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Mavemotiuio Osooaiiac

Tunua Mewnoviag Putikng Mapaywyrg & Aypotiko MNepiBaArovtog

Euvxaplotiscg

Oewpw LTTOXPEWSN POU VA €LXOPICTACW Bepud TNV eTUPRAETTOLGA KaBnyntpid
pMou Kupia AvBoUAa Anurnpkou, AvamAnpwipila  Kabnyntpia Tou  Turuatog
ewTtoviag PuTIKAG Mapaywyng Kot AypotikoU TMepIBAAAOVTOC Kal dleuBuVIpIa TOU
Epyootnpiov Edagoloyiag yia tnv ToAUTIUN Bonbeia Kal apépioTn cupttapdotacn
KaTa TN OIApKEID Twv oToudwv Hou. H cupPoAr tng urmnpée KaBOPIOTIK) OTn
ouyypaEn Kal ETITUXA OAOKARPWGN TNG TAPoUCaC TIPOTITUXIOKAC JIATPIRAG.

Oepud Ba NBeAa va guxaplotiow Tov Kabnyntr pou NikOAao TaoipoTiouAo,
AvammAnpwt] Kabnynt tou Tpnpotog [lewmoviag dutkig Mapaywyng Kot
AypoTikoU TMepIBAANOVTOC Kal PEAOG ZUPPBOUAELTIKAG ETITPOTIAC yia TNV TTIOAUTIUN
KOl OUCIOCTIKI BonBela TTou POoU TTIOPEIXE OAA AUTA TO XPOvIa HE T SIdaCKaAia Kal
ekTIaidELON aTNV Avopyavn Kol Opyavikr Xnueia.

Oewpw LTTOXPEWON UOUL VA €UXAPICTHOW Bepud TNV Ap. Evayyelia koA,
MEAOC ZupPouAeutiknG Emtporg, Aiddokovca pe M.A. 407/80 Tou  Pou
CUUTIOPAOTAONKE KOl NTAV SITIAQ HOU O€ OAN TN JIGPKEID TWV GTIOLdWV HPOU KAl N
OTIoia JE TIG XPNOIUEG GUUPBOVLAEG HOU TTapEixe TTOAVTIUN BonBeia.

TEéNOC Ba r1BeAa va euXaPIOTOW TN CLUVAdEAPO KAEPTAKN XPLOOUAX yIO TNV
QUEPIUVN CLPTIOPACTACT TNE, KAB' OAN TN SIAPKEID TNG QPOITNoNg PMou OTo MEWTIOVIKO
MavemioTAUIoO ©e0C00oAiOg Kal yia T KOBOPIOTIKI) GUUPBOAN TNG OTNV OAOKANPWON

auTtoL Tou épyou.
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MNEPIAHWH

21N Tapoloa TITUXIOKE JIaTPIPI UEAETNONKE 1 CUUTIEPIPOPA OPICHEVWV (PUCIKWV
UVAIKWV WC¢ BEATIWTIKWY PUTIOCUEVWY £00(QWV OTIO BOapEa PETOAND KOl OUYKEKPIPMEVO
amo KAOMIO. Mo TO OKOTIO AUTO WC QUOIKO LAIKO XPNOIPOTIOINONKE 0 YKAITITNG. Z€
deiypoTa yKAITITN PEAETNONKE N TIPOCPOPNCN TOU KAJUIOU aTI6 TOV YKAITITN Kal N
Tipogappoyr Twv poviEAwv Langmuir, Freundlich kon Temkin ota Teipapotika
0edopéva. ATIO TN PEAETN aUTA TIPOEKLYOV TO KATWOL. H péylotn Tiun mpoopoenaong
eivar ta 1003,44 pg Cd/0,2g ykaltitn 0TV TO APXIKO TIOGO TOU KOOUIou TIO0U
TipocBéoape oto didAuvpa Nrav 1280 pg Cd/0,2g yKAITITN Kol TEAOC ATIO TN MEAETN
NG TIPOCOPMOYNG TwV PovTéAwv Langmuir, Freundlich kot Temkin oTa TIEIPOPOTIKA
pag dedopéva TapatnpEovue OtTl n e€icwan Temkin gixe TNV KAOADTEPN TIPOCOPMOYH)

akoAouBei n Freundlich kai katdériv n Langmuir.
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Eicaywyn

Ta Bapéa PETOAAO OTIOTEAOUV €vav OO TOUG TIO ETTKIVOUVOULG POTIOUC TOU
TIEPIBAANOVTOC YIOTI TOOO O PETOAAIKN KOATACTOON OGO KOl Ol EVWOEIC OE IOVIKN
pop@r, O&V ATIOIKOOOMOUVTOI, OAAG TIOPAPEVOUV OVOAAOIWTA YO HEYAAO XPOVIKO
oldotnua. EdIkotepa amd ta 70 TEPITIOU PETOAAA TIOL XOpoaKTnpiovtal oav Bapéa
(oTOIXElO PE ATOMIKA TIUKVOTNTO PEYOADTEPN amd 6g cm'l), av&nuévo evoIO@EPOV
mapouoiddovv Ta 20 OmO OUTA, TO OToid OTNV TAsloPn@ia Toug Bewpouvral
ATIOPAITNTO OPETITIKA OTOIXEIO OE PIKPOTIOCOTNTEG (IXVOOTOIXEIO) yIOo TO QUTA Kol TO
{Wa OAAG pTtopolV VO KOTOOTOUV TIOAU ETTIKIVOUVA OTOV Ol GUYKEVTIPWOEIC TOUC
EeTtepACOLV IO OVAWTATN TIKA.

O yKaItitng €ival QLOIKO VAIKO TO OTIOI0 ATIAVTATAl G€ YEYAAN CLUXVOTNTA OTN
@UGON TO0O0 W OPUKTO G000 KOl 0OV CUOTATIKO Twv £da@wv. O yKAITITNG aTa £54¢n
TIPOKUTITEL 0OV OEVUTEPOYEVEC LAIKO TNG amocdfpwons. MECw Twv €DAQPOYEVETIKWV
SlEPYOOIWV 0 YKAITITNG UTIOPEI va oXNUATIOTE TTOvw oto {eOAIBO TIOU LTTIAPXEI OTO
€00(OC MPE QTIOTEAECUO TO OXNMUOTIOPMO €VOC OULUCTAUOTOC TwV OU0 UAIKwv. H
TIPOCPOPNCN TWV PBOpEwV MPETAAAWVY KOl YEVIKA TWV KOTIOVIWV OE €va UAIKO,
e€aptdtal amd TN OULYKEVIPWAON TOU KATIOVIOG, 10 pH, v 10VIIKA 10X0 TOU
SlOADHATOG KOBWC Kal TNV @Acn Tou Tipoapoenbéviog 10viog. Ot idlol TTapdyovTeg
ETINPEALOLV KOl TNV EKPOENCT TWV KATIOVTWVY OTIO TO LAIKA.

JKOTIOC TNC Tmapoloag JIaTpPIBAC €ival 1 HEAEIN NG TIPOCPOQPNONC ToU
TIOPOUCIAdel TO TIPOAVAPEPOEY  @QUOIKO ULAIKO  (YKAITITNG) Ot OIOQOPETIKEC
OUYKEVTPWOEIC KAdUIoL, NAEKTPOAUTN ouykévipwang O,IN Kal ag dla@opeTIKa pH e
OKOTIO TNV a&loAdynon Ttou LAIKOU autol WG PBEATIWTIKO Ge £dA@N PUTIOCUEVWV HE

KAJUIO.
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1 BiAloypa@ikr) AvaoKkornon

1.1 MKoutitng

O ykaltitng (eikova 1) gival To 0puUKTO TIoL €XEl XNUIKO TuTto FeO(OH) avrkel
OTNV KOTNyopia twv LOPOEEIdIWY Kol KPUOTAAAWVETAI GTO POMPPBIKO cOotnua. Mnpe
TO OVOPO TOU TIPOG TIYAV TOL [EpuUAvVOL TIOINTH, CLYYPAEPEN Kal @IAGco@o Johann
Wolfgang von Goethe (1749-1832). To opuKtO avakaAl@Onke 1o 1806 ot TIEPIOXEQ

¢ Mepuaviac.

Eikéva 1: Opuktd Tou MKaltitn

‘Exet AddpPn adapovtmorn, METAAAIKL, NUIMETOAAIKN, HETAEWON A Bautr). To Xpwua
TOU OIO@EPEL KAl UTIOPEI va TIAPEL TIOAAEC OTIOXPWOEIC TOU KOOTOVOU HEXPI TOU
MadpovL, TOL WXPOKITPIVOU | TOU KOOTAVOKITPIVOU. H OKANPOTNTO TOU KUPAIVETOL
amo 5 - 5,5 Mohs evw 10 €101KO ToL Bdapog amd 3,3- 4,3. MTTopEi va gival nuISIAQAvNG
N adiagavig. Ol KPOOTOAAOI TOU Eival OTIAVIOl TIPIOUOTIKOI HE KOTOKOPULEPEG
ypoauuwaoelg. Eival mpoiov amoodfpwong Twv c1dNPoUXwV OPUKTWVY EVW OTIOTEAEI
METAAAELUA CIONPOU. ZLVAPI OPUKTA HE TOV yKAITITN Bdon Tng Katdtagng tou Strunz

(http2) eival Ta TTapPoKATW:

Mruxiakry AatpiBr - MrieArtqiwtng MNavayiotng 5



Mavemotruo Osocoaiiac

Tunpa MNswnoviag Putiknc Mapaywyrig & AypotikoO MepiBdarovtoc

4/F.06-10 Diaspore AlO (OH)
4/F.06-20 Bohmite AIO (OH)
4/F.06-25 Tsumgallite GaO(OH)
4/F.06-40 Lepidocrocite Fe Y~J+ O(OH)
4/F.06-50 Akaganeite Fe u—3+0(0OH, CI)
4/F.06-60 Feroxyhyte FeJ+ O(OH)
4/F.06-70 Manganite Mnj+ O(OH)
4/F.06-80 Groutite Mni+ O(OH)
4/F.06-90 Feitknechtite Mniji+O(0OH) "

H umapén ykautitn ato mepIBAANov gival TIEpIopIoPEV OXI HOVO aTa €OA@N, OTIOU
TO OPUKTO OUTO €ival TO TIO KOIVO 0Eeidlo Tou CIdrPOL, aAAA €TTiong aTtavIdtol o€
OTTI00€0€IC HETAAAELPATWY, 0 BaAdaala IUaTa Kal g€ BIOAOYIKOUG I0TOUG. ATIO Ta
TEooEPO OEgidla TOu OIdNPOL, 0 AIPATITNG KAl KUPIWG 0 AILMOVITNG €vpioKovTal GE
MEYOAUTEPEC TIOCOTNTEC OTI6 TOV YKOITITN Kol TOV payvntitn. Ta OpuKtd outd
OTIEAELOEPWVOLY  CidNPO KOl  TIPOadidouy  OTOV  €30Q0C  XOPAKTINPIOTIKEG
KOKKIVOKITPIVEG aTIoXpWaElC (KOKKIVOXwHa) (Foreman and Daniel, 1986).

O @UOIKOC YKOITITNG TIOU LTIAPXEl OTO TIEPIBAANOV ouvNBwC dev Bpioketal ot
koBapr poper (a-FeOOH) evw TIEPIEXEL TIPOCUIEEIC aTIO JIAPOPA EEVA OTOIXEID OTIWC
gival to Mn kai 1o H20. Ta TI¢ TIEPICTOTEPEC TIPOOUIEEIC OV EXEL YIVEI CLOTNUATIKA
€peuva Kal Oev gival yvwaoTo yla TA TIEPIOCOTEPA OTOIXEID PE TIOI0 OKPIBWC TPOTIO
OUYKPOTOUVTOlI OTO KPUGOTOAAIKO TIAEypd TOL yKaltitn. To apyiAlo propei va
TIPOCGPOPNOBEl 0 QPKETA HEYAAO TIOOOCTO (TIEPICCOTEPO amd 33%) MPE ICOPOPON
OVTIKATACTOON TOU KOAIOU.

Agv UTIAPXOLV GUYKEKPIPEVA dedOUEVO OE OXEON ME TNV ETIKIVOLVOTNTA YIO TNV
vyeia 1 TGV TOEIKOTNTA TOU TIAPOAC AUTA OEiypOTA TOU OPUKTOU Ba TIPETIEL TTAVTO
va hetaxelpidovral we mavwg TOEIKA N TTIKIVOLVA KOl VO TIAIpVOVTAl T0 KATAAANAQ
METPO.

MeTtd amo €peuveC €xel Bpebei 0TI oTa €dAPN TO TIARPWCE OLEIDWUEVO CEAAVIO
avTdpd KOTd TIPOTIiUNoN ME Ta o&eidla kol LOPOEEIdIa TOU CIdNPOU APO KOl TOV

YKAITITN. H TIpocpoéenon Tou geAnviou amo Tov YKAITITN €ival 1Idlaitepa onuavTIKA
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KOBwW¢ Otav Ta ETTTEdA TOU CEANVIOL OTO £00QOC €ival LYNAG CLXVA CLUCOWPEVETAI
OTO @UTA HE OTIOTEAECHA va dpa TOEIKA oTa (wa Tou Ba Ta katavaAwaoouv (Derek
and Sparks, 2002).

210V €ANOOIKO XWPOo YKAITITNG €Xel Ppebei oe aoPBeotoaboug otnv Kpnm. Ta
TIETPWUATA TNG TIEPIOXNG OUTHC TIEPIEXOLV OCBECTITN T€ TTOCOCTO TIOU KUUOIVETAI aTIO
80% £wC 84% evw Ot PIKPOTEPEG OAVOAOYIEC TIEPIEXOVTAL IAAITNG, XaAadliog, aABitng
Kai ykautitng (MapkOTtouAog et al, 2004).

O yKaITItNG aTttoTeAel €va TApATIPOIOV TNG LOPOUETAAAOLPYIKAG dlOdIKACIAC YIa
TNV TIOPOCKELN PETAAAIKOU Peudapyvpou. E&aitiag tng mapouaoiag mpoayitewv (Zn,
Pb, Ni, Cd, Cuk. T. A) KAl TN¢ HEYAANG TTOCOTNTAC TIOU TTAPAYETAl £€TNTIWG, N dlabean
TOU VYKOITITN OTIoTEAEl €va  coBapo  TIEPIBOAANOVTIKO TIPOPANUO TIOU QVEYEIPEL
KOIVWVIKEC KOl OIKOVOMIKEG OUCKOAIEC vyia NG PIOPnXavie¢ TIOPOCKEUNC
Peudapylpou. MEeAETEC €xouv TIpayuatoTtoindei amo tnv Evpwtaikn ‘Evwon yia v
OVOKUKAWGN TOU YKOITITN 0€ GUVOULACHO HPE GAAA PBIOUNXOVIKA KOTAAOITIA KAl TNV

TIOPACKELN LAIKWV LoAoupyiag ( Pelino et al, 1995).

