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EIZAMQIH 2TH ®AZMATOMETPIA ATOMIKHZ ANOPPO ®HZHX
ME HAEKTPOGEPMAINOMENO ®OYPNO IN'PA®ITH

1.1Eicoywyn

H @oopOTOUETpia OTOUIKAG OTIOPPOPNCNG UE NAEKTPOBEPUAIVOLEVO QOUPVO YPOPITN ATIOTEAE! TNV
10 Ol0OEBOMEV TEXVIKN, AOYyw TNG EVPEING EPAPPOYNC TNG O€ PEYOAN TIANBWPO PETAAAWY Kal
OMETOAMWV. |0TOPIKA, N TIPWTIN ava@opd TIAVW CTn XPAON NAEKTPIKA BEPUAIVOUEVOU Ypa®IiTh
avayetal ata 1905 pe 1908 omouv o King Ttapouadiace évav awAnvoeidolg Hopeng ypagitn, tov
OTIOI0 XPNOIUOTIOINCE YO QACHOTIKEG MEAETEC [1,2]. AUuTOC, OUWC TToU €ROAE TIC BACEIC yio TN
XPNon Tou NAEKTPOBEPUAIVOUEVOL POUPVOU YPOAPITN GTNV OVOAUTIKN XNMeio ftav o L'Vov e Tig

€Pyaaieg Tou TIov &ekivnoe va dnpooielel yuopw ota 1959 [2,3,4].

Ixnua 1.1: Boris L'Vov

TNV TIEPITITWON aUTr, To deiypa el0AyeTal TIAEOV GTNV GKPN €VOC NAEKTPOSIOL a0 AvepaKa, TTOU
fTav TOTIOOETNUEVO G€ EVaV KUAIVOPIKA BEPUAIVOUEVO YPOQITN HECW £VOC KABETOU avoiyuoTog OTo
KEVTPO TOU CWANVA. ApyoTeEPA, N CUCTOIXIO OUTA OVTIKOTOOTAONKE PE aTTAOLCTEPN, EIOIKA OE OTI
a@opolae 1 B€puavan Tou ypaitn. To UfKog Tou KUAIVOpouL artd ypagitn ntav ota 30-50 mm,
ME E0WTEPIKN OIAUETPO 2,5-5,0 mm kot e§wTepikn dldueTpo 6,0 mm. ApXIKG ol KUAIVOpOI auToi
Tav KOTOOKEVAOWEVOL OTIO BOA@PAMIO ] TAVIAAIO, OAAG OTN GUVEXEID OVTIKOTOOTAONKAV aTto
KUAIVOPOUC ETUOTPWHEVOUC OTIO TTUPOAUTIKO ypa@iTn. ATIO KOIVOU 0 KUAIVOPOC KOl TO NAEKTPODIO
Bepuaivovtav pe d10d0xIKA aTadia PETABOAAC NG 1oxvog amd 4 kW (ota 10 V) oe 1 kW (ota 15

V). O aTOHOTIOINTHG RTOV TOTIOBETNPEVOC OE EIOIKO
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Zxnua 1.2: OpyavoAoyia atopIKAC aTtoppd@Nong Ke Xpraon nAektpobepuaivépevou ypagitn (1957) [7].

Tic BooikéG apxEQ AEITOLPYiOG TOU CUYKEKPIUEVOU aTOMOTIOMT 0 L'Vov Ti¢ Ttapouadiooe
OUYKEVTPWTIKA 0TO PBIBAI0 TOu [2,5] TO OTIOI0 OTN GUVEXEID PETAPPACTNKE OTa ayYyAiKd [2,6]. O
€€OTAIOPOC TTOL OXESIAOTNKE OTIO TOV L'Vov, Ttpoagpepe LWNAN euaiaBnaia, ald dev ETuxe
MEYAANG aTtodox NG AOYyw NG TTOAUTIAOKOTN TOG TOU.

H dnuoaieuan tou dpbpou tou H. Massmann [2,7] amd 1o lvottodTo TN Pacuatoxnueiag Kal
E@apuoopuévng ®acpotookortiag Tou Dortmund 1o 1966 £dwae véa wBnon atnv TEPAITEPW
avaTmtuén g PoouatopeTpiog ATOUIKAG ATTOPPOPNCNG HE POUPVO NAEKTPOBEPUAIVOLEVOU
ypagitn. O Massmann amAoOUCTEUGE TNV OPYyavoAoyio Kol TNV OVOAUTIKI TIOPEia
QVTIKOBIOTAVTAG TO NAEKTPOSIO TIOU XPNOIHOTIoINTaY yia TN B€ppavan Kal TNV aTopoToinon
Tou Oeiypatog. H atopoTtoinon mAéov yivoTav OTIO TO TOIXWUOTO TOU (OUPVOU ypaitn,
KOBW¢ autdg Beppavotav (ZxAua 1.3). To deiyya el0dyotav O€ PIKPOTIOOOTNTEG OATIEVOEiaG
01O @OUPVO yPaAPITN PAKOUC 55 mm Kol E0WTEPIKAC SIOPETPOL 6,5 mMm, eV TO TIAXOCG TwV
ToIXWHATWY 1000vTaV pe 1,5 mm. 10 XWPOo ToU @oUpvVoU ypagitn n Bepuokpaacia ayyilel

T0U¢ 2600 °C oe Aiya deuTepOAETITA, PE Xpron toxbog 400 A ota 10 V [2,8,9].
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Ixnua 1.3: O @olpvog ypaeitn 0TIwC axedIdoTnke oo 1o Massmann [10].
H amAoikoTnTa TN oxedioang EKave TNV opyavoloyia Tou Massmann va aTIOKTHOEl EUTIOPIK)
adio. Me ™ Ponbela ToU B. Welz, 10 TIPOTO €UTIOPIKA OIOBECIUO OPYOVO ATOMIKAC
aTI0pPOPNCNC UE TN XPron atodoTtoint @olpvou ypaeitn (HGA-70), Atav TipayuaTkoTnTa
10 £€10¢ 1970 (Zxnua 1.4) [2,11].

Proteciive aas

— 500 &M ¥ —]

Zxnua 1.4: O Tpwtog eUTIOPIKE dlaBéaipog @olpvog ypaeitn [10].

Ta TIAEOVEKTAUOTO TNC VEAC TEXVIKNC OVTIoTaOUI{ovTay aTmo Ta UEIOVEKTAMATA TN OTIaPENCG
TIOAAQV TIAPEUTIOdiTEWY, AOYW NG UNTPAC. Tn A0on aT1o TIPOPRANUA £dwae Kal TAAL o L'Vov,
0 0TI0i0(¢ €iXE €V T UETALL apyioel TN cuvepyaaia tou pe v etaipeia Perkin Elmer [2,9,12].
H AOon auth €ixe ™ Bdon TNg otn XPron MAATQOpUaAg OTNV ETIPEAVEIN TOU QOUPVOU YPOQiTn,
OTIO OTIOU YIVOTOV TTIAEOV N ATOUOTIOINGN. H Xprion TTAAT@OPUOC ETIETPETIE TIAEOV UIO BEPIK)
IGOPPOTIIO KATA TN SIAPKEID TNG ATOUOTIOINGNG TIOL g€ GUVALACHO HE TN XPron Tou eupadov
KOPUENC aTIoppoPnaong TepIdplle G oNUAVTIKO Babuod tnv peiwaon tng evaigdnaiag, Adyw
TV TIOPEPTIOdITEWY UATPAC. H KATAOKELAOTIKN €EEAIEN TNG TIAATQOPUOC TIEPATE ATIO OPKETA

OTAdIa PEXPI VA PTACEL OTN ONUEPIVA TNE HOPON.

21N oULVEXEID TOL Ke@aAaiov Ba TIeplypa@olV OVOAUTIKA Ol BOCIKEG ApXEC TIOU SIETIOLV TNV
oUyXPovN QOCHATOUETPIO ATOUIKAG aTIopPPOPNONG HE NAEKTPOBEPUAIVOUEVO QOUPVO YPaQiTn,
KOBWC Kal Ol TIOIKIAEG EQAPUOYEC TNG OTNY AVOAUTIKI Xnueia.
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V OVOAUTN CUCTOTIKQV OTN UNATPA Tou deiypatog eival

KOV VO TIPOKOAETEL PO OEIPA OTTIO TIOPEUTIONIOEIC GTO UTIO TIPOCOIOPICHUO CTOIXEIO PE TNV
TEXVIK NG (QOCUOTOUETPIOG ATOMIKNAG OTIOPPOPNCNG ME NAEKTPOBEPUAIVOLUEVO (POUPVO
ypaitn. O1 Toapeutiodicel Pmopei va €xouv AUEon emidpaon otnv opBATNTO Kol TV
TUOTOTNTA TOU OVOAUTIKOU aTtoTeAéopatoC [9]. To €idoC Twv TIOPEUTIOSIOEWY TIOIKIAEL
OVOAAOYO HE TOV XPNOIUOTIOIOUUEVO OPYAVOAOYIKO €EOTIAIGHO KOBWCE Kol PE TO €id0g NG
UNTPAC TOu TIPOC avaiuan oeiypatog. Or TtopeUTiodicelg dlaKpivovTal 0€ QOCUATIKEG Kal Un
(POCUOTIKEG TIOPEUTIODIOEIC, Ol OTIOIEC OTN OUVEXEID XwPI(ovVTal O€ VEEC KOTNYOPIEC.

Mopoakdtw Ba yivel ava@opd oTa TII0 GUXVA ATIAVTOUUEVO €idN TIOPEUTIOSITEWY.

1.2.1 PacPOTIKEG TTOPEUTIODITEIC

O1 TtapeUTOdicEIC TIOL TIPOKAAOUVTOL OTIO TNV armoppo@naon uvrmofddpouv (Background
Absorption 1 BGA) eival 1d1aitepa coapéc. AutéC ogeilovtal [10]: (o) o€ eTKAALYN TNC
YPOMUNAG OTIoppO@nNonNG amo AA\o otolxeio, (B) amoppoenon tNC oKTivoBoAiag améd agpia
popla, (y) armoppo@nacn amd To CUCTOTIKA TNG YNTPAC Kal (8) attd okédaan NG aKTIVORoAIag
o owpatidla.

1.2.1.1 ATtoppo@nan uTtoabpou

Ol CUYKEKPIUEVEG TIOPEUTIOdIEIC EEOPTWVTAI VIOV OTIO TOV TIPOCdIOPI{OPEVO AVOAUTN Kal Ta
OUOTOTIKGA NG PNATPOC. H ammoppoenan uTIoBABPOL OQEIAETOI OE U CUYKEKPIPEVN MEIwON NG
£€vtaong TnNG OKTIVOBOAIOG OTO PAKOG KUWOTOG TN¢ oTtoppo@nong Tou avaAltn TIou TIPOKOAEITA
OTI0 TO CUCTOTIKA NG MATPOG Tou Ociyyotoq. Ze aviifeon pe TN ypouun amoppoenong, n
aroppoéenon uttoBabpou eival gupeiag {wvng Kol PEPIKEG POPEC AyYIlEl TIC HEPIKEC EKATOVINDEG
nm. ZuvnBw¢ oPEIAETaI € PHOPIOKNA OTIOPPOPNOT Il O€ OKEDNAT) OKTIVOBOAIOG OTI0 CWHATIOIO TTOU
0gv €Xouv aroouviebei. H avupetwmon autol Tou TUTIOU @POCHUOTIKQV TIOPEUTIOBIOEWY
TIPOY U OTOTIOIEITAl PE XPrON EI0IKWV OTITIKWV CUCTNUATWY, KABWC Kal PE TN XPnon EISIKwY
OUCIWV, TIOU KOAOUVTIOI XNMIKOI TPOTIOTIOINTEG, €V OTIOPOITNTN €ival Kol 1 TIPOCEKTIKI)
BeAtigToTIoinGN TOL BEPUOKPATIOKOU TIPOYPAUMATOC TOU GOUPVOL YpaQiTn

[2,8,10,13,14].

1.2.2 Mn QUOUOTIKEG TIOPEUTIODIOEIC

AlaKpivovTal € QUOIKEC KOl XNUIKEC TIOPEUTIOBIOEIG.

1.2.2.1 PUCIKEG TTAPEUTIODITEIC

H Babuidwon tng Beppokpaaciog Kata To UAKOC TOU @OVUPVOU YPAPITN EXEl WC ATIOTEAECHO VA
UTTAPXEL KivOuvog va PETOBANOEL TO aXNUO TNE KOPUPAC OTIOP POPNONG ME UIKPEC UETAROAEG
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NG, (B) pe amotoun avénon g Bepuokpaaciog Katd To

oTddIo TN¢ atopoTtoinong, (Y) e Xpron ouvenkwv STPF (Stabililized Temperature Platform
Furnace), dnAadnfy otabepoTtioinuévng BepUOKPATiog PE XPron TIAATPOPUOC OTO @oUPVO
ypa®itn. AVOAUTIKOTEPA Ol PEBODOI OVTIMETWTIIONC TWV TIOPEUTIOdIgEWY Ba TIOPOLCINCTOLY

TNV €MOPEVN evOTNTA [2,8,14].

1.2.2.2 XnMIKEG TTOPEUTTOBIOEIC

O1 XnUIkEG TopePTIOdicelg €ival amd TIC TIIO CUXVO OTIOVIWHEVEG OTN QOCUATOUETPIO ATOMIKNG
aTIopPOPNONG KI €EaPTWVIOI £VIOVa ATIO TOV TIPOCdIOPIOPEVO OVOAUTN KOl T CUOTOTIKA NG
MNTPOG. MTTIOPOUV va TTPOKANBOUV OTIO: () OTIWAEIEG TOU aVOADTN AOYW OXNUOTIOUOD TITNTIKNG
£€VWang Tou, OTIWG YIO TIHPAdEIYMO KATA TNV aviidpacn Tou avoAUTn PE GAOYOVO Kol ouvrBwg
OVIPETWTTI{OVTAl PE TN XProN KATAAANAOL XNMIKOU TpoTtoTtointh, (B) TapeUTIodioEI OQEINOEVEG
og OovIOVIO 1] KOTIOVTO, TIPOEPXOMEVO KUPIWG OTI0 TO 0&En TIOU XPNOIPOTIoIoLVIal YyIO TN
oloAutoTtoinon tou deiypatog Kal ocuviBwg avupetwTtidovial Pe T Xprion €&eIdIKEUPEVWY
TEXVIKWV TIOOOTIKOTIOINGNG OTIWG N TEXVIK TWV YVWOTWV TIpooBnkwv, (y) TO OXNUATIOHO
KOpPIditv PETA OTIO avTidpOCn TOU OVOAUTN HPE TO YPa@iTn Kal ocuviBwg N aVIUETWTICN TOUC
yivetal €ite pe mn Xprion MOVIWVY XNMIKWY TPOTIOTIONTWVY Il OPYOVIKWV 0&EWV ¢ XNHIKOUG

TPOTIOTIOINTEC, KOBWC Kal PE TN XPron uynAwv Bepuokpaciwv atopoToinong [2, 8,10].

IV €mopevn evotnta Ba  Teplypa@olVv  OVOAUTIKA ol JEB0dOI  QVTIUETWTIONG TNG
TIAEIOVOTNTOC TWV TIOPEUTIOSITEWVY TIOU TIEPIYPAPNKAY TNV CUYKEKPIUEVN EVOTNTO.

1.2.3 Mé£60d01 QVTIMETWTIIONC TIAPEUTIOdIOEWVY

TN OUYKEKPIYEVN &voTnTa Ba TIEPIYPAPOLY OVOAUTIKA Ol PEBOJOI QVTIPMETWTIONC TwV
TIOPEUTIOBIOEWY KATA TNV TEXVIKI TNC QACUOTOUETPIOG OTOUIKAG aToppo@nong e
NAEKTPOOEPUAIVOUEVO POUPVO YPO@iTh.

1.2.3.1 'EAeyx0¢ BeppoKpaciakol TIPOYPAPHOTOC (OUPVOL YPOQITN

‘Eva TTOAD ONUOVTIKO XAPOKTNPIOTIKO TWV avaADCEWY HE TNV TEXVIKI TNG QOCUATOMETPIOC
OTOMIKAG OTIOPPOPNGCNG UE NAEKTPOOEPUAIVOPEVO POUPVO YPa®ITN gival n dlag@opoTioinan g
Bepuokpaciag ge &eXWPIOTA OTAdIO TO OTIOIO KOl OUVOETOUV TO AEyOPEVO TIPOYPOUUO

BepUoKpaoi®V. Ta KUpPiw aTadla ToL TIPOYPAUUOTOC aVTOL eivarl Ta €€RC [8,10,15]:

I. ZApavon tou dOeiypotog: To oTddio autd TEPIAaUBAvel éva KOKAO Bépuavaong o€
XOUNAEQ TINEC BEPUOKPATIAG UE OKOTIO TNV €EATUION TOL SIOADTN Tou deiypatog. H
10avIKr Bepuokpaaia Enpavang, Ta, ival Aiyo To KATW OTIO TO onueio (€0ewg ToU
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Pepuokpaacio Katd Aiyo peyoAltepn (n.x.lSOOC), OTIOoV

HCI. ‘Otav XpnoIYoTIoIEiTal N TEXVIKA TNG TIAATQOPUAC, N

Bepuokpacia E&Npavaong TIPETIEl va  Eivol TIEPITIOU  GTOUC 200°C. Me SlaNOTEC
Ol0OPETIKOUC aTIO TO VEPO, TO TIPOYPOUUA ENPaVANG ival SIPOPETIKO, EEAITIOG TWV
Ol0QOPETIKWY ONUEiwV Bpacuol Kal NG SIQOPETIKAG ETIIPAVEIOKAC TATNC TIOUL £X0UV.
MupoAuon Tou OBeiydOTOC YyIO TNV KOTOOTPOEA KOl OTIOPAKPUVGN TG MNTPOC TOU Kal
OVUUETWTION TWV XNHUIKWV TIOPEUTIOOICEWY OQEINOPEVWY CTIC OVIIOPACEIC TOU OVOAUTN
ME TN MATPO TOu OtiypatoC. O okoTog autol Tou oTodiou €ival va KataoTpéYel 1 va
e€oTpioel TN UNATPO TIPIV TNV aTopoToinon, Bepuaivoviag to deiyua atn duvatotepn VYPNAN
Bepuokpacia Xwpi¢ va LTTAPEOLV OTIWAEIEC OTO UTIO AVAAUCT OTOIXEio. Me Tov TPOTIOo
OUTO MEIWVETOl TO TIPOBANUO TIOU TIPOKOAEITOI ATIO TIG XNMIKEG TIOPEUTIODIOEIC KOl TN
olaaTiopd NG aKTIVOBoAIag. Mo To AOYyOo 0UTO GTO GUYKEKPIUEVO OTADIO, O PUBUOC
Bépuavang TPETEl va ival apyog JEXPI TO onueio amtoolvBean 1 e€0€pwang Tou .
Atoportoinon pe amotoun oav&énon g Oepuokpacioc. H PEATIoTn Oepuokpacia
OTOMOTIOINONG VIO €VO OTOIXEIO TIOIKIAEL OTTO deiypa o€ deiyya. Me T xprAon HIKpwY
XPOvwv atopoTtioinang auvéavel o Xpovog (wng Tou ypagitn. Kotd 10 oT1ddlo NG
OTOMOTIOINONG N BepUOKPATia OTOPOTIOINGNG. KAl N TIUKVOTNTA Na TOU OVOAUOUEVOU
OTOIXEIOL OUEAVETOI ATIOTOMO KOI GTr CUVEXEID PEIVETAI ETTIONC ypryopa a@ol To
ATopa TIAE0V dloXEoVTal Kal 0dnyolvTal €€w ATt T0 CWANRVA YE TN BonBeia Tou agpiou
KoBapiopoL. H Bepuokpaacia atopoTtoinong dev TPETEl va EETIEPVA KATIOIO OVWTEPN
Ty, d10TI TOTE OLEAVOUV Ol OTIWAEIEC ATOMWY AGyw dSidxuong Kol SI0CTOARG TOu
ogpiou. Av 10 aéplo KoBapIoPoL CTOUATAOEl, TOTE O XPOVOC TIAPAHOVIAC TWV OTOUWY
KOl ETIOMEVWC TO AOUBOVOPEVA OruoTa oUEAVOVTAl KATA €vov OUVTEAEOTH 2-5. H

OTOMOTIOINGN PTIOPED Va yivel pe 00 TPOTIOUC: EiTe Pe apyn adénan tng Bepuokpaaciog

(300—600°C-s'1) (ramp atomization), €ite pe ™ ¥pAon ¢ MEYIOTNG 10XVOC TOU
OTOMOTIOINTA (>2000°C-s'1) (maximum power atomization).

KaBapiopdg tou ypagitn, pe abénon g Bepuokpaciag atn PEYIOTN SUVOTHA TIWN. Z€ aUTO
T0 OTAdI0, 0O YPOQITNG BepuaiveTal oTn PEYIOTN BEPUOKPATIa TIOU UTIOPEL VO aVTEEE! yia
Alyo QEUTEPOAETITO PE TO PEPOV OEPIO Va EXEL TN WEYIOTN Por Tou. Me auTov ToV TPOTIOo
OTIOMOKPUVETOI OTIO TO @QOUPVO OTIOATIOTE €XEl TIAPOMEIVEL PETA TO OTAdIO NG
oTopoTIOINONG Kal €ival dUVOTO VO TIOPEUTIODIEl OtV E€TTOMEVN PETPNON (QPAIVOUEVO
pVAUNG). AuTtd TO OTASIO TIPETIEL VO CUPTIEPIAOMPBAVETOL OTO TIPOYPOUKO BEPUOKPATIWV
Tou ypa@itn, 6tav Tpocdiopidovial dUCTNKTIO OTOIXED, yio va pnv Ttapouaialovial

TIpoPAnuata pvrung (Tt.x. B kat Mo) kai 6tav avoAvovtal deiypota Je dUOTNKTIN WUATPA.
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€i00¢ QOOUATIKNG TTOPEUTIOBIONG TO OTIoI0 EU@avileTal

OTav TO CAUO OQEIAETAI OTNV ATIOPPOPNCN ATIO TN WATPA TOU JEiyUATOC. ZTNV TIEPITITWON OUTH
£€XOUHE OANOiwON OTNV €vtaaon NG JIEPXOUEVNC OECUNG OTIO TO CUCTOTIKA TNG WUNTPACG, EVW N
elgepxouevn déaun dev emnpeddetal [10,13].

MNa 1 816pOwan Tou onuatog autol €xouv avoTttuxBei dla@opeg PéBodol 6w (a) n
MEB0JOC TV dUO PACHOTIKWY Ypauuwy, (B) N uéBodog T Auxviag ouvexolg edouaTtog, (Y) N
pEBOdOC TIOU xpnoldoTiolel To @avopevo Zeeman kol (8) n péEBodog Smith-Hieftie Zn
OULVEXEID NG evOTNTOC Ba TIAPOUCIOCTOUY OVOAUTIKOTEPO Ol SV0 TIIO ONUOVTIKEG PEBODOI

016pBwang vTtoRAdPOU .

1.2.4.1 MéBod0o¢ d10pbwaong ouaTtog LTTORABpPOL PE BAcn To @avopsevo Zeeman

To @awvépevo TOU dIOXWPIOHOU TWV QACUOTIKWY YPOUH®WY &VTOC HOyvnTikoU TIediou
OVOKOAL@ONKE arto Tov Zeeman (1897). H épeuva £d€1€e 0TI eKeivo TTOL dlaXwpiletal dev ival
N Q@ACUATIKA YPOUUN (0UTO gival TO OTTOTEAETUA), OAAG ETTIEPXETAL KBAVTWAT) TWV EVEPYEIOKWY
ETUTTES WV TOU OTOHOUL (LAYVNTIKOC KBAVTIKOG apiBuog). To ABPOoIoHa TWV EVIATEWY TWV VEWV
(PACUOTIKWV YPOUUWY TIOL dnuioupyolvTal, IoolTal PYE TNV €VTacon NG OPXIKAG QOCUATIKAC
YPOMUUNAG. Mg TNV €@appoyr TOU PayvnTiKoL TIEdiou, PYOVO TO ATOPO KI OXI TO POpPIO N TO
owuatidla eu@avifouy 10 @IVOUEVO Zeeman, €TIOPEVWC WTIOPE va Xpnolyorondei ot
016pOwan onuato¢ utoRdBpou. O1 TeXVIKEC d1OPOwang SloKpivovtal 0€ AUTEC TIOU TO
HoyvnTIKG Tiedio e@apuoletal yOpw OTIO T AUXVIa EKTIOUTING KOl XOPOKTNPIZETOl WG APESO
(Direct Zeeman) kol 0€ autd TO OTIoi0 €@OPUOCETal YyOPwW aTd TOV ATOUOTIOINTA Kal

Xapaktnpidetal w¢ avtiotpo@o (Inverse Zeeman) [13,16,17].

Otav e@apudleTal T0 PayvnTike TIEdio ta TIpoadlopl{dPeva ATopa KPRaviwvovial Ge pid
KEVTPIKA YPOUUN TT Kol 600 I000TIEXOUCEG SIOPOPETIKEG 0 HOPPEG (ZXNMa 1.5). H Kevtpikh
YPOMUN, N OToio €xel TO OPXIKO WNKOG KOUOTOG, OTIOPPOQAEl SITIAAGIO AT’ 000 N KABE
YPOuPUR 0. H e@apuoyn TOoUu @aivOopEéVOU Zeeman OTO Opyavo OTOMIKNG OTIOppO@naong
Bagiletal ot dlo@opoTIoinan TNE OTIOKPICNG TwWV OU0 TUTIWV KOPUPWY OTIOPPOPNCNG OE
TIOAWHEVN OKTIVOPBOAIO. ZUYKEKPIUEVA, N KOPLUEN TT ATIOPPOQPAEl POVO TNV OKTIVOBOAIO TIOU
gival TTOAWWPEVN o€ €TTTIESD TTOPAAANAO OTO €EWTEPIKO POYVNTIKO TIEDIO, EVW Ol KOPUQEC O
OTIOPPOPOUY POVO aKTIVOPBOAIO TIOU Eival TIOAWHEVN G€ KABETO ETTIMESO WG TIPOC TO TTEdio.

21NV ayopd uTtdpxouv dU0 KATNyopieq CLATNUATWY, TO EYKAPGIO Kal TO SIOUNKEC.
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IxNua 1.5; ZXNUaTIKA TTapdoToaon NG apXNG AEIToupyiog evog cuaTHPATOC S10pBwang

uTtoBaBpou pe Bdaon 1o Qaivouevo Zeeman [18].
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L evaAAOOGOUEVOL payvnTikoL Ttediou, TO oTtoio eival

0TI0i0 e@apUoleTal. To oloTUa auTtd Bewpeital IBAVIKO
ME HYOVO HEIOVEKTNUG TOU TN TIPA TOU. Ta TIAEOVEKTAMATA TOU eival n akpiBng 816pBwan
oNUOTOC 08 LPWNAEQ TIMEC onrjpaTog LTIORABPOUL, N AKPIBAC dIBPBWACN CAUOTOC OKOMA Kal OE
TOXEWG METABAAOMEVO Orjua Tou LTIORABPOUL, N KaA avaloyia cruotog Ttpog B6pufo, 1o
XaUNAOG 6pl0 avixveuang, n vWnNAR ated00n PWTEIVAG EVEPYEING, N oTaBEPN BACIKN YPOUUN
KOl N TIPOYUOTIKN Aeitoupyia SITTANG OEounNg ME evallayr WETPNONG TNC GUVOAIKNG
aTIopPO@ENONC Kal Tou ofuatog uttoBdbpou [13,14,16-18].

