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MEPIAHWH

2KOTTOG TnG TTapoloag epyaciag eival n ekTipnon Tng mePIBAAAOVTIKAG emIBdpuvong atméd Tnv
atreAeubépwon Emmkivouvwy ATyoc@aipikwyv Putraviwy (E.A.P.) otnv atuéceaipa, Petd amd evoe-
XOpevn kauon Twv Aiyvitwv MeAAdvag (N. Aakwviag) yia nAekTpottapaywyr]. MeAeTABNKe n opukTo-
AoyiIKA Kal N yewxnuikr ouaTtacn Aiyvitn kai TEQpag atd dUo YEWTPROEIG, VW TTPOCBIOPICTNKE Kal N
KIVNTIKOTNTA TWV IXVooToIxeiwv Katé Tnv kauon. O1 opukToAoyikéG avaAloelg £de1§av OTI Kupiapxn
Opada OPUKTWV €ival auTh Twv TTUPITIKWY, OTTWG O XaAaldiag, ol K-&otpiol kai o1 IANTNG-
Hopuapuyieg. MoAU xaunAn eival n TepIEKTIKOTNTA 0&e1diwv Kal udpogeldiwy, Ta oTToia YTTopouV va
XOPOKTNPIOTOUV WG £TTOUCIWAN, VW TTOAU TIBavr] gival n Tapouadia yuwou. Ta amoTeAETUATA TWV
XNMIKWV avaAloewy oTta deiypaTa Aiyvitn Kai Twv 800 yewTpAoewy, €dcifav OTI KUpla oToixeia (>
1000 ppm) civair Ta Al, Fe, Ca, Mg kai K, deutepetovta (100-1000 ppm) Ta Na, Mn kai Ba kai 1xvo-
aToixeia (<<100 ppm) Ta Be, Bi, Cd, Ce, Co, Cs, Cu, Eu, Ga, Hf, La, Li, Lu, Mo, Nb, Nd, Pb, Rb, Sb,
Se, Sm, Sn, Sr, Tb, Te, Th, Tl, U, Y, Yb ka1 Zr. Ta oToixeia As, Ba, Cr, Ni, V kai Zn mTapoucidlouv
HeyaAn dlaocTtropd TIHWV. H gpunveia TNG YEWXNUIKNAG CUYYEVEIAG KOl GUUTTEPIPOPAG TWV KUPIWY,
OEUTEPEUOVTWY OTOIXEIWV KAl IXVOOTOIXEIWV TTPAYUOTOTTOINONKE UE EPAPUOYH TNG OTATIOTIKAG UEBO-
dou TrapayovTIkAg avadAuong TUTTou R oTa atroTeAéopaTa Twv XNUIKWY avaAUloewy oTo Alyvitn Kal
TNV T€@Pa. Z0vOean PE TO OpPYyavIkd Kal To avépyavo PéPog (MIKTA ouvdean) €dcifav Ta Ca, S, V, As,
Mn, Mo, Na, Sb, Hf, Zr ka1 U, evw Ta oToixeia Se kai Nb édeiav olvdeon pOvo PE TO OPYAVIKO pé-
pog. MNa Tov TTPOadIoPIoUSG TNG KIVATIKOTNTAG TWV IXVOOTOIXEIWV UTTOAOYIOTNKE O GUVTEAEDTHG OXETI-
KoU eptThouTiopou (RE), o otroiog £6€1Ee OTI évTova TITNTIKA cupdTtrEpIpopd £xouv Ta Hf kai Sb, evw
METPIO TTITNTIKOTNTA EUPAvIcav Ta Se Kal Ba.

1 EIZArQrH

Tig TeAeuTaieG DEKOETIEG £XEI TTOPATNENOET OTI OI XWPEG TTOU XpNOIPoTTololV Ta “armoAiBwyéva”
KOQUOIPO YIQ TTAPAYWYN EVEPYEIQG, £XOUV AVOTITUEEI TTEPIOCCOTEPO QPIAIKI) TTPOG TO TTEPIBAAANOV Evep-
yelokn TToNITIKA. [MNa Tnv TTpOBAeWn Kai TV atro@uyr| TTEPIBAAAOVTIKWY TTPOBANUATWY OTTO TN XPron
yaiavBpdkwy, €ival ammapaitnTn N HEAETN TNG CUUTTEPIPOPAG TWV IXVOOTOIXEIWV Kal I8I0ITEPA TWV €-
TIKIVOUVWY aTHOOQAIPIKWY PUTTAVTWY Katd Tnv kauon (Finkelman 1994, Querol et al. 1995,
Finkelman & Gross 1999, Spears & Zheng 1999, Swaine 2000). H cupTrepIpopd TWV IXVOOTOIXEIWV
KaTd TNV Kalon yalavlpAakwy PTTOPEi va eKTINNOET HE TN MEAETN TWV YEWXNUIKWY TOUG XAPAKTNPIOTI-
Kwv (Clarke & Sloss 1992, Meij 1995, Swaine 1995). ZUp@wva pe Tov Swaine (2000) Ta 1xvoaTol-
X€ia TTou TTapouaialouv To peyaAuTepo TTepIBaAAOVTIKG evdlagépov eival Ta As, Cd, Cr, Hg, Pb, Se,
B, CI, F, Mn, Mo, Ni, Be, Cu, P, Th, U, V, Zn, Ba, Co, |, Ra, Sb, Sn ka1 Tl. Ta Sb, As, Be, Cd, ClI, Cr,
Co, F, Pb, Hg, Mn, Ni, Se kai U kaAouvTai emmikivduvol atgoo@aipikoi putravtég (Finkelman 1994).