1.2 Kdaduio

To k&duIo avnkel otnv opdda 1B tou [MMeplodikol TMMivaka. Agv aTtoTeAEi
QTIOPAITNTO OTOIXEIO yIa TOu¢ {wvTavolg OpyavioPoUC Kal gival 1oXupd To&IKO o€
QUTA Kal (wa. H gloaywyr) Tou KadPiou OTo avOPWTIIVO GWHA YIVETAl KUPIWG YE TNV
Tp0@r. O1 opyavicpyoi FAO & WHO umodeikvOouv OTI N MEYIOTN ETUTPETTTN
EloEPXOUEVN TTOCOTNTA Kadpiou gival amd 400 pexpt 500 pyu Cd avda eBdouada, onA.
70 pu Cd avda nuépa (Fassett, 1980). 'EXEl UTTIOAOYIOTEL OTI N TTOCOTNTO TOU KOJWIOL
TIOU €ICAYETAl OTO TNV KaBnuepiv diaita Kupaivetal amd 25 péxpt 75 uyuy Cd avd
nuépa (Pnue et al, 1981). O1 KOTIVIOTEG KABNUEPIVA dEXOVTAIL ETUITIAEOV aTo 20 PEXPL
35 pu Cd. H poUmavaon tou TepIBAANOVTOC OTIO TO KAJMIO APXIOE VA OULEAVETAL TIC
TIPOCQPATEC OEKOETIEG, AOYW TNG TIPOCYPOTNC XPNOIKOTIOINGCTC TOL, O€ aVTiOean e AANO
METAAAQ, OTIWG O PMOALBOOC, 0 XOAKOG KOl 0 LOPAPYLPOC TA OTIOoIA XPNCIUOTIoINBNnKaV

yla aiwveg (Hutton, 1987).
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1.2.1 TpoéAevaon Tov Kadpiov ota Edd@n

a. FeWXNUIKN TIPOEAELOT) TOU Kadpiou: H péan meplekTIKOTNTA g€ Cd Tou QA0IOL TNnG
yNng vTtoAoyidetal ot gival yopw ota 0,1 mg Cd kg (Heinrichs et al., 1980; Bowen,
1979). Ta I{NUATOYEVH] TIETPWUOTA TIEPIEXOUV HUEYOAUTEPEC CUYKEVIPWOEIC Kaduiou,
EVM Ol PWO@OPITEC KOl Ol OXIOTOAIBOI gU@avi{ovTal va €X0UV OKOUN MEYOADTEPEC
ouykevipwoelg (Epstein, 1974). O1 Page kal ouvepydteg 10 1987, uttootripigav OTl
€0d@N TA OTIoIO TIPOEPXOVTAL ATIO NPAICTEIOKA TETpwpata €xouvv 0,1-0,3 mg Cd kg'l
TIETPWHOTOC, EKEIVA TIOU TIPOEPXOVTAL OTIO HETAPOPPWUEVA TiETpwuata 0,1-1 mg Cd
kg’l TIETPWPOTOC KOl EKEIVA TIOU TIPOEPXOVTOL aTto I{nuUaToyevr) Tetpwpoata 0,3-11 mg
Cd kg’l tetppatog.

B. MpooBrkn Kaduiov OTO €d0@MOC UE OTHOOQAIPIKY atmobeon: H ouykévipwan Tou
Kadpiov otov aépa Kuuaivetal amod 1 péxpt 50 ng Cd m‘0 avaAoya améd TNV amocTacn
amo TV TNy ¢ eKmoutn¢ (Jones, 1998). To €0pPOC TNG OULYKEVIPWONC TOU
OTHOC@AIPIKOU Kaduiou atnv Evpwrn ival amd 1 pyéxpt 6 ng m" yia TIG aypPOTIKEG
TEPIOXEC, 3,6-20 ng M yid TIC OOTIKEG TIEPIOXEG KAl 16,5 pEXpl 54 ng m"3 yia TI¢
Blounxavikég TEPIOXEC, @TAvVovIag Ta 11000 ng m'0 ot TIEPIOXEC KOVTIA Of
Blounxavieg emipetdAAwong (Bowen, 1979; Hutton, 1982; Tiller, 1989).

y. MpocOnkn Kadpiou oTo £30@0¢ aTO YEWPYIKA LAIKA: Ta @uo@OPIKA AITTACUATA
BewpolvTal OTI €ival n PEYOAUTEPN TNy Kadupiou ota aypoTika edden. Idiaitepa
LYNAEC €ival Ol CUYKEVIPWOEIC TOL KAdWiou TIou PBpiocKovTal 0TOUC PWGCPOPITEC Ol
OTT0i0I XPNOILOTIOIOUVTAl WC TIPWTN VAN OTIC BIOUNXAVIEC AITTOCUATWY.ZTOV TTivaka |

QVO@QEPOVTOL Ol CLYKEVTPWAOEIC KAOUIOU OTO PWC@POPIKAE AMITTACHATA.
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MpoéAeuan TOU PWOPOPITN EUpog ouyKkEVTPWONG BiBAloypa@IKr] avag@opd
(mg Cd kg'l Mimaoparog)

MolkiAn 0,1-170 Kabata-Pendias, 1992.

MoikiAn 3,340 Jones et al. 1987

Nnoid Touv Eipnvikon 18-91 Williams and David, 1973.

AvTiKEC H.ML.A. <200 Jones et al. 1987

dAwpIda <20 Jones etal. 1987

Morocco 137 Hutton, 1982

H.M.A. 80 Hutton, 1982

Togo 367 Hutton, 1982

ZeveydAn 584 Hutton, 1982

Pwaia 1,8 Hutton, 1982

Tuvnaoia/ Alyepia 137 Hutton, 1982

lopanM/ lopdavia 82 Hutton, 1982

MNivakag 1.2-1: Zuykevipwaoelg Kaduiov ota Pwo@opika AITtaguata

3. MpocOnkn kaduiov oto £da@og amo TNV IAD Tou BIoAoYyIKOU KaBapiopov: ZXedov,
OAOKANPN 1N TIOOOTNTO TOU KOJMIOL TIOU TIEPIEXETOlI OTNV IAD TOU [IOAOYIKOU
KaBaplopov, BPICKETAlI OTO OTEPED LTIOAEIMMUA, TIOU TIOPOUEVEL HETA TN deuTEPORAOUIT
Katepyaoia (Aviwviadng kal Alloway,1998). H ouykévipwon Tou Kaduiou
Kupaivetal amo 17 péxpl 23 mg Cd kg'l &npng ouaiag (Davis, 1983; Williams and
David, 1973, 1976). Ta Opla yia TNV A0 TOU [IOAOYIKOU KaBapIouoU Tou
XPNOIYOTIOIEITal OTN Yewpyia kaBopiomkav otnv AyyAia amd mg Cd kg'l &nprg
ouciag 1o 1980/81 oe 3,2 mg Cd kg'l &npng ovaiag to 1990/91 (Department of the
Environment, UK., 1993).

1.2.2  XnMIKA CUPTIEPIPOPA TOU KAdUIOL OTO £d0(POC

Katd tn S1dBpwon Twv PNTPIKWY TIETPWHUATWY TO KAOUIO OJIOAVETAI OTO €XA@IKO
SlOALPO PE TN POP@N 1OVTWV Cdz'l' (Holm et al, 1996). Emiong €ival duvatd va
Bpioketal pye ) pop@ry avopyovwv GUUTIAOKWV 10VTwv (CdCl+, CdOH+, CdHCO03+,
CdCU, CdCU ', Cd(OH)3',Cd(OH)4 "), aAA& KOl 0pyavIKwV oUUTIAOKWV (Kabata and
Pendias, 1992). H péon TIEPIEKTIKOTNTO TWV £dAQPWV 0 KAJUIO KLpaiveTal amo 0,06

pEXP! 1,1 mg Cd kg'l &npov £da@oug. H uPnASTEPN TIEPIEKTIKOTNTA EPPAVI(ETAl OTA
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Histosols kai €ival 0,78 kal n xaunAotepn ota podzols kai gival 0,37 mg Cd kg'l
&NpPoL edA@ouC. Me Tn Xpron €I0IKWVY HOVTEAWVY EXEL ATIOOEIXOEl OTI o€ O&IVa £8A@N,
OTO €00@PIKO JIAALUO KUPIOPXOUV Ol €ENC MOPEPEC TOU Kaduiou : Cd2+,CdSCx Kal
CdCU2, evw og OAKOAIKG €da@n Cd2+, CdCl+, CdS04 ka1 CdHCO03+ (Sposito and
Page, 1984).

AUO gival o1 aTToudaIoTEPEC dIODIKATIEG Ol OTToiEC AauBdavouy Xwpa oto £dagog: H
OTTI0PPOPNCN TOU KAdUIOUL aT6 TNV OTEPEN @AcN Tou €1A@OUC KOl N KAtaBuBion tou
Kadpiou.

O1 epevvntég Tiller kou ouvepyateg, T10 1979 kaBw¢ Kol Soon 1O 1981,
UTTOCTAPIEAV OTI N TIPOCPOEPNCN TOU KOOUIOL €AEyXEl O HEYOAUTEPO PaBud TNV
OULYKEVTPWOT TOU KAJUIoU aTo £dA@IKO SIAALUA OE OXEan YE TNV KataBubion. Otav n
iU Tov pH TOUL €dAPOULC EETTEPATEL TNV TIMN 7,5 TO KABUIO OEV €ival €UKIVNTO Kal
kataBuBiletal w¢ CdCO3 ) kal w¢ Cd3(P04)2: O John 10 1972, avépepe OTI TO KADUIO
TIPOCPOPATAl EVKOAOTEPA ATIO TNV OPYOAVIKA] OUGia TOU £DAQPOLC Kal AlyOTEPO ATIO TNV
apyiho. O1 Abd-Elfattah kai Wada 1o 1981, vttootpi§av Ot11 Ta 0&gidia Tou aIdr POV
TIOPOUCIALoLY IBIAITEPA AUENUEVN TACN YIa TIPOCPOPNCH TOU Kaduiou. AvaAioya rtav
Kal Ta ouumepacpata twv Gadde kot Laittinen, 10 1974, twv  Forbes Kal
cuvepyatwvy, 10 1976, Twv Street KAl GLVEPYOTWV, T01977.

H OJuvauikr 1o0ppoTiio TIou  armtokaBioTatal avduecoa otnv  TToocoTNTA  TOU
VAATOBIOALTOU KAJMIOUL KOl OTNV TTIOCOTNTO TOU KOJWIOU TIou €XEl TTpoGpOoPNnOEl amo
TN OTEPEN QPACn Tou £dAQPOLC, EEaPTATAl aTo TOuG £€nG Tapayovteg (Pickering, 1982;
Gerritse and Van Driel, 1984): ané 1o pH tou €dd@oucg, amo TIG XNUIKEG IO1I0TNTEC TwWV
IOVTIKQWV HOPP®V TOUL KOdUIou, OTI6 T OTOBEPOTNTO TWV CUPTIAOKWY TOU Kaduiou,
amo TNV 10VIKN 10X0 ToL €da@IKOU OIOAUUOTOC KOl OTI0 TNV TTOPOUGIa 10VIWY TIoU
OpPOLV AVTAYWVICTIKA.

O1 Farrah kol Pickering, to 1977, £€dci€av OTI n TIPOCPOEPNCN TOU KOdUiou
auv&avovtav onuUavTika Pe av&non tng TIPNg tov pH mavw amd tnv tiyn 8. O Garcia-
Miragaya kai Page, 0 1976, o1 Zachara kau Smith, To 1994, kaBw¢ Kai ot Cowan
KOl OLVEPYATEG, TO 1992, avépepav OTI o€ TINEG pH peTagL 6 kat 7, edd@n Ta OTIoia
€XOLV HEYAAN TIEPIEKTIKOTNTO OE OPYAVIKI) OUuCia 1 g€ &vudpa OEeidla Tou aIdKPoUL,

gival duvatod va TIPOCPOPrICOoLY PEYOADTEPEC TIOOOTNTEC KAJWIOU, OE axéan UE Ta
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€0A@N EKEIVO TO OTIOIO TIEPIEXOUV OPUKTA TNG OpyiAou TOu TUTIOU 2:1 KOl HEYAAEG
TINEG CEC. Me tnv adénon ¢ TiuNng tou €da@ikol pH N oLYKEVTPWGN TOL KOdUiou
OTO €30@IKO SIAALUA EAATTWVETAI ETIEIDN TIPAYUATOTIOIOVVTAI Ol £EM¢ dlEPYOTiEC:
QUEAVETAL 1 LOPOAUCT, QLEAVETAL N TACN YlO TIPOCPOENCN TOU KadWiou amd tnv
OTEPEN PACN TOU €DAPOLC KAl aLEAvVOoVTal TO APVNTIKA POPTIO TOL EDAPOUC TA OTIoIx
egaptwvtal amnod 1o pH. To LAATOSIOAUTO KADWIO TIOU BPICKETAL OTO £OAPIKO JIGALUA
gival duvatd va OXNUOTIoEl COUTIAOKA IOVTO KOl EVWOEIC HPE TIANOOC OPYOVIKGV
vTtokotaotatwv. O1 Farrah kai Pickering, 1o 1977, umtootpiéav ot n évwon EDTA
gival duvatd va CUUTIAOKOTIOINCEL GXEDOV OAOKANPN TNV TIOCOTNTA TWV IOVIWY TOU
0100evolC Kaduiov oe €dd@n He TIMEC pH amo 3 péxpl 11. To KAdPIO oxnuartilel
OVIOVIKA CUPTIAOKO MPE TO XOUMIKA Kol @OULABIKA o&ta (Duffy et al.,, 1988) aAAa ta
OOUTIAOKO QUTA €ival AlyOTEPO OTABEPA GE OXEDN UE T GUUTTAOKA TIOU aXNMaTi{ouv 0
XOAKOC Kol 0 MOALPBoog (Tjell et al., 1983; Livens, 1991). O1 opyavikoi
UTTOKOTAGCTOTEC GUMTIAOKOTIOIVTAC TA PBaApEa PETOAAN, EAOTTIWVOULV TN dLVATOTNTA
TIPOCANYNAC TOLG OTIO0 TA QUTA KOl PE TOV TPOTIO QUTO TIEPIOPI(OUV TNV EUQPAVION
TOEIKWV CUUTITWHATWY C€ OUTd. Ta OUUTIAOKO TOU KOOUIOL HE OpYyavIKOUG
UTTOKOTAGCTATEC €ival TIOAD OTOBePd, OTIWC AAAWGCTE Kal Ta avopyava (Bolton et al.,
1996). AvtiBeta Ta eAebBepa Evudpa 0&eidia Tou Kaduiov gival TTOAD TIIO EUKiVNTA Kal
TO&IKA OTO PUTA.