21N GUYKeEKPIUEVN PEBOBO B10pOBwang LTIORABPOU N yPAPMNA EKTIOUTIAC €ival n idla tdéco yia
T0 ofua amoppdéenong 600 Kal yia T0 orua LTIORABPOoU. AUTO £XEl WG ATIOTEAETUO Va &ival
duvartr n akpIBAC 816pBwan akopa Kal TIOAD dUCKOAWY GNUATWVY UTTORABPOoL. 10 oxrjua 1.6
TIapouaIadeTal n aOyKpIon TN¢ PeBOdoL d10pBwang LTIORABPOL e TINY CUVEXOUC PACUATOG
Kol he Bdon 1o @aivopevo Zeeman KOTA ToV TTPoadlopiopo 50 pg/L As mapouasia 50 mg/L Al
[19].

Muryvia
AsuTEpiou Zeeman
jlji:/\*_‘v :UL
[ 50 pgL As
0316 A
0,000 A

B e

[ 50 meyfL Al
0,409 A 0.189 As
) L L
0

o TIME (s) 4
50 pg'L As + 50 mg/L Al

TIME {3} 4

ZxNua 1.6: ZOykplon Twv PeBodwv d10pOBwang LTTORABPOUL HE TINYN TLUVEXOVC QACHOTOC Kal UE BAan

TO QAIVOEVO Zeeman KOTA ToV Tpoadiopiapo 50 ug/L As Ttapouaia 50 mg/L Al [19].
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DU evalwpriuaTtoc. MaAloTa, Tipdo@ata BPRKe papuoyn

KOl OTO OlOXWPICUO ICOTOTIWV HE TNV TEXVIKI TN QOCUATOUETPIAC ATOUIKNG amoppo@nong Ue

NAEKTPOBEPUAIVOPEVO PoUPVO ypagitn [20].

1.3H €&AM&n TNC PACUATOUETPIOG ATOMUIKNG OTIOPPOPNONG HE NAEKTPOBEPUAIVOUEVO
ypagitn
H @oopOTOUETpiO OTOMIKNG ATIOPPOPNONG UE POUPVO NAEKTPOBEPUAIVOPEVOL YPAQITN eu@avilel
MO JEYBAAN OEIpA TIAEOVEKTNUATWY OTIWC N augnuévn euaiabnaia, Ta XapunAd Opla avixveuong, n
MIKPN] TT000TNTO TOU OEiYPOTOC TIOU KATAVOAWVETAL, N €QAPUOYA TNG O€ TIOIKIAIO OVOAUTWV Kal
OEIYUATWY, TO XOUNASG KOOTOG TNG, N Ao@AAEIN XPriong TNG KOl N EQOpUOoYr] NG O€ JEYOAAN TIEPIOXN
TOU OTITIKOU @dopatoq [8]. Mapola autd eu@avilel oplopéva GoRapA PEIOVEKTAUATO OTIWG N
MOVOCOTOIXEIOKN @UON NG avaAucng TIoU TNV KaBIoTd XPOoviKA aclU@opn KaBw¢ Kol n PIKpA
OUVOUIKI] TIEPIOXN TN TIOU CLVABWC 0dNYei o XPOVOPBOPEC OPAIWOEIC dEIYUOTWY [21]. H €&ENEn
NG QOCUOTOMETPIOG OTOMIKAG OTIOPPOPNONG ME E€EEIBIKEUUEVEG TEXVIKEC EiXE WC OKOTIO va
OVUHETWTIIOE! OUTA To coPBapa peloveKTUaTa. Ol ONUAVTIKOTEPEG TEXVIKEC TIOU XPNOIUOTIOIo0VTaI
ONAUEPO €ival N TTIOAUCTOIXEIOK QACHATOMETPIO OTOMIKAG ammoppoenaong (SIMultaneous Atomic
Absorption Spectrometry 1} SIMAAS) Kai n TEXVIKI VYNANG SI0XWPICTIKOTNTOG PE TNy OUVEXOUC
OKTIVOBOAIOIC (@OCUOTOPETPION OTOMIKAG OTIOPPOPNONG HUE POUPVO NAEKTPOBEPUAIVOLEVOL YPa@iTn
(High Resolution-Continuum Source Atomic Absorption Spectrometry 1 HR-CS AAS), amd Tg
omoie¢ Ba Tapouciaotei avoAutikotepa n SIMAAS ¢ auTh TIOU XPNOIPOTIOINBNKE OTn

OUYKEKPIYEVN PEAETN.

1.3.1 TIOAUCTOIXEIOK] (POCUOTOMETPIO  OTOUIKAC OTIopPPOPNCNG HE  @OoLPVO
NAEKTPOBEPUAIVOPEVOL YpaPiTn

Mopw ota 1980 KUKAOQOPNOE TO TIPWTO QACHATOUETPO OTOUIKNC TIOU €iXE TN dLVATOTNTA Va
TIpoadlopilel TIEPIOTOTEPA ATIO £VO GTOIXEID TALTOXPOVA. ZTN GUVEXEID KUKAOQOPNOE OTIO TNV
etaipeio Hitachi éva @OOUOTOUETPO TIOL ATIOTEAOUVTOV OTIO TECCEPIC HOVOXPWHATOPEG, EVW
o TIpoc@ata n etaipeia Perkin Elmer kukho@dpnoe 1o gacpatopetpo Perkin Elmer SIMAA
6000 [21].

Fevikd n  €&MEN NG TIOAUCTOIXEIOKAC — (QOCHOTOMETPIAC  OTOMIKAC — attoppoenong
(SIMultaneous Atomic Absorption Spectrometry 17 SIMAAS) dev PBprnKe armmodoxr ETeIdn
TIOTEVOVTOVY OTI deV ATV dLVATH N EQAPUOYN TNC, APol KABE avaldTNG eUPAVIE SINQOPETIK)
OEPUOXNUIK CUUTIEPIQPOPA, YEYOVO(C TIOU 0ONyoUde OE TIPOOEKTIKA PBEATIOTOTIOINGN TwWV

oLVONKWV TIPOCBIoPIGHWY Kal TN CUXVA UEiwan TNE evalodnaiag TTPoadiopIcHol TOUC.
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OTOIXEIWV, KOBWC KOl N €looywyr TNg E€vvolog Tou

TIOYKOG IO XNUIKOU TPOTIOTIONTH (TPOTIOTIOINTAC TIOL N XPrion Tou &ival duvatn o€ TTAnBwpa

XNUIKQV OToIXEIWV) [22,23], édwaav véa wBNan GTnN GUYKEKPIUEVT TEXVIKN.

H opyavoAoyia yia T OUYKEKPIKEVN TEXVIKN TIEPIAAUPBAVEL €vav EYKAPOIO BEPUAIVOUEVO
@OUPVO YPOQITN PE TIAATQOPUA YIO Va eTIITEVXOE N PIKPOTEPN duvath SIAXLAN TOU AVOADTH
Kol vo tnpeital 10 aéiopa twv STPF ouvlnkwv, évav uvyniic amédoong Echelle
TIOAUXPWHATOPA Kal Evav E1BIKOC aVIXVEUTH) WTodI0dwy [17,21].

Me Tn OUYKEKPIUEVN TEXVIKA €TUTEVXONKE O TAUTOXPOVOC TIPOCIIOPIOHOE TITNTIKWY KAl Un
oTolxeiwv, 6mwg As, Cu kal Pb [2] i As, Cd, Cu kai Pb [24] i As, Bi, Pb, Sh, Se kai Co, Cr,
Cu, Fe, Mn [25] | As, Cd, Cr, Cu, kal Pb [26] rj Cd, Cr, Ni kat Pb [27] gg peydAn TtolKIAia
oelyudtwy. Agidel va onuelwbel TIw¢ aTaITeital TIPOCEKTIKN BEATIOTOTIONCN TWV CUVONKWY
EVW 0 BaACIKOC Kavovag TepIAapBavel 6Tt n Bepuokpaaia TTupoAuanC (Tpyr) TIPOKOTITEL OTIO TO
TIEPICOOTEPO TITNTIKO OTOIXEI0 evw avtiBeta n Bepuokpacio atopotoinong (Ta) Ao TO

AlyOTEPO TITNTIKO.

1.4E@apuoyéc TNC @QACUOTOMETPIOG  OTOPIKAG  aTioppo@nong HeE  @olLpvo
NAEKTPOBEPUAIVOLIEVOL YPaPiTN
H @aouaTOUETPI O ATOMIKAC aTIOPPOPNONC HE NAEKTPOBEPUAIVOUEVO POUPVO YPAPITN OTTOTEAEL
Mio amé Tiq TIASoV XPNOIUOTIOIOVUEVEC TEXVIKEG KOl BPIioKel eQappoyr o€ TTANBWPA AVOALTWY
Kol OEIYHATWY. EVOEIKTIKA XPNOIUOTIOIETAl yIo TOV TIPOCSIOPICUS IXVOCTOIXEIWV GE KAIVIKA
oeiyuata (aipa, ovpa, HoAAd K.&) [28], o€ deiypata TepIBaovVTIKOU evdla@épovTog (I{Apata,
OlWPOUUEVA CWHATIOIN, AACTIEC, XWUA, EKTIAUUATO XWHATEPWVY K.4) [2,29], 0Tn YETaAoLpyia
[30], o deiypata vepwv (TTOCIUA, ETUPAVEIOKA, UTIOYEIN K.G) [2], o€ TpO@IUa Kal TTotd [24,31],

o€ TIPOIoVTa AadIoD 1) TeTpelaiou [32] Kol aAAOU.

XpnolJoTIoIEiTal IO TN PEAETN TNE METOVACTELONC UETAAAWY OTIO TO OKeLN o€ TPOQIa [33],
VIO TOV TIPOCGOIOPIOHO EKAEKTIKWV HOPP®Y aVAAUTWY UOTEPA OTIO KATAAANAN TTPOKOTEPYATIiT
OloXwpPIoHoU (T1.X €€0aBevolg Xpwpiou N TpIaBevolG-TIEVTOCTOEVOUC OPTEVIKOU OE VEPQA).

H peydAn €@apuooiyotnta TnNg O@EIAETal 0T dLVATOTNTO XPHONE HIKPOL OYyKoL OeiyuaTtoc,
OTO XOUNAO KOGTOC TNE KOl 0T XaUNAd Opla avixveuaong Ttou TUTUYyXAvovTal.
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P MATOMETPIA ATOMIKHZ ATMTOPPO®H>HX
ME HAEKTPOGEPMAINOMENO ®OYPNO N'PA®ITH

2.1 TexVIKEG TIpOKATEPYATiag Sey UATWV

O1 pyéboodol atmooVOeaNC avOPYaVWY Kl OPYAVIKWY LAIKQV HE TNV EMidpaacn 1Ioxupol 0&og N
peiypoToC 0&€wV, 0€ avoIXTA I KAEIOTA doXEia, YE ) Xwpig BEpuavan, xapaktnpilovtal e Tov
0po Lypr TEWN. H OTOIXEIOK OVAAUGT TWV UAIKWVY, OTIOITEL TNV TIANPN OTToo0VOEDN TOUC
TIPIV OTIO TNV €QAPMPOYR TNG evOpyavou PeEBAdOoU yia ToV TIPOCSIOPICUO TNC CUYKEVTPWONG
TWV OToIXEIWV. TO CUOTATIKA TWV SEIYUATWY UETATPETIOVTAl TEAIKA G€ EVSIAAUTEC OUTIEC Kal
10 deiypa Taipvel TN HopEr SIOAVUATOC YIO TNV TIEPAITEPW OVAAUGCT PE KOTAAANAN evopyavn

TEXVIK).

210 EUTIOPIO KUKAOPOPOUV OKELN Kal SIOTAEEIC TIOU gival KOTAANNAEG yia T SIOAUTOTIOINGN
OAWV TV TOTIWV Oelypdtwyv. Metaéd oUTWV Ol TIAEOV  XPNOIUOTIOIODUEVEG  TEXVIKEC
SloAUTOTIOINGNG €ival auTéC Tou TePIAaUBAvouv T SloALTOTIoINON MPE XPron Aoutpol

UTIEPNXWV 1 OUPVOU PIKPOKUUATWY [2].

H péBodoc TpokaTEPyaaiag, To avTidpaaTrpla TTou Ba XPNCIUoTIoIN000V, Ol GUYKEVIPWUIEIG
TWV avTdpactnpiwv Kabwg kKal n pala tou Oeiyyatog e€aptwvTol AUECO HE TOV
TIP0adI0PI{OUEVO OVOADTN Kal T SUCKOAI aTTEAELOEPWONC TOL OTIO TN UNTPA. ZE TIEPITITWAN
EKAEKTIKOU TIPOCSIOPIOUOU GUYKEKPIUEVNG HOP@EAC OVOADTN OTIOITEITAl TIPOOEKTIKA ETUIAOYNA
TIOPOUETPWY OTIWE TO PH, N CUYKEVTPWAON EKXUAIOTIKOU KABWC Kal N XPrON CUUTIAEKTIKWY

OVTIOPOOTNPIWY, OTIWG Ba TIEPIYPOQEL OTO ETIOUEVO KEQAAAID.

2.2 BEATIOTOTIOINON OVOAUTIKQV TIOPAUETPWV

21N QOCHOTOUETPIO OTOMIKAC ATIOPPOPNCNG HE QOUPVO NAEKTPOBEPUAIVOLIEVOL YPa®ITN Ol
ouvnABelg TIOPAPETPOl TIoL PeATiIoTOTIOIOUVTOl Eival oI Beppokpacie¢ TupdAuoNng Kal
OTOMOTIOINONG, Ol XPOVol Twv OTadiwv TIUPOAUCNC KOl OTOUOTIoINGNG, O  XNMIKOC

TPOTIOTIOINTNG Kal 1 JAZa TOU XNUIKOD TPOTIOTIOINTH).

H emmidoyr Twv BEATIOTWY BEPUOKPATIWV TIUPOAUCTC KAl OTOMOTIOINCNG TIPOYUOTOTIOIEITOL HE
TNV KATOOKELN TWV SIayPOUPATWY TIUPOAUCTC OTOUOTIOINCNG TIOL TIAPEXOLV TN METABOANR
TOUL €UPad00 KOPLUENG ATIOPPOPNCNE TOou OVOAUTN OE CGLVAPTNGON NG Bepuokpaciag. H
BeAtioToTtoinan TPayuatoTolsital YetaBadAlovTag T Bepuokpaaia TTupdALCGNC/ATOPOTIOINONG
KOTA €KOTO TIEPiTTOU BaBuol¢ KeAaiou, dSlaTNP@OVTING TAPGAANAG T  Bepuokpacia
oTopoTIoiNoNG/TUPOALCNC oTaBepn. H BEATIOTOTIOINGON TIPAYUATOTIOIETAL VIO KAOE XNUIKO
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MNa v BeATIOTOTIOINON TWV XNUIKWV TPOTIOTIOINTWY  TIPAYMATOTIOIEITAl  avTioToIXO
BeATiIoTOTIOINGN TwWV OEPUOKPOCI®V TIVPOAUGNC Kal OTOMOTIOINCNG Kol GLYKpivovtal Ol
O10POPOL XNUIKOI TPOTIOTIOINTEC OTIC BEATIOTEC OUVONRKEC yIo TOV KOBéva. KPITPIo OTIOTEAEL
OXl MOVO TO €uPadd KopLEAC ATIOPPOPENCNC OANG Kal To EUPROOO KOPULENC ATIOPPOPENCNG
uTtIoBA0pPov. Mo KABE XNUIKO TPOTIOTIOINTA TIPAYUOTOTIOIETAl KOl N BEATIOTOTIOINGN TNE PAlag
TOL 0@oU To e€UPadd Kopueng ToLv avoAlTn e€aptdrtal dueca amd TV TTOCOTNTA XNUIKOL
TPOTIOTIOINTH], OOV €& PIKPEG PALEG Eival duvaTtd va PNy Spa IKAVOTIOINTIKA, EVW GE LPNAEC
padeg eivar duvatd va Tayldelel TOV  avOADTN PNV  TapExovtag T duvatotnta vad

aTeAevBepwOel Katd T0 aTAdIO TNC ATOUOTIOINGNC.

MEtpo NG  evalobnoiag Ot  QOCPATOUETPIA  ATOUIKNAC aToppdéencong He  @olpvo
NAEKTPOOEPUAIVOUEVO YPaAPITN Kal KOT ETEKTACN METPO yia T oUYKPIoN Twv S10@opwy
TIOPOUETPWY PBEATIOTOTIOINONG ATIOTEAEl N XOPOAKTINPEICOTIKN HAla. QC XOPOKINPIOTIKA pala
opietal n amoAvtn pala avoADTn TIou TTapPEXEl ePPadov kopu@ng ico pe 0,0044 s. H
XOPOKTNPIOTIKN pada yia osiyua oykou 20 uL vmodoyidetal amod v kAion (b) g KapummOANg
ova@opdAc, XPNOIUOTIOIWVTAC TN axéan 2.1 [13].

Mo=0,0044x20/b 2.1)

O1 TIHEC TNC XOPOKTNPIOTIKAC HAZ0G TIPOBAETIOVTOIN OTIO TOUG KOTAOKEVOGTEC TWV OPYAVWY Yid
va kaBopiogouv Tnv amodoon tou €€oTAIcol ETAAS Kal pumtopolv va XpnaoiyoToinéolv yia
TOV €AEYXO0 KPICIUWY ONUEIWV TOU CUCTAPATOC. MPETTEl OPWC VO TOVIOTEL OTI N XAPOKTNPIOTIKA
pada dev TIPETIEL VO OTIOTEAEL TO JOVO KPITHPIO VIO TOV KABOPIoUO TNE aTI0d0a NG NG HEBOd0U
KOl TNG o0YKPIoNG METOEL dla@OPWV OPYAVOAOYIKWY CUCTNUATWY. ZTNV TIPAEn armaitolvtal
OKPIB KOl TUTIIKG OTIOTEAECMATO HE OWOTA OVTANYN TWV TIOPEUTIOSICEWY KOl TwWV

TIEPIOPITHUWVY TIOU JIETTOLV TN PEBOJO.
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Ol0AUHEVO OTOV KOTAAANAO OIoAUTN. Ol CUYKEVIPWOEIC TwV TIPOTUTIWV TIPETIEL va Eival
OUOIOUOP @O KATAVEUNMEVEG OTN YPOUUIKN TIEPIOXN KOl OTIWOONTIOTE VO TIEPIKAEIOLV TIC
OVOUEVOUEVEC CUYKEVTIPWOEIC AyVWOTwY. H GUYKEVTPWAN TOU apaiol TIPOTUTIOL Ba TIPETIEl
va €ival ion Pe v TIYr Tou opiou TIOCOTIKOTIOINONG TOU OPYAVOU, EVW N OVTICTOIXN TOU
TIUKVOTEPOU TIPOTUTIOU 0N HPE TN OUYKEVIPWON TIOU OVTIOTOIXEl OTNV OVWTEPN TIUAR NG
VYPOMMIKAG TIEPIOXNC. ATIO 1o {ebyn TPV  UuTtoAoyietal N €€icwon ¢  euBeiag
TIOAIVOPOUNCNC HE TN PEBODO EAOXIOTWV TETPAYWVWV KOl YIVETOL O UTIOAOYIGHOG TwWV
AYVWOTWV CUYKEVIPWOEWY. H ouxvoTnTa KOTOOKELNC NG KOWTIOANG ava@opdg sgaptdtal

OTIO TNV aVOEKTIKOTNTA TNC UEBBGOOU [2,10,34].

2.3.2 M€6060¢ KOUTIUANG TTPOCUPHUOCHEVNG GTN UATPA TOL deiyOTOq
E@apuodetal GTIC TIEPITITWOEIC OTIOV TO PNTPIKO LAIKO TOU deiyaTOg aoKEel JeydAn emtidopacn
otnv ouvaptnon PBabuovounong Kail dev eival duvaTr N TIAPOCKELN TIPOTUTIWV OMOIOC
olOTaoNG PE Ta AyvwoTd. ATIQITEITOl YPOAUUIKY oXéon NG KOuTOANG Babuovounong Kal
UTIOXPEWTIKN OIEAELON OTIO TNV OpXNA Twv afovwv. EKTEAEiTal PYETPNON TOU ONUOTOC TOU
Oyvwatou Po, TIpOaONKN 0TO AYVWOTO HIKPOU OYKOU KOl PEYOAANG OXETIKA OUYKEVTPWONG
TIPOTOTIOU TOU QVOAUTH, €101 WOTE Vo TIPOKOYEl yvwaT ad&non g ouykévipwang C Kal
O0KOAOUBWC ETTOVOUETPN G TOL ONUaToC P1. H ouykévipwan tou ayvwaoTtou Cx Sivetal aTo tn

oxéan:
Cx=Po C/(P1-P) (2.2)

‘Etol dev amaiteital n yvwaon ¢ KAiong b g KaumoAng Baduovounong. H emidoyn g
OUYKEVTPWONG TOU TIPOCTIOEUEVOU TIPOTUTIOU TIPETIEL va eival Tétolo wote C/Cx = 0,5-2
[2,13,34].

Me TN OUYKEKPIYEVN TEXVIKA Eival SUVOTOV VO QVTIPETWTIICTOUV Wi CEIPA TIOPEUTIOdiTEWY
TIOU O@OPOUV TO MUNTPIKO UAIKO. MopoAd OUTA OTIOITEITAl YVWON TN TIEPIEKTIKOTNTOC TWV
OYVWOTWV OEYHATWY KABWC Kal UTIEPKABOpa oavTIdpacThpla. ATIOTEAED €0KOAN TEXVIKN

TIOO0OTIKOTIOINONG, OAAG auédvel To xpdvo avaAvaong [35].

2.3.3 M€00d0¢C yVWOTWV TIPOCGHNKWV

Eival BeAtiwpévn emékToon ¢ PeBOdoL TIPOoONKNG OTIARC YVWOTHC TTogoTNTOC. MeTpeital
T0 AyvwaoTo deiyda Kal divel onua Po. T ouvéxela ae N ioa umodeiypata TpoaTifevtal
Ol0QOPETIKEG YVWOTEG TIOGOTNTEC TIPOTUTIOU TOU AVAADTH, XWPIG GNUOVTIKI PMETABOAN TOU
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Pi—a+0 Ci, 0omnote Cx=Pdb (2.3)

2.3.4 MéB60d0¢ ecwTeEPIKOL TIPOTUTIOL
H xpron ¢ pebddou e0wTePIKOD TIPOTUTIOL OTN QUG UATOUETPIO ATOMIKAC OTIOPPOPNONG 0LV
£XEl Bpel evpeia pappoyr AOYyw TNC HOVOGTOIXEIOKNE @UAONC TG avdAluong. H elcaywyn Twv
000 TEXVIKWV TIOAUCTOIXEIOKNG avaiuang (SIMAAS kal HR-CS AAS) dAalaée ta dedopéva. Ol
BOOIKEG APXEC TOU ECWTEPIKOV TIPOTUTIOU OTIC XNMIKEG avallaelg BaailovTtal atny TTPoctrkn
YVWOTAC TIOOOTNTAG EVOC 1] TIEPIOCOTEPWY OTOIXEIWV WC EC0WTEPIKO TIPOTUTIO GE OAA TO
AguKd, oTa dloADpaTa Baduovounong Kal ata Tpog avaiuon deiyyata [36]. To atoixeio Tou
XPNOIUOTIOIEITAl WE ECWTEPIKO TIPOTUTIO Ba TIPETIEl VA PNV TIEPIEXETAI OTO deiypata Kol va
EU@aVIlEl TIOPOUOIEG KIVNTIKEC, BEPUOOUVAMIKEC KOl BEPUOXNUIKEG IOIOTNTEG PE TOV OVOAUTN
[37]. AuTO Kat' €TEKTOON YIO TN QOCUOTOMETPIO OTOMIKAC ATIOPPO@NCNE UE POUPVO YPaQitn
OUVETTAYETAI OTI O AVOAUTNG KOl TO ECWTEPIKO TIPOTUTIO EUPAVI(OLV TIOPOUOIEC BEPLIOKPATIEG
TIUPOAUCNCG Kal OTOPOTIOINONG. H GUYKEKPIUEVN TEXVIKI] TTOOOTIKOTIOINGNG EQAPUOLETal TNV
TIEPITITWON TIOU OVOPEVOVTOl PETAPBOAEC OV evaioOnoia TnNg PETPNTIKAG OIATAng oo
METPNON OE YETPNCT], O€ PN ATIOAUTO ETIAVOAOUBAVOUEVN ETTIOPOCN TOL PUNTPIKOU LAIKOD TOU
oeiyuatog, Kal g€ SeiyyoTa IOV TIAPOUGCIAJOLY ETEPOYEVI) CUUTIEPIPOPA. H TTO0OTIKOTIOINGN
TIPOYUOTOTIOIEITON e PETPNON TOU AGYOU GAUOTOC OVAAUTN TIPOG E0WTEPIKO TIPOTUTIO UGTEPO
OTI0 TNV TIPOCONKN NG idl0g TTOCOTNTOC £0WTEPIKOD TIPOTUTIOU G€ OAO TO OIOQOPETIKA
TIPOTUTIO Kal Oeiypata. H oTafepr) CUYKEVIPWAON TOU €0WTEPIKOU TIPOTUTIOU ETIIAEYETOI KATA
TETOIOV TPOTIO OTE va divel atmoppdencon ion Pe TV amoppo@ncon TIOU TIOPEXEL TO
KEVTPOEIOEC TIPOTUTIO TNG KAUTIUANG OVO@OPAC TOU avaAdTn. H emmAoyn ¢ KATAAANANG
OUYKEVTPWONG E0WTEPIKOU TIPOTUTIOU Trailel aTIoudaio POAO OTNV CWOTH EQAPHOYN TNG
OUYKEKPIPEVNC TEXVIKAG TIOOOTIKOTIOINONG YIOTI O€ OIOQOPETIKY TIEPITITWAN UTIOPEl va
odnynaoel e ec@aApéva armoteAéopata [38]. MapdpeTpol OTIWE 0 CUVTEAEGTAC CUOXETIONG, N
OVOAKTNON Kol N TIoToTNTa LTToAoYidovTal yio va eAeyXBei €dv 0 OVOAUTNG KOl TO ECWTEPIKO
TIPOTUTIO TIOPOUCIAJOLY TIOPOUOIO CUUTIEPIQPOPA. AKPIPAC TIEPIYPOQN TWV TIEIPOHOTIKWY
0ed0PEVWY TIOU OTIONTOUVTOL VIO TNV ETIIAOYN TOU KOTOAANAOL ECWTEPIKOU TIPOTUTIOU

TIOPOLCIGLETal OTNVY Epyaaia Tou Mermet Kal Tou guvepydTn tou [39].

