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1. EIZATQI'H

To {fmua g dwyeipong TV oTePEDdV amoPANT®V gueaviCeton To TEAELTOIN XPOVIO GE TTOAAES
YDPES, OVOMTUYUEVEG 1 OVOTTUGGOUEVES, HE TN popen g OBepuukng emeEepyociog tovg. To
HEYOAO TAEOVEKTNLOL TOL UTOPEL VO TPOKVYEL amd TNV Oeppikn enelepyocio, €KTOC amd TNV
a&oonueimtn eAdtTmon Tov dyKov kot ™G LACS TV amoppdTomV, eival 1 avaKTNOT EVEPYELOS
mov pumopel va mpokvyel. H mieoynoeio tov Movadmv ATOTEPpmong ACTIK®OV XTEPEDV
AmopAtov (Municipal Solid Waste Incinerator (MSWI)) mov Aettovpyodv 6€ 0pKETES YD PES
TOYKOOmG  amotepp®vouy Acotikd Xteped AmoPAnta (AXA) eved moapdAAnAc mwopdyovv
peydieg mocdmreg evépyelons. Me v mapayopevn evépyeln ot Movddeg KOAVTTOUV TIC
EVEPYELNKEG TOVG OVAYKES ap’eVOS, Ko o’ €TEpoV amoteAovy Movadeg Tapaywyne Evépyeiag,
TpocPEPovTas Hio cofapn Pondeld oV AVILETOTICN TOV TEPAGTIOL TEPPAALOVIIKOD KOt

KOWmVIKoOU {nriuatog: acvtod g Evépyetog.

1.1. Eneepyacio AcTiIKOV LTepedv ATOPAMTOV HECO TNG ATOTEP POGS

H Oeppkn eneéepyocio tov Actikov Xtepedv Anopfintov (AZA) oamockomel kvpiog oty
EMATTOOT TOL OYKOL TOVG, TN WETATPOTY TOVG G€ AMyOtepo emPBAaPn vAwd, wor/ 1 otV
avaKTNon Tov gvepyewakol mepteyopévov toug (Mavaywrtakdémoviog A., 2007). To opyavikd
KAGopo tov AXA pmopel vo petatponel HEc® TOKIA®V YNUIKOV Kol BOAOYIKOV JEPYAGIOV

aviloya pe To €1dog g Bepkng enelepyaciog (Koo, Tupdivon 1 aeplomoinem).

H mAéov ovuvnOng Oepuikn| emeepyacio eivor n Kawon — anoté@pwon. Me v anotéPpwon
EMTVYYAVETOL PEIDOT TOL OP)IKOL OyKov TV AXA and 85 g ko 95% (Tchobanoglous et al.
1993), ko peiwon mg palog tov AZA fog ko 60% g oapywng (IAWG, 1997), evo
ToTOYPOVE  KOTAGTPEPOVTOL TaBoyOvVol HKpoopyavicpol kot opyavikny VAn. IMapdiinio
VEICTATOTOL OVOKTNON EVEPYELWNS HECH TOV OEPI®V TOV OMUIOVPYOVVTOL KATE TNV KOO TOV

AZA.

H anotéppoon Aoppdaver ydpa o Oeppokpacieg 850- 1100 °C. Ze Beppokpacieg peyoldrepeg
v 990 °C gloyotonoeital  ékivon S10Evadv, ovpavinv Kot ALV ev SuvAEL ETIKIVOLVOV

evooenv (TTavayiwtakortoviog A., 2007).



Ta Tpoidvta g Kavong dlokpivovtal oe:

A) aépieg exmopméc: un 0&wa aépla (CO, atuoi), 0&wva aépta (CO2, NOy, SOz SOz HS, HCI),
dalec emPraPeic ovoieg ( HF, dwoéiveg, dAlot vdpoyovavBpakeg, Poapéa pétaria (Pb, Kd, Hg
K.0..), Kamvog Ko okovn (mmtapevn téepa: oteped avopyava cmpatidw peyébovg < 1 pum).

B) oteped vmoAeippata: o) Intapevn téepa (Fly ash): amotedeitar and 10 ehappdtepo uépog
™C T€PPOS, TO OMOI0 TOPACVPETOL Omd TO, AMAEPLO KOl GLAAEYETOL 0O €10KA QilTpa. Exet
VYNAEC ovykevipmoelc Papémv petdhimy. B) Kabilauevn Téppa (Bottom ash): ITpdketton yio 10
VoA Tov paledeton 6To KAt péEPog tov KAPavov. y) Téepa and tovg AéPnteg (Boiler
ash). 8) Kovioptog and ta @idtpo kabopiopov (Filter dust). €) Zteped xatdlowra omd 1

ddkacio kabapopov tov anaepiov. (Adrag K.o., 2007)

Ov exmouméc owtég mpv  amedevBepwBoldv otV atpnoceopo 1 6T0  £60(P0G VEIoTAVTOL
enelepyacio £T61 MOTE VO IKOVOTOOVVTAL TO, EMLTpETOpEVO. Opio ekmountdv (KYA 22912/ 1117/
2005). Ot pOhmot GuALEYOVTOL GE QIATPA, GE GLGKEVEG EKTALOTG 1] KOTaKAO1oMG, | TN OTAY TN Yo
eleyyouevn owbeon. Ta moapaydueva aéplo dEpyovtor and cVoTNUE KOOAPIGHOD Kol YOENGS
(koTaxpdTnong g 6KOVNG, TOL Kamvol Kot TV oepimv pimtav). ['a avdkton mg evépyelog ta
a€plo. 0dNyovVTaL, TPV OO TV YO&N, GE €10KO EVOALAKTN BEpUOTNTOS Y10 TOPOY®YN OTLOV
(ko1 oTn GLVEXEW YO TOPAy®YN MAEKTPIKNG N Oeplukng evépyswg). Mo Tumikn povada

amotéppwong AXA napovcidleton otnv Ewova 1.

Ta oteped voleippoata avTioToyobv 6to 25- 35% tov apyuwod Pdpovg tov AXA, aviroyo pe
™ 60VvOeGT TOVG Ko TNV TEYXVOLOYia Kavong (o€ ToAD Tponypéveg texvoroyieg meplopilovTot £mg
kow 610 10% tov apywov Papovg Twv AXA). And avtd 10 75- 85% avtuotolyel oe TtEQpO
mobuévo (M Kabilauevn Téepa- Bottom Ash) mov mpowbeiton oe dAlec ypnoeg (kordmv
TPoENEEEPYOTING GE KOTOOKEVT OKOJOOUIKDOV VAKAOV omd pHelypo TEQpog He TOEVTo, UE
VOpacPeoto, | pe GAAa VAKG- amotedel e€ehiccduevo medio épevvag (Zhu et al. 2009, Bertolini
et al., 2004)). To vérowmo (3- 8% tov apykod Papovg Twv AXA) mepiEyet Popéa néTodha Kat
GALeG TOCIKEC OVoieg, OTMG O10&Tveg, Kot amoTIOETAL VITOYPEMTIKA GE E10TKO YDPO TAPNS TOEIKMV

anoPAntov (Tchobanoglous et al. 1993).



Ewoéva 1: Tomkn povéda amoté@pmong aoTIKOV GTEPEDV ATOPATOV LLE TOVTOYPOVT] TP AYMOYN

niektpikng evépyetag (Adrag K.o., 2007).

[ap’ 6AN v paydaio avATTLEN ™G TEYVOLOYIOG OMOTEQPMOONG TIG TEAEVLTOIES OEKOETIEC, O
ELeYYOG TOV 0oepl®V EKTOUTOV Tapovctdlel mpoPfAnuate oy epappoyn tov. Ta tedevtoio
xpéVIa Tapatnpeiton PeYAAn aAloyn 6TIC TEXVOLOYiEG TOV GYeTIOVTOL LE TOV EAEYYO TOV OEPI®V
exmounov (air pollution control systems — APC systems). H gmibopia yo peioon 1ov eKmopndv
TOV AVETOOUNTOV CUCTOTIKOV OTNV aTUOGOUIPO £XEL OONYNOEL GTNV OVATTUEN UEYOANG
nowidiag APC-cvomudtov. ‘Etot cav oamotédecpo 1o yeyovog ovtd £€xel emdpAcEl GTa
YOPOKTNPIOTIKA KOl GTNV TOWOTNTO TOV GTEPEDV VLIOASIUUATOV KOl TOV OEPI®V EKTOUTOV
(kaBdG KoL TOV VYPOV ATOPANTOV) TOL dNpOVPYoVVTAL 6T Movadeg Amotéppwong (IAWG,
1997).

H mpoenelepyacio, mpwv v evamdbeon oe Xmpovg Yyetovopkng Taeng YmoAeppdrov
(XYTY) 1 v mbavy enavaypnoiponoinon, mg Intapevng Téppag (Fly Ash) -mov mopdyeton
and to ovotiuata eAEyxov agpiov exkmoundv (APC control systems)- kafdg o g
Koabilapevng Téppag (Bottom Ash) -mpoepydpevn omd tov KAiPavo Kotd ™ Sladikacior TG
AmOTEPPMONG- OmaoyoAel Wwitepa TOAAEG LEAETEG OTIC UEPES WLOC GE TAYKOGUO EMIMESO
(Bertolini et al., 2004, Bruder-Hubscher et al., 2002, Chimenos et. al., 2005, Chou et. al., 2009,
Derie, 1996, Ferreira et al., 2003 «.0.), kaOd¢ emniong Kot ™V mAPOVLGO UEAET. EKOTOG TNG

eEeMooopevng €pevvag gtvol va TpoPfovpe o€ pio TEPPOALOVTIKG ATOOEKTH AVOT, OGOV apopd
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™mv Sloyelplon oVTOV TOV OTOPANTOV, Kol ETOUEVOG GE WO OKIVOLVY] €QOPULOYN TOV

TEXYVOLOYLDV amOTEQPPWONG AXA.

1.2. H xatdotaon otnv EALGOa

Xm yopo pog Astrovpyel o Movada Amotéppmong, mn omoio emeepydleton VOGOKOUELNKA
anoPinta, oo Aveo Aol g Attikng. O Amoteppotipog Nocokopegokdv AmofAntov
ABnvav €xetl Suvopkotnta Kavong anofAntov 30 tnmuépa, eved dev dabétet Ty T€)VOLOYia Y10
mopaywyn evépyewng (KatoovePdne k.a., 2010). Ta oteped amdfAnta mov TPoKLTTOVV 0o
TOV OLYKEKPWEVO amoteppotipa eival: o) Intapuevn Téeppa (Fly Ash): XZviiéyeton omd ta
caxoeitpa (bag-filters) xat o nhektpoototikd gidtpa (esp), arodnkeveToL TPOGMOPIVE Kot 6T
GUVEYEW OMOCTEALETOL OTO €EMTEPIKO Yo Tepoutépw emelepyocio. H povada Ppioketon og
aVOLLOVT Y10 0dE1030TNOT LOVASOS Oy EIPIoNG WTAUEVNG TEQPOS OTIS EYKOTACTAGES TNG. P)
Kafilavovoa Téppo (Bottom Ash): ZvAAéyeton and tov khifavo ce Papého, amobnkevetat

TPOCOPIVA GTO YDOPO TG Lovadas. Avvator vo datedel tehikd oe XYTY.

I'evikdtepa, o éva oAoKANPOUEVO cuoTUO dloyelpiong otepedV amofAntov, 1 dubeon Twv
avenmeEEpyaotwv otepe®v amoPAntov ce XYTY amotedhel v televtoio evOALAKTIKY] AVoN.
[MapdAinia 1 ddBeon Yo Taen aveneépyaotOV oTEPE®V amOPANT®V, EKTOG TOV OTL deV givat
e PoAAOVTIKA amodekt AVoT, oev emttpémeton Ko amd 10 Kowotikd kou EAAnvikd Becuikd

mAaicto Tov 1999 ka1 2002, avrticToya.

Ymv EAAGSa, ta tedevtoio xpodvia yivovtol GMUOVTIKES TPOSTADEIEG Yoo TV TPO®ONCN NG
avOKOKA®ONG Kot G enelepyaciog Tov anofAntov, pe m Oepuikn tovg eneEepyacio — Ko myv
TOVTOYPOVT EVEPYEWKT 0EOTOINGT) TOLG — VO £XEL aPYICEL VAL EMAVEPYETOL GTO TPOGKNVIO MG
mOavi Aoon. [pénet va onueindel BEPara T vVITapyovV koo ToAAE TEPIB®PLo PeATiOONS KO
avATTUENG — TEYVOAOYIKNG, KOWMVIKNG KA. — GUVOAIKA OGOV 0pOopd GTOV TOREN dLoyeip1ong
TOV GTEPEDV AMOPANTOV GTN YDOPO LS Kot E0KA 060V apopd v mlavny Bepiky| eneEepyocio
TOVG WE OKOMO TNV €AATTOGT TOL OYKOL TOVLG Kot TNng MAlog TOvg, TNV UETOTPOTN TOLG OE
AMyotepo emPAafr) VAIKA, Kot TV avlkTnon evépyetag. Xvyvd, n Bepuikn enelepyacio Oewpeitan
AaBepEVO  aVTOY®OVIOTIKY] TNG OVOKOUKAMONG, ®OGTOCO AETOLPYEL CUUTANPOUOTIKA, KOODG
0ToYeVEL GTO VIWOAEILNOTO TOV KEVIPOV O0AOYNG KOl 6T VAMKE Ta omoio g dHvavtor va
avoKLKA®OOUV Ko 6 OAEC TIC TEPUTTMGEL EMETOL YPOVIKA KO AEITOVPY KA TNG OVOKVKAMONG

(KatoavePaxng k.a., 2010).



1.3. Movdoa Amotéppmong AXA omé Tnv omoio cviiéyOnkav to Odciypoto Yo TO
OUYKEKPPEVO TTEIPpOpPO

Ta detypata mov ypnoywomomOnKov GTO0 TEWPOUOTIKO UEPOG TNG GLYKEKPYWEVNG MEAETNG
npoépyovtar and Movada Amotéppmong Actikdv Xtepe®@v AmoPfANTOV 1 omoia mapdyel Kot
evépyeln, kot Bpioketon oty meppépeta tov Veneto g Itoriog. H Kabwlapevn Tégpa (B.A.-
Bottom Ash) npoépyeton amd tov kAiPavo otov omoio yivetar N koo (eoydpes) apov ofnotel
ue vepd, n Inrapevn Tégpa- esp (F.A.-esp: Fly Ash- esp) mpoépyetol amo 1o NAEKTPOGTATLKG.
oiltpa (electrostatic precipitator (ESP)) g povadog ko téhog m Ixtapevn Téppa-bg (F.A.-bg:
Fly Ash- bg) npoépyetat amo ta caxopirtpa (bagfilter (BG)) tng povédoc.

H ovykexpévn Movada Amotéppoong AXA €xel Tnv dvvatoOTNTo EEXWPIOTIS GLAAOYNG TOV
Intapevov Teppov kat g Kabilapevng Téppag. Avolvtikny meptypaen g Aerovpylog g
OVYKEKPIEVNG HOVAdOS (TLUTIKNG MHovAdaS) amotéppwong AXA mov mopdyst kou evEpPyeln
VIAPYEL oV ayyAkn ékdoom G mapovcog OmA®paTikng epyasiog (PA. kepdioo 1.3.

Municipal Solid Waste Incinerator ce). 49).

1.4. ZKomo6G NG TEWPUNATIKIG EPYOOIOG

H obotaon tov aotikov otepe®v amofAntov amnoteAeitor amd €vov omepldopioto opOpd
INUIKDOV EVOGEMV Kot 6Ye00V kBe ynuikd otoryeio. O okondg ¢ Kavong Twv amofAtov ivor
VO KOTOGTPAPOVV TO, OPYOVIK( GUCTOTIKG KOl VO, LETOTPATOVV TA. 0vOPYOVO, £101] OLGLUCTIKA GE
adpaviy LAIKA. A@ov Oheg ol ynuikég depyociec eléyyovior and 10olhyw, 1 OAOKANPOTIKY
petatpomn amd to pev ota 0e umopel va givon adbvarn oe moArég mepumtwoels. Emmpochera,
TOPATAEVPES OVTIOPACEIS UTOPOVV VO AGBOVY YD POl ONUIOVPYDO VTS OVETIOOUNTA TOPATPOIOVTOL.
[MoAAég petatpomég mov AapPavouy xdpa 6Tov KAIPavo anoté@pwaong 1 6T TEAMKE TpoidvTa TG
LLOVASOG OTOTEPPMOTG EVOEYETOL VO TOPAYOVV GLGTATIKA TO OTOie £YOLV TNV dLVOTOTNTA VO
emmpedoovy 1o TEPPEALOV LEGH TS LOAVVONG TOL AEPO, TOV E3APOVS 1] TOV VTOYEIDV VOATMV.
Avtég ot avTidpdoelg sivon avaykaio vo eAaytotonotnfoiy HEGm KOTAAANAOL EAEYYOL TG (010G
™G S0 KGOS TNG OMOTEPPMONGS Kol OA®V TV GAAL®V S0 KOOV TTOL £TOVTOL Kol oyeTilovton
pHe v amotéPpmon Tov AXA kot mopdAAnio péow emoapkols emeepyaciog TOV TEMKOV

O PANTO®V- VIOAEUUATOV TOL TPOEPYOVTOL OO TIG LOVADES OTMOTEPPWCTG.



Adyo g avdykng eloyloTomoinong tov evoexOUEVOL TEPIPOAAOVTIKOD KIVOVVOV, TOAAEG
HeAETEC epevvolv TIg pefodovg emeEepyasiog TOV AmOPANTOV TOL TPOEPYOVTOL OO LOVADEG
OOTEPPMONG. XKOTOG €ival v EMTVYYAVETOL O TEPLOPIGUOG GTU TEMKE omOPANTO OA®V TV
TOPOUETPOV KAT® omd TO EMTPENTTA OPLOL TOL APOPOLV TNV EVATODEST GE YDPOVG VYEIOVOUIKTG

TOPNG N TOV OO TN TOV GLVOINKOV Y10 TNV ETAVOYPTGLOTOINGN TOVC.

Yepd HEAETOV TPOTEIVOLY TNV EMAOYN TV doKudV mAvong (washing tests) cav emefepyooia
npwv ™mv evamdbeon oe XYTY M v emavoypnoyonoinon otnv Pounyoavio To1éviov
(Chimenos et al., 2005, Cossu et al., 2010, Chou et al., 2009, Zhu et al., 2009). Ot nepiocdTEpEg
and Tg peréteg apopovv oty Kabildavovoa Téppa (Bottom Ash) 1 otig Intdpeveg Téppeg mov
npoépyovial and to cakoeitpa (fabric filters 1y bag filters) f otig avaperypéveg Intapeveg
Téppeg (amd OAa To. onueion TOPAY®YNG WTAUEVNG TEPPOS TG LOVADOG). XTN GLYKEKPYEWN
perét, ektog amd v Kobilavovca Téppa ko v Intdpevn Téppa mpoepyduevn omo
GOKOQILTPO, EPELVATOL KOl 1) GLUTEPLPOopd ™G Intdpevne Téppag 1 omola Tpoépyetat amd Ta
niextpootatikd @idtpa (electrostatic precipitator-esp) tng povadoc. Epgvvaton n cvunepipopd
TOV POV TEEPOV OTOV LTOKEWVTOL € OOKIUES TAVONG HE TOKiAa yopoK PG TIKA. O1 dOKIUES
ekyohong (batch leaching tests) kot ot dradoykéc dokiég exydiong (sequential extraction
procedures-SEP) (Fuentes et al.,, 2004, Abbas et al., 2003, Yao et al., 2010, Chou et al., 2009,
Bruder-Hubscher et al., 2002) anotelolv yprioa epyareio £1o1 dote vo a&loroyndel o mbovog
Kivduvog vy péilvvon tov mepPdAroviog Otav evamotiBevtor oe XYTY 1o cvykekpipéva
amofAnta. Kot avtd 31011 tposopoidvovy 11 ouvinkeg evomdbeong oe XYTY, v ekyvion
TOV GLOTATIKAOV 7OV TPAYLOTOVETOL UE TO VEPO NG Ppoxng kor pumopei vo cuumapacHpel
EMKIVOLVO, GVOTATIKA GTO VTTOYEL VOATA TPOEPYOUEVO OO TOL GTEPEN OmOPANTA. ZE QLT TNV
TEPINTOOT OUOG €KTOG OO Tov pOA0 mov mailovv oe mBavY] TEPPUALovTKT POAVVOT TO
EMKIVOLVO, GLGTOTIKA OVTOV TOV OTOPANTOV KOl 1| GLVOMKY GLYKEVIPMOGY TOVLG, TOAD
onpovtikd givan va Anedei v’ dyv kou 1 ProdadecttdTTa TOVG, T0 TOGO dNA AN Prodtabéctua
elvar og epintwon mov EABovv oe emapn —amevbeiog 1 LEG® TOL VEPOH— Le PLTIKOVGS 1) {®MKOVG
opyaviopovg. 'Etol, ot cvykekpiévn epyocio emaéyOnke por péB0d0¢ d100 KOV SOKIUOV
ekyOAong (SEP) n onoia BaciCeton og avth mov avéntvéav otn pedétn tovg ot Barbafieri et al.,
1996, ¢éto1 ®ote va AdPel yopa ocvykpion ™G PlodlafecdT™TOC TOV GLGTOTIKOV TMOV
amofAnTov mov NoN peietnOnkav. Metd Tic dokiuég mTAVONG €EETAGTNKOV TO. GLOTUTIKA TMOV
TAVUEVOV KOl U1 omoPANTOV, £T61 OGTE VO DTOAOYIGTEL 1] ATOOOTIKOTNTA TV JOKIU®V TAVGOTG

OGOV apopd cVYKEKPEVES TapapnéTpovs. Emmpocheta, vAomomOnke 1 cvykekpyévn pébodog
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SadoyK®V doKI®V ekyOAong (SEP) éto1 wote va extyunBel n Prodobecpudmra tov Poapéwv

LETOAAL®V TTOV TEPLEXOVTOL GTO CVYKEKPIULEVA od PANTOL.

Emopévmg, 6xomdg e cuykekpylévns epyaciog etvon o’ evog 1 LEAETN TG GLUTEPIPOPAS TOV
SopOp®V amoPANTOV amd LOVAda aTOTEQPPOONG KATA TNV ENEEEPYATIN TOVG LE SOKIUEG TAVONG
Ko enurpdcsbeta M peAé) ¢ Prodtabeciuomrog TV Papémv LETAAL®OV TOL TEPEXOVTOL GTO
amOPANTO- TPV Ko LETA TNV €negepyacio TOVG Pe OOKIUES TADONG- Yo TV dmicT®mon ThavNg

ePPoAAOVTIKNG LOAVVONG oV TTepinTwon evarndBeonc tovg e XYTY.

11



2. IEIPAMATIKO MEPOX

2.1. Agiyporto arofifntov and v Movado AToté@poong AXA.

Ta detypota mov ypnoywomombnKoy 610 TEWPOUOTIKO UEPOG TNG GULYKEKPWEVNG MEAETNG
poépyovtar and Movada ATOTEPP®ONG ACTIKOV Xtepedv ATOPANTOV 1 omoilo Tapdysl Kot
evépyela, kot Bploketon oty meppépeta tov Veneto g Itoriog. H Kabwlapevn Tégpa (B.A.-
Bottom Ash) mpoépyetor and tov khipavo ctov omoio yivetar 1 Kawdon (eoydpeg) apov ofnortei
ue vepd, n Intapevn Tégpa- esp (F.A.-esp: Fly Ash- esp) mpoépyetor amo 1o NAeKTpOGTATIKG.
oiltpa (electrostatic precipitator (ESP)) g povéadoc kot téhog n Intapevn Téppa-bg (F.A.-bg:
Fly Ash- bg) npoépyetar amo ta cakogirtpa (bagfilter (BG)) tng povadog.

H ovvoliki Tocod™M T TOV SEIYHATOV TOL GVAAEXOMKOY QaiveTal otov Ttivako 2.1 (ceh. 17).