INUOVTIKO POAO OTNV TIPOCPOENGCN TOL KadWioL amoé TNV OTEPEN @ACN TOU
€dd@oug Ttaidel N TTOPoUGia 0TO €0AEIKO SIGAUHA GAAWV 10VTWY, OTIWG TOL aoBEeaTIou,
KOBOATIOL, XpwHiou, XOAKoU, VIKEAIOUL Kal POAUBdOU. Ta I6VTO AUTE  OVOOTEAAOUV
TNV TPOCPOPNCn Tou Kadpiou. O Christensen, T0 1984, uTtoCTAPIEE OTI OTOV N
OUYKEVTPWOTN TOU aOPBeCTiou auviavetal Katd &va cuvieAeoat 10 (m.x. amo 102 M
yivetal 100 M) 10TE €AATTWVETAL N IKAVOTNTA TIPOCPOPNONE TOL Kaduiou amd Eva
OUUOTINAWIEG £00@Q0C KAt 67%. O1 gpeuvnteg Cowan KAl ouvepydrteg, To 1991,
TTOpATAPNoav OTI LTTAPXE! VIOV AVIOYWVIOTIKN dpdon avayesa ota otoixeio Cd kat
Ca yia tnv mpocpoenarn tou¢ ota ogeidla tou oidrpou. O Christensen 10 1984,
UTTOCTNPIEE OTI 0 Zn €XEl YEYOAUTEPN OVOAOCTAATIKN] Opdcon OTnv TIPpoopo@naon tou

Kadpiou, Adyw TOL aVTAYWVICTIKOU HOVTEAOL Langmuir TTou €Ttiong Tapouaoiddel n
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1000epuN TIPOCPOPNOTC Tou. EAATTWGON TN TIPoopdenang Tou KAdWIou TtapatnpEital
ETTioNC, OTaV OTO €DOQIKO SIGALMA €ival aLENUEVN N TTOGOTNTA TWV XAWPIOVIWY. Ta
GUUTIAOKO TOU KOOMIOL PE T 10VTO TOU XAwpiou gival 1Id1aitepa aTtabepd KAl PJE aUTOV
TOV TPOTIO OULEAVETAI 1 KIVNTIKOTNTO TOU KOJWiou, ONnAAdr EAATTWVETAL N
TIPOCPOPNCN TOU aTo TNV aTePEN @acn (Smolders and McLaughlin, 1996; Buchter et
al., 1996). EAATTIWON €MOUEVWE TN TIPOCPOENCNG TOU Kaduiou Tapatnpeital ota
oAaToUXa £04@n, KABWC KAl oTa £0A@N €KEIvVa Ta oTtoio apdebovTal PE OAPULPO VEPOD.
Mapatnpeital EAATIWCN OtV TIPOCPOPNCN TwV HETAAWVYV omd 1O £da@oC, OTaV
LTTAPXOLV XAwpPIoUXA, KATA TNV TIOPOKATwW oelpd: Hg>Cd>Pb>Zn (Evans et al., 1991).
H eAdTION TNG TIPOCPOPNCNG TWV HETAAAWY AUTWV amd 1o £10@OC OPEIAETAl OTNV
IKOVOTNTA TOuC va oxnuati(ouv otabepd CUPTIAOKO MPE T XAwplovia. 'Etol, 1o
METAAAO yivovTal TIEPICOOTEPO dIOBETIUA OTA QUTAL.

O1 gpevvnteg Alloway Kail ouvepydrteg, 1o 1988, o1 Papadopoulos kai Rowell, 10
1988, kabw¢ kal ol Temminghoff Kal cuvepydteg, 1o 1995, £€deiéav OTI o€ €dAQN T
OTIOIO TTIEPIEXOUV HEYAAEG TTO00OTNTEC CaCO03, eAaTtwveral N dIABECIUOTNTA TOU
Kadpiou yiati mpoopogatal amd to CaC03. Ol TapaTavw EPELVNTEG EOEIEAV OTI N
TIPOCPOPNCN TOU KOOWIOL QaTO TOV KOAGITN €ival YyPOUUIK O  XOUNAEC
OUYKeVTPpWaoelg (<1 unoi Cd g'l kaAaitn). H mpoopdenon tou Kadpiou améd Ttov
KOACITN €ival  OULCIOOTIKA  XNUEIOPOPNCN KAl  TIPOYUOTOTIOIEITOl  AOyw  TNG
OVTIKOTAOTAGONC TOU aoBeoTiov amd 10 KASUIO OTOUC ETTIPAVEIOKOVUG KPUGTAAAOULG TOU

calcite (Papadopoulos. and Rowell, 1988).

1.2.3 1000gppeg TOL KAdpiov.

'Exel amodeixBei 0TI N TIPOCPOPNCN TOL KAJUIOU OTI0 TA £QA@IKA KOAAOEIDN IKAVOTIOIE
TI¢ €€l0WOElC Tpoopoéenang tou Langmuir 3 Tou Freundlich. H mpoopognon tou
Kaduiou TipayuatoTIolEiTal ypriyopa Kal armokabiotatal ge mocootd 90%, peca ota
pwta O¢éka Aemtd (Christensen, 1984). MAAB0OC epsuvnTV €XEl OOXOANOsi pe TN
MEAETN TWV I000EPUWVY TIPOCPOPNCNG KAl EKPOPNONC Tou Kadpiov (Selim et al., 1992;
McLaren et al., 1998). To 1986, oi Neal Kal Sposito TTapouGiacav T ATIOTEAECUOTA
NG €midpacng TNG OPYAVIKNC Ouciag TIoU TIEPIEXETAI GTNV IAD TOU [loAoyikoU

KaBaplopov, GTn TIPOCcPOENON TOU KAdWiou amo ta AN, OTIC TIEPITITWOEIC EKEIVEC
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TIOU N OUYKEVIPWGN TOU Kadpiou eival xaunAr.. To 1995, o Shuman e€&tace Vv
ETIOPACN TOU VITPIAO-TPI OEIKOU 0EE0C OTIC I000EPUEG TIPOTPOPNCNC TOU KAdUIoU.

H mpocopo@naon Kal n eKpOEnaon Tou KadUiov, OTIwC Kal TOL PeudapylpPou EAEYXOVTOI
amo TNV TIUN Tou pH, o€ avtiBean pe TNV TTPocpdEnaon Tou JOADBAOUL Kal TOU XOAKOD.
Ol TTooOTNTEG TOL Kadpiou, YeudapylpPou Kol XOAKOU TIOU TIPOCPOQWVTAL €ival o€
11000010 10 péEXPL 50% aVTaAAAEIUEG, VW TOL POAUPBOOL O€ TIOAD UIKPOTEPO TIOCOCTO

(1 péExp1 5 %).

1.2.4 To KAdYIo 01O CLCTNUA £80POC-PUTO

a. To KaduIo otn BpEPn TwV UTMV: TO KAJUIO OTIOTEAEL éva aBPOICTIKO dNANTHPIO Yia
Ta {Wa KAl TOV AvOPWTIO KAl YIO OUTO €XEl MEAETNOEL EKTETAUEVA N TIEPIEKTIKOTNTA
TOU O€ @QUTA KOl O (QUTIKEC TPOPEC. X€ TIEPIOXEC PUTIACUEVEG, TO KAJMIO Eival
dloBEaIPo oTa PUTA, TOCO aTO TO £€d0@POC, OO0 KOl A0 TOV AP, OAAA KOl GE TIOAAEG
TIEPITITWOEIC Ao TO VEPO TIOU XPMNOIUOTIOIEITOI yIa TNV GPOEUCT TWV KOAAIEPYEIWV
(McRaughlin et al., 1999). To onuUAVTIKOTEPO TOEIKO GUUTTITWHO TO OTIOI0 PTIOPEL va
TIOPOULCIACOULY TA @PUTA €ival N avacToAl NG clvBeong NG avBokuavivng Kal NG
XAWPOQUANG (Cunningham et al., 1975; Baszynski et al., 1980). H moootta 1ng
XAWPOQPUAANG TIov oxnuartietal BpEBnNKe OTI €ival CUVAPTNON TNC CLUYKEVTPWONC TOU
Kaduiou Tou BpIioKeTal 0TOUC PUTIKOUC ICTOUC KAl gival duvatd va XPNOIKOTIOINBEl w¢
OeiKTNG yia TNV LYPNAOTEPN KPITIKI] GUYKEVIPWAN TOu Kaduiou ota @utd (Burton et
al., 1986). O1 Kloke kal cuvepydteg To 1984, uTIOAGYICAV OTI N GUYKEVIPWAN TOU
Kadpiou otnv oToia TTapoucIAdeTal QUTOTOEIKOTNTA, gival amo 5 pExptl 10 mg Cd kg'l
&nNpng ouaciag oe evaiobnta @UTIKA €idn, evw ol Machicol kail Beckett, to 1985,
avEPEPAV OTI N KPITIKI CUYKEVTPWOT) TOU Kaduiou Kupaivetal amo 10 péxpt 20 mg Cd
kg’l &npng ouciag. Ta cupTTOUOTO €KEiva T OToia TTOpoLaIAlovTal OTA PUTA O€
VPNAEC OUYKEVIPWOEIC Kadpiov, e€ival 1o €€n¢ Kabuotépnon NG OvATITLENG,
KaTaoTpo®@r] Twv pilev, XAWPWon Twv @UAAWV Kal dnPIoupyia KOKKIVWV-KAEQE
XPWHOTICH®WY OTO AKPA TWV QUAAWV.

B. MpocAnyn tou Kadpiou amd ta @utd: O PACIKOC TIOPAYOVTAG TIOU EAEYXEl TNV
TIPOCANYN ToL Kadpiou amd ta @UTA, €ival n TP ToL pH ToL €dd@ouc. Or Kitagishi
Kal Yamane, 1o 1981, avépepav OTI N TTPOCGANYIN ToL Kaduiou amod omépou puliov

NTav peyoAlTepn o€ pH amo 4,5 péxpt 5,5. MapoAa autd UTTdPXoLV Kal
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OVTIKPOUOUEVA QTIOTEAECUOTO OTA OTIOIO TIAPOUCIAJETAl OTI TO KAJMIO €ival ELKIVNTO
oc OAKOAIKG €ddgn e&aitiog tTou oxnuatiopol cuLPTIAOKWV (Chaney and Homick,
1977; Babich and Stotzky, 1978). Oi Kitagishi kot Yamane, 10 1981, avégepav oTl
OTOV TO QUVAMIKO OEEIDOAVAYWYNC TWV £00Q®WV EAATTWVETAL KaTd 0,14Volt, n
ovoAoyia Tou LAATOSIOAUTOU KOJHIOL EAATIWVETAI, KUPIWG EAITiag NG avaywyng
Twv Beukwv ot Belovxa 16vTa.

‘000 aLEAVETAl N CUYKEVTIPWON TOU KOOUIOL TIOU TIEPIEXETOI OTO E€OAPIKO
SldAvpa, T600 aLEAVETAL Kal N TIPOCANYN Tou Kaduiou amd Ta eUTA. Ta dldgopa €idn
QUTWV TIPOCAAUPBAVOLY JIAPOPETIKEC TTOCOTNTEG KAdMiIoL. H XaunAOGTEPN TTOCOTNTA
Kadpiov €xel TtapatnenBei ota @uUTA pudiol KAl OTO TPIPUAAL Kal N bPnNAOTEPN OTO
OTIOVAKI KOl OTO YOYYUAL To KAJUIO €ival EDKOAO va HETAKIVNOEL Kal JECO OTO QUTO
aTo TIG Pideg TPOC T PUANA, OTIC TIEPITITWOEIC EKEIVEC OUWC TIOU N GUYKEVTPWATN TOU
kaduiou o1o0 €da@IKO OldAvpa  gival vPnA. To TIO ONPOVTIKO  PBIOXNHIKO
XOPOKTINPIOTIKO TOU KOOWIoOU €ival n  €viovn 1don yio oXNUATIOUMO OECUWV HE TIC
OOULAQIOPLAO OPAdEC OPKETWV evwaewy (Lande-Hesse et al., 1994). Emiong, 10 KAdUIO
OnuIovpyei deOUOUC ME TIC TIAEUPIKEC OAUCIOEC TWV TIPWTIEVWV KABWG Kal WE
QPWOPOPIKEG ouadeg. O Dabin kal ouvepydteg 101978 Kail 0 Braude Kol GUVEPYATEC,
10 1980, avépepav OTI TO KADUIO GUYKEVIPWVETAI OTO TIPWIEIVIKA KAACGUOTA TWV
Qutwv. To yeyovog auto €ival I010ITEPO ONUOVTIKO Yyid TO TIPORARUOTO TIOU
TIapouaciadovtal oTny avaropaywyr. H peydAn to&ikr) opdon Tou Kaduiou ota QuTa
OUVOEETAI PE TO YEYOVOCG OTI EUTTODICEL TN dpdan TIOAWV ev{UPwvY. To KABUIO €TtioNg
OVOOTEAAEL TN HETOYpa@r] Tou DNA OTOUC HIKPOOPYAVICUOUG KOl TIOPEUTIOdIZEl TN
oupBiwon pikpoRBiwv kal eutwv. Ot McKenny Kat Vrisacker, 1o 1985, amédeiEav oTl
TO KAOMIO €ival evepyO( TIOPEUTIONIOTAC TNC PBIOAOYIKNC OVAYWYNEC TWV VITPWOWV

IOVTWV 0€ PJoVoEEidio Tou alwTtou

1.3 lo6BepUEC KA HOVTEAD TIPOCPOPNGCNC.

H mpoopdenan 10viwv e avopyava KOAAOEIDN (QUOIKA 1] Ox1) eTTNPEALETAl OTIO

TTOAOUC TTOPAyovTeC. ATIO TOUG TTI0 ONUAVTIKOUC €iVal N GUYKEVTIPWOT TOU
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TIPOCPOPNUEVOU 10VTOG, TO pH TOu JIOAUPOTOC, N IOVTIKK 10XUG TOU OIOAUUATOC, N

Beppuokpaaia, n eLCN TOL TIPOCPOPNHEVOL IOVTOC KAl TOU NAEKTPOADTH.

a. ZUYKEVTIPWAT TIPOCPOPNHUEVOUL 16VTOC

Mevikd ad&non Tng OUYKEVIPWONG TOU 1OVTOC, TNV TIPOCPOENCN TOU OTI0IOU
MEAETAUE, OTO JIGALUA €XEl GOV ATIOTEAECHO TNV aLENOn TNg MPocpoenong tou. H
avénon autr] OuwC autr, dev aKOAouBei Tov idlo pubud oe OAn TO €0POC TwWV

OUYKEVTPWOEWV TIOU XPNOCILOTIoIouVTAL.

B. pH toUL dlIOAVpATOC

To pH Ttou JdloAUpaTOG €ival €vag amd Toug TIAEOV CNUAVTIKOUCG TIOPAYOVTEG TIOU
emnpeddouvv Kal pubpilouvv TNV TIPOCPOPENGCN. Ta OTEPEA TIOU XPNCIUOTIOIOUVTAl OTIG
MEAETEC TIPOCPOPNCNEC PEPOULV OTIC ETUPAVEIEC TOUC EKTOC OTIO TO HOVIUO APVNTIKO
opTiIO AOyw d0ouNg, KOl @OopTia TOo €ido¢ Twv oroiwv e€aptdtal amd To pH Ttou
SlaAvpuaToC.
'ETo1 av pla TTIQAvela UTTopoloE va TtapacTtabei wg S- OH tote autr Ba £pepe @opTio
avaioya pe 1o pH (pH- depended charge).
S- OH S- O - + H20 0¢ BaCIKEG GUVONKEC
S- OH S- OH2+ o€ O&IVEC UVONKEC
Me Bdon AoiTtov TIg dV0 TAPATIAVW AVTIOPACEIC Eival TIPOPAVEC TO GUUTIEPACHO OTI TO
KOTG TI000 £va KOTIOV I} aviOv gival duvVOTOV va TIPOopo@nOei amd pia ETIQAvVEIR
e€aptatal Kal amo 10 pH tou diaAlpaToG. BERala yia TIC TQAVEIEC AUTEG N Evvold
Baolkég 1 6&lveg ouvbnkeg Ot OXeTi(eTal Aueca pe Tn dldkpion pH> 7 1 pH<7,
avTtiotoixa. H d1GKpIon 0€ autr TNV TEPITTTwOoN Yivetal Pe BAon 1o onueio undevikoo
QopTiov, TNV T dnAadn Touv pH ToL SIOAUATOG GTNV OTI0I0 TO GUVOAIKO (QOPTIO NG
ETU@AVEIOG €ival pndeviko. 'ETtol yia pH peyoAUTeEpPo amo TO onueio pndevikoL
(POPTIOL 01 oLVONKEC BewpoLVTal BOCIKEG, EVM YIO PIKPOTEPO pH BewpolvTal OEIVEC.
Fevika n TpoopoéEnon €vocg KATIOVTOC OUEAVETAI 000 AULEAVEL N TIMA Tou pH TOUL

SIOAVUIATOC, EVW EVOC AVIOVTOC 000 TO pH eAaTTWVETAL.
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y. lovTtikr 16X0¢ TOL SIOAVPOTOC

H ouykévipwan Kal n @uacn Tou NAEKTPOAUTN TIOU XPNOIUOTIOIEITOl OTN PMEAETN TNG
TIPOCPOPNCNG EMNPEAOLY TO QAIVOUEVO KUPIWG OGOV a@OopA TN CUYKEVIPWGN TOU
1GVTOC TIOU TIPOCGPOPATAL.

