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IHEPIAHYH

To Pooépro amoterel po amd t1g TALov dwdedouéveg AIIE otig yopeg ™G
Evponaikng Evoong, wotdéco otnv EALGSa dev mapovstdletl mpog to mopdv aviicTtoyn
mp60do. Tnv id1a oTypn Op®S, o€ OAeG TIC peydAeg mOAELG €xovv eykataoTadel oTIC
povédeg Proroyikng emegepyasiog vyp®V amofANTOV GLGTHNOTA TOPAYOYNS Plooepiov,
To. omoio. Agrtovpyobv GToYEVOVTAS KLplwg otnv emefepyacic ™G AAOCTNG TOL

Broroyikod kabapiopov (ABK) kot 0yt otn BéATiom Tapaymyr froagpiov.

Or Non eykateotnuéves kol &v Agrtovpyia povadeg Oo pmopodoav pe v
TPOcHNKN Kot AAA®V TOTOV ATOBANTOV VO LENCOVY dPOLATIKE TV TOPAYMYN TOVG GE
Bloaéptlo, amodidovtog £T61 ONUAVTIKEG TOGOTNTEG NAEKTPIKNG Kot BEPUIKTG EVEPYELNG.
Me tov 1pdémO 0LTO TOVTOYPOVO ETITLYYOAVETOL 1 TOPAYOYN OVOVEDGIUNG TNYNG
evépyewng ko n enegepyacio Tov amofAntov, yopic va amartodvior emmpdcOeTeg

EYKOTACTAGELS ILE OTL GLVETAYETOL OVTO.

H avaepoPfio  ovyydvevon [/ ovvenefepyaoio KatdAAnio emAEyUEVOV
anofATev mopovctalel eEOPETIKO EMOTNUOVIKO €VOLAPEPOV TO, TEAELTAIO YPOVIO,
kaBmg, Omwg €xel amoderyBel, 10 MpoepyOUEVO Omd SOPOPETIKEG TNYEC Miypo
0pYaVIKOD QOPTIOL EMTPEMEL TO GUVEPYATIKE OTOTEAECUOTO GTOV UETOPOMGUO TV
avaepOfrwv  Poakmmpiov, oty evepyelokn anddoon, oty enefepyocio TV
EVATOUEWVAVTIOV OTEPEDV Kot oLUPAAEL otnv peiwon tov KOGTOLS, KAODS OTNnV

TAEOVOTNTO TOV TEPUTTAOGEMV OVEAVEL TNV 0tdO00T 6€ Ploaépto.

To avtikeipevo g mapovoag epyaciog ivol va yivel (o GLUGTNUOTIKY HEAET
™G dVVaATOTNTOS TOPAY®YNS Proaepiov o€ epyasTnplakd avaepdPlo avtidpacTinpo e

TPOGONKN PIKPNG TOGOTNTOS TVPOYAAOL GE ACTIKN TAD.



ABSTRACT

Biogas is one of the widespreadest renewable energy sources in the countries of
European Union. However, it does not present currently corresponding progress in
Greece. Besides, biogas production systems have been installed in most big cities waste
water treatment plants, which mainly aiming in the elaboration of sludge of biological
treatment and not in the most optimal production of biogas.

Waste water treatment plants could increase dramatically their production in
biogas, with the addition of other types of waste, providing large amounts of electrical
and thermal energy. With this way is achieved the production of renewable energy
sources and the treatment of waste as well, without requiring extra plants and all that it

entails.

The anaerobic digestion/processing of appropriately selected waste is of great
scientific interest recent years. As it has been proved, the organic load mixture coming
from different sources allows the synergistic effects on the metabolism of anaerobic
bacteria in energy output in the processing of the remaining solids and helps to reduce

cost, since in most cases increases biogas output.

The object of this thesis is to make a systematic study of the biogas potential in
laboratory anaerobic reactor by adding a small amount of cheese whey in sewage

sludge.



IHPOAOI'OX - EYXAPIYTIEX

H mapodca mtuyiokn epyacio pe titho «AvaegpoPia cuv-ymdvevon amofAnTov
TUPOKOUEIOV HE aOTIK A0 Yoo TV Tapaywyn Proaepiov» mpaypatomomdnke oto
mhaicl wTuyloKkng epyaciag g ZyoAg Teyxyvohdywv Tewmdvov kot Texvordywv
Tpoopipwv tov tuipotog Teyvordywv T'eomdévov. Ov avaridoelg oeinybnoov oto
Epyaotipro Awyeipiong ko EmeEepyaciog Ztepedv  Ymoiewpdtov kot Yypov
Amopantov g Zyoig Teyvoroyiog I'ewmoviag tov TEI Kpnng.

Apykd o N0eha va guyapiotiom tov emPAémovia Kadnynm k. Opacvfovio
Movio, Kabnynm tov Tunpatog Teyvoroyiag 'ewmoviag tov TEI Kpnng, vrevbuvo
tov Epyactnpiov Awayeipiong kor Enelepyaciog Ztepemv YmoAewupdtov kot Yypov
AmoBANTOV, Yoo TNV EUTIGTOGVUVI] TOL LOV £JE1EE Y10 TNV EKTANP®OT TNG TOPOVGOG

epyaciog.

2mv ovvéxela Ba NBeda va evyaptoTcm OA0 10 Tpocwmikd Tov Epyactnpiov
Awyeipiong kor Emelepyaciog Ltepedv YmoAeupdtov kot Yypov AmopfAntov, Tov
Tunuarog Texyvoroyiag I'ewmoviag yia v gumcetochvn mov pov £0e1&e Kabmg Kot yio
mv  kofodfynon tovg kotd TNV SEEoymYr] TOV  TEPAUATIKOV  OlEPYUCLAOV.
Yvuykekpéva Ba MBeda va evyopiotiow tov Ap. Dovviovidkn Muydin, ywoo v
K000 yNoN TOL G BEpATA YMUIKOV avoADseE®V Kot TNV Mapoaykdkn AyyeAikn yio v

ovveyn kaBodnynon g Katd v SLAPKELN TNG CLVEPYUGING LOGC.
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KEDAAAIO 1

EIXATI'QI'H

To Proaéplo amoterel pia amd t1g mAéov dradedopéveg AIIE otig yopeg g
Evponaiknc 'Evoong, wotdéco otnv EALGSa dev mapovstalel Tpog To mapov aviicToryn
p60do. Tnv 101 oty OpmG, 6e OAEg TIG peYOLeg TOAEIS £xovV eyKaTaoTOOEl OTIC
Lovadeg ProAoyikng eneEepyaciog VYP®OV amoPANTOV GLGTHATA TOPAYMYTS Ploaepiov,
To. omoio. Agrtovpyohv GTOYXEVOVTAS KLplwg otnv emefepyacic ™G AAOCTNG TOL

Broroywo® kabBapiopod (ABK) kot 6yt ot BérTiom Tapaymyr| Broaepiov.