2.4 AZI0AOYNON-ETIIKOPWOT HeBOS 0oL
H afloAdynon ¢ OVOAUTIKAG MEBOJOU ETIITUYXAVETAI OKOAOLUBWVTAG TA KPITAPIO TIOU
ETUPRAAAEL N €TIKOPWOT TNG. H 0pBOTNTQ, N TIOTOTNTA, N YPAUMIKOTATA, Ta Opla avixveuang
KOl TTOOOTIKOTIOINGNG, N EKAEKTIKOTNTA KO N OVOEKTIKOTNTO €ival ol TIAPAUETPOL EKEIVOL TTOU

TIPETIEL VO LTIOAOYIOTOUV WOTE va eAeyxOei n emituxia NG pebodoL.
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% R = [(Ceug — Cay)/AC] - 100 (2.4)
OTIoU Ceup N GCUYKEVTPWON TOU EPPBONIOCUEVOL dEiyUaTOC
Cayv NN CUYKEVTPWAT TOL AYVWOTOU SEiYHOTOC
C n yvwaoTr] YETOBOAN PETA TNV TTPOCONKN YVWO TN CUYKEVTPWAONE OVOAUT

H motomta g pebddou ek@pddetal Yéoa amod TIEIPAPATO ETTAVAANWIMOTNTOCG (TIOAAATIAN
pétpnon OelydATwv o€ OIAPOPO  ETTTIEON OCUYKEVIPWOEWY) KOl OVATIAPAYWYIHOTNTAG
(TTOAAQTTIAN PETPNON JEIYUATWY O OIAPOPO ETITIEON CUYKEVIPWOEWV EITE OE BOIAPOPETIKEG
NUEPEC €ite a6 GANO AVOAULTH E€iTe PE TN XPron dIA@OPETIKOU 0PYAvVOU) Kal LTTOAOYIOUS TNC
OXETIKNG €T TOIC €KATO TUTIIKACG attokAiong (YoRelative Standard Deviation 11 %RSD). H
YPOUUIKOTNTO €AEYXETAI HE UTIOAOYIOUO TOU GOUVTEAEDTH] CUOXETIONG, A@OL aKoAouBnOei

KATIOIO OTIO TIG TEXVIKEG TIOCOTIKOTIOINGONE TIOL TIEPIYPAPNKAY aTNV evoTnTa 2.3.

Mo Tov LTIOAOYIOPO Tou opiou avixveuong (Limit of detection 1 LOD) tou opydvou 1 ¢
peBOdoL peTpwvTal 10 Aeukd Seiypata avTIdpacTNEIwWY N UATPOC UNOEVIKNE CUYKEVTPWGNG
OVOAUTN. ZTn ouvéxela, uTtohoyidetal To LOD tou opydvou aTd T axéaon :

LOD= 3'35 D (2.5)

o010V SD, N TUTIIKN aTIOKAION TwV 10 ALUKWV SEIYUATWY avTIdpaaTnpPiwv 1 UATPAC Kal b, n
KAioN NG KAUTIOANC LOATIKGV SIOAUUATWVY.

MNa tov vmmoAoyiopd Tou opiou avixveuong g YEBAdOL n KAion b TIpoépxetal OO TNV
KOUTIOAN TIPOCOPUOCHEVNG OTN UATPA (av auTh eMNPEAdel TOV avaAlTn) Kal T0 OTIOTEAEGUA
TIOU TIPOKUTITEl TIOAAATIAGCIALETAI YE TOV OYKO Oapaiwang Kol dlaipeital pe Tn pada Tou AeUKou
oeiypyatoc. AvtioTolxa TIPOKOTITOLV Kal Ta 0pla TtogoTikoTtoinang (Limit of Quantification n
LOQ)tou opyavou Kal TNG PeBddou pe povn dla@opd 0TI 0 GUVTEAECTNC OtV egicwaon 2.5

igovTal e 10.

H eKAEKTIKOTNTO TNnN¢ MEOBOOOUL €ival XPNOIUN Of TEXVIKEG EKAEKTIKOU TIPOCdIOPITHOD
OUYKEKPIPEVNC HOPENC avaAutn (TI.X €€00BevéC XPwUIO) KOl 0@opd TO TIOCOCTO NG N
ETUOLUNTAG HOPPNC TOL avaADTN TIOL €ival duvaTo va Tipoodiopiatei. TEAOG N avOeKTIKOTNTA
NG HEBOBOUL EKTIPATAL UE UTTOAOYIOHO TNG SlAQOPOTININGNE TNG OVAKTNGNG TOL avaAlTn OTOV
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KWV GUVONKWY AAUBAVOLV XWPA KATA TN OIAPKEID NG

OAEC OIUTEC OI TTAPAMPETPOI TIPETTEL VO OUVEKTIUNBOUVY €101 WOTE va KpiBei av n pébodog eival

KOTAAANAN yla TO OKOTIO TIOL avaTttoxOnke, OTWC 6o @avei amod 1 GCUVEXEIM TNG

OUYKEKPIUEVNG HEAETNG.
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3.1 Opiopog

O1 XNMIKOi TPOTIOTIOINTEC Eival OUTIEC TTOL TIPOCTIBEVTAl TO0O GTO deiya 600 Kal oTo TIPOTUTIA
SI0ALHOTO YIO TNV GPCT TWV TTAPEUTIOSICEWY KATA TNV €QapMoyr TN HeEBGdou tng ETAAS.

H xpnowotntd Toug o@eiAetal Ot HPETOROAN TNC OpUIKAG  CULUTIEPIPOPAC  TOU
TIP0adIopI{OUEVOU OTOIXEIOV, TNG UATPOC TOU BEiyUOTOC KOBWE Kal TWV XOPAKTNPIOTIKWY NG
ETIPAVEIOG TOU YPOPITN Kal NG aéplag @Aaaong TipIv Kal Kotd T dIdpKEla TG aTopoToinan .

3.2 ZKOTIOG XProng XNHIKQWV TPOTIOTIOINTWY

Me v eloaywyn Tou oUPVoL BepUaIvVOUEVOL YPAPITN @AVNKOV TO TIPWTO adUVOO GNUEIa.
‘Eva attd autd ftav n arwAla Twv TITNTIKOVY OTOIXEIWY Kal éva GAA0 RTav N amaitaon yia
ETITELEN LYNAWY BEPUOKPATIWV GTO GTASIO TTUPOALONG, OTAJIO KOTA TO OTIOIO KOTACTPEPETAI
N opyaviki VAN H Xpromn XNUIKWV TPOTIOTIOINTWV EXEl WE OKOTIO VO BEATIOCEL JEPIKA aTIO Ta
XOPOKTNPIOTIKA

TNG AVAAUTIKAC HEBOJOL WOTE va dwael KAAUTEPa aTtoTeAéopata. O KUpPIOTEPOC OKOTIOC Eival
n BeAtiwon ¢ peBOdOL w¢ TIPOG TNV OKpiBela. Me v Xprion XNUIKWY TPOTIOTIOINTWY
ETUTUYXAVOVTAI TIC TIEPICCOTEPEG POPEG TA OKOAOLOQ:

A) BeAtiwon g emavaAnyuotntog, NG evaigbnaoiag Kol Tou opiov avixvevuong 1diwg o€
TIPOYPOTIKA SeiypaTa.

B) AmAoUaoteuon g PeEBOOOUL, a@ol OIEUKOAUVEL TNV TIPOETOIMACIO OEiyUaTOC KOl TIOAAEG
(QOpPEG UTIOPEL VO aTIoPELXBEL N EQappoyr YWwoTrG TIPocBnKnG.

N Meiwan tou XpAvou eKTEAECNC TwV SI0QPOPWY 0TAdIWV BEPUAVGNG TOU YPOQITH.

A) A0&non tou xpovou (WA TOU ypaEitn SIOTNPEWVTIONG TNV EMAVOANYIPMOTNTO Kol TNV
gvaioBbnaia og otabepd emimeda.

E) ETutpémnel Tov TautdXpovo TIpoadIopIoHO TIOANWY OTOIXEIWV.

3.3 1316TNTEC KAl XAPOKTNPIOTIKA XNHIKQOV TPOTIOTIOINTWV
O1 1310TNTEC KOl TO XOPOAKTNPIOTIKA TwV XNMUIKWV TPOTIOTIOINTWVY &ival Ta €&NC:

>
Auvgavetal n_Beppokpacio TTUPOAVONG HE ATIOTEAECHA TNV KOADTEPN KOTOOTPOPH NG
5 OPYQVIKNC LANC.

To 11pocdIopI{OUEVO GTOIXEIO PETOTPETIETOI GE YIO OP@I 1 OTTOIx €ival AlyOTEPO TITNTIKN).

EAaylotorolgital n dlagopd PETagd Twv dV0 Kupiapxwv oTadiwv TIPoadIopIoHoL: TOU
0TOOIOU TTIUPOBALONG KOl OTOPOTIOINONG,.
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poTTolEiTal O0€ OXETIKA LWNAGTEPEC GUYKEVTPWOEIC ATIO TO

Ot pOT U0 100G XNMIKOUG TPOTIOTIOINTEG €ival OUoieq TIou oxnuoati{ovv
OVOTNKTEC XNUIKEG HOPYEC TIX 0&eidla Kal KapRidla.

Ta YiydaTto Twv XNUIKWY TPOTIOTIOINTWV ETTIIPEPOLV GLVINOWCE ATIOTEAECUOTIKA BEPUIKNA
otabepotnTa.

H Oepuiky otabeporoinon touv TPocdlopl{dyevou oTolxeiov eéaptdtal omod N
OUYKEVTWAON TOL XNUIKOD TPOTIOTIOINTH, QUOIKA PEXPL U0 OPICHEVN TIUA.

Mpétel va An@Oei vTtown 6T aAAAalel T6G0 N poper 6Go Kal N Béan TNG KAPTIOANG
aTI0pPOPNCNC OTO GTAJIO TNC ATOPOTIOINONG.

H oOykpion PETOED TwV TPOTIOTIONTWY HE TIAPATIANOIEG 1010TNTEC Oeixvel OTl O
TPOTIOTIOINTNG HE TN MIKPOTEPN ATOUIKN PALA €ival OTIOTEAETHOTIKOTEPOC O€ 0TI apopd
N BepUIKN oTaBEPOTIOINGT TOL TIPOTBIOPILOUEVOU OTOIXEIOL.

To TPOoCdIoPI{OUEVO OTOIXEID KATOVEPETOI TUXAIO OTN OTEPEOTIOMMEVN WAL TOU
XNHIKOU TPOTIOTIOINTH.

270 OTASIO TNE OTOMOTIOINONG N ATIOUAK PUVOT TOU TIPOCBI0PI{OPEVOL CUCTATIKOU Eival
Tax0ToTn.

3.4 XnUIK ocboTtaon XNUIKWY TPOTIOTIOINTWY

O1 XNUIKOI TPOTIOTIOINTEC TIOL XPNCIYOTIOINUVTAL Eival GAOTO Twv PHETGAAWY Mg, Ca, Sr, Ba,
Ti, Mn, Zr, Mo, Rh, Pd, Ir, Pt K.a. Z& oplopévEG eVOEIKVLTAI I XPON OPYOVIKWY 0UCIWV Kal
Ola@opa agpla WC TPOTIOTIOINTEC.H XNuUIKA tagivéunon Tou otnpiletal ot HopEr Tou
TPOTIOTIONNTI) OTO YPA®ITN KATA TO OTAdIO TNG TTUPAALGNG Eival n akOAoubn :

Eidog
JMUIKOY TPOTOTONTY

Aviprovae
METOAMKG GhoTo

I

[ T 1 ]
OZzitwe-Kapfidua OZzidro-Merodlikon ! Adio
g it R 21 Métadia =
mov vdpoiiovral EiKoia Timov Kaphisia avépyavol

Opyavikol

Afpion

il

ZxNua 3.1: Ta&vounon Twv XNUIKWY TPOTIOTIOINTWY OVAAOYO HE TN JOP@ TOUG GTNY ETUQPAVEID TOU

ypagim
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TPOTIOTIOINTN

NUIKOD TPOTIOTIOINT Ba TIPETIEL va AdUBAvoVTal UTTOYN

TO TIOPOKATW:

v

O XNUWIKOG TPOTIOTIOMTAG TIPETIEL VA Eival OVOAUTIKWE KABAPO avTidpaoTpIo Kal
OTIWOONATIOTE EAEVOEPOC ATIO TO OTOIXEID GTOV TIPOCSIOPICHUA TOU OTIOIOU TIPOKEITA

VO XpNaoigoTToinOei.

No propei va xpnoigoromnBei yia 600 10 duvaTtov TIEPICTOTEPN OTOIXEID yia
AOYOUC ATIAOTNTAC.

Na pnv Tiepiéxel oToixeio, ta otoia Tpoadlopilovtal OTn OUVEXEIM HPE TO (810
0opyavo, d10Tl 0 KivOUVOC JOALVON G TOL YPOQiTN Eival HEYAAOC.

O XNUIKOG TPOTIOTIOINTAG TIPETIEL VO UMV TIOPAYEL JEYOAEC TIMEG OTIOPPOQPNONG
LTIORABPOL OTO PAKOC KUUOTOG TOU TIPOCdIOPILOUEVOU GTOIXEIOU.

MPETTEL VA PN PEIOVEL SPATTIKA TO Xpovo {wN¢ ToU ypaeitn.

Na pnv gival To§IKog Kal va €Xel XapnAo KOoToc.

Na prtopei va XpnoiyoToleital atn HIKpATePn SUVATH CUYKEVTPWOT).
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Ui Pagesgi (AZZITEPIKEZ ENQZEIZ [46-84]

4.1 loTopIKI) avadpopn Kal YEVIKA XOPOKTNPICTIKA

Ol 0pyOvOKOOOITEPIKEG evwaelg (organotin, OT) eival evwOoEeIC LIE OUOIOTIONKO OEOUO
avOpoka-petdAov. O kaoaitepog pe LPBPISICHO sp3 €Xel TN duvatdTNTa Va oXnUoTioel €wg 4
OUOIOTIOAIKOUC deaHOUC pE dldpopeg opadeg. O1 OT atnv amAoUoTEPN HOPQN TOUC £XOULV TOV
YEVIKO TUTIO RaSNnXasn, (N = 1 - 4), 61100 R = aAKOAIO 1] apOAIo, X = aVIOV TT.X. GAGYOVO-0VIOV,
avIdv opyavikoU 0&€og, udpoéeidio. O1 OT TagivopolvTal o€ Povo-, dl-, TPI- Kal TETPO- avAAoya
LLE TOV OPIOUO TWV 0PYOVIKWY OHASWY TIOU GUVOEOVTOI LE TO KEVTPIKO ATOHUO Sn. Ol OpYaVIKEG
oudoeg R eival ouvrBwg pn dloKAASIGHEVO OAKUAIO TIOUL OTIOTEAOUVTAIl KUPIWC aTto 1, 2, 4 Kal
8 datopa avBpaka, OTWC T.X. N @OiVUAO-OUAdA. H TIPMTN OPYOaVOKAOGCITEPIKY EVwan
TIOPOOKEVACTNKE TIPIV OTIO Ttepittou 150 Xpovia. To 1849 o Frankland [46] peAétnoe o€ o
£€pEUVA TOU, TNV avTidpaacn alBuAciwdidiou e Tov PeLBAPYLPO GE CPPAYICUEVO CWANRVA. ZTO
OUUTIEPACHOTO TNG UEAETNCG QUTACG AVAQEPONKE GTN CUUTIEPIPOPA TOL aIBUACIWAIdIoL OTaY
EPXETal g€ eTTOQN M Sla@opa PETAAND g€ av&avopevn Beppokpaaia. ‘Eyive ava@opd Kol oTov
KOO GCITEPO 0 0TT0i0C GUHEWVA HE TNV avTidpacn (4.1) diaoTtd 10 alBUACIWAIdI0 Kal aXNUaTIlEl

TOV SlWdIoUX0 dlaiBulokaaaitepo (CzHs)2Snlz pe Béppavon atoug 150 pe 200 °C.

2Etl + Snz — Et2Snlz 4.1)

O Buckton 1o 1859 [47] TipoTEvE [ia PEB0SO TTOPOCKELNC TETpaniBuAokaaaltépou (Et)sSn, o€
pio avTidpaaon (4.2) Tou TETPAXAWPIOVX0U KAoaiTEPOU HE ToV dlaiBuAoPeuddpyupo ToU
Frankland.

2Et2Zn + SnCla —» EtSn + 2ZnCl2 4.2)

Apyodtepa O Letts kai o Collie [48] emtixeipnoav va TTopacKeLAaouy dlalBUAOPELIAPYUPO
OUH@WVO E TNV OTTAOTIOINUEVN avTidpaacT.
2Etl + 2Zn —» 2EtZnl —» EtsZn + Znl2 (4.3)
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KAOGITEPO TIOL UTINPXE OaV ETIILOAUVAT OTOV PeLdAPYULPO. ApydTEPa aTIEDEIEAV COUQWVA HE TNV
OTTAOTIOMMEVN avIidopaan (4.4) 0Tl 0 TETPOAIBUAOKACGITEPOC UTTOPOVUCE VO TIOPOCKEVOOTEL E

Beppavan Tou a1BuAoiwdidiou pe éva piypa okovng YPeudapyUPOou-KACTITEPOU.

Etl + Zn/Sn — EtsSn + Znl: (4.4)

AUTOC 0 éUUECOC TPOTIOC TIOPOOKELNG PBeATIONKE oo Tov Frankland o oToiog amédelée
oUUEWVO HE TNV aTAOTIOINUEVN avTidpaon (4.5) o1 0 TETPAXAwWPIOUXOC KOOGITEPOC
(tetpacBevng) otnv avtidpaon (4.2) pumopolOE va OVTIKOTAOTOOEl amto Tov SIXAWPIoDXO
Kooaoitepo (6100evr])) 0 oTtoiog €ival IO €UKOAOG GTO XEIPIOUO Kol avTidpd pE TPOTIO TIOU
pTtopEi va eAeyxBei kaAlTEPQ.

Et2Zn + SnClz. —» Et«Sn + ZnClz (4.5)

MéExpl To 1900, dNUOCIEVTNKAVY TIEPITIOU 37 £PEUVEC OXETIKA LE TIC OPYOVOKOTCITEPIKEG EVWOEIC,
XPNOIUOTIOIVTAC TIG dU0 KUPIwG TIpoavaQepBEioeq AUETEC Kal EUUETEC avTIOpATElg [49] .

O1 deapoi Sn-C ival otabgpoi otV TTapouaia Tou vepoL, aTHoo@aIpIKoU O2 Kal BepuotnTac.
‘Exel avagepbei 6T 01 deapoi avToi eival atabepoi ae Bepuokpaaia €wg 200° C, €1l n) BepIKNA
aroolvBean dev AaUBAVETAl GNUOVTIKA LTIOWN LTIO CUVONKeC TIEPIBAAAOVTOC. H LTIEPION
OKTIVOPBOAIQ, TO I0XUPG 0ZE0 KOI TO NAEKTPOVIOPIAC OVTIOPACTHPIN ETIIOPOVUV CNUAVTIKA OTN
0100Tacn 10U deapol Sn—C. O apiBudg deopwv Sn-C Kol T0 UAKOG TwV OVOPOKIKWY
oAUGiIdwWV KaBopilouv ag peydAo BaBud TIC XNMIKES KAl QUOIKEC IBI0TNTEG Twv OT evwaewv. O
mivakag 4.1 divel KATIOIEC AVOAUTIKEG TIANPOPOPIEC YIa TIC QUOIKEG ISIOTNTEC HEPIKWV
onuovtikv OT evwaewv. Mevikd, n dloATOTNTA TV OT OTO VEPO HEIWVETAL PE TNV avEnon
TOUL OPIOUOD KOl TOU UAKOUC TWV OPYAVIKWY UTIOKOTACTOTWY OAAA aUTO E0PTATOI ETTIONG KAl

OTI0 TNV opdda LTIOKATAC TOONG X.
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Mivakag 4.1 PUOIKEC IBI0TNTEC PePIKWY OT's

oT Oepuokpaacia Oepuokpaaoia MukvotnTa AlgAutoTnTa
. , 3 -1
mEewg (°C) Bpacpou (°C) (g/cm”) (ngL ™)
BusSn -97 145/1,3 kPa 1,06 -
50°
BusSnCl -16 172/3,3 kPa 1,21 5-17Y
Buz2SnClz 39-41 135/1,3 kPa - 4—50B
BuSnCls 93/1,3 kPa 1,69 -
MesSnCl 37- 39 154 - -
Me2SnClz 106-108 188-190 - 20000B
MeSnCls 48-51 171 - -

(-) xwpic dedopgva,

B OIOALTATNTA GTO VEPO, Y OlAAUTOTNTO O€E ATETTAYHUEVO VEPO
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GEONC TOU TETPO0BEVOC KAOTITEPOL TIAPOLCIALoVTal OTO

Ixnua 4.1
SnCl,
lRng
R3SnSnR5 R4Sn
™ SnCl, | 2000°c
R3SnH w@"h / R3SnX  (X=OR, NR,, SR, OCOR, etc)
ad
R3SnCl
(RySn),  ReSNCL #T HO S YR T
base l
stnHz N RI
b R,SnXCl — |RySnX, | =— Sn
LiAIH o
* RySnCl, “ X
o5 Ho™ CIR;SNOSNR,CI —»  (RoSn0),
RoSnCloLs
RX

RSNX; | <=— SnXo

E i
RSnCliLl, «—— RSnCl; X

HO™ Rsn(OH)Cl, —> [RSN(0)OHI;

Ixnua 4.1: T0vBeon OT pe avudpaoelg Grignard kot Kocheshkov [49].
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— -c=C- al “H
jc:c?\ -
R3SnH — R3Sn-
LiAIH Pdo
)b \ hvﬂ
RgSnClL ) - RsSNSNR;
\ 3 ”/f

R,SnM

lR‘X
R3SnR'

IxNua 4.2: 0vOean 0pyavoKOOOITEPIKWY EVWTEWV LE aVTIOPATELG Twv SnH kal SnM

EVWoewV [49].

R'Cp,SnX SnCly wae

w’x CpN;V RLll MesN3 R ZSr‘I—SnR 2

BpSil, w2 o - -~ &2
PSS Pzon: n:] —> R*;Sn=SnR*;—>
= BRI R*,SH—SnR*,
AT
- (R2Sn)p

CpSnX R’

RI

ZxAua 4.3: AvTidpaacelg TTou 0dnyolv oTn peiwan aBévoug Tou Sn aTiC
0PYAVOKAOGITEPIKEG EVATEIC [49]
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oualadovtal ol KOPIEG avTIOPATEIC EVWTEWY KOTTITEPOU

7 IT 73 11

pe abévog (IV) kau (1), avtioTolxa. ©a TIPETIEL VO TOVIOTED IDIITEPA OTI GTO ZXAUO 4.3 HEPIKEG
OTI0 TIC OVTIOPACEIC TIOU EP@AvVI{ovTal, OVO@EPOVTOL HOVO YIO GUYKEKPIHEVEC OT Kal dev
OTIOTEAOUV KAT' OVAYKN YEVIKEG OVTIOPATEIC. Ta TIPOIOVTA avTISPACEWY TIOU TIPOKUTITOUY OTIO
TO OXNUOTIGUO EVOC VEOL BeTIOD AvBPOKa —KATOITEPOU dla@aivovTal T TETPAYWVA TIAAICIO
TOU KABe oxnuatoc. O1 TEooEPIC KUPIOL TPOTIOL LE TOUC OTI0IoLC UTTOPEL va dnpoupynBei évag

vEOC OETOC AVOPOKO —KOOCITEPOUL Eival PE avTidpaon:

e TOU HETOAMNKOU Kooaitepou i évwan 6168gvolg kaoaltépou (II) pe €va opyaviko
aAoyovidlo.

e €VOC OPYOVOUETAAAIKOU avTidpaatnpiov RM éttou (M = AiBlo, payviaolio 1 aAoupivio)
pe kaoaitepo (I) B ahoyovokaaaitepo (IV).

e €VOC LOPIGIOL TPICAKUAIWUEVOL KOGOITEPOL HE OAKEVIO ] OAKIVIO.

e &VOC ovTdpacTtnpiov  Tplopyavikoy  AiBlopévou  kaoolitépou  (RaSnLi)  pe
OAKLAOAOYOVIdIO.

H ovtidpaon Tou xpnolgomolgital  ouvhBwg eival tou avudpactnpiov Grignard e
TETPOXAWPIOVX0 KACGITEPO KATA TNV oTtoia AApPBAvEl Xwpa TIARPNG aviidpacn aro Tnv oroia
TIOPAYETOl  TETPOOPYOVOKACOITEPIKT]  €vwan (ZxNua 4.1). Ztn ouvéxela Bepuaivetal e
TETPOXAWPIOUXO KOOGITEPO WOTIOU AAUBAVEL XWPO avakatavour Twv opddwv R kal Cl yia va
TIapaxBolv XAWPIOUXEC OPYOVOKOOOITEPIKEG EVWOEIG NG MOPENG, RaSNClan (n = 3, 2, N 1)
(avtidpaan Kocheshkov). O TEAIKOC OXNUOTIOUOC TwV TIOPAY wYwV RnSnXan yiveTal EOKOAA e
aVTIKOTAOTOON TV Cl 0pddwy e KATAAANAN VOUKAEO@IAN opdda X (HO, RCOZ', RO KATL).
ATIO £va LETOAAKO UOPIdIO (VOUKAEOQIAD) OXNMaTI{OVTal TO OPYAVOKACGITEPIKA LOPISIA
RnSnHasn, T OTIOIO E TNV TIPOCGONAKN OE éva OAKEVIO 1) OAKOVIO, TIAPEXOLV TO OEVTEPO TPOTIO
oxXnUatiopol deapol Kaoaitepou-avepoka (ZxAua 4.2). Katw atd tnv emidpacn pag Baong
1 €vOg KOTOADTN TIAATIVOC, YIVETOI O@aipeEDN TwWV LAPOYOVWY OTIO T TPIOPYOVOKOCCITEPIKA
LOpPIdIa Kal To SIOAKUAIWUEVO KOOOITEPIKA Oludpidia. 'ETal TpokuTtTouy OT eVwaelg TUTIOU
R3SnSnRs Kal (RzSn)a, avtioTtoixa. Ta aAoyovidla, T udpidla Kal ol SIKACTITEPIKEG EVWOEIC
UTTIOPOUV VO LETOTPATIOVV O€ PETAAMKA Ttopdywya RaSnM, émou M eival éva PETOAAO Kal
£€X0UV TN duVaTOTNTO VO EVEPYNOOLY WE TINYEC VOUKAEOQIAOU KAOGITEPOU TIOU HE avTidpaon
HE OAKUAOAOYOVIOIO OTIOTEAOUVY €vav ETUTIAEOV TPOTIO OXNUOTIOHOD SECUOU KOOGITEPOUL HE

avOpaka.
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LOVTIKEG €EEAIEEIC 0T XNUEio Twv evwoewv kaaaltépou (1)

[OUC pe Tov Kaaaitepo (Zxnua 4.3). O KUKAOTIEVTAIEVUA-

xnuati¢ovtal amto CeM kot SnClz, gival povopepr). Otav 10 R
gival po GAKUAO 1} GpuAO opada, ol evwaelg TOTTou R2Sn (ll) eival yvwoTtég Hovo w¢g aotadn
€VOIOUECO  TIPOIOVTA  avtidpacng. Opwg Ootav 1 opyavikn  opdada  eival (T, N
Ol(tpipeBUAOCIAINO)EBUAD- 1] 2,4,6-TPIVTIOKOTECTNHEVN APUAO-), OTIWCG UTTOOEIKVUETOL OTIO T0 R*
oto ZXAua 4.3, Ta povopepr] R*2Sn:, €xouv amopovwBei (w¢ otabepo mpoidv aviidpacnc) Kal
MTIOpoULV va Xpnotporoinfolv yia 1o axnuatiopnd OT tomou (R*2Sn = CR2) kal (R*2Sn = SnR*2),

KoBwq Kal GAAwv OT pe TIOANATIAOUG dTOUC KOOTITEPOU.