2.2, llepry pa@n) TG TEPORATIKIG OLUOIKAGLOGS

OAa ta detypoto amofAnTov vToPAONKOY GE PUOIKO-YNUIKY] AVOAVGT, OGTE VO TPOGIOPICTEL
aQ’evOG 1 GVUGTAGY] TOVG GTO GTEPED TOVS KAAGLA, Kol 0p’ETEPOV 1] GVGTACT GTO EKYVAGLATA
Tov¢ (Karomy otavtop batch leaching tests).

¥ ovvéyela, Tpaypatorominkav dokiéc mAvong tov 0,5, 3 kat 6 wpadv yo kabe deiypo. Ta
TALHEVO detypata amofANTOV LTOPANONKAV GE PLGIKO-YNIKT OLVAALGT), Y10 TOV TPOGIIOPIGUO
NG OVGTAGNG TOVG GTO GTEPED TOVG KAAGLO Kol 6T EKYVAIoUATA Tovg (Kotdmv batch leaching
tests).

Téhog, ta apykd detypata amoPfAntov Kot avtd mov vrofAndnkav oe dokiynq mAvong 0,5 wpodv
eneepydomroy meportépo pe v uébodo SEP (Sequential Extraction Procedure- péfodog

oS OYIKMV SOKIUMV EKYOAIOT).

To d1érypapLpLa. pong mov TEPYPAPEL TNV TEPAATIKY dtadikacia Tapovsidletor oty Ewova 2.1.
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eaching tes —» EkxUAlopa, er;
UNIEN 12547

Nepo

L
S, Xs,i
Texviké :
Apxo Agiypo XVLKES I'I}\u'uevo eaching tes EKXL‘J)\I.O'IJ.Q, €wj
<10 mm DOKpES Agiypa NI EN 12547-

T

X

- |_)'< ~= L, XL,i -
(%] wv
4] 9]
— [
a a
w w
(%] (%]
ExxuAlopéva AloAUpata EkxuAlopéva AtaAUpoto
L-1, L2, L-3 Lw-1, Lw-2, Lw-3

Ewoéva 2.1: Atdypoppa pong g meipopatikig dwdwooiog (L = tocdtta To0 vepod mhvong, S
= mocdtTa oV dElypaTog mov VIOPANONKE ot dokiur TAVONG, Xsi = ovyKEVipwon TG I
ovciog oto apywd Oelypa, L* = mocdmra vypdvV oamofAntov pHeTd TNV TAVCT, XL i =
OVYKEVTPOON TG I 0VGi0g 6T VYP G ATOPANTO, € j = CLYKEVIP®OTN TG I 0VGI0G 6TO EKYOAGLA
tov batch leaching test yio o apywco deiypa, ewi = ovykévipmon g - ovGiog 610 eKYOMGHA
tov batch leaching test yio to mAvpévo deiypa, Li-1, L-2, Li-3 = gxyvoMopéva dtodlvpato pe tmy
néBodo SEP yw o apywod detypa, Lw-1, Ly-2, Ly-3 = exyohopéva dwAvpata pe v pébodo
SEP y10 1o mAvpévo detypa).
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XYEOLAYPOUNO TOV TELPAROTOG

2TIC EMOUEVES GEMOEC TOPOVGLALETOL GYED LALYPOLLLLLO TOV TTEPALOTOC LE UKPT) TEPLYPAPT] TNG 0100 KGOS TOL
npaypororomOnke o kdbe 6Tad10.

Apyucd detypara BA, FAbg, FAesp: TTapalafn ard Tnv mpym Kot

amobnKkevon.

Agiypa BA- doyopiopds Aemtod khdoporog (<10 mm)

omd PeyoAOTEPA VMK G .

XopoxTnpiopog cVGTOoNG >

apykaVv oerypatmv BA, » Aciypo FADg- dev ypetdotnke Sy mpiopds.
FADbg, FAesp

Agtypo FAesp- dev ypetdotnke d1oy opiopog.

Avdlvon TapopETpmy 6To 6TEPED KAAG O OAKE

oteped (TS), ntntcd oteped (VS), oAkdg opyovicds
avOpoxag (TOC), uétodra ( Ba, Cd, Cr, Cu, Mo, Ni,
DuGIKOYNUIKT OVAALGT] OPYIKADV » Pb,Zn).

derypudtov BA, FAbg, FAesp

Aoxpég Exydiong (Batch Avéivon mapopétpmv oto ekyviiopata: pH, nhektpin

Leaching Tests) [L/S=10 I/ _| |, CYOYHOTNTO, xAoprovya (CI) dwhvpévog opyavikog
kgrs] GvOpakag (DOC), pérorra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

21ad1a ep opatikng dwdwaciog (1/3)



A 4

Aoxyn TAdong 0,5 h

Aaxo ptopog oTepeov-
VYPOL KAGOULOTOC-.

Avaivon TapoéTpmy 6To 6TEPEd KAAoUO KGO defy LaTog: OAKOG 0py ovikog GvOpaKag
(TOC), pérarra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Avalvon mapapétpov ota vy pa andPinta: pH, nlectpiki oy oy woéTnTa, Yhopodyo
(CI") dwhvpévog opy avikds avBpakag (DOC), pétarra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb,

Apyik6 Seiypo |, Teluco detypo BA
> Avéivon mapopétpmy 610 oTEPEd KAAoUN KGO dely poTog: ohucdg opy avikdg dvpakag
BA Aok Thvong 3 h Tehuco deiypo BA 3h > : ;
OKIUT TAVGNG > | EAKO OETYHOL > Alayoplopog oTepeov- (TOC), wétarra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
AOKI].léC:, " VYpOb KAGOUOTOG:-. Avélvon mapapétpev oto vy pa andBrnta: pH, nhextpn WOt TA, YAOPHY
-1 Aok Thong 6 h - | Tehwd deiypo BA 6h I TAPARETP vypé anbBhmra: pH, nhactpuch oy oy o, Yhopioty
, (CI") dwhvpévog opy avikds avBpakag (DOC), pétarra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb,
[T\vong
OLleKd)V Avdlvon mapapétpov 61o oteped Khdopa Kabe defy patog: olucdg opy avikog avOpakag
M Awywpiopdg otepeod- (TOC), péradda ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
SSI’YMGT(DV VYPOD KAAOLOTOG-. Avérvon mapapétpav ota vy pd andfinta: pH, nhectprn ay oy pwotnto, Yhopodye
(CI") whvpévog opy avikdg avBpakag (DOC), pétarra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb,
BA,
FAbg Avahvon TapapéTpmy 610 oteped kAdopa kabe defy Latog: ohikdg opy avikds avbpakag (TOC),
1 7 7
Ay piopog oTepeov- uétaida ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
FAeSp \ VYo KAGOUOTOG-. Avirvon TapapéTpov ota vy pa andPAinra: pH, nhextpkn ay wy wotnta, Yropovye (CI7)
Swhvpévog opy avikog avipakag (DOC), pétaira ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
Aok mhoong 0,5 h N Telwo detypa FAbg 0,5h
AleKé 58i"{}1(¥. FAbg T oMK et FAbe3h Avaivon TapapéTpmy 610 oteped kAo kabe defy Latog: ohikdg opy avikds avbpakag (TOC),
— | Aok mdong 3 h > LA ogtypa FADE Ay piopog otepead- uérarha ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
- > Tehco i FAbe 6h VYPOD KAGGUOTOG-. Avirvon mapapétpov ota vy pa andPAinta: pH, nhextpkn ay wy wotnta, Yropovyo (CI7)
Aoxym mAdong 6 h EAKO OETYHO g6 . o . )
Swhvpévog opy avikog avBpakag (DOC), pétaira ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
Avdrvon mapapétpov 610 oteped kKhdopa kG defy patog: olikdg opy avikds avbpakag (TOC),
> Aoy pLopOG GTEPEOD- étaida ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
VYPOL KAGOUOTOG-. Avéahvon TopapsTpov ota vy ph omdAnta: pH, nlectpiky oy wy pétnta, Yropovye (Cl)
Sdwhvpévog opy avikog avBpakag (DOC), péturra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
Avalvon mapapétpov 610 oteped kKhdopa Kabe dely patog: odldg opy avikds Gvipakag
Aoy pLopog otepeov- (TOC). uéradha ( Ba. Cd. Cr. Cu. Mo. Ni. Pb. Zn).
VYpoY KAGOCHOTOG-. Avéloon mopapéTpov ota vy ph omdAnta: pH, nAectpcy oy oy woTto, YAopovya (Cl)
SwAvpévog opy avikdg avBpakag (DOC), pétarha ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
Aok TAdong 0,5 h Telwo detypa FAesp 0,5h
AleKé 88{Y}1(1 - - Avirvon napapétpev 610 oteped kKhGopa Kabe defy natog: olidg opy ovikog GvOpakag
. — — Aoy propdg otepeob- (TOC). uéradla ( Ba. Cd. Cr. Cu. Mo. Ni. Pb. Zn).
FAesp —| Aok mivong 3 h Telwco deiypo FAesp 3h o
VPO KAGOUOTOG-. Avaivon Tapapétpmv ota vy pd andBinte: pH, nhektprcn ay oy wotnta, Yropodyo (CI)
» SwAvpévog opy avikog avBpakag (DOC), uétarida ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
Aoxym midong 6 h Telko deiypo FAesp 6h
Avélvon mapapétpov 6to oteped KAAoua kabe defy patog: olucdg opy avikog dvlpakag
> Al piopog oTepeoy- (TOC)Y néradda (Ra Cd Cr Cn Mo Ni Ph 7n)
VYPOL KAGOHOTOG-. Avédivon TopapéTpov ota vy pé omdfAnta: pH, nlectpiy oy wy potnta, Yropovye (Cl)
ET(XSIG Ttalp OL},LOL’EIKf]g SI(XSlKOLGi(Xg (2/3) dwrvpévog opy avikdg avBpakag (DOC), pétaira ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
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Avdivon TopapéTpmyv 6To EKYVAICHEVO
S1dlopa: pH, niektpikn aymytpdtnza,
pétaria ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Avdlvon TopapETp®V 6TO EKYVAIGHEVO

Sdvpo: pH, nAektpucn ayoytpdtro, HETOALD

—| (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Avdlvon TopopéTpmV 6T0 EKYVACHEVO
Sudvpa: pH, nhextpucn ayoyipdra,
pétodra ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Avdlvon TopopETpmV 6TO EKYVAIGUEVO

Swdvpo: pH, niektpucn ayoytpdTao, HET oA

— (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

AvHALON TOPAUETPOV GTO EKYVAICHEVO
S1lopa: pH, niektpikn aymytpdna,
pétaria ( Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Av&loon TopapéTp®V 6TO EKYVAIGUEVO

Apyko detypo Exyohion i Excyvhion il Excyohon iii : ¢ ‘
pX YH —> XoAon ||, FixvAton ! XOMON N ExyvMopévo Siivpo and BA |
Tehkd deiypo BA 11 Exyohion i Exyvon il ExyvAion iii ExyvMopévo dwvpe and BA 0,5h
—> —> —>
/
MéBodog
8l0£50XlK(DV Apyud deiypo L, Exyodhoni Exyo\on i _»EKXl’))\,lGr] iii EkyvAiopévo Siidvpa oand FAbg
ekyuAicemv = : : - —* —
(ESP) vy ta.
detypora TeAco Seiypo FAbg 0,5h Eicdhion i ExcyOhion ii q Excxohon iii ExyoMopévo diiAupe b FAbg 0,5h
——> =1 ——>
BA, FADbg,
FAesp
\
Apywo Seiypa FAesp Eicydhion i Eicydhion ii Eicy Mo iii Exyphopévo dighopa and FAesp
> b e of
Tehwo detypo FAesp 0,5h Exyohion i Exyohion ii 1L Exxvhon iii ExypMopévo didvpo and FAesp 0,5h

Ytado mep opotikng ddikaciog (3/3)

—

Sdvpo: pH, nAektpuch ayoytpdtro, HETOALN
(Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
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2.3. XopakTnpiopog g 606TUGG TV OELYRATOV

>mv zmepintoon g Kabwlduevng Téppag (BA) kpibnke amapaittog o doympiopog (Le
1éBodo Tov KooKwicpuatog) Tov Aemtov KAdopatog (< 10 mm) and ta VAKE Tov dEV MTOV
TAPOG amoTEPPOUEVE. XT0, amOPANTA 0O povado amotéppmong AZA pumopodv vo Ppedovv
VAKE Tov givol advvaTto vo amote@pmBovy, OTmc HETOAAN, adpavh LVAKG (KEPOUIKE, YOOALYL
KATL.) M| OOUEWVAPLO. DAIKOV OV OV amote@pmOnKav mAnpws, dnwg KapPfovvo, yopti, EOAO,
Govyydpt KAm. Xtov mivaka 2.1 mapovcsldaleTar N GLVOMKY TOGOTNTO KOl 1) TOGOTNTO TOV
Aentov KAGopatog (< 10 mm) tov detypdtov. Ztov mivoka 2.2 gaivovtal o d1ipop o KAAG T
tov detyporog BA exppacpéva kat ¢ mocootd % tov cuvolkov Bdpovg Tov detypatog, £T61
OT®G KOTAYPAPNK OV LETE TOV AP AKTNPIGUO TG GVUGTAGTG TOV dEYLOTOG.

To Aentdo kAdopo < 10 mm Bewpndnke ¢ to apykd detypo BA yio 6ho 100 6Tdd100 TNG

TEPOLLATIKTG SLOOIKAGTOG.

[Tivaxog 2.1: ZuvolMk1| TocOTNTo KOt TOGHTNTAL AETTOD KAAGLOTOG TOV SEYUATOV.

Agtypo Bapog Aentd khdopo (< 10mm)
[kal [ka]

BA 66.3 49.3

FARg 36.9 36.9

FAesp 40.7 40.7

[Tivaxog 2.2: Xopaktnpiopdc ovotacng deiyporog kablduevng téepog (bottom ash). Kidopato

TOL JElYILATOG EKPAGUEVA KOl OG TOGOGTO Yo TOL GVVOAKOV BApOovg ToV dElyLTOGS.

KA®IZAMENH TED®PA [kq] [%6]
Adpovn| 12.1 18
Métoria 4.08 6
Ao 0.79 1
Agnto khdopa <10 mm 49.32 75

>0voro 66.3 100




2.4 ®voKo-yNuIKY avaivon

OAo T detypoto amoPfANToV VTOPAONKOY GE PUOIKO-YNUIKY] AVOAVGN, OGTE VO TPOGIIOPICTEL
aP’evOc M 6VGTAGY] TOVG GTO GTEPED TOVG KAAGLLO KO 0p’ETEPOV 1) GVGTAGCT] GTO EKYLAICHLOTA
Tovg (katomv otdvtap batch leaching tests).
Ot TopaueTpot Tov avoAVONKaY 6To 6TEPED KAAG O TOV dEYLAT®V givat ot €ENG:

o Ol Xtepea - Totals Solids (TS) ko I[Ttnricd Xteped- Volatile Solids (VS),

o  OAwkog Opyovikdc AvBpakac- Total Organic Carbon (TOC),

e Métarra (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

[Mpaypotoromdnkav dokyéc exyviong (batch leaching tests) étol wote va mpocdopiotel 10
SloAVTO KAGG o KABE GLGTATIKOL OV VILApPYEL o€ kdBe deiypo amoPfArtov. Ta anotedécuata
tov batch leaching tests deiyvouvv v amelevfépmon TV SOAVTOV GLOTATIKOV TOL VIAPYOVY
o710 delypa oto vepo. Ola ta batch leaching tests £ywva pe mv otévtap pébodo UNI EN 12547-
2, n omoio mpoPAémel avoroyia vYpov avtdpactnpiov (amovicpévov vepov) (L) Kot otepeol
detyparog (S): L/S=10 Vkgrs
To batch leaching test =mpaypotomombnkoav oe doyeia HDPE (vyning mokvotnrog
nolvabvAévio) 1 Aitpov pe 0,090 Kgrs otepeod delypotog- amadllayuévo and Ty vYpacio Tov-
kot 0,9 | amovicuévov vepov. Ta deiypata avakivhdnkay og pnyavr overhead mixer Rotax 6.8
omv tovTnTa TV 10 rpm yo 24 opec. Ta exyviiopata, agov mépacav and eiktpo tov 0,45
um, vroAnOnKav e avadHGELS Y10 VoL TPOGAHI0PIGTOVV 01 EENG TAPAUETPOL:

e pH,

e Hlextpun Ayoyiomrta- Electric Conductivity (EC),

e  Xlwprovya- Chlorides (CI),

o Awhvpévog Opyovikdc AvBpakac- Dissolved Organic Carbon (DOC),

e M¢étadra (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Oleg o1 mopdpetpol, 610 otePed KAAGUO KOL GTO EKYLAICHLOTO, TPOGOIOPICTNKAY KATOTV

TPUADOV JEYLATOV aKkoAoLO®VTOG oTdvtap pnebBddovg ol omoiotl paivovtal otov mivoka 2.3 (ceA.

60).
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2.5 Aoxkpég mAvoNG 6€ TEYVIK KAIpOoKa

Olo ta delypata oLppeteiyoy o€ OOKIMEC TAVOMG TEYVIKNG KAMUOKOG, HECO OE UNYOVN
avadevong okvpodépatog. Ikavomomriky, mocodtnta deiypotoc (3 Kgrs) ovodedtnke pe
avTioTotyn mOcOTNTO VEPOD €101 MGTE Vo IKavomoleital 1 avoloyio vypov/otepeoy LIS = 5
I/kgrs. Kdabe deiypa vropAndnke oe dokipég mivong tov 0,5, 3 kor 6 opov. H taydmmto
avadevong g unyovng pvbuiomke ota 26 rpm. Oleg ot doKpée TAOGONG TPayLaTOTOwONK OV
oe eEmTepKd YMPo o Beppokpocio TepBAAiovToc.

Metd v ke dokun mAdoNg, T0 oTEPEd KAAoUO, apov dloympiotke amo to vypod (eluate),
amoOnKeLTNKE Yo TNV JlEKMEPAi®OT ovoAdoemy. Avtiotoryyo 10 VYPO KAAGUA, QoD
QUTpapioTnke (O1AUETPOC TOPWV YOPTIOV PIATPOpicratog: 25-30 um), exiong amodnkevTNKE Y10

™V OEKTEPAIDON CVOIAVGEWV.

Ol TopAUETPOL TOL TPOGHOPIGTNK AV GTA TAVUEVA GTEPEA dElypaTa amoPANT®V givar ot eENG:
e  O\ikdg Opyavikog AvBpaxac- Total Organic Carbon (TOC),
e Mértarra (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

Ot mapdpetpotl mov TpocdlopioTnKay ota vypa andPAnta (eluates) petd tic dokuég TAvong sivan
ot €€Ng:

* pH,

o Hlextpwn Ayoyiotto- Electric Conductivity (EC),

o  Xloprovyo- Chlorides (CI'),

o Awhvpévoc Opyovikdc AvBpakac- Dissolved Organic Carbon (DOC),

e Métarha (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

OAeg o1 mopauetpol, 610 oTEPEd KAGGUO Kot 6To VYPA amdPANTO, TPOGIHOPIGTNKOY KOTOTY
TPIMADV JEYUATOV akoA0VODVTOS oThvtap peBddovg, ot omoiol KatoypdpovTol 6Tov mivaka 2.3

(oM. 60).

2.6. M£00dog drmdoikdv ekyvricemv - Sequential Extraction Procedure (SEP)

Ta apywd detyporo anofAntov kot avtd mov vrofAndnkav ce dokyn mAvong mg 0,5 ®pog
eneepydomray meportépo pe v uébodo SEP (Sequential Extraction Procedure- péfodog

B OYIKMY SOKIUDV EKYVAIONG), 1 onoio PacileTor o€ VT TOL AVETTLENY GTN LEAETN TOVG Ot
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Barbafieri et al., 1996. AmopacicOnke vo ypnoyomombei n pébodog SEP yio ta mAvpéva
delypata mov eiyav vroPAndel oe doxyr] mAdong g 0,5 dpog 0TI TapoTnpEiTOl GTO
AOTEAECLOTO TOV AVOADCE®V [0 0EOCTUEIMTN LEIMOT TG CLYKEVIPMOONG TOVG, GE GYECN UE
o apywkd oelypota, oe peydro aplBud Popéov petiliov kot oe yAopovyo. To ot
epeoviomkav agloonueiota omoteAécpato OGOV aPOopd oIV UEI®ON ™G CLYKEVIPOONG
OPKETMOV TOPUUETPOV GE ALYOTEPN YPOVIKN O18pKELD, EMONEE CMUAVTIKO POAO GTNV TEPOLTEP®
mopelo. TOV TEWPAUATOV, 0POL G OOKIWEG TADONG MKPOTEPNS OLAPKELNS KOTAVUADVOVTAL,
KOTOPYNY, YOUNAOTEPA TOGH EVEPYELNGS.

O e€omhicuog yuo ) pébodo SEP amotedeiton amd doyeio tov 50 ml PE (moAvaibvrévio) ota
onoia toroBetovvtal 4 g Eepov deiypartog kar 20 ml tov exdotoTe S1HAVTH TOL YPNGILOTOW ONKE
o€ Kabe o1dd10 exydAlong (extraction). To mepieyduevo TV doyeimv vIokeLTal o€ avadgvon 2
opoV Yo kK4Be otddo ™G pebddov SEP, oe punydvnua Loyvntikng avadevuons, e Beprokpocio
nepfdrrovroc. Katomv 1o exyviicpévo dtdAvpa dtaywpiCeton (unyavr centrifuge oe 4000 rpm,
10 min), e\ tpapiletor (d1aueTpog TOPWV YapTIoD QIATPOpicpaTos: 25-30 um) Kot apoidveToL
é¢wg to 100 ml pe amoviopévo vepd. Zmy mepintwon tov FApg detypdtov kpibnke arapoitnm n
npocOnkn pikpng mocdtntag HNO3 (1 m5 ml) mpokepévon va exttevyfoiv dEveg cuvOnkeg,
amopOiTNTEG YO TN CLYKEKPILEVT], HEOOOO TPOGOOPIGHOD TNG GLYKEVIPWONS TOV UETOAA®YV.
[Ip®dT0g d10AVTNG 610 TPMOTO 6TAd10 NG PeBHdOV NTaY TO amoVIGHEVO vepd, devtepog T0 KNO3
(1 M) ko tpitog 0 Na;EDTA (1%).

O\eg o1t ouvOnkeg ™¢ pnebddov mapovaidlovtor otov mivaka 2.4. H pébodog ypnoiponomdnke ce
tpmAd Oelypata yio kdBe €idog amoPAnTov, £T61 OGTE VO £YOVUE OVIUTPOCMOTEVLTIKA

OTOTEAEG LLOTOL EAAY LG TOTOIDVTOG TOL OLVAAOYO, GO AALLATOL.

[Mivakag 2.4: ZovOnkeg g nebodov dwdoyikmv ekyviicemv (SEP).

. . ZuvOnKeg ekxUALONG
KAdopa AlaAUTNng
Xpovoc avadeuong(h) Oepuokpaoia (°C)
i 20ml H,0 2 20
i 20 ml KNO; (1 M) 2 20
iii 20 ml Na,EDTA (1%) 2 20

Ot TapAUETPOL TTOL TPOCAIOPIoTNKAY 6T EKYVAoUEVA dtadbpoTa (extraction solutions) eivat ot
edng:

e pH,

e Hlektpwn Ayoypomra- Electric Conductivity (EC),

e M:éwaida (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
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3. AITIOTEAEXMATA

3.1 XopoKTn propiog aptk®v de1ypdTmy

3.1.1 Qvowco-ynuikn avaloon apyKay OELyUoTwY

To amotelécpoTo TOL YOPAKTNPICHOD TOL OTEPEOD KAAGUATOS TOV OPYIKAOV OEYUATOV

napovcrafovot otov mivaka 3.1.

[Mivakag 3.1. Xapakmpiopog otepeol KAAGHOTOS OPYIKMV dETYLATOV.