Ot MO eyKoTaoTNUEVES KOl €V AglTovpyion Hovadeg Ba pmopodoav pe tnv
TPOocHNKN Kot AAA@V TOTOV AmoPANTOV Vo VENGOVV SPAATIKA TV TAPOYWYT TOVG GE
Broaépto, amodidovtag £T61 CNUAVTIKEG TOGOTNTEG NAEKTPIKNG KOl OEPUIKTG EVEPYELNG.
Me tov TpOmO OLTO TOVTOYPOVO EMTLYYAVETOL 1 TAPUYMYY] OVOAVEDGUUNG TNYNG
evépyewog ko n enegepyacio Tov amofAnTov, yopic va amartovvior emmpdcOeTeg

EYKOTAOTAGELS ILE OTL GLVETAYETOAL AVTO.

H avoepoPfio  ovyywdvevon [ ovvenelepyacioo katdAAnAa  emleypévov
anofATev mopovctalel eEOUPETIKO EMOTNUOVIKO €VOLAPEPOV TO. TEAELTAIO YPOVIO,
KaBmg, Ommg £xel amoderydel, T0 TPOEPYOUEVO OO OOPOPETIKES TNYEG ULYLLOL OPYAVIKOV
(QOPTIOV EMTPEMEL TOL GUVEPYOTIKA OMOTEAEGHLOTO GTOV HETOPOMGCUO TV avaepdPiwv
Baktnpiov, otV evepyelokt| anddooT), 6TV eNeEEPYAcia TOV EVOTOUEIVAVI®V GTEPEDY
Kol cLUPAAEl oV pEl®ON TOV KOGTOVG, KOOMS GTNV TAEIOVOTNTO TOV TEPUTTOCEDYV

avéavel v amddoon o€ Proaépto.

O mep1ocdTEPES AOTIKEG KO ULOGTIKES TEPLOYES TNG YDPOS LOG TOPEYOVV TEPITOL
To. 1010 TPOIOVTO KOl KOTO GUVETELDL £YOLV VO OVIYETIOTIGOLV TePimov To id1n
andPAnta. Idwaitepn pvela mpémel va yivel yio TIG CNUAVTIKOTEPES OLyPOTOPIOUNYOVIKES
HOVAOEG TOL GLVOVTA KOVEIG GTNV EAAMNVIKY TEPLPEPELN, OTTMOC T AonoTPPeio Kot Ta

topokopeio. Ta amdPfAnta avtd to omoia €xovv mOAD vyMAd opyavikd @optio, Oa



pumopovsav  vo.  aflomomBohv  GTOVG MON  EYKATESTNUEVOLS KOl €V Asttovpyio
avaEPOPIOVE OVTIOPOGTNPES OV VTAPYOVV OTIG HOVAOES Ploloykol KoBopiGHov

ALUATOV Kol 01 070101 TOPAYOLV CNUOVTIKEG TOGOTNTEG Ploaepiov.
Tétown amoPAnTa etvat:
» Ta aotikd opyavikd VoA,
» H ylvkepivn mov mapdyetol oTic Lovadeg mapaymyng Provtilel,
»  AnoPANTO KITNVOTPOPIKOV HOVAS®V,
» Topdyoro.

o va @tdcovpe o€ AGEOAN GLUTEPAGUOTO GTNV GULYKEKPUYEVN €PYACIi
e€etdlovtan ta e&ng: Duokoynpikny avdivon tov opyavik®v vroispdtov (ty.COD,

TS, VS, pH, N ka1 P).

To avtikeipevo g mapovcag epyaciog eivar vo yivel Lol GLGTNUOTIKY LEAETT
™G dvvaTdTNToS Topaywyns Proaepiov oe avoepdflo avtidpacTipa Le PKpN TPocOKn

TVPOYOAOL GTNV OGTIKT 1AV,



KEDAAAIO 2

OPI'ANIKA AIIOBAHTA

2.1 Ewoayoy

‘Eva. and ta mAéov duokoro TpofAniaTe TG XDOPOS KOG KOl TOV YOPOV TNG
votag Evponng eivor m dwayeipion kot a&lomoinon tov oypoToBlopnyovikdy kot
AYPOTOKTIVOTPOPIKAOV TOPATPOIOVI®V, VTOAEUUATOV KOl OmoPANT®V. ZT0 TapdV
KEPOAOMO OvOADOVIOL TO OpPYyovVIKO VmoAeippoto to omoio  eEgTdlovion otV

GLYKEKPLULEVT epyacial.

2.2 AoTtikn W\

O 6pog Apota avagépetal oto VYPE amdPfAnta amd TIG KOTOwKieG (OIKIOKA
Apota) Kot to vYpa amofAnTa amd TG cLVNOELS OpaSTNPLOTNTEG OGS TOANG (AOTIKA
Mpata). Otav 1o vypd andPfAnta pog TOANG TEPLEYOLV KOl CMUOVTIKEG TOCOTNTEG
VYPOV Prounyovikdv arofintov tdte ovopdlovrol vypd actikd andfinta. Ta otklokd
AMpato mwoapdyovtor and TG avAyKeG ToV avOpOTOV OT®MG N aPOdEVOT, N ¥PNON TOL
UTAVIOV, 1) TPOETOLAGID TOV Gayntov K.o. Katd péco 6po mapdyovror 180 - 300 Aitpa
avé dtopo kéBe muépa. Ta aotikd Adpato mopdyovior omd ONUOCIH KTl
voocokopein kAm. H mowdtmra kor m mocdmta TovV Popnyovikdv omofAntov
HETAPAAAETAL OLVEXDG Kol Ogv elval €OKOAO VO TPOGOIOPIOTEL, POV TOAAEG
Bounyaviec pixyvoov - mapavopmg - avemeEépyaocto To  OmOPANTA  TOVG  GTO

OTOYETEVTIKO OTKTVLO HOG TOANG.