H KivnTIKOTNTO TWV IXVOOTOIXEIWV KOTA TNV KaUon €EapTATal ATTd T OUYKEVTPWON Tou KABE I-
XVOOTOoIXEiou péoa ota deiypaTa, TN YEWXNHIKA TOU CUYYEVEID, TIG XNMIKEG avTIOPACEIG TTOU TTPpAya-
ToTroloUvTal KATA Tn SIGPKEID TNG KAUONG Kal EAEyXovTal aTTO T QUAOIKA KAl XNMIKG XOPOAKTNPIOTIKA
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TWV TTEPIEXOUEVWV OPUKTWV KAl TOU 0PYAVIKOU KAGOHUATOG, KABWGS Kal atrd TNV TEXVIKN Kauong. E-
KTOG atrd ToVv TeEAEUTaio TTapdyovTa, Aol o1 dAAol diagépouv TTOAU aTTd KOITAOUA OE KOITOOHA.

O1 EAAnVIKOI AiyviTeG atravToUv KUPIWG a€ KAEIOTEG evOONTTEIPWTIKEG, AAAG KAl TTAPAKTIEG AEKA-
ves. OpUKTA TTOU €XOUV avayvwpIioTel o apkeToUug EAANVIKOUG AlyviTeg gival o xaAadiag, Ta TTAayIo-
KAQOTQ, Ta apyIAIKG OPUKTA, 0 KAOAIVITNG, N YUWOG, O TTUpiTNG Kal Ta avBpakikd opukTd (Foscolos et
al. 1989, Gentzis et al. 1996, Papazisimou et al. 2004). Ta TeAeuTaia xpovia TToAAoi epeuvnTéG €-
XOUv aoxoAnBei otnv EANGDQ Pe TN PEAETN TNG YEWXNMIKAG CUPTTEPIPOPAS TWV AIYVITWYV, €I0IKA au-
TAG TWV IXVOCTOIXEIWV KATA TNV KAUan, aAAd Kal Twv TTEPIBOAAOVTIKWYV ETITITWOEWY aTTé TN XPNon
Toug (Foscolos et al. 1989, Sakorafa et al. 1996, Georgakopoulos 2001, lordanidis et al. 2001a, b,
Georgakopoulos et al. 2002, Kalaitzidis & Christanis 2002, Kalaitzidis et al. 2002, MNatmadnoiuou
2003).

O Bayiag (2001) éxel TTpaydaTOTTOINCEl YEWAOYIKA KAl KOITAOUATOAOYIK MEAETN OTN CUYKEKPIUE-
vn TTEPIOXN, EVW OTA TTAQICIA TNG KOITAOUATOAOYIKNG £PEUVAG TTPAYUATOTTOINONKAY OPUKTOAOYIKES
avaAuoelg atré Tn AnuiRTpouAa (2001). H rapolca epyacia atroTeAei TTEQIBAAAOVTIKA YEWXNMIKA Kal
OPUKTOAOYIKI HEAETN TOU AyVITIKOU KOITAoUaTOG MeAAGvVAG e OTOXO va TTPOCdIOPICTEN N KIVNTIKOTN-
TA KOl O TPOTTOG GUVOEDNG TWV IXVOCTOIXEIWV KATA TNV KAUGN Tou Ayvitn.

2 TEQAOrIIA

H trepioxn peAétng Bpioketal oto Nopd Aakwviag getagu Twv Aekavwv MeyaAdTToAng kal Zrdp-
NG Kal KataAauavel ékTaon Tepitou 25 km? (Zx. 1). H Aekdvn Tng MeAAGvVOG AsiToUpynoe wg €v-
donTelpwTIKN Aekdvn KaTd TnVv TTEPiIOdO Tou MAEIGTOKAIVOU PE aTTOTEAEGUA TN OnUIoUpPYia TWV KOI-
TAOUATWY AlyviTn.

Ta mepBwplia NG Aekdvng, KaBwG Kai To UTTORABPO TG doPoUVTal ATTO TTETPWHATA TWV IGOTTI-
KWV (wvwv TpitmoAng kai Mivdou, kabBwg kai Tng autdxbovng oeipdg “Plattenkalk”. Ta i{fuata mou
TANPoUv TN Aekdvn MeAAGvag ival AINvVaieg Kal XEPOAIEG-TTOTAUOXEINAPPEIEG ATTOBETEIG, TTOU AV)-
Kouv oTo Katwtepo kal Méoo MA€IoTOKAIVO, eV MIKPO TUAMA TNG KATAAGUBAVOUV TTAEUPIKG KOPK-
MaTa, KWVol KopnuaTwy, KaBwg Kal atmobéaclg Tng Koitng Tou Eupwrta (MFewpyiou 2001).

O1 Aipvaieg Kal TEAUATIKEG aTTOBE0EIG eu@avifovTal KUPIWG GTO BOPEIO KAl TO AVOATOAIKO TUAUQ
NG AeKAVNG, UE 0pPIJOVTIEG £wG UTTO-0PICOVTIEG KAITEIG. ATToTEAOUVTAI aTTO apyiAoug, HApYES Kal IAU-
€G, EVW TTAPATNPOUVTAI KAl EVOTPWOEIG aTTO adPOKAACTIKA ICAuATa. ZTIG aTTOB£0EIS AUTEG @INOEE-
vouvTtal Ta AiyvITIKG aTpwpaTta (Bayiag 2001).

O1 xepoaieg atroBéoeig ammoTeAoUvTal atrd aPPoUxXoug TTNAOUG, JE Wn@ideg Kal AaTUTTeG aTmod e-
Tapop@WHEVA UAIKG Kal eugavifovtal oToug OUTIKOUG Kal VOTIOUG TOoWEIG TG Aekavng. Mpodkeital yia
oXNUaTIoONoUg TTayETWOOUG TTEPIGOOU, VEWTEPOUG OTTO auToUg TwV AlMvaiwy atmoBéoewy, Xwpig
OuwWG va dlakpivovTal Gaguwg Ta OpId Toug JeE TIG TTaAaIdTEPES atToBéaelg (Bdyiag 2001).