NAPAMETPOZ MONAAEZ BA FApg FAcso
TS g7s/0T10 0,75 1,00 0,99
VS gvs/OTs 0,06 0,05 0,01
TC % TS 1,49 1,00 1,00
Ba mg/kgrs 564 11,9 733
Cd mg/kgrs 2,00 4,66 303
cr mg/kgrs 101 0,98 336
Cu mg/kgrs 1175 29,8 1422
Mo mg/kgrs 3,00 0,98 12,8
Ni mg/kgrs 52,3 1,97 46,3
Pb mg/kgrs 970 51,2 4426
Zn mg/kgrs 1486 181 16667

O\eg ot tyég eivon anotéAeG O TOV HEGOV OPOL TPV ETOVOAYEMV Y10 TOV VITOAOYIGHLO KAOE
napapéTpov. Ot Tiég OAmV TV emavornyemv Topovctdoviar oto AppendiX. Ot twéc o€ yKpt

POVTO £lVOL GLYKEVIPMOGELS KATM TOL OPlOv OViYVELGTNG TOV EMIGTILOVIKOD OPYAVOUL.

Olxka Xrepea - Totals Solids (TS) ke ITtyTika Xtepea- Volatile Solids (VS). H vynAn tyun
vypaciog tov detyparog g Kabilavovosag Téppag — BA ogpeiletarl ot dwdikacio tng oféong
OV LPIOTATOL PLETA TNV ATOTEPPMOOT] Kot EMIONG AOY® TV GVVONK®OV amofnkevong mg. Amd tnv
GAAN pepid, ot youniéc Tég vypaciog tov Intduevov Teppov (FAng, FAesp) avtucatontpilet Tig
oVVONKeG GTaL PIATPOL KO 6TOVG GVGCMPEVTEG okovNG. H yaumin tun amukov otepedv (VS)
OMOOEIKVOEL TG 1 TEPEKTIKOTTO o€ VvePO ot Oelypota oeiletor ommv €EOTEPIKN

ATLLOGPALPIKT] VYPAGIO TOPA GTY GVGTOCT) TOV 010V TOV OEIYUATOV.
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Olkog AvOpakac- Total Carbon (TOC). TN 6Aa. ta detypota ot Tiég olkov GvOpaka eivat
TOAD YouNAéG. Avtd ovpPaiver Adyw ™G vopobecsiog 1 omoia emPdiler younid Opa cTol

amoPANTA amd PLOVASES OMOTEPPMONG.

Métaira. Or vynhotepes TWES HETAAAMV TOPOTNPOVVTOL YOl TOV YOAKO, TOV LOAVPSO Kot Tov
Yevudapyvpo. Zvykekpipéva yo 10 Oetypa FAesp mapatnpovviar vynAotepeg TIES Yo OAQ T
HETOALD CUYKPITIKG e To LITOAouta detypota omoPANT®V. AAlec peAéteg emiong avapEPOLV
VYNAEG OLYKEVIPMOE TOV GuyKeKpEVeY petdhiov (Chiang et al., 2009, Yao et al., 2010,
Chimenos et al.,, 2005, Coss et al., 2010, Herck et al, 2001). Evd ot cuykevipdhoelg tmv
LETOALDV GTIG TEPPES EVOEXETOL VO OOPEPOVY LETAED TOVS, AVAAOYQ e TA GTEPER amdPAnTa TO
omoia &xovv amotePpwBel o kébe mepintmon. Le YEVIKEG YPOUUES OUOS TOPOTNPEITOL TG TAL
ocvykekpéva pEToAAa Tavia Eeywpilovv o€ oyéomn pe ta LITOAOUTA, CVOPOPIKE LE TIG TIES TV
GUYKEVIPOGEDV TOLG. XOUPOVO pe OAAeg peréteg, doov agopd Tic Imtaueveg Téppeg, o
LOALPOOg Kot 0 Yevddpyvpog etvor ta Papéa pETOAAN TOL £YOVV TNV WO OLENUEVN TOPOVLGTH
00Tl PETOPEPOVTOL GTNV PON TNG MHOVASOS OMOTEPPMONG CE MINTIKEG YAWPLOVYES EVAOGCELG
(volatile chlorides) mov apydtepa cvpmvkvdvovtor 6Tovg kokkovg Tov teepadv (Chiang et al.,
2009, Chimenos et al.,, 2005, Fernandez et al., 1992). And tqv GAAN pepid, doov apopd To
detypa BA, vmodewvieton g 1o Papéa pétodra petapépovtor kvuping oty Kobldvovca

Téppa katd ™ didpketa tng ddkociog e kavong (Yao et al., 2010).

3.1.2. AmoteAéouaro twv batch leaching tests yia ta exyvldiouora twv apyikwv deryudrawv

O mapauetpol mov mpocdlopiotkoy uetd ta batch leaching tests yw to exyvliocpota tov

apYIK®OV dEtyHdTmV avoeépovtal oTov Tivaka 3.2.
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[Mivakag 3.2: Amoteléopora tov batch leaching tests yio to exyvhicpoto t@vV opyKdV

OEYUATOV GLYKIVOUEVO UE TO EVPOTOIKA VOUOOETIKA Oplal Yoo TAPT, Yo SLOPOPETIKE €dM

amofAntov  (I=adpavr), NH=o0y1 emwivévva., SH= o100epd-avevepyd-emkivovova, H=
EMIKIVOLVQL).
MAPAMETPO3 MONAAES BA FAog FAcso OPIATAGH:
| N-H SH H
DOC mgC/! 19,33 770 2,55 50 100 80 100
Ba meg/! 748 0,20 052 2 10 10 30
cd mg/| 0,02 0,02 0,02 0004 01 01 05
cr mg/! 0,02 0,02 5,40 0,05 1 1 7
Cu meg/! 017 0,02 0,02 02 5 5 10
Mo mg/| 0,03 0,02 0558 0,05 1 1 3
Ni mg/| 0,04 0,04 0,04 0,04 1 1 4
Pb meg/! 2,74 0,68 0,06 0,05 1 1 5
Zn meg/! 027 012 0,02 04 5 5 20
cr (mgcl'/l) 194,50 26,50 16558 80 2500 1500 2500
pH - 13,17 11,84 11,30 - - -
EC mS/cm 8,00 147 59,60 - - -

OAeg ot Tipég etvon omoTEAEG LA TOV HEGOV OPOL TPV ETAVOANYEDV Y10. TOV VTOAOYICHO KAOE

nopopéTpov. Ot TIHEG OA®V TOV emavoAyenV Tapovotdloviar oto Appendix. Ot Tipéc o€ ykpt

@OvVTo elval oLYKEVIPMGOE Ol omoieg kvpoaivovtor KAT® TOL opiov avixvevong Tov

EMGTNULOVIKOD 0pYAVOV.

[Mivakag 3.3: Zvkévipmon o€ 1060010 [%] TV HETOAL®Y GTO EKYVACLOTA, GE GYECT UE TNV

GLVOMKT TOCOTNTO GTA OPYIKE GTEPEA dElyLaTOL

NAPAMETPO3 BA FAog FAcsp
Ba 13,3 16,4 0,71
cd 10,0 4,29 0,07
cr 0,20 20,4 16,1
Cu 0,15 0,67 0,01
Mo 9,17 20,4 45,7
Ni 0,76 20,3 0,86
Pb 2,82 13,3 0,01
Zn 0,18 0,68 0,00

Awvpévog Opyavikog AvOpakag- Dissolved Organic Carbon (DOC). Ot cuykevipdoelg tov

dwAvpévov opyovikod GvBpaxa ota ekyvAicpato tov detypdtov BA kot FAesp xvpaivovron

Kétw Tov opiov Yo evamoBeon e XY TY 6cov apopd adpavi oteped amdPfAnta. Avtifeta, doov
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apopb 1o detypa FApg, ot tipég ovykévipmong DOC ota exyvMopotd tov Eemepvoldv Ol Ta

opla Yo adpavn, un emkivovva, otabepd- avevepyd- emkivovva kot emkivovve andfinta.

Mérarha. Ocov agopd to detypa BA mapampodpe Tig vYnAOTEPES TILEG GLYKEVIPDOGEMV Y10 TOL
puétodro Papo kot poéAvBoo. v mepimtwon tov FApg mapampodvior vyniés Tég
GUYKEVIPOGE®V 7YoL T0 HOAVPOO, T0 Pdpro kou tov Wevddpyvpo. Téhog, to Oetypo FAegp
TaPoVGIlel VYNAES TILEG GLYKEVIPMOEMY Y10 TO XPOU0, TO Pdplo Kot to poAvBdaivio. Ot
OVYKEVIPMGELS TOL Kadpiov, 66ov apopd O ta detypata, vrepPaivouv ta Opta Yo evamdfeon
oe XYTY yia adpavn oteped andPAnto. [evikd, Lmopovpe vo mop atnpNOOVIE TG 1) IKOVOTITO
KaBe petéAlov va exddeton oto vepd (leachability) efoptdton mepiocdtepo amd TNV
GUUTEPLPOPA KO TV E0MTEPIKN doun Tov (Mmineralogy) kot oyt anapaitnto omd v awénuévn
GLYKEVIPMOGT TOV UTOPEL VO, TOPOLSIALEL GTNV AVOAVON TOV TOPAUETPMV TOL GTEPOV OETYILATOG.
Mepwcd pétodrio to omoia Ppédnkav pe vynmAn cvykEVIp®ON G610 GTEPED TOVG KAAGUO OEV
anehevfepdbnkav og avtiotoyo Pobud oto exydMopa- amotérecua tov batch leaching test.
Avto pmopet va yiver kotavontd otov mivoka 3.3, 0 omoiog mapovctdlel TNV GLYKEVIPMOGT GE
TOGOGTO TOV UETOALDV GTO EKYVAGLLOTO, GE GYXECT LE TIV GUVOAIKY] TOGOTITO OV LINPYE GTO
apywd detypo. Onwe mapatnpeiton Yoo Tapdoeypo, o yoAkOg Tapovstalel TOAD VYNAEC TIEG
070 0TePed KAAoH Yo Oha To delypata anofAntov (1175, 29,8, 1423 mg/kgrsyia BA, FAyg and
FAesp, avticTor(a), £k TV 0moimv OPLMG T0 TOG0GTO TO 0010 ameAevOEpOVETAL 6T EKYVAICLOTOL
etvon yopnAo (0,15, 0,67 and 0,01% yia BA, FAyg and F Aesp, avtiotorya). I'evikd etvat mpogoaveg
TG pepwd METOAAO elvon mEPIGOOTEPO O0ALTE o€ oyéomn e GAAD Kou poAoTa Eva
a&lonpdoeyto TOGOGTd 0md AT pmopel va aponpedel pe Tig dokég mAVoNG He vepod, VO Yo
Kémowr GAla owtd dev 1oyvel. Eivar mbovd éva peydho wkAdopo tov petdAiov va givon
eykloPopévo oe kamowa moprriky (Silicate) molvedpikny dopur KAmoG EveoNg N Vo, OmoTeAEL
adivto opvktod (Herck et al., 2001). "Etot, n @dpua, n évoon pe v omoio gueaviletar 1o
K60 pé€todlho oTic TEPpeg amotedel mMOAD onuaviikd otoyyeio. H pébodog SEP, mov
ypnowonomdnke emiong o€ avtn) TN HeEAET), PonbBdel mEPIGGOTEPO VO KATOAVONGOVUE TNV

GLUTEPIPOPA EKAVONG- SIAAVOTS TV HETAAA®Y GTO VEPO.

Xroprovye- Chlorides (CI). Yyniotepn cuykévipoon yAwplovymv petpninke yio o deiypo
FAesp (16589 mg/l), n omoia vrepPaiver o op tapng oe XYTEA yo emkivovva oteped
andépAnto. H cvykévipwon tov BA givor 195 mg /l 1o omoio gival dve tov opiov yio adpavni
amoPANTa 0AAG KAT® TOL opiov Yo Un- emkivovva. TEAOG, N GLYKEVTIP®ON TOV YAMPLOVY®V Yol

10 Octypa FApg etvon avamdvteyo yapnin, eved GALEG HEAETES OVOPEPOVY TOAD VYNAOTEPES TILES.
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pH. Ta ekyvliopota OA®V TV derypdtov £xovy odkarkd PH pe vyniég tpég (11,30, 11,84 and
13,17 1o BA, FAygy wor FAep, oavtictoya). IToAréc peréteg mapovcidlovv mapodpoo
anotelécpato 6cov apopd to pH (Chiang et al., 2009, Wang et al., 2008, Yao et al., 2010).

Hiexktpikiy Ayoywpémnta- Electric Conductivity (EC). H vymAdtepn Ty mMAEKTpIKNG
ayoyomrag mapovctaletor yio 1o delypa FApg (147 mS/cm). Ze yevikéc ypappés, VYnAEs TyLég

NAEKTPIKNG oy YO TOG UTopel va cuoyetiCovtol e LVYNAEG CLUYKEVIPMOEL GE YAMPLOVYA,

LETOMKA 10VTO, 1 KOl [Le TV Topovcio eEevlepmv woviocpévov copatdiov (Prieto et al., 2000).

3.2 XopoKTn propiog TAVPEVOY SELYRATOV amofi)TmV

3.2.1 Pooko-ynuikn aveive Tov TEPEOD KAATILOTOS TMV TADUEV WV OELYUATOV

To amotedécpata, To oYETIKA e To TAVUEVE delypLato amoPANTOV, Tapovc1dlovtol GToV TivaKa

3.4, mov akolovOei.

[Tivaxog 3.4: Xopoakmpiopndg mAvpévav detypdtov petd and tivcelg 0,5, 3 ko 6 wpdv.

MAPAMETPOS ~ MONAAES  BAO.5 BA3 BA6 FAbg0.5 FAbg3 FAbg6 FAesp05  FAesp3  FAesp6
TC %TS 1,30 1,72 1,38 1,00 1,00 1,00 1,00 1,00 1,00
Ba meg/kgrs 587 590 469 13,7 23,5 17,8 526 430 447
cd meg/kgrs 1,69 1,51 1,15 2,89 417 3,76 289 406 419
cr meg/kgrs 125 117 108 0,98 0,97 0,96 446 467 447
Cu mg/kgrs 2005 1585 3708 20,7 27,5 21,4 1312 1543 1458
Mo mg/kgrs 3,74 5,61 4,00 0,98 0,97 0,96 13 12,9 12,2
Ni mg/kgrs 61,8 83,1 62,2 1,96 1,95 1,92 71,5 58,1 55,3
Pb meg/kgrs 1112 768 770 42,2 40,1 40,3 4239 5494 5174
Zn meg/kgrs 1252 1210 3542 155 223 177 18411 23463 10192

Oleg o1 Tég gtvan amotéhesia Tov LEGOL OPOL TPUDV ETOVOAYEDY Y10 TOV VITOLOYIGUO KAOE
napapéTpov. Ot Tipég OA®mV TV emavornyemv Topovctdoviar oto Appendix. Ot tywéc o€ yKpl
QOVTO eKQPALOVV GLYKEVIPDGES Ol Omoieg Kvpoaivovtal KAt® Tov opiov aviyvevong Ttov

EMGTNULOVIKOD OPYAVOV.
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Olkog AvOpaxag- Total Carbon (TC). Iapampodvtor moAd younAég Tég olkol GvOpaka
vy OAa ToL Olypata eve TEPLEPY®S Tapatpeitan pa avénon ota oetypata BA, oe oyéon pe 1o

un T péva opyKa detypora.

Métaira. Or vynAdtepeg TIES HETAAL®V TOPATNPOVVTOL YL TOV YOAKO, TOV LOALPSO Kot Tov
YELOAPYLPO, EVAD TO PBAPLO Kot TO YPOUI0 aKOAOVOOVV, OTIWG Kol GTNV OVAAVCT TOV APYIKOV Un
mAopévav detypdtov. o OAa oyedov ta péTodda Tapampeitonr avENomn e GVYKEVIPOG G TOVG
oto TAVIEVE, delypata og oyéon He ta apyka ostypoto. Kot oe dAdec pehéteg maparnpeiton to

o010 powvopevo (Chiang et al., 2009, Derie 1996).

3.2.2 Aroteléouora tewv leaching batch tests yia o rAvuéva detyuora amoflirawv

O1 mapauetpol mov mpocdlopiotkoy uetd ta batch leaching tests yw to exyviiocpota tov

TAVUEVOV SETYUATOV avapEpovTal 6ToV TTivaka 3.5.

[Mivakag 3.5: AmoteAéopata tov batch leaching tests yw 1o exyvliopota 1OV mAvuévov
OEYUATOV GLYKIVOUEVO UE TOL EVPOTOIKA VOUOOETIKA Oplal Yo TAPT, Yo OLOPOPETIKE €10M

amofAntov  (I=adpavr), NH=O0y1 emwivévva., SH= oc100epd-avevepyd-emkivovova, H=

EMIKIVOLVQL).
OPIATADHX

MAP.  MON. BAO,5 BA3 BAG6 FAbg0,5 FAbg3 FAbg6 FAesp0,5 FAesp3 FAesp6 | NH SH H
DOC  mgC/l 695 78 704 50 50 50 1 1 1 50 100 80 100
Ba mg/| 0,17 0,26 0,19 0,28 0,38 0,7 0,13 0,15 0,13 2 10 10 30
cd mg/l 001 001 001 004 002 002 001 001 001 0 01 01 05
Cr mg/| 0,01 0,01 0,01 0,04 0,02 0,02 3,92 3,16 1,93 005 1 1 7
Cu mg/| 0,23 0,15 0,09 0,02 0,02 0,02 0,01 0,01 0,01 0,2 5 5 10
Mo  mgl 004 004 003 002 002 002 032 038 032 005 1 1 3
Ni mg/| 0,02 0,02 0,02 0,04 0,04 0,04 0,02 0,02 0,02 0,04 1 1 4
Pb mg/l 003 008 006 039 029 045 0,03 006 004 005 1 1 5
Zn mg/| 0,01 0,02 0,03 0,05 0,02 0,02 0,01 0,01 0,01 04 5 5 20
o (mgCl/l) 825 675 545 28 375 345 3641 8847 7740 80 2500 1500 2500
pH - 11,9 11,5 111 11,3 11,5 11,7 11,3 11,6 11,5 - - - -
EC mS/cm 1,34 102 094 85,6 93,1 99 16,3 30,1 26,9 - - - -

Oleg ot Tég givar amotéAesio TOL LEGOL OPOV TPUDV ETOVOAYEDY Y10 TOV VITOLOYIGUO KAOE
napapéTpov. Ot Tiég OAmV TV emavornyemv Topovctdloviar oto AppendiX. Ot tinéc o€ yKpt
QOVTO €KOPALOVYV GLYKEVIPMGES Ol OmOoieg Kupoivovtol KAT® TOv Opiov AViYVELGTG TOV

EMOTNUOVIKOD OpYAVOV.
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Awrhvpévog Opyavikég AvOpaxag- Dissolved Organic Carbon (DOC). Ot cuykevipdcelg tov
DOC civan peiwpévee oe oyéon pe to anoteAéouata tov leaching tests yw to pun mivpéva
apywd detypora. OAeg ot Tyég tvon kdtw tv opiov yia tagn o XYTY 7 tig mpoceyyilovv
omv mepintwon tov FAn. Kot dAdeg peréteg avagépovv vyniéc tipnég DOC, map’oheg Tig

younAég ovykevipooels Tov TC 610 oteped Khaopo tov detypatov (Cossu et al., 2010)

Mérarrha. Ocov apopd to deiypo BA mopatnpodpe v vynAdteEPN GLYKEVIPOGN Yo TO
pHEToAAa Bdplo kot yahkd, to. omoia Tposeyyilovv 1 vepPaivovy Ta OP1OL YL AOPAVY OTEPEA
anofinta. o 1o detypa FAy mapoampodpe vyniég TYEG CLYKETPMOCEMY Yo TOV HOAVPOO Kot
10 Bdpio, ot omoieg vepPaivovv Ta dpla Yo adpavy] andPfAnta. TELOC, Ol GLYKEVIPOGELS OV
apopodv 1o detypa FAesp etvon vymAiég yio To pétodda ypdpto kot poivBdaivio vrepPaivovrog
T 6pla. Yo adpovn amdPANTO, EVO GTI TEPITT®ON TOV Papiov Ol TIUES TV GLYKEVIPHOCEMYV TOV
T Tpoceyyilovv. Zyedov Y10 TO GUVOAD TOV LETAALOV SOMIGTOONKE HEI®OT TG GLYKEVIPOONG
T0V¢ oto omoteléopato tov batch leaching tests yio to mAvpéva deiypato omoPAntov,
GUYKPITIKOL HE TO OMOTEAECUOTO TOV TECT TMOV OVTICTOW®OV OPYIKOV OEYLATOV TPOTOV
vtofAnBodv ce dokpéc mhvong. TToAhd pétaAra yuo ta omoia SmGTOONKE GLYKEVTIP®OT GV
TOV opi®V Y1 VYEOVOUIKY TaPY ot Oetypato mpotod mALOOVV, HETd amd GLYKEKPUEVN
ene&epyocio SOKIUOV TAVGEMV, Ol TYEG TEPLOPIcTNKAY KAT® omd To dpla Yo adpav) armOBAN T
(Ba, Pb, Zn), yia un- emivévva (Cd, Mo), i yw emikivovva, (Cr). Onwg amodeikvoetor Kol 6€
GALeG peAETES, OAAA KO GTNV TTOPOVGO- HEGH TV OMOTEAECLATOV KOl TNG TEMKNG ENEEEPYOTTIOG
TV derypdtov pe ™ uébodo SEP- o yakkog dev aneievdepmvetar (extract) wwitepa poévo pe
™mv TADGT UE VEPO. TNV TPOAYHOTIKOTNTO Ol TWWEG Y. avTd TO HETOAAO UEVOLV OVETOQES M|
S10pPOPOTOIOVVTOL EAAYIOTO, CVYKPIVOVTOS T OTOTEAEGLLOTO TPV Kol PETO TNV enelepyocio e

dokipég mbong.

Xroprovyo (CI). Ot vynAoTEPES GVYKEVIPMGELS YAMPLOVY®V EVIOTILOVTOL GTO EKYVAIGO, TOV
FAesp, 01 omoieg vepPatvouv Ora ta Opta Yo vysovopky Ta@r. Ot GLYKEVIPOGELS Yo TO dElypal
BA etvon kétw tov opiov yo adpavny andfinta v to mpoceyyiovv. Térog, 0 FALg mepropileton
ot0 Oplo Yoo adpav amOPANTA, OGOV aPOPE TS OCLYKEVIPMOES TOV YAwpovywv. Ot
OUYKEVIPMOGES, TOV YAMPLOVY®V UEWMVOVTOL WHeTd omd emefepyacio SOKW®V TAVGEMYV,
oLYKPWVOUEVEG e Ta omoteAéopota TV leaching tests tov detypdrov mpotod TAvbovv, Yo to
detypato BA ko FAesp, odld Oyt kot yu o detypo FALg (Ewova 3.1). I'evikd, ta YA provya 611G
TAPEVES TEQPES, Ta. 0Tolo Ppiokovial Kupiwg g aikaAud yAwplovye, 6mwg NaCl, KCI ko

CaCh, (IAWG, 1997), oamelevbepdvovtor €0KoAo 6T0 vepd Kar pmopodv va e&oleipBodv
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dwdvovtag ta o vepd. Kartt této10 dev 1oydel dpmg yio 1o detypo mthpevng €epog FARg, 0mmg
mopoTnpeiton ot amoteAéopata, THave AdY® TOV AVOTAVIEY®V YOUNADV TILAV TOV 0POPOVY

To delypaTa TPV Kot PeTd T1G TAVGELS.

