions: pH 5.0, biosorbent/solution ratio 0.1 g/0.03 L, agitation rate 125 rpm contact time 24 h, temperature 25 °C (n = 3).

and to the consequent desorption of Pb%* and Ni?* ions adsorbed on
exchange sites of the (C)-OTPW surface [59-62]. NaNOs can be as-
sumed as a weak ion exchange desorbent (increased concentration
of Na* cations). Finally EDTA is a common chelator, that may dispel
metals biosorbed on (C)-OTPW by complexation [58,63].

The amount of physisorbed Pb?* decreased from 3.82% on
OTPW to 0.75% on COTPW, while physisorbed Ni*? decreased from
32.62% on OTPW to 16.52% on COTPW (Fig. 5). Similarly the use of
NaNOs solution showed lower desorption from the composted
material for both Pb*? (OTPW =9.25%, COTPW =2.37%) and Ni%*
(OTPW =70.97%, COTPW = 31.32%). NaNOs is considered to be a
weak ion exchange desorbent due to the large hydration sphere
of the monovalent Na* ions, therefore, when applied in low con-
centrations it mainly acts on physisorbed and on easily exchange-
able ions. The sharp reduction of the proportion of physisorbed and
easily exchangeable ions of both metals present on COTPW com-
pared to OTPW, indicates that the composting of OTPW resulted
not only to increased sorption capacity but also to more efficient
sorption mechanisms.

Desorption by water and 0.1 M NaNOs also showed that Ni*?
was weakly sorbed on OTPW (1/3 of total amount physisorbed plus
another 1/3 as easily exchangeable) whereas stronger mechanisms
dominated Pb*? sorption. Similar trends were observed in the com-
posted material (COTPW), but the proportion of metals recovered
by these desorbents was small in all cases. It is derived, that com-
posting significantly improved sorption stability for Ni*2. The
greater electronegativity and ionic size and the lower free energy
of hydration of Pb?" compared to Ni?* indicate resilient sorption
and are in line with these results.

Table 7

HCl and HNOj; solutions proved to desorb Pb?" and Ni%* effi-
ciently; HCI removed 78.26% and 94.41% of Pb?* and 73.85% and
90.85% of Ni%* sorbed on OTPW and COTPW, respectively, while
the corresponding desorption percentages for HNO3; were 91.01%
and 88.81% for Pb%* and 94.12% and 94.76% for Ni?*. This is in ac-
cord with the dramatic decrease in sorption observed at low pH
for both metals, and demonstrates that cation exchange mecha-
nisms are highly involved into the biosorption process of both met-
als on (C)-OTPW. The EDTA treatments resulted into 100% and
92.58% desorption of Pb?* and Ni?** from OTPW and into 97.11%
and 97.66% desorption of Pb?* and Ni?* from COTPW. This, how-
ever, does not necessarily suggest strong complexation as a domi-
nant biosorption process since desorption was also high following
weak acid treatment.

3.10. Double metal sorption system

Pb?* biosorption on OTPW in the presence of Ni%*, was greatly
suppressed over the whole range of the tested metal concentra-
tions (Fig. 6a). This is well reflected by the much lower g,, value
produced by fitting the Langmuir model (* > 0.994) compared to
the respective ¢, value obtained for the single metal system
(Table 7). Biosorption of Ni* on OTPW in the presence of Pb?* fol-
lowed a two-step isotherm (Fig. 6¢): Up to a 150 mg/L solution
concentration, the biosorption of Ni** was highly suppressed,
denoting that Pb?* acted as a competitive ion for Ni*? on OTPW
adsorption sites. Interestingly however, at higher concentrations
the presence of Pb?* in the equilibrating solutions did not affect
the biosorption of Ni%*. This indicates that competition between

Parameters of the Langmuir model for Pb?*~Ni?* double metal system biosorption on (C)-OTPW at 25 °C.

Metal ion Temperature (°C) Langmuir constants
qm” (mgfg) by (L/mg) r

oTPW
Pb?* 25 23.58 (54.05) 0.050 0.994
Ni?* 25 First region 50-150 mg/L 1.52 0.050 0.982

Second region 250-500 mg/L 7.62 (10.53) 0.020 0.976
COTPW
Pb?* 25 66.67 (96.15) 0.152 0.992
Ni2* 25 9.92 (16.78) 0.141 0.987

" Values in parenthesis are from single metal systems.
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Ni* and Pb*? for absorption sites is not simply proportional to ion
concentrations. The weak affinity of Ni*? compared to Pb*? for
OTPW is in line with this inconsistency in sorption dynamics in
double-metal systems, but further research is needed to clarify
this. Since the presence of Pb?* resulted into a two-step OTPW bio-
sorption isotherm for Ni** a mono component Langmuir model
was applied to each step separately, as proposed by the dual Lang-
muir equation [64]:

bLl Ce

_ _ bLZCe
q = (e +q92 =0m 1 +bL1Ce

The maximum adsorption capacity was calculated as the sum of
qm1 and g, of the two steps (Table 7).

Lower biosorption of Pb%* on COTPW in the presence of Ni*? was
observed only at the higher Pb*? solution concentrations tested
(Fig. 6b). A similar pattern was obtained for Ni*? in the presence
of Pb*? (Fig. 6d). The experimental data fitted well to the Langmuir
model (?>0.992 for Pb*? and r?>0.987 for Ni*?) and the de-
creased biosorption of the metals in the double metal systems
was well reflected by the much lower g, value compared to the
respective g, value obtained for the single metal systems (Table 7).

4. Conclusions

The results of the present study show that the OTPW biomass
may be efficiently used as a renewable biological sorbent to re-
move Pb?* and, to a lesser extent, Ni%* ions from aqueous solutions.
More importantly the potential of composting in further improving
sorption characteristics of renewable biosorbents of plant origin
was demonstrated. Composting altered the surface chemistry of
OTPW leading to higher sorption capacity, consistent behavior un-
der competition for exchange sites, higher efficiency at elevated
temperatures, and dominance of stronger sorption mechanisms.
Considering the high amounts of OTWP biomass produced in all ol-
ive-producing countries, its stable seasonal availability and its low
composting cost, the findings of this study strongly support further
research in the use of OTPW and particularly of COTPW as biosor-
bent biomass materials. Future work will focus on the fate of met-
als and on soil properties following application of (C)-OTPW in soil
microcosmes.
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