4.3 XpAoE€Ig TV OPYOVOKATTITEPIKWV EVWTEWV

Ol QUOIKOXNUIKEG Kal BIOAOYIKEG 1010TNTEC TV OT dlagépouy PeTadd Toug o€ PeydAo Babpo
KOl yia To A0yo auto ol OT €Xouv TIC TIEPIOCOTEPEC EPAPUOYEG OTN PBIOUNXAVIO OE OXECN HE
TIC OPYOVOUETOAAIKEG EVWOEIC AANWY OTOIXEiwv. TEVIKA TIC TIEPICCOTEPEC EQPAPHOYEC OTN
Blounxavia TIg £X0LV 01 EVWOEIC TOTIOU RsSnX, R2SnXz, RSnXs. Ol TETPOOPYOVOKOTCITEPIKEG
EVWOEIC TIOPOAO TIOU OEV XPNOIUOTIOIOUVTOL EVUPEWC OTNV PBlopnXovia, GUUUETEXOLV OEF
OvTIOPACEIC yia TNV Tapaywyr] OT pe XopnAotepo Pabud aAkuvAiwon. tov Mivaka 4.2

TIapouaiadovTal PEPIKEG ATIO TIC KUPIEC EQApPHOYEG Twv OT's avAaAoya Pe ToV TOTIO TOUC.
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EIC OT's evoewv oTn Blounxavia [52,53]

Blopnxovikr eQapuoyn

Apaan

TOTmog OT

> tabepoTointég PVC

2100gpoTrOinoNn €vavil aTn

BepUoOKpaaTia Kal 0TO QWG

R2SnX2, RSnXs

R=Me, Bu, Oct

ETtitdxuvon avtidpaoewy,

R2SnX2,RSnXs

KotaAOTeq

TTIOAULEPITOC R= Bu, Me, Oct

IMUKNTOKTOVO, EVTOMOKTOVO, R3SnX
AYPOXNHIKG

AKOPEOKTOVO R=Bu, Ph, Cy
> uvTnPENTIKE E0AOL EVTOLOKTOVO, LUKNTOKTOVO BusSnX

Emegepyaaoia yuaiion

Yuévia SnO2 g€ YUBAAIVEG

Me2SnX2 RSnXas

ETIIQAVEIEC R=Me, Bu
Mpoaotaagia LAIKGV MUKNTOKTOVO, OAYOKTOVO,
BusSnX
(Tétpa, dépua, XopTi) BaKTNPIOKTOVO
EUTIOTIONOC UPACUATWY Evtopoktévo PhsSnX
Mtnvotpogia AVOEALIVOIKO Bu2SnX2
BusSnX
Y paloxpwpota BloKTOVO
R=Bu, Ph
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BivudoxAwpidiov (PVC) ot Blognxavia  TTAQCTIKWY

Click Here to upg G Kal N BepUOTNTA €TISPOUCAV GTO UAIKO TIPOKOAMVTOG

(€ OO0V OTIOTEAECHO va KaBiotatal €0BpavCTO Kal va

aroxpwuaTideTal. ZTa TEAN TN deKaEeTiog Tou 1940 dl0TIOTWONKE OTI N XPr)oN TWV HOvVo- Kal Ol-
UTTOKOTEOTNHEVWY OT evoewv atabeportolobv To PVC Kal 1 Xprjon Toug ylo ToV OKOTIO OUTO
ETIETPATIN OXEOOV TIOYKOOMIWG. Ot OKTuAo- OT €VWOEI( OpyoTEPD XPNOIUOTIOMBNKAY ¢
otabepoTioiNTéC g€ LAIKA cuokevaaiag Tpo@ipwy amd PVC. Ziuepa n xpron twv OT evwoewv
w¢ otabepomomntwv PVC (kupiwg Twv BoUTUAO- Kal OKTUAO- OT) armoTteAei T HEYOAUTEPN Kal
ONUOVTIKOTEPN €POPHOYH EVWOEWV OUTWV TIOU Kupaivetal oto 70-90 % NG TIOYKOGUIOG
Tapaywyng. Ot OT evwoelg gival Kupiwg Tou TOTToU R2SnXz Kal RSnXs, pe 10 R va gival Kupiwg
pEBVAIO, BOUTUAIO KOl OKTUAIO KOl XPrOIKOTIOIO0VTAl OTIOKAEIOTIKA w¢ oTabepoTtointég Tou PVC.
To PVC XpnolpoTIolEital OAUEPO EVPEWCG OTA LAIKA OIKOOOUWV (TIAACTIKA OWwANVEG UOPELANC,
KOUQWMOTA) 0T CUCKELOGiO TPOQiHwy, Blopnxavia TAACTKWY (TIOTWHATWY, LEACHATWY,
TIAIXVIBIWV). MePIKEG HEAETEC EX0LV deiéel 0TI ol OT UTTOPOULV va PETAVACTELTOUV aTto To PVC Kkal
vo dnuioupynBei emmipdAuvon g TPOPNG, TOU EUPIOAWHUEVOU VEPOU, TOU VEPOU TOU OIKTUOU
0opevong K.a. Ot OT eVWOEIC XPNOIHOTIOIOLVTal CHUEPT KAl WE KATOAUTEG YIO VO ETUTAXVUVOUV TIG
XNUIKEG avTIOPATEIC KOl Y10 TOV TIOAUMEPIGHO EVWOEwWVY. Ol TTIO KOIVEG EQAPHOYEC TWV HOVO- Kal
O1- OT eival ot XNUIKI oUVBEON Kal TN OKANPLVOT TWV ETIOTPWOEwWV. ETiong pe m xprion OT
TIopAyovTal TIPOIOVTA TIOU XPNOIUOTIOIoUVIOlI 0OV TIAOCTIKOTIOINTEG GTNV KOTOOKELN CUVOETIKWY
AITIOVTIKWV KOl 00V KOTOAUTEG O€ ETICTPWOEL eTigavelwy (E-coat). Ta mpoiovia (E-coat) £xouv
€va €upl PACUA EQOPLOYWV OTIWE Eival GTA AUTOKIVNTO T OTIOIO i€ OUTO TO ETTIXPICHO £XOUV
€COIPETIKI aVIOXN 0T oKoupid. Ot KAaTtaAUTeEG PE OT XPNOIUOTIOIOUVTON ETTIONG GTNV TIOPAYWYN
a@PWV TIOALOLPEBAVNG, CUYKANTIKWOV KOAM®V Kal CIAIKovwy. EtmumAéov ot OT Bpiokouv
EQOPUOYN KOl WG KOTOAUTEG OTNV TIOpPOywyrn UMeviwv SnOz oTo yuaAi. Ot povo-OT
XPNOIUOTIOIOUVTaI YIO TNV TIOPACGKEUT YUAAIVWY d0XEiwv o€ pia dladikaoia BEPUIKNG ETTIOTPWANG
TIou ovopdadetal (HEC) €101 waoTe va amo@eux Oei n dnpovpyia LIKPooXIoU®V. H Kupiapxn XNKIKN
€VWaOn TIOU XPNOIMOTIoIEITal €ival 0 TPIXAWPIOUXOC HovoBoutulokaoaitepog BuSnCls padi pe
avopyavo XAwplouxo kaoaitepo SnCla. H dadikacia auth TIPOo@EPEl TIOAG TIAEOVEKTNOTA
OTIWG: QauENUEVN avtoxr OTI¢ YPaTlouvIEG, auénaon AITIOVIIKNG IKAVOTNTOC, MEIWwan Twv
OULVTEAECTWV Bpalong, TaxLTEPN TIANPWAON TWV QIOAWY Kal BEATICOON NG aTTOd00NG TNG VAAIVNG
@WAANG. Mo TNV TIOPAywyr| NG ETTITIEdNG ETUPEAVEING TOU YUOAIOD Ol LOvo- Kal ot d1- OT evwoelg
€VATIOTIOEVTOI OE POpP@N OTHOU PECW Hiag Yuxprg dladikaciog 1Tou ovopaletal (CVD) kal 1o
TIPOIOV TNG B1adIKACIOG XPNOIUOTIOIEITAl yia TNV dNpIoLpyia yUOAIOU XOUNANG EKTIOUTIAC (ZXNHA
4.4). 'ET01 Ol aTIWAEIEG BEPUOTNTOC MEIWVOVTOI HECW TWV HETOANKWY ETIICTPWOEWV 0&EIdIOL TIOU
UTIAPXOUV TNV ETIPAVEID TOU YUOAIOU. Katd tn dodikacio autr yivetal xprion twv OT Tou

TPIXAWPIOLXOU
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IXNHa 4.4: EvepyelaKO YUOA XAUNANC EKTTOUTING YE €IBIKN ETIIOTPWON

To umoAoio 15-20% Tng €TACI0C TIOYKOOMIAG TIOPOYWYNRS OPYOVOKACOITEPIKWY EVWOEWV
XPNOIUOTIOIETOl OTNV TTapaywyn BIOKTOVWVY Kal €ival TPI-UTIOKATETTNUEVEG OT EVWOEIC, OTIWCG O
TpIBouTUAOKaaaitepog (TBT) Kat o Tpigaivulokacaitepog (TPhT). O TBT diatiBetal atnv ayopd
W¢ CUVTNPNTIKO TOU EUAOL evAVTIa 0€ POKNTEG, EVIOMA, KOl BAKTpIA, T0 OTI0ia aTTooLVBETOLY TNV
KUTTOPIVN Kal GAAEC oUVBeTEC ouaieq. Ol EVWOEIC TIOU XPNOILOTIOIOUVTIOL GTO GUVINPENTIKA TOU
EOMOU eival TO 0&idlo TOU TPIBOUTUAOKOCGCITEPOU, VAQPOEVIKOC TPIBOUTUAOKOCGITEPOG Kal
QPWOQPOPIKOG TPIBOUTUAOKOCCITEPOC. O1 pEBOdOI €QAPUOYNE TOU CLVINPENTIKOU oTnv EUAIVN
ETUPAVEID YiVETOI PE TOUC EEAC TPOTIOLC: TNG EUPATITIONG TOL EDAOU, TOU PEKOGHOU KOl TOU OITTACU
EUTIOTIONOU g€ EI0IKA JIAUOPPWHEVOULG BaAGUoLG. Ze auth v dladikaacia eival mlavov va
uTtapéouv dl10pPoEC Twv OT evioewv oTo TiepIBaAov. ETtiong ot OT evwaoeig XpnOILOTIOIoUVTal
OTIC KAMIEPYEIEC WG AYPOXNIIKA Kal BIOKTOVA. YTIAPXOuV TIEVTe BaoiKA cuatatika tpi-OT TTo0U
XPNOIUOTIOIOUVIOl ¢ TIOPOCITOKTOVA Yio TNV KOAAEpyelo. Autd €ival To udpoE&eidlo Tou
TPIPAIVUAOKOCCITEPOU, TO  ULOPOEEIBIO TOU  KUKAOEEUAOKOGGiTEPOU, TO  TPIO{OAIO  TOU
KUKAOEEUAOKOGTITEPOU, TO TPIPAIVUAOKOCGCITEPO TOU O{WTOU KOl TO O&IKO TPIPAIVUAOKOCCITEPO.
Emiong o1 tpumokatectnuéveq OT eVAOEIG AOYW TNG HEYAANG TOEIKOTNTOC TIOU £XOUV OTIEVAVTI
OTOUC MIKPOOPYOVIGHOUG XPNOILOTIOI0UVIOL KOTA KUPIO AOYO ¢ HUKNTOKTOVO Kal QUTOQAPHAKA
TO OTTOI0 GKOTWVOUV 1] VO OVOGTEAAOLV TNV aVATITUEN TWV HUKITWY. ETiong xpnoipormoiolvial Kai
WC OKOPEOKTOVO-QUTOQAPHOKO TO OTIOIO OKOTWVOULV TO OKAPED Kal TOUG KPOTwVEC (acarides). Ta
TIpoiovTa Twv OT €xouv guvnBwg €va TIAEOVEKTNHO OTO KOGTOC YiO TOUC KOANEPYNTEG IB1aiTEpPA
otav AdBel Kaveig LTIOYn TNV OTIOTEAECHATIKOTNTA TOUG, TO PUBUO LE TOV OTI0I0 TO TIPOIOV
€QOPUOLETal, TO KOOTOC TOU idIOU TOU TIPOIGVTIOG Kal TOV APIBUO TWV NUEPWVY HETAEL TwV
Pekaopwv. Ta Tapdywya Tou TpipeBulokacaitépou (TMT) Ti.X. (CHs)sSnSn(CHs)s, £xouv TIOAD
IOXUpPI EVIOLOKTOVO dpdan,
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restan» kal «Brestan 60» TIOU XPNOILOTIOIOVVTAl KUPIWG

VIO TIC KOAAIEPYEIEG TWV TEVTAWVY, TNC TIATATAC KOl TOU AUKIOKOU. Mia aTtO TIC HEYOAUTEPEC
eQapUoyEC Twv OT's evwoewv ATAV N TIOPACKEL] UQEOAOXPWHATWY. H xprion Ttoug €xel
TIAEOV OTIOYOPEUTEL KOl TA UPOAOXPWHATA EXOUV TIAEOV OVTIKATACTOOEI OO GANA VEOTEPNC
YEVIAC. Opwg agilel va avagepBolV ol eVWOEIC Kal 0 TPOTIOC XProng Toug SI0TI Ol EVWCEIG
OUTEG €XOLV ETITITWOEIC HEXP! KOl ONPEPO OTO BOAACCIO TIEPIBAANOV HIOC KOl €XOULV TNV
1810TNTa va cuoowpelovTal 0TouE BaAAaaoloug opyaviopolE Kal ata Ipata. H avdmrtuén
TWV LVOPORIWY opyavICHWY aTa D@EOAA TIAOIwWV dnuiovpyolae TPaxVTNTA TToU 0dNyoUOoE GE
Heiwan ¢ TaXOTNTOG TOU OKAPOULC Kal avénaon oTnv KATavaAwan KOUGipoU. ZTIC apXEC TG
oekaetiag Tou 1970 &ekivnoe n eupeia xpron tou tpiBouvtuAokacaitépou (TBT) oav Bdon yia
TNV TIOPOCKELT LEAAOXPWUATWY pe BloKTOVo dpdaon. Xt Hvwpuéveg MoAiteie¢ to 1987, n
€010 KOTOVAAwGN Tou TBT ge vparoxpwuota ava@épBnke TepiTiou atoug 450 T6voug. Me
TNV EQOPUOYN TWV UVQOAOXPWHATWY ] AVTIOTIOBETIKWOV oXnUaTti{ovTav éva TIPOCTOTEUTIKO
TEPIBANUO 0TV KOTN TOL TTAOIOL TO OTTOIO TIEPIEIXE LUAIKO pE BloKTOVo Opdan, KaBWG Kal TN
XPWOTIKN ouaia. ‘ETal yivotav ameAevBépwan LIKPWY TIOGOTATWY attd 1o BIOKTOVO YUpw OTTo
T0 TIAoio oxnuati{ovtag éva oTpwpa LPNANG cLYKEVTPwOnNG TBT yUpw attod autd. H Todikn
OUYKEVTPWON TNG €VWOng, OTETPETIE TNV ETIKABNGN BaAacaiwv opyaviopwy 01w @UKIA,
TIETAAIdEC K.a ot O@OAa Tou TAoiov. Ta avT-amoBetkd xpwpata (antifouling paints)
Ta&IvopoUVTal OTIC TIOPAKATW KOTNYOPIiEC avAAoya LE TO CUCTATIKO TIOU OTTIOTEAE TN BACT Tou

XPWHOTOC (UATPA) KOl TOV UNXOVIOUO aTTEAELOEPWONG TNE BIOKTOVOL 0UTIOC GTO TIEPIBAAAOV.

e Juppatikd v@aloxpwpata (conventional paints, Free Association Paints, FAP): H Bdon
TWV  UVQOAOXPWHATWV aUTwV ATV OLVABWC Wi LAOTOdIOAUTH pPNTivn CTnNV  oTIoia
olaoTteipovtav n toéikA ouaia. Emeldn dev umApxe o0leLEn HETOED XNUIKAG TOEIKNG ouaiag
Kol pNnTivng, N TPpwn dIEQeuye aveEAeyKTa aTo TIEPIRAAAOV. APXIKA N GUYKEVIPWON TNG
TOEIKAG ougiag¢ ATOV TIOAD peEYAAn, OPWC OUVTOMA HEIWVOTOV, EAATIWVOVTIOC TN
OPACTIKOTNTO TOU UL@OAOXPWHOTOG. H SldpKeld OTTOTEAECUOTIKAG OpAanC OUTAG NG

KOTNyopiag U@OAOXPWHATWY ATAV a0 6 £w¢ 12 HUAVEC.
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IXNHa 4.5: Mnxaviopdg aTteAeUBEPWONG dPACTIKWV OUCIWY OTA CUUPATIKA
VPOAOXPWUATO.

e Ypohoxpwpata pakpdag diapkeag (long-life paints): H untpa 1ou UEOAOXPWHATWY OUTWY
nrav odIGAUTN OTo vePO HE OTIOTEAEOHO N TO&KA ouadia va dlaxéetal atn JIETIPAVEIN
XPWHATOG - vepoU, Uéow OlalAwv TIou dnuioupyolvtav otn pATpa (Ixnua 4.6) H
OPACTIKOTNTO TWV UPOAOXPWHATWY EVOVTI OTIC ETIIKABACEIC KUUaivovTov aTto 18 éwg 24
pnveg. H peion g 8pactikOTNTOC TTAPATNPOUVTOV AOYW Kal TNG UEPIKAC ATIOQPUENG TwWV
Ol00AWVY OUTWV.

FupnoAupspn

auToAsiaivopsva Z1abepog pubpog ansheubBipwong
upaAloypwparta f

COCC ¢ “o “ 29191
COOC COOF ¢ © o ©
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o ZUPNOAUPEPIKN PRTiVI ) BiokTovo

IXNUa 4.6: MNXavIoUOG OTIEAEUBEPWONC OTO UPOAOXPWLATA HOKPAC JIAPKELAC.

» JupmoAupepy veaioxpwpata (Shelf-Polishing Copolymer Paints): Ta xpwpata outd
elonxdnoav 10 1974. Z10 UQAAOXPWHOTA OUTH, TO PIOKTOVO TIPOCOEVETOl XNUIKA OTO
TIONUEPEC LTIOOTPWHA. H aTtEAEVBEPWAN TWV BIOKTIOVWY OO TNV ETUQEAVEIN BaQN(
TIPOKOAEITAl OTIO WIo XNUIKN avTidpacon He 10 BaAAoCIvo vepO Katd Tnv oTtoia yivetal
LVOPOAUCT TOU XNUIKOU 8eCOD PBIOKTOVOL-UTIOGTPWHATOC. 'ETOI, Ol 0pyOVIOUOI EKTIBoVTOV
ot MO TO&IKA ETIQEAVEIN 1 OTIOI0 aAvAVEWVOVTAY OdIOPKWG KOl  TIOPEUTIOdILE TNV
TIPOOKOAANGN opyaviopwv. O puBuUdg ameAevBépwanc TnN¢ BIOKTOVOL ouaiag ATAV XOUNAOG
Kail N dldpkela {wn¢ TwV LEAAOX PWHATWY KUMaivVoVTay arto 5 éwg 7 Xpovia
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KOO GITEQPOC OTNV OVOPYyavn METAAAIKA TOU HOP@PN £XEl OTTODEIXTEI OTI €ival OXETIKA M TO&IKOC.
ATIO TN GAAN PEPIE TO TOZIKOAOYIKO TIPO@IA Twv OT egival TTOAD oUvBeTo dI10TI €EAPTATOl OTIO
TI0AAOUG TTapayovieg. Ot OT gival ot YEVIKA TOUG HOP@T] TOEIKEG EVATEIC KAl N TOEIKOTNTA TOUG
TIOIKIAElL avoAoya WE TO €id0¢ Kol TOV OplBud Twv UuToKoTooTtatwv R. TFevikd, ol TpI-

urtokaTeaTNUEVEG OT TTOPoUCIAdouY TN HEYOAUTEPN TOEIKOTNTA OTIO OTIOINdNTIOTE LOPPN
RnSnX4-n (Mivakag 4.3).

Mivakag 4.3: ©avatnedpa d6an ol 0TOUATOC HEPIKWY OT EVWOEWY GE OPOLPAIoUC

oT LDso (mg kg ™2) oT LDso (mg kg ™2)
Et:SnOAc 4 HexsSnOAc 1000
MesSnOAc 9 (BusSn)20 150-234
MesSnCl 13 BusSnOAc 380
MesSnOH 540 BuzSnClz 100
Mez2SnCl2 74 BuSnCls 2140
MeSnCls 1370 BusSn >4000
PhsSnOH 125 OctaSn 50000
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opadag X €xel TTOAD WIKpN 1] Kol KaBoAou emidpacn oty

opdda X TTapouaiddel aTto LoV TN KATIoI0 TOEIKOTNTA. Z€

flkotnta g OT pmopel va dlogépel. H to&iIkotnta Twv
EVAOEWV RsSNX w¢ TTpog dAQopoug opyaviopolg EAPTATAL KOl ATIO TO MIKOG TNEG OALCIOCG TwV

UTTOKOTOOTATWY R KOBWE Kal aTtod 1o €id0¢ Twv opyaviopwy auvtwv (Mivakag 4.4).

Mivakag 4.4: Tpiumokateatnuéva (R3SnX) mapdywya Kol n EMIOPACT 0€ CUYKEKPIEVA
€idn opyaviopwv [52]

Tpl-utokateatnuéva (R) OT mapaywya Opyaviopoi-atoxol
CHs (ugBUA) ‘Eviopa
C2Hs (aiBul) OnAACTIKG

Wapia, AAyn, MOdia, Maldakia,
CaHo (BOUTUA)

MUKNTEC
CsHs (@aivul) Wapia, MoAakia, MOKNTEG
KUKAO-CsHu1 (£EUA) Akdpea, Wapla

O o&kog TplaiBurokacaitepog EtsSNOAC aTtoteAel TNV TTI0 TOEIKN €vwaon aTto O0Aeg i OT yia ta
OnAaotkd (oral LDso rat=4 mg kg'l). H al0&non tou pnkoug aAugidag dvBpoka otoug R
UTIOKOTOOTATEC  TIPOKOAE  UEYAAn peiwon oty T1o&iknR  emidpacn TG €&vwaong Ol
OKTUAOKOOOITEPIKEG EVWOEIG OEV €XOUV KOMIO OTIOAUTWC TOEIKN €MidpaCT O OTIOIOONTIOTE
0pYQVIGHO Kal Yo TO AOy0 autd XpnoloTiolovvial oov atabeporointég touv PVC atnv Blopnxavia
UAIKQV KovaepBoTioinong twv Tpo@itwv. Ot T€Tpa-OT mapouaialouvy pia KabuoTtépnaon ToE&IKNG
OpOOTNPIOTNTOC GTOUC OPYAVIGHOUG AOY W TOU YEYOVOTOC OTI TIPWTO TIPETIEN YIVEL N ATIOIKOJOUNGN
Toug o€ TPI-OT yia va TapatnpnéolV CGUUTTTWUOTO TO&IKNG €Tidopacng. Mo Toug udpoRioug
0pYaVIGHOUC TOEIKOTEPEG Eival EVWaElg TOU TpIBoutulokaaaltépou TBT. H to&ikn emidpaan tou
TBT TtpokaAei xpovia Kol o&gia dnAntnpiacn Twv TIo vaictNTwY LOPORIWV OPYAVICHWV OTIWC;
GAYN, {WOTIAAYKTOV, HOAGKIO KOl TIPOVOU@EC Yapiwv. O1 Bavatn@Opeq CUYKEVIPWOEIG GTO VEPO
e€aoptwvtal ato 10 €id0¢ Twv LAPOPIWVY OPYAVIGUWVY Kl Kupaivovtal o€ ebpog 0,04+16 mg Lt ylo
Mikpr] Tiepiodo €kBeang. O1  difoutuhiwpéveg DBT  kat  povoBoutuAiopéveg MBT, OT's
TIOPOUCIALOLV HIKPOTEPN TOEIKOTNTA OTOUC TIEPIBAAAOVTIKOUC OpYavIGHOUG ag axean e Tig TBT,
TIOPOAO QUTA OTTIOTEAOUV Kivduvo yla 1o TIEPIBAAAOV. ZTn PiBAoypagia LTTAPXOUV OPKETEQ
OVaQOPEG YO TIG
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ou (MBT) yia Toug udpORIoVG 0PYAVITUOUC HEPIKEG OTIO
Click Here to upgrade ta . 1 . .
Unlimited Pages and Exg OAyn kat 25 mg L~ yia ta Bakmpidia. H poivvan twv

UOPORIV OUCTIOTMV OTt0 TPhT urmopei va ipokaAéoel 1o SIGQOPA CUUTITWHATA

0TOUC OpYOVIOUOUG ol oTtoiol €xouv TIPodfAnOei. Ta mapdywya 10U TBT XOPOKINEICTNKAY
WC¢ ol TOEIKOTEPEG OLTIEC TIOL 0 AVOPWTIOG JIOXETELDE GTO BAAATTIO TIEPIBAANOV, OYVOWVTAG
NV To&IKOTNTA TouC. H ofeia To&ikoTNTa (LDso) Tou TBT o€ LSATIVOUC OPYOVIGHOUC TIOIKIAEL

a1 <0,1 éwg 1800 g kg'l. 210 00TPAKOdEPUA, 0 TBT eIdpd aTO LETOROAITUO TOU ca®* VE

OTIOTEAECO TNV OTASIOKI] TIAXUVON TOU KEAUQOUC Kal To BAvaTto amd ac@uéia.

{ Apm-:vmu np\fﬂuu avanapaywy h

IJ""I’!!;.

ZXNHa 4.7: ©OnAUKO (apIoTEPA) Kal OPTEVIKO (OeEI) 0OTPOKODEPIO TIOV AVAKEL TNV Opdda ' Thais
Orbita’ (xwpig¢ kEALEOC).
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0C Ol0TOPAKTNG €TIEIdN BIATOPACCEl TO OPHUOVIKO GUOTNHA

TWV BNAUKWV OPYOVIOHWVY KOl TIPOKOAEL TNV EUQAVION OPOEVIKWY XOPAKTNPIOTIKWV 0E BnAUKA
GTOMO, YEYOVOC TIOU GUMBAAEL TNV dNUIOLPYIO AVWUOAIOG GTO aVATIOPAY WYIKO Toug o0oTNUa. To
(POIVOUEVO OUTO AEYETAl «imposex» Kol O@EIAETal TNV €viovn BI0OCUCCWPEUCT TWV EVWOEWV
TpIBoutuAokaaaoitépou (TBT) ol oToieq dpouv ¢ EVOOKPIVIKOI SIOTOPAKTEC Kal ouavouv Ta
ETITEDQ NG TEGTOOTEPOVNG OTOLG BNAUKOUC OpyaviouolG. ZT0 IxNua 4.7 @aivetal Jio TUTTKN
TIEPITITWAT «iMpOSsex» OTIOU GTO BNAUKO €id0¢ £XEl AVOTITUXOEI apaEVIKO Opyavo avaTiapaywyr|q.
H avwpoAio autr] petagpaletal cav eTIBAAAOUEVO @UANO Kol 1 dloTtapayr out odnyei oty
Taxeia €€a@aviar toug. Mia TIOPOUOIO OVWHOAIQ HE TO @AIVOUEVO «imposex» eival Kal 1o
«intersex» T0 OTIOI0 OVA@EPETAI GE TIEPIOCOTEPQ aTIO 150 €idn BoAaociwv caAlykapiwv. H eEEAIEN
TOU @OIVOUEVOU «imposex» UTIOPEi va 0dnyrjoel g€ OTEipwaon Kol Tov TIPOwpo BAavato Twv
BNAUKWV OPYOVIOHWV, YEYOVO( TIOU ETINPEALEl TNV KOTAVOUT] Kal EEAIEN TOU €idOUC OTO TUVOAO
Tou TIANBUCUOL. QOTdGO, N TIO JPOMOTIKY TITUXN AUTNAC TNG €VOOKPIVIKNG SloTapaxng €ival 1o
yeyovog 0Tl o TBT umopei va TIPOKOAECEl TNV avwpoAia aut ota BaAdcola calykdapla og
€CNIPETIKA XOMNAEG CUYKEVTPWOEIC GTO VEPO TNG

Ta&EWC TwV Ng Lt o TpIpavuAoKaaaitepog (TPhT) Bewpeital emiong emikivduvn évwaon yia
TNV LOPORIa {wr). O Tas Kal 0l CUVEPYATEC TOL HEAETNO OV TNV TOEIKOTNTA YIO TO €id0C PapIwv
(guppies, reticulata Poecilia) TTou TtpoKaA&gital 0Tav auTA EKTIBEVTAI G€ JIAPOPEC CUYKEVIPWOEIG

TPhT ot1o vepo Kal dlamtiotwae 6Tl TtEBavav otav £pBaae n ouykévipwan TPhT og 2,2 mg g'1
Yaplov. 'Exel amodeixbei 611 n poAuvan touv BaAacaiou olIKoouaTAUATOG aTt6 TPhT TIpoKaAEi

N MEiwon Tou TIANBUoHOU TwWv BaAaaciwv COAIYKOPIWY, KABUOTEPNGN OTNV OVATITUEN TwV
MUBIWV KOl avosoAoyIKN ducAsitoupyia ota Yapia. H toéik dpdan twv OT EVACEWV UTIOPEL va
TIPOKOAEDEl COPAPEC PAGBEC aTOV OVOPWTIIVO 0PYaVIOHO. To E0POC TWV CUUTITWHATWV UTIOPE] va
OVIKEl OTNV Katnyopia Twv €peBICU@V dEPUOTOC ] HOTIWV KOl @BAVEl PEXPL Kal To BAvaTo. ZTo
YEYOVOC OUTO Ttailel kKaBoploTKG pOAO O XPpOVOC €KBECNC TOU aVOPWTIIVOU OPYOVIOHOU Kal N
OLYKEVTPWON NG To&IKNAg OT évwaong. MNa Tov AvBpwTtio Kal To AAAD BNACTIKA Ol EVWOEIC TOU
TplaiBulokaaaitépou (TET) apouaiddouy Tn peyaAlTtepn TOEIKOTNTO.