H Odnyio opifer v eldyom oavaykoioc teYviKy vmodopr] o€  odiktva
ATOYETEVONG Kol €YKATAOTAGES emelepyaciog Apdtov mov Tpénel vo StubETovy ot
woAELG Ko o1 oKicpol g Evponaikng Evmong, avaioya pe tov 1codvvapo tAnbusuo

KOl TOV OmOOEKTN TV eneepyoouévov AVUATOV Kol Slakpivovtog Tovg LOATIVOLG



OTOOEKTEG GTOVG OTOIOVG KOTOANYOLV T OOTIKA ADUOTO GE TPES KOTNYOPIEG: o€
KOVOVIKOUG, gvaicOntovg kot Aryodtepo evaicOntovg. Emiong kabopiler to avotota
EMUTPENTA OPLOL TOV TOLOTIKAOV YOPOKTNPIOTIKOV TOV EMEEEPYACUEVOV AVUATOV TOV
TPEMEL VO EMLTVYYAVOVTOL OTIC EKPOEG TV EYKATAGTACENMV emeepyaciog Avpdtwv Kot
TAPAAANA0. TPOPAETEL GUYKEKPIUEVA YPOVIKG Oplal HEGO, GTO. OTOI0 Ol OIKIGHOL, TTOV
eunintovv o11g datdEels g, oPeilovy va OAOKANPAOGOLV TNV OMALTOVUEVT GE KOOE

nepinTmon vwodoun GLALOYNS, enelepyaciog Kat 0140eong TOV ACTIKAOV TOVG AVUATWV.

INo nepmTdoelg OUMG andppyms Apdtwv oe vaicnteg TEPLOYES amotTeiton 1
Boloyikn emefepyocia pe amopdkpuvon alodtov H/Kout POo@opov (Tprtofduia

eneEepyaocia).

Evykotactoon Excéepyocioc Avpatov etny Yuvrraicio

Y10 mhaico tov arortioemv g Oonyilag 91/271/EOK kou ywoo v dpeon
napakoAovOnon g mopelag epappoyng g oty EAAGda, oloxinpdbnke Ko
Aertovpyel m EOvikn) Baon Agdopévov tov Eykatactdcewv Emeéepyaciag Avudtov
TOV OIKIGUAOV TNG YOPOS oL guminTovy otig dwtdéelg e Oomyiag 91/271/EOK g
yopas. H xataydpnon Olwv Ttov oToyEiov Kol AEITOLPYIKOV OEOOUEVOV TV
Eykoatactdoewv EneEepyaciog Avpdtov tpaypatonoteitol HEG® d1adtKTLOL amevdeiog
and Toug aprdolovg eopeic Aettovpyiog tove. H xataydpnon oedopévav €xet Mom
Eexwvnoetl kol o otowyeio elval SoBEGILO Yoo TNV AUEST) TANPOPOPNON POPEMY Kot

TOMTMV, G€ GYE0T LE TN GLALOYT, EneEepyocio Kot SIAOECT) TV ACTIKAOV AVUAT®V.

H enavoypnoyonoinon t@v Apdtov vToKeLTot 6€ GoPapovs TEPLOPIGHOVS TOL
VILAYOpPEHOVTOL AO OUMICTOUEVOVG OAAL Kol Be@pnTikoDg KvduVoug ol omoiol dgv

yivovtol omodektol 10imG o€ YDOPEG HE HUEYOAEC OMOITNOES KOU LYNAG Emimeda
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acPUAENG MG TPOS Ta. BEpaTa g dnuoctag vyeiog. To yevikd cuoumépaco Tov £xet
mpokOyeL petd amd molvypoveg debvelg Epevveg dev etvar kabBdoAov evBappLVTIKO Y
TNV QUECT EMOVOPNCUYLOTOINCT] TOV VEPOL Y10 GKOTOVS VOPEVONG TPOS OGN EVM
cofapoi evOolaoHOTl VTAPYOLY KOl Y10, TOV EUTAOVTIGUO VILOHYEIWMV VOPOPOPEMY TOL T
vepd tovg mpoopilovtar yw woom. IIoAd kaAdTeEpeg TPOORMTIKEG TOPOLGIALEL 1)
gmavaypnoomoinon ywo dpdevon, aoTikég (TANV TOONC) YPNOES, TO TEPLUOTIKO
TPAGIVO, TN dNUovpYia 1 TOV EUTAOVTICUO LOUTIVOV GOUATOV Yo avayLyn KoL Yo

OPIOUEVES BLOUNYOVIKEG OPUCTNPLOTNTEG.

Ewova 2.1 Agtypo 1tA0og

2.3 Tvpoyaro

To tupdyora 1 Tvpdyoro lvar To S1dALVIA TOV TPOKVTTEL KOTA TN OlAOIKAGI0
TOPOCKELTG TOV TVPLOV 1 TNG KalEIVNG Kol amopével petd v &N Tov YOANKTOG Kot
TNV ATOLAKPLVGT TOL 6TEPE0D TNYHoTog. To ddAvpa etvar 6&vo Adym Tov YoAoKTIKOD
oféog mov mepiéyel. To Tupdydda €xel dudpopeg ypNoels, petald GAlwv ot
yoroaktoPopnyavia og tpocheto o dtadikacio TVTOTOINoTG YAAUKTOG MG SLATPOPIKO
CLUTANPOUO KOODC Kol ©¢ TTNYyN TPOTEIVOV. Me Vv KotdAANAN eneepyoacio Tov
TVPOYOAOL TTPOKVTTTEL TO VOO Tupl PLiNBpa. To Tvpdyora amoteiel amdPAnto TNg
TUPOKOMKNG Propnyaviag, Wwitepa emProPés yio 1o mepPdrriov dtav dev yiveton

owoTY dlayeipion Tov.

To topoyoro amd moapampoidv TG Propnyoviag YOAOKTOC UETATPEMETOL GE

okOVN e OKOTO TN XPNoN TNG OO UIKPES 1 LEYAAES LOVAOES TVPOKOUNOTG.