3 MEOOAOAOrIIA

Ta deiypata Aiyvitn TToU peAeTHONKAV TTpoRABav atrd TTUPAVEG YEWTPAHOEWY, TIG OTTOIEG TTPAYUO-
Totroinoe 10 I..M.E. otnv mepioxn tng MNMeAAdvag. Zuykekpipyéva TTeplypd@nKav JaKkpooKOTTIKG 71
oeiyparta amd T yewTtproeig KIM-7 kai KrM-13, o1 Béoeig Twv otroiwv gaivovTal oto oxfjua 1. Ako-
AouBnoe etmiAoyr) 22 delypdTwy, T OTToIa KOVIOTTOINBNKAV 0€ HEYEBOG KOKKOU BIapéTpou <250 pum.

lNa Tov 1TTpoodiopioud TNG TEPPAg Eyive Kauon €AeUBepou uypaciag KovioTroinuévou Alyvitn
aToug 750+5°C yia 4 h og nAekTpIk6 @oupvo Raypa HM9. H dueon avdAuon mrepiAapBavelr Tov
TTPOCdIOPICHS TwV TTEPIEKTIKOTATWY C, H, N Kal S Kal TTpaydatoTroIfnke P XPron auTopaTou avo-
Autrj Carlo Erba ota 22 dciypara Aiyvitn a11é TIg dU0 YEWTPNOEIG.

O1 0pUKTOAOYIKEG avaAUaEeIg £yivav pe Tn pEBodo TnG TrepIBAacIpeTpiag akTivwy X oTta deiyuata
TEQPPAG TTOU TTPOEKUYAV PETA atTd KaUon OTOUG 750°C. JUYKeEKPIPEVA XpnoluoTToInOnke TTepIBAaai-
petpo akTivwy X Philips PW1050 pe avixveuth) getaBAnTtrg B€ong, To otroio AsIToupyei ue akTivofo-
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Aia Cu. O1 rapauerpol “BAua odpwaong” (scanning step) kai “xpovikd didoTnua BruaTog” (step time)
nrav 20 = 0,02° ka1 0,5 s avTioToIxa, o€ éva €UPOg 3-70° (&1dpkeia avahuong ~24 min). MNa TNV
TIPAYHOTOTTIOINGN TWV XNMIKWVY avaAloewv Ta 22 deiyyata Alyvitn SIaoTTAoTNKAV O QUTOKAEIOTA
doxeia péoa o€ PoUPVO PIKPOKUPATWY We emidpaan BaaciAikou vepou (HNOs kai H.SO4 o€ avaloyia
1:3) KaI oI avTiOTOIXEG TEPPEG TOUG DIOCTTACTNKAV O€ QVOIXTA Bepuaivoueva doxeia €miong Ye Tnv
emidpaon BaaiAikoU vepou. Ta oToixeia Al, Fe, Ca, Mg, K, Na, Ba, Cr, Mn, Sr, V, Zn ka1 Zr TTpoc-
dlopioTNKAV HE QOACHUATOMETPI ATOMIKNG EKTTOUTIAG €TMaywyikoU (euyoug TAdopaTtog (ICP-AES:
Inductively Coupled Plasma-Atomic Emission Spectrometry), evw T1a otoixeia As, Au, Be, Bi, Cd,
Ce, Co, Cs, Cu, Eu, Ga, Hf, La, Li, Lu, Mo, Nb, Nd, Ni, Pb, Rb, Sb, Se, Sm, Sn, Tb, Te, Th, Tl, U, Y
kai Yb TrpocdiopioTnkav pe @acpaTopeTpia PAlag emaywylkoU {elyoug TAdouatog (ICP-MS:
Inductively Coupled Plasma-Mass Spectrometry).
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4 EmwBnon kal mBavh mpodkraor g
S Textovikn emapr
TS Tewhoyikd dplo

= — = Priypa ko miBavi wpoéktaor rou

ZxAua 1. ZXNUaTIKOG YEWAOYIKOG XAPTNG TG TTEpIoxng MeAAdvag, oTov oTroio dlakpivovTal ol BECEIG TwV YEW-
TpAoEwV delypatoAnyiag (Mewpyiou 2001).

4 ANOTEAEZIMATA

4.1 MoKPOOKOTIIKG XAPOKTNPIOTIKA

O Aiyvitng Tng MeAAdvag aviikel oo matrix AIBGTUTTO. 210 OXfNa 2 @aiveTal &TI OTN YEWTPNON
KIM-7 petagl Twv NIyVITIKWV OTpwHATWV TTapePBAAAOVTaI AETITA OTPWHATA Apyilou, xoupwdn apyi-
Aou, 1IAUOG Kal aoBeOTITIKOU UAIKOU, evd oTn yewTtpnon KI-13 petagl Twv AyVITIKWV OTPWHATWY
TTapePBAAAovTal AeTITA GTpWHATA apyilou, xoupwdn apyilou, IAuoUxag apyidou Kal apyliAoUxag
opYyavikAg AGoTINnG.
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EXAHA 2. ZTPWHATOYPAPIKEG OTAAEG AIYVITIKWV OTPWHATWY Twv YewTpRoewy, a) KIM-7 kai B) KMN13 (# kwdikoi dely-
MATWYV TToU avaAuBnkav Kal oe m @aivovTal Ta FA0n Twv oTPWHATWY atrd TNV edAPIKA ETIGAVEIQ).

4.2 TMpoodloplopdg TEPPAS Kal Guean avaAuon

H TrepiekTIKOTNTA TOU AlyviTn O€ TEPPQ £TTi ENPoU kupaivetral ammd 13-72%, oe C amo 44,9-60,3%,
oe H amo 4,5-5,6%, oe N o116 0,5-1,7% ka1 o€ S £€wg 5,5%.