250 400 20000
- 3 350 £
< 200 2 T6000 -
(&)
o £ 300 3
E 3 >
_ 150 - X250 32000
3 9 3
3 g 20,0 g
= | <
g1oo X 15,0 <8000
= o g

3 o
5 g 10,0 3
3 50 - g 3
3 3 24000
£ = 50 £
X W =)
> W
2 0 - 0,0

0
RW WW WW WW RW WW WW WW
05 3 6 05 3 6 RW WW WW WW
05 3 6

(@) (b) ©

Ewova 3.1: Zvykévipoon yropodyov oto ekyvAiouto tov batch leaching tests yio ta apyikd
detypora (RW) ko yio ta miopéva (WW): BA (a), FAyg (b), FAes (C).

pH. Ta ekyvAicpato OAmv TV deypdtov €xovv oikodkd pPH oe vymiéc oyetkd Tég,

avtiotoya pe to amoteléopato tv batch leaching tests mpw tig TAvoes.

Hiextpiky Ayoyypomrta- Electric Conductivity (EC). H vynAdtepn Tty MAEKTPIKNG
ayoyyomrag nopovstdleton yuo to detypa FAp. H peiwon mg EC, cvykpurucd pe mv aveioynm
o1a leaching tests towv apywdv detypdtmv- Tpotod Thvbolv, uropei va oyetiletal pe peimon g

GLYKEVIPMOGTG GE YAMPLOVYOL KOl GE PLETAAMKA 1OVTAL.
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3.3 Xopaktnpropog Tov vypav axofitov (eluates) amé i dokipés mAvong

Ta oyxetikd anoteAéopata pe To VYPA omOPANTA omd TG SOKIWEG TAVOTG TOPOVGIALOVTOL GTOV

mivaxo 3.6.

[Tivaxog 3.6: AmoteAécpato TopanéTpOV Yo To vyYpd amdfAnta mov dnpovpynRdnKay Adym tov
moewv 0,5, 3 kot 6 ®p®OV, GLYKPVOLEVH [LE TOL EVPOTOIKA VOILOOETIKA OplaL Y10 OTOPPLYT GTO

OO TIKO OOYETEVTIKO GUGTILLOL.

BA BA BA FAng FAe FApe FAcsp FAcsp FAcsp
MON. OPIA

MAP. 0,5 3 6 0,5 3 6 0,5 3 6

DOC  mg/l 31 32 35 50 50 50 1,00 1,00 1,00 E

Ba mg/l 0,92 1,47 0,22 0,23 0,18 0,12 0,38 0,39 0,30 -

cd mg/l 0,02 0,01 0,01 0,08 0,04 0,02 0,01 0,01 0,04 0,02

cr mg/! 0,01 0,01 0,01 0,01 0,01 0,01 0,57 1,05 1,87 4

Cu mg/l 0,34 0,29 0,31 0,15 0,10 0,08 0,13 0,09 0,07 0,4

Mo mg/l 0,02 0,02 0,03 0,01 0,01 0,01 0,14 0,24 0,33 -

Ni mg/l 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 4

Pb mg/l 0,28 0,35 0,14 1,63 1,07 0,99 10,50 0,03 0,03 0,3

Zn mg/! 0,09 0,07 0,05 0,27 0,22 0,18 0,37 0,02 0,02 1

- (mg/l) 195 231 217 18 115 67 32458 32643 34443 -

pH - 12,7 13,1 12,5 11,5 11,5 11,5 12,3 12,0 10,8 5,5-9,5

EC mS/cm 6,34 5,86 3,30 147 147 145 9 94 9% -

Awdvopévog Opyavikog AvOpakag- Dissolved Organic Carbon (DOC). Ot 6uykevip®doeLg Tov
DOC eivon owénuéveg yu to detypota BA kot FARg. Kon dAleg peréteg avapépovy vyniés tég
DOC, mop’6reg Tig yapuniés svykevipaoelg tov TC oto oteped KAdopa tov deryparov (Cossu et
al, 2010). Avto pmopel vo. opeideton 6T0 YEYOVOC OTL GTO APYIKO OTEPED KAAGLOL TOGOTNTO.
dvBpaka Ppioketor decpevpévn 68 GAAEG YMUIKES EVOGELS Ol Omoieg Kotd T dtadkacio g

TAOOTG LE VEPO OOCTIAOVTOL LE OMOTEAEC LA VO atEAELOEPDOVETAL ETITAEOV TOGOTNTO (VO PO L.

Méraira. Ocov apopd ta detypoto BA, FAp mapatpodie Tig vynAOTEPES GVYKEVIPOGELS Y10
t0. pétoAra Papro, xaiid kot poAvPdo. Ot GLYKEVIPOGES OV apopovV T0 delypo FAesp eivar
afloonueimTeg Yo Ta pETOAAD Bdplo, xpduto, yolko Kot poAvBoaivio. Ocov apopd v TAHoM

™ 0,5 dpag, mopotnpodvtor ££IG0V VYNAESG TILES Kot Vi To. LETOAAS LOALPAO Kot WeLdApYvpO.

Xroprovyoe- Chlorides (CI). I'a to deiypa BA mopampeiton tog n avénon tov ypdvov mAveng

0ev ovvemdyeton omopoitnTo Kot oavEnomn Tov yAoplovywv ota vypd amoPinta.  To 1010
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dwmictdveton ko Yoo 10 detypa FApg Avtd pmopet va copfaivel Aoym piog mbovig avaxktnong
TOV eAeVBEPOV YADPLOVY®OV GE YNUIKES EVOGELS €K VEOL, UETE amd emITEVEN Mol VEOS YNUIKNG

10oppomiog, AOY® TOL AWENUEVOL ¥POGVOL TNG avaKiviong Tov delypatog pe vepd- oty TAvo.

pH. Ta vypd andPfinta £xovv aAkoiikd pH pe vymiég tyég mov vepPaivovy ta dpla yio )

plym VYPOV ATOPANTOV GTO OCTIKO OTOYEVTIKO GVGTNLLOL.

Hiektpikiy Ayoypotyra- Electric Conductivity (EC). Yyniotepec tuéc EC dwamotdvovon
v to detypa FApg, evad xopunidtepeg o to dstypa BA.

3.4 AT0000€1S OKIHAV TAVGE®YV

3.4.1 Awodéon amoudxpovons (Removal efficiency) Adyw tng enelepyacios pe mAvon

H Amoddoon amopdxpuvong (Removal efficiency) (n,,), AMoyw g enefepyociog pe mhdon,

VIoAOYioTNKE G EENG:

Omnov:

L = mocdmra. vepod mivong (I);

S = nocotnta amofAtov oty TAvon (KQ);

X} ; = CUYKEVIPOGT] TOL GLGTATIKOV | 6Ta VYPE amdPAnTo (LETE TN TADGN).

X ;= GUYKEVIP®GT) TOV GVLGTOTIKOD | 6TaL APk 6TEPEG omOPANTO (TPV T TADGT).

‘Eyive n mopadoyn Tmc 1 ToooHTTo TOV VEPOL TTOL ¥pnoyloromdnke ot tAvon (L) Ntav oxedov

ion pe v TocdTTU TOV VYP®OV oo PANTOV, uetd Ty TAvon (L*) (BAéne Ewova 2.1, ogl. 13).

Ytov Ilivaka 3.7 mov akoAovBel ovaeépovial ot TéEG ™G 0mOd00NG OMOUAKPVVGTG Yol
TOALOTAEC TAPAETPOVS, OGOV apopd TV emetepyacia pe mAvoeg tov 0,5, 3 kot 6 ®pPOV Yo

K&Oe detypa.
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[Mivakag 3.7: Anoteléoparta Yo Tig TIHES ™G amddoong amopdkpuvong (Mw %) yio ToAAAmAES

TOPUUETPOVS, OGOV apopd TNV emeéepyacia pe TAvceg Tov 0,5, 3 Kot 6 opdV yio Kabe deiypo.

FAbg FAesp

MAPAMETPOZ BA 0,5 BA3 BA6 0,5 FAbg3  FAbg6 0,5 FAesp3  FAesp 6
TOC (%) n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.
Ba (%) 0,82 1,30 0,19 9,77 7,57 4,91 0,26 0,27 0,20
Cd (%) 7,13 3,54 3,20 9,09 4,12 2,46 0,02 0,02 0,07
Cr (%) 0,05 0,05 0,05 n.c. n.c. n.c. 0,85 1,55 2,78
Cu (%) 0,15 0,12 0,13 2,56 1,63 1,37 0,05 0,03 0,03
Mo (%) 2,61 2,57 4,13 n.c. n.c. n.c. 5,44 9,56 12,9
Ni (%) 0,19 0,19 0,19 n.c. n.c. n.c. 0,22 0,22 0,22
Pb (%) 0,14 0,18 0,07 15,9 10,4 9,69 1,19 0,003 0,003

Zn (%) 0,03 0,02 0,02 0,75 0,61 0,50 0,01 0,0007 0,0005

N.C. UN UTIOAOYLOLUN TTAPAUETPOG, N GUYKEVTPWON OTO EKXUALOHOTA TWV TAUMEV WV SELYUATWY ATAV OVWTEPN ATIO

QT OTA EKXUALOUOTO TWV o)KWV SELYUATWVY .

Onwg dwmotdvetal, cvykpivovtag v mocotnta Kdbe otoryeiov mov ameievbepdvetar oo
VYPE amOPANTO PETA TV OlEpyacion TG MADGNG LE OLTI TOL VTAPYXEL OTOL OPYIKO GTEPEQ
anoPAnTa, ol meplocdTEPEG TapdpeTpol ivon 6tafepéc kan oyt 610AvTEG 61O vEPD. YYNAES TYLEG
oo 10 detypo BA mapoampovvton yoo ta pétodda kaduo kot poAvBdaivio. I'o to FApg
VYNAOTEPES TYWES TapoLGIdlovtal 0oV apopd Tov LOALPOOo, o Paplo, TO KAGWUIO KoL TO YOAKO.

TéMog, to tehevtaio detypo FAesp mapovstdlet vymAég Tipég Yo to poivBdaivio.

3.4.2 Beltiwon g amodoyns twv otepev omofiitwv oe ywpo vyeovouikns topns (landfill
acceptability)

Ta amotedéopora tov batch leaching tests ypnowomowovviar g kprrfipa amodoyng Twv
amoPATOV OV EVATTOTIOEVTOL GE YDPOVG VYEIOVOUIKNG TOPNG. To amoTEAECHOTO OVTOV TOV
TEGT OMOTELOVV PaCIKO KPITHPL0, 0EGOUEVOL TOV YEYOVOTOG TG 1) OMEAELOEPOGN TV dPOP®V
GUOTATIK®V 7OV JWAVOVIOL GTO VEPO, €IvOl O O ONUOVIIKOS HUNYXOVICUOS UETAPOPES
GLOTOTIKOV Omd T oTEPEl amOPANTA GTO TEPPAAAOV, KOl GLVETMS THOVIS WOALVONG TOV
nepdriovtog. ‘Etotl, n amdd0omn Tov apopd TNV GLYKEVIPMOGT| TUPUUETPMV GTA EKYLAIGLLATOL
tov batch leaching tests, o6cov agopd ta delypoto TP Kot PETH TNV ENEEEPYAGIA TOVG WE
TAOGELS, ivonl évag TOAVTIHOG Ttapdyovtag Yo va katavondel 1 Pedtioon Tng amodoyng twv

GTEPEDV ATOPANTOV GE £VA YDPO VYEIOVOUIKNG TOPNG.
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H anddoon mg abEnong g amodoyng, petd and enclepyasio pe TAVCEL, voroyileton oG eENG:

e
n, . =
A,J e

e

rj~ Cwj

r,j

Omnov:
e, ;= CUYKEVIP®ON TOL GLGTATIKOV J 670 eKyvAopo cOppova pe UNI EN 12547-2 batch

leaching test, 66ov apopd ta apyd detypota otepedv amofintwov (mg/l).

e,, ;= OLYKEVIP®OT TOV oVOTATIKOL | 610 ekyOAMopo ovuemve pe UNI EN 12547-2 batch

w,j

leaching test, 6cov agopd to mivuéva deiypato otepedv amofArtov (mg/l).

Trov mivaka 3.8 mapovcialovral o aroteléopata mg anddoons me avénong amodoxfs (1, ;)

HeTd amd emeEepyacio dokipumv mAvcewv tv 0,5, 3 kot 6 dpwv, yio kKdbe deiypa.

[ivakag 3.8: Anotedéopato g amddoong g avgnong omodoyns (n, ;) petd and enelepyosio

dokipdv TAvcewv tov 0,5, 3 kot 6 dpwv, Yo kabe detyua.

NAPAMETPOS BA 1/2 BA 3 BA6  FAbg1/2 FAbg3 FAbg6 FAesp1/2 FAesp3  FAesp 6
DOC (%) 64 60 64 94 94 94 61 61 61
Ba (%) 98 97 97 n.c. n.c. n.c. 75 70 75
Cd (%) 50 50 50 n.c. 0 0 50 50 50
Cr (%) 50 50 50 n.c. 0 0 28 41 64
Cu (%) n.c. 14 50 0 0 0 50 50 50
Mo (%) n.c. n.c. n.c. n.c. 0 0 45 35 45
Ni (%) 50 50 50 0 0 0 50 50 50
Pb (%) 99 97 98 43 58 34 50 3 29
Zn (%) 96 94 90 62 84 84 56 56 56
a (%) 58 65 72 n.c. n.c. n.c. 78 47 53
EC (%) 83 87 88 42 37 33 73 49 55

N.C. UnN UTIOAOYLOLUN TTAPAUETPOG, N CUYKEVTPWON OTO EKXUALOHOTA TWV TMAUUEV WV SELYUATWY ATAV OVWTEPN ATIO

QT OTA EKXUALOLOTO TWV o)KWV SELYUATWVY .
Onwg mapatnpeitor, ot vynAoTepeS TEG TOPOLGIALOVTOL YI0L TOV SHAVUEVO OPYOVIKO AvOporka

(DOC), vy o pétodda Bapio, poOAvPdo, yevddpyvpo, v to yroprovya (CI) kot yia v
NAEKTPIKN OyOYLOTNTOL
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3.5. Mé00dog dradoikav ekyviicemv - Sequential Extraction Procedure (SEP)

3.5.1 SEP ora octyuoro BA

¥tovug IMivakeg 3.9 ko 3.10 mwov axoAovBovv mopovsialoviol To amoteAécata ™G Hebodov
dwdoymv ekyviiceov (SEP) ywa ta detypora BA. Ztov Ilivaka 3.9 yivetoaw avapopd ota
OTEAEGLOTO O10POPO®V TOPAUETPOV TOV avaAvONKav pe ™ péBodo, 6Gov apopd to apyLKd
detypoto otepedv oamofAntov, eved otov Ilivaxa 3.10 ce ovtd mov agopodv o TALUEVQ
detypato ootV (Katdmy Tng ovykekpuévng mAvong g 0,5 dpag). H npodtn exydion (i)
gywe e 10 vepd g péEco S, 1 dgvtepn (i) pe 1o KNO3 (1 M) xar n tpitn (iii) pe 1o
Na,EDTA (1%).

[Mivakag 3.9: AmoteAéopato ™me nebddov dadoyikdv ekyviicemv (SEP) yio 1o apyikd detypora

BA.

EKXYAIZEIZ
i (H,0) i (KNO3) iii (Na,EDTA)

Ba mg/| 0,39 0,16 0,17

cd mg/| 0,01 0,01 0,01

Cr mg/I 0,03 0,03 0,03

Cu mg/| 0,14 0,05 0,60

Mo mg/| 0,02 0,01 0,01

Ni mg/| 0,02 0,02 0,02

Pb mg/| 0,09 0,03 3,24

Zn mg/| 0,10 0,01 0,56

pH - 11 11,2 9,9

EC mS/cm 1,27 37 14
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[Mivakag 3.10: Amoteléopota g pebddov ddoyikdv ekyviicemv (SEP) yw 1o mAvpéva
detypata BA (mhdon 0,5 h).

EKXYAIZEIZ
NAPAMETPOZ MON.

i (H,0) i (KNO3) iii (Na,EDTA)
Ba mg/| 0,03 0,17 0,06
Cd mg/| 0,01 0,01 0,01
Cr mg/| 0,02 0,03 0,04
Cu mg/I 0,09 0,04 0,71
Mo mg/I 0,02 0,01 0,01
Ni mg/I 0,02 0,02 0,02
Pb mg/I 0,03 0,03 3,55
Zn mg/I 0,01 0,01 1,07
pH - 10,6 11,4 9,64
EC mS/cm 1,06 44 13

Ot Tég TV CLYKEVIPOOE®V Yoo T0 BAP0 Ko TO XOAKO &ival DYNAOTEPEG Yoo TOL OPYLKEL

detypoto ovykpiikd pe 1o avtictoyo mAvpéva (Ewova 3.2). To vynAdtepo kAAGpHo oL

eKyVAioONnKe 66OV apopd 10 YoAKO £ytve 610 TEAevTaio 6TAd10 TG neBoddov (NasEDTA). iy

0w Ewcdva 3.2 0 poAvodog kot o yeuddpyvpog mapovctdlovy emiong Tic VYNAOTEPES TIEG GTNV

tedevtaio exyvAon. Ta 1€ooepa owTd PETOAAD GE YEVIKEG YPOUUES TOPOVGLALOVY CMULAVTIKES

TWEG 08 OAO TOL EKYLAICUEVE AV LT TV GTadimV TG peBddov.

Zuykévipwon (pg/l)

10000,00

1000,00

100,00 A

10,00 -

1,00 -

HInn

Ba RW Ba WW Cu RW CuWW PbRW Pb WW Zn RW Zn WW

Na2EDTA (1%)
H KNO3 (1 M)
HH20

Ewova 3.2: Zuykevip®oelg yio to ekyvAtopuéva pétaida Bapio (Ba), yorkd (Cu), woéivpdo (Pb)

Kot yevddapyvpo (Zn) yia to apyikd (RW) kon mAopéva (WW) detypota BA, avtio toryo.
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3.5.2 SEP ota detyuora FApg

Ytoug Ilivakeg 3.11 xou 3.12 moapovcialovion To. omoteAéopoto TG UEOOGOOL Sladoy KDV
exyvAioewv (SEP) yw to detypoto FApg Xto delypata owtd dwmiotoOnkav vyniég
GUYKEVIPADGELS GTO EKYVAGUEVO OLAV AT Y10 ToL LETOAAL BAp1o, YoAkO, LOAVBOO, WELdApYVLPO

kot kéopo (Ewova 3.3).

[Mivaxog 3.11: AmoteAéopota ™c uebddov dwdoyikdv ekyviicewv (SEP) yia to apyikd

detypora FApg,

EKXYAIZEIZ
MAPAMETPOS MONAAES

i (H,0) i (KNO3) iii (Na,EDTA)
Ba mg/| 0,09 0,16 0,53
Cd mg/| 0,01 0,01 0,17
Cr mg/| 0,02 0,02 0,02
Cu mg/| 0,03 0,03 0,53
Mo mg/| 0,01 0,01 0,01
Ni mg/| 0,02 0,02 0,02
Pb mg/| 0,69 0,12 1,28
Zn mg/I 0,14 0,23 5,67
pH - 11,3 10,7 6,31
EC mS/cm 101 65 8,7
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[Mivaxog 3.12: Amoteléopata ™¢ peBddov dSadoyikdv ekyvioewv (SEP) yio 1o mivuéva

detypara FApg (mivon 0,5 h).

EKXYAIZEIZ
NMAPAMETPOZ MONAAEX
i (H,0) ii (KNO3) iii (Na,EDTA)
Ba mg/I 0,15 0,07 0,70
Cd mg/I 0,04 0,01 0,24
Cr mg/I 0,02 0,02 0,02
Cu mg/| 0,02 0,01 0,54
Mo mg/| 0,01 0,01 0,01
Ni mg/| 0,02 0,02 0,02
Pb mg/| 0,50 0,03 2,02
Zn mg/| 0,23 0,01 4,50
pH - 11,08 10,88 9,29
EC mS/cm 117 70 12,3
10000,00
1000,00 o —
= -
E:
5
3 100,00
a
g
W
N4
>
=]
W
10,00 I I I
1,00

Ba RW Ba WW CdRW CdWW CuRW CuWW PbRW PbWW ZnRW Zn WW

EH20 MKNO3(1M) = Na2EDTA (1%)
Ewova 3.3: Zuykevipdoelg yio o ekyvAopéva pétodro Bapo (Ba), kadpo (Cd), yarkd (Cu),

worvpoo (Pb) ko yevddapyvpo (Zn) yua ta apyuwd (RW) kor miopéve (WW) deiypato FADQ,

avticTo L.
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3.5.3 SEP ota detyporo FAesp

Ytovg Ilivakeg 3.13 xou 3.14 moapovoidlovtor to amoteAéopoto TG HEBAOOVL d10doYIKOV
ekyvAicewv (SEP) yw ta detypato FAgsp. Xe avtd ta detypora mopovstdlovtotl emmAeov VYNAES
TWEG Y100 TO YPOUIO Kot TO LOoAVPOaivio, eKkTO¢ and Ta pétoddo Paplo, yorkd, pLoAvpoo kon

yevdapyvpo (Ewova 3.4).

[Tivakag 3.13: Amoteréopoata ™ MeBOOOL dwdoykdv ekyvAicewv (SEP) yia ta opyikd

detyporo FAesp.

EKXYAISEIS
NAPAMETPOS MONAAES

i (H,0) i (KNO3) iii (Na,EDTA)
Ba mg/I| 0,17 0,16 0,06
Cd mg/| 0,01 0,01 0,71
Cr mg/I 0,64 0,63 0,55
Cu mg/I 0,01 0,01 0,76
Mo mg/I 0,10 0,08 0,05
Ni mg/I 0,02 0,02 0,02
Pb mg/I| 0,04 0,04 39
Zn mg/I| 0,03 0,02 6,5
pH - 10,4 9,2 9,6
EC mS/cm 57 62 24

[Tivakag 3.14: Amotelécpoto ™ pefodov dadoyikmdv ekyvAicemv (SEP) yio 1o mAvpéva

detypora FAesp (mAdon 0,5 h).

EKXYAIZEIZ
NAPAMETPOZ MONAAE2

i (H,0) i (KNO3) iii (Na,EDTA)
Ba mg/| 0,11 0,13 0,03
Cd mg/I 0,01 0,01 1,17
Cr mg/I 0,50 0,70 0,49
Cu mg/I 0,01 0,01 0,81
Mo mg/I 0,11 0,08 0,04
Ni mg/I 0,02 0,02 0,02
Pb mg/I 0,06 0,03 23
Zn mg/I 0,09 0,05 8,3
pH - 9,7 10,9 9,3
EC mS/cm 117 70 10,3
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Ewova 3.4: Tuykevipmdoelg yuo ta ekyvMopéva pétoAlo Baplo (Ba), kaduo (Cd), ypouwo (Cr)
yoAk6 (Cu), porvBdaivio (Mo), udérvpdo (Pb) xor wevddpyvpo (Zn) vy ta apywkd (RW) ko
mopévo (WW) detypora FAesp, avtiototya.
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4. XYZHTHXH ATIOTEAEXMATQN

Tpia Sw@eopetikd €i0n omoPANTOV OO ML HOVASH OTOTEPP®ONG OTEPEDV AmOPANTO®V
vroPANONKav oe dvo dpopetikég enetepyociec. Koatoapynyv, Erapav xdpa doKIEG TAVGNG, OTOV
amOVIGUEVO VEPD ypMoipoTomOnKe cav SADTNG Yo vo dtodvBohv- ekyvAcBodv ta ddpopa
GLOTOTIKA TOV OMOPANT®OV o€ avTOV. XN ovvéyeln emhéydnke por pnéBodog dadoykmv
ekyviicemv (sequential extraction procedure), otnv omoio. mpaypatoromONKay Tpia S0y IKA

oTAd L EKYVAIETS Ie Tovg e&ng dadvTeg: amoviopuévo vepd, KNO3 (1M) and Na;EDTA (1%).