O xelpiopog twv OT evwoewv DBT kol TBT atod Tov avBpwTio €ival TiBavo va TOU TIPOKOAECE!
€PeBITUO paTIV Kal BAAPBEC TOL dEPUOTOC KABWCG Kal peBIoUO atn BAEvva PETO OTIO €KBEOT O€
E0WTEPIKO XWPOU TIOU EXEl XPWHATA OTIO KOGOITEPO. AANG CUUTITWHOTO TIOU TIPOKAAOUVTIAI OTIO
NV €kBean tou avBpwTiou aTig OT EVWOEIC €ival OTIWAEIN PVrUNG, alTTvia, KaBwg Kol AAAa Tio
ooBapd cuptepIAapBavopévou Kal Tou Bavatou. H veupoto&ikotnta kal nratkr BAABn €xouv
€TioNG ava@epbei petd amod €kBeon ToU AVOPWTIIVOL Opyaviopol o€ TMT kai TPhTOAc. H
€kBean TOL OVBPWTIIVOU OPYaVICHOU KOTA TN OIOPKEID TNG EPYATiag TaUTOXPova g€ Wiypua DMT kat
o€ TMT yia 3100TNUO LEPIKWV WPWV UTIOPEL va aTtofei poipaia. H to&ikotnta
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VEUPWVEC TOU EYKEQPAAOL. MEXPI ONHEPO BEV LTIAPXEI KAVEVO OTOIXEIO TIOL va oLVOEel TIG OT

yla 1o dld@opa PéPn Tou avBp@TIvou opyavicuou. Mo

EVWOEIG e TEPATOYEVWVEDN N KAPKIVOYOVO dpaaon ata {wa. H TogiIkotnta Twv OT evaewy yia
TOV ovOpWTIVO opyaviopd Teivel YeVIKA Vo HEIWBEl 600 AlyOTEPEC OPYOVIKEG OUADEC
ouvdéovTal HE TOV KOOOITEPO. XTI HEPEC MOC LTIAPXEl €va HEYOAO eVOIO@EPOV YIia TNV
OUVOAIKI TOEIKOTNTO TIOL TIPOKaAEital oo piypota OT evwoewv. Otav  LUTIAPXOLV
OANAETIIOPACEIC TWV OI0POPWY 0UCIWY, AAUPBAVEL XWPO OVIAYWVICTIK) N CGUVEPYICTIKN
O0pdon TWV OUCIWV OUTWVY Kal N ETOPACN TNG CUVOAIKAC TOEIKOTNTAC UTIOPE va gival TTIOAD

Ol0QOPETIKI OTOV AVOPWTIIVO 0pYaVICHO.

4.5 O1 0OpyOavVOKOGOITEPIKEG EVWOEIG OTO TIEPIBAAAOV

AOYw TNC eupeiag BIOUNXAVIKNAG EQapUoynC Twv OT eVWCGEWY ONUAVTIKEC TIOGOTNTEC TOEIKWV
OT €xouv dloxeteutei oe dlAPOPO OIKoouaThuata. MEXPL TWPA, Ol EPELVEC TiEplopilovTav
KUPIWC yla TN pOTIAVGN TIOL TIPOKOAEiTal atd TI¢ evwael TBT kol TPhT, €meldr] ol eVWOEIC
OUTEC €loépxovTav aTr’ eubeiag oto TepIBAMoOV. QOTOC00, OTIO TIPOCPOTEC EPEVVEC,
Ol0TIOTWONKE OTI ONUAVTIKEG TINYEG MOAuvong OT eival Ta aoTiKA Kol BIOUNXOVIKA Lvypd
OTIORANTO, Ol XWPEOI LYEIOVOUIKAG TAPNC KOl T0 OTPOYYIOTIKA €dA@ouG. H cuoowpeuon Twv
OT ota pOAUCHEVO OIKOGUCTAUOTO €ival ouvdptnon @UOIKWY (TI.X. TIPOoPOPNCn OE
OlWPOULEVO CWHATIOI Kal I{AHaTa), XNUKWY (TT.X. XNHIKI OTTOIKOSOUNON Kol QWTOXNUIKEC
OVTIOPACEIC) Kal BIOAOYIKWV (TI.X. oTtoppd@naon Kal BIOAOYIKNC amodounong, Biodidaraaon)
UNXOVIOU®WV aTopdkpuvong. Ol QUOIKEC ouvOnKkeg emnpedlovv ae peydAdo Bobud TG

OlEPYOaieg KATOVOUNG Kal oTtoddunong Twv OT a1o TEPIBAAAOY CUU@WVA HE TO ZXNUa 4.8.

> > > >
R4Sn R3SnX R2SnX:2 RSNnXs SnXas

ZXNHa 4.8: Avtidopaan ammodOuUncong Twv LTTOKATESTNUEVWY OT EVOOEwWV.
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KATAOoTOONG OTIO TO KOTIOV TOU KOGOITEPOUL. H agaipean

TWV OPYOVIK®WV OUAdWY UTTOKATACTACNG UTTOPEL va TIPOoKANBEL atd S1a@opoug UNXaviopoug
LEPIKOI aTtd Toug oTtoioug eival ol akdAovbol;

e YTeplwdng (UV) aktivoBolia. H @wTtdAuan tou nAIokoD QwTOC ATIOTEAEL TNV TTIO ypriyopn
ol0dIkaagio ammodopuncng oto vepd. O decudg Sn-C amoppo@d HEPOC TNG EVEPYEING TOU
QWTOC, N OTIoiO UTIOPE( VO Eival APKETH yia va TIPOKOAETEL SIACTIOCN TOu dsapol autol. Ol
TPIPAIVUAOKOAOCITEPIKEC KOl TPIKUKAOEEOV OKOT OITEPIKEG EVWOEIC JIACTIMVTAL TIIO YPryopd UTIO
NV UV akTivoBoAio o€ axéan HE Ta TIapay wya TwV TPIBOUTUAOKACCITEPIKWY EVWTEWV.

e Biohoyikr] didoTtacn. Mepikd Baktipia 0Tmw: Pseudomonas aeruginosa, Pseudomonas
putida C kai Alcaligenes faecalis éxouv TNV IKavoTNTO va TIPOKOAOUY amodounon twv OT
EVWOEWV OvVAAOYd HE TIC TIEPIBOANOVTIKEG TUVONRKEG (ZxNMa 4.9). Emiong 1o [KPodAyn ivai
ouvatd va TIPOKOAETOLY aTTI0dOuNan Tov TBT oe DBT UTIO OpIoHEVEC GUVONKECG.

e Xnuikn diaoTacn. O deopog Sn-C propei va dlacTIOOTE Kal artd NAEKTPOVIOQPIAD KOl OTTO
TIUPNVOPIAC aVTIOPACTAPIO.

BokTAipia

FPseudomonas

chlororaphis

-

Bevi{ohio

Y
Fyoverdins
TPTH TPT—P»DPT MPT
DBT MBT
TBT—-: T
TBT -
Bouravio

“ To{IKOTNT ~XounAfQ

ZxNHa 4.9: Aladikaoia amodounong OT atd Tnv évwaon “pyoverdin” Ttou ekKpiveTal

aTto 1o Baktrplo (Pseudomonas chlororaphis) [70].
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TIEPIBAANOV UTTOPED VO AdPel Xwpa KATW OTIO OPIOUEVEQ

ouvOnkeg Bloouoowpeuon twv OT evwoewv. Bioouoowpeuon eival n KOVOTNTO TIOU £XOUV
OPIOHEVEC EVTEIC VO CUCCWPEVOVTAL O€ €va OpyavIoUo. H diadikaaoio auth UTtopei va eTUTEUXOE
péoa amo TV TIPOCANYN TPOQNG, OVOTIVONG, ETIAQNG HE TNV 0UCia KTA. ATIOTEAECHO NG
Bloouoowpeuang OTIOTEAEl TO yeyovdg OTI €vag OPYyOVIOUOC WUTIOpei va €xel uPnAotepn
OULYKEVTPWOT NG ouciag oe axéon UE To TEPIBAAAOV OTIOU @IAogeveital. O1 OT evwoewv gival
KOTA KOPIO AOYO AITTIOQIAEG EVAOEIC Kal TO XOPOKINPIOTIKO OUTO OTIOTEAEI KOl TOV KUPIO AOYO
OUOCGWPELCTC TOUG OTOUG dIAPOPOUC OpyaviouolC. ‘Exel attodelxTel OTl HePIKA €idn Baktnpiwv
TIou {ouv aT1o BaAdcalo TEPIBAAOV TIaPoUCIAlouY O&I0CNHEIWTN IKAVOTNTO GUOCWPELCNG TOU
TBT. Emiong €xel amodeixBei on ol acmovdoulol BoAACGIol OpyavIOUOI OTIWG T MAAdKIa
OTIOTEAOUV CNUOVTIKOUG BIOCCUCWPEVTEG KAl TIOPOLCIALOUV OEI0CNMEINTO EVOIAPEPOV KABWG
TIOANOI OTI0 aUTOUC Bpiokovtal Kal aTnv dloTPo@Ik aAucida Tou avBpwriou. Ta didgopa €idn
KaBouplv Kol Popiwv oLOCWPEVOLY TIOAU HIKPOTEPEG To00TNTEG TBT 10Tt dlabEToLY
OTIOTEAECHATIKOUG INXOVIOUOUC aTt0d0UNong tTou TBT aT1o 810 Toug T0 owpa. MNpOc@aTeg LEAETEG
€de1av o1l 1o BaAacola ONAACTIKA Kal Ta TIOUAIG GUCCWPEDOLV HEYAAEC TTOOOTNTEG TO&IKwY OT
EVAOEWV g€ dIAQoPa Opyavd TOUG HECW NG dIATPOPNE TOLG. Ta AIWPOUHEVA CwHaTIdIO Ttai{ouv
ONUOVTIKO POAO OTNV KaTavoun Kol v toxn twv OT evoewv OTo TIEPIBAAMOV HECW NG
TIPoCopPOPNong Twv OT evaoewv o€ autd. Ta €3a@n Kal Ta ICAUOTO UTIOPED va XPNOIMEDCOLV WG
TIOYIOEC YIO OUTEC TIG TOEIKEC TIPOOLEIEEIC. H guuTIEpIPOPd TIpOopOPnaong Twv OT evwoewv gival
ONUOVTIKN YO TOV KOBOPIGHS TwV SIadIKACIWY HETOQOPAG, KaBWE Kal Tng B1odIa0eaIuotnTag TOUG
€10IKA Y10 TOUG LOPORIOLE OPYAVICHOUC. Ot LETOAAIKEG EVACOEIG Kal KUpiwg Ta didgopa ogidia Tou
METAANOU Ta OTIOiO €ival apVNTIKA QOPTICUEVA, OTTOTEAOUV KATAANAG TIPOCPOPNTIKA HECA YA
HEPIKEG OT eVOEI KOTW OTIO OPICUEVEC TIEPIBOAOVTIKEG cuvenkeg. H Ttpoopdenon twv OT
EVWOEWV OTIG ETIIPAVEIEC OUTEG YiveTal Pe dadIKATIO avTOAAAYTC KOTIOVTOC TI.X. TWV [OT]+ ME TIG

OpVNTIKA QOPTICHEVEG ETTIPAVEIEC. O TUTIOC TWV KATIOVIWV TIOU aVvIGAAACoovIal, ol TIMEG pH, N
METOANKN] KOl XNUIKA o0CTOOoN TOU TIPOGPO@NTIKOD LAIKOU Ttai{ouv KoBopIoTIKO POAO yia TOV
EAEYXO0 NG TIPOOPOPNTIKNG OUMTIEPIQOPAC Twv OT evwoewv. Emiong n ouumepipopd
TIPoCopoPnong dla@opwv OT evaoewv €€apTdtal Kal amd tn Hoplakr) Sour toug. Aoyw Twv
OlO@OPETIKWV QUOIKWV KOl XNIUIK®VY 1010TATWVY Twv OT, dAAeq OT OTtwg 0 DBT TIpoGpo@@vIal O
OlOAVMATA, Kal AAEG OTIwg 0 MBT Ttpoopo@wvtal oTiC eKBoAEG TToTapwy. O TBT mpocpo@aTtal
ME TNV {d100 ATIOTEAECUOTIKOTNTO KOl O€ LOATIKA JIGAUMOTO OAAG KOl G€ I{MATa KOl yio TO AOYO
autd Bewpeital Blo-Ol0BECIHOC yIa JIa gupeia KaTnyopia opyaviopwy. Katd tv tpoopoenan twv

OT evwoewv AapBavouv dpaan dIA@oPOol PNXAVIGHOI OTIWC TTX OVTIOPaaN LE TNV 0PYAVIKNA
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T0000T0 Twv OT evwaewv auvdéovTtal pe dEGUOUE e TNV

OIOAUMEVN OpyavIK VAN Kol TO yeyovog autd €Tnpeddetal amo 10 pH kal amo v @0on g
OpPYOVIKAG UANG. MéEpa ato 1o yeyovog 0Tl 0 AvOpwTIoC £XEl €l0AyEl GTO TIEPIBAAAOV Hia gupeia
TolkIAior OT, o1 LEBUAOKOTGITEPIKEG EVWOEIC UTTOPEL va OXNUOTICTOVV PECW Hiag dladikaaiag TTou
ovopadetal Blopebuliwon. Mepikd €idn AAYEWV KOl QUKIWV TIAPAYyouv HEBUAO-1wBIdIo (CHsl) 1o
oTtoio pTTopEi va peBuAIwoEl Ta aiata Tou dioBevr) kaoaitepou Sn(ll) oe VLAATIKO TIEPIBAAAOY, Kal
vo  TIopaxBo0v  HOVOUEBUAIWVEVO  KOOOITEPIKA  €idn. ETUTIAéOV  pEPIKA  PBaKTpla  OTIWG
(Pseudomonas bacteria) €xouv TNV IKavOTNTO Vo ONUIOUPYROOLV  dlAPOPa  €idNn
MEBUAOKOOOITEPIKWY EVWOEWY. Mia TIOAD CNUOVIIKI avtidpaon Egival n HeToQopa UeBLAiwY
METAED OAAwV Bopéwv HETAMWYV Kol n mibav onuioupyia TOEIKOTEPWV EVWOEWV TIPOG TO

BaAdaoaolo TepIBAANOV OTIWCE 0 HEBLAOULAPAPYUPOC.

4.5.1 AlooTtopd Kail eTtidpacn Twv OT aTo TIEPIBAAAOV Kal GTOUE OPYaAVIOHOUC

Meydheg¢ moootnteg OT evwoewv €xouv eloaxBei amo Tov AvBpwto ade didgpopa
OIKOGUGTAMOTO AOYW TNG EKTETOHEVNG XPONG TOUC O€ TIOAG TIedia eQapHoywv. To YEYOVOC
OUTO €XEl OOV OUVETIEIO VO AVIXVEVOVTOI CNUOVTIKEC CUYKEVIPWOEIC TWV PUTIWV OUTWVY Kal
TWV HETOBONTWOV TOUC KUPIWC 0TO LOATIVO TIEPIBAAAOV: VEPO, AIWPOVUHEVO GWUATIOND, I{HOTO
Kol Blopala. H petagopd OT amd 1o LAATIKO OIKOCUCTNUA CTNV OTUOCEAIpO Bewpeital
OMEANTED AOYW TWV N OVIXVEDCIUWY CUYKEVIPWOEWY Twv OT ge deiylata oToo@alpikol
aépa. Ol TPIOPYAVOKAOOITEPIKEG EVWTEIC EXOLV HIKPN SIOAUTOTNTO KOl KIVNTIKOTNTA OTO VEPO
KOl yio TO AOYyOo OUTO TIPOopPO@wvVTal €0KOAA O€ aIwPOUUEVO CwaTidlo, To oTtoia
KotakaBovtal oto idnua. O xpoévog nuicelag {wng tov TBT oto i{nua eival peydlog Kal
KUHaiveTal ge €0POC HEPIKWV XpOvwyv. To yeyovog auTO E€ival ONUAVTIKG JSIOTI Eival
Bl0dI0OEGIUOC yIo TIOAD HEYAAO XPOVIKO dldotnua o€ BaAdocoloug opyaviGuouC TIoU
TpE@ovTal aTo To i¢nua avtd. O1 evwoelg Twv OT Kal Twv TIPOIdVTWY OTTodOUNCAG TOUC
avixvelovtal g€ JIAPoPES TIEPIOXEC TIOYKOOUIWG 101aITEPA OPWE O€ ICAUATO AIHOVIWV. ZTOV
Mivaka 4.5 ava@épovTtal eVOEIKTIKA CUYKEVTPWOEIC Tou TBT 1ou mapatnpriénkav o idfuata
aTIO0 SlaQOopa LEPN, YEYOVOC TIou dnAwvel OTI v Kal n Xprion tou TBT ota vpaloxpwuata

£XEl OTIOYOPEVTEL, TO EVOIAPEPOV VIO TNV POTIAVAT) TIOU £XEI TIPOKANBEI TTapapEVEL LYNAD.
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OKTOYPOHUEG K.0L.)
—_ Huep. Aetyp. Maxog 1In. TBT
[cm] [ngSng ]
BaAtikni kol Bopela @dlacoa | 1997-1998 - 33-6,970
ZTOKXOAUN, Alpdvia, Zoundia 2007 0-2 27-533
BapkeAwvn, Aipdvi, lomavia 2002 0-5 98-4,702
Meooyelog, AILAvId, LopIveEC 2004 0-10 37-4,402
Mapiveg, Atgdvia, Itahia 2003 0-2 43-39,300
Koxi-Mourtdi, Aipdvia, Ivdia 2000-2002 - 2-6,894
KoAmog OtooUKl, lammwvia 2005 - 8-5,740
NIpévEG, okToypappung TaiBav | 2001-2004 - 1-3,505
Kouvivohavt, papiva,
AuaTpaAia - 0-20 90-3,587
Apavi M'viavaok, MoAwvia 2008 0-5 13-15,780
2008 0-5 8-1,910
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outd O€ OUVOUOCHO ME TNV TOEIKOTNTA KOl TNV €upeia

EQOPHOYN TWV EVWOEWV OUTWV SIKAIOAOYEL TO HEYAAD OYKO EPEUVVAV TIOU £XOUV YiVEl Kal yivovTal

yla v avixveuon twv OT o€ Aipdvia, eKBoAEC TTOTAI®WY, BAAACOO, AUVEG, OKTOYPAMUEG. ZTO
LOOTIKO TIEPIBAAAOY, Ta dld@opa €idn lovikwv OT: TBT", DBT2+, MBT>" ka oudETEpWV: TBTOH,
DBTOH, MBTOH, TBTNOs, TBTCI K.T.A., umopei va diatnpouvial oo QUVALEIC AVIOAAAYTG

KoTiovTwv Kal duvapelc Coulomb. Ze pH petaéd 4 ka1 7, o DBT mpoopo@dtal oto i{nua o€
peyoAUTEPO BaBUO amo Tov TBT. ATO v GAAN pepid o€ pH< 7, o1 Betikd @optiopeveg OT
KUPIOPXOUV OTO UOOTIKO OIGAUMO KOl UTIAPXEl HIO NAEKTPOCTOTIKI) €AEN METAED Twv BETKA
@opTiopévwy OT pOopiwv Kal NG apvnTIKA QOPTICHEVNC METAANIKACG ETUQAVEIAC TWV dIAPOPWV
ETUPOAVEIOKWV TIETPWHATWY. Z€ pH 8, N CUYYEVEIN TWV EVWOEWV OUTWV HE TO {{NUa OVTIOTPEPETAI
TBT > DBT, A0yw g udpo@ofIKAC ID10TNTOC TWV EVWCEWV aUTWV [79]. Mpoo@ata dl0TIOTWONKE
ekTeTapEVN Tapouaia OT kol oto vdATIvo TEPIBAAAoY TG EANGdOC. Z10 BaAacaivd vepd ol
ouykevipwoelg Twv TBT, DBT kot MBT kupaivoviav amo <2 €wg 70, 159 kar 19 ng L'l,
OVTIOTOIXO. ZT0 TIOTAWIO KOl 0TI MUVEG Ol GUYKEVTIPWOEIG Twv OT TIOU avIXVEUTNKAV NTAV XOUNAEQ
€V LYPNAEC ouykevipwoelg < 384, 76 kal 68 ng Lt yioa ta TBT, DBT kou MBT avtiotoixa,
OVIXVEUTNKOV O€ EIOEPYXOUEVA OTIORANTO HOVAOWY ETEEEPYATIiOg LYPWV OTIORARTWY. ZTO
TIEPIBAANOV TOU £8AQOUC, 1 KIVNTIKOTNTO TOU SN UTIOPEI va ETINPEACTEL OTIO TNV ATIOPPOPNCT] TOU
TNV ETUEAVEIN TOU €DAQOUC Kal aTtO T puBUG amodounong twv OT Tou €ival eE0PTWHEVOC Ao
TIC (UOIKEC KOl XNMIKEG 1010TNTEG OTIWC: N TIOMKOTNTO KOl N XNHIK o0aTtacT. MepIKEG EVWOOEIC
OTtW¢ ToL TBT pmopei va gival 1o otabepeg amod autég tou TPhT 6tav d10XETEVTOUV GTO £8P 0G
UTIO TIG iDI1EC TTIEPIBAANOVIIKEG GUVONKEC. 'EXEl ATIOOEIXTEN OTI TIC TIEPIOTOTEPEG POPEC AVIXVEUOVTOAL
OULYKEVTPWOEIG TwV OT evwoewv e v akoAoudn osipd TPhT< DPhT < TBT < MPhT < DBT <
MBT. To yeyovog outO CUVOUOCTNKE OTIO TOUG EPEUVNTEC HE TNV MEYAAN oTaBepdtnta Twv OT
EVWOEWV 1 OTIOI0 ATAV AVTIOTPOQWCE avAAoyn LE TO BaBUO LTTOKOTACTACNG KAl JE T @UGT TwV
OPYOVIKWV OUadwv Twv OT evmoewv, Kal n oTtoia dlokupaivoviav amd 24 pépeg yia tov TPhT
€W¢ Kol 220 pépeg yio tov MBT. Ta XOPOKINPIOTIKA TOU €DGQOUC OTIWG: pH, TIEPIEKTIKOTNTA
OPYOVIKAG UANG, METOAAIKOTNTA, OUVAMIKO OZEidWONG Kal WIKPOoOPYOavIoHOi Tai{ouv KaBopIoTIKO
poAo oTnv dlacTiopd Twv OT gvwaewv aTo £0a@oq. Na Tov TBT £xel amTodeIXTE OTI TIOPAWEVEL YIa
MOKPU XPOVIKO 310 CTNHO OTO £D0@O¢ HE XPOvo nuiceiag {wng Tig 39 HEPEG, EVW yia Tov TPhT eival
OTIG 621 pEPEC. ATIO eKei Kol TTEPA SIAPOPOI UNXAVIGHOI aTtodOuNong AauBAvouy Xwpa €101 WOTE
VO TIOpAyovTal TIPoiovTa armodounong Tov MBT kait DBT armo tov TBT kat MPhT kai tou DPhT
aro tov TPhT. AOyw NG eupeiag Xpriong Twv HUKNTOKTOVWV OTIC KOAMEPYEIEC TIOTATAC,
{axapoTteLTAWY, pudioy, ol OT evwaelg Kupiwg o TBT kait TPhT amoteAolv onuavtikéd Kivouvo yia

mv
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pn [84]. H 100N Tpoopopnong twv OT oTa alwpPoUUEVa

CWHOTIOIO KOl N €vaTiofear] Toug oOTo i{nua T KoBIoTd JlaBECIPEC GE OPYAVIOHOUC, OTIWG
Ol @OPO MOAGKIO, TIOU QIATPAPOLV TO VEPO KOl TPEPOVIal GTA IJNUATA, PAPIO TIOU TPEPOVTOL OTIO
outd KoBw¢ kal amd ta dla@opa ooTpoKoedr. O OT egvwoelg BlocuocwpelovTal PE HEYANO
puBPO aTo Ta diBupa POAGKIO, yeEyovog TIou Ta Kabiotd aflotuotoug Blodeikteg BaAdoalag
puTtavang. ‘Exouv tnv IKkavotnta emiong va petafoAidouv tov TBT mpog DBT kai MBT, v ta
Papia, OTIWE Kal Ta ONAaoTIKA, Blocuoawpelouy Tov TBT Kupiwg oTo ATIap TTopA GTn GApPKA. ZT0
BaAaoaoio TepIBaAlov TN EANGDAC avixveltnkav OT evWoElg G TIEVTE €idn diBupwv OE dIAPOPEC
TIEPIOXEC TOL Alyaiou TiEAdyouc. Ol CUYKEVTPWOEIC TOUC KOTA HECW Opo ATav 17,1 ng g'l, 18,8 ng
g'l, 7.8 ng g'l kat 13,0 ng g'l (ava vypo Bapoug) yia tov TBT, DBT, MBT kai TPhT, avTioToixwc.
Ta emimeda aAutd ATV TIAPOMOIO N KOl XOUNAGTEPO OTIO TO ETUTIEDN TIOU OVO@EPOVIAL OTN
BiBAloypogiao TTOYKOOMIWG. O1 XaunAotepeC ouykevipwoel¢ OT evwoewv Bpédnkav ota podia,
TUBavVWC ETEIDN OVATITUOCOVTIOL OE ATTOCTACN OTIO TO i{NUO TOU €DAPOUC, EVW OTIO TNV GAAN
MEPIA Ta €(dn TTOU CUAAEXBNKaV aTTd TO i¢Nua, TTapouaialav COE®C UEYOAVTEPEC TIEPIEKTIKOTNTEQ
[84]. Mia akOUn €pguva TTOL TIPAYLOTOTIOIONKE OTIC OKTOYPOUUEG aTnV EANGSO £0€1€&E OTI OTIQ
OOpPOENEC, AVTIOOUYIEG Kal oTa HUdIa avixvelTnkav 11ocotnteq TBT katd p.o. 0,91 pg kg-l yla 1o
Yapla kai 2,21 pg kg'l yla o podia.