4.3 ATmoTeAéOpOTA OPUKTOAOYIKIS AVAAUCNG

O1 OpPUKTOAOYIKEG PACEIG OTIG TEPPEG (750°C) TwVv Aiyvitwv MeAAdvag TTpoadiopioTnkav Pe TN
uéBodo XRD. ‘Eva TuTTiKO akTIvOypd@nua TTou TTPOKUTITEI atTd TNV £QAPPOYr QuTrG TNG HMEBOdoU
@aivetal oTo oXNUa 3. ATTO TN PEAETN TWV OKTIVOYPAPNUATWY TTPOEKUYE OTI KUpiapxn Ouada opu-
KTWV gival auTh TwV TTUPITIKWYV, TTou atroTeAsiTal amd xaAalia, K-aoTpioug Kai IANITN-papuapuyieg.
E€iocou onuavrtikA €ival n Tapoucia avudpitn Kai aipartitn. Bpoukitng kai o&gidio Tou acBeaTiou ava-
yvwpioTnkav o€ éva povo deiypa NG yewTpnong Kri-7.
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ZxAua 3. AKTIvOoypaenua Tng TEQPag (750°C) Tou O¢eiyparog Krl-13/5 (il,mc: IAANITNG,
papuapuyieg, ah: avudpitng, he: aiyatitng).
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Ta apytAIkd opukTd kal o xaAadiag ival KAAOTIKAG ) auBiyevolug rpoéAeuong. O1 K-aaTplol Tra-
poucidfouv cuyvoTepa KAAOTIKA TTpoéAeuan. H auvitmapén 6AwV auTwy TwWV OPUKTWV UTTOBEIKVUEI
KAQOTIKO pnxaviouo yéveong (Vassilev et al. 1994, Vassilev & Vassileva 1996). O avudpitng ptropei
va TTponRABe amd aguddtwaon TnG yuwou A atmd aAAnAettiopaon o&eidiwv aoBeoTiou Kai ogeldiwv
B¢eiou, TTou atreAeuBepwivovTal KaTd Tnv o&eidwan opyavikod UuAikou (Mitchell & Gluskoter 1976,
Nankervis & Furlong 1980, Vassilev & Vassileva 1996, Ward et al. 2001). O aipatitng mpoépxeTal
KUpiwg a1ré TNV o&eidwan AAAwWV OpuUKTWYV, OTTWG Tou CIdNPOTTUPITN Kal Tou 018npitn. O Bpoukitng
gival TTpwToYEVEG KAAOTIKAG TTPOEAEUCNG OPUKTO 1) TTPOiIGV SIACTTACNG TTUPITIKWV OPUKTWVY KATA TV
Kauon. To o&eidlo Tou acBeaTiou avAKEl OTIG DEUTEPOYEVEIG PATEIS OPUKTWYV, TTOU OXNUaTIovVTal KO-
Ta TN O1IdpKEIa TNG Kauong o€ uWwnAég Bepuokpaaieg atd Tn didatracn acBeoTitn (Vassilev et al.
1994, Vassilev & Vassileva 1996).

2T ouvéxela aKoAoUBNOoav NUITTOOOTIKOI TTPOCBIOPICHOI TWV OPUKTWYV OTA BEIYUATA TEPPWYV TWV
Aiyvitwov TeAAGvVOG. H OXETIKA TTEPIEKTIKOTNTA TOU KABE 0puKTOU UTTOAOYIOTNKE aTTO TOV APIBUS Twv
KTUTTWV (counts) OTIG KUPIEG YwVieG avAKAAONG Tou. Ta OTTOTEAEOUATA QUTWY TWV NUITTOCOTIKWY
TTPOCBIoPICUWY @aivovTal aTov Tivaka 1. Mapartnpeitar 611 oTa deiypara Tng yewtpnong KM-13 n
CUMMETOXA TWV TTUPITIKWY OPUKTWV gival HIKPOTEPN O€ Oxéon PE auth ota Seiypata Tng KIM-7, evw
avTiBeTa n ouppeToxn Tou avudpitn Kal Tou aidaTitn otnv KIM-13 gival yeyaAuTepn oe oxéon pe TNV
KIM-7. To oXeTIk& peydAo e0pog SlakUPavong TwV TTEPIEKTIKOTATWY TWV OPUKTWV OTa deiypara Tng
idlag yewTpnong ogeileTal TOavéTata ot dIaQopoTIoinan Tou ICNUATOAOYIKOU KABEOTWTOG TNG TTE-
PIOXAG MEAETNG KATA TN BIGPKEIO TNG TUPPOYEVEDNG.

Mivakag 1. HurmmoooTikoi Tpoadiopiaguoi opukTwy (% K.B.) oTa deiypata TEppag Tou Aiyvitn Tng MeAAdvag.

FewTtpnon Kn-7 Kmn-13
XaAadiag 25-47 9-31
K-aatpiol 27-34 17-28
IANNiTNG- 25-54 12-42
Mapuapuyieg

Avudpitng 17-43  17-70
Alpartitng 16-18 10-39
Bpoukitng' 19 -
O¢eidio aoBeoTiou’ 13 -

' avayvipion o€ éva deiypa g KM-7

4.4 AmoteAéOpATA OTOIXEIOKIS AVAAUGNG

Ta oToIXEia, Ta OTToia TTPOCOIOPICTNKAV KATA TN OTOIXEIaK avaAuorn, diakpibnkav avaloya pe
TNV TTEPIEKTIKOTNTA TOUG O€ TPEIG KaTnyopies: KUpia (>1000 ppm), deutepevovta (100-1000 ppm) Kai
IxvoaToixeia (<100 ppm). KUpia aToixeia ota deiypara Aiyvitn Tng yewtpnong KM-13 eivar Ta Al, Fe,
Ca, Mg kai K (Miv. 2). Zta dciypata amd Tn yewTpnaon autr, deutepedovTa aToixeia ival Ta Na kai
Mg. OAa Ta utréAoITTa TTapoucIAdouv PIKPEG TIMEG, VW) Ta aToixeia As kal Ba Trapouaidlouv peyaAn
dlaoTropd TIMWV: yia To As ammé 10 ppm éwg 177 ppm Kai yia 1o Ba ammé 16 ppm éwg 156 ppm. Z10
Aiyvitn TnG yewTpnong Kr1-7, kUpia aToixeia eivar Ta Al, Fe, Ca, Mg kai K (MMiv. 2). AeutepetovTta xa-
pakTnpiCovtal Ta Na, Ba kai Mn, evw Ta uttéAoitra Trapouaidfouv TipéG <100 ppm. Ta V, Zn, Cr kai
Ni Trapouagidfouv peydAn SiaoTropd TIMWVY.