H dwyeipion tov cvykekpévev amofAtov anacyorel mOALEG LeAéTEG KoL EpEVVeES. YTTAPYEL
LW OTTIKY] XPNOWOToinons tov omofAtov avtdv omv Peitioon tov pH tov £doapov
OPICUEVOV TTEPLOYDV TOL VIOPEPOVY amd OEWeG Bpoyés, AOY®D TV avénuévev Twov pH mov
napovotlalovy otav mpootifetar o Topdyoviag tov vepov (Wang et al., 2008). Akoua, vrdpyet
Ho dmoym ypPNOYOToiNoNns oavTdv TV OmOPANTOV Gav £J0QOPEATIOTIKA LAWK, O10TL givan
mhovow o Ca, Na, K, Mg, B, S, Mo, P, K, cuctatikd gvepyetikd yoo v avantuén tov eutov
otav BéPara ypnoyomrolovvtot oe avaroyeg tocotreg (Ferreira et al., 2003, Wang et al., 2008).
Mo dAAN emiong omTikT), TOAD O1OEGOUEVT], TOV APOPA TNV ETAVAYPTGLOTOINCT AVTOV TOV
anoPANToV, apopd Tov Topéa g Prounyaviog okvpodéuatog (Zhu et al. 2009, Bertolini et al.,
2004). Téhog, M 10PN TOV OMOPANTOV OVTOV amoTeEAEl {om¢ TNV TEAevTOiot dLVOTOTITO

dayeipiong toug.

H npoenelepyasio tov amofAntev ovtdv etvar avaykaio yo kaBe pé6odo kot mhavy dayeipion
OV AVAPEPONKE GTO TPONYOVUEVA, E1TE GTN TEPITTMOON TG EMAVAYPNGYLOTOINGNG TOVGS, £ite O

oA TNG VYEIOVOUIKNG TOPNG TOVG.

H mpoeneiepyasio pe mAvoelg pumopel vo amofel gvepyetikny yio ) pHel®o™N CLYKEKPUEVOV
TAPOyOVTOV T OO0l OMOLPYOVV TPOPANLLATO GTIG TAPATAV® YPNCES TOV ATOPANTOV AVTMV.
Oocov apopd TNV mhav ETAVOPNOYLOTOINCT TOVG GV EGAPOPEATIOTIKA, 01 GVYKEVIPOGELS TOV
Bopéwv petdAlov opeilovv va givar YopunAég £T61 MOTE VO ATOPEVYOVTOL TPO PANLATO GV TO-
to&ikotnrog (Wang et al, 2008). H npoenelepyocio pe mAvoelg, Onmc deiyvouy ta amoteléo ot
™G €PELVOG, LEIMVEL TIG GUYKEVIPAOGELS HEYOAOL opBpov Bopémv petdArlov. Amd v GAAN
nepld, 6cov aeopd tnv mbovny EmOVAYPNCWOTOINGT Tovg ot Plopnyavic cKVPOdENATOS, TO
YAOPLOVY0, GTO OTOi0 ToL OOPANTA AV TA Eivol TAOVG10, TPEMEL VO LELDVOVTOL TPV TNV XPNOM

TOV omoPATOV 6TO GKVPOOEU, OPOPETIKE pmopel va AdPel ydpa d1GPpm®o™ Tov ATGaAL0D
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(Glass et al., 1997). H npoenepyacio pe mivon prnopei va fondncet Kot o€ o) TV TEPinTOON,
KaO®OC, OTWG deiyvouy Kol TOL OMOTEAECUOTO TOV TEPOUATOV, TAPATNPOOVTOL VYNAES TIES
anddoong omopdkpoveng (removal efficiency) tov ylopwodyov. Eva and ta mboava
LLEIOVEKTNHOTO TNG EMEEEPYATING e TAVGT Umopel va etvon 1 GTATAAN vEPOL TTOV dTMovpyEiton
amd TG ekTeEAOVEVEG doKIpEG Ao, Kamoleg and Tig mopapéTtpoug mov avaAvdnkoay oto vypd
amoOPANTA LETE TN TAVOT KOLOIVOVTOL TTAVE Ot T, OPLoL Y10 ATOPPIYT) GTO OUTOYEVTIKO GUGTNLLOL
Mo Abon oe avtd 10 TPOPANHa Ba pmopoboe vo omoterEl M AVOKOKA®MON TOV VYPOV
amoPANTO®V, XPNOWOTOIOVTOS Ta. o1 dtadKacio g oféong ™mc kabildvovoog tEppag o

LLOVAS 0L ATOTEPPMONG, KATA TNV omoia eivon amapaitntn n xpNnon vepo.

O YapaKTNPIoUOG TOV CVYKEKPIUEVAOV GTEPEDV ATOPANTOV £0€1EE OMOTEAEG AT AVD TOV 0PIV
YW DYEWOVOUIKY TA®N Yo TOAAES pdAicta mopapétpous. Toco o mepintmwon g taeng, 660
KOl GTN XPNOMN TOLG GOV £00QOPEATIOTIKA, O VTOAOYIOROS ™G Prodwbecuottog Tmv
aviyveboov ototyeiov mailelt oAb onpavTikd poro 6To va VToLoysOel pe oo Tpdmo AT TO

amofAnta Oa ennpedoovy KATWS 0 TEPPAALOV.

To oamoteléopato g pebodov dwdoykmdv exyvAicewv (Sequential extraction procedure)
detyvouv mowd pétaAda eivor mepocdtepo  Prodrobécyia, ovykpivoviag ™V mEpimT®ON
npoeneEepyacéVaV (e TAOoM) derypatmv kot oxl. H Podabeocyommra aroterel Eva moAvTILO
gpyoreio yuo v a&loAdynon Tov pioKoL Kol TOV EMATOCEMV OTAV Tpaypotonoeitor kbeon
TOV QUTOV KOl TOV OPYOVIOU®V GE LVYNAEG cLYKeVIpOoell uetéAlmv (Cao et al, 2008).
[Ipdcateg amdYeEIS TNG EMOTNUOVIKNG KOWOTNTOS BEmpovv Tmg 1 To&KITNTo TOV UETAAL®V
e€aptaton meplosdTEPO 0md T0 Prodtaféco KAGGHO TOV PETAAAOV, O’ OTL GTIl GUVOAIKY| TOV
ovykévtpoon (Jing-Dong C. et al, 2009, Cao A. et. al., 2008., Amit K. G., 2005).

Ta tpia dpopeTIKd GTAIN YOP AKTNPICHOV TOV UETAAL®V otV pnéBodo SEP mov éAofe yopa
etvou:

-apéomc dAvtda (immediately soluble),

-avtoALa&ipa (exchangeable) kat

-toAvmhoka (complexed or adsorbed) pétoAlra.

To GBpoicpa aTOV TOV TPIOV GTUdI®V aVTITPOsOTEVEL TO Plod1afEc1o KAAG Lo TOL LETOAAOD.

Ymv mepintoon Hog, Yoo vo Katavondel 1 COUTEPIPOPE TOV GLYKEKPUEVOV OTOPATOV,
TPAYLLOTOTOONKOY  dAPOPEG JOKIUEG TAVONG Kol OKOAOVONCOV OOKWES EKYVAIONG Yo

emieypévo detypata. Ta yAopovya £deiov onuovtikny peioworn petd v enelepyocio pe
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dokyég mAoelg, 6oov agopd v kabilavovsa epa (BA) kon v mtdpevn €epa oo eiltpa
ESP (FAesp). Ta pétaria fapro, yohkog, LoAvPSoc Kot yeudapyvpog exnNpedoTnKoy TeEPIGGOTEPO
amd TIC OOKWES TAVGTG, Ko eMMAEOV, OMMG OmodekvueTor Ko omd v pébodo SEP,
nmopovcstdlovy vynAn PodrabecuoTnTo.

Yuykekpyéva, ota detyporo ™m¢ kobidvovcag t€epac, to Paplo eivor gvkola Prodiabécipo,
0oV moPoLS1dlel VYNAY GLYKEVIP®OT 6T0 6Tdd0 Tov HyO, evd 0 yohkdg, o LoOAVPOOC Kot O
YeLdapyvpog akoAovBovv pe €GOV VYNMAEG GLYKEVIPAOGELS KOTO TNV EKYOMON pHe vepd. Amd
™mv OAAN pepld, ota detypoara g wmTduevng téepog and cakoeitpa (FApg) mepiocdtepo
Brodiobéoa eivon ta pétoAra Pb, Zn, Ba, evd to Cd xar Cu akolovbovv. Téhog, to deiypato
g wmrapevng epag amo @idtpa ESP (FAesp) Tapovsidlovv vyniotepn Podwbecydmra dcov

apopd to pétodia Cr, Ba, Mo evd ta Pb kot Zn akolovbovv.

Yvvoyilovtog ta amoteAécpoaro yio To ogtypa g kabildvovoag téppag (BA), n dokiur midong
™m¢ 0,5 dpag mapéyet onuavtikd amoteAéopoto 0Gov apopd ) peiwon yAwprodywv Ko Papéwv
HETOAM®V. Ol oLYKEVIPOOEIS TV Popé®V UETOAA®V Kupoivovior kit ToOv opiov Yo
VYEOVOIKT) TN adpavav anofAntov (Ewdva 4.1) petd m depyacio tng mAvong. Ot tipég tov
YAOPLLYOV givarl £miong KAT® TOV 0plOV Y10, VYEWOVOUKT TOQN UN ETKIVOLVOV omofATOV.
Emmiéov, ta Papéa pétaAda mov TEPLEYOVTAL GTO GLYKEKPEVO detypa amodelyOnikay Atydtepo

Brodwbéoa petd mv mAvon, dnwg eEdAlov delyvouv Ta anotedéopoata tng peboddov SEP.
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é =3 HRW
3 Ll EwWw /2
% 100,00 - —
(= 1 : WWwW 3
<] -
3 '
Qa . WW 6
g e . .
¥ 1000 - L1 Cispuasktadiis
= 1
!
1
1,00 - —

Ba Cu Pb Zn

Ewéva 4.1: Zuykevipooels tov Papéwv HETAAA®DV 6TO EKYVAOUEVO KAACHO Yo To dElypoTa
kofilavovoag téppac (BA) mpwv (RW) kon petd (WW) v eneepyacia pe mivoeg (12 h, 3 h
Ko 6 h).
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Ze avoroyia, Yo o Selypa g mTapevng t€epag amd cokopitpa (FAp), £xet domotwbel Tog
To YA@POUYM, HETA Omd SOKIUES TAVONG, KLUpaivovTol YoaunAdtepa and to OpLe GCLUUOPPMOONG,
0ALG Ta mEPIooOTEP amd Ta Papéa pétaAda Oev emmpedlovion kav amnd v enelepyocio pe
mwoon (Ewova 4.2). Ta mepiocodtepa pdMota Oev defyvouv pelowon otg TWEg Tov
GLYKEVIPOGEDV TOVG 1M 0ev emmpedloviotl kaBoAov amnd 1 mwAvon. Téhog, mapotnpodvog To
amoteAéopato g pebddov SEP ta pétodda dev detyvouv pikpdtepn Prodwbecydmta 6cov

apopad Ta OelyaTa TOL VIEGTNOOV ENEEEPYOTIO LLE TAVCELC.
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Ewdva 4.2: Zuykevipooels tov Papéwv HETAA®DV 6TO EKYVAOUEVO KAACHO Yo To. dElypoTa
utapevng epag ond cokopiitpa (FAbg) mpwv (RW) kot petd (WW) v eneéepyacio pe
m\oeig (1/2 h, 3 hko 6 h).

Téhog, cvvoyilovtag Ta amoTeAECLOTO KoL Yio TO detypa TG mTdpuevng t€epag amo ¢iltpo ESP
(FAesp), Swamotdvetar mog n mivon mg 0,5 dpog mapéyet to kKaAvtepa amotelécpoto. Ot
OUYKEVIPOGES Popéwv HETIAA®V givol KAT® TOV OpidV Ylo VYEWOVOUIKN TAEN adpovdV
amofAntov (Ewova 4.3) petd v ovykekpyévn mAvon. EmmAéov, 1o Papéa pétoiia mov
TEPEYOVIOL OTO OLYKEKPEVO detypa eivar Atydtepo Prodwbéoia, Omwg delyvouv T
amoteAéopoto g peboddov SEP. Xmv ovcia apoipeitoar éva pépog tov Prodwbécylov
KAGGopaTog Tov kabe petdhdov katd v mpdty mAvon g 0,5 dpog (washing test 0,5 h), ko

€161 Ol TYWEG TOV TAVUEVOV detypdTmVv gival younAotepes 6to Tp®dTo otdd g SEP, to omolo
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Tpaypatomositon Le vepo, GLYKPITIKG pe ta apywkd avenelépyaota oetypata. Ta yAmprodyo
amOTEAOVV, GTO GLYKEKPUEVO Olypa, UeYOAo TPOPANUa, apod ayyilovv moAd vynAég TYéG.
Kot mhca mbovotnta, oe tétoov €idovg detyparta, Oa oy o amotelespatikd vo Adfouvv
yopa emavaroppavopeveg dradoyikeég mAvoelg g 0,5 ®pag, £tol ®ote vo. agarpedel o vYMAGg
TAPAYOVTOS TOV YAMPLOLY®V, avTl (oG TAVoNG peydAng o ddpkewa. Ta amoteAéspata ovTng
™G MEAETNG OALG Ko GAA®V HEAET®V pag odfynoav o€ avtd 1o cvunépacpa (Abbas et al.,
2003, Chimenos et al., 2005).
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Ewéva 4.3: Zuykevipooels tov Papéwv HETAA®MV 6TO EKYVAOUEVO KAACHO Yo To dElypoTa
mtapevng tEepag omd mAektpoototikd @idtpo (FAesp) mpwv (RW) xou petd (WW) tnv
eneepyacio pe mAvoeg (1/2 h, 3 hkat 6 h).
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5. EYMIIEPAXMATA

[No mv xotavonom ™G GLUTEPLPOPES TV omoPANTOV o0 HOVASH ATOTEPPMONG OCTIKMOV
oTEPE®V amoPANTOV- ovTd TG KaOWLAVOLGOS TEPPOC Kol OVO E10MV WTAUEVNC TEQPPOS —
TPOEPYOUEVES OO GOKOPIATPOL KO altd NAEKTPOGTATIKO QIATPOL-, TPAYLATOTONONKAV d1APOPES
dokipég mMHong Ko akoAovdnoay dokipés ekyvAoNS Yo emdeypuéva detypatoL.

['a 1o detypa g xabldvovcag téeppag (BA), n enelepyoacio pe mAOON TopExel GMNUOVTIKA
amoteAéopoto peimong yhowpovyov ko Papéov petddiov, pe myv midvon mg 0,5 opog va
TPOGPEPEL GLVOAIKA TO. KOADTEPO AMOTEAEGLLOTO OTOUAKPVUVOTG. LVYKEKPYEVA, Ol KOAVTEPES
anodocelg mapatnpovvtal Yo o fopéa pétodra Ba, Pb kot Zn. Ot cvykevipdoelg OA®V v
Bapéwv petdAAmv, eKTOG TOV YOAKOD, KOUAIVOVTOL GE TYES KATM TOV OPidV YLo VYELOVOUIKT
Toen adpavdv anofAntov, petd mv mAven 0,5 dpag. Ta yAoplovyo kvpoivovior oplakd Gvem
TOV oploVv Yo Toen adpavav amoPfANToV, 0AAL KAT® TV oplov Yo 6Tafepd, Un avidopmvTo
emcivouva amoPpinto. EmmAiéov, ta Bapéa péradda mov mepiéyovior 6to detypa eivor Aydtepo
Bodwbéoo petd v mpoemelepyocio pe mwAOOY, ON®G EEGAAOL TPOKVLMTEL OO TO

amoTeEAECLOTO TG LEBBDOV S1000YIKAOV EKYLAICEDV.

Ocov agopd to Oetypa g wmrdpevng TtEQpag mpoepyOuevns and cokoeAttpa (FAy), ta
YAOPLOVY0, LETA OO TAVGELS, EXOVV YOUNAOTEPES TWES amd To TpoPremdpueva dpia. Emumiéov, ot
TAOoELG delyvouv LYNAN anddooT AOUAKPLVONG UEYIA®Y TOGOTHTMOV SWAVIEVOD OPYOVIKOD
dvOpaka mov vEapyel oto deiypo. Amd v GAAN pepd, to TePlocoTEpa Poapéa PETOAAL OV
emnpedalovton Betikd and T mAvoelc. Ta mepiocodTepa dev deiyvouy Kav HelmON GTIS TIEG TV
GUYKEVIPOGEMV TOVG M dev emnpedlovion KabBoAov omd TG mAvcel;. Térog, doov apopd Ta
amoteAéopato g pebddov SEP ta pétodia dev delyvouv pikpdtepn Prodwbecytdotnta 0cov

apopd Ta detypata wov vtEstoay eneepyacio e TAVGEL.

Téhog, vy T0 detypo wmtdpevng t€@pag mpoepxopevns and niektpootatikd Giktpa (FAesp), M
npoeneEepyacio e TAVGELS TOPEXEL CNUAVTIKE ATOTEAECLOTO OGOV APOPE TOL YAMPLOVYO KoL TOL
Bopéa pétodra, pe v mAvon mg 0,5 dpag vo mapEyel GLVOMKE To KOAVTEPO OTOTEAEGLOTA,
0OV JMGTOVOVTOL YOUNAEG GLYKEVIPADGELS TOV Papév LETAA®OV KAT® TV TPOPAETOUEV®V
opiwv o taen adpavedv arofintev. ErumAiéov, ta Papéa pétallo mov mepéyoviatl 6To deiypo

etvar Myotepo Prodwbéciuo kotdémy g TAdoMg, OmmG deiyvouy Kol TO OmOTEAEGLATA TNG
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nebodov SEP. Ta yAwprodyo amotehovv, 6t0 cvyKekpyévo dgtypa, cofapd mpdpfinuo, aeod
ayyilovv moAD vynAég Tipéc. Ta ta detypota avtd mpoteiveton TEPAUTEP® EPELVO OGOV OLPOPAL
emovarapfovopeves dwooykés mivoelg ™me 0,5 dpog pe okomd va aeopedelt 0 LYNAOG

TOPAYOVTOS YA PLOVY®V.
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1. INTRODUCTION

The last years the great issue of waste management appears in several countries, developed or
developing, in the form of solid waste incineration. The great advantage of waste incineration,
apart from the notable decrease of volume of waste, is the gaining of energy. Most of Municipal
Solid Waste Incinerators (MSWI) in several countries operate in combustion of solid wastes,
while in parallel produce large amounts of energy, covering their energy needs and becoming
power plants, giving a serious aid in confronting the great environmental and social issue of

energy.

1.1 Waste transformation through combustion

Transformation processes are used to reduce the volume and weight of waste requiring disposal
and to recover conversion products and energy. The organic fraction of Municipal Solid Waste
(MSW) can be transformed by a variety of chemical and biological processes. The most
commonly used chemical transformation process is combustion, which can be used to reduce the
original volume of the combustible fraction of MSW by 85 to 95% (Tchobanoglous et al. 1993).
Incineration is viewed as a means to destroy pathogens and organic matter, and has typical
results of 60% reduction in weight of the waste being combusted (IAWG, 1997). In addition, the
recovery of energy in the form of heat is another attractive feature of the combustion process.
Although combustion technology advances the last decades, air pollution control remains a
major concern in implementation. The past decade a great change can be observed in incinerator
technology, which has been related to air pollution control (APC) systems. The desire to reduce
the emissions of undesirable contaminants to the atmosphere has resulted in the development of
a wide variety of APC systems. In turn, this has affected the characteristics and quantity of

residues (and liquid waste streams) generated from these systems (IAWG, 1997).

The treatment before landfilling or the potential reuse of the residues of APC control systems
and Bottom Ash, both originated from incinerator plants, are concerning several studies
nowadays (Bertolini et al., 2004; Bruder-Hubscher et al., 2002; Chimenos et. al., 2005; Chou et.
al., 2009; Derie, 1996; Ferreira et al., 2003 etc.) as well as the present study. This global research
is being developed in order to reach an environmentally acceptable solution, concerning MSWI
residues’ management, and furthermore an acceptable implementation of incinerator technology
of municipal solid wastes.
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1.2 Municipal Solid Waste (MSW)

Since the reduction of the original waste concentrates its mineral and elemental components,
fundamental knowledge of the characteristics of the MSW stream is essential in order to

understand which characteristics these materials impart on incinerator residues.

Municipal solid waste, as generated from residential and/or commercial sources, is
heterogeneous with respect to both physical and chemical composition. Although the
composition of MSW has changed throughout history, the most dramatic changes have occurred
during the last 50 years, noting an accelerated proliferation of waste organic matter, paper and
plastics.

In Table 1.1 is reported the average composition of municipal solid waste in the Veneto Region
of Italy, where this experiment took place.

Table 1.1 Average composition of municipal solid waste in the Veneto Region, Italy (Regione
Veneto, 2005. Piano regionale per la gestione dei rifiuti urbani (Legge regionale n. 3/2000,

articolo 13, comma 4).

Putrescible fraction 20.0%
Garden waste 15.0%
Paper and paperboard 20.6%
Plastics 11.7%
Glass 7.0%
Textiles 2.5%
Aluminium, ferrous and non-ferrous materials 2.3%
Wood 0.9%
Other (fine fraction, tetra pak, inert materials, napkins, hazardous waste...) 20.0%

The various components in the waste stream all have a unique chemical composition. Most of
the materials have varying quantities of carbon, hydrogen and nitrogen in their basic
composition. During the incineration process organic-based materials such as paper, kitchen
waste and plastics are generally oxidized to H,O, CO,, CO and minor constituents. Conversely,
inorganic compounds or minerals in the waste feed either remain as solid particles and are
trapped in the various residue streams, either are volatilised and carried in the flue gas stream

until condensed out onto particles, either are discharged with the flue gases (IAWG, 1997).

The sources of trace elements in MSW are diverse. For example: consumer products such as
batteries and circuit boards may contain cadmium, lead, mercury and zinc; pigments used in

printing inks, paints, glass and plastic may contain cadmium, chromium, lead and zinc; and
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preservatives or fungicides used in paints and lumber products may contain arsenic, copper or
mercury.

The distribution of elements within the different waste categories indicates that the organic, fines
and battery fraction of MSW contribute substantial proportions of many elements to the waste
stream, concerning European MSW waste. In Figure 1.1 we can observe the distribution of trace

metals in European MSW.
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Figure 1.1. Distribution of trace metals in European MSW (IAWG, 1997)

1.3 Municipal solid waste incinerator (MSWI).

The samples in this experiment derive from an incinerator plant, which produced also energy, in
the region of Veneto in Italy. The bottom ash (BA) derives directly from the grates, after been
quenched, the fly ash-esp (FAesp) derives from electrostatic precipitator (ESP) and fly ash-bg
(FAng) derives from bag filter (BG) of the incinerator plant.

1.3.1 Description of the combustion process

The basic operations involved in the combustion of MSW are identified in Figure 1.2.
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Figure 1.2. Typical incinerator plant which produces energy (http://www.londonwaste.co.uk/).

The operation begins with the uploading of solid wastes from collection trucks (1) into a storage
pit (2). The overhead crane (3) is used to batch load wastes into the feed chute (4), which directs
the wastes to the furnace. The solid wastes fall onto the grates where they are mass-fired. In
Figure 1.3 can be seen a representative grate system used in mass-fired MSW combustor.
Several different types of grate systems exist and are commonly used. Because most organic
wastes are thermally unstable, various gases are driven off as the combustion process takes place
in the furnace. These gases and small organic particles rise into the combustion chamber (5), and
burn at temperatures in excess of 900°C. Heat is recovered from the hot gases using water-filled
tubes in the walls of the combustion chamber and with a boiler that produces steam, which is
converted to electricity by a turbine- generator. Ash from the grates and unburned materials
(“Bottom Ash”), after have been quenched, are sent on to an on-site ash recycle plant (6). The
specialist processors remove any further metals for reuse and then grade and screen the ash for
potential use as an aggregate for road building or construction. To ensure that the maximum
amount of energy is recovered from the waste the hot gases from the boiler pass into the
economizer where they heat the incoming boiler water (7). The gases, cooled to about 180°C,
carry on into the air pollution control. Air pollution control equipment may include ammonia
injection for NOy control, an electrostatic precipitator (ESP) (8), a dry scrubber for SO, and acid

gas control (9), and a baghouse (fabric filter) for particular removal (10). The cleaned gases are
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discharged to the chimney (11) for atmospheric dispersion. Fly ashes are collected for pre-

treatment and landfilling.