11
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Ewkova 2.2 Topdyaro
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KEDAAAIO 3

ANAEPOBIA EIIEZEPT'AXIA

3.1 Ewoayoyn

H diepyacia g avoepoPiog ydvevong n omoio AapPdavel yopo kol ot @OoN
Umopel vo, Tpoodloptotel g N Proroyikn depyacio Katd TNV 0moio. 0pyavikd LAIKO,

amovcio o&uyovov, petatpémetor oe peBavio kot dto&eidio tov dvBpaxa (Toerien and

Hattingh, 1969).

[otopikd n Vmopén avtdv TOV Ogpiov NMTOV YVAOOTN Omd TNV 0opyotoTNnTa,
wotoco M mopatnpnorn tov Alessandro Volta (1776) 611 oe Wnpoata o€ POATOIELS
TEPLOYES TOPAYETOL VAL EDPAEKTO OEPLO OONYNOE TNV EMGTNLOVIKN KOWOTNTO GTNV

peAén g ProAoyikng mapaywyng Tov pebaviov.

‘Eva cwdva vopitepa o Leeuwenhoek (1680) tav o Tp®dTOC EMGTHUOVOS TOV
wapatnpNoe avaepOflovg pikpoopyoviopuovs. Qotdco, TNV emoyn ekeivn dgv Nrtav
aKoOUN KaTovontn 1M ovakaivyn tov avtr. ‘Etol énpeme va mepdoovv mepimov 200
xpovia Yia va miotorom el ) vmapén avaepdPiov Bakmmpiov ond Louis Pasteur (1862).
To 1913 o Beijerinck emavéhafe p € akpifeia ta mepdpota tov Leeuwenhoek ko

tavtonoinoe to avaepoPio pikpoopyaviopd Clostridium butyricum.

ruepa, n avaepoPra emeEepyacio pe tavtdypovn topaymyn pebaviov givor pio
EVPEMG ypMNoIomolov eV néBodog Yoo TV otabepomoinomn e TopayOUeEVNG AAGTNG
OTIG Hovadeg Proroykng emeepyosiog aOTIKOV Kol POUNYoviKOV AVUATOV, €VO
YPNOILOTOLEITAL OKOUN YL TNV EMEEEPYUCIN OTEPEDV OTOPPIUUATOV KOl OOTIKMOV

Mpdatov (Metcalf and Eddy, 1991, Gunaseelan, 1977, Van Starkenburg, 1997).

AT T1G apyEG TOV TPOTNYOVUEVOD OLdVOL LEXPL TOPO. £YOVV OMLoctevdel TOAAEG

gpyacieg yio v Aettovpyio avaepOflov avidpaotnpwv. 26TOC0, VNPV OVOKOMES

13



OTNV GUYKPIOT TOV OTOTEAEGUAT®V, AGYOL TOV UEYEIAOL TANBOLG VTOGTPOUATMOV KOl
UIKPOOPYOVICU®Y TOL AAUPAvOVY HEPog 6T GuVOAIKY dtepyacia. IV avtd to AdY0 TOL
terevtaio ypovia katafAnOnkav onuaviikés mpoomdbeleg yio vo ovvoebobv 1
pikpoProroyio kot n Proymueion g avoepoPlag ymvevong kot ot BempnTikég Kot

TPOKTIKEG TOPUTNPNOELS TOV avoEPOPLOV BloavTidpacTipmy.

210 KEPAAO10 AVTO GNUEIDOVOVTOL 01 KOPLEG avVapOpES Yo TNV LiKpoPloioyia kot
v Broymueia g avaepofiog enelepyaciog KaOdg Kol 1 GNUEPIVY TEXVOAOYIN Yo TV

Aertovpyio avaepdPlov aviidpacTipoV.

3.2 Mikpoproroyio Avaepoprog Enelepyaciog

H avaepopro Broamodounon tov chvietov opyavikoh VAKOD TEPLYPAPETOL MG
po dradkacio TOAATAOV otadiov pe opllovTies Kot mapAAANAES aVTIOPAGELS (ZyMLLo.
3.1) (Pavlostathis and Giraldo-Gomez,1991). Apyé cVvOeteg TOMUEPIKES EVAOGELS
Om®G €lvar ot VOATAVOPAKES, Ol TPWTEIVES Kol Ta Al vOpoAvovTol omd eEWTEPIKA
evlopo oe OoAvtd mpoidvio pikpdTepov pEYEBOVE £€TGL MGTE VO UTOPOLV VO
ELGYOPNGOLV SUUEGOV TNG KVTTAPIKNG LEUPPAVIG GTO ECOTEPIKO TOL KLTTAPOVL. AVTEG
Ol GYETIKA AMAES OAVTEG EVADGELS (UILADVOVTOL 1] 0EEMVOVTOL avaepOPLo GE TTTNTIKA
Mrapd o&éa, alkodres, d10&eido Tov AvOpaka, VOpoyOovVo kot appwvio. To TTnTIKE
Mrapd o&€a petatpénovtal o€ 051kO oS0, vOpoydvo kot 010&eid1o Tov dvBpaka. TéAog,
napdyeton pebdvio Kot 610E€id10 Tov dvBpaka, gite amd TV avaymyn Tov 010EE310V TOV

avBpaxa amd to VOPOYOVO gite amd T0 0&IKO.