O nAeKTPOAUTNCG XPNOCIUOTIOIEITAl OTa TEIPAPOTA TIPOCPOPNONC ME OKOTIO va
€E00@AAICOEl OTI gg OAN TN CEIPA TwV JEIYUATWY Ba £XOUPE TNV idla 10VTIKA 10X0.
MOAAEC @OPEC O NAEKTPOAUTNG OCUMMETEXEI QAVIOYWVIOTIKA 0ot Jladikagia Tng
TIpoopo@naong. MNa mapdadelypa oe TEPApaTa poapoenaong Cu amo (edABo Ttapouaia
KC1 w¢ NAEKTPOADTN, SIATIOTWONKE OTI CUYXPOVWE UE TN déopevan Tou Cu, AauBAavel
xwpa Kol déapeuon K Kal PJAAIoTa o€ TT0000TO 12,4% OTavV 0 NAEKTPOAUTNG EXEL
ouykévipwaon 0.1N.

Ouwg n ab&naon tNg¢ CLYKEVIPWATC TOU NAEKTPOAUTHN, OTA TIPAYHUATIKG CUGCTHHOTO,
VEVIKA TIPOKOAEL EAATIWON OTNV TIPOGPOEPNCN TOU I1OVIOC TIOU MEAETAPE. AUTO
oupBaivel yiati n ad&non ¢ 10VTIKNG 1I6XV0C EXEl 0OV ATIOTEAECUO TNV aUENCN TOU
OpIBUoL TwWV 10VIWV TIoU Ppiockovial oT1o OIGAUMO KOl PAAICTA  1OVTWV TOU
NAEKTPOADTN. ZTO HEYOAUTEPO TIOCOOTO TWV TIEPITITWOEWY TIPOCPOPNCNE TIOU €XOLV
MEAETNOEIL, deV UTTOPOUKE VO ATIOKAEICOUE TNV UTIOPEN OVTAYWVICTIKNG TIPOCPO@nang
TWV 10VTWV TOU NAEKTPOADTN TAVW OTNV €TTIQAaveld. Kabw¢ Aolirtdv n mopouaia twv
IOVTWV TOU NAEKTPOAUTN YiveTal eviovotepn ( PE TNV av&non tng 10VIIKNAG 1oX00oC)
QUTA avTOaywvidovTal Kal ETTIKPATOUV EVOVTI TV IO0VIWY TIOU HEAETAPE TO OTIOIX
ouvnBwg Bpiokovtal o€ TIOAD PIKPY CUYKEVTPWGN GTO SIAALUA.

EKTOC amd T OUYKEVIPWOT TOU NAEKTPOAUTN KOABOPIOTIKO POA0 OTnv €EEAIEN TOUL
QOIVOUEVOU TNC TIPOCPOPNONC KATEXEL KOl TO €i00C TOU KATIOVIOC 1] aAVIOVTIOG TIOU
QEPEL 0 NAEKTPOAUTNG, KABWC KOl N IKOVOTNTA AUTWV VO TIPOCGPOPWVTOL TNV

egetadOuevn emiQAvela.

3. dAacn TOL TIPOCPOPNUEVOL 1OVTOC

H éktaon tng d€opeuang evog IOVTOC OTIO i ETTIQPAVEID EEAPTATAL ATIO TN OTABEPG
oUVOECNC TOL 1OVIOG MPE TNV eTQAvEIa. ‘OAa Ta 10VTA dgV TIPOCPOPMVTAL KOl Oev
OULYKPOTOUVTAI OTIO PIa €TIQAVEIO PE TOV id10 TpOTTo. 'ETOl TO POIL‘3 npocpocpébvral o€
TIOAD PEYAAN CULYKEVTIPWOT KAl TIO IoXLPa amd Ta SOT2 aAAd Kol omd Ta aAoyova.

ATIO Ta OAOYOVQ, TO 1WAI0 AOYW TOU PEYAAOU PEYEBOULC TOL TIPOCGPOPATAI TTIO OUCKOAN
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amo Ta GAAa. Mo ta PJETOAAO N €KTOON OECPELONG TOUC OE KATIOIO TIPOCPOPENTH
€€apTATal TOGO Ao TIC IBIOTNTEG TWV PETAAAWY 000 KAl Ao TO XOPOKTINPIOTIKA TOU

id10 TOL TIPOCPOPNTH).

1.3.1 10066¢epueg poopdenong

META TNV ApPXIKN ETIA@ TOU OTEPEOD TIPOCPOPNTIKOU KOl TNG TPO TIPOCPOPncn
oucdiog Kol HPE TNV TAPOdO TOU XPOVOL ETIEPXETAl ICOPPOTIIA MPETAEL TNG
TIPOGPOPNUEVNG TTOCOTNTOC KOl TNE OUCIag TIoL gV €XEl TIPOCPOPNOEl amd To OTEPEO.
H katdoTtaon autr XopoKtnpiletal e Tov 0p0 TIPOCGPOPNTIKNA ICOPPOTIIa, OPOC TIOU
ONAWVEL TNV OLVAUIKN 100PPOTIIO PETAED TIPOCPOQPNUEVNG KOl PN TIPOGPO@NUEVNG
ouagiag ov veioTaTal ETAEL TWV dUO PACEWV.

H 100ppoTtia auTA YEVIKA TIOPICTAVETAI PE TO OXNUA

Mpocpopnuévn ouvcia Ka / Kd Mn Ttpoagpo@nuévn ouaia

omou Ka kai Kd ol ataBepeg tpoopo@nang Kal EKpoO@nong avtioToixa.

21N ouvéxela eEetddovial Ol €EI0WOEIC TIOU TIEPIYPAPOLY TO @PAIVOPEVO TNC
tpoapoenaong. Ol To yVwaoTEG amo auTéC sival ol e€lowaelg Langmuir, Freundlich kau

Temkin.

E&iowaon Langmuir
Av éva aéplo A TIPOCPOPATal TIAVW CE JIO ETTIQPAVEID S COP@WVA UE TN GXEON:
N+ SMA.L...S

Kd
TOTE 1o0XVEl Ra= kaP( 1- 8) ka1 Rd= kdO
otmou P egival n Tieon tou agpiov, 1-6 TO AKAAUTITO KAAGUO TNG ETIQAVEING, B TO
KAGopO NG €TU@AVEIOG TIOU €XEl KAAL@OE( pPe TO TIPOGPOQPOUHEVO UAIKO GE
MOvOoUOopIaKO oTpwua, Ra n tax0inta Tpoopo@nong Tou UAIKOU A Tdvw GTnv
eT@avela S kKal Rd n tax0TNTa EKPOPNCTC TOL:
ATIO TNV €€iowon Arhenius éxoupe: ka = Aa e ~EaRT

kd = Ad e “EdRT
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21NV KATacoTaon I60PPOTTIOg OTIOU Ol TaXVUTNTEG TwV 000 aVTIOETWY QaIVOUEVWY, TNG
TIPOCPOPNANC KAl TNC EKPOPNONG Eival ioeg 1oxVEL:
Ra=Rd => kaP( 1- 0) =kd9 =t> Aae EaRT (I- 6)= Ad e EdRT
Q - Aa Ea'RT ™ 0 _ Aa_~Ed-Ea)RT © _ Al ~AHO/RT
1-6»  Ade~EdRT X-0 Al 1-0 Ad
Omouv AHa gival n BgpudTNTa TIPOGPOPNCNG.
H Bewpio Langmuir otn cuvéxela Kavovtag tnv mopadoxn ot AHa = otaBepa

KOTOANYEL oTNV oxéon  omou K otabepd.

Q
MpokoTtel Aoimtov o1t ——— = KP

‘Eotw o011 V 0 OyKOC TOL agPiov TIou EXEl TIpoapo@nOei ae Ttieon P otnv 1copporTtia
ava povada palag otepeol Kal VM 0 OYKOC TOU agPiou TIou TIPETIEL VO TIPOCPO@NOEi
ovd povada palog otepeol otnv idla Tieon P, wote va KoAu@Bei TARpwg 10

MOVOUOPIOKO OTpwa (N YEYIOTN TIPOCPOPNAN), TOTE:

Al =kp=>wv=Vm— ™ —
- v TPV N TV v, ke

7 *m

O aploTeEPOC OPOC TNE TTAPOTIAVW €€icwang eKQPPALEl TO TIOGOCTO ETIIPAVEIOC TIOU
MTTOPED VO KOAUQOEI aTio TTpoopo@nuUéVO LAIKO. H ypa@ik tapdotacn Tou opouv P/V
g€ aguvaptnan ue TNV P Ba pémel va dwael evBeia ypauun Pe kKAion 1/ Vm kal toun
pe Tov d&ova P/ V ion pe 1/ KvVm.

Ze XapnAEg TEaelg 0mou To P Teivel oTo undév n Langmuir Ttaipvel tn yopeny V=
VmKP. Autn n €€icwaon gival yvwoTr] w¢ 1000eppog Henry.

e LWNAEG TIECEIC, N ETUPAVEIO TOU OTEPEOU TEIVEL va KOAUVQOEl TTARpWC amd To
HMOVOUOPIaKO aTpwa Kal TOTE V= Vm.

H popon ¢ 1060epung oc eVOIAUECEC aTO TIC OPIOKEG TIMEC Trieang, e€apTtdtal
amo TNV TP TNG oTabepdc K Kal CUVETIMG aTI0 TNV Bepuokpaaia. OTIwe ava@épOnKe
n Bewpia Langmuir tpolTto0ETEl OTOBEPN BEPUOTNTA TIPpOCPOPNCONG. H mpolmdbean
vt onuepa Bewpeital AavBaaopévn. MAVIWC yio OPKETA CUCTIUATA AEPIOV- OTEPEOD
OAAG KOl LYPOU- OTePEOD, N Langmuir divel TIOAD KOAG OTIOTEAECHOTO.

Oa mpEmel va onuelwBei ot n e€icwan Langmuir (Metcalf & Eddy, 1991):
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lox0el pye TNV TPolTOBeon OTI GXNUOTI(ETAl POVOUOPIOKO OTPWHA TIPOCPOPNOTNC
TAvw OTNV ETUPAVELD.
lox0el pe tnv TPolToBeon OTI N BepuoTNTa TIPpOCTPOPNCoNG AHa diatnpeital otabepn
ge OAn TN OIAPKEID TOU @AIVOUEVOL Kal €ival aveEdPTNTn amd TO0 TTI0C00TO KAALWNG
NG ETUPAVEING OTIO TIPOCPOPNUEVI OLTia.
Agv AauPavel uvmoyn TuXOV HETOTPOTIEC TNG TIPOCPOPNUEVNCG OUGIOC, CULVETTEIN
avVTIOPACEWY, TIAVW CTNV ETTIPAVEIQ.
H mtpocapdenaon TeplopileTal Ge GUYKEKPIUEVEC TIEPIOXEC NG ETTIPAVEING (EVIOTUIOUEVN
TIPOCPOPENAN).

Mop@£g 1000gpung Langmuir TIou TTEPIYPAQPEL TNV TIPOCTPOPNCT) LYPOL OTIO OTEPED
UTTOCTPWHA.

H eficwon Langmuir TIPOKEINEVOL VO XPNOIUOTIOINBED yio TNV TEPIYPA@ TNG
TIPOCPOPNANC LYPOU ATIO OTEPED TTAIPVEL TN HOPPN:

X __ (xXIim)maxKC _ > XmXiKC
m 1+ KC 1+ KC

OTIOU X/m n TIOCOTINTA TNG TIPOCPOPNUEVNC Ouciag ava povada  palag otepeol
deiyyatog n oroia gt oLVEXEID TTAPICTAVETAIL w¢ X, C N CLUYKEVTPWON TNG ouaiag oTo
SdldAupa otV Katdotaon loopporTtiag (Sawyer, McCarty & Parkin, 1994). H egiowon
Langmuir pe autr v Popen €XEl XpNOIPOTIOINBEl amd TTOAAOUC €PELVNTEG VIO TNV
TIEPIYPA@T] TOU QOAIVOUEVOUL TNE TIPOCPOENONC. 'EXEl €TTiONC YiVEL AVTIKEIJEVO KPITIKAG
yla TNV opBOTNTa XPNOoIYoTIoINCN NG OTa GUCTHUATA UYPOU- OTEPEOD OGOV APOPa
TOUAAXIOTOV TNV TIEPITITWAN TIOU TO OTEPEO Eival €dA@IKO Oeiyua 1 €va OpuUKTO.
Kdavovtag YETATPOTIEG OTNV TIOPOTIAVW EEITWOT], TIPOKVTITEL

= X oKC s> X + XKC = x,, KRC S —L1¥KC_C 1 _,.C

1+ KC X XmmK X XmaxK

H mopamdvw €&iocwon OTIC TIEPICOOTEPEC TIEPITITWOEIC Oev divel guBeia OmwC
OVOMPEVETAlL KOl OUTO O@EeiAeTal KLpIWG OTO OTI N Bewpio avamtuXOnke yio va
TIEPIYPAPEL TNV TIPOCPOPNCN OEPiwV amd OTeEPEd. TNV TIPOCPOPNCN depiou aTo
OTEPED, TO POPIO TOU OEPIOL TIPOTPOPOVTAI OE EVEPYEC BETEIC TOL OTEPEOV( TIOPOUC).
AVTIOETO oTNV TIPOCGPOPNCN LYPOU aTI6 OTEPED, N TIPOCPOPNCT CWHATISIWV( HOpPIWV N
OTOPWVY) CUVETIAYETOI TNV OVTIKATACTACT] EVOC AAAOL GwuaTIdiov TIou PpioKeTal TNV

ETUPAVEID TOL OTEPEOD KOl TO OTI0I0 TIEPVA aTo dIdALHA. MPORANUa otV
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Mavemotuio Oscoaiiag

Tunpa Nswnoviag Putiknrg Mapaywyrg & Aypotiko0 MNepiBdarovtog

XpnoigoTioinon Tng Langmuir TtapatnpEeital aTov UTTIOAOYIOHO TNG PEYIOTNG TTOCOTNTOG
TIOU UTIOPE( va TtPpoapo@nOei amo 1o LTTOCTPWHA. H PEYIOTN AUTH TTOCOTNTA TIOU

uTIoAOYI{ETal Ao TNV KAION TNC YPOAQIKNC Ttapdotacng C/ X ae cuvaptnon pe 1o C,
O&V CUUTTITITEI( O€ TIOAAEG TIEPITITWOEIC) PE TNV TIEIPAUOTIKA TIpoadiopl{ouevn. IMNa 1o
AOyo autd n Xmax uTtoAoyiletal cuvribw¢ amd TNV ypagikn Tmapdactacn X= f(C) -

1000epun cvotiuatog (Metcalf & Eddy, 1991).