Figure 1.3 Typical grate system - roller grate (Dusseldorf) used in mass-fired MSW combustor.

(http://www.londonwaste.co. uk/).

1.3.2 Electrostatic precipitator (ESP)

The electrostatic precipitator (ESP) operates on the principle of electrostatic attraction. A high
negative voltage, 20.000 to 100.000 V, applied to the discharge electrodes, produces a strong

electric field between the discharge and collector electrodes. Particles in the gas steam acquire a

negative charge as they pass through the electrical field. Because of their charge, the particles are
then attracted to the grounded collection electrode. After collection on the plates, particles are

removed by mechanical vibration on the plates. ESP efficiencies vary from 83% for fine particles

(<2 um) up to 99.8% for fine particles (> 10 um). A typical electrostatic precipitator is illustrated

in Figure 1.3.
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Figure 1.3. Typical electrostatic precipitator (http://ceenve3.civeng.calpoly.edu/cota/)

1.3.3 Fabric filter (BG)

A number of filter bags are connected in parallel in a housing. Particles in the flue gas are
trapped on a dust bed that gradually builds up on the surface of the fabric. The dust bed allows
the fabric to filter particles as small as 0,1um, much smaller than 50 to 75um open space
between the fibers of the fabric. As particles built up on the surface of the fabric, the pressure
drop across the fabric filter gradually increases. The particles are removed from the filter bags by
several technigues, including mechanical shaking, reverse air flow, and pulse jet. Unlike the
ESP, the fabric filter also has an ability to cope with fluctuations in both the particulate matter
loadings and gas flow rates through the system. The fact that the emissions from typical MSW
incineration processes are not consistent (since the feed material is not uniform) suggests that the
fabric filter is a preferred particle control device if high removal efficiencies are required. A

typical fabric filter installation is illustrated in Figure 1.4.
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Figure 1.4. Typical fabric filter installation (http/Awww.pcsesp.com)
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1.3.4 Dry and semi-dry systems

The bag filters in the specific incinerator plant, of which the samples of this experiment derive,
follow after a dry system, while the electrostatic precipitator (ESP) follows after a semi-dry
system. Each of these systems influences differently the chemical composition of the residues,

and is described hereupon.

Dry System: "Dry" lime-based APC systems operate by injecting powdered lime into the flue

gas stream, either in conjunction with humidification of the flue gas stream, or alone. The
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injection is performed in a reactor chamber (dry reactor) before the particles entrained in the flue
gas stream pass into a separate dust collection unit, such as an ESP or fabric filter. In the
incinerator plant of which the samples of this experiment derive uses a fabric filter after the dry
reactor. The residue generated from these dry processes usually consists of a fine-powdered
mixture of fly ash, reaction products (predominantly calcium chloride) and unreacted lime, and is

generally referred to as dry scrubber or fabric filter residue.

Semi-dry System: "Semi-dry" APC systems operate in much the same manner as dry systems,
however, the lime is usually mixed with water and is injected into the flue gas stream as a slurry.
Residues from semi-dry processes resemble the residue from dry processes, although there is

usually a lower content of unreacted lime due to a better reaction stoichiometry.

1.4 Goal of this experiment

The municipal solid waste stream consists of components containing an almost unlimited
number of chemical compounds and virtually every element. The intent of burning this waste is
to destroy the organic constituents and to convert the inorganic species into essentially inert
materials. Since all chemical processes are controlled by equilibriums, complete conversion may
not be achievable in some cases. Furthermore, side-reactions may take place causing the
production of unwanted by-products. Many transformations in the combustion chamber or in the
resulting residues from an incinerator may produce compounds which have the potential to
impact on the environment through contamination of air, soil or groundwater. These reactions
have to be minimized by appropriate control of the combustion process and all other processes

associated with MSW incineration and/or by adequate treatment of combustion residues.

In order to minimize the potential environmental risk, several researches study the methods of
treatment of combustion residues. Their goal is to achieve the established limits for landfilling or

the proper conditions for reusing.

Several studies propose the option of washing tests as a pretreatment before landfilling or reuse
in cement industry (Chimenos et al., 2005; Cossu et al., 2010; Chou et al., 2009; Zhu et al.,
2009). Most of the studies concern bottom ash samples and fly ashes which derive from fabric
filters of the incinerator plant, or mixed fly ashes. In this study, apart from bottom ash samples
and fly ashes for fabric filters, fly ashes from electrostatic precipitator also have been subjected
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to washing tests. The batch leaching tests and the sequential extraction procedures (Fuentes et
al., 2004; Abbas et al., 2003; Yao et al., 2010; Chou et al., 2009; Bruder-Hubscher et al., 2002)
are significant tools in order to evaluate the potential environmental risk of the hazardous
components of these residues when landfilling them. In a potential application of the treated
residues on a landfill, in order to evaluate the risk of environmental pollution, is of high
importance the understanding of the components’ bioavailability, apart from their total
concentration. Thus, in this experiment is also chosen a Sequential Extraction Procedure (SEP)
based on the one developed by Barbafieri et al., 1996, in order to study the components’
bioavailability for these waste samples. After washing tests, the parameters of washed and
unwashed samples were compared, in order to evaluate the efficiency of the washing tests
concerning several parameters. Moreover, SEP is subjected in order to evaluate the

bioavailability of heavy metals which were contained in the residues.
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2. MATERIALS AND METHODS

2.1 Waste samples

The experiment was performed on three samples collected from a Municipal Solid Waste
Incinerator (MSWI) in Veneto Region, Northern Italy:

. bottomash (BA);

. fly ash from bag-filters (F Ang);

. fly ash from electrostatic precipitators (FAesp).

The bottom ash sample, due to its heterogeneity, was well mixed before sampling in order to
achieve a representative sample (Figure 2.1). The other two samples, fly ash of bag-filters and
fly ash of electrostatic precipitators were collected directly from the exit of each respective filter.
In the Figures 2.2 and 2.3 are shown the collection and the storage of fly ash. The operation of
the MSWI has been described in paragraph 1.3, as well as the parts of the plant of which the
specific residues derive.

The total amounts of the samples that have been collected are reported in Table 2.1.

Figure 2.1. Sampling of bottom ash.
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Figure 2.2 Collection funnel of fly ash.

Figure 2.3 Storage of fly ash.

2.2 Description of the experimental process

Prior to washing procedure, all waste samples have been subjected to physical-chemical
characterization, to determine both solid composition and leachable fraction by means of
standard batch leaching test.

Afterwards, washing tests with different treatment times 0.5, 3 and 6 hours were performed for
each sample. Consequently, the physical- chemical characterization of the washed waste was
performed, likewise the previous step, both solid composition and leachable fraction.

Finally, the raw waste and washed waste samples after washing test of 0.5 hour were further
treated with a Sequential Extraction Procedure (SEP).

The scheme of the experiment is shown in Figure 2.4.
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Figure 2.4. Scheme of the experiment (L = amount of washing water, S = amount of washed
waste, Xsij= concentration of i-substance in the raw waste, L* = amount of washing effluent, x_;
= concentration of i-substance in the washing effluent, e;; = concentration of i-substance in the
eluate of batch leaching test for the raw waste samples, ey = concentration of i-substance in the
eluate of batch leaching test for the washed waste samples, Li-1, L;-2, L-3 = extracted solutions
after SEP for the raw waste samples, L1, Lw-2, Lw-3 = extracted solutions after SEP for the

washed waste samples).

2.3 Composition analysis of the samples

In the case of BA sample, it was necessary to divide the fine part (< 10 mm) from the un-
combusted materials (Figure 2.5). In fact, in the municipal solid waste combustion residues can
be found non combustible materials, such as metals, inert materials (ceramics, glasses etc) or
other materials un-combusted materials, such as carbon, paper, wood, sponge etc. Table 2.1
shows the amount of the total and under-sieve (<10mm) fraction of samples. Table 2.2 shows the
different fractions of BA represented as percentage of total weight of the sample as a result after
the composition analysis of the sample.

The fine part < 10 mm has been considered as the final sample, which is used for all the stages of

the experiment.
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Figure 2.5. Separation of the waste sample BA.

Table 2.1. Totaland under-sieve amounts of the collected waste samples.

Sample Weight Undersieve (< 10mm)
[ka] [ka]

BA 66.3 49.3

FAyg 36.9 36.9

FAesp 40.7 40.7

Table 2.2. Composition of the bottom ash sample, expressed as percentage of total weight.

BOTTOM ASH [kg] [%]
inert 12.1 18
metals 4.08 6
others 0.79 1
undersieve <10 mm 49.32 75
Total 66.3 100

2.4 Physical- che mical characterization of raw waste samples

In order to characterize the waste samples, physical- chemical analyses were performed to define
the solid composition and leachable fraction of the various parameters.

The following parameters were analysed on the waste samples:

. Totals Solids (TS) and Volatile Solids (VS);

. Total Organic Carbon (TOC);

. Metals (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
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Batch leaching tests were performed to determine the soluble fraction of components presented
in each waste sample. The results of batch leaching tests show the release of the soluble
compounds in the water. Batch leaching tests were performed for all samples in accordance with
standard method UNI EN 12547-2. The ratio between leaching reagent (distilled water) and solid
sample, according to UNI EN 12547-2, is L/S= 10 I/kgrs. Batch leaching test was performed into
high density polyethylene (HDPE) vessels of 1 litre with 0.090 kgrsof solid sample (Figure 2.6)
and 0.9 | of distilled water have been set into the vessels. All the samples have been agitated with
an overhead mixer Rotax 6.8 (Figure 2.7) in the rate of 10 rpm for 24 hours. Eluates, following
filtration at 0,45 um (Figure 2.8), have been subjected to analyses to determine the following
parameters:

" pH;

. Electric Conductivity (EC);

" Chlorides (CI);

. Dissolved Organic Carbon (DOC);

" Metals (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

All the parameters were determined in triplicate following standard methods reported in Table
2.3.

Figure 2.7. Overhead mixer Rotax 6.8
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Figure 2.8. Filtration of the eluates at 0.45 pm.

Table 2.3 Reference analytical methods and equipment used in testing of liquid and solid

samples.

SAMPLE REFERENCE METHOD/ EQUIPMENT  DESCRIPTION

solid IRSA CNR Q.64/85 vol.2 n°2 Gravimetric methods after drying at 105 °C for 12h

solid IRSA CNR Q.64/85 vol.2 n°2 Gravimetric methods after drying at 550 °C for 4h

solid Shimadzu TOC-VCSN Analyzer Infrared detection of CO, during dry combustion

liguid  IRSA CNR 29/03 vol.2 n°5040 Infrared detection of CO, during dry combustion

solid EPA 1996 n° 6010 Analysis of aqua regia extracts by inductively coupled
liguid  IRSA CNR 29/03 vol.1n°3010°+3020 plasma atomic emission spectroscopy

liquid IRSA CNR 29/03 vol.2 n°4090 B Potentiometric method

liquid IRSA CNR 29/03 vol.1 n°2060 Potentiometric method

liguid  IRSA CNR 29/03 vol.1 n°2030 Measure of electrical resistance using a conductivity cell

2.5 Washing tests in technical scale

Every sample has been subjected to washing tests in technical scale, into a concrete mixing
machine (Figure 2.9). Considerable quantity of each sample (3 kgrs) was considered, followed
by adding respective amount of water in order to achieve a liquid/solid ratio L/S =5 Vkgrs.

Each sample was subjected to washing tests of 0.5, 3 and 6 hours respectively. The rotation
speed of the concrete mixing machine was set at 26 rpm. All washing tests were performed in an

outside facility at ambient temperature.
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After washing, solid sample was separated from liquid fraction (eluate). Solid sample was stored
for analyses. Liquid fraction was filtrated by a qualitative filter paper (pore diameter: 25-30 pum)

and was also stored for analyses.

Figure 2.10. Concrete mixing machine used for the washing tests in pilot scale.

The following parameters were analysed on washed samples:
. Total Organic Carbon (TOC);
" Metals (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

The following parameters were analysed on the eluate:

" pH;

" Electric Conductivity (EC);

. Chlorides (CI);

" Dissolved Organic Carbon (DOC);

. Metals (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).

All the parameters were determined in triplicate following standard methods reported in Table
2.3.
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2.6 Sequential Extraction Procedure (SEP)

Raw and washed waste after washing of 0.5 hour have been subjected to a Sequential Extraction
Procedure (SEP) based on the one developed by Barbafieri et al., 1996. We have decided the
samples of 0.5 hour washing to be subjected in SEP because a noticeable decrease of theirs
concentration in various heavy metals and in chlorides have been observed. The fact that we had
notable results in decreasing the concentration of several parameters in shorter time played an
important role in our decision, as with shorter washings less energy is spent.

The equipment used for the SEP were 50 ml polyethylene (PE) vessels in which was put the
amount of dry sample (4 g) with 20 ml of the extraction agent. The vessels have been agitated for
2 hours for each extraction in a magnetic rotation machine at ambient temperature. After every
extraction, the extraction solution was centrifuged (4000 rpm, 10 min), filtrated by a qualitative
filter paper (pore diameter: 25-30 um) and filled up to 100 ml with distilled water. For both F Apg,
samples, before and after washing, became necessary to put a small amount of HNO3 (1 mk5
ml), in order to achieve the acidic conditions required in the specific method used for measuring
the concentration of the metals. The first extraction agent in the first extraction was distilled
water, the second extraction agent was KNO3 (1 M), while the third was Na,EDTA (1%). All the
extraction conditions are reported in Table 2.4.

The SEP was performed in triplicate for each waste sample in order to have representative
results.

Table 2.4. Conditions of the sequential extraction procedure.

Extraction Conditions

Fraction Extraction Agent
Mixing time (h) Temperature (°C)
i 20 ml H,0 2 20
ii 20mI KNO; (1 M) 2 20
iii 20 ml Na,EDTA (1%) 2 20

Finally, the following parameters were analysed on the extraction solutions, after each extraction
procedure:

] pH.

" Electric Conductivity (EC).

. Metals (Ba, Cd, Cr, Cu, Mo, Ni, Pb, Zn).
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3. RESULTS

3.1 Raw waste characterization

3.1.1 Physical- Chemical characterization of raw waste samples

The results related to the characterization of raw waste samples are reported in Table 3.1.

Table 3.1. Characterization of raw waste samples

PARAMETER UNITS BA FAog FAesp
TS grs/gma 0,75 1,00 0,99
S 8vs/gs 0,06 0,05 001
TC % TS 1,49 1,00 1,00
Ba me/kgrs 564 e 733
cd me/kgrs 2,00 4,66 303
cr me/kgrs 101 DR 336
Cu mg/kgrs 1175 29,8 1422
Mo mg/kgrs 3,00 0,98 12,8
Ni mg/kgrs 52,3 1,97 46,3
Pb mg/kgrs 970 51,2 4426

Zn mg/kgrs 1486 181

16667

All the values are average of minimum of three replicates. The values of all the replicates are
shown in Appendix. Values in light grey are concentrations that were under the detection limit of
the instrument.

Total Solids (TS), Volatile Solids (VS). The high value in water content in Bottom Ash (BA)
sample is due to the quenching process and the storage environmental conditions in the thermal
treatment plant. On the other hand, the low values in water content in Fly Ashes from bag filter
and electrostatic precipitator reflect the conditions in dust collectors. Low Volatile Solids (VS)
content prove that any water present in the samples is rather external humidity than samples’

moisture.

Total Carbon (TC). For all samples the values of Total Carbon (TC) are very low. This is
expected due to the legislation that defines low limits of TC in residues from incineration plants.
Specifically, concerning the sample BA, the directive of EU for the incineration of waste reports
“Incineration plants shall be operated in order to achieve a level of incineration such that the
slag and bottom ashes Total Organic Carbon (TOC) content is less than 3% or their loss on

ignition is less than 5% of the dry weight of the material’> (2000/76/EC).
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Metals. The highest values of metals are obtained for copper, lead and zinc. Especially in the
sample FAes, are observed the highest values of all metals compared to the other samples. Other
studies for ashes also report high concentrations of these metals (Chiang et al., 2009; Yao et al.,
2010; Chimenos et al., 2005; Cossu et al.,, 2010; Herck et al., 2001). Although metal
concentrations of ashes can vary, depending on the solid wastes that have been incinerated in
each case, in general terms these particular metals always outnumber in regard to the others.
According to other studies concerning fly ashes, lead and zinc are the heavy metals most present
because of they are transported in the stream as volatile chlorides that afterwards condense on
the ash particles (Chiang et al., 2009; Chimenos et al., 2005; Fernandez et al., 1992). On the
other hand, concerning bottom ash sample, has been indicated that heavy metals are mainly

transferred to the bottom ash during the incineration process (Yao et al., 2010).

3.1.2 Results of batch leaching tests for raw waste
The parameters measured after batch leaching tests of raw waste samples are reported in Table
3.2.

Table 3.2. Results of batch leaching tests for raw waste samples compared to limits established
by ltalian regulation (D.M. 27/09/2010), for different kind of waste (I=inert, NH=Non

Hazardous, SH= stable non-reactive hazardous, H=hazardous).

Landfilling limits

PARAMETER UNITS BA FAog FAesp
I N-H S-H H
DOC mgC/| 19,33 770 2,55 50 100 80 100
Ba mg/l 7,48 0,20 0,52 2 10 10 30
cd mg/| 0,02 0,02 0,02 0,004 0,1 0,1 05
cr mg/| 0,02 0,02 5,40 0,05 1 1 7
Cu mg/| 0,17 0,02 0,02 0,2 5 5 10
Mo mg/| 0,03 0,02 0,58 0,05 1 1 3
Ni mg/| 0,04 0,04 0,04 0,04 1 1 4
Pb mg/| 2,74 0,68 0,06 0,05 1 1 5
Zn mg/l 0,27 0,12 0,02 04 5 5 20
cr (mgCI'/l) 194,50 26,50 16558 80 2500 1500 2500
pH - 13,17 11,84 11,30
EC mS/cm 8,00 147 59,60

All the values are average of minimum of three replicates. The values of all the replicates are
shown in Appendix. Values in light grey are concentrations that were under the detection limit of

the instrument.
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Table 3.3. Percentage [%] of leachable metals concentration in comparison with concentration in

solid.

BA FAbg FAesp
Ba 13,3 16,4 0,71
cd 10,0 4,29 0,07
Cr 0,20 20,4 16,1
Cu 0,15 0,67 0,01
Mo 9,17 20,4 45,7
Ni 0,76 20,3 0,86
Pb 2,82 13,3 0,01
Zn 0,18 0,68 0,00

Dissolved Organic Carbon (DOC). The DOC concentrations for the eluates of the samples BA
and FAes are under the landfilling limits for inert waste. Contrariwise, DOC concentration for
the eluate of the sample FAyg exceeds the limits for inert, non- hazardous, stable non-reactive

hazardous and hazardous waste.

Metals. Concerning the waste sample BA we can observe the highest concentrations for barium
and lead. In the case of sample FAn; we can observe high values of concentrations for lead,
barium and zinc. Ultimately, the concentrations related to the sample FAes are high for
chromium, barium and molybdenum. Cadmium concentration for all the samples exceed the
landfilling limit for inert waste. We can observe that the leachability of each metal depends on its
behaviour and mineralogy and not necessarily on its increased concentration in the waste
characterization. Some metals which were found in high concentration on solid have not been
released in the batch leaching test eluate. This can be noticed in Table 3.3 that reports the
percentage of metals concentration in eluates, in comparison with the total amount in raw waste.
As it can be observed, for example copper concentration is very high in solid for all samples
(1175, 29,8, 1423mg/kgrs for BA, FApg and FAesp, respectively), but the percentage released in
the eluates is low (0,15, 0,67 and 0,01% for BA, FAyg and FAesp, respectively). In general, it is
obvious that some metals are more soluble than others and a significant fraction of them can be
removed by washing with water, while for some others don’t. It is possible that a large fraction
of metal is encapsulated in the silicate matrix structure or occurs as insoluble mineral (Herck et

al., 2001). Therefore, the form in which the metal occurs in the ashes is important. The
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sequential extraction procedure, which was also performed in this experiment, contributes further

in understanding the leaching behaviour of metals.

Chlorides (CI'). The highest concentration of chlorides is measured in FAssp sample (16589
mg/l), that exceeds the landfilling limits for hazardous waste. The concentration in BA sample is
equal to 195 mg/l which is over the limit for inert waste but complies with the limit for non-
hazardous waste. Finally, the concentration of chlorides for the FA,y complies with the limit for
inert waste. The content of CI" in the sample FAy is unexpectedly low, whereas in other studies

much higher values are reported.

pH. The eluates of all the samples have alkaline pH with great values (11,30, 11,84 and 13,17
for BA, FAy and FAes, respectively). Many studies show similar results (Chiang et al., 2009;
Wang et al., 2008; Yao et al., 2010).

Electric Conductivity (EC). Highest electric conductivity value is for FAug (147 mS/cm). In
general, high values of EC can be correlated with the high concentration of chlorides, metal ions,

as well as with the presence of ionized suspended particles (Prieto et al., 2000).

3.2 Washed waste characterization

3.2.1 Physical- Chemical characterization of washed waste samples

The results related to the characterization of washed waste samples are reported in Table 3.4.

Table 3.4. Characterization of washed waste samples, after 0,5, 3 and 6 hours of washing.

PARAMETER  UNITS  BAO.5 BA3 BA6  FAbg0.5 FAbg3 FAbg6 FAesp0.5 FAesp3  FAesp 6

TC % TS 1,30 1,72 1,38 1,00 1,00 1,00 1,00 1,00 1,00
Ba mg/kgrs 587 590 469 13,7 235 17,8 526 430 447

cd mg/kgrs 1,69 1,51 1,15 2,89 417 3,76 289 406 419

cr mg/kgrs 125 117 108 0,98 097 096 446 467 447

Cu mg/kgrs 2005 1585 3708 20,7 275 21,4 1312 1543 1458
Mo mg/kgrs 3,74 5,61 4,00 0,98 097 096 13 12,9 12,2
Ni mg/kgrs 61,8 83,1 62,2 1,96 1,95 1,92 71,5 58,1 55,3
Pb mg/kgrs 1112 768 770 42,2 40,1 40,3 4239 5494 5174
Zn mg/kgrs 1252 1210 3542 155 223 177 18411 23463 10192

All the values are average of a minimum of three replicates. The values of all the replicates are
shown in Appendix. Values in light grey are concentrations that were under the detection limit of

the instrument.
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Total Carbon (TC). For all the samples the values of Total Carbon (TC) are very low. There is
an insignificant increase of total carbon for the samples of bottom ash, compared to prewashed

samples.

Metals. The highest values of metals are obtained for copper, lead and zinc, while barium and
chromium follow, as in waste characterization of raw waste samples. Almost all the values of
concentrations of the metals increase in waste characterization after the samples have been
washed. Other studies also show similar results concerning the increase of the metals in waste

characterization after washing tests (Chiang et al., 2009, Derie 1996).

3.2.2 Results of leaching batch test for washed waste samples
The results of leaching batch test for washed waste samples compared with the landfilling limits

are reported in Table 3.5.

Table 3.5. Results of batch leaching tests for washed waste samples after 0,5, 3 and 6 hours of
washing, compared to limits established by Italian regulation (D.M. 27/09/2010), for different

kind of waste (I=inert, NH=Non Hazardous, SH= stable non-reactive hazardous, H=hazardous).