H ocvvolikm dwdikacio g petatponng tov cOVOETOL 0pyavikod LAKOV Ge
pnebavio ko 010&€id10 Tov AvBpaka propet va vrodlonpedel oe 7 oTAOIL OVAAOYOL LLE TO
oyqua 3.1 (Pavlostathis and Giraldo-Gomez,1991):

1. Yopodivon tov chvBetov opyavikold LAIKOD,

2. Z0u®on TV aUVoEEMV Kot TOV GoKYIp®V,

3. Avaepofia 0eldmon TV HEYAA®V HKOLG MITOpdV 0EEMV Kol OAKOOADYV,
4. Avaepopio 0Eeldmon TV EVOLAUEC®OV TPOIOVIMV,

5. Hapaywyn o&uov amd d10&eidio Tov dvBpaka kot vopoydVo,

6. Metatponr tov o&ikov og peddvio,
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7. Hopoaywyn pedoviov pe avaymyn tov 610&€diov Tov avBpaka amd vopoyodvo,

I¥YNOETATIIOAYMEFH

IIPOTEINET | |T_‘.AT_-'DCE)P.9._II_EE | | ATTTIAIA

L

YAPOAYIH

| AMDIOZEA TARXAPA

| | AmAPA OZEA AAKOOAET

T

"

OZEQOTENELH e

IYMOIH| | ( [IPONIONIED OZY, BOVTVPIEOQ OV we. )

EWNATAMET A npoiovro

ANAFPOBIA
OZEIADLH

AEKETOEAATITIEH
MEGANOTENELZH

CH.. CO,

ANATOTIKH
MEGQANOIENELZH

Yympa 3.1: Metatpom Tov opyoavikoD bAKoD Tpog pebavio kot 610&gidto Tov dvOpaka
Katd ™ depyacio g avaepoProg ydvevong (Pavlost Giraldo-Gomez,1991).

O x0pieg opdoeg Paxtnpiov mov maipvovv LEPOG G OVTEC TIG OVTIOPAGELS

yopiloviat 6Tig akdAovOeS Katnyopies:

(1) Paxmpro Copmang,

(2) o&woyodva Baktmpla Tov TOPEYOLY VOPOYOVO,

(3) o&woyova Baktiplo TOV KATAVIADVOLY VIPOYOVO

(4) pebavoyova Paxtipla Tov aviyovv 1o 010&gidto Tov dvOpaka

(5) axetroxhaoTiKd pebavoydva Baktipia.

‘Eva yevikd kpumplo Kotdtaéng tov HIKPoopyavIGU®V €ivor 1 oyxéon g

KUTTOPIKNG TOVG Aettovpyiag pe to ofvyovo. Zrtov mivaxko 3.1 mapovoidletonr m

KOTATOEN TOV HKPOOPYOVIGULAV aVAAOYO LE TNV IKOVOTNTO TOVG VO, XPTCILOTO00V —

Kol L€ TTO10 TPOTO — TO 0ELYOVO.

15



Mivakog 3.1: Kotdtan tov pikpoopyoviGL®Y HE KPLITHPLO GYECN TNG
KLTTOPIKNG Aettovpyiag pe to o&uyovo (Ayyeing, 2000)

Mukpoopyavicpoi Iowtnta

1. ASpéBlOl (aerObES) XpTlGl[,LOTCOIODV TO LOPLAKO O(V;U’YOVO

XpNOOTOovV TO HoPlaKd 0EVYOVO OALL LTOPOVV V.
{oovv pe opuotikd petaforiopd kot og avaepofieg
ouvOnKeg

2. Ilpoarpetikd
avaepdfiot
(facultative
anaerobes)

. Agv d100étovv TNV IKavOTNTA TOL HOPLALKOy 0EVYOVoL
3. Ymoypemtikd N N HOPp Svy

avaepofiot (obligate

anaerobes)
3a. Adidpopot Mmnopobv va emPrdcovv kot o avaepOPiec cuvOTKeg
avoepoprot (indifferent
anaerobes)
3B. AvBektikn otov "Exovv kémoto 6pto avoyng Kot 6T GLYKEVIPOON
aépo Avaegpopiot 0&uydvov 6To TEPIPAALOV TOVG

(aerotolerant anaerobes)

3y. Avotnpd avaepoPiot | [TeBaivouv axopa kot pe tyvn erebBepov o&uydvov cto
(strict anaerobes) nepAALov TOVg

I'evikd oty avoepoPila ydvevon UTopovpEe Vo TOVUE OTL GE TPADOTO GTASLO Vol
ETEPOYEVEC CUUTAEYLLOL LIKPOOPYOVIGLAOV UETATPETEL TIC TPMTEIVES, TOVG VOUTAVOpAKES
Kol To A, Kuplwg og Mmopd o&éa kot o€ £va OeDTEPO GTAOL0, TO TEMKA TPOIGVTO TOV
LETAROMGLOD TV HIKPOOPYOVIGU®Y TOV TPAOTOL oTadiov petaTpémovtal o€ peddvio
Kot Owo&eido tov AavBpaxo omd pilo EeYPLoT] QUOIOAOYIKE OUHAdL QVOTNPDG
avaepOfrov Paktnpiov mov ovopdalovior pebavoyova PBaktipia (Toerien and Hattingh,
1969). Ztm ovvéxewn peretovior  Cexymoplotd ot 0V0  aVTEG  KOPLEG OMAOES

HUIKPOOPYOVIGL®OV TOV GLUUPAAAOVY 6TV avaepoPia enelepyacior.

3.2.1 Mikpoproioyia tns un uebavoyovoo paong

‘Exel duomotwbel n mopovsio 6169popmv opdd®mV HIKPOOPYOVIGU®OY GTO GTASL0
™m¢ un pebavoydvov @dong g avaepoPilog ymvevong Ommg eivor ta Poakthpla,
TPOTOL®O Kol Ol HOKNTEG EVM €YOVV AmOPOVMOEl TOAAY 10N TOV HKPOOPYOVIGUDV

avtdv. H vmoapén, o aptBudc, o tOmog kot to €100G TOV UKPOOPYAVIGUAOV OVTOV KAT®
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amo avoepoPieg ocuvonkeg e£opTdTol amd TO TOLOTIKA KOt TO TOGOTIKA YOPOKTPIGTIK

TOV TPo¢ eneepyocio amofAT@V.