E&iowon Freundlich

H egiowon Freundlich opicBnke apXiK& ¢ EUTIEIPIKA OXEON, KOTOTIV OUWC
EPUNVEVTNKE BewPNTIKA, PE TN XPron €vog HOVIEAOL TIPOCPOPNONG OTO OTIOI0 N
BepudTNTO TIPOCPOPNONG HETOPAAAETOlI EKBETIKA HE TO TIOCOCTO KAALWNG TNG
ETQPAVEING- LTTOOTPWHATOC. H e€iowan Freundlich og avtiBeon pe Tnv Langmuir, dev
Bewpei uTTaPEN avwTaTou opiov TTpoapo@nong ( Xmax).

ZUUPWVa PE TN Bewpia auTh:

6= APB 1 Y=APB omou A otaBepd Kai 10 B divetal amo ) oxéon:
RT
B= 3nN:

H e&iowan Freundlich déxetan 0TI N AHO PETORAAAETOL KOl PAAIOTO EAATTWVETAI
ME TNV TIPOCPOPNaT), dNAQSK HE TNV KAALUYN TNG ETIIPAVEIOC AOYW TIPOCPOENCNE, Apa
egaptdtal amnd 10 6 guuewva pe t oxéon : - AHa= Ind omou n apxikn BepuotnTa
TIPOCPOPNCNC OTaV TO O TEiVEL OTO PUNdEV.

RT

‘Etol: B =--—--—--—— omou In6 <0, dioT B <1.
AHa/In6

H egiowon Freundlich Ttpokeiyévou va xpnoigoroinBsi yia v Teplypaen tng
TIPOCPOPNCNG LYPOD aTIO OTEPED UTIOCTPWHO TPOTIOTIOIEITAI W¢ €ENC:
— = ACP <=> X = ACP O logX = logA + BE"® pe 0< f <1.
m
H e@apuoyn Twv TEIPAPOTIKWY Oe0UEVWV GTNV AOYapIBUOTIOINUEVN HOPQN TNG
apamavw e&icwan divel euBeieg pe kKAion B kal Topn Ye Tov d&ova logX ion pe logA.
H e€iowon Freundlich €xel xpnoluoTIoinNdei amo TTOAAOUC EPELVNTEC YIA TNV TIEPIYPAPN

Ol0@OPWV CUCTNUATWY, UE ETIITUXIA.
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Moavemotuo Osocoaiiag

Tunpa Mewnoviag PutikAg Mapaywyng & Aypotiko MNepiBaArovtoc

E&iowon Temkin

H 1006gppog autn ival ival pia apaiiayr] tng 10008epung Langmuir kai dEXeTal
o1t AHa = f(0), Kal £xEl yla TNV TIPOCPO@ENaCN LYPoL amd GTEPED, TN HOPON:
X=o0+b InC
ormouv a= RTXmax In(A/B), b= RTXmax/ B, o6mouv R n Taykocopia otobepd Twv
agpiwv, T n amoAutn Bepuokpacia, A=ea/b Kal B otabepéc. O1 otabepég A Kal B
EVEXOUV OpouC TIou KaBopidouvv To olOTNUA, dNAAdN TNV AHO KaBW¢ Kal TIC OTaBEPEC

Arhenius Ad kai Aa (lwavvou A. 2001).
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Mavemotuo Oscoaiac

Tunpua Mewmoviag Putikng Mapaywyng & Aypotikov MepiBdarovtog

2 YAIKA Kol MgBodol

2.1 AlOAOUOTO NAEKTPOAUTN

210 TEipapa Xpnoigoroionke dlaAupa NAeKTPoALTn KC1 ocuykévipwong 0,1 N.
MNa v Topoacokewr] Tou dloAVPOTOC apXIKG {uyiotnkav 7,453gr otepeol KC1 Kail
METOPEPONKOV GE OYKOMETPIKI QIAAN TOU €VOG AITPOL KOl GUUTIANPWONKE PEXPL TNV
XOpoyn HE OTIECTAYUEVO VEPO. TN OULVEXEID TO OIAAUPO TOU NAEKTPOAUTN UE
ouykevipwaon O,IM puBpuiletal o pH 4,5,6,7,8 Kal 9 Ot ETIPEPOLE PIAAEC. APXIKA
yivetal yétpnaon tov pH pe ™ Bonbela mexauérpov. H puBbuion tou pH yivetal pe n
xprion KOH aog mepimtwan mou 10 pH €ival HIkpoTePOo amd 1o emmBuYNTO KAl PE XPron

HC1 og mepimtwon mou 1o pH gival peyaAltepo.

2.2 AloAOpata Kadpiov

2e 5 OYKOMUETPIKEC O@IOAEC Twv 100ml Tpootédnkav  4,8,16,32 kai 64mi
avTioToixa omd TPOTUTIO JIGALUA Kadpiou cuykévipwaong lI000ppm. ZTn GUVEXEID

CUUTIANPWONKAY PEXPL TNV XOPAYN UE OTIECTOYHEVO VEPO.

2.3 AlodIKagia Tou TEIpApaToC.

MEeAETNONKE n TPOCPOPNCN TOU KOJWIOL amd TOV YKAITITN Ot OIAPOPEQ

OUYKEVTPWOEIC Kaduiou, diagopa pH kal ocuykévipwan NAeKTPoADTn O,IN.

2.3.1 MEeAETN TPoapoOPnang

ApXIKa Cuyioupe 0,2 gr YKAITITN KAl T TOTIOBETOVUE OE TIAACTIKA QIOAIDIO TWV
100ml. XV ouvéxela TIpooTiBetal 0 nAsktpoAutng pe pH 4,5,6,7,8 kot 9 oe 6
OWOEKADEC PIOAISIWV aVTIOTOIXA .Z€ KABE dWIEKAdA @IaAIdIWV TIPOCTIOevVTal avd dLo
@IOAIdI0 2ml Kadpiou amd TIC TIEVIE OIOQOPETIKEG CUYKEVIPWOEIS ME TN XpPnon

OlPWVIoL TIANPWONG. ZTa OUO TIPWTO PIOAIdIA OEV TIPOGOETOLHE KASHIO OAAG 2m
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Mavemotruo Oscoaiiag

TunRpa Mswnoviag Putiknc MNapaywyric & AypotikoO MNepiBdArovTtog

OTIECTAYUEVO VEPO. Ta @IOAIOIO auTA aTtoTEAOUV TO TUQPAO deiypa. Ta  @loAidia
avakivoovTal yio 48h Kal GTn ouVEXEID agrvovTal 12h yia va I60ppoTIRCEl TO PEyUa.

MeTd amd auto To JIACTNUA Ta deiyuata dinBouvtal. 10 dIénua TTPoadiopileTal n
TIOOOTNTO TOU KOTIOVTOC TIOU OTIEUEIVE PETA TNV Tpoopoenarn. O Tpoadlopioudq

yiveTal e aTOUIKI aTTIoppoQnan.

2.4 APXEC (PACUOTOOKOTIIOG ATOMIKNG ATTIOPPOPNONG

H pébodog tnNg ATOMIKAC AToppdenong e€ival pia TEXVIKA TPoadlopicuol
ola@opwv otoixeiwv Paci{ouevn oOTa OTOMIKA @QACUATO TWV COTOIXEIWV  aUTWV.
Mapatnpeital amoppoenaon KATAAANANG €EWTEPIKNC aKTIVOPBOAIOC amd ta ATOPO TIoU
Bpiokovtal o€ BePeAION KATACTOCON Kal HETABOCN QUTWV OE JIEYEPUEVN.

MNa éva TpoKaBopPICUEVO PNKOG KOPOTOG, TIOU €EOPTATAI OTIO TO TIPOCdIOPI{OUEVO
OTOIXEi0 Kal amd TIC TIEIPAMATIKEG TUVONKEG, N aTIoPPOPNCN TNG OKTIVOPBOAIOG eival
avAAOYN TNC CUYKEVIPWOTNC TOU GTOIXEIOL OTO dEiyua TTOU OTOUOTIOIEITAIL.
Ta 6pyava TNG ATOMIKNAG ATopPOPNONG YEVIKA TIEPIAAUBAVOLY Ta €ENC PEPN !
> To o0OTNUO EKTIOUTIAC OKTIVOBOAIOC (AUXVIEQ).
To ouotnua atoportoinong (WeKaaTtpac- ADXVOG-QAGYQ).
To OTTIKO CUCTNUO (PIATPA- HOVOXPWHATOPEC).

W To PWTOUETPIKO CUCTNUA (PWTOOVIXVEUTEC- EVIOXUTEG-TIOTEVOIOUETPO)

To oToLdAIOTEPO TUAMO OTA OpPyova TNG ATOMIKNG aToppo@nong Eival To TUAPA
OTO OTIoi0 TO deiyua , a@ol €XeEl OIOAUTOTIOINOEI, TIPETIEl VO PETOTPOTIEI OE VEQPOC
atopwv. H diadikaaoia autr gival yvwaoTr] w¢ aTopoTIoinon Kal gival uttebbuvn yia TNV
evalcONGia Kal TNV EMAVOANPILOTNTO TNE PEBBGBOU.

‘Otav 10 dIdAvua Tou delyuaTog PE HOPQN MIKPpWVY oTtayovidiwv Bpedei ae uPnAn
Bepuokpaaia, apxIKa Tapatnpeital €€ATUION TOU JIOADTN A@AVOVTAC CWHOTIOIN
GAOTOG KOl OTNV CUVEXEID €va PEPOC OTIO AUTA dIOCTIWVTOL € EAEVOEpPA ATOUA.
Emopévig, aTttaiteital vPnAn BEPUIKN EVEPYEIQ, N OTIOIO UTIOPE va eTITELXOEl €ite
amo TNV Kadon Hiyhatog agpiwv (aToPIKI amoppoenan @AOyac), €ite amo Tn Xpron

NAEKTPIKIG EVEPYEIOG (OTOUIKN OTIOPPOPNOT BEPUAIVOUEVOL Ypa@iTn).
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Mavemotuio Osooaiiac

Tunua MNswnoviag Putikrg Mapaywyrig & AypotikoO MNMepiBarrovtoc

Emeidn n péBodog ¢ ATOMIKNG ATTOppOEnaong otnpidetal oto TARB0C TwV ATOPWY
TIOU OXNUOTIOVTAl OTO XWPO TNE PAGYAg, 0 PUBUOC avappoPnaong Kal WPeKaouou Tou
SlIOAVUOTOC GTO BAAAUO TIPOOVAUIENG Ba TIPETIEI VO TTOPAUEVEL OTABEPOC. To pEyebog
TWV oTayOVWV TIou aXnuatidovtal Katd Tov PEKATUO Eival KaBOPIGTIKO yia TNV TIPNA
NG aTmopPOPNANE oL AAUPBAVETAL OTIO TA ATOUA TOU CTOIXEIOL TIOU TIEPIEXOVTOI HETO

o€ OUTEC.
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Mavemotrnuio Oscoaiiag

Tunpa MNswnoviag PutiknAg MNMapaywync & AypotikoO MepiBdArovtog

3 AtoteAéopata Kal Zudrtnon

3.1 MEeAETN TNC CLUTIEPIPOPAC TOL TIPOCGPOPoLEVOU Cd aTo Tov
YKOITITN g€ ouVAPTNON UE TNV apXIKr) CLYKEVTIPwWGN Tov Cd

oto didAvpa. X=f(Co) X=a*Cozb

Ta daypdpuata 3.1.1 €w¢ 3.1.6 TapIoTAVOUV TO TIGGO TNG TIPOCPOPNCNC OE
guVAPTNON HE TO TI0CO NG APXIKNC OLYKEVIPpWANG Tou Cd oto didAvua og pH armo 4
€w¢ 9 Kal Ttapouasia NAeKTPOALTN O,IN. Omwe @aivetal amo Ta dlaypAUUOTa KAl TNV
vPWNAA TP TOLU OULVTEAEDTH] cuoxetiong (mivakag 3.1.1 €w¢ 3.1.6) 10 TOCO NG
TIPOoPOPNaNC au&AveTal aAVAAOyO HE TO TIOGO TNC OAPXIKNC OUYKEVIpwong. H

MEYOADTEPN TIPOCPOQPNOT) TTAPATNPNONKE 010 pPH=6 Kol n PIKpOTEPN OTO0 pH=4.
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Mavemotruo Oscoaiiag

Tunua MNswnoviag Putiknc MNapaywyrig & Aypotikov MNepiBairovtocg

X=f(Co) KCLO,IN PH=4

Aldypappa 3.1-1: H poapognan Tou kadpiov X (pg Cd/g ykaltitn) o€ ouvaptnon Pe TNV apxIkn
OGLYKEVTPWAON Tou Kadpiov Co (pg Cd/ml diaAlpaTog) ae pH=4 Kal NAeKTpoAUT KC1 O,IN.

pH a b R?
4 136,2 348,97 0,9652

Mivakag 3.1-1: O1 otafepég a Kal b Kal 0 GLUVTEAETTAC cuoxeTiong (R2) TNG e€icwang

TIpoopdéenaong yia pH=4.

ATO 10 TapPOTIAvw JIAYPAUMUA TIAPATNPEOUPE OTI N GXECT TIOU COULVOEEL TNV TTOGOTNTA
TOU KOOMIOL TIOU TIPOCPOQPATOlI CE CULUVAPTNON HE TNV OPXIKA] CUYKEVIPWON TOU
Kadupiou, ot pH=4 kal nAektpoAutn KC1 O,IN, eival ypoauuikrl. O uynAog
OUVTEAEDTNC ouoxetiong (0,9652) arodelkkviel OTI N Oxéon Twv 000 TIOCOTHTWVY

Kadpiou, gival evBEwC avaoyn.
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Mavemotuio Osocoaiiag

Tunua MNswnoviag PutikAg Mapaywyng & Aypotiko MepiBaArovtog

X=f(Co) KCLO,1N PH=5

Aldypappa 3.1-2: H tpoopognaon tou kaduiov X (pg Cd/g yKaltitn) ae cuvaptnon e TNV opxIKA
OGULYKEVTPWOT) Tou Kadpiov Co (pg Cd/ml diaAbpotog) oe pH=5 Kal nAektpoAlTtn KC1 O,IN.

pH a b R?
5 137,31 292,49 0,9644

Mivakag 3.1-2: O1 otafepé¢ a Kal b Kol o ouvieAeotr)¢ cuoxétiong (R2) tng eéiowaong

mpoapdenang yia pH=5.