Landfilling limits

BAO,5 BA3 BA6 FAbg0,5 FAbg3 FAbg6 FAesp05 FAesp3 FAesp6 | N-H S-H H
DOC mgC/I 6,95 7.8 7,04 50 50 50 1 1 1 50 100 80 100
Ba mg/| 0,17 0,26 0,19 0,28 0,38 0,7 0,13 0,15 0,13 2 10 10 30
Cd mg/I 001 001 001 0,04 0,02 0,02 0,01 0,01 0,01 0 01 01 05
Cr mg/| 0,01 0,01 0,01 0,04 0,02 0,02 3,92 3,16 193 005 1 1 7
Cu mg/I 023 015 0,09 0,02 0,02 0,02 0,01 0,01 0,01 0,2 5 5 10
Mo mg/I 0,04 0,04 0,03 0,02 0,02 0,02 0,32 0,38 0,32 005 1 1 3
Ni mg/I 002 002 002 0,04 0,04 0,04 0,02 0,02 0,02 004 1 1 4
Pb mg/I 0,03 0,08 0,06 0,39 0,29 0,45 0,03 0,06 0,04 005 1 1 5
In mg/I 001 002 003 0,05 0,02 0,02 0,01 0,01 0,01 04 5 5 20
cl” (mgCl'/l) 825 675 545 28 37,5 34,5 3641 8847 7740 80 2500 1500 2500
pH - 11,9 11,5 111 11,3 11,5 11,7 11,3 11,6 11,5 -
EC mS/cm 134 102 094 85,6 93,1 99 16,3 30,1 26,9 -

All the values are average of a minimum of three replicates. The values of all the replicates are
shown in Appendix. Values in light grey are concentrations that were under the detection limit of

the instrument.
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Dissolved Organic Carbon (DOC). The DOC concentrations for the eluates of the washed
waste samples decrease for all the samples, compared to the results of leaching tests for raw
waste samples. All the values are below the landfilling limits or approach them in the case of
FAng. Also other studies report high values of DOC, despite the low concentration of TC in the
solid part of the samples. (Cossu et al., 2010)

Metals. Concerning the waste sample BA we can observe the highest concentrations for barium
and copper, which approach or exceed the limits for inert waste. About the waste sample FA g
we can observe high values of concentrations for lead and barium, which exceed the landfilling
limits for inert waste. Ultimately, the concentrations related to the sample FA¢s, are high for the
metals chromium and molybdenum, exceeding the limits for inert waste, while in the case of
barium, approaching them. For almost all the metals there is a decrease of their concentration in
the results of batch leaching tests for washed waste samples, compared to those performed for
the respective raw waste samples. Many metals that were above the landfilling limits before
washing, after specific washing treatment are below the limit for inert waste (Ba, Pb, Zn), non-
hazardous waste (Cd, Mo) or hazardous (Cr). As indicated in the results of other studies along
with those ones after sequential extraction procedure in this experiment, copper is not really
extractable with water washing. In fact the values of its concentration remain intact or diverge a

little, comparing the results before and after washing treatment.

Chlorides (CI'). The highest concentrations of chlorides are found in the FAgs, eluate that exceed
all landfilling limits. The concentrations of the sample BA are under the limit for inert waste or
approaching it. Finally, the concentrations of chlorides for the FAuy comply with the limit about
inert waste. Chloride’s concentrations decrease after washing treatment, compared to the results
of leaching tests of raw waste samples, for the samples BA and FAesp, but not for the sample
FAbg (Figure 3.1). The chlorides in fly ash, which mainly include alkali chlorides such as NacCl,
KCI and CaChk, (IAWG, 1997), are readily water- extractable, and can be eliminated by
dissolution with water. For the sample FAp this is not the case, probably because of the

unexpected low values in the results of washed and raw waste samples.
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Figure 3.1. Concentration of chlorides in the eluates of batch leaching tests for the raw waste
samples (RW) and the washed waste samples (WW): BA (@), FAug (b), FAes (C).

pH. The eluates of all the samples have alkaline pH with high values, as in the results of batch
leaching test of raw waste samples.

Electric Conductivity (EC). Highest values for electric conductivity are found in the eluate of

FAng. The decrease of EC, compared to that for leaching test of raw waste samples, can be

correlated with the decrease of concentration of chlorides and metal ions.

69



3.3 Waste washing eluate characterization

The results for the parameters analysed in eluates after washing tests of 0,5 hour, 3 hours and 6

hours are reported in Table 3.6.

Table 3.6. Results for the parameters analysed in eluates after washing tests 0f0,5, 3 and 6 hours
compared with Italian legislation limits values (Law 152/06) for emission into the municipal

sewerage system.

BA BA BA FAbg FApg FAug FAesp FAesp FAesp
Limits

0,5 3 6 0,5 3 6 0,5 3 6

DOC mg/l 31 32 35 50 50 50 1,00 1,00 1,00 -

Ba mg/l 0,92 1,47 0,22 0,23 0,18 0,12 0,38 0,39 0,30 -

cd mg/l 0,02 0,01 0,01 0,08 0,04 0,02 0,01 0,01 0,04 0,02

Cr mg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,57 1,05 1,87 4

Cu mg/l 0,34 0,29 0,31 0,15 0,10 0,08 0,13 0,09 0,07 0,4

Mo mg/l 0,02 0,02 0,03 0,01 0,01 0,01 0,14 0,24 0,33 -

Ni mg/l 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 4

Pb mg/l 0,28 0,35 0,14 1,63 1,07 0,99 10,50 0,03 0,03 0,3

Zn mg/l 0,09 0,07 0,05 0,27 0,22 0,18 0,37 0,02 0,02 1

al (mg/1) 195 231 217 18 115 67 32458 32643 34443

pH - 12,7 13,1 12,5 11,5 11,5 11,5 12,3 12,0 10,8 5,5-9,5

EC mS/cm 6,34 5,86 3,30 147 147 145 94 94 96 -

Dissolved Organic Carbon (DOC). High values of DOC concentration are observed for the

samples BA and FA,.

Metals. Concerning the waste sample BA we can observe the highest concentrations for barium,
copper and lead. About the waste sample FA,g we can observe high values of concentrations for
lead, barium and copper. Ultimately, the concentrations related to the sample FAe, are
significant for barium, chromium, copper and molybdenum. Concerning the washing test for 0,5

hour this sample can be observed high values also for lead and zinc .

Chlorides (CI"). It can be observed for BA sample , that the increase of washing time does not
always imply an increase of chlorides in the eluates. The same fact can be also observed for the
sample FApg. This could be due to a potential rebound of the free chlorides into chemical

compounds after an accomplished equilibrium, due to the increased time of agitation with water.
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pH. The eluates of all the samples have alkaline pH with great values that exceed the limit

values for emission into municipal sewerage system.

Electric Conductivity (EC). Highest values for electric conductivity are for FApg whereas

values for BA are the lowest.

3.4 Waste washing efficiencies

3.4.1 Removal efficiency by washing treatment

Removal efficiency (n,,) obtained by washing treatment was calculated as follows:

Where:
L = amount of washing water (I);
S =amount of washed waste (kg);

x,; = concentration of i-substance in the washing effluent;

x ;= concentration of i-substance in the raw waste.
It was assumed that the amount of water used for washing (L) was roughly equal to the output of

washing effluent (L*) (see Figure 2.4)

In Table 3.7 are reported the values of removal efficiency (nw) for several parameters. The
removal efficiency is obtained by washing treatment after %2 hour, 3 hours and 6 hours of

washing, for each sample.
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Table 3.7. Results of removal efficiency (nw %) obtained by washing treatment after 0,5, 3 and 6

hours.
FAbg FAesp
BA 0,5 BA 3 BA 6 0,5 FAbg 3 FAbg 6 0,5 FAesp 3 FAesp 6
TOC (%) n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.
Ba (%) 0,82 1,30 0,19 9,77 7,57 4,91 0,26 0,27 0,20
Cd (%) 7,13 3,54 3,20 9,09 4,12 2,46 0,02 0,02 0,07
Cr (%) 0,05 0,05 0,05 n.c. n.c. n.c. 0,85 1,55 2,78
Cu (%) 0,15 0,12 0,13 2,56 1,63 1,37 0,05 0,03 0,03
Mo (%) 2,61 2,57 4,13 n.c. n.c. n.c. 5,44 9,56 12,9
Ni (%) 0,19 0,19 0,19 n.c. n.c. n.c. 0,22 0,22 0,22
Pb (%) 0,14 0,18 0,07 15,9 10,4 9,69 1,19 0,003 0,003
Zn (%) 0,03 0,02 0,02 0,75 0,61 0,50 0,01 0,0007 0,0005

n.c. non calculable, the concentrationin eluates of washed samples was greater than the concentration in eluates
of raw samples

As removal efficiency shows (Table 3.7), comparing the amount of each element released in the
effluent after washing treatment to the amount in the raw waste, most of the parameters are
stable and not soluble with water extraction. Highest values for BA sample are observed for
cadmium and molybdenum. For FAyg sample the highest values are found for lead, barium,
cadmium and copper. Finally for the samples of FAes greatest values can be observed for

molybdenum.

3.4.2 Improvement of landfill acceptability

The results of batch leaching tests are used as criteria of admission for waste being landfilled.
The results of these tests are of high importance, given the fact that the release of the soluble
compounds, when in contact with water, is the most important mechanism of transferring
contaminants from waste fractions landfilled to the environment. Thus, the efficiency which
concerns the concentration of parameters in the eluates of batch leaching tests before and after

waste treatment is a valuable factor in understanding the improvement of landfill acceptability.

The efficiency of the acceptability increase after washing treatment was calculated as follows:
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Where:

e, ;= concentration of the j-substance in the eluate of UNI EN 12547-2 batch leaching test for the
raw waste samples;

e,,;= concentration of the j-substance in the eluate of UNI EN 12547-2 batch leaching test for

the washed waste samples.

In Table 3.8 are reported the results of the efficiency of the acceptability increase (n, ;) after

washing treatment after /2 hour, 3 hours and 6 hours of washing, for each sample.

Table 3.8. Results of the efficiency of the acceptability increase (n, ; %) after washing treatment

of 0,5, 3 and 6 hours.

BA 1/2 BA3 BA6  FAbg1/2 FAbg3 FAbg6 FAesp1/2 FAesp3  FAesp 6
DOC (%) 64 60 64 94 94 94 61 61 61
Ba (%) 98 97 97 n.c. n.c. n.c. 75 70 75
Cd (%) 50 50 50 n.c. 0 0 50 50 50
Cr (%) 50 50 50 n.c. 0 0 28 41 64
Cu (%) n.c. 14 50 0 0 0 50 50 50
Mo (%) n.c. n.c. n.c. n.c. 0 0 45 35 45
Ni (%) 50 50 50 0 0 0 50 50 50
Pb (%) 99 97 98 43 58 34 50 3 29
Zn (%) 96 94 90 62 84 84 56 56 56
a (%) 58 65 72 n.c. n.c. n.c. 78 47 53
EC (%) 83 87 88 42 37 33 73 49 55

n.c. non calculable, the concentrationin eluates of washed samples was greater than the concentration in eluates

of raw samples

As it can be observed in Table 3.8 , the highest values of efficiency of the acceptability increase
are for dissolved organic carbon (DOC), for barium, lead, zinc, for chlorides and for electric

conductivity.

3.5. Sequential Extraction Procedure

3.5.1 SEP on samples of BA

The sequential extraction procedure (SEP) results for bottom ash samples are reported in Tables

3.9and 3.10. In Table 3.9 are reported the values of several parameters analysed in the extraction
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solutions as results from the three sequential extractions on raw waste samples, while in Table
3.10 are reported the values from the extractions on washed (after 0.5 hour washing test) waste
samples. The first extraction (i) has been performed with H,O, as an extraction agent, the second
(ii) with KNO3 (1 M) and the third (iii) with Na,EDTA (1%).

Table 3.9. Results of sequential extraction procedure for raw BA sample.

Extractions

i (H,0) i (KNO3) iii (Na,EDTA)

Ba mg/| 0,39 0,16 0,17
cd mg/! 0,01 0,01 0,01
Cr mg/| 0,03 0,03 0,03
Cu mg/I 0,14 0,05 0,60
Mo mg/| 0,02 0,01 0,01
Ni mg/| 0,02 0,02 0,02
Pb mg/! 0,09 0,03 3,24
Zn mg/| 0,10 0,01 0,56
pH - 11 11,2 9,9

EC mS/cm 1,27 37 14

Table 3.10. Results of sequential extraction procedure for BA washed (0,5 h) sample.

Extractions

i (H,0) i (KNO3) iii (Na,EDTA)

Ba mg/| 0,03 0,17 0,06
cd mg/| 0,01 0,01 0,01
Cr mg/| 0,02 0,03 0,04
Cu mg/| 0,09 0,04 0,71
Mo mg/I 0,02 0,01 0,01
Ni mg/I 0,02 0,02 0,02
Pb mg/I 0,03 0,03 3,55
Zn mg/| 0,01 0,01 1,07
pH - 10,6 11,4 9,64
EC mS/cm 1,06 44 13

The values of the released concentrations of barium and copper are higher for the raw wastes

comparing to those from the washed wastes (Figure 3.2). The highest fraction extracted for
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copper is in the last step of the SEP (Na;EDTA). In same Figure 3.2 lead and zinc are also
showing the highest values in the last extraction. All these four metals have significant values in

the extracted solutions.

10000

1000 —

100 —
N I i I [ I )
1 -

Ba RW Ba WW Cu RW CuwWw Pb RW Pb WW Zn RW Zn WW

Metal concentration [ug/l]

EH20 EKNO3(1 M) Na2EDTA (1%)

Figure 3.2. Concentration of the extracted barium, copper, lead and zinc for BA sample.

3.5.2 SEP on samples of FApg

The results after the sequential extraction procedure (SEP) for fly ashes from bag-filter are
reported in Tables 3.11 and 3.12.

Table 3.11. Results of sequential extraction procedure for raw FAg sample.

Extractions

i (H,0) i (KNO3) iii (Na,EDTA)

Ba mg/| 0,09 0,16 0,53
Cd mg/I 0,01 0,01 0,17
Cr mg/I 0,02 0,02 0,02
Cu mg/I 0,03 0,03 0,53
Mo mg/I 0,01 0,01 0,01
Ni mg/I 0,02 0,02 0,02
Pb mg/| 0,69 0,12 1,28
Zn mg/I 0,14 0,23 5,67
pH - 11,3 10,7 6,31
EC mS/cm 101 65 8,7
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Table 3.12. Results of sequential extraction procedure for FA,y washed (0,5 h) sample.

Extractions

i (H,0) i (KNO3) iii (Na,EDTA)
Ba mg/I 0,15 0,07 0,70
Cd mg/| 0,04 0,01 0,24
Cr mg/| 0,02 0,02 0,02
Cu mg/| 0,02 0,01 0,54
Mo mg/I 0,01 0,01 0,01
Ni mg/I 0,02 0,02 0,02
Pb mg/I 0,50 0,03 2,02
Zn mg/I 0,23 0,01 4,50
pH - 11,08 10,88 9,29
EC mS/cm 117 70 12,3

In this sample there were found high concentrations in the extracted solutions for cadmium

(Figure 3.3), apart from barium, copper, lead and zinc.

Metal concentration [ug/I]
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Figure 3.3 Concentration of the extracted barium, cadmium, copper, lead and zinc for the FApg

samples.
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3.5.3 SEP on samples of FAeg

The results after the sequential extraction procedure (SEP) for FAes, samples are reported in
Tables 3.13 and 3.14.

Table 3.13. Results of sequential extraction procedure for raw FAes, sample.

Extractions

i (H,0) i (KNO3) iii (Na,EDTA)
Ba mg/I 0,17 0,16 0,06
cd mg/I 0,01 0,01 0,71
Cr mg/I 0,64 0,63 0,55
Cu mg/| 0,01 0,01 0,76
Mo mg/I 0,10 0,08 0,05
Ni mg/| 0,02 0,02 0,02
Pb mg/| 0,04 0,04 39
Zn mg/I 0,03 0,02 6,5
pH - 10,4 9,2 9,6
EC mS/cm 57 62 24

Table 3.14. Results of sequential extraction procedure for washed FAes, (0,5 h) sample.

Extractions

i (H,0) i (KNO3) iii (Na,EDTA)

Ba mg/I 0,11 0,13 0,03
Cd mg/| 0,01 0,01 1,17
Cr mg/I 0,50 0,70 0,49
Cu mg/I 0,01 0,01 0,81
Mo mg/I 0,11 0,08 0,04
Ni mg/I 0,02 0,02 0,02
Pb mg/I 0,06 0,03 23

Zn mg/I 0,09 0,05 8,3

pH - 9,7 10,9 9,3

EC mS/cm 117 70 10,3

In this sample have been detected high values of chromium and molybdenum, apart from

barium, copper, lead and zinc. (Figure 3.4).
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Figure 3.4. Concentration of the extracted metals barium (Ba), cadmium (Cd), chromium (Cr),

copper (Cu), molybdenum (Mo), lead (Pb) and zinc(Zn) for the FAesp samples.
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4. DISCUSSION

The three different residues of MSWI have been subjected to two different types of treatment in
this experiment. Firstly, washing tests were performed, where distilled water was used as
extractor agent and secondly, a sequential extraction procedure, where in three sequential steps

distilled water, KNO3 and Na,EDTA were used as extractor agents.

The management of these particular residues has been concerning many researches and studies.
There is a view of using these residues in improving the pH values of soils in particular areas
which suffer fromacid rains, due to their high values of pH when water factor is added (Wang et
al., 2008). Furthermore there is a view of using these residues as fertilizers, because they are rich
in Ca, Na, K, Mg, B, S, Mo, P, K, which are beneficial nutrients for plants when used in proper
amounts (Ferreira et al., 2003; Wang et al., 2008). Another widespread view for the reuse of
these residues is for the cement industries (Zhu et al. 2009; Bertolini et al., 2004). Finally,

landfilling is another option for the management of these residues.

The pre-treatment of these residues should be used for every mentioned management option,

either in the case of reusing the residues either in the case of landfilling them.

Washing pretreatment can be beneficial for decreasing specific parameters which create
problems in reuse or in landfiliing. Concerning the potential reuse of the residues as amendment,
the concentrations of the heavy metals should be low in order to avoid phytotoxicity problems
(Wang et al, 2008). Washing pretreatment, as the results of this experiment show, decrease the
concentrations of several heavy metals. On the other hand, concerning the potential use of the
residues in cement industry, the chlorides, that they are rich in, must be decreased before utilize
themon the cement, otherwise corruption of steel can be happened (Glass et al., 1997). Washing
treatment can be beneficial also with the chloride parameter, as the results of this experiment
show, where high removal efficiency values of chlorides are observed. One of the potential
disadvantages of washing treatment can be the wastewater generated from the washing tests
performed. Some of the parameters analysed are over the limits for emission into the municipal
sewerage system. A solution on this problem could be the recycling of the wastewater in the

incinerator plant’s facility in the quenching process of bottom ash.
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Waste characterization of the residues in this experiment showed results above the landfilling
limits for many parameters. Either in the case of landfilling, or in that of using residues as
amendment, the bioavailability of the detectable elements plays an important role in order to

evaluate in which way these residues will affect the environment.

The results of sequential extraction procedure show which metals in these residues are more
bioavailable and contrast the samples in the case of washing pre-treatment and not.
Bioavailability provides a valuable tool for assessing the risk due to the exposure of plants and
organisms to high concentrations of metals (Cao et al, 2008). A current approach of the
scientific community considers the toxicity of metals depending on the bioavailability metal
fraction, rather than on their total concentration (Jing-Dong C. et al, 2009; Cao A. et. al., 2008.;
Amit K. G., 2005). The three different pools in the SEP used are: immediately soluble,
exchangeable, and complexed or adsorbed metals. The sum of these three pools represents the
bioavailable metal fraction.

In our case, in order to understand the behaviour of these residues several washing tests have
performed following by extraction procedures for selected samples. The chlorides have shown a
significant decrease after the washing treatment for the bottom ash samples and fly ashes from
electrostatic precipitator. Barium, copper, lead and zinc have been affected the most from the
washing tests, and moreover, as indicated from the results of the SEP, show high bioavailability.
Specifically for the bottom ash, barium is easily available, as it has high concentration on the
H,O part, while Cu, Pb and Zn follow. On the other hand, for the samples of fly ash from bag-
filter more available are Pb, Zn, Ba, while Cd and Cu follow. Finally, fly ashes from electrostatic
precipitator show higher bioavailability concerning the metals Cr, Ba, Mo while Pb and Zn
follow.

Summarizing for the bottomash (BA) sample, we can conclude that the washing treatment of 0,5
hours gives significant results in decreasing chlorides and heavy metals. The concentrations of
the heavy metals are under the landfilling limits for inert waste (Figure 4.1) after this washing
test. Chlorides are also under the landfilling limits for non- hazardous waste. Moreover, the

contained heavy metals are less bioavailable after washing treatment, as the results of SEP show.
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Figure 4.1. Concentrations of heavy metals in the leachable fraction of samples of bottom ash
before (RW) and after washing treatment (WW).

Summarizing for the fly ash from bag-filter (FAyg), we could conclude that the chlorides, after
washing tests, are lower than the provided limits, but most of the heavy metals are not affected
positively from the washing treatment (Figure 4.2). Most of them are not showing any decrease
on their concentration’s values, while others remain intact. Simultaneously the results of the SEP

are not showing smaller bioavailability of these metals after the washing treatment.
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Figure 4.2 Concentrations of heavy metals in the leachable fraction of samples of fly ash from
bag- filter before (RW) and after washing treatment (WW).

Finally, summarizing for the FAesp, We can conclude that the washing treatment of 0,5 hours
show the best results. The concentrations of the heavy metals are under the landfilling limits for

inert waste (Figure 4.3) after this washing test. Moreover, the contained heavy metals are less
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bioavailable after washing treatment, as the results of SEP show. This is because we remove part
of the bioavailable fraction of each metal with the first washing test (of 0,5 h). Chlorides are in
this case a major problem as they are reaching very high values. Perhaps in this case more
affective could be repetitive sequential washing tests of 0,5 h in order to remove the high
chloride content, instead of one long-term washing test. The results in this study but also in other
studies (Abbas et al., 2003; Chimenos et al., 2005) led us to this conclusion.
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Figure 4.3 Concentrations of heavy metals in the leachable fraction of samples of fly ash from

electrostatic precipitator before (RW) and after washing treatment (WW).
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5. CONCLUSION

In order to understand the behavior of the residues bottom ash, fly ash from bag-filter and fly ash
from electrostatic precipitator, all derived from MSW!I, several washing tests have performed

following by extraction procedures for selected samples.

For the bottom ash (BA) sample, washing treatment gives significant results in decreasing
chlorides and heavy metals, with the washing test of 0,5 hours showing the greatest removal
efficiency, in the aggregate. Specifically the greatest efficiencies of the acceptability increase are
observed for the heavy metals Ba, Pb and Zn. The concentrations of all the heavy metals, except
copper, are under the landfilling limits for inert waste after the washing treatment of 0,5 hour.
Chlorides are nearly over the landfilling limit for inert waste but below the one for stable non
reactive — hazardous waste. Moreover, the contained heavy metals are less bioavailable after
washing treatment, as the results of SEP show.

Concerning FAbg, the chlorides, after washing tests, are lower than the provided limits.
Moreover, the washing tests show high efficiency in removing large amounts of dissolved
organic carbon of the sample. On the other hand, most of the heavy metals are not affected
positively from the washing treatment. Most of them are not showing decrease on their
concentration’s values, while others remain intact. Simultaneously the results of the SEP are not

showing smaller bioavailability of these metals after the washing treatment.

Finally, for the FAesp, we can conclude that washing treatment gives significant results
concerning chlorides and heavy metals, with the test of 0,5 hours show the best results, as we see
that the concentrations of the heavy metals are under the landfilling limits for inert waste.
Moreover, the contained heavy metals are less bioavailable after washing treatment, as the
results of SEP show. Chlorides are in this case a major problem as they are reaching very high
values and it is suggested further research for repeated sequential washing tests of 0,5 h in order

to remove the high chloride content, instead of one long-term washing test.

83



6. REFERENCES

Abbas Z., A.P. Moghaddam, B.M. Steenari (2003). Release of salts from municipal solid waste

combustion residues. Waste Management, 23, 291-305.

Amit K. Gupta, Sarita Sinha (2005). Role of Brassica juncea (L.) Czern. (var. Vaibhav) in the
phytoextraction of Ni from soil amended with fly ash: Selection of extractant for metal
bioavailability. Journal of Hazardous Materials B136 (2006) 371-378.