H wopu kamnyopio HKpPOOPYOVICU®Y TOV OTOVTIOVTOL GTOVG OVOEPOPLOVS
avTdpacTnpes etval Ta faxtiplo. Ztn pun HeBovoydvo eacm vITdpyovV EITE TPOUPETIKA
avaepdfia eite vmoypewTikd avaepofro Paxthipro. Xtov mivaka 3.2 mapovoidloviot
owapopa €idn un pebavoyovev Poakmmpiov mov €xovv kKataypagel oty avoepoPia
yovevon. Ocov agopd v vOPOALGN TOL GVUVOETOVL OPYOVIKOD VAIKOD AdpPdavovv
pépog dtapopa Paktiplo OTMG €ivol To KLTTOPWVOALTIKA PaKTAPLO TOV TAPAyoLvv
Kuplowg 0&Kd Kot mPomovikd 0&D, T MUKLTTOPWVOALTIKG PBoktiploe mov wailovv
ONUOVTIKO pOAO GTNV TOPAY®OYN OUUOVIOG KaTd TNV Sldomacn TV opvo&émv, o
OLLAOAVTIKG BakTN P, TO TPOTEIVOALTIKA BakTipla Kot To AumoAvTtikd Baktnplo. ‘Exet
Bpebel O6T1 Ta vVEOYpeTIKA avaepOPlo Paktipla mwoilovv oNUAVIIKO POAO OTNV
VOPOAVTIKT] EVEPYATNTO TOV YWOVELTNPA, WlaiTEPA OTOV £meepyalovTal aGTIKA AvpaTa.
Y& mopouolo cvumepaouata £ptacov kot ot Toerien et al. (1967) vrootpilovtag o1t
T VIOYPEMTIKA avoepOPia Paktpla glvar 1 KOPLOL OLASO LUKPOOPYOVICUMV Yol TNV
napaywyn oféwv, oe avtifeon pe mpomyobueveg peAéteg mov Bempovoav  To

TPOOPETIKA avaepOPia faKTPLO MG TA CUOVTIKOTEPO Y10l TV TOPAYWYN 0EEWV.

IMivaxag 3.2: Mn peBavoyova Baxtipia mov £xetl dStomotmOel | Tapovsic Tovg 6TV
avaepOPia xovevon

I'évog Eidog Avagopé
Aerobacter A. Aerogenes Toerien (1967a)
Aeromonas Aeromonas sp. Kotze et al. (1968)
Alcaligenes A. boykerii Toerien (1967b)

Bacillus B. cereus Hattingh et al. (1967)

Bacteroides

Bacteroides sp.

Post et al (1967)

Clostridium C. aminovalericum Hardman and Stadman (1960)
Escherichia E. coli McCarty et al. (1962)
Leptospira L. biflexa Toerien (1967b)

Micrococcus M. candidus Toerien (1967a)

Neisseria

N. catarhhalis

McCarty et al. (1962)

Pseudomonas

P. denitrificants

Burbank et al. (1966)
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Sarcina S.lutea Burbank et al (1966)

Streptococcus S.diploidus Buck et al. (1953)

Streptomyces S.bikiniesis Toerien (1967a)

3.2.2 Mikpoproioyia tns uebavoyovov pacns

H mapaymyn pebaviov eivar to Poacikd yopaktnplotikd tov pebavoydovov
UIKPOOPYOVIGU®OV KOl OTOTEAEL TO KUPlO0 KATOBOoAKO Tpoidv tove. Dvloyevitikd ot
HeBavVOyOVoL HIKPOOPYAVICHOL OVIKOVYV GTa apyalofaKTiplo. Tov Slo@épovy amd To
KOWA POoKTNPlo GE OPIGUEVO XOPOUKTNPLOTIKA, OTm¢ gival 11 Béon tov Amdiov oty
KUTTOPIKN peUPpdvm, N EAlewyn TENTIOOYALKAVNG, So@OopES otV aAAnAovyio Tov
RNA «a (Ferry, 1993).

"Eyxet Bpebei pia peyddn motkidio pebovoydvmy KpoopyavioUdV Tov S1opEPouvV

o€ péyebog kot oynfua (Euwcova 3.1).

(B (v) (8)

Ewova 3.1: Kuttopa pebavoydvav apyotofakmmpiov mov deiyvouv v Hop@oAOYIKT molkiiio
TOV UIKPOOPYovIcU®OV avt®dv o) Methanobrevibacter ruminantum (diépetpog kvttdpov 0.7 um)
B) Methanobacterium AZ (d16uetpog Katdppov 1um) v) Methanospirillium hungatti (S1Gpetpog

Kutdppov 0.4um) 6) Methanosarcina barkeri (diépetpog kvtéppov 1.7um).

Yrhpyovv Tpelg OQOpPETIKEG OUAOES VTOCTPOUAT®V 7OV  UTOPOVV v
KATOVOADGOLV Ol OpPYOVICHOT OVTOl TopAyovTog €VEPYEWNL Yo TIC AELTOLPYIEG TOV
KLTTOPOL a)TOTOL d1o&ewdiov tov dvOpaka ) peBvAopnddes v) o&uod. Xtov mivoka 3.3

TaPOLGLALOVTOL 01 KUPLOTEPES OVTIOPAGELS TapAY®YNG pLebaviov.
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Mivaxog 3.3: Kupidtepeg avtidpdoeig mapaymyng pebaviov

Avtidpacelg AG® (KJ)
Ynootpopo npoidvTa
Tomov CO, —»
CO+4H; —— CH,+2H,0 -131
4HCOOH + 4H" ——» CH,+3C0O,+2H,0 -145
4CO+2H,0 CH,+3CO, -210
MeBviopddeg
4CH;OH —» 3CH,+CO,+2H,0 -319
4CH;3NH,Cl + 2H,0 ——» 3CH,+CO,+4NH,CI -230
O&wko
CH;COO+H,O CH4+3C0O,+2H,0 -31

O)ot ot pedavoydvol prcpoopyavicpoi xpnotpomotovy NHs™ g myn aldtov evad
o€ Oha ta €idn elvarl amoAVTOS amapaitnTo TO VIKEALD, O GIONPOC KAl TO KOPAATIO MG
yvootoyeio. Emiong éxer Ppebel évag onuavtikdg apBuoc cvuveviouwv mov eival
povodikd kot ta omoia Tailovv onNUoVTIKO POAO GTN AEITOVPYIN TOV PIKPOOPYAVIGUOV

QVTOV.

3.3 Hopdayovteg mov exnpealovy TV avoepofra yovevon

Exto¢ omd 1o amopoitnTo VTOGTPOUOTO KOl TOLG KOTAAANAOLG LIKPOPlokovg
mAnBucpovg vIapyovy Kot optopévor mepPariovtikol mapdyovieg, Omw eivor M
Bepurokpacia, To pH, n aikoikdTnTo, To Opentikd oToryeia Kot o1 To&kég ovoieg mov
EMOPOVV otV dtodkacio Tapoaywyng pebaviov katd v avaepoPia enelepyacio. O
ELEYYOG OVTMOV TOV TAPAYOVIOV £E0COAAILEL Kot TNV 6mMOTN Agttovpyio TG ovaepdpiog

eneéepyaociag.