O avBpWTIIVOG OPYOVIOUOC EKTIBETOlI GUECO KOl EUUECO OTA TIPOIGVTO TIOU TieplExouv OT
evwoelg (ZxAua 4.10). H ékBeon Ttou avBpWTIlVOU OpPyaviGUoU Yivetal HECW TNC
OANAETIIOpOCAC TOU HE TO TEPIBAAAOY. MeEPIKOI TPOTIOl ETTIMOALVONG TOU OVOPWTIIVOU
opyoviguou améd tg OT eival: n €l0Tvor, N amoppoencn amd 10 dEpUa, N ETAPH HE
ETUHOAUCHEVO TIPOIOVTO KOI N KOTOVOAWGT ETUUOAVCUEVWY e OT evwoelg Tpo@v. H
TEAELTAIO OTTIOTEAE] KOl TNV KUPIOTEPN TINYNA ETUMOAUVONC YIa TOV avOPWTIIVO OPYOVIOHO (TT.X.
KOVOEPPReC aTO KOOOITEPO TIOUL XPNOIUOTIOIOUVTAl Yyio SIOTAPNCN TWV TPOPWV, YAPIa,
00TPOKOEISH). Ta TIPoidvTa TIOU XPNOIKOTIoI0UVTOI GTO GTIITI KAl To OTIoia KoTaakeualovtal
OTI0 TIOAUOUPEBAVN, TIAOCTIKA TIOAUUEPN, OIAIkOveG, PVC (dATeda, KOupTiveg UTIAVIOV)
TIEPIEXOLV TTOOOTNTEC TIapaywywv OT eVWGEWY Ol 0TIoiEG dlaxEovTal OTNV OTUOGEAIPA TOU
oTuTIol dNUIOUPYWVTOG £va GUVVEQPO ETIIMOAVCHEVNG OKOVNG TO OTIOI0 UTIOPE va EICENDE
OoTOV avOpwTIIVO OpYavVIOUO HECW TNG avatvorg. 'Evag dAlog tpomog d16dov OT oTov

OvVOPWTIIVO 0PYOVICUO €ival HETW TNG KATATIOON G VEPOU TIPOEPXOLIEVO aTIO CwANVeg PVC.
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Ixnua 4.10: Mnyég ékBeang Tou avBpwTIIVou opyaviapol oTig OT svwaoelg [52].
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pia Twv OT evwaewv 010 BaAdaalo TiepIBAAAOV 0o ynoav

TI¢ TaAMKEG apxEC To 1982 aTnv OTIayOPELCN XPrONG UVQOAOXPWHOATWY OE TIAOIO KATW Twv 25
METPWV. Ta HETPO aUTA ETIEKTABNKAV KOl 0To Hvwpévo Baaileio 1o 1986 0TT0U Kol BeCTTioTNKE £va
oplo TToI0TNTOC Yia Tov TBT (20 ng L'l) 07O HOAAKIO EUTIOPIKAC KOTAVAAWONG. AGYw OPWE NG
MEYAANG TOEIKOTNTAC TO OPI0 OUTO KATERNKE 10 POPEC KATW OUECWC TOV ETIOUEVO XPOvo. To 1989
n Evpwraikn ‘Evwaon e€€dwae tnv 0dnyia 89/677/EOK cUU@WVA WE TNV OTIoI OEV ETTITPETIETAI N
xpnon OT w¢ dpACTIKWY OUCIWV G€ TIOPOCKEVACOTO TIOU TIPOOoPIoVTal VO XPNGCILOTIoIN 8oV yia
Bagn vEAAWV: (0) OKOPWY HE EEWTEPIKO OMKO URKOG (0TTw( opiletal ato TIPoTUTIo ISO 8666) <
25 m, (B) ot KAWPBOUC, TAWTAPEG,diXTUO KOBWC Kal ge KABe eykKOTOOTAGN 1 €EOTTAIOUO
IXBUOKOAAIEPYEIWV KOl OCTPOKOKAAMEPYEIWV (Y) O€ EYKATOOTACTEIC 1] €EOTIAIOUOUC Bubiopévoug i
nupubiouévoug ato vepd. Tov idlo Xpovo n AucTtpaAia Kal n lamwvia amaydpeucav 1 Xpnon
VEOAOXPWUATWY pE TBT. H amayopeuon auth UIOBETNONKE apyOdTEPO Kal aTiO GANEC XWPEQ
(AuoTpia, Zoundia). YTIAPXOV OPWC OF HEPIKEC XWPEC Kal OPIOUEVEC EEAIPETEIC OVAAOYO HE TO
MIKOG TOU TTAOIOU Kol TO XWPo Tiou €mAge. To 2001 o Aigbvrig Opyaviopog @aiacaoag IMO
(International Maritime Organization,) ipoteive (AFS 2001) tnv amayopeuaon Tng Xpriong touv TBT
01eBvwg atto 1o 2003, wote amod 1o 2008 va pnv uttdpxel TAéov TBT ota D@aAa Twv TIACiwv. O
otoxo¢ g Evpwmaikng 'Evwong pe Tov Kavoviopo 782/2003 «Amayopeuon OT o€
UQOAOXPWHOTO TIAOIWV» €ival va TIEPIOPIOEL TIC ETITITWOEI( OTO BAAAGOIO TIEPIBAANOV Kal TN
avBpwTtivn uyeia. O Kavoviouog IoX0El TOOO YIa Ta TIAOIA KOIWVOTIKIG ONHaiog 000 Kal yia Tta TtAoia
aveapTINTOU CNUOIaG TIOU KATATIAEOUV 1] OTTOTIAEOUV OTIO KOIVOTIKO AIavi. QoTtdcoo n TTARPNG
€QOPLOYN TOU KOVOVIOUOU Ba yIvoTtav €pocov Yn@lotei amd 25 KpAtn TTou avITIpoowIIEUOLVY TO
25% TOU TIOYKOOMIOU EUTTIOPIKOV OTOAOU. H TTARPNG OTtayOpeuan OpwE EI8IKA OTA TIAOIO 10XVEl
OTI0 OpXEC TOou 2008 (782/2003 attog.) aveédptnta tng amoégaong AFS 2001. AkOun KoTéta&e Tov
TBT cUp@wva pe TNV amtogocn 2455/2001/EK w¢ tpottoroinon tng 2000/60/EK GTIg €TTIKIVOUVEG
ouaoieg (priority hazardous substances). O Maykdopiog Opyaviopog Yyegiag (WHO, 1992) kai n
Ymnpegia Mpootaciag tou MepifdAloviog twv HMA (EPA, 1997) mpoteivouv ¢ AVEKTN
Huepriola Aoon (Tolerable Daily Intake, TDI) yia va pnv TTopouciooToUV TOEIKEG ETIIOPACEIC GTOV
avBpwro, ta 0,25 pg kg-l Bdpoug cwpatog / nuépa yia tov TBT, DBT, TPhT, DOT [84]. Zav
OUUTIANPWHOTIKA 0dnyia tng 2009/425/EC IO KOTW OVO@EPOVIAL TIO TIPOCPOTEC VOUOBETIKEG
OIOTAEEIC YIO TOV TIEPIOPICHO XProng tTwv OT, o1 oToieg BETOLY Eva OVWTOTO OPIO0 CUYKEVTIPWONG
(0,1% m/m w¢ Sn) ota dia@opa TIpoiovia. O XPOVIKEG TIPOBECUIEG Yo TNV €QAPHUOYN TOUG

TiepIEXOVTal aTov akoAouBo Mivaka 4.6 [85]
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ouv TeBei 1} Ba TEBOLV OE EQAPIOYT] VIO TOV TIEPIOPICHO

Hpep. 1/6/ 2010 OT: Tri-OT, TBT, TPhT

Méyiotn Zuyk. 0,1% w/w Sn

216X0C

‘OAa Ta €idN TTOU KUKAOQOPOUV GTO EUTIOPIO

M TtPOIOVTA/EQPAPLIOYEC
. o1
¢ Xpnon BIOKTOVWY ™ o€ TIpoidvTa

KAwatolavtoupyiag

e Mn aAAepyIKd pa&iAdpla

e YOAEC TIOTIOVTOIWV

Huep. 1/1/2012 Dioctyl-tin (DOT)
310X0Q

Eidn mou mpopnBevetal To €upL KOO,
U@ACHOTO TIOU £PXOVTOI OE ETOQN LE TO
O¢épUa, YAvTIa, LTIOdNUOTO TIOU €PXOVTOAL OE
ETIA@N HE OEPUA, TIPOIOVTO ETTIKAAUYING
TOIXWV-TIATWHATWY, BPEePIKA €idn @povTtidag,

€idn vylevng, TIAVEG, TIPOIGVTA GIANIKOVWV

Méyiotn Zuyk. 0,1% w/w Sn
X TIpOIOVTa/EQAPOYES

e EKTUTIQOEIC a8 UTTAODLEC

s Tavuo PVC

s Zavdahia amo PVC

e PVC mpoiovra,

e Eidn vylevig, TTaudIKEG TIAVEC

o [hittiAeg, QUTO-OOTIIOEC K.T.A.

Hpep. 1/1/2012 DBT

216X0C

Ald@opa €idn

Méyiotn Zuyk. 0,1% w/w Sn
M TtPOIOVTA/EQAPLIOYEC
e PVC mpoidvta tumoTtoinang, dAAa
PVC uhikd
e A@poi TtoAvoupeBAVNC, LEAGVIO

EKTUTIWOEWC, TONEC LTIOONUATWY
 MoAueaTeplkd €idn TUTIOTIOINGNG KOl

ETUXPITUATWV

Hpep. 1/1/2015 DBT

216X0C
Eidn yevIKNG Xproewg, KOAAEC evOg Kal 600

Méyiotn Zuyk. 0,1% w/w Sn
M TtPOIOVTA/EQPAPLIOYEC

e KOMEC Kal UAIKA yia
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Kai

ETIXPIoHOTA TIOV TIepIEXOLV DBT w¢ KATAAUTH,

HaAakd Tipoidvta PVC og ouvduaouo pe

OKANPO PVC, KOTOGKEVLAOUOTO ETUKOAAUUUEV O

pe PVC mou miepiéxel DBT w¢ otabepoTtointh

Zteyavortoinan

e Emixpiouata oe didgopa mpoidvta

e Kou@wuata, KavaAlo KoAwdiwy

e 'ETUTIAQ EEWTEPIKOV XWPOU, TEVTEQ

oy xpron twv OT g€ BIOKTOVA €XEl ATIOYOPEVTEL OTNV ELPWTIAIKY €vwan
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5.1 OpyavoAoyia

To TIOAUCTOIXEIOKO POCHOTOMETPO  OTOMIKNG oToppo@nong Perkin Elmer SIMAA 6000
XPNOIMOTIOINONKE yio TN CUYKEKPIUEVN PEAETN. To SIMAA 6000 tng Perkin-Elmer, €ival To Tipwto
TIOAUCTOIXEIOKO (QOCUOTOUETPO OTOMIKNG OTTOpPOPNONG, HE EVOWHATWHEVO €va OTITIKO cUCTNHO
TeTpaedpikol ToAUXpwudtopa Echelle (Tetrahedral Echelle Polychromator) (oxfua 5.1) 1kavo va
EKTEAEI TOUTOXPOVOUC TIPOGIIOPICHUOUE 2 £WC 4 OTOIXEIWV KAl EVAV OVIXVEUTH OTEPEAC KOTAOTAONG
(solid-state detector). Emiong mepiAaufavel emipnkn emidpacn Zeeman yia d10pBwaon uttofapou
Kal gyKapola BepUaIVOPEVO QOUPVO HE TTUPOAUTIKA KOAUMPHEVN TIAOT@OpUa. O €£0TIAMICUOC aUTOCG
TIPOCQEPEL TIPOCOIOPICHO PEYIOTOL OPIBPOU OEIYUATWY, XAUNAO KOOTOC avd avdaAuarn, £EOIPETIKEG
OVOAUTIKEG EQOPUOYEG, OKPIRN ATIOTEAECHOTA, EUKOAN EEOIKEIWAT), CUUHOPQWOT) PE KPOTIKA 1] GAAX

E0WTEPIKA PUBUICTIKA TIPWTOKOAAX Kal TEAOG TIOIOTNTA Kal agloTtiaTia [17].

* Fourlamp
cassette

Four faceted
mirror

Collimating
mirror

Plane S -
mirror [=] Ecm_glle
— il
=g

Zeeman THGA

Zxnua 5.1: Ontkd abotnua SIMAA 6000 [17].

O1 €€aIPETIKEC EPAPHOYEG TTOL eTTITLYXAVOVTOl PE To SIMAA 6000 o@eidovtal 0Tov GUVAUACHO
TOU ETTPAKOUC @OIVOUEVOU Zeeman Kal ToU @oUpvou TexvoAoyia¢ THGA pe TOUC YVWOTAC
emidoon¢ moAvxpwuatopa Echelle kal avixveutr] oteped¢ KATAoTaong. To OTITIKO GUGTNUO HE
TOV TIOTEVTOPICHUEVO TETPOEDPIKO TIOALXPwWHATOPa Echelle smitpémel tov poadiopiopd £wg Kal
TECOAPWY CTOIXEIWV TOUTOX POV, HEIWVOVTAC CNUAVTIKA TOV XpOvo avdAuong. Zuvdudalel unAn

Ol0OTIOPA Kol PWTOROAIN JE EEAIPETIKAC TIOIOTNTAG OVAKAOGCT 0€ KABE anuEio Tou ETITIESOL
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Ixnua 5.2: dacpoatopetpo Perkin EImer SIMAA 6000

Ma v ekXOAIOT TWV 0PYAVOKAGCITEPIKWV OTIO TO deiypaTa XPNOIUOTIONONKE 0 PoUPVOG
Mikpokupdtwy MARS XPress tn¢ staipeio¢ CEM. Autoc attoteAeital amo:

Z00TNUO TIEQIOL HIKPOKLUATWY YEYIOTNG IoXVo¢ 1600 Watts + 15%
e Wnolokd utoAoyioTh 1Kavo yia 100 Tipoypduuata
o [ePIODIKO 1] CUVEXECG TIEPICTPOPIKO CUCTNUO

e J0OTNUO 0C@OAEIOC YO TIC TPEIG TIOPTEG KAl VO OPYOVO TIOPAKOAOUONCNG TWV EKTIOUTIWV
MIKPOKUMATWY, yio TIpOANYN, étav n TopTa €ival avoIxTr)

N
%.
X
3

Ixnua 5.3 O @olupvog PIKpoKupATwY MARS XPress
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NTov VYPNANG avaAuTikng kaBapdtnTag (Suprapur Grade,

Merck).

Ta TPOTUTIO SICAVUOTO TIOPOCKEVACTNKOV UE KOTOAANAN Opaiwaon Pe TOAOUOAIO £TG1 WOTE vV
TIPOKOTITEl O/U0 TIOPOKATAONKNG CLYKEVIpwWONG 10 mg/L Kal TN CUVEXEID apaiwan Pe e€avio
WOTE VO TIPOKOYEL TEAIKN CUYKEVTpwWan 200 ug/L.

Emiong o okedNn TTIOL XpnolgoTionénkav Atav yudAva.

AVOAUTIKOTEPO TO OVTIOPACTAPIA TIOU XPNOIUOTIONONKAV Eival To TIOPOKATW:

>
MpoTtuTto didAvpa TpIBoUTLAOC-KOCGITEPOG (TBT) TEPIEKTIKOTNTAC 200 g/l

MpoTtuTto didAvpa Tplgaivulo-kaaaitepog (TPT) meplektikotnTag 200 ug/L
MpotuTto didAvpa diBodTuAo-Kaoaitepog (DBT) TeplekTIKOTNTOCG 200 g/l
MpoTtuTto didAvpa digaivulo-Kaaaoitepog (DPT)meplektikOTnTOg 200 Ug/L
MpoTtuTto didAvpa povoPBouTulo-kKaaaitepog (MBT) mepiektikoTnTaC 200 Mg/l
MpoTtuTto didAvpa povo@aivuAo-kaaaoitepog (MPT) TieplektikotnTag 200 ug/L

Mukvo VITPIKO 080 (65% viv) (Suprapur grade, Merck, Germany),

vV Vv Vv ¥V Vv VYV VY

Y1epoé&eidlo touv vdpoyovou (30% viv) (Suprapur grade, Merck, Germany)

A\

OMol ol TPOTIOTIOINTEG TIOU /xpr]muonow']enkav (Au,Pd,Mg,Sm,0Os,Tc,Zr,Gd, Tm,Ir,Rh)
nrav meplektikomrtag 1000 pg/L

A\

YriepkdBapo vepod (MilliQ water, Millipore, Bedford, MA, USA)
ToAoudAio 99,5% (Merck)
E&avio 99,5% (Carlo Erba Reagens)

Moaybéuop@o 0&1ko 0&0 100% (Merck)

vV V V V¥V

NaCl (Merck)
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5.3.1 BeATIOTOTIOINGN XNUIKWV TPOTIOTIOINTWV

21N QOCUATOUETPIO OTOMIKNG OTIOPPOPNCNC HE (POUPVO NAEKTPOBEPUAIVOUEVOL YPO®ITN Ol
OLVNBEIC TIOPAUETPOl TIOU BeATIOTOTIOIOUVTAl E€ival Ol Bepuokpacie¢ TUPOALCNG  Kal
OTOMOTIOINGNC, Ol XPOVOoI Twv OTadiwv TIUPOAVGCNC Kal ATOPOTIOINGNC, O XNUIKOG TPOTIOTIOINTAG
Kal N pada tou XnuIKoO TpoTtoTtoinTr). Kata tn Topeia Twv TEIPAPETwY SOKIUACGTNKAY Ol €ENG
XNuikoi tpormotoiNtég: Au, Pd, Mg, Sm, Ir, Rh , Zr, Tm. Mpémnel va avagepBei ot dev
OOKIJAOTNKE 0 TpomoTioiNTG Re Adyw EAMeng touv. O TPWTOC TPOTIOTIOMNTHG TIOU
OOKIMAOTNKE ATav 0 Au. ATtd diIdALUO CLYKEVTPpWANG 1000 mg/L eAn@bnoav armo 1o épyavo 5 pi
WOTE VA TIPOKLYPEL pdada 5 ug mavw oo ypagitn. H diadikaaia Tou akoAouBnonke fntav n €&nc:
MNa BOepuokpaacie¢ TVPOALONC TIoL Kupaivovtav amé 1200-500 °C Kkal yio OepUOKPATieC
oTopoTIoiNGNC TIoU KupaivovTav atd 2400-1900 °C eAA@Bncav amoppo@noElg Kal Yid TIC €EI
OPYOVOKOOGITEPIKEG EVWOEIC. Z TN CUVEXEID ETUAEXONKOV 01 BEATIOTEC BEPUOKPATIEG YIO KABE pIa
OPYOVOKOOOITEPIKN €VwaT). ZToV TIOPAKATW TIivOoKa TtapatiBevtal ol BEATIOTEC BepUoKpaTieq

TIUPOALC NG KOl ATOHOTIOINGNG Yo KAOE PIo aTIO TIC OPYAVOKOOGITEPIKEG EVITEIC,.

Mivakag 5.1: BéATioTeg BepoKpaaieg TTUPOALONC/ATOUOTIOINCNE PE TPOTIOTIONTH AU pE pdla 5 ug

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAY:HSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 600 2300 4554
TBT 700 2400 975,1
DPhT 1100 2200 410,3
DBT 600 2400 824.4
MPhT 900 2200 3300
MBT 600 2400 3300

EvOoelkTIKA TrapoTiBevtal 000 KOUTIUAEC OTIOPPO@NONG Of Un PBEATIOTEC OepPUOKPATIEC
TIUPOAUGNG KOl OTOUOTIOINGNG, TIO CUYKEKPIMEVA yio Tpyr=600 kai Tatm=2400, yia U0
OPYOVOKOOGITEPIKEG EVWUTEIC. MVETAI EUPAVEC OTI OEV TTAPOLCIALOLY IOl GUUTIEPIPOPA.
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Tl [5]

ZXNua 5.4: KauttOAn amoppo@naong yio DBT cuykévipwang 200 ug/L ae un BEATIOTEC BepUOKPATiEC
Tpyr=600/Tat=2400

015 |

I s foto-si

Tire [=5]

ZxNua 5.5: KaumuAn amoppo@nang yio DPhT guykévipwang 200 ug/L o pun BEATIOTEC BEPUOKPOTIEC
Tpyr=600/Tat=2400
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IxNua 5.6: Alaypduuata Ogpuokpaagiog cuvapticel eUBadol KopuEnE yia Tov TpoTtoTToINT Au HAlag
Sug

ATIO 6A0 Ta TIOPOTIAVW GUUTIEPAIVOUME OTI deV LTIAPXElI CUYKAIOT METAED TwV OEPUOKPATIOV
KaBw¢ Ogv divouv TIOPOUOIEG XOPOKTNPIOTIKEG MALEC KOl ATIOPPOQACEIC. ISlaITéEpa OTIG
HOVOUTIOKOTEGTNMEVEG EVWOEIC Ta €URAdE KOPLENG EVOl OPKETA XOUAAO UE OTIOTEAEGUO va
MEIVETAl onuavTIKA 1N  evoicoBnoia. EmmAéov  yia  Tg  dld@ope OepUoKpaaTieg
TTUPOALONG/OTOPOTIOINGNG TIOV JOKIPAOTNKAY TO eUBadO LTIORABPOUL Tapeixe 1dIaiTEPa LYNAR
KOPLUQI, €VW OC€E OPICHPEVEC EVWOEIC TIOPATNPENONKAV TIEPIOCOTEPEC OTIO MIO KOPULPEG
OTIO PPOPNCNC AOYW TIOAAATIAWY OTOHOTIOINCEWY. ZUVETIWE O TPOTIOTIONTAC AU ATIOPPITITETAI.
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GTPHIORPUU Ropaivovtav amé 2400-1900 °C eA@Bnoav aTIoppoPnaElq

DINTAG Sm pddag 5 ug. H diadikagia Tou akoAoubronke

péAuong Tou Kupaivovtav amo 1200-500 °C kol yia

Kal yio TIC €& OpPYyavVOKOOOITEPIKEG EVWOEIC. ZT OUVEXEID ETUAEXONKOV 0Ol PBEATIOTEC
BepuoKpaaieq yio KABE U0 OPYAVOKATTITEPIKN EVWaOT. ZTOV TIOPOKATW TIivaKa TTopatiBevTal ol
BEATIOTEC BepOKpaaTieg TTUPOALONG Kal ATOUOTIOINGNG Yia KABE UIa OTIO TIC OPYOVOKOGCITEPIKEC
EVWOEIC KOBWC Kal eVOEIKTIKA OUO KAUTIUAEC aToppo@nong o€ un BEATIOTEG BepUoKpaaieq

TIUPOALO NG KAl ATOOTIOINCONG Yia 800 OPYOVOKKAGITEPIKEG EVWUTEIC.

Mivakag 5.2: BéATioTeq OepoKpaaieq TTUPOALCONC/OTOUOTIOINCNG e TPOTIOTIONTH Sm

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAY:HSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 500 1900 252,0
TBT 1000 1900 335,9
DPhT 800 2000 108,8
DBT 700 2000 183,0
MPhT 1000 2200 5614
MBT 800 1900 386,3
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ZxXNUa 5.7: KautoAn amoppo@naong yio DPhT cuykévipwang 200 ug/L o€ pun BEATIOTEC BEPUOKPOTIEC
Tpyr=1000/Tat=2200

in
0.5

b=

— Fat e T A S R
1 2 2

4

Tirme [5]

ZxNua 5.8: KautOAn amoppo@naong yio MPhT guykévipwaong 200 ug/L o€ pun BEATIOTEC BEPUOKPOTIEC
Tpyr=1000/Tat=2200
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ZxNua 5.9: Alaypaupata epuokpaciag cuvapTtroel ePadol KopuPng yia Tov TpoTtoTtointi Sm pdlag 5
Mg

ATIO OA0 To TIOPOTIAVW @aiveTal OTI evw T0 Sm auvédvel v evaiobnaia Kol divel PIKPEQ
XOPOKTINPIOTIKEC HOleC evIoUTOIC Ol [BEATIOTEC Oepuokpaaieq TLPOALCNC/ATOUOTIOINCNG
OlOPEPOLY OPKETA UETAEL TwV £€1 evwoewv. Idlaitepa oty Tepimtwaon ¢ évwong MPhT e
efaipeon TIC PéATIOTEC Oepuokpacie¢ TLWPOALCONG/OTOPOTIOINONG, O OAEC TIC OGAAEQ
Bepuokpacie¢ n evaiodnoia TPOGdIoPICUOL TOU ATAv  MIKPN. T TIC OUYKEKPIUEVEC
Bepuokpaaieq TupoAvonc/atopomoinong tou MPhT ol LTIOAOITIEC evaelg dev TTapouaialav
IKOVOTIOINTIKA oTtoTeAéopata. Emiong 1o onuota 1ou eAnebnoav dev ATV OPKETE Koabapd
KaBw¢ LTIAPXE TIapouaia un apeAntaiov BGpuBou. TENOC TIpAYUATOTIONONKAOV SOKIYEG UE TPEIC
OlOQOPETIKEG Malec Sm 2,5 g, 1ug kot T€Ao¢ 0,5 pg Sm oAAG dev TIAPOUCIACTNKE BeATiLaN

TWV ATIOTEAETHUATWY. ZUVETIWC O TPOTIOTIOINTAC SM OTIOSEIXTNE PN ATIOdOTIKOC.
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FTNKe Tav 10 Pd. H pdla mou dokipdatnke Atav 1,25 ug.
EPUOKPOCTieC TTUPOALONG TIOL Kupaivovtav amd 1200-900

|oN¢g 1oL Kupaivovtav atmd 2400-1900 °C eAfednoav

OTIOPPOQPCEIC KOl YO TOUC €€ avaAUTEC. ZTOV TIOPOKATW TIiVaKa Ttapatifevtal ol BEATIOTEC

Beppokpaaieg TTUPOGALONC KOl OTOUOTIOINGNG VIO KABE pia aTtd TIC OPYAVOKACGITEPIKEG EVWOEIC

KOBwWC Kal eVOEIKTIKA V0 KAUTIUAEG OTIOPPOPNCNC O Un BEATIOTEC BEpUOKpOTieq TTUPOALANC

KOl 0TOPOTIOINGNG Yo U0 OPYAVOKOTGITEPIKEG EVWTEIC.

Mivakag 5.3: BEATIOTEG BepUOKPATieC TTUPOAUCNC/OTOPOTIOINCNG e TpoTtoTIoINTA Pd

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAYZHSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 1200 2200 170,0
TBT 1000 2400 456,0
DPhT 800 2400 15,2
DBT 1000 2200 260,4
MPHT 1000 2300 1400
MBT 1100 2400 1300
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IxNua 5.12: Alaypduuota Bepuokpaagiog ouvaptroel eURadol Kopueng yia Tov TpoTtortointr Pd pdlacg
1,25 pg.

ATIO Ta TIOPATIAVW TIEIPAUATIKA Oedopéva aTtodelkvUETal 0TI T0 Pa dgv €ival KOTAAANAOG
XNUIKOC TPOTIOTIOINTAG a@OU TIOPEXEL OIAPOPETIKEG €uAIoONCieC yla OAOLG TOug ULTIO
TIPOCBIOPICHO OVOAUTEC.