O1 oTOIXEIOKEG AVOAUCEIG £yIVAV OPXIKA UETA aTrd dIGCTTaon Twy 22 SelyPdTwy AlyviTn Kal Twv
QVTIOTOIXWV TEPPWV TOUG O€ avoIXTA Bepuaivopeva doxeia pe Tnv emidpacn BaaiAikou vepou. Kartd
TNV €TMECEPYATIA TWV ATTOTEAECUATWY AUTWY, DIATTIOTWONKE OTI TTOAAG IXVOoTOIXEIQ IBIAITEQA TITNTI-
K@ Ol€QUyaV LE ATTOTEAETHA EITE VA PNV AVIXVEUOVTAI EITE va PNV TTPOCdIoPICeTal OPBAa N TTEPIEKTIKO-
TNT& Toug. EmirAéov kdaTola IxvoaTolxeia Trapéusivav ae oTeped iCnua kai dev diaAubnkav, otrdTe
Kal Ogv avixveubnkav. MNa 1o Adyo autd TrpayuaToTToindnkav véeg SIaoTTrdoelg Twy OelyhATwy Alyvitn
0€ QUTOKAEIOTO doxeia HEoa g€ POUPVO PIKPOKUUATWY HE TNV €TMidpacn BaciAikoU vepou.

‘Eva onuavTikd TTAEOVEKTNHA TNG EQAPUOYAS BUO0 SIOPOPETIKWY PEBOdWYV didoTTaong Twv Oely-
MaTwv (o€ avoixTd Kal KAEloTd doxeia) ival, 0TI UTTopEi Kaveig va auykpivel TIG ueBodoAoyieg auTég
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TTPoadlopifovTag TiG BIAPOPEG TTOU TTAPATNPOUVTAI JETAEU TOUG. ETNV TTaPoUca PEAETN TTPOadIopi-
oTNKaV Ol SIAPOPEG AUTEG, OUYKPIVOVTAG TA ATTOTEAECUATA TWV AVAAUCEWY TWV BEIYHATWV AlyviTn
TTou TTPoNABav amd dIaoTTACEIG € KAEIOTA DOXEIO GE POUPVO MIKPOKUUATWY, JE QUTEG TWV OEIYUa-
TWV AlyviTn TToU TTPonABav atrd dIaoTTaaEl oe avoixTd Bepuaivoueva doxeia Kal yia Tig dU0 yew-
TpAoeig KM-13 kai KM-7. Ztov Tivaka 2 @aivetal N géon d1a@opd €11 TOIG EKATO PETAEU TNG HEBOSOU
d1doTTaong o€ avolXTa doxeia o€ axéon Ye Tn pEBodo didoTTaong o€ KAEIoTA doxeia, yia Ta oToixeia
Ta otroia kaAoUvtal Emikivouvol Atpoo@aipikoi Putravtég (E.A.P.). Ta oTtoixeia autd £d€1§av onua-
vTIKA S1a@opd PETAEU Twv dUo PYeBGBdWY didoTracng Kal TagivoyouvTal KaTd oeIpd PHEIOUPEVNG PEoNG
B1apopdgs (%) wg e€ng: TI>Be >V >Ba > Cr> Co > As > Mn > Ni > Th > Zn > Cu > Mo. H diagopd
MeTAgU Twv 000 PEBOdWV dIAoTTacNG UTTOONAWVEI TNV €VTOVN TITNTIKA CUUTTEPIPOPA TWV GUYKEKPI-
MéVwV oToIXEiWV KaTA TIG SIa0TTACEIG TwV OelyHATWY oTa avoixTd doxeia.

Mivakag 2. Z0otaon Twv Aiyvitwv MeANGvag (MECEG TTEPIEKTIKOTNTEG OE ppm, -: Ol TIHEG aTTO TIG dUo peBBdOUG
didoTraong eival TTapatrAfoleg, ?: dev §AyovTal aoPAAr) CUPTTEPACUOTA).

MepiekTikOTNTA'  Alagopd (%) NepiekTikOTNTA'  Alag@opd (%)?

FewTpnon Kn-13 Kn-7  KnA-13 KN-7|[FewTtpnon Kn-13 Kn-7  KM-13 Kn-7
Al% @ 1,8 3,3 - -[Mn @ 604,2 2729 15,8 8,9
Fe% @ 2,1 1,8 - -|Mo 8,1 1,1 1,6 ?
ca% @ 2,3 1,8 - -INb 0,8 1,0 - -
Mg% © 0,2 0,7 - -INd 9,7 11,5 - -
K% © 0,3 0,5 - -|Ni 235  132,9 13,2 53
Na% © <0,1 <0,1 - -|Pb 10,9 10,1 ? ?
As 67,3 7,2 8,6 17,8|Rb 17,7 38,9 - -
Ba @ 845 1795 15,5 20,6(Sb 0,8 0,3

Be 0,9 1,2 55,5 48,6|Se 2,3 1,0 ?