3.3.1 Oepuoxpacio

H peBavoyéveon eivar pua dadikacio 1 omoia eEaptdron og peydrio Padbuod amod
™ Oeppokpacio. MebBavoydvor pukpoopyoviopol €xovv Ppebel oe éva gupy @dopa
Beppokpactokdv mepoxdv and 2°C o Baldooto whpato péxpt mave ard 100°C oe

vewBepukéc mepoyés. I'evikd ov pvBupoi towv avidpdcewmv ovédvovtor pe v
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Oeppokpacion péxpt tovg 60°C. T mapdderypa o YpOVOC SUTAACIOGHOD TNG
nopayopevng mocotrog Hp-CO; otovg 37°C ywoo tov Methanoccocus voltae eivon
nepimov 2 dpeg evd o avtiotoryog ypovog yio tov Methanococcus thermolithotrophicus

otovg 65°C givar 1 dpa.

Mo v Aettovpyia tov avaepdPiov avidpactpav £xovv Bpedel dvo PérTioTeg
Oepurokpactakéc Stopopéc, N pecdein (35°C) kor n Ogpudeidn (55°C pe 60°C),
avapeoa otig omoieg ot pvBuoi peidvovtar. H peimon avtr Bewpeitor 6t1 opeileton
oV EAAEWYT TPOCUPLOYNS TV piKpoopyoviopmy (Macki and Bryant, 1981). Qotdéco
éxel avapeplel avaepoPia emeEepyasio AVPATOV GE YOVELTNPES TOL AEITOLPYOVGOAV

akoun kot otovg 15°C (Zeeman et al,1988).

Avt) n Beppopikn tdon TV pEBAVOYOVEOV UIKPOOPYOVIGU®V givol Kot
oxeddv v Oha To apyoofoaktipla. ['o va Tpocapprootel Evag pkpoopyaviopds oe
vynAég Beppokpacieg Ba mpémel va, pmopel var SotnprioeL TNV SO Ko TIG AELTovpYieg
TOV HOKPOUOPI®V TOL (TPOTEIVEG, VOLKAEWVIKA o&éa kol Amidin) kabmg avEdver 1
Oepuokpacio. Daiveror 6t1 ot pebBavoydvor £€yovv aVTOVG TOVS  KATAAANAOULG
punyovicpovs v dtatnpovv otabepés TG mpwteiveg tovg. Emiong, emewdn povo to
apyorofaxtiplo propovv va avartuyfodv ce Beppokpacieg peyaAltepeg and 90° C, ta
Mmtidle mov oynuoatiCovv v pepppdvn Ba mpémel va £xovv €101KE YOPAKTNPIOTIKA Yo
vo dwtnproovv v cvvoyn ¢ Aoonueimto eivor 6tt eved ot pebavoydvol
LKPOOPYOVIGHOL avTEYouy € &va vpl PAGHO BEPLOKPACIOV, ATOTOUES LETOPOAES TIG
Oepuoxpaciog pmopovv va amoPovv popaieg ywoo v depyacic g oavoepdfiog

YDVELONC.

3.3.2 pH

O meprocdtepeg dlepyacieg avaepoPiog enesepyaciog Aettovpyohv oe mEPITOL
ovdétepo pH. Alagpopomoicels and avtnv TV TEPLOYN mapaTpovvTon e&ontiog g
oLGGMPELONG GEWVOV 1 PACIKOV HETAROMKOV TPOTOVT®V OTTMG gival To Mmopd o&éa N
N appovia avtiotoya. H adénon g cvykévipmong tov Mmoapdv oEéwv eivarl amd to
0 KOWA TPOoPANLATA TOV avaEPOPLOV avTOpacTP®V Kol cupfaivel cuvnBwg dtav ot
o&koydvot kot 1 ot HeBavoydvol LIKPoOoPYaVIGHOT £XOVV TOPEUTOIGTEL e AMOTEAEGLLOL
T 0EEQL VoL UMV KOTOVOADVOVTOL otd oVTOOS KO VoL GLCCOPEVOVTAL GTOV YOveELTHpa. H
evaioOnoio oty peimon tov pH givor peyaivtepn yo ta pebovoydva Baktmpia amd 0Tt

ota Quuotikd PBokmmplo. Koatd ocvvémelin eved 1 mopaywyn tov o&€wv amd TOvg
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QuopoTtikovg  pukpoopyoviopovs ouvveyiletar, mn pebovoyéveon €xel mapeUTOIGTEL
av&avovtag cuveX®S T0 TPOPANUA TG 0EVTNTAG GTOV AVTIOPOCTPO KOl 0O YDVTOG

TEMKA G€ omoTvyia TN dlepyaciaL.

Qo1600, mapoywyn pebaviov €6t Kot o€ pKPEG TOcOTNTEG Pmopel va cupPel
eite og 6&wo eite oe Pacwkd mepPdAiov vrodnidvovtog OtL 1 pebavoyéveon oev
neplopiletar povo ota Opla tov ovdetépov pH. H Methanosarcina barkeri kot m
Methanosarcina vacuolata, 600 pebovoPaxtipia mov  Kataval®vovy  0EIKO,
avantoocovtol kot og PH~5. Eniong pebavoydvol pkpoopyavicuoi e Bartddn topen
TOPAYOLV CNUAVTIKES TOocOTNTEG HebBaviov kot og PH~3 evd 1 BEATIoTN TIN TOLG Elvat

og pH~6. Antd v dAAn pepud, Exet mapatnpnOei avdntuén pebavoPaxtmpiov og pH~9.

3.3.3 AlkadikoTyTa

MebBavoyovor pikpoopyavicpoil éxovv PBpebel o SOQOPETIKNG OAKOAMKOTNTOG
nepPdAlovta, omd yAvkd péypt vrepaiatovya vepd. Qotdco €xer avapepBel OTL
oAkalkoTTEG Tave amd 0.2M Na™ mopepmodifovy v mapaymyy pebaviov (Boone,

1991).