ATIO TO TapaATIdvw SIAYPOAPUO TIAPATNPOUKE OTI N GXEON TIOL CUVOEEL TNV TIOCOTNTA
TOU KOOUIOL TIOU TIPOCPOPATAl OE CULUVAPTNGN ME TNV OPXIKI OULYKEVIPWON TOU
Kadpiou, o€ pH=5 kKal nAekTpoALTN KC1 O,IN, eival ypapuik. O uvPnAog
OULVTEAEDTNCG ouoXETiong (0,9644), TepiTIou (00C PE TOV CUVTIEAEDTI) CUCXETIONG YO

pH=4, amodelkvOel OTI N GxEan Twv 600 TTOCOTNTWV Kaduiou, gival evBEwC avaioyn.
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Mavemotruo Osooaiiog

Tpnua MNswnoviag Putikng Mapaywyng & Aypotikov MepiBaArovtog

X=f(Co) KCLO.IN PH=6

Aldypoppua 3.1-3: H mpoopdenon tou kaduiov X (ug Cd/g yKaAITitn) g cuvaptnon Ke TNV apXIKN
OLYKEVTPWAT ToL Kadpiov Co (pg Cd/ml diaAlpatog) oe pH=6 Kal nAekTpoAuTn KC1 0,1N.

PH a b R?
6 162,23 489,85 0,9538

Mivakag 3.1-3: O1 otabepég a kal b kal 0 ouvteheot¢ ouoxétiong (R2) g ediowaong

TPOaPOPNaNC yio pH=6.

ATIO TO TIOPATIOVW OIAYPAUUO TIOPATNPOVUE OTI N OXECN TIOU GUVOEELI TNV TTOCOTNTA
TOU KOOWIOU TIOU TIPOCPOEATAl O GUVAPTNGN HE TNV OPXIK CULUYKEVIPWON TOU
kaduiou, ge pH=6 Kal nNAeKTPoALTN KC1 O,IN, eival ypapuiki. O apketd uvynAog
ouvTeAeoTC ocuoxétiong (0,9538) armodelkvlel OTI N Oxéon Twv OU0 TIOCOTNTWVY

kadpiov, gival eVBEWC avaioyn.
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Mavemotnuio OsoooAiag

Tunpa Mewmoviag Putiknc MNapaywyric & Aypotiko lMepiBarrovtog

X=f(Co) KCL 0,1N PH=7

Alaypappua 3.1-4: H mpoopdenon tou Kadpiou X (pg Cd/g ykaltitn) ae cuvdapTtnaon Ke TNV apXIKn
OULYKEVTPWGN Tou Kadpiov Co (pg Cd/ml diaAbpoatoc) oe pH=7 Kal nAektpoAutn KC1 O,IN.

pH a b R?
7 138,19 333,52 0,9636

Mivakag 3.1-4: O1 otabepéq a Kal b kal o ouvieAeot|¢ ocuoxétong (R tng eéiowong

TIPOCaPOPNONG yia pH=7.

ATIO TO TIOPOTIAV®W OIAYPOUMA TIAPOTNEOVUUE OTI I GXECN TIOU COULVOEEL TNV TTOCOTNTA
TOU KOOMIOL TIOU TIPOCPOQATOlI O CULVAPTNCTN HE TNV OPXIKI CUYKEVIPWON TOU
Kadpiov, oe pH=7 kal nAektpoAUTtn KC1 O,IN, gival ypappiki.O uPnAOC CLVTEAEDTHC
ouoxEtiong (0,9636) attodelkvlel OTI N OXEOn Twv 000 TIOOOTATWY Kaduiov, eival

EVBEWC avaioyn.
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TpRua Mswnoviag Putiknc MNapaywyrig & Aypotiko lMepiBaarovtoc

X=f(Co) KCLO0,LN PH=8

Aldypaupa 3.1-5: H poapognaon tou kadpiov X (pg Cd/g ykaititn) o€ ouvaptnon Pe TNV apxIkn
GULYKEVTPWOT) Tou Kaduiou Co (pg Cd/ml dloAbpoatoc) o pH=8 Kal NAekTpoALTN KC1 O,IN.

pH a b R?
8 139,35 347,85 0,9616

Mivakag 3.1-5: O1 otofepéc a Kal b kal o ouviedeot¢ ouoxétiong (R2) tng egiowaong

Tpoopdenang yia pH=8.

ATIO TO TOPATIAVW SIAYPAUMUO TIAPOTNPOVYE OTI N OoX€CN TIOU CUVOEEL TNV TTOCOTNTA
TOU KOOMIOUL TIOL TIPOCPOQATOI CE CUVAPTNCON ME TNV OPXIKA CUYKEVIPWAN TOU
kaduiou, og pH=8 kail NAeKTpOoAUTN KC1 O,IN, gival ypapuik.O uPnAOGC GUVTEAEDTHG
ouoxétiong (0,9616) armodelkvuel OTI N oxéon Ttwv dV0 TIOCOTATWY Kaduiovu, eival

€VBEWC avaioyn.
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Tunpa Nswnoviag Putiknig Mapaywyng & Aypotikov MepiBdarovtog

X=f(Co) KCLO.IN PH=9

Alaypaupa 3.1-6: poapoenan tou Kadpiov X (g Cd/g yKaltitn) oe ouvapnaon HE TNV apXIKN
OULYKEVTPWOT) Tou Kadpiov Co (pg Cd/ml diaAbpatoc) og pH=9 Kail NAektpoADTn KC1 O,IN.

pH a b R2
9 134,61 234,75 0,9548

Mivakag 3.1-6: O1 otaBepé¢ a Kal b Kol 0 cuvieheotig cuoxétiong (R tng e&iowong

TPOCPOPNONG yio pH=9.

ATIO TO TOPATIAVW BIAYPAUUO TIOPATNPEOUKE OTI N OXECN TIOL GUVOEEL TNV TTOCOTNTA
TOU KOOMIOU TIOU TIPOCPOPATAl  CE CULUVAPTNGCN HE TNV APXIKI] OUYKEVIPWON TOU
Kadpiou, age pH=9 kal nAektpoAutn KC1 O,IN, gival ypaupikni.O apKeTa uynAog
OULVTEAEOTNC ouoXEtiong (0,9548) armodelkvlel OTI N oXéon Twv dU0 TIOCOTHTWV

Kadpiou, gival euBEwg avaioyn.
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Tunpa MNswmoviag Putiknc Mapaywyric & Aypotikou MepiBaArovtoc

3.2 MeAETN Ttpooapuoyng NG eicwong Langmuir
C/X=(I/KXmax)-(I/Xmax)C ota TIEIpapatiKa dedouEVQ.

Ta daypdauuata 3.2.1 €w¢ 3.2.6 TOPIOTAVOUV TNV TIPOCOPHOYN TNG e&icwang
Langmuir ota Teipayatika pag dedopéva ota pH amd 4 éwg 9 kal Tapouaia
nAektpoAUutn KO=0,1N. Onw¢ @aivetal amd ta dlaypduuota Kal TV TP Tou
ouvieAeoTr] ouoxétiong (mivokag 3.2.1 ¢éw¢ 3.2.6) n efiowon Langmuir €xel
IKOIVOTIOINTIKY Ttpocapuoyn ota pH 9 Kol 8, akoAouvBolv Ta pH 7,45 pe ApKeTd

IKOIVOTTOINTIKI) TIPOCOPUOYN KAl OV OVTATIOKPivETal oTo pH 6.
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Mavemotriuio Osoooiiac

Tunpa Mewnoviag PutikAg Mapaywyrig & AypotikoO MepiBarrovtog

Langmuir KCLO,1N PH=4

Alaypappa 3.2-1: O Adyog TnNG ouykévTpwang looppotiag (C mg/40ml) mpog To mMoad NG ouaiag
TIOU TIPOCPOPATAl (X mg/g) g€ cLVAPTNON HE TN GUYKEVIPWOT] IG0PPOTIIaG o pH=4 Kal Ttapouaia
NAEKTPOAUTN KO=0,1N.

pH Xmax K R?
4 454,54 0,0021 0,8586
MNivakag 3.2-1: O1 TIHEC TNC PEYIOTNG Tpoopdenong (Xmax mg/g) tng otabepo¢ K Kal tou

GUVTEAEDTN ouoXETiong R2 g e€icwang Langmuir yio pH=4.

Onw¢ @aivetal amdé 1o TOPATIAVW OIAYPAUUA N TIPOCOPMHOYH TWV TIEIPOPATIKWY
oedopévwy atnv e€icwon Langmuir ae pH=4 kal tapouaia NAeKTpoAUTn (KC1==0,1N)
€ival OPKETA IKAVOTIOINTIKI OTIWE OTIOOEIKVUETAL KOl OTIO TO OUVTEAECTH] YPOUUIKIG

ouoxétiong (R2).
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Mavemotruio Oscoaiiog

Tunua Mswnoviag Putiknc MNMapaywyrig & Aypotikoo lMepiBdarrovtocg

Langmuir KCL 0,1N PH=5

Aldypappa 3.2-2: O A0yo¢ TNG GLYKEVTPWONC looppoTtiag (C mg/40ml) Ttpo¢ To ToG6 TNE ouaiag
Tou Ttpoapo@dtal (X mg/g) o€ cuVAPTNON HUE TN GUYKEVIPWAT I00pPOTIIOG 0 PH=5 Kal TTapouaia
NAeKTPOAUTN KO=0,1N.

pH Xmax K R?
5 500 0,0022 0,8371

Mivakag 3.2-2: Ol TIPEG NG MEYIoOTNG TIpoapoenaon (Xmax mg/g) tng otabepdg K Kal Tou

OULVTEAEDTH cuoxétiong R2 g e€iowang Langmuir yia pH=5.

Omnwg @aivetal amd TO TAPOTIAVW OIAYPOUUO 1 TIPOCAPUOYH TWV TIEIPANOTIKWV
oedopévwy atnv e€icwon Langmuir e pH=5 Kai mtapouaio NAekTpoADTn (KC1=0,1N)
€ival OPKETA IKOVOTIOINTIKI OTWC OTIOOEIKVUETAL KOl OTIO TOV CUVTEAEDTH] YPOUUIKNAG

guoxétiong (R2).
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Mavemotriuo Oscoaiiag

Turua Mewmoviag Putikrg Mapaywyric & Aypotikov MepiBarrovtoc

Langmuir KCL 0,1 N PH=6

Aldypappa 3.2-3: O Aoyog TNG ouykévipwang looppottiag (C mg/40ml) mpog 10 T0ad TNG ouaiag
TIOU TIpOCPOPATOl (X MQ/g) g€ CLVAPTNON UE TN GUYKEVTIPWAOT 100pPOTIinG e pH=6 Kal Ttapouaia
NAeKTPoAUTN KO=0,1N.

pH Xmax K R?
6 256,41 0,0029 0,46,02
Mivakag 3.2-3: O1 TIHEG TNC MEYIOTNG TIPocpdenong (Xmax mg/g) g otabepd K Kal tou

oLVTEAEDTN cuoxEtiong R? g e€iowaong Langmuir yia pH=6.

Onw¢ @aiveTal amd TO TAPATIAVW OIAYPAPUO N TIPOCOPUOYN TwV TIEIPOUATIKWY
oedopévwy otnv e€icwan Langmuir og pH=6 kol tapouacio NAeKTPoADT (KC1=0,1N)
€ival apKETA IKAVOTIOINTIKI OTIwC ATIOOEIKVUETOL KAl OTIO TOV CUVTIEAECTH YPOUMIKIC

ouoxetiong (R2).
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Mavemotriuo Oscoaiiag

Tpnpua Mswnoviag Putikng Mapaywyrig & AypotikoO lMNepiBaArovtog

Langmuir KCL 0,1N PH=7

Aldypoppa 3.2-4: O AOyog TNG CLYKEVTpWONC looppoTtiag (C mg/40ml) Tpog To oao TNE ouaiag
Tou Ttpoapo@dtal (X mg/g) o€ cuVAPTNGN HE TN CUYKEVIPWON I00PPOTIiaG 08 pH=6 Kal TTOPoUaia
NAEKTPOAUTN KC1=0,1N.

pH Xmax K R?
7 625 0,002 0,8915

Mivakag 3.2-4: O1 TIpNéC TNC PEYIOTNE Tipoopoenong (Xmax mg/g) tng otabepdg K Kal Tou
OULVTEAEDTH) OLOXETIONG R2 NG e€iowaong Langmuir yia pH=7.

Omw¢ @aiveTal omd TO TOPATIAVW OIAYPOUUA N TIPOCOPUOYN TwV TIEIPOUOTIKWY
0edopévwy otnv e€iowan Langmuir oe pH=7 Kal tapouaia nAektpoAuTtn (KO=0,1N)
€ival OpPKETA IKAVOTIOINTIK OTIWC OTIOOEIKVUETAL KOl OTIO TOV GUVTEAECDTH] YPOAUUIKNAG

guoxetiong (R2).
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Mavemotriuio Osooaiiag

Tunpa Mewmoviag PutikAg Mapaywyrc & AypoTtikov MNMepiBarrovtoc

Langmuir KCL 0,1N PH=8

Alaypappa 3.2-5: O Aoyo¢ TnG ouykévTpwaong looppottiag (C mg/40ml) mpog 10 Toa6 TNC ouaiag
TIOU TIPOCPOPATOl (X Mg/g) ae cLVAPTNGN HE TN GUYKEVTIPWAT IG0PPOTIIaG g€ pH=8 Kal Ttapouaia
NAEKTPOAUTN KO=0,1N.

pH Xmax K R2

8 357,14 0,0023 0,903
Mivakag 3.2-5: Ol TIHEG TNG PEYIOTNG Tpoopdenong (Xmax mg/g) g otabepog K Kal tou

OULVTEAEDTN ouoxEtiong R2 tng e€iowaong Langmuir yio pH=8.

Omnw¢ @aiveTal amd 10 TOPOTIAVW SIAYPAUUO N TIPOCOPUOYH TWV TIEIPAMOATIKWV
oedopévwv otnv e€icwon Langmuir og pH=8 kai mapouaia NAeKTpoAlTn (KC1=0,1N)
gival TOAD IKOVOTIOINTIKY OTIwC OTTOJEIKVUETAI KOl OO TOV GUVTEAEDTH] YPOAUMIKNAC

ouoxEtiong (R2).

Mruxiakn Aotpirn - Mneartqwtng Mavayiwtng 39



Mavemotruio Oscoaiiog

Tunua Mewnoviag Putiknc MNapaywyrig & AypotikoO MepiBdArovtoc

Langmuir KCLO,1IN PH=9

Aldypappa 3.2-6: O A0yo¢ TNG CLYKEVIpWONC looppoTtiag (C mg/40ml) Tipog TO oGO TNG OUCTIag
TIoU TIPoapo@Atal (X mg/g) g€ cLVAPTNGN ME TN CUYKEVTPWON 1I00ppOTIiag ae pH=8 Kal Tapouaia
nAekTpoAUTn KC1=0,1N.

pH Xmax K R2
9 454,54 0,0021 0,9324

Mivakag 3.2-6: O1 TIHEC TNG MEYIOTNG TIpoopopnong (Xmax mg/g) Tng otabepog K kal tou
OULVTEAEDTH cuaxétiong R2 Tng e€iocwaong Langmuir yio pH=9.