Bi 0,2 0,2 - -[sm 2,0 2,7 - -
cd 0,2 0,2 ? ?|Sn 0,4 0,5 - -
Ce 21,6 19,9 - -lsr@ 60,3 57,4 - -
Co 74 14,7 20,8 12,4|Tb 0,3 0,4 - -
cr® 225 1029 20,7 13,7|Te 0,1 0,1 - -
Cs 1,6 2,9 - -[Th 4,0 33 8,8 9,4
Cu 20,8 36,1 ? 2,5(Tl 0,2 0,2 471 62,5
Eu 0,4 0,6 - -lu 2,0 0,3 - -
Ga 5,0 8,2 - -lv@ 57,6 82,4 34,7 44,1
Hf 0.4 02 - -y 6.1 9.4 - -
La 10,5 8,8 - -[Yb 0,5 0,7 - -
Li 14,1 35,1 - -|zZn®@ 33,5 70,5 6,4 6,8
Lu 0,2 0,1 - -lzr@ 6,1 6,1 - -

©: 1rpoodiopiopdg e ICP-AES, Aot oToixeia pe ICP-MS, ': uéon TrepiekTikdTnTa, OTTWE TIPOEKUWE AT Sia-
OTIaoeIg O KAEIOTG BOXEia, 2 péon diagopd (%) peTagu pebodou didaoTTaong oe avoiXTd doxeia o oxéan PE TN
uéBodo dIaoTTacNG O€ KAEIOTA.

4.4.1 AmoreAéouara oranoTikng avaAuong

H epunveia TNG yewXNUIKAG OUYYEVEIQG KOl CUUTTEPIPOPAS TWV KUPIWY, OEUTEPEUOVTWYV OTOIXEI-
WV Kal IXVOOTOIXEIWV TTPAYHATOTIOONKE YE OTOTIOTIKI) ETTEEEPYATIA TWV ATTOTEAEOUATWY GTOIXEIO-
KAG avaAuong. AGyw Tou peydAou aplBuoU SEUTEPEUOVTWY OTOIXEIWV KAl IXVOOTOIXEIWV ETTIAEXONKE
n oTamIoTIKA WEBODOG TNG TTaPaAyoVvTIKNG avdAuong TUTTou R yia Tov TTpoadiopioud TnG cUvOEong
TWV TTOPATTAVW CTOIXEIWV JE TO opyavikd ) TO avopyavo PEPOG Twv AiyviTwy. EmimAéov n yébodog
auTn EMITPETTEL A) TNV OPAdOTTOINON TWV UETARBANTWYV (TEQPA Kal TTEPIEKTIKOTNTEG OTOIXEIWV) HECW
TWV TTAPAYOVTIKWYV TOUG POPTICEWYV, TTAPEXOVTAG TTANPOPOPIES YIA TIG YETAEU TOUG OXECEIG KAl B)
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TNV ouadoTToinon Twv SelyddTWY, OTA OTToIA O OX£0EIG JETAEU TWV PETARANTWY avTIKATOTITPIoVTal
£vTova PECW TWV TTAPAYOVTIKWY TIHWV. ATTO Tn OTATIOTIKA ETTECEPYATIA TWV ATTOTEAEOUATWY TWV
OTOIXEIAKWY aVOAUGEWY OTO AIyViTn, TIPOEKUWE OTI TO JOVTEAO, TTOU IKAVOTTOIEl OAQ TA KPITAPIA TNG
TTapayovTIkAg avaAuang TUTTou R, trepiAapBavel 5 mapdyovteg kar KaAUTITEl TO 88,7% TNG OAIKNG
diakupavong Twv PeTapAnTwy. ATTé TNV GAAN TTAeupd TO JOVTEAO, TTOU IKAVOTTOIEr OAQ TO KPITHPIO
TNG TTAPAYOVTIKAG avaAuong TUTTou R Kal EQapUOOTNKE OTA ATTOTEAECUATA TWV OTOIXEIOKWVY AVAAU-
gtwv oTNnV TéPPA, Eival eTTiong 5-peAég Kal KaAUTTTEl TO 84,09% Tng OAIKNAG SIaKUPAVONG TWV PETA-
BAnTWV.

21OV TTivaKa 3 QaiveTal 0 TPOTTOG GUVOECNG TWV CTOIXEIWV aTo Alyvitn MNeAAGvag, dTTwG TTPOKU-
TITEl ATTO TN OTATIOTIKA €TTECEQPYATIA TWV TTEPIEKTIKOTATWY TWV OTOIXEIWY GTO AlyviTn Kal TNV TEPPQ.
ZUvOeON ME TO Opyavikd Kal To avopyavo Pépog (MIKTA ouvdeon) €deifav Ta Ca, S, V, As, Mn, Mo,
Na, Sb, Hf, Zr ka1 U. Z0vdeon pe 10 opyavikd pépog £deigav Ta otoixeia Se kar Nb, yeyovog tmou
UTTOONAWVEL, OTI KOTA TNV KAUon €Xouv éviova TITNTIKI) CUUTTEPIPOPA KAl OUVETTWG Eival EUKOAN N
METAPOPA TOUG OTA KAUCOEPIQ KAI N EKTTOUTTA TOUG GTNV aTHOC@AIPa.

Mivakag 3. TpdTmog ouvdeong Twv oToixeiwv aTo Aiyvitn TG MeAAGvag (*: Etikivduvor ATpoo@aipikoi PutravTég).