ETtépevog TPOTIOTIOINTAG TTOU SOKIMACTNKE fTav 10 Rh pdadag 5 pg. Aokipaatnkav 00 dI0QOPETIKEC
pop@ég Rh, to RhNOs kai 10 (NHs)4sRhCle IMNa Bepuokpaagieq TTupoALUCNG TIOU KUpaivoviav aTto
1200-500 °C ka1 yia BgpuoKpaacieg aTopoToinong mou Kupaivovtav amo 2400-1900 °C eangbnoav
OTIOPPOPNCEIC Kal YIO TIG £€1 OPYOVOKOOCITEPIKEG EVWTEIG. ZTOV TIOPAKATW

Tivaka Ttapatifevtal ol BEATIOTEG BEPUOKPATieC TTUPOALGONC KOl ATOUOTIOINGNG VIO KABE pia aTtd
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[ KOl EVOEIKTIKA 000 KOUTIOAEG O€ Un BEATIOTEC
hinang yia 300 OPYOVOKOGCITEPIKEC EVWOTEIC,.

Mivakag 5.4: BéAtioteg Bepuokpaaieg TupdAvong/atoporoinong pe tpororointr 8/pa évudpou RhNOs

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAYZHS (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 600 2400 146,7
TBT 500 1900 2763
DPhT 500 2400 167,2
DBT 500 2200 2045
MPHT 500 2200 692,9
MBT 500 2200 480,9

Mivakag 5.5: BEATIoTeC BepuoKpaaieg TTupdALonC/aTtouoTToinang Pe TPOTIoTIoNTH 8/Ha évudpou

(NHs)4RhCls.
OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAYZHSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)

TPhT 600 2400 659,2

TBT 500 2000 1200

DPhT 500 2400 395,1

DBT 500 2200 7333

MPhT 500 2200 703,0

MBT 500 2200 1700
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Zxnua 5.15: Alaypaupata Beppokpaciog auvapTtroel eRadol KOPUPRAC yia Tov TpoTtoTtoint) Rh
age dlaAupa RhNO:s

MNa 1o évudpo RhNO:z mapatnpeital 0Tl ol Ol- KOl TPl UTIOKOTECTNUEVEG EVWOEIC OE (BIEC
Bepuokpaaie TTUPOALONC/OTOUOTIOINCNE TTAPOUCIALOLV TIOPATIANCIEG XOPOKTNPIOTIKEG HALEC.
MopOAN auTA Ol OVO-UTIOKOTECTNUEVEG EVWTEIC TUUTIEPIPEPOVTOL DIOPOPETIKA, YEYOVOC TIOU eV
efUTINPETEl  TOV  TIPOOOIOPICUO  OAIKQV — OPYOVOKOOOITEPIKWV — EVWOEWV.  AOKIMEC
TIPOYUOTOTIOONKOV Kol 0€ SIOQOPETIKA ETTITIES O TLUYKEVTPWOEWV Rh aA\a 6&v TTOPOLCIACGTNKE

BeAtiwan. Emiong, payuoToTIon0nKav PETPHOEIC OTIC BEATIOTEC DEPUOKPATIEC
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OPYOVOKOOOITEPIKNG évwang o€ ouvdlaoud pe Sm-Rh
XWPIC OUWE va LTTOPEOLV IKAVOTIOINTIKA ATIOTEAEGUATA OUTE GE QLTI TNV TIEPITITWON.

AKOUN €vog TPOTIOTIOINTAC TIOU OOKIUACTNKE ATov 10 Tm palag 5 pg. Mo Beppokpaaieg
TIUPOALONG TIOU Kupaivovtav amd 1000-500 °C kol yio OepUoKPACieC OTOUOTIOINGNG TIOU
Kupaivovtov amo 2400-1800 °C emAéxOnoav ol PBEATIOTEC BepUOKPOCieC Kol yia TG £El
0pPYOaVOKOOGITEPIKEG evwaelC. (Mivakag 5.6)

Mivakag 5.6: BEATIOTEC BepoKpaTieg TTUPOALONC/OTOUOTIOINONG YE TPOTIOTIOINTA TM padag 5 ug

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAYZHSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 700 1900 3244
TBT 600 2200 840,1
DPhT 600 2300 386,8
DBT 500 1900 584,7
MPhT 500 2200 2000
MBT 600 2200 1600
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TACEl TV UBAdOD KOPUPNC KE TPOTIOTIONTH TM.
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Zxnua 5.18: Alaypaupata Bepuokpaciag auvaptrosl egfadod Kopueng yia Tov TpoTtoToINTy Tm

H evaigbnaia pe TOV GUYKEKPIUEVO TPOTIOTIOINTA ival ISIaiTeEpa XOuNAr, 1IlaiTEPA YIA TIC HOVO-
UTIOKOTEGTNUEVEC EVWOEIC. ETUAé0V TTapaTNPENONKE OTI SIOPOPPWVOVTAIL TPEIC KOTNYOPIEC UE
TIOPATIANCIEG ATIOPPOPNTEIC KOl XOPOKTNPIOTIKEG MALZEC. H TTp@TN KOtnyopia ival ol di- Kal TpI-
@OIVUAO-UTIOKOTECTNUEVEG EVWOEIC, N deVTEPN Ol S1- Kal TPI-BOUTUAO UTIOKOTEC TNHPEVEG EVWOEIG
Kal n TEAeUTOIO KOTNyopio €ival Ol POVO-UTIOKOTECTNMEVEG EVAOEIC Ol OTIOIEC TIOPOLCIA{ouVV

MEYBAAN XOPOKTNPIOTIKA pada.
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AkoAouBnonke n idla dladikaagia Kol Ta artoTeAéopaTa TTapouaialovtal otov Mivoka 5.7

Mivakag 5.7: BéATioTeq BepoKpaaieg TTupdAvoNC/aTtouoTIoinaNnG e TPOTIOTIONTH Zr
OPIANOKAZZITEPIKH OEPMOKPAZIA OEPMOKPAZIA XAPAKTHPIZTIKH
ENQ>H MYPOAYZHZ (°C) ATOMOIOIHZHZ MAZA (pg)
C)
TPhT 700 2000 336,5
TBT 600 1900 389,4
DPhT 500 2100 183,7
DBT 500 1900 156,0
MPhT 500 1800 1000
MBT 900 1800 571,4
Bn
IIII
w2 047 III
3 ‘% '.I
I “‘é: \T""' 1 T
1 2 2 4
R
Time [q

IxnNua 5.19: Artoppoenan yia TPhT o€ un BéATioTeg Beppokpaaic Tpyr600/Tat2200
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Zxnua 5.20: Artoppoenon yia TBT ae un BéATIOTeC Bepokpaaieg Tpyr600/Tat2200

Tine [q

210 TTapOKATW oXAuata Tapouaiddovtal Ta dlaypappdTa TTuPOAUCNC/ATOUOTIOINONG KAl VIO TIG

€&l OPYOVOKOAOGITEPIKEC EVIOEIC TLVAPTATEL TOL €UBad00 KOPUEPNG PE TPOTIOTIOINTN ZF.
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KA onUavTIKA SI0QOopOoTIoinan aTi¢ evaicBnaieg HeTagyd

MNa toug idloug Adyoug attoppiednke Kat 1o Ir palag 5 pg 6Twg @aivetal amd Tov Mivoka 5.8 Kal

OTI0 Ta oXNuaTa 5.22-5.24

Mivakag 5.8: BEATIOTEG BEpUOKPATIEC TTUPOAUGNC/OTOPOTIOINCNG YE TPOTIOTIOINTA I

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAY:HSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 600 2200 306,1
TBT 600 2200 1000
DPhT 600 1900 7532
DBT 500 2200 5238
MPhT 500 2200 1000
MBT 700 2200 322,0

0.2

0.17] o

»
=

1"

Time [q

Zxnua 5.22: Artoppoenon yia DPhT ae un BéAtioteg Beppokpaaieg Tpyr600/Tat2200
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Zxnua 5.23: Amtoppoenaon yio MBT oe un BéAtiateq Bepuokpaaieg Tpyr600/Tat2200

Thue [4

210 TTapOKATW oXAuata TapouaiddovTal Ta dlaypappdTa TTuPOAUCNC/ATOUOTIOINONG KAl VIO TIG

€&l OPYOVOKOOOITEPIKEC EVTEIC TUVOPTATEl TOL €UBAd00 KOPLENG PE TpOTIOTIOINTA Ir.
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01 0 TpoTToTIOINTAC Mg padag 5 pg 0Twg Ttapouaidletal
otov MNivaka 5.9 kal amod ta oxAuota 5.25-5.27

Mivakag 5.9: BéATioTeg BepUoKpaaieg TTupOALONC/ATOUOTIOINCNG [E TPOTIOTIONTH Mg

OPFANOKAZZITEPIKH | ©EPMOKPAZIA OEPMOKPAZIA | XAPAKTHPIZTIKH
ENQsH MYPOAYZHSE (°C) | ATOMOMOIHZHS MAZA (pg)
(°C)
TPhT 600 2200 385,5
TBT 600 2200 719.8
DPhT 500 2200 268,7
DBT 500 2200 404.6
MPhT 500 2200 490,9
MBT 1000 2200 1500

0.2 n

0.2

Ahg

i

Time [

Zxnua 5.25: Artoppoenan yia DPhT ae un BéAtioteg Bepuokpaaie Tpyr500/Tat2000
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Zxnua 5.26: Amtoppoenaon yio DBT o€ un BéATIOTEC Beppokpaaie Tpyr500/Tat2000

Oho
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i

Time [q

210 TTapoKATW oXAuata TapouaiddovTal Ta dlaypappdTa TTuPOAUCNC/ATOUOTIOINONG KAl VIO TIG

€&l OPYOVOKOOGOITEPIKEC EVTEIC TLVOPTATEL TOU €UBad00 KOPUEPNE PE TpoTIoTIOINTH MQ.
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TOU @OUPVOUL Ypa@itn pe Zr padag 200 pg cOPPWVA UE TO

ooia TToU akoAouBnBnke ATav N €&NG: Mo BEPUOKPATIEG

1300-500 °C Kal yla BepUOKPACieC OTOPOTIOINONG TIOU
Kupaivovtav aré 2400-1900 °C eAn@Onoov amoppo@naoElg Kol yio TIG €€l 0PYOVOKOGOITEPIKEC
EVWOEIC. 2T GUVEXEID ETIAEXONKAY Ol BEATIOTEC OEPUOKPATIEC Yia KABE U0 OPYOVOKATOITEPIKNA

évwaon.

21OV TIAPOKATW TTivoKa TtapatiBovtal ol BEATIOTEC BepoKpaaTieq TTUPOALGNG Kal ATOUOTIOINCNG
ylo K&dBe pio oTtO TIC OPYOVOKAOOITEPIKEC EVWOEIC KABWCE Kal eVOEIKTIKA 000 KOAUTIUAEC OE
XOPOKINPIOTIKEC BEPUOKPOCTIEC TIUPOALONG KOl OTOUOTIOINGNC Yio 000 OPYOVOKKOGCITEPIKEG

EVWOEIC.
Mivakag 5.10: BéATioTEC BeppOKpaTieg TTUPOALONG/ATOUOTIOINCNG HE ETIOTPWON Zr
OPIANOKAZZITEPIKH OEPMOKPAZIA OEPMOKPAZIA XAPAKTHPIZTIKH
ENQ>H MYPOAYZHZ (°C) ATOMOIOIHZHZ MAZA (pg)
(°C)

TPhT 600 2000 419,5
TBT 500 2200 708,2
DPhT 500 2200 410,3
DBT 500 2200 478,3
MPhT 600 2100 705,4
MBT 500 2100 405,1
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ZxNua 5.28: : Alaypdupota BeppoKpaciag cuvaptroel eUBadol KOPLEAC Yia TNV ETICTPWON Zr

H emiotpwaon pe Zr amodeiXmKe wWC O TIO OTIOO0TIKOG XNUIKOC TPOTIOTIONTHG O@QOU TIOPEIXE
TIOPATIANCIEG XOPOAKTNPIOTIKEG HALEG Kal VIO TIG £€1 OPYAVOKOTTITEPIKEC EVWTEIC,.

MopoKATw TIOPATIOETOl CUYKEVIPWTIKOG TIIVOKAG HE OAOUC TOUG TPOTIOTIOINTEC, TO eUBadd
KOPLENG  Kal  TC  XOPOKINPIOTIKEG  Madeq¢ yia  T¢  PéAuoteg  Oeppokpaadieg
TIUPOAUCNG/ATOPOTIOINGNC Yo KABE pia aTtd TIC £€1 OPYOVOKAOTITEPIKES EVWITEIC.
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WTIKOG TTiVOKAG Yo OAOUG TOUG TPOTIOTIOINTEG

ed Page:

Pd Sm Mg Rh Tm Ir Zr Zr
(2,5 ug)

oT (1,25u9) | (5H9) Gug) | Gug) | 25ug) | (Gug) | (GHI) 120 pg

(coating)

TPhT | Eppadd | 0,0773 | 0,2205 | 0,1429 | 0,0913 |0,2399 | 0,1085 | 0,1150 | 0,1046 0,0832
Kopu NG

mo(pg) | 455,4 170,0 252,0 3855 | 146,7 | 3244 3061 | 336,5 419,5

TBT | Eppado [ 0,0361 | 0,0859 | 0,1048 | 0,0489 |0,1517 | 0,0419 | 0,0296 | 0,0904 0,0497
Kopu NG

mo(pg) | 975,11 456,0 335,9 1000 | 276,33 | 8401 1200 389,4 708,2

DPhT | EpBado | 0,1569 | 0,1903 | 0,1771 | 0,1310 |0,2105 | 0,1230 | 0,1390 | 0,1686 0,1155
Kopu NG

mo(pg) | 410,3 195,2 198,8 268,7 | 167,2 | 3868 253,2 | 1837 410,3

MBT | Eupadd | 0,0171 [ 0,0274 | 0,091 | 0,0241 |0,0732 | 0,0272 | 0,1093 | 0,0616 0,1370
Kopu NG

mo(pg) | 3300 1300 386,8 1500 | 480,9 1600 322,0 | 571,4 405,1

DBT | Eupadd | 0,0427 | 0,1463 | 0,2121 [ 0,087 |0,1721 | 0,0602 | 0,0672 | 0,2256 0,1648
Kopu NG

mo(pg) | 824,4 260,4 183,0 404,6 | 204,5 | 5847 523,8 | 156,0 478,3

MPhT [ EpBasé | 0,0175 | 0,0253 | 0,0627 | 0,0717 | 0,0508 | 0,0176 | 0,0295 | 0,0350 0,0499
Kopu NG

mo(pg) | 3300 1400 561,4 490,9 | 692,9 2000 1200 1000 705,4
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npc’xyovrac TIPOKEIPEVOU Va BeATIGTOTTIOINBOLY Kal va 6waouv Ta {NToVEVA aTtoTeEAéTHaTa. Mo
NV TIEpAITépw PeATioToToinan g Beppokpaaiag TupoALoNG dnUIoLPYNHONKAV TIOANOTIAG
otadla TupodAuonC. Mo ouykekpiwéva, emeldn Kal ol €& OT evwaoelg dev Tapouaiacav
TIOPOMOIa CUMTIEPIPOPA, dloTnPrOnKe atabepr] n Bepuokpaaio atoporoinong ge 2200 °C evw
TIPAYUOTOTIONONKAY TIOAAATIAG OTAdIO TIUPOALCNC ae Bepuokpaaieq 500/700/900 °C kal yia

Xpovouc 5/10/10 sec avtioToixa. Ta amoTeEAETUOTO TIOU TTPOoEKLYAV MTav Ta €ENG:

Mivakag 5.12: MoAAamAd otddia upodAuvong oe Beppokpaaicg 500/700/900 °C yia xpdvoug 5/10/10 sec

EMBAAO EMBAAO XAPAKTHPIZTIKH
ANAAYTHZ KOPY®HX YNOBAGPOY MAZA
TPT 0,0734 0,0195 479,6
TBT 0,0639 0,0163 550,9
DPT 0,1969 0,034 178,8
MBT 0,1650 0,0148 213,3
DBT 0,2107 0,0285 167,1
MPT 0,0531 0,0055 662,9

H id1a diagikacia TpaypatoTolnenke Kai yia xpévouc 10/10/5 sec. Ta amoteAéopata @aivovTal
TIOP OKATW:

Mivakag 5.13: MoAAamAd otddia TTupodAuvong oe Beppokpaaicg 500/700/900 °C yia xpdvoug 10/10/5 sec

EMBAAO EMBAAO XAPAKTHPIZTIKH
ANAAYTHZ KOPY®HX YMOBAOPQOY MAZA
TPT 0,0989 0,0083 355,9
TBT 0,0821 0,0069 428,7
DPT 0,2112 0,0195 166,7
MBT 0,165 0,0154 2114
DBT 0,2175 0,02 161,8
MPT 0,0527 0,0042 667,9

ATT' OTI JIOTUCTMVETAL ATIO TA ATIOTEAECUATO OEV TIPOKUTITOUV TIOPATIANCIEC XOPOKTNPIOTIKEG
MALeC OUTE KOl TIOPATIANCIEG OTOMIKEC ATIOPPOPITEIC.
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\TioToTIoinONG NG Bepuokpaaiog Enpavnong. Altnpwvtag

otoBepn N Bepuokpagia atoporoinong otoug 2200°C kal v Bgpuokpacia TTUPOALCNG OTOUG
600°C eAéyxOnke n Bepuokpaaia Enpavong.la Bepuokpaacieg ENpavong Touv Kuuaivovtal amo 70-90
°C KOl ylo KABe pio atto TG €81 OPYOVOKOOOITEPIKEG EVWOEIC TIPOYUOTOTIOMONKAY HETPrOEIC TO

OTIOTEAEOHOTO TWV OTIOIWV TIOPOUCIALOVTAL GTOUC TIOPOKATW TIIVOKEC,.

Mivakag 5.14: BeAtiotomoinon Bepuokpaaciag Efpavang yia T =70 °C

AvVaALTNG EuBado kopuenq XapoKtnplotikn pala (pg)
TPhT 0,0888 396,4
TBT 0,0245 1400
DPhT 0,1641 2145
DBT 0,1844 190,9
MPhT 0,0698 504,3
MBT 0,1662 211,8

Mivakag 5.15: BeAtiotoToinon Bepuokpaaciag &fpavang yia T =80 °C

AvVaALTNG EuBado kopuenq XapoKtnplotikAg pala (pg)
TPhT 0,0886 397,3
TBT 0,0232 1500
DPhT 0,1382 254,7
DBT 0,1746 201,6
MPhT 0,0650 541,4
MBT 0,1524 231,0
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Toinan Beppokpaaiog Enpavong yia T=90 °C
AVaAUTNG EuBadd kKopueng XapakInploTikn pala (pg)
TPhT 0,0714 493,0
TBT 0,0206 1700
DPhT 0,1183 297,5
DBT 0,1556 226,2
MPhT 0,0558 630,8
MBT 0,1402 251,1

Mivakag 5.17: BeAtiotoToinon Bgpuokpaaciag Enpavong yia T =100 °C

AVaAUTNG Eppadd kopuenq XapakInploTikn pala (pg)
TPhT 0,0591 595,6
BT 0,0174 2000
DPhT 0,1345 261,7
DBT 0,1437 245,0
MPhT 0,0500 704,0
MBT 0,1094 321,8

ATIO TO OTIOTEAEGUATA QaiveTal OTI N BepuoKpaaia &npavang emnpealel TIAPATIANCIO OAOUG
TOUC aAVOADTEC KI ETIOPEVWC OEV ETUTEVXBOEI TIAPOUOIO CUUTIEPIPOPA YIa GAOUC TOUC OVOAUTEC.
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OTIOTEAECUOTA OTIOQACIGTNKE N UETATPOTIN Twv OTS EVWOEWV O OVOPYaVO KOGCITEPO PECW
UYPOU-LVYPOU eKXVAION. Ta EKXUAIOTIKA UECO TIOU PEAETHONKAY aTnv Ttapoloa Epyaadia ATav TO
VITPIKO 080 (HNOs ) Kol g€ GuVOUOCHO ME UTIEPOEEIdI0 Tou Ldpoyovou (H202). ApXIKa €yive
xprion HNOs (1:1) (v/v). Me dlaAvtoTtoinon 1ml 0&€€o¢ auyKEVTpwan¢ 65% Kal 1ml SlaAUaTOCq
TIPOTOTIOU GLUYKEVTPWONG 200 ug/L SiaAupévo ae ToAOUOAID. O Sn TIPOCSIOPICTNKE TOCO OTNY

VAOTIKI 000 KOl GTNV OPYOVIKI GTOIRASA yia EAEYX0 ATIOd0CNG NG EKXONIONG Yo KABE pia oTto

TIC £€1 OPYOVOKOOGITEPIKEG EVWTEIC.

AV XNUIKWY TPOTIOTIOINTWY O&V TTAPEIXE TA ETIOLUNTA

Mivakag 5.18: EkxOAion pe HNO3 1:1 viv

EMBAAO
ANAAYTHZz ZTOIBAAA KOPYO®OHZ
TPT Opyavikn 0,0651
YSatikn 0,0192
TBT Opyavikn 0,0815
YSatikn 0,0192
DPT Opyavikn 0,0051
YSatikn 0,0557
MBT Opyavikn 0,0180
YSartikn 0,0398
DBT Opyavikn 0,0327
YSatikn 0,0621
MPT Opyavikn 0,0203
YSartikn 0,0415

ATIO TOV Ttivaka 5.18 yivetal avepd TIwG PE T CUYKEKPIPEVN EKXVUAION eV ETIITELXOEI LYNAN
omodoon. Tpokeyévou va  PBeAtioToTtomnOsi
TIPAYUOTOTIONONKE €KXVUAIGN OE @OUPVO  HIKPOKUUATWVY,

TIoPoLCIAlovTal APECWE PETA:

T0  OUYKEKPIUEVO

TO OTIOTEAECMATA NG  OTIOIOG

EKXUAIOTIKO
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TPT Opyavikn 0,008
Y dATIKN 0,2124
TBT opYavIKN 0,2578
Y dATIKN 0,1201
DPT opYavIKn 0,0093
Y dATIKN 0,2867
MBT opYyavIKn 0,0052
Y dATIKN 0,2265
DBT opYavIKn 0,7163
Y dATIKN 0,3126
MPT opYyavIKn 0,016
YdATIKN 0,6904

Omw¢ yivetal @avepd a0 TO ATIOTEAECUOTO, N CUYKEKPIUEVN dladikaoia PE Tn Xpron Ttou
(@OUPVOU UIKPOKUUATWY ATOV OTTOS0TIKOTEPN O€ BEUN SIOXWPITHOU 0PYOVIKNG-UAATIKAC QAcNG
yla 1o TPT,DPT,MBT,MPT 06X 0pw¢ Kot yia To TBT kou DBT.ZTn ouvéxeld g€ GuvduaoHO e
uTIEPOEEiIdIo ToL LOPOYOVoU (H202) TIpayaToTIoINONKAV PETPNOEIC O€ VO eTTiTIEdA. APXIKA UE
oloAutottoinon 2ml HNOs guykévipwaong 65%, 2ml Hz0z kat 2ml tpotdTIov GuykevTpwang 200
pg/L SloAupévo o€ TOAOULOMNO (yio KABE IO OTIO TIC 6 EVWOEIC TWV O0PYOVOKOTCITEPIKWV)
eANEONOoOV Ta TIAPAKATW OTIOTEAECHOTO ATIO TO OTIOI0 OTIOOEIKVUETAl OTI 1 atmddoan NG

EKXVAIONG av&NONKE oNUAVTIKA.

Nivakog 5.20: EkxOMon pe HNO3 kai H202 1:1 viv

HNO /H O /MPOTYMO 1:1:1 viviv
ANAAYTHE ITIBAAA EMBAAO KOPY®HE
TPT OpyaviKr) 0,0083
YOaQTIKN 0,1905
TBT OpyaviKr) 0,0188
YOaQTIKN 0,1067
DPT OpyaviKr) 0,0200
YOAQTIKN 0,2098
MBT OpyaviKr) 0,0076
YOaTiKn 0,1623
DBT OpyaviKr) 0,0373
YOaQTIKN 0,1197
MPT OpyaviKr) 0,0057
YOaQTIKN 0,7341

Emtiong 6o TtpéTiEl va TOVIOTEL 0TI EAEYXBNKE KOl 0 XPOVOC ATIOONKELONCE TV SEIYUATWY OTNY
KaTtaPuén waTe va armodelxbei o amaitolyevog Xpovog avaiuong. AlOTIoTOONKE OTI Ta deiypota
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[ QaiveTal OTI UTIAPXOLV CNUAVTIKEG SIOPOPOTIOINTEIC TE

ATIO TN OTIyUN TIOU HPE TO OUVOUOGOUO TWV CUYKEKPIUEVWY EKXUMOTIKWOV PECTWVY EAN@Onoav

IKOVOTTOINTIKA

OTTIOTEAEG AT,

TIPAYUATO TTOIRBNKAV

OOKIUEC

OlOPOPETIKWV

OVOAOYIV

EKXUVAIOTIKWV HECWV Kal TOU TIPOTUTIOU TIPOKEIYEVOU Vva PeAtiotoromndei o Oykog Tou

EKXUVAIOTIKOU MPEOOU XWPIC OPWC Vva  TIPOKVUTITOUV

OTIOTEAECUOTA TTIAPOULCIAJOVTOlI GTOUC TIOPAKATW TIVAKEG:

Mivakag 5.21 : MeTpAoelg LAATIKNG-0PYAVIKNG @Aacng pe HNOs kal H202 1:3 kait 500l amoé mpdtuTo

ouLykévTpwang 200ug/l dIoAUUEVO OE TOAOULOAID

Mivakag 5.22: MeTproeig opyavikng-udaTikAg @dong pe HNOs kal H202 1:1 kat 500 pl attd mpdTuTio

IKOVOTIOINTIKA  OTIOTEAEOHOTO.

AVOALTNG EpBado kopupng | Eppadd kopuencg
LOATIKNG OPYQVIKNAC
TPhT 0,2671 0,0446
TBT 0,2844 0,0599
DPhT 0,1367 0,0593
DBT 0,1064 0,0082
MPhT 0,1434 0,0140
MBT 0,2254 0,0200

ouLykévTpwang 200ug/l dIoAUUEVO aE TOAOLOAID

AvoA0TNC EpBado kopupng | Euado kopu@ng
OPYOVIKNG LVOOTIKAC
TPhT 0,0480 0,3965
TBT 0,0933 0,4497
DPhT 0,0192 0,4582
DBT 0,0255 0,1097
MPhT 0,1856 0,2690
MBT 0,2629 0,3022

Ta

94


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary

- use period has ended.
Thank you for using

t CO m p I ete PDF Complete.