OTw¢ @aiveTal omo TO TOPATIAVW OIAYPAUUO N TIPOCAPUOYH TWV TIEIPAPOTIKWV
0edopévwv otnv e€iowan Langmuir ae pH=9 kai rapouaia NAeKTpoAUTn (KC1=0,1N)
gival TIOAD IKOVOTIOINTIKI OTIWC OTTOOEIKVUETAL KOl ATI0 TOV CUVTEAECTH] YPOAUUIKAG

ouoxétong (R2).
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Moavemotuo Osocoaiiag

TunRua Mewmoviag Putiknc MNapaywync & AypotikoL lMNepiBaArovtoc

3.3 MeAETn Tipocappoync tng e€icwaong Freundlich

logX=logA+plogC ota Tteipapatikd dedoueva.

Ta dlaypauyuata 3.3.1 €w¢ 3.3.6 TOPIOTAVOUV TNV TIPocapuUoyn TNG eéicwang
Freundlich ota meipayatik@ pag dedopéva ota pH amo 4 €w¢ 9 Kal Ttopoudia
NAekTpoAUTn KC1=0,1N. Omw¢ @aivetal amo 1o dlaypaupota Kol TNV - TP Tou
ouvteAeoT] cuaoxetiong (mivakag 3.2.1 éwg 3.2.6) n e€iowaon Freundlich €xel ToAD
KOAN Ttpocapuoyn ata pH 4 kal 7 apKeTA KaAr Tipocappoyr) ota pH 5 kal 8.Zta pH 6
Kal 9 n tpogappoyn InG €icwaong dev gival IkavoTtoinTiKr.Ol TIUEG TWV TTABEPWV NG

logA kai B didovtal atoug Trivakeg 3.3.1 €wg 3.3.6.
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Moavemotuio Osocoaiiag

Tunpua Mewnoviag PutikAg Mapaywyric & Aypotikov MNepiBdarovtoc

Freundlich KCL0,1N PH=4

Aldypaypa 3.3-1: O AoydapiBuog Tou ool TIoU TIPOCPOPATAl € GUVAPTNON HE TOV AOYAPIOUO TNG

OUYKEVTPWONG I00pPOTTiOG o€ pH=4 Kal Ttapouaia NAeKTPoAUTn KO=0,1N.

pH logA B R?
4 3,215 2,5462 0,9259

Mivakag 3.3-1: O1 Tipég Twv otabepwv logA Kal B KOl TOU CUVIEAECSTH) ouoxetiong R2 tng

egiowaong Freundlich yia pH=4.

Omnw¢ @aivetal amd 1O TOPATIOV® OSIAYPAUKO N TIPOCOPUOYN TWV TIEIPOPATIKWY
oedopévwv otnv egiowaon Freundlich oe pH=4 kal Tmopoucia NAEKTPOADTN
(KO=0,1N) €ival TIoAD IKOVOTIOINTIKN OTWE OTIOOEIKVUETAL KAl OO TOV TIOAU UYNAS

OUVTEAECTH YPOUUIKAG cuaxétiong (R2).
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Mavemotiuio Oscooiiag

Tpnpa Mewmoviag Putikng Mapaywyrig & AypotikoU lMNepiBarrovtog

Freundlich KCL 0,1N PH=5

Alaypappa 3.3-2: O AoydpiBpog Tou TTogo0 TIoU TIPOCPOPATAl € UVAPTNGN HE TOV AoyApIBUo TN

GLYKEVTPWONG Io0ppoTTiag o€ pH=5 Kal mapouaia NAEKTPOAUTN KO=0,1N.

pH logA B R?2
5 1,0874 1,7234 0,7997

Mivakag 3.3-2: O1 TIPEG Twv oTobepwv logA Kal B Kol TOU OUVIEAEDTH) cuoxétiong R2 tng

egiowong Freundlich yia pH=5.

OTw¢ @aivetal amdé 1O TOPOTIAVW OIAYPAUKO 1 TIPOCGAPUOYH TWV TIEIPOUATIKWV
oedouévwy  otnv  e€icwon Freundlich oe pH=5 Kal Topoudia NAEKTPOADTN
(KO=0,1N) €ival apKETA IKAVOTIOINTIKA OTIWE ATIOOEIKVUETAI KOl OTIO TOV GUVTEAECDTN)

YPOUUIKNG ouoxetiong (R2).

Mruxiakny Alatpir - Mneartqwtng Mavayiwtng 43



Mavemotuio Osooaiiac

Tpnpa Mswnoviag Putikng MNapaywyrig & AypotikoU MNMepiBdarovtoc

Freundlich KCLO.1N PH=6

Aldypoappa 3.3-3: O AoydpiBuog Tou TT0GoU TIOU TIPOCPOEATAl GE GUVAPTNGN e ToV AOYAPIBUO NG

OULYKEVTPWONC I00PPOTTIOG o€ pH=6 Kal Ttapouaia NAEKTPOAUTN KO=6,1N.

pH logA B R?
6 4,2142 3,0504 0,6695

Mivakag 3.3-3: Ot TIég Twv otabepwv logA Kal B Kol TOU OUVIEAEDTH] OUGCXETIONG R g

egiowaong Freundlich yia pH=6.

Omnw¢ @aivetal amoé 1O TOPATIOVW OIAYPOUUO N TIPOCOPHOYH TwV TIEIPOUATIKWY
oedopévwy otnv  e€iowon Freundlich oe pH=6 Kol Tapoucia NAEKTPOADTN
(KC1=0,1N) 0ev €ival IKOVOTIOINTIKA OTIwC OTIOOEIKVUETOlI KOl OTIO0 TOV XOWNAO

OUVTEAEOTN YPAUUIKNAG cuoxétiong (R2).
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MNavemotriuio Osooaiiac

Tunpa Mswnoviag Putikng Mapaywyrc & AypotikoO MepiBarrovtoc

Freundlich KCL 0,1N PH=7

Alaypappa 3.3-4: O AoydpiBuog Tou TT0GoU TIoU TIPOCPOPATAl GE UVAPTNGN HE TOV AoyApPIBHO TNG

GLYKEVTPWONG lo0ppoTIiag oe pH=7 Kal apouasia NAeKTPoAUTn KC1=0,1N.

pH logA B R?2
7 2,4983 2,2793 0,9074

Mivakag 3.3-4: O1 TIPEG Twv oTofepwv logA Kal B Kol TOU GUVTEAECTH] cuoxétiong R2 1ng

e&iowong Freundlich yia pH=7.

Omw¢ @aivetal amd TO TAPATIAV® OIAYPOUUO N TIPOCAPUOYN TWV TIEIPAPOTIKWV
oedopévwv  otnv  egiowon Freundlich oe pH=7 ko1 TOpoucia NAEKTPOADTN
(KC1=0,1N) eivar 1OAD IKOVOTIOINTIKI OTWC OTIOOEIKVUETAL KOl 016 TOV UYPNAS

OULVTEAECTN YPOUUIKNG ouoxetiong (R2).
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Mavemotuo Oscoaiac

Tunua Mswmoviag Putikng Mapaywyng & Aypotikov MepiBaArovtog

Freundlich KCLO.1IN PH=8

Aldypoppa 3.3-5: O AoydpiBuog Tou TToooU TIoU TIPOCPOPATAl GE GUVAPTNGN PE TOV AOYApPIBHO NG

OLYKEVTPWONC 100PPOTTIOG 08 PH=8 Kall Ttapouaia NAEKTPoALTn KO=6,1N.

pH logA B R?
8 2,1395 2,1303 0,8334

Mivakag 3.3-5: Ol TIPEG Twv oTaBepv IogA Kal B KOl TOU OUVIEAEDTH] CUGCXETIONG R2 NG
egiowong Freundlich yia pH=8.

Omnw¢ @aivetal omd 1O TAPOTIAVW OIAYPAUUA 1 TIPOCAPUOYN TWV TIEIPOUATIKWY
oedopévwv otnv  egiowon Freundlich oe pH=8 kol Tapoucia NAEKTPOAUTN
(KC1=0,1N) gival apKeTA IKAVOTIOINTIKI OTIWC ATIOOEIKVUETAL KO OTIO TOV CGUVTEAEDTH)

YPOMMIKNAG ovoxétionc (R2).
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Mavemotuio OsooaAiag

Tunpa Mewmoviag Putikng Mapaywyrig & Aypotikov MNepiBarrovtog

Freundlich KCLO.1N PH=9

Alaypappa 3.3-6: O AoydplBuog Tou ool TIoU TIPOCPOPATAL 08 GUVAPTNGN HE TOV AOYApPIOUO TNG

OUYKEVTPWGT|C I00PPOTIiaC og pH=9 Kal Tapouaio NAEKTPOADTH KO=6,1N.

PH logA B R?
9 0,8974 0,9208 0,5227

Ciivakag 3.3-6: O1 TIuéG Twv otafepwv logA Kal B Kol TOU OUVTEAEOTH ouoXétiong R2 g

egiowang Freundlich yia pH=9.

Onw¢ @aiveral omoé TO TOPATIOVW OIAYPOUUO 1 TIPOCOPUOY TWV TIEIPOUATIKWY
oedopévwv  otnv  e€iowon Freundlich o pH=9 kal Topoucia nNAEKTPOADTN
(KO=0,1N) d¢ev gival IKOVOTIOINTIKN OTWG OATTOOEIKVUETOL KAl OTIO TOV TIOAD XOUNAO

OUVTEAEOTH YPOMMIKNG cuaxEtiong (R2).
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Moavemotuio Osoocaiiac

TunRpa MNswnoviag PutikAg Mapaywyric & Aypotiko MNepiBdrrovTtoc

3.4 MeAETN Tipocapuoyng NG eéicwaong Temkin C=a+blnX ota

TIEIPAUOTIKA dedopEval.

Ta dlaypduuata 3.4.1 €w¢ 3.4.6 TIOPICTAVOUV TNV TIPOCAPUOY TNG E&iowang
Temkin ota melpapoTikd pog dedouéva ota pH amd 4 €w¢ 9 Kal Tapouaia
NAEKTPOAUTN KC1=0,1IN. Onw¢g @aivetal amd T1a dlaypduPaTa KAl TNV TP Tou
OULVTEAEDTH] ouoxEtiong (mivakag 3.4.1 €w¢ 3.4.6) n KOAUTEPN TIPOCAPUOYN NG
egiowong Temkin Tmapovoidletar ota pH 4,578, oto pH 9 eival apketa
IKOVOTIOINTIKI Kol TEAOC 010 pH 6 dgv €ival IKavoTtoinTik.Ol TINEG TWV OTaBEpwVY a

Kat b didovtal otoug Tivakee 3.4.1 €wg 3.4.6.
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Mavemotriuio Osocoaiiag

Tunpa MNswnoviag Putiknig Mapaywyrig & AypotikoU MNepiBaArovtog

Temkin KCL 0,1N PH=4

InX

Alaypapua 3.4-1: H ouykévipwan tgopportiag C (pg Cd/40ml) og cuvdptnon pe tnv In Tou TOCoo0

TIOU TIPOCPOPATOl 0 PH=4 Kal Ttapouaia NAEKTPOAUTN KO=0,1N.

PH a b R?
4 340,12 92,712 0,9689

Mivakag 3.4-1: O1 TIPég a Kal b Kal Tou guvteAeat) cuoxétiong R2 ¢ €éiowong Temkin yia
pH=4.

Onw¢ @aivetal 0mé TO TAPATIAV®W OIAYPOUUO N TIPOCAPUOYH TWV TIEIPOPOTIKWY
dedopevwv atnv eicwon Temkin oe pH=4 kai Ttapouaia NAekTpoALTn (KC1=0,1N)
gival TIOAU IKAVOTIOINTIKN OTWG OTIOOEIKVUETAlL KAl OTd TOV UYNAO GCUVIEAECTH)

YPOUMIKNG cuoxetiong (R2).

Mruxiokny Alatpir - Mrieartciwtng Mavayiovtng 49



Mavemotriuio Oscoaiiag

Tunua Mswnoviag Putikng Mapaywyng & AypotikoL MNepiBdArovtog

Temkin KCL 0,1N PH=5

Aldypappua 3.4-2: H ouykévipwan toopportiag C (pg Cd/40ml) og cuvaptnon pe v In Tou Mooo0

IOV TIpoopoPaAtal oe PH=5 Kal Ttapouaia NAekTpoAUTn KO=0,1N.

pH a b R?
5 481,03 108,3 0,9266

Mivakag 3.4-2: O1 TIPEG a Kal b Kal Tou ouvteAeoT) ouoxétiong R2 tng e&iocwong Temkin yia
pH=5.

Omnw¢ @aiveTal OO TO TOPATIOVEW OIAYPOUUO TN TIPOCAPUOYH TWV TIEIPAPOTIKWV
oedopévwv otnv e€iowon Temkin oe pH=5 kal mapoucia NAekTpoADTn (KC1=0,1N)
gival TIOAD IKOVOTIOINTIKI OTwC OTIOOEIKVUETAl Kol ammd ToV LYWNAO GCUVIEAECTH

YPOMMIKAG cuoxetiong (R2).
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Mavemotruo OscoaAiag

Tunpa MNswnoviag PutikAg Mapaywyrig & AypoTtikoO MepiBaArovTtoc

Temkin KCLO,1IN PH=6

Alaypappa 3.4-3: H ouykévipwaon icopportiag C (pg Cd/40ml) oe cuvaptnon We TV In Tou TToooU

IOV TIPOCPOPATAl 6 pH=6 Kal Ttapouaia NAeKTPoAUTN KO=0,1N.

pH a b R?
6 70,829 45,297 0,603

MNivakag 3.4-3: O1 Tipég a Kal b Kal Tou guvteheot] cuoxétiong R2 tng egicwaong Temkin yia
pH=6.

OTnw¢ @aiveTal amoé TO TAPATIOV®W OIAYPOUUO N TIPOCAPUOYH TwV TIEIPAMOTIKWV
oedopévwv otnv e€iowon Temkin og pH=6 Kkal Tapovaia nAektpoAvutn (KC1=0,1N)
0ev €ival IKOVOTIOINTIKN OTIw¢ OTIOOEIKVUETAI KOl OTIO TOV OUVTIEAEOTH] YPOUMIKNAG

ouoxEtiong (R2).
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Mavemotriuo Osooaiiag

Tunua Mevnoviac Putiknicg Mapaywync & Aypotiko0 MNepiBdarovtog

Temkin KCLO,1N PH=7

Aldypappa 3.4-4: H ouykévipwan tgopporttiag C (pg Cd/40ml) ae ouvdptnon pe v In Tou o000

oV Ttpoapo@dtal o pH=7 Kai Tapouaia nAektpoAUTn KC1=0,1N.

pH a b R?
7 386,47 97,046 0,9797

MNivakag 3.4-4: O1 TIUEC a KAl b KAl Tou ouVTEAEDT cuax£tiong R2 Tng e&iowang Temkin yia
pH=7.

ONw¢ @AaivVeETal OTI0 TO TIOPOTIAV®W OIAYPAUKO 1 TIPOCGOPUOYN TwWV TIEIPAMOTIKWV
o0edopevwy otnv e€icwaon Temkin oe pH=7 kal mapouaia nAektpoAvtn (KC1=0,1N)
gival TTOAU IKOVOTIOINTIKA OTW¢ OTTOJEIKVUETAI KOl OTI0 TOV UPNAO OULVTEAECTN

YPOAUUIKAG cuaxEtiong (R2).
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Mavemotriuo Oscoaiiag

Tunua Mewnoviag Putikng MNMapaywyrig & Aypotikoo MepiBaarovtoc

Temkin KCLO,1N PH=8

Aldypappa 3.4-5: H ouykévipwaon tgopportiag C (pg Cd/40ml) ae cuvdptnon pe TNV In T0U OGOV

TIOU TIPOCPOPATal 08 PH=8 Kall Ttapouaia NAeKTPOAUTN KC1=0,1N.

pH a b R2
8 369,43 94,505 0,9405

Mivakag 3.4-5: O1 TIHéC a Kal b KAl Tou oUVTEAEOTH] CUOXETIONG R2 TNg e€icwang Temkin yia
pH=8.