Barbafieri M., Lubrano L., Petruzzelli G. (1996). Characterization of pollution in sites

contaminated by heavy metals: a proposal. Annali di Chimica, 86, 585-594.

Bertolini L., M. Carsana, D. Cassago, A.Q. Curzio and M. Collepardi (2004). MSWI ashes as
mineral additions in concrete. Cement and Concrete Research, 34, 1899-1906.

Bruder-Hubscher V., F. Lagarde, M. J. F. Leroy, C. Coughanowr, F. Enguehard (2002).
Application of a sequential extraction procedure to study the release of elements from municipal

solid waste incineration bottom ash. Analytica Chimica Acta, 451, 285-295.

Cao A, Carucci A, Lai T. (2008). Assisted phytoextraction for abandoned mining areas

remediation. Nova science publishers, Inc.

Chiang K.Y., C.C. Tsai, K.S. Wang (2009). Comparison of leaching characteristics of heavy
metals in APC residue from an MSW incinerator using various extraction methods. Waste
Management, 29, 277-284.

Chimenos J.M., A.l. Fernandez, A. Cervantes (2005). Optimizing the APC residue washing

process to minimize the release of chloride and heavy metals, Waste Management, 25, 686—693.

ChouJ.D., M.Y. Wey, S.H. Chang (2009). Evaluation of the distribution patterns of Pb, Cu and
Cd from MSWI fly ash during thermal treatment by sequential extraction procedure. Journal of
Hazardous Materials, 162, 1000-1006.

Cossu R., Lai T. (2010). Washing of waste prior to landfilling.

Cossu R., Lai T., Pivnenko K. (2010). Waste washing pre-treatment of municipal and special

waste.

84



Cooper C. D., Alley F. C. (2004). EAeyyoc Aépilog Pomavong. Zyedtaopnog AVIipumavtikng
Teyvoroyiog. Exdocelg TCioAa.

IMdopaxog E. (2006). Exucivovva Amopinta. Exkdocelg Zvyog.

Derie R. (1996). A new way to stabilize fly ash from municipal incinerators. Waste
Management, 16, 711-716.

Ferreira, C., Ribeiro, A., Ottosen, L. (2003). Possible applications for municipal solid waste fly
ash. Journal of Hazardous Materials B96, 201-216.

Fernandez, M.A., Martinez, L., Segarra, M., Garcia, J.C., Espiell, F. (1992). Behaviour of heavy
metals in the combustion gases of urban waste incinerators. Environmental Science and
Technology, 26, 1040-1047.

Fuentes A., Lloréns M., Saez J., Soler A., M.I. Aguilar, J. F. Ortufio, V. F. Meseguer (2004).
Simple and sequential extractions of heavy metals from different sewage sludges. Chemosphere,
54, 1039-1047.

Glass, G.K., Buenfeld, N.R. (1997). The presentation of the chloride threshold level for

corrosion of steel in concrete. Corrosion Science 39 (5), 1001-1013.

Jing-Dong Chou, Ming-Yen Wey, Hsiu-Hao Liang, Shih-Hsien Chang (2009). Biotoxicity
evaluation of fly ash and bottom ash from different municipal solid waste incinerators. Journal of
hazardous materials 168 (2009) 197-202.

KYA 22912/ 1117/2005 (®EK B’, 759/06.06.2005) «Métpa ko Opot yio tnv TpoAny | Kot Tov

TEPLOPIGUO TNG PUTAVONG TOL TEPPAAAOVTOG OO TNV ATOTEPPMGN TV ATOPAN TOWY.

KatsaveBaxng 1., Maiapdkng A., TlepkovAiong I'., Toatcapéing ©. (2010). A&omoinon
Actik®Vv Z1epe®V ATOPANTOV 00 TNV EVEPYELOKN CKOTIY KO O1 TTPOOTTIKES EQPUPLLOYNG GTNV

[Meprpépero Kevrpkng Maxedoviag, Teyvikd Empeinmpio EALGdoc, Mdaptiog, ®escarovikn.

Adhog A., T'ewpyomovriov E., I'dapdxoc E., I'céxag P., Aalapidon A., Mavpodmovrog A.,
Mowaocyeviig Z. kou ZeArdg N. (2007), Extiunon tov yeVIKEDUEVOV EMTTOCEDV Kol KOGTOVG
dayeipiong otepedv amoPfAntov, Ivetitovto Tomikng Avtodioiknong, Telkn €kBeom, Ampiiiog,

Abnva.

85



Van Herck P., C. Vandecasteele (2001). Evaluation of the use of a sequential extraction
procedure for the characterization and treatment of metal containing solid waste. Waste
Management, 21, 685-694.

IAWG (International Ash Working Group; A.J. Chandler, T.T., Eighmy, J. Hartlen, O. Hjelmar,
D.S. Kosson, S.E. Sawell, H.A., Van der Sloot, J. Vehlow) (1997). Municipal Solid Waste

Incinerator Residues. Studies in Environmental Science 67, Elsevier Science, Amsterdam.
IRSA-CNR (2003). Metodi analitici per le acque. APAT Manuali e Linee Guida 29/2003.

Prieto F., Barrado E., Vega M., Deban L. (2000). Measurement of electrical conductivity of
wastewater for fast determination of metal ion concentration. Russian Journal of Applied
Chemistry, V.74, 1321-1324.

[Mavayimtakdémoviog A. (2007). Bibown Awayeipion Actikdv Ltepedv Anopantov, B’ éxdoon.
Exdooe1g Zuyog.

Tchobanoglous G., Theisen H., Vigil S. (1993). Integrated Solid Waste Management:

Engineering Principles and Management Issues.
UNI EN 12547-2 norm: “Conformity test for leaching of solid waste and soil”.
US-EPA (1996). Standard Methods. United States Environmental Protection Agency.

Wang T., Liu T., Sun C. (2008) Application of MSW!I fly ash on acid soil and its effect on the
environment. Waste Management, 28, 1977-1982.

Yao J., W.B. Li, Q.N. Kong, Y.Y. Wu, R. He, D.S. Shen (2010). Content, mobility and transfer
behavior of heavy metals in MSWI bottom ash in Zhejiang province, China. Fuel, 89, 616-622.

ZhuF., M. Takaoka, K. Oshita, N. Takeda (2009). Comparison of two types of municipal solid
waste incinerator fly ashes with different alkaline reagents in washing experiments. Waste
Management, 29, 259-264.

Websites:

http ://www. londonwaste.co. uk/

86


http://www.londonwaste.co.uk/

http://ceenve3.civeng.calpoly.edu/cota/
http://www.pcsesp.com

http ://www.apotefrotiras.gr

87


http://ceenve3.civeng.calpoly.edu/cota/
http://www.pcsesp.com/

7. APPENDIX

Table Al. Parameters measured for Bottom Ash (BA) sample. Values in light grey are concentrations that were under the detection limit of the

instrument.
SEP
PARAMETE repeated BW,leach.te AW, leach.test eluate,AW After 1st extraction After 2nd extraction After 3d extraction
UNITS
R samples st (i) (ii) (iii)
1/2 H 3H 6H 1/2H 3H 6H BW AW (1/2H) BW AW (1/2H) BW AW (1/2H)
1 % 74,61 - - - - - - - - - - - -
TS
2 % 74,74 - - - - - - - - - - - .
1 %ss 5,58 - - - - - - - - - - R R
VS
2 %ss 5,50 - - - - - - - - - - - -
11,0
1 - 13,14 11,91 11,57 11,16 12,7 13,1 12,5 10,57 11,08 11,52 9,74 9,49
0
10,7
PH 2 - 13,19 11,92 11,51 11,04 - - - 10,25 11,42 11,51 9,67 9,12
4
11,2 10,3
3 - - - - - - - - 10,85 11,2 11,12 10,32
4 3
1 mS/cm 7,97 1,33 1,05 0,91 6,34 5,86 3,30 1,47 1,07 27,1 41,9 14,7 14,7
EC 2 mS/cm 8,02 1,34 0,98 0,96 - - - 1,15 1,11 29,7 26,3 12,5 11,8
3 mS/ecm - - - - - - - 1,20 1 53,6 62,5 15,3 12,1
1 19,95 - - - - - - - - - - - -
DC
2 22,53 - - - - - - - - - - - .
1 0,53 - - - - - - - - - - - .
IC
2 3,29 - - - - - - - - - - - .
DOC 1 mgC/l 19,42 - - - - - - - - - - - -
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2 mgC/l 19,24 - - - - - - - - - - - -
mg d- 195,0 217,0
1 198 83 72 52 231,00 - - - - - -
. / 0 0
cl
mg d-
2 191 82 63 57 - - - - - - - - -
/
TOC 1 mgC/I - 6,95 7,80 7,04 31,24 32,05 34,80 - - - - - -
Liquid Part
1795,0
1 ug/l 8580,00 131,00 415,00 303,00 994 227 278 34,9 163 182 85,7 95,3
0
Ba 1140,0
2 ug/l 6380,00 208,00 107,00 79,30 845 205 743 21,1 157 180 398 69,8
0
3 ug/l - - - - - - - 160 22,7 147 137 41,2 24,8
1 ug/l 20,00 10,00 10 10 31,1 10,00 10 10 10 10 10 10 10
Cd 2 ug/l 20,00 10,00 10 10 13,4 12,10 10 10 10 10 10 11 10,3
3 ug/l - - - - - - - 10 10 10 10 14,1 15
1 ug/l 20,00 10,00 10 10 10 10,00 10,00 28 22 26 27 36 40
Cr 2 ug/l 20,00 10,00 10 10 10 10,00 10,00 26 20 25 25 37 41
3 ug/l - - - - - - - 24 19 24 23 30 30
1 ug/l 171,00 222,00 173,00 87,00 356 305,00 314 163 94,9 49,8 49,5 533 556
Cu 2 ug/l 177,20 231,00 128,00 87,50 327 273,00 300 147 85,8 56,1 35,6 644 666
3 ug/l - - - - - - - 106 79 49,6 40,1 616 910
1 ug/l 28,60 44,10 41,40 26,50 18 17,90 28,1 28,7 19,9 10 10 10,8 10,7
Mo 2 ug/l 26,40 41,90 38,20 30,00 17,6 17,10 28,2 22 16,2 10 10 10 10
3 ug/l - - - - - - - 21,2 18,4 10 10 10 10
1 ug/l 40,00 20,00 20 20 20,00 20,00 20,00 20 20 20 20 20 20
Ni
2 ug/l 40,00 20,00 20 20 20,00 20,00 20,00 20 20 20 20 20 20
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3 ug/l - - - - - - - 20 20 20 20 20 20
1 ug/l 2320,00 37,90 136,00 81,90 317 319,00 123 58 30 30 30 2965 3755
Pb 2 ug/l 3160,00 30,00 30,00 30,00 240 371,00 155 193 30 30 30 3610 3395
3 ug/l - - - - - - - 30 30 30 30 3135 3495
1 ug/l 334,00 11,20 24,60 43,00 88,6 60,10 48,1 157 10 10 10 474 676
Zn 2 ug/l 210,00 10,00 10,00 10,00 90 87,90 52,5 131 10 10 10 600 1175
3 ug/! - - - - - - - 10 10 10 10 597 1360
Solid Part BW AW
1/2H 3H 6H
1 mg/kg 524,24 894,59 470,37 386,50
2 mg/kg 588,40 413,78 565,98 412,79
Ba 3 mg/kg 523,41 607,14 730,16 375,91
4 mg/kg 558,00 543,69 552,23 619,50
5 mg/kg 624,90 477,95 632,43 554,75
1 mg/kg 1,29 1,34 0,99 0,98
2 mg/kg 1,47 0,98 1,10 0,97
cd 3 mg/kg 1,90 2,63 2,32 1,17
4 mg/kg 1,61 1,75 37,45 1,30
5 mg/kg 1,53 1,74 1,65 1,34
1 mg/kg 61,00 135,33 78,10 77,89
2 mg/kg 66,58 42,16 178,83 166,67
Cr 3 mg/kg 94,04 162,70 109,71 89,75
4 mg/kg 184,67 113,64 97,16 106,91
5 mg/kg 100,63 90,80 122,89 101,30
1760,1 7994,9
Cu 1 mg/kg 1123,37 1044,85 g 0
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Ni

Pb

Zn

= 0 A~ W N

w N kb~ W N

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg

mg/kg

mg/kg

1388,84

837,85

1351,57

108879,15

2,67
3,21
5,04
2,85
3,25

22,86
33,08
78,17
70,17
57,06
2084,15
778,17
877,28

1339,59

883,51

4577

387,37

3323,41

706,31

2948,51

3,93
2,61
4,63
4,44
3,06
62,49
35,22
95,14
65,14
51,19
1313,52
337,48
730,16

675,94

1731,19

31196,1
7

2024,1

1581,3

1316,1

1244,8

2,31
6,26
4,64
2,96
11,89
38,65
167,04
79,73
52,23
77,93
373,73
574,83
970,40
1288,2

634,43

1143,8
7

919,57

2574,0

4131,6

4418,7

2,50
1,20
2,94
8,38
4,97
36,39
35,95
87,32
61,25
89,82
341,38
702,52
938,32

659,47

1210,8

871,10
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TOC
TC

mg/kg

mg/kg

mg/kg

mg/kg

% ss C
% ss C

835,42

2804,34

919,35

1386,65

1,00

1115,16

1383,93

989,42

1521,65

1,30

9187,3

1206,8

1685,6

805,28

1,72

4278,1

937,35

4126,7

2223,8

1,38
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Table A2. Parameters measured for Fly Ash from bag-filter (FAbg) sample. Values in light grey are concentrations that were under the detection

limit of the instrument.

SEP
PARAMETE repeated BW,leach.tes AW, leach.test eluate,AW After 1st extraction After 2nd extraction After 3d extraction
UNITS
R samples t (i) (ii) (iii)
1/2H 3H 6H 1/2H 3H 6H BW AW (1/2H) BW AW (1/2H) BW AW (1/2 H)
1 % 99,72 - - - - - - - - - - - -
TS
2 % 99,59 - - - - - - - - - - - -
1 %ss 4,64 - - - - - - - - - - - -
VS
2 %ss 4,62 - - - - - - - - - - - -
1 - 11,77 11,4 11,51 11,65 11,5 11,45 11,48 11,08 10,87 10,42 10,66 6,1 9,2
PH 2 - 11,91 11,27 11,49 11,69 - - - 11,17 10,8 10,42 10,78 6,01 9,24
3 - - - - - - - - 11,77 11,57 11,1 11,21 6,83 9,44
146,8 146,9 144,7 104,2
1 mS/cm 147,9 91,3 94,9 99,9 130,1 69,7 70,5 7,2 9,6
0 0 0 0
EC 2 mS/cm 146,3 79,9 91,3 98,1 - - - 94,60 133,2 58,9 73,2 9,9 8,9
105,6
3 mS/cm - - - - - - - 88,5 66,1 67,5 9,01 12,3
0
1 5111 - - - - - - - - . y - -
DC
2 5015 - - - - - - - - - - - -
1 4272 - - - . - - - - - - - -
IC
2 4314 - - - - - - - - - - - -
1 mgC/l 839,00 - - - - - - - - - R R R
DOC
2 mgC/! 701,00 - - - - - - - - - - - -
mg d-
i 1 28 25 37 35 18,00 67,00 - - - - - -
Cl /|
2 mg d- 25 31 38 34 - - - - - - - - -
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/I

TOC 1 mgC/l - 50,00 50,00 50,00 50,00 50,00 50,00 - - - - - -
Liquid Part
1 ug/l 228 222 380 776 215 197 94,4 118 193 311 104 366 558
Ba 2 ug/l 162 336 776 628 78,7 164 140 103 202 93,3 70,3 545 1390
3 ug/l - - - - - - - 42 50,4 61 26,9 691 154
1 ug/l 20 48 20 20 10 37,7 21,4 19,2 53,1 17,8 10 182 163
Cd 2 ug/l 20 27 20 20 10 39 24,4 10 31,4 10 10 165 255
3 ug/l - - - - - - - 10 24,9 10 10 170 299
1 ug/l 20 51 20 20 157 10 10 23 24 24 18 20 18
Cr 2 ug/l 20 20 20 20 148 10 10 21 21 18 18 21 18
3 ug/l - - - - - - - 18 23 17 18 21 12
1 ug/l 20 20 20 20 10 109 79,9 59,7 41,2 69,9 10 557 475
Cu 2 ug/l 20 20 20 20 10 86 83,7 10 10 10 10 538 654
3 ug/! - - - - - - - 10 10 10 10 482 477
1 ug/l 20 20 20 20 20 10 10 10 10 10 10 10 10
Mo 2 ug/l 20 29 20 20 20 10 10 10 10 10 10 10 10
3 ug/l - - - - - - - 10 10 10 10 10 10
1 ug/l 40 40 40 40 20 20 20 20 20 20 20 20 20
Ni 2 ug/l 40 40 40 40 20 20 20 20 20 20 20 20 20
3 ug/l - - - - - - - 20 20 20 20 20 20
1 ug/l 704 410 326 480 1640 1060 945 908 820 288 30 1410 1230
Pb 2 ug/l 662 374 244 418 1625 1080 1040 522 451 30 40,1 1230 2420
3 ug/l - - - - - - - 640 233 32,8 30 1200 2395
1 ug/l 137 75 20 20 262 207 171 347 364 646 12,9 6140 3500
zn 2 ug/l 111 20 20 20 282 237 192 43,9 206 15,9 18,9 5290 5840
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ug/l

22,1

117

17,6

10

5570

4145

AW
Solid Part BW
1/2H  3H 6H
mg/kg 9,53 13,37 23,59 17,92
Ba
mg/kg 14,32 14,09 23,45 17,70
mg/kg 4,78 2,86 3,80 3,55
Cd
mg/kg 4,53 2,93 4,55 3,97
mg/kg 0,98 0,99 0,96 1,00
Cr
mg/kg 0,99 0,97 0,99 0,92
mg/kg 31,44 22,18 26,85 20,41
Cu
mg/kg 28,24 19,34 28,20 22,31
mg/kg 0,98 099 0,9 1,00
Mo
mg/kg 0,99 0,97 0,99 0,92
mg/kg 1,96 1,98 1,92 1,99
Ni
mg/kg 1,97 1,94 1,98 1,84
mg/kg 52,40 47,93 38,55 38,73
Pb
mg/kg 50,05 36,54 41,65 41,95
161,4 201,3 172,2
mg/kg 189,05
2 8 6
Zn
149,6 2453 183,4
mg/kg 173,76
7 5 6
TC %ss C 1,00 1,00 1,00 1,00
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Table A3. Parameters measured for Fly Ash from electrostatic precipitator (FAesp) sample. Values in light grey are concentrations that were under

the detection limit of the instrument.

SEP
PARAMET repeated BW,leach.te AW, leach.test eluate,AW After 1st extraction  After 2nd extraction After 3d extraction
UNITS
ER samples st (i) (ii) (iii)
1/2H 3H 6H 1/2H 3H 6H BW AW (1/2H) BW AW (1/2H) BW AW (1/2 H)
1 % 99,38 - - - - - - - - - - - -
TS
2 % 99,30 - - - - - - - - - - - -
1 %ss 1,15 - - - - - - - - - - - -
VS
2 %ss 1,12 - - - - - - - - - - - -
10,4 9,1
1 - 11,30 11,30 11,59 11,54 12,31 11,97 10,80 9,48 10,41 9,57 10,12
9 6
10,2 9,0
PH 2 - 11,30 11,30 11,56 11,50 - - - 9,47 9,14 9,58 9,96
5 1
10,3 9,3
3 - - - - - - - - 10,09 10,08 9,68 9,84
6 6
mS/c 62,5 58,
1 58,10 16,18 31,90 32,30 93,70 94,30 95,60 21,8 63,8 23,9 19,8
m 0 2
mS/c 60,2 60,
EC 2 61,10 16,35 28,30 21,40 - - - 45,8 60,5 24,9 18,6
m 0 9
mS/c 47,9
3 - - - - - - - 29,4 68 57,8 23,9 23,5
m 0
1 4,61 - - - - - - - - - - - -
DC
2 4,27 - - - - - - - - - - - -
1 2,29 - - - - - - - - - - - -
IC
2 1,49 - - - - - - - - - - - -
DOC 1 mgC/l 2,32 - - - - - - - - - - - -
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2 mgC/| 2,78 - - - - - - - - - - R -

mg d- 32458,0 32643,0 344430
1 16665,00 2917,00 9481,00 9585,50 - - - - - -
) / 0 0 0
cl
mg d-
2 / 16452,00 4365,00 8214,00 5897,00 - - - - - - - - -
|
TOC 1 mgC/I - 1,00 1,00 1,00 1,00 1,00 1,00 - - - - - -
Liquid part
1 ug/l 588 147 154 151 393 391 310 226 50,2 198 175 46,7 25
Ba 2 ug/l 448 114 155 109 357 398 280 189 209 177 163 59,3 16,5
3 ug/l - - - - - - - 97 73,6 104 60,2 70,6 38,7
1 ug/l 20 10 10 10 10 10 43,9 10 10 10 10 702 1090
Cd 2 ug/l 20 10 10 10 10 10 43,8 10 10 10 10 771 867
3 ug/l - - - - - - - 11,2 10 10 10 671 1550
1 ug/l 5480 3750 3040 2035 550 1050 1835 597 400 632 361 555 547
Cr 2 ug/l 5320 4080 3280 1815 593 1040 1900 648 582 619 901 551 424
3 ug/l - - - - - - - 681 505 635 842 544 484
1 ug/l 20 10 10 10 153 97,8 75,6 10 14,2 10 10 668 990
Cu 2 ug/l 20 10 10 10 112 84,4 74,3 10 12,3 10 10 621 723
3 g/l - - - - - - - 10 10 10 10 1000 707
78,
1 ug/l 590 334 388 352 135 247 328 93,4 86,7 52,2 56,5 39,3
7
79,
Mo 2 ug/l 578 312 377 288 143 242 330 99 125 92,7 53,8 32,7
1
79,
3 ug/l - - - - - - - 105 127 82,4 49,5 41,4
4

Ni 1 pg/l 40 20 20 20 20 20 20 20 20 20 20 20 20



2 ug/l 40 20 20 20 20 20 20 20 20 20 20 20 20
3 ug/l - - - - - - - 20 20 20 20 20 20
69, 4010
1 ug/l 60 30 56,9 55,4 10800 30 30 50,3 90,1 30 22400
2 0
4150
Pb 2 ug/l 60 30 59,6 30 10200 30 30 30 47,5 30 30 27100
0
3680
3 ug/l - - - - - - - 30 30 30 30 20700
0
37,
1 ug/l 25 10 10 10 353 25,8 15,8 54,2 162 10 5340 7520
4
Zn 21,
2 ug/l 20 10 10 10 391 23,3 17,1 35,7 110 134 5460 7610
4
3 ug/l - - - - - - - 11,1 10 10 10 8610 9860
AW
Solid Part: BW
1/2H 3H 6H
1 mg/kg 755,87 445,02 622,84 230,54
Ba
2 mg/kg 711,79 607,91 237,63 663,69
1 mg/kg 311,48 292,05 407,66 427,59
Ccd
2 mg/kg 294,91 287,48 405,37 411,71
1 mg/kg 349,02 458,00 459,97 451,23
Cr
2 mg/kg 323,90 435,22 474,33 444,44
1 mg/kg 1450,87 1557,57 1549,70 1517,24
Cu
2 mg/kg 1394,58 1068,08 1537,60 1398,81
1 mg/kg 12,28 13,07 13,33 12,02
Mo
2 mg/kg 13,30 12,98 12,39 12,40
Ni 1 mg/kg 44,64 74,91 59,22 55,57
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Pb

Zn

TOC
TC

mg/kg
mg/kg
mg/kg

mg/kg

mg/kg

% ss C
% ss C

47,99
4464,21
4388,68

16639,34

16694,99

1,00

68,18
4635,64
3843,08
17708,1

4
19115,5
9
1,00
1,00

57,03
5547,33
5442,18
23442,9

0
23483,3
7
1,00
1,00

55,06
5408,87
4940,48
10157,6

4
10228,1
7
1,00
1,00
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