ZToIXEia AvdAuon Aiyvitn AvdAuon Té@pag
Al, K, Mg >€ KAQOTIKA ApYIAOTTUPITIKA OPUKTA >€ KAQOTIKA ApYIAOTTUPITIKA OPUKTA
Fe 2€ apyINOTTUPITIKG Kl BEI0UXa OPUKTA >¢ BeloUxa OPUKTA

Ba*, Be*, Bi, Ce, Cd*,

>€ KAQOTIKA ApYIAOTTUPITIKA OPUKTA

>€ KAQOTIKA ApYIAOTTUPITIKA OPUKTA

Co*, Cr*, Cs, Cu*, Eu,
Ga, La, Li, Lu, Nd, Ni*,
Rb, Sm, Sn, Th, Te,

TI*, Y, Yb, Zn*

V* >€ KAOOTIKA apYIAOTTUPITIKA OPUKTA MIKTH
Pb*, Th* € apyIAOTTUPITIKG Kal BE10UXa OPUKTA >¢ BeloUxa OPUKTA
Ca, S MIKTr MIKTr
As*, Mn*, Mo*, Na, Sb* MikTr Mk
Hf, Zr ? MIKTr
Se* Opyavikn Opyavikn
Nb ? Opyavikn
Sr € avOPAKIKA Kal BEIKA OPUKTA € avOPAKIKA Kal BEIKA OPUKTA
U MIKTr MIKTr

4.4.2 EumAoutiouog tne TEQPAC OE IXVOOTOIXEI
Mo peyaAUTepn TTPOCEYYION TNG KIVNTIKOTNTOG TWV IXVOOTOIXEIWV UTTOAOYIOTNKE O OUVTEAEOTAG
OoXeTIKOU eutrAouTiIopoU (RE), 6TTwg trpoTeivetal atré Tov Meij (1995):

TE ., -A
RE =
TE ,,y 100

otrou, TE Té@pa : n TTEPIEKTIKOTNTA TOU GTOIXEIOU OTNV TEPPA, TE AlyviTn : N TTEPIEKTIKOTNTA TOU idIoU
aToixeiou aTo Aiyvitn kai A: T€@pa (o€ TTooooTo % K.[3.).

O Meij (1995) xpnoiuoTToince TOUG GUVTEAECTEG OXETIKOU EUTTAOUTIONOU Twv aToixeiwv (RE) yia
va Ta Tagivounael oe opddeg avaAoya e TN CUPTTEPIPOPA TOUG KATA TNV Kauon. H TpwTtn oudda
TepIAaUBAvel Ta aToIxeia TTou €xouv auvTeAeaTh eutrAouTiopou (RE) améd 0,7-1,3 kal oTnv ouaia
Oev TTAPOUCIAouV GNUAVTIKA TITNTIKOTNTA. XTn deUTEPN ouada avikouv Ta oToixeia e RE petagu
0,5 ka1 0,7, kau TEAOG, GTNV TPITN OUAdA guPavifovTal Ta OTOIXEIQ TTOU gival TTOAU TITNTIKG (MEYAAN
KIVNTIKOTNTA) KaI £XOUV GUVTEAECTH €UTTAOUTIOHNOU MIKPOTEPO aTrd 0,5.

Zdpa
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TNV TaPoUoa £pyaadia UTTOAOYIOTNKAV Ol GUVTEAEGTEG OXETIKOU eutrAouTiopoU (RE) ota deiyua-
Ta TV yewTprocwv KM-13 kai KM-7. 21n yewtpnon Kr-13 maparnpeitar 611 To TTI0 TITNTIKO KAl €TTI-
Kivduvo yia 1o TrepIBaAAov aToixeio eival To Nb (RE mean = 0,1). Métpia TrTnTikOTNTA OTNV TEQPQA
Tapouaialouv Ta Ba, Bi, Se kai Hf (RE mean= 0,5 éwg 0,7). Ta o oTtaBepd aToIxeia gival 6Aa Ta
utrodoira (RE mean>0,9) pe e€aipeon 10 Sb, 10 omoio d¢ixvel evdidueon cuutrepipopd (0,7<RE
mean<0,8). Z1n yewTtpnon KI-7 Taparnpeital 6T Ta 1Mo TITNTIKA KAl CUVETTWG Ta TTIO €TTIKIVOUVA yia
10 TrEPIBAAAOV eival Ta Hf kal Sb (RE mean<0,5). MoAU pIKPOG GUVTEAEGTAG OXETIKOU EUTTAOUTIGHOU
uttoAoyioTnke kai yia 1o Nb. Ta Ba kai Se mmapouacidlouv uétpia TrrnTikotnTa (RE mean= 0,5 €wg
0,7). Ta TepIooodTEPO OTABEPG GTOIXEIa €ival OAa Ta utTéAoiTra (RE mean>0,9), ue e€aipeon Tov Cu,
0 oTroiog deixvel evdidpeon aupTepipopd (0,7<RE mean<0,8). Kai aTn yewTpnon auth, 6TTwg aTnv
KM-13, mapartnpeeital yeyadAn diakupavon TIJWY Twv RE Twv TTEPIGOOTEPWYV IXVOTTOIXEIWV aTa BEiy-
yara.

5 ZIZYMMNEPAZIMATA

H 1€ppa etmi {npou oToug Alyviteg MeAAdvag kupaivetal ammd 13-72%. H tepiekTikdTNTO O€ B€io
gival yéan €wg uwnAn otn yewtpnon Kr-13, pe péon nipn 3,2%, evw otn yewtpnon KI-7 givar xo-
uNAn, pe péon Tiun 0,5%.

To avopyavo PEPOG TwV AIYVITWV ATTOTEAEITAI ATTO KAACTIKG APYIAOTTUPITIKA OPUKTA, OTTWG XAAC-
Cia, K-aoTpioug kail INITN—papuapuyies. AvOpaKIKE OpUKTA dgv aTravTwvTal, VW TOaAvN gival n ma-
pougia ylyou. H trapoucia oidnpoTtrupitn oe opicpéva deiyuata Alyvitn €€nyei Tn onuavtikg To-
poucgia aiyaTiTn OTIG TéPPEG amd TIG OUO YyewTproels. Bpoukitng kai o&eidlo aofeoTtiou
TTapaTnpenénkav o€ éva poévo deiyua TEPPag TG yewtpnong Kr-7.