Onw¢ @aivetal omd 1o TOPATIAVW OIAYPAUUA N TIPOCOPHOYN TwV TIEIPOUATIKWV
oedopevwy otnv e&iowan Temkin oe pH=8 kal mapouaia nAektpoAutn (KC1=0,1N)
gival TTOAD IKAVOTIOINTIKY] OTw¢ OTTIOOEIKVUETOL KOl OTO0 TOV UWNAO GUVTEAECTH

YPAUMIKNAG ouoXeTiong (R2).
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Mavemotruo Osocaiiag

Tunpa MNswnoviag Putikng Mapaywyng & AypotikoU MNepiBaArovtog

Temkin KCLO.1IN PH=9

Aldypaupa 3.4-6: H ouykévipwan 1ooppotiag C (pg Cd/40ml) ae cuvdptnon pe TNV In Tou 0G0

IOV TIPOCPOPATal o€ PH=9 Kal Ttapouaia NAeKTPOADTN KO=0,1N.

pH a b R2
9 590,09 121,58 0,7465

Mivakag 3.4-6: O1 TINéEC a KAl b kal Tou ouvteAeot cuoxétiong R2 tng e&iowaong Temkin yia
pH=9.

Omw¢ @aivetal amd 1o TOPATIOVEW OIAYPOUUO N TIPOCOPHOY TwV TIEIPOUATIKWY
oedopevwv otnv e€icwaon Temkin og pH=9 kol apouaia nAektpoAvtn (KC1=0,1N)
€ival apKETA IKAVOTIOINTIKI OTIWC OTIOOEIKVUETAI KAl A0 TOV CUVTEAECTH] YPOPMUIKAG

ouoxétong (R2).
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Mavemotryuio Osococaiiag

Tunpua MNswnmoviag Putikng Mapaywyrg & AypoTtikoU lMepiBdArovTtog

4 Juutepaopata

21N JEAETN TNG TTPOCPOPNONG TOL KAdMIou armmo Tov ykautitn ota pH 4 €éwg 9 kal
TIapouaia NAEKTPOAUTN KC1=0,1N n peyiotn Tiur mpoopognaong sival ta 1003,44 pg
Cd/0,2g ykaititn Otav To apXIKO TI000 TOL KOdpiou Tou TIpocBéaape oTo diGALUA
ntav 1280 pg Cd/0,2g ykautitn.

1o dlaypApPOTa TIOU TTapioTaTal TO TTOC0 NG TIPOCPOYPNONG 0 GUVAPTNON HE TO
TT0G0 TNG APXIKNG CLYKEVIPWONG TOL Kaduiou oTo dlaAvpa o pH amo 4 €wg 9 Kal
Ttapouaia NAekTpoALTn O,IN Tapatnpolpe 0TI To TTOC0 NG TIPOCPOPNANG AUEAVETAI
avaloya He TO TIOCO TNG OPXIKNG OULYKEVIPpWONG H peyaALTepn TIPOCPOPnon
Ttapatnprénke oto pH=6 kai n PIkpotepn oto pH=4.

Onw¢ @aivetral anmd 1a SloypAPPOTA TIOU TIPOKUTITOLV OTIO TN TIPOCAPHOYN TNG
e&iowong Langmuir ota TIEIpapaTika pog dedopéva ota pH armo 4 €wg 9 kal mapouacia
NAEKTPOAUTN O,IN KOl armo TNV TP TOU CULVIEAECTH] cuoxeuong, n €&iocwon
Langmuir €Xel IKOVOTIOINTIKA Ttpocapuoyn ota pH 9 kot 8.AkoAovBouv ta pH 7,4,5
ME OPKETA IKAVOTIOINTIKI) TIPOCOPUOYN KOl 8EV avIaTtioKpivetal oto pH 6. MNa 1o Aoyo
QUTO KOl N MEYIOTN TIKN TIPOCPOENCNG OeV TIPETIEI VO AN@OEi uTtoYn yia OAa ta pH.

Emiong mapatnpoupe amod Ta dlaypaupoTa TTou TIOPICTAVOUY TNV TIPOCUPHOYN TNG
egiowong Freundlich ota mteipapatika pag dedopeva o pH amo 4 €wg 9 Kal apouaia
NAEKTPOALTN KC1=0,1N, 0Tw¢ KAl Omd TNV TIPI TOU CULVIEAECTH] CUOXETIONG OTI N
egiowon Freundlich €xel mMOAD koA Tpocappoyny ota pH 4 Kol 7 OPKETA KOAN
Tipocappoyn ota pH 5 kot 8.Zta pH 6 kal 9 n mpooapuoyn g e€icwaong dev gival
IKOVOTIOINTIKN.OI TIMEG TV aTtaBepwv NG logA kait B didovtal o€ THVOKEC,.

ATIO Ta dlaypaupoTa OTIoU TtapioTaTal N TIPOoCapuoyr NG €€iowaong Temkin ota
TIEIPOPOTIKA pag dedopeva ota pH amo 4 €wg 9 Kal Ttapoucia NAeKTpoALTn KC1=0,1N
@aivetal 0TI N KOAUTEPN TIpocappoyr] NG e€icwong Temkin Ttapouoidaletal ota pH
4,5,7,8, oto pH 9 eivali apKetd KavoTioINTIKA Kol TEAog¢ oto pH 6 dev eival
IKOVOTIOINTIKA. Ol TIHEG TwV OoTaBepwv a Kal b didovtal o€ TiVaKeC.

TENOC amo TN MEAEIN TNG TIPOCAPHOYNCG Twv MOVTIEAwV Langmuir, Freundlich kai
Temkin oTa TIEIpaUaTIKA pag dedopéva Ttapatnpolue ot n €icwon Temkin gixe tnv

KOAUTEPN TIPOCcOpUoyn akoAouBei n Freundlich kot katoTiv n Langmuir.
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MAPAPTHMA 1: Meipapatika Acdopéva
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0
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0
0
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0
0
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0
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42 5 106,12 269,4 4 2,025797 2,430398 5,596197
43 5 236,04 419,8 8 2,372986  2,623042 6,039778
44 5 216,4 518 8  2,335257 2,71433  6,249975
45 5 322,52 1587,4 16 2,508557 3,200686  7,369853
46 5 320,08 1599,6 16 2,505259  3,204011  7,377509
a7 5 420,8 4296 32 2,624076  3,633064 8,36544
48 5 414,8 4326 32 2,617839 3,636087 8,372399
49 6 0 0 0 0 0 0
50 6 0 0 0 0 0 0
51 6 21,12 294,4 2 1,324694 2,468938 5,684939
52 6 6,56 367,2 2 0,816904 2,564903 5,905907
53 6 124,52 177,4 4 2,095239 2,248954  5,178407
54 6 141,12 94,4 4 2,149589  1,974972  4,547541
55 6 173,92 730,4 8 2,24035 2,863561  6,593592
56 6 221,08 494,6 8 2,344549 2,694254  6,203749
57 6 338,4 1508 16 2,52943  3,178401 7,31854
58 6 337,88 1510,6 16 2,528762 3,179149  7,320262
59 6 275,2 5024 32 2,439648 3,70105 8,521982
60 6 276,56 5017,2 32 2,441789 3,700461  8,520627
61 8 0 0 0 0 0 0
62 8 0 0 0 0 0 0
63 8 8,16 359,2 2 0,91169 2,555336  5,883879
64 8 7,08 364,6 2 0,850033 2,561817 5,898801
65 8 117,68 211,6 4 2,070703 2,325516  5,354698
66 8 108,44 257,8 4 2,03519 2,411283 5,552184
67 8 235,72 421,4 8 2,372396 2,624695  6,043583
68 8 241 395 8 2,382017 2,596597 5,978886
69 8 329,56 1552,2 16 2,517934  3,190948  7,347429
70 8 323,4 1583 16 2,50974  3,199481  7,367077
71 8 414,4 4328 32 2,61742  3,636287  8,372861
72 8 4144 4328 32 2,61742  3,636287  8,372861

Mruxiakr) Alatpirn — Mreaitqiwtng NMavayiotng 58



Mavemotriuio Osococaiiag

Tunpa lMswmoviag Putikng Mapaywyrg & AypoTtikoU lMepiBaArovTtoc

Mruoxiakn Aatpiry — MrteAitciwtng NMavayiowtng 59



Mrouxiakry Alatpiry — Mreaitqiwtng MNMavayiowtng 60



Mavemotriuio Osococaiiag

TunRppa lNswmoviag Putikng Mapaywyric & AypotikoU lMepiBdArovTog

BIBAIOITPA®IA

10.

11.

12.

13.

14.

15.

Adriano, D.C. 1986. In Trace Elements in the Terrestrial Environmen. Springer-
Verlag. New York. Chapter 12.

Alloway, B. J. 1995. Soil processes and the behaviour of heavy metals. In Heavy
Metals in Soils, 2nd Ed.; B.J. Alloway. Eds. Blackie Academic and Professional.
London. England. Pp. 11-38.

Bruemmer, G. W., J. Gerth and K. G. Tiller. 1988. Reaction Kinetics of the
Adsorption and Desorption of Nickel, Zink and Cadmium By Geothite. I.
Adsorption and Diffusion of Metals. Journal ofSoil Science.

Dowdy, R. J., R. E. Larson and E. Epstein. 1976. in Proc. Soil Conservation
Society of America. Ankeny. lowa, pp 118.

Farrah, H. and W. F. Pickering, 1977. Determination of Zn in Soils and
Sediments. Water, Air and Soil Pollution. 8: 189-197.

koAl E. 2003. POmtavon €da@wv tng @scooiiog amo Bapéa petaAia( Zn, Cu,
Mn, Fe, Cd kav Pb)) kot TpocAnyn autwv om0 TIOIKIAIEG KATIVOU. ATIEIKOVION NG
XWPIKNG TIOPOAAAKTIKOTNTAC TWV BAPEWYV HETAAAWVY OE ETIIAEYUEVEC TIEPIOXECG TNG
MEAETNC. AIdOKTOPIKN SlatpIRn. M. ©. BoAog

Hani, H. and S. Gupta, 1983. in Environmental Effects of Organic and Inorganic
Contaminants in Sewage Sludge. Eds. Davis, R. D., G. Hucker, and L’ Hermite.
P. Reidel. Dordecht. Pp. 121.

http://www.agr.uth.gr/labs/soil/
http://www.mindat.org

Kevin G. Tiller*, J. Gerth And G. Brummer, 1984. The Relative Affinities Of
Cd, Ni And Zn For Different Soilclay Fractions And Goethite

Kabata-Pendias, A .K. and H. Pendias, 1984. Trace Elements in Soil and Plants.
CRC Press. Inc. Boca Raton. Florida

Kabata-Pendias, A. and H. Pendias. 1992. Trace Elements in Plants. In Trace
Elements in Soils and Plants. 2nd Ed. CRC Press: London

Lindsay, W. L. 1972. Inorganic Phase Equilibria of Micronutrients in Soils, in J.
J. Mortvent, P. M. Giordano and W. L. Lindsay (eds.). Micronutrients in
Agriculture. Pp. 41-57. Soil Science Society of America Inc. Madison.
Wisconsin. USA

Loneragan, J.F. 1975. The availability and Absorption of Trace Elements in Soil-
plant Systems and Their Relation to Movement and Concentration of Trace
Elements in Plants. Trace Elements in Soil-Plant-Animal Systems. Academic
Press. New York. Pp 109.

Machicol, R. D. and P. H. T Beckett. 1985. Critical Tissue Concentrations of
Potentially Toxic Elements. Plant Soil. 85. Pp. 107.

Mruxiakr Alatpipry — Mreaitciwtng MNMavayiowtng 61


http://www.agr.uth.gr/labs/soil/
http://www.mindat.org

16.

17.

18.

19.

20

21.

22.

23.

24,

25.

26.

27.

Mavemotuio OscoaXiac

Tunua Mswnoviag Putikig Mapaywyrig & AypotikoU lMepiBaArovtog

Mntolog, 1.K.2004. Opemtka Ztoixeia kal MNovipotnta Eddgoug. MeBodol Kal
Eg@appoyéc. BoAog. Ekdoaeic Zymel. ABriva

Moore, D. P. 1972. Mechanisms of Micronutrient Uptake by Plants in J. J.
Mortvent , P. M. Giordano and W. L. Lindsay (eds.). Micronutrients in
Agriculture, pp 17. Soil Science Society of America Inc. Madison. Wisconsin.
USA.

Mustafa, G., B., Singh and R. S. Kookana,2004. Cadmium desorption from
goethite in the presence of desferrioxamine B and oxalic. SuperSoil 2004

Norvell, W. A. 1991., in Micronutrients in Agriculture, eds. Mordvedt, J. J., P.
Giordano, and W. L. Lindsay, Sil Sci. Soc. of America. Madison. Chap. 6.

Olsen, S. R. 1972. Micronutrient Interactions in Micronutrients in Agriculture.
Mortvedt, J. J., Giordano, P. M. and Lindsay, W. L. eds. Soil Sci. Science Soc.
America. Madison. Wis. pp 243.

Pardo, M. T. 1997.Influence Of Electrolyte On Cadmium Interaction With
Selected Andisols And Alfisols. Soil Science. 162(10):733-740

Prince, C. A., H. E. Clark and E. A. Funkhouser. 1972. Functions of
Micronutrients in Plants, in J. J. Mortvent , P. M. Giordano and W. L. Lindsay
(eds.). Micronutrients in Agriculture, pp 231. Soil Science Society of America
Inc. Madison. Wisconsin. USA.

Saurbeck, D. R. and P. Styperek. 1985., in Chemical Methods for Assessing Bio-
Available Metals in Sludges and Soils. Eds. Leschber, R. , R. D Davis,, and P. L'
Hermite. Elsevier. London. Pp. 49.

Stevenson, F. J. and M. S. Ardakani. 1991. , in J. J. Mortvent, P. M. Giordano
and W. L. Lindsay (eds.). Micronutrients in Agriculture. Chap. 5. Soil Science
Society of America Inc. Madison. Wisconsin. USA.

Ulrik Palmqvist, Elisabet Ahlberg, Lars Lovgren, and Staffan Sjoberg, 1997. In
Situ Voltammetric Determinations of Metal lons in Goethite Suspensions: Single
Metal lon Systems

Tiller K, Gerth J And Brummer, G. 1984. The Relative Affinities Of Cd, Ni And
Zn For Different Soil Clay Fractions And Goethite. Geoderma, 34 17—35

Verloo, M. 1979., in Essential and non-Essencial Trace Elements in the System
Soil-Water-Plant. Ed. Cottenie. A. State University. Gent. Pp. 7.

Mruxiakry Alatpiprp — MrieAirrtquiwtng MNavayiotng 62



Mavemotriuio Osoocaiiag

Tunpa MNswnoviag Putikig MNapaywyrig & AypotikoU MepiBaiarovtog

Mruxiokn Alatpir - MieAitciwtng MNavayiowtng 63