CI)'ck Here to upgr:

Unlimited Pages a

oon TNC eKXOAIONG METABAANOTAY MPEPO PE TN HEPA

OTIOQOCIOTNKE VO JOKIPACTEL w¢ SIOADTNC apaiwang Tou TIPOTUTIOV To €EAVIO. ZTOV TIAPAKATW
Tivaka @aivovtal ol PETPROEIC UOTEPA ATIO TNV TIOPACKELN TIPOTUTIWV OSIOAVUATWY OTIO
OlOADUOTA OPYOVOKOGCITEPIKWY EVWOEWY CUYKEVTPWANC 10 mg/L ge TOAOUOAIO Kal PE TEAIKNA
opaiwaon og €€Avio TIPOEKL POV TIPOTUTIA Yia KABE éEva aTtd Ta €E€TAlOUEVA OPYAVOKOTTITEPIKA
OLYKEVTpWONG 200 pg/L. Me am'evBeiog PETPNON Twv TIPOTOTIWV TIPOEKLPOV TO €EAG
OTTOTEAECOTOL:

Mivakag 5.23: MeTproelg he Xprion €€aviou w¢ SIOAUTN IO TIAPOCKELN TIPOTUTIWY 200ug/L
Kal aTtevBeioag petpnon

AvVaALTNG EuBado6 Kopueng XOpoKINPIOTIKN
Hala (pg)
TPhT 0,4516 77,9
TBT 0,4473 78,7
DPhT 0,4217 83,5
DBT 0,3529 99,7
MPhT 0,2199 160,1
MBT 0,4250 82,8

H gvaioBnoia au&nbnke onUAvTIKA, VW JOKIMACTNKE Kal TIAAL N LYPO-LYPO EKXUAIOT UE XPNON
(@OUPVOU PIKPOKUUATWY. AOKIMACTNKOV SI0QOPETIKEC GUYKEVTPWOEIC TIPOTUTIOU Kal dlAQOPETIKOI
OYKOl EKXUAIOTIKOD péaou.MapouaidlovTal T aTIOTEAETHAT:
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- o —prorog KOPUPNG XapaKTnpIoTIKN
Hala (pg)
TPhT 0,1682 195
TBT 0,0955 368,6
DPhT 0,0855 410,4
DBT 0,0836 4211
MPhT 0,1228 286,6
MBT 0,1109 317,4

Ta amoTteAéopaTa NTOV IBI0ITEPA IKAVOTIOINTIKA KOl TO TIEIpOUA ETTAVAANPONKE TTIOAATIAWC WOTE
va dlaTIoTwOEl av N SI0EOoPOTIoINGn GTn EVAICONTia OPEINOTAY O€ TUXOIO TEAAUOTO KT TNV
TIPOKOTEPYOTia.O TPOOdIOPIoUOC Eylve €evdeEIKTIKAE oTto MBT kol 1O  OToteAéopata

Trapovaialovtal gTov Ttivaka 5.24

Mivakag 5.25: Metproelg pe potumto MBT 500 L

METPHZH EMBAAO EMBAAO XAPAKTHPIZTIKH

KOPY®HX YNOBAGPOY MAZA
1 0,1101 0,0084 319,7
2 0,1073 0,0087 325,4
3 0,1192 0,0129 295,3
4 0,1565 0,0096 224.9
5 0,1169 0,0093 301,3
6 0,1111 0,0087 316,8

Ta amoTteAéopata Kpibnkav 181aiTEPO IKAVOTIOINTIKA.
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toinon o€ deiyyata pATPOG Ze 2 L umepkabapou 0d0TOC

nooréenKav 25 g NaCl, 50 ml CHsCOOH kai eupoAiaguog pe 100 pl amo TpoTtuTo
OLYKEVTPWONG 10 mg/L akoAoUBONoe avadeuan yia PEPIKA AETITA KOl €V CUVEXEID TIpoaBnkn 10
ml ToAouoAiou Kal IoxupR avadeuon yia 15 min WOoTe va EMITEVOXEI EKXUAION TOU KAOGITEPOU
OTIO TNV LOATIKA GTNV opYyavikn @dcn. KotoTtv eAn@on n opyavikr otolBdda n oToia TepIEiXe
TO OPYOVOKOCOITEPIKA. ZTO ONUEID OUTO £yIVE TIPOOTIABEIN EVOWUATWAONC TNG SladIKATIOG TTOU
ovaTITUXONKE GTO NON UTIAPXOV TIPWTOKOAO. o 10 AGyo autov okoAolOnoe eEdtuion o€
olatagn alwtou PEXPL Enpou Kal etavadioluTtotioion g€ 10 ml €€dvio. ZTn cuvéxela o€ doxeio
Teflon mpootédnkav 2 ml HNOs cuykévipwang 65%, 2 ml H202 kal ta deiypyata euBoAdotnKav
pe 500 pl OT evoewv, KOTOTIV aKOAOUONG eKXUAIOT g€ @OUPVO PIKPOKLUATWY Yia 15 min Kal

TENOC PETPNON aTO Opyavo. Mapatifevtal eVOEIKTIKA OPICUEVES METPNOEIC OTO TTivaka 5.26.

Mivakag 5.26: AvdAiuon Osiypatog 2 L umepkadBapou 0datog pe xprion 25 g NacCl, 50 mi
CHsCOOH (100% v/v) kai epBoAlacudg pe 100 pyL mpotdmou (200 ug/L) yia KdaBe
OPYOVOKOOGITEPIKI €Vwan.

ANAAYTHZ EMBAAO KOPY®HX XAPAKTHPIZTIKH MAZA
TPhT 0,0301 1100
TBT 0,0293 1100
DPHhT 0,0211 1500
DBT 0,0154 2100
MPHhT 0,0089 4000
MBT 0,0192 1800

TN OULVEXEID AOYW XOWNAWVY onudtwv éylve TIpooTidbela BeATioToToinong g SladiKaaiog
EKXVAIONG TNG MEOBOdOU. ApPXIKA OOKIUACTNKE 1N TIOPOAEIYN OPICUEVWV avTIOPACTNPIWV
TIPOKEIUEVOL VO aTIOdEIXOEl €V TTAPEUTIOdILaV PE KATIOIO TPOTIO TNV €KXUAIGN. ATtodEiXOnKe OTI
OAO Ta OVTIOPOCTAPIA NTAV ATIAPAITNTA IO TNV ETHTELEN TNC EKXOAONG. Z& ETOMEVO Prua
TIPAYUOTOTIONONKAY OAAAYEC OTIC TIOOOTNTEC TWV OVTIdpACTNPiwy (TTocOTNTO  PATPEOC,
TIOOOTNTEG EKXUAICTIKWOV HECTWVY, Xpovol avddeuong KrtA) TMoutd TO OKOTIO HETPNOEIC
TIPAYUOTOTIONONKAV O€ Yla attd TIC £€1 OPYAVOKATTITEPIKEG EVWTEIG, To MPhT, n oTtoia Kai

TIapovaiale TNV TTO TIPOBANMATIKI) CUUTIEPIPOPA. ZTOUC TIOPOKATW TTIVOKEC YIVETOI EUPAVEC OTI
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Mivakag 5.27: Métpnon MPhT pe pntpa 1 L, 12,5 g NaCl, 25 mL CH3COOH (100% v/v) Kal eyBoAIOCHAC
pe 100 pL mpotoTou (200 ug/L)

Ap1Buog Eupadd XOpaKtnpIoTIKA
Métpnong KOPUPNG Hada

1 0,0323 1100

2 0,0281 1300

3 0,0274 1300

4 0,0235 1500

Mivakag 5.28: Métpnon MPhT pe pntpa 0,5 L, 12,5 g NaCl, 25 mL CHsCOOH (100% v/v) Kal
eUBoAaouoC e 100 L mtpotuTtou (200 ug/L)

Ap1Buog Eupadd XOpaKInpIoTIKA
Metpnang KOpPUONG Hada

1 0,0443 794.6

2 0,0432 814.8

3 0,0399 882.2

4 0,0431 816.7

ATIO T oTyun Tou dIaTIOTWONKE 0TI ota 500 mL pntpag dsiyuatog 1o MPhT moapouaciale
avénuévn evaiobnaoia og oxéon Ye ta 2 L untpag Seiyyotog, TpayuaToToldnkay UETPHOEIC YE
TNV idla dladikaaia Kal yia Ti¢ €1 OPYOVOKATOITEPIKEC EVWOEIC. T ATIOTEAECUOTA TTOPATIOEVTAI

oTov Ttivaka 5.29.
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D00 KOPUPNG

XapaKtnploTiKn pala

rwv OT's e TN dladIKagia Tou TEAIKOD TIPWTOKOAAOU

TPhT 0,0687 550,7
TBT 0,0536 661,5
DPhT 0,0763 455,4
DBT 0.0592 596,6
MPhT 0,0598 590,2
MBT 0,0799 451,3
Mopotifevtal Ta ePAdA KOPLUEAG YIa TIC TEAIKEG UETPNTEIC
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IXAMa 5.29: ATIOpPOPROEIG Kal YIO TIG €1 OPYOVOKOOTITEPIKEG EVWUTEIC CUUPWVA UE TN UEBOJO TToU
TIEPIYPAPETAI OTO TEAIKO TIPWTOKOANO. o ) TPhT, B) TBT, y ) DPhT, 8 ) MBT, € ) MPhT, ot ) DBT
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EQWV N UEBOOOC TIOU TEAIKA XPNOIKOTIOINONKE Yyio TOV

TIPOCBIOPICHG TWV 0PYOVOKOCCITEPIKWV EVWOEWV TIEPIEAdUBave Ta €&ng atddia: (a) Mpoadnkn
500 ml deiypotog oe xodvn padi pe 25ml CHsCHOOH (100% v/iv), 12 g NaCl kai 10 ml
TOAOUOAIO. Katdriv akoAouBei évtovn avdadevaon (B) MpayuaToTtolEital SIoXwPITUOC QATEWY Kal
egatuion ot dataén alwtou pPEXPL &npov. (y) AkoAouBei emavadiaAuvtortoinon amd 1-10 ml
€&avio (avaloywe To TTO00 XaunAd 0pla oLyKEVTWONG BEAW va Tipoadlopiow) (8) Ao autd
AapBdvovtal 500 pl ta omoia padi pe 2 mL H202 kat 2 mL HNOs toTto6sto0vtal as doxeia Teflon
Kal aKOAOUBEl ekXUAIOT 0€ OUPVO MIKPOKLUATWY (Tiivakag 5.30) () akoAouvBei TTpoadlopIoHOC
KOOOITEPOU ME TN XPRON TOU (QOCUOTOPETPOU OTOMIKAC ATIOPPOPNONG ME ETICTPWUEVO UE
QpKOVIO @OUPVO NAEKTPOOEPUAIVOPEVOL Yypa®iTn UE Bepuokpaaia TupoAucng 900 °C kal
Beppokpacia atoporoinong 2200 °C

Mivakag 5.30: Mpdypauua @oUPVOL PIKPOKUHUATWY

Ramp time Control Hold time
Temperature
Power (W) (min) (C) stirring (min)
800 3:00 80 3 2:00
800 5:00 90 3 5:00
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<r=CHOOH kat 12 g NaCl

¢
Mpoaobnkn 10 mL toAouoAiou
Kal évtovn avadeuon yia 15min

.

N

a S/

4

AAYN opyaviKAg @Acn g Kal
€EATUION PEXPL ENPOL HE AlwTOo

S

!

EmavadioAvtortoinon aro 1-
10 mL €&avio (avardywg ta
opla avixveuaonc) Kal
TtapaAopry 500 pL

J

Mpoobnkn Twv 500 pL padi pe
2 mL H202 ka1t 2 mL HNOs og

doxeia teflon kat elcaywyn
g€ @OUPVO PIKPOKUUATWY

J

Métpnan pe

ETAAS

S N e N
NN N

ZxNua 5.30: MPWTOKOAAO HEBOOOU
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KEDAAAIO 6

6.1 FpOaPPIKOTNTA

MNa tov TPOCSIoPICUO TNG YPAMUUIKNAG TIEPIOXNC KATAOKELAOTNKAV TIPOTUTIO  SloADPATA
OlOPOPETIKWV TUYKEVTIPWOEWY CUUPWVO HE TN SI00IKATIO TIOU aVA@EPETAl OTO TIPWTOKOAO TNG
pEBOdOL. Ta OTIOTEAETUATA VIO Ta EPPRAdG KOPUPNC YIa KABE Hia aTtd TIC €€l OPYOVOKOTGCITEPIKEC

EVWOEIC OTA JIAPOPETIKA ETTITIEON TUYKEVTPWONCE TIAPATIOEVTAI OTOV TIOPAKATW TTVAKA.

Mivakag 6.1: EPRadd Kopueng yia To TIEVTE ETITIEON TLYKEVTPWONG

C (ng/L) TPhT TBT DPhT DBT MPhT MBT
5 0,0222 0,0192 0,0212 0,0197 0,0199 0,0220
10 0,0467 0,0437 0,0427 0,0398 0,0407 0,0379
15 0,0664 0,0617 0,0644 0,0589 0,0596 0,0549
20 0,0938 0,0827 0,0860 0,0792 0,0768 0,0782
25 0,1148 0,1023 0,1105 0,1011 0,1016 0,1006

MapatiBevTal 01 KAUTIUAEC OVAQOPAC

TPT

0.12 y = 5.8046x - 0.0009

0.1

0.08 /
0.06 / & TPT
0.04

0.02 /

T 1
0 0.005 0.01 0.015 0.02 0.025
C (ug/L)

0.14

EMBAAO KOPY®HZX

ZxNua 6.1: KaumoAn ava@opdc yio 1o TPhT
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0.1 - 3
" y =5.1317x + 0.0004
I R?=0.998
$ oo0s
% /
<
S 0.06 /
TBT

§ 0.04 4
S /

0.02 &

O T T T T 1
0 0.005 0.01 0.015 0.02 0.025
C(ng/L)
IXNUa 6.2 : KautoAn avagopdg TBT
0.12
y = 5.5448x - 0.0016
0.1 R2=0.9993 s
N 0.08 /
) /
g 0.06
S 004 / # DPT
g /
E 0.02
w
O T T T T 1
0 0.005 0.01 0.015 0.02 0.025
C(ng/L)

ZxNua 6.3 : KaumoOAn avagopdg DPhT
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V=5.0552x - 0.0009

0.1 R? = 0.9994
g 0.08
a 006
o
S 0.04 # DBT
g /
E 0.02
w

O T T T T 1
0 0.005 0.01 0.015 0.02 0.025
C(ng/L)
IXNUa 6.4 : KaumoAn avagopdg TBT

0.12 y = 4.9904x - 0.0002

0.1 R? = 0.9968
2 o008
e
& 006
g
Q 004 * MPT
3
g 0.02
w

O T T T T 1
0 0.005 0.01 0.015 0.02 0.025
C(pg/L)

ZXNua 6.5:KaumoAn ava@opdc yio 1o MPhT
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YV =#.9331x - 0.0005
01 R =0.9927 &

l’:‘ /
§ 0.08
% /
X 0.06
% /
MBT
§ 0.04 / *
W o0.02
O T T T T 1
0 0.005 0.01 0.015 0.02 0.025

C (ug/L)

ZXNMa 6.6: KauttoAn avagopdg yia 1o TPhT

ATIO TI¢ KOPTIUAEG ava@opdcg QaiveTol 0Tl LTIAPXEl YPOUMIKOTNTO TO OTIOI0 OTIOSEIKVOETAl KOl
OTIO TO OUVTEAEOT] OUOXETIONG. O OUVTEAEDTNC TIPOCdIOPICHOU (R2) TIPETIEL v gival
peyaALTepOC amd 0,98 (mpoTipdtal To 0,99 aAAd Kal To 0,98 cival amodeKTd, EEAPTWHEVO OTIO
TIC OVAYKEG NG MEBOdOL). AvTioTolXO O OUVTEAEOTNC cuoxétong (R) Ba Tmpémel va eival
MeyaALTEPOC amd 0,997. ATIO TO TIOPOTIAVW OXNUOTO @OiVETOl OTI Kal ol 600 TOPAETPOL
IKavoTtoloUvTal. Emiong to onuavtkd Tou Tapatnpibnke amd TC TIOPATIOVW KOUTIOAEC
OVOQOPAC eival 0TI OAEG Ol KAIOEIG eV SIO@EPOLY CNUAVTIKA KOl ETIOUEVWC UE TO GUYKEKPIUEVO
TIPWTOKOANO IKAVOTIOIEITal N TTI0 BOCIKN apX WOTE VA ETITELXOEl 0 TIPOTBIOPICUOC OAIKWV
OPYOVOKOTGITEPIKWV EVATEWV.
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Ma Tov uTIoAoYIGUG TOL OpioL aviXveLuong NG HEBOBOL PETPAONKE N ATIOPPOPNCT) EVOC AEUKOU

Ociypatog 10 QOpEC. ZTn CUVEXEID UTIOAOYIOTNKE O YECOC OPOC OUTWV KOl N TUTTIKI aTIOKAION.

MoAANaTIAQCIACTNKE 3,3 POPEG 1 TUTTIKN ATIOKAIGH KOl JIOIPEBNKE UE TOV PECO OPO TWV KAICEWVY

TWV KOPTIUAGVY ava@opdc TToL LTIOAOYICTNKAY Yia TN YPOUMIKOTNTA TG YeBGSou. 'ETol Afebnke

MIO TIYA TIOL OTTOTEAEL TO GpI0 avixveuaong ¢ Yebodou.

Mivakag 6.2: Opia avixveuong

EmavaAnyn | Ep ché('?v
Kopueng
1 0,0006
2 0,0004
3 0,0006
4 0,0012
5 0,0010
6 0,0004
7 0,0007
8 0,0002
9 0,0003
10 0,0008
SD 0,00032
3.3SD 0,00106
LOD 0,0002 pg/L

To 6plo avixveuong Kpivetal I1AITEPA IKOVOTIOINTIKO G€ OXECN Kal PE TO VOUOBETIKO 0plo OTS o€

vepa.
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6.3.1 ETtavaAn@iuotnta

MNa tov éAeyxo NG EMAVAANWILOTNTAG OKOAOUOAONKE 1 Sladikacio TIOU TIEPIYPAPETOL OTNV
mopaypa@o 5.5. Af@ebnkav 500 mL vepd Bplong age xoavn pe mpoodnkn 12 g NaCl kai
ofviotnkav pe 25 mL o&ikoD 0&€oC. XTn ouvéxela &yive euBoAlaouog pe 100 pL mtpoTdTIou yia
KAOe pla arto TI¢ €81 evaelg KaBw¢ Kal 10 mL toAouoAiou Kal akoAolBnaoe évtovn avadeuan yio
15 min. Ztn ouvexela ETelta amod dlaxwpIloud ANEONKE n opyaviki @Aacn n oroio eEatpioTnKe
pEXPL &npol pe Glwto. AkoholBnoe emavadiaAvtoroinon oe 10 mL €&dvio am'ta oToia
TapoAneenkav 500 pL kol ToTtoBetrBnkav oe doxeia Teflon padl e 2 mL vitpikod 0&€o¢ Kal 2
mL uTtepogeldiouv Tou LAPOYOVOU. AKOAOLONONKE EKXUAIOT GE @OUPVO UIKPOKUUATWY yia 20 min
KOl 0T oUvEXela WETprOnkav. Mo 1 KABe &vwan TIPOYUOTOTIONMBNKAY TPEIC ETIAVAANYELC.
MpoadlopioTnKe N CLYKEVIPWON Sn o€ pg/L,n TUTIIKN OTIOKAION KOl ETTI TOIC EKOTO OXETIKN

TUTTIKNA OTIOKAIOT) PETOEL TWV TIYWV. ZTOoV TTivaka (6.3) TtapouaiddovTal Ta TTapaTtavw.

Mivakag 6.3: Mivakog emavaAnPIMOTNTAG Yio KABE JIO 0pYOVOKOCCITEPIKI £VWON

Méon ouyKévIpwaon SD
AvaA0Tng pg/L pg/L %RSD
TPhT 1,656 0,064 3,8
TBT 1,76 0,21 12
DPhT 1,663 0,086 5,2
DBT 1,69 0,12 6,9
MBT 2,021 0,036 1,6
MPhT 1,617 0,061 3,8

ATT 0TI yiveTal @avepod 1 peBodog ep@avidel TIOAD KaAr ertavaAnPiuoTnTa agol ol TINEC %
RSD eival idloitepa XaUNAEG YIO TO CUYKEKPIYEVA ETTITIES O GUYKEVTPWANG
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wyiuoTnTa

Ta¢ akoAouBnonke n idla dladikagio TIoU TEPIyPAPNKE

otV EMAVAANYPIYOTNTO HE TN Sla@opd OTl eixe dle€oxBei o€ OIOPOPETIKEC PEPEC. MPETEl va
TOVIOTEl OTI yio To ofjpoTo TIou AapPBdvovtal Ttailel onUAvTIKO POAO Kol N KOTAGTOON TOU
ypa@itn. Av 0 ypagitng €xel “todaimwpnOsi”’ apketd tote 10 MPT ko MBT Tmapouaoidlouv

XaunAdtepn evaioOnaoia.
YToAoyiletal n gEan TIUN ,N TUTTIKI ATIOKAICT) KO 1) ETTI TOIC EKATO TUTTIKI OTIOKAION

Mivakag 6.4 AvatapaywyldoTNTEG TWV 0PYOVOKATOITEPIKWY EVWTEWY

AvoAOTNG | TPT TBT DPT DBT MPT MBT

C(pglL) 3,155 1,920 1,620 1,740 0,760 2,250

SD 0,036 | 0,099 0,071 0,099 0,031 0,014

RSD% 1,1% 5,2% 4,4% 5,7% 4,1% 0,63%

H emavaAnQIigoTnTa Kal N avarapaywyluoTnTo ormoteAolv YETPO TNE TIIOTOTNTAG OTIOTE YId TNV
eKTiPIoN Toug Ba AdBoupe uTT'OWNV T0 %RSD TOU AdBapE aTIO KABE dladikaaia. Q¢ aTTodEKTA
TIMA %RSD yla 10 €TTTTESO GUYKEVTPWONC TIOL TIPOCBIoPIaTNKE opiletal 010 20% COPPWVA HE

TNV 1ox0ouvoa vopoBeaia yio Tov TIPOadIoPITUS TwWV OTOIXEIWV.

6.4 OpBotNTa (Trueness)

6.4.1 Avakinon

MNa tov éleyxo NG opbBoAtNTag g MEBOdOU TIpaypaTOTIONBNKAY TIEIPAUOTa avAktnong. H
Ol0dIKOGIa QUTA TIPOYUOATOTIONONKE yIo TPia ETTITIEDN CUYKEVTIPWOEWVY (XOUNAG, pecaio, uynAod). Ta

ETITEdN OUYKEVIpWONG ftav a) 0,02 pg/L, B) 0,01 pg/L, y) 0,004 ug/L, d) 0,002 pg/L

H €Tl 101G €KaTO avAaktnan vTtoAoyiletal BATEl TOU TTAPAKATW TOTIOL:
%R= [(Cepp/Cayv +AC)] x100

‘Omtou Ceuf N oLUYKEVTPWOT) TOL EPPOAIOTHEVOU SEYUOTOC
Cayv n ouyKEVTPWAT TOU aYVWOTOU OEiYUOTOC

AC n yvw0oTr HETOROAN PETA TNV TIPOCONKN YVWOTAC CUYKEVTPWANG OVOADTH.
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b.5 : ELBoALacpog pe 0,01 pg/L

AvoADTNC Eppado Eupaso JUYKEVTPpWGN | AvAKTInaon €Tl
KOPLONG uTTOBABPOL (ug/L) TOIC EKATO

EuBoMacpdg 1 (0,01 0,1053 0,0065 0,006 59,09
Hg/L)

Mpotumo 1 (0,01 pg/L) 0,1782 0,0139

EupoMacpudg 2 (0,01 0,1219 0,0083 0,007 73,70
Hg/L)

Mpotumo 2 (0,01 pg/L) 0,1654 0,0129

EuBoMacpudg 3 (0,01 0,1499 0,0116 0,009 86,00
Hg/L)

Mpotumo 3 (0,01 pg/L) 0,1743 0,0145

RSD EMBOAIAZMOY : 18,0% Méan Avdaktnon : 73%
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AvoA0TNC Eppado Eupaso JUuykéVIpwon | AvVAKTINoN €Tl
KOPUPNG uTTOBABPOL (ug/L) TOIC KATO
EuBoMacpdg 1 (0,004 0,0713 0,0057 0,003 65,35
Hg/L)
Mpotutto 1 (0,004 0,1091 0,0096
Hg/L)
EuBoMacpdg 2 (0,004 0,0859 0,0073 0,003 81,27
Hg/L)
MpotuTto 2 (0,004 0,1057 0,0092
Hg/L)
EuBoMacpudg 3 (0,004 0,0846 0,0065 0,003 79,44
Hg/L)
Mpotutto 3 (0,004 0,1065 0,0072
Hg/L)
RSD EMBOAIAZMOY : 11,0% Méon Avdktnon : 75%
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Mivakag 6.7: EpBoAlacpog pe 0,002 ug/L

AVOAUTNC Eppado EuBado JUYKEVTPWATN | AVAKTINGN €T
KOPLPNG uTTIOdBpOoUL (ug/L) TOIC EKATO
EupoAlacudg 1 (0,002 0,0514 0,0047 0,002 109,36
Ho/L)
MpotuTto 1 (0,002 0,0470 0,0031
Ho/L)
EupoAiacgudcg 2 (0,002 0,0480 0,0029 0,002 86,64
Ho/L)
MpotuTto 2 (0,002 0,0554 0,0044
Ho/L)
EupoAlacudg 3 (0,002 0,0523 0,0041 0,002 103,77
Ho/L)
Mpotutto 3 (0,002 0,0504 0,0031
Ho/L)
RSD EMBOAIAZMOY : 11,0% Méan Avdakinon : 100%

H avdktnon armoteAei pétpo g opBotntag. Ma va ival IKavoToiNTiK N avdkinon o€ pia
pEBodO Ba Tpémel va Bpioketal petaéd 80-120%. Ao Toug TTivakeg 6.5, 6.6, 6.7 TtapatnpEital

OTl Ol OvaKtioelg eival omo  73-100% Apo KOl OXETIKA &VTOC TwWV  OTTOJEKTWY

opiwv.Zuutepaivoupe 0TI N PEB0dOCG eival akpIBAC.
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peBOdou eupBoMdotnkav 100 UL avépyavou Kaoaitepou

ouykévipwong 1 mg/L oe 500 mL uTtepkdBapou 0OOTOC Kal aKoAovBrnonke n dladikaagia TTou
TIEPIYPAPETOl OTO TIPWTOKOANO NG MeBAdou.MapatnprnBnke OTI uTIApXel 20% avAKTnon
OVOPYAVOU KAOGITEPOU. ZUVETIWC N MEB0SOC eV eival aTIOAUTA EKAEKTIKN.

6.6 Métpnon delypdtwv

MpayyotoTtoInénkav PETPAOEIC a€ deiydata atoBANTWY TV UOPONAEKTPIKWY EPYOCTATIWY TNC
AEH gg diagopa vnoid Tou Alyaiou oUP@WVA PE TO TIPWTOKOAO TNG HEBOJOU pE TN dSla@opd OTI
n emavadiaAuToToinan TpayHaToTIoINOnke g€ 1 ml €€AvIo TIPOKEIUEVOL va aAvIXVELOBOLV TIOAD
XOUNAEC CUYKEVIPWOEIG TWV OPYOVOKOTOITEPIKWY eVaewv. Na anuelwbei ot &yive dlopbwan
TOU €UPBadO0 KOPUPNAG Yyia va atto@euXOei To BeTIKG T@AAUO Adyw avopyavou Kaaaitepou. Ta

OTIOTEAECUOTA TTAPOTIOEVTAI OTOV TTivaka 6.8

Mivakag 6.8: Métpnan Aelypdtwv amo vnold tou Alyaiou

C (pptn

ANAAYTHS pg/mL)
Kwc¢ 9/14 0,20
Ikapia 10 0,14
Anuvoc 10 0,17
Yéplpoc 11 0,31
Ydpog 2,91
Mapocg 1,13
MUOKovo(g 0,34
MnAog 0,56
2épipoc 10 1,04
Anfuvog 09 1,62
KaprmaBog 11/14 0,89
Kwc¢ 23/10 0,34
MnAog 11/14 0,58

Z0PEWVO PE Ta VOUOBETIKA TIAQICI0, OTIOJEKTEC Eival Ol TLUYEVTPWOEIC OTIO 3 ppt (1 3 pg/mL) Kal
KATW. ATT OTI yivetal @avepo amo Tov Tiivaka To petpolueva deiyuota Bpiokovtal péca ota
ETUTPETITA VOUOBETIKA pla.
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