Ta kUpia gToixeia (Al, K kai Mg) cuvdéovTal e Ta KAAOTIKA apyIAOTTUPITIKE OPUKTd, evw O Fe
Ocixvel oUvdEDN PE AUTA Ta OPUKTA, aAAG Kail Ta Belolxa. Ta deutepelovTa OTOIXEIO KAl T IXVOOTOI-
xeia (Ba, Be, Bi, Ce, Cd, Co, Cr, Cs, Cu, Eu, Ga, La, Li, Lu, Nd, Ni, Rb, Sm, Sn, Tb, Te, TI, Y, Yb,
Zn) ouvdEovTal KUPIWG PE Ta KAOGTIKA apyIAOTTUPITIKG OpUKTd, evw Ta Pb kai Th guvdéovTal Kal pe
Ta BeloUxa. To Sr €deige ouvdean pe avBpakikd kal Beikd opukTd. Ta oToixeia Ca, S, As, Mn, Mo,
Na, Sb, V, Hf, Zr kai U Trapouadidlouv pIKTA oUvdeon, evw Ta Se kal Nb mmapouacidlouv opyavikr
ouvoean.

H yewTtpnon KrM-13 mapouciddel HIKpOd GUVTEAEDTH) OXETIKOU EUTTAOUTIONOU KAl GUVETTWG EVTOVN
mrnmikéTNTa yia 1o Nb, evd n yewTtpnon KIM-7 yia 1a otoixeia Hf, Nb kar Sb. Mérpia TrTnTIKA CUpTTE-
pipopd £0eiav Ta Ba kal Se kal oTIg OUO0 YEWTPNOEIG.

Evdexouevn aglotroinon Twv GUYKEKPIUEVWY AIYVITWV TTPETTEN va Yivel Je 101aiTEPN TTPOCOXN WG
Tpog Ta Sb, Se kal Ba, agouU ta groixeia autd xapakTnpifovTal wg ETIKIVOUVOI ATUOTPAIPIKOI pu-
TTaVTEG.

Me Ta péxpl onuePa YEWAOYIKA, YEWXNUIKA Kal OPUKTOAOYIKGE edopéva JOVO TTEPIOPIOUEVNG KAI-
MOKAG TTANPOPOPIEG TTPOKUTITOUV YIa TO TTAAQIOTTEPIBAAAOV TUPPOYEVEDGNG. ZUVOTITIKA SIOTTIOTWVE-
Tal 6T o1 AiyviTeG TNG MeAAGVAG OXNUATIOTNKAV OE TUPPWVA TTOU TPO@ODOTIOTAV KUPIWG atrd KApoTI-
KEG TNyéG TAouoleg ot 16via Ca. Ta em@avelokd vepd TpIv €1I0éABouv OTO XWPO Tou
TTOAQIOTUPQWVA BIEBPWVAV TOUG YEITOVIKOUG OXNHATIOHOUG Kal JETEPEPAV KAQGTIKG ApYIAOTTUPITIKA
OPUKTA OTOV TUPPUWIVA, EVW O OXNUOTIONOG QUBIYEVWV OPUKTWY, OTTWG N YUWogs, e¢apTiéTav aTrd TIG
ouvOnikeg pH kal oeidoavaywyng TTou eTmiKpaTrouoayv. 210 KEVTPO Tou TTaAaloTuppwva (KIM-13) gu-
VOAONKE 0 oXNUATIONOG YUWOoU Kal BEI0UXWVY OPUKTWY, evw oTa TrepiBwpia (KM-7) atrotédnkav Tre-
PICOOTEPO KAAGTIKA APYIAOTTUPITIKG OPUKTAL.
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ABSTRACT

ENVIRONMENTAL GEOCHEMICAL AND MINERALOGICAL STUDY OF
THE PELLANA LIGNITE (PREFECTURE OF LAKONIA)

Chatziapostolou A.", Kalaitzidis S.”, Papazisimou S.2, Christanis K." and Bagias D.2
! Section of Earth Materials, Department of Geology, University of Patras, 265 00 Rio-Patras,
Greece, s.kalaitzidis@ upatras.gr, s.papazisimou@ upatras.gr, christan@upatras.gr

2 G.M.E., Ag. Vasilios Sq. 21, 221 00 Tripolis, Greece

The aim of this study is to estimate the environmental impacts in case of exploitation the Pel-
lana lignites for power generation. The object of the study is to predict the element mobility during
lignite combustion using mineralogical and geochemical data from bulk-lignite samples and their
ashes of two cores from this area. The mineralogical determinations on the ashes revealed that
quartz, K-feldspars and illite-micas are the major mineral phases contained in the lignite. The identi-
fication of anhydrite in ashes implies the presence of gypsum, althought neoformation of anhydrite
from organic associated with Ca'? and SO4? can not be excluded. These minerals correspond to
primary phases. Oxides and hydroxides occur subordinately and probably represent minerals that
do not correspond to primary phases. The results of the elemental analysis show that the major ele-
ments (>1000 ppm) are Al, Fe, Ca, Mg and K in the bulk samples of both cores. Minor elements
(100-1000 ppm) are Na, Mn and Ba, while the concentrations of Be, Bi, Cd, Ce, Co, Cs, Cu, Eu,
Ga, Hf, La, Li, Lu, Mo, Nb, Nd, Pb, Rb, Sb, Se, Sm, Sn, Sr, Tb, Te, Th, Tl, U, Y, Yb and Zr do not
exceed 100 ppm. The concentrations of many elements like As, Ba, Cr, Ni, V and Zn have a wide
range among the bulk samples. In order to assess the geochemical affiliation of the studied ele-
ments, R-type factor analysis was applied on the element contents of bulk lignite and ash. The ele-
ments Ca, S, V, As, Mn, Mo, Na, Sb, Hf, Zr and U provide both organic and inorganic affiliations,
while Se and Nb provide organic affiliations. To approach the mobility of each trace element, the
relative enrichment factor (RE) was calculated. The most depleted trace elements according to RE
mean (<0.5) are Hf and Sb, while the elements Se and Ba are moderately depleted (0.7>RE
mean>0.5).
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