H emapkng mocomto aAkaiikodtnTog elvar onpavtikn yu v pvduion tov pH.
Ye évo ovoepoPlo avTdpacTpa TOPAYETOL OAKAAIKOTNTA (KOTA TNV OlICTOCT TOV
OPYOVIK®V VLTOAEUUATOV) KUPIOG 6€ HopeY| OlttavOpakik®v mov Ppickovior cg
ooppomia pe to dto&eidto Tov dvBpaka otnv aépla eacn (oto cvykekpévo pH). Ot

eEI0MGELG TTOV AVOTOAPLGTOVY TNV 1COPPOTIN OV TN Elval OL €ENG
C02+H20 > H2C03
H,CO; —» H + HCO3

H ovykévipoon tov 1dvtov [H'] kat tov pH tov cvotiuotog pmopsi va
VTOAOYIGTEL amd TNV TapoakdTe e€locwon 16oppomiag:
[H'] = k; [HoCO3]
[HCOS]
Y1ic tég pH amod 6.6 péxpt 7.4 kai og Tumiky cvotacn 610EEdiov Tov dvBpaka
omv aépla edon 30 pe 40%, 1 dirtavOpakikn odlkaAkotnTo Kopaiveror oo 1000mg/l

uéypt 5000mg/l CaCO3. Otav n cLYKEVIP®ON TOV TINTIKOV 0EEMV glvan Likp o€ éval
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avaepoflo avTdpasTpa, N OAKY aAKAAMKOTNTO Elval GYedOV iom pe TNV JTTavOpaKiKn

oAkolkotnta (Malina et al, 1991).

3.3.4.0pentika

Mo va mpaypatomondel 1 S1G0TacT TOV OPYOVIKOV HOpimv Kot va opoyDel
pebdvio yperdleton vo, vdpyovy GTOV avaEPOPIO AVTIOPUCTHPO KATOW OTapoiTNTOL
Opentikd cvoTaTIKA Yo TV avATTLEN Kol TOV HETOPOAICUO TOV LIKPOOPYOVIGUMV.
I'evikd 1o emineda omv Tpoodocio twv Pacikdv Opentikdv C kow N ovvibog
exppalovioar pe to Adyo COD/N mov mpémet va xopaiveton and 400/7 émg 1000/7
(Henze and Harremoes, 1983). ITapdpota o Bértiotog Aoyog N/P givon 7/1 (Stronach et
al, 1986).

Emiong dudpopa yyvoototyeia ivor amapaitnta yo tn pebavoyéveon 0mmg sivot
0 61dMNpOo¢, TO VIKEAO, TO HOYVIO10, TO acPéoTio, To Bépro, To foAppduo, o poAVPRSOC,
10 ceMvio kot to koPdAitio. Ta otoryeld avtd cvvnBwg eumiékovior 6to evOLHKO
cvotnpa TV pebavoydvov Kot 0&koyoveav Baxtnpiov. ZTig TeplocOTEPES TEPIMTMOGELS
avaepoPiag enelepyaciog amofANToV Ta 1yvosTotyeia mov givon amapaitnta Ppickoviot

o€ mepiooela 6TV Tpo@odoaio (Stronach et al, 1986).

3.3.5 To&ikég ovoieg

H dswdwacio mwapaywyne peboviov umopel vo mpocdiopiotel amd S1bpopeg
ovcieg mov gival ToEkég yia v pebavoyéveon 6mmg gival To o&uyodvo, M app®via, To
Mmopd o&éa, ta Papéa pétaAlo, ta Beodyo Ko Betikd 16vta kol odpopeg GAAES

EevoPloTikég EVOGELS.

To o&vydvo eivar 10&IKO axOpo Kou o€ iyvm Yoo T0 QLOTNPOS avaepoOPila
pebavoydva PBokmpro. Meréteg, wotoco, €oeiEav Ott evdd ot pebavoydvor dev
avantiocovtol kol dgv mopdyovv pHeBdvio, opiopévol omd avtovg eival opkeTd
avbektikoi oto o&vyovo. e mopaderypa o Methanobrevibacter arboriphilus kot o
Methanobacterium thermoautotrophicum pmopodv va cuvinpnbodv yio PEPIKEC dPES
ueta v ékbeon Tovg oto o&vyovo, eved o Methanosarcina barkeri avtéyet yia néve ond

24 peg (Kiener and Leisinger, 1983).

H oppovia emiong pmopel va dpdoel TOpeUmodIoTIkKd otny dadkacion TG

avaepoPlag yovevons. H tywnq g ovykévipoong mov  elvorl  TOEIKY]  GTOVG

22



pKpoopyoviopos e€aptator kKot and dAlovg mapdyovtes, Omwg givar to PH ot
OLYKEVTPMOT TOV TINTIKOV AMTopdv 0EEmv, Kabdg Kol and Tov TpOmo Tov exTifeton
oto pebavoPaxtipia, pe tnv eAehOepn popen va Bewpeiton yevikd o tolikn and v
oviopévn popen (Malina et al, 1991). H cvykévipoon appwviog mov mopepmodilel v
napayoyn pebaviov sivar petag&d 1500 ko 3000mg/l eved and 4000mg/l kot wave
EMEPYETOL TANPYG AVOGTOAN TNG dlepyaciog (Stronach et al, 1986). And v dAAN pepid,
o un pebovoydvog mAnBLoUdg emnpedleTal GE CLYKEVIPMOELS OUUOVIOG HEYOADTEPES

a6 6000mg/1 (Cross et al, 1983).

Onwg avaeépOnke Kot TPoNYOLUEVEOS, 1) GVGCMPELCT TTNTIKOV MITAPOV 0EEMV
nopepnodifel v pebavoyéveon. Ot emmtdcelg mov elyav ol ovcieg avtég e€aptdvTon
oLYVA Kol oo GAAEg meptBaAilovtikég cuvinkes (PH, adkalikdtnra) mov emikpatodv
otov avaepofio avidpactpa. IImrtikd oféa, O0nwg 10 0ofkd Kol T0 PovTLPIKO,
epeavifouv pkpn to&wotnta 6tav 1o PH givor ovdétepo. AvtiBeta 10 TpomoviKO 0EL
elvar oo kot yio ta pebavoydva kar yuo to ogoydva Paxtnpa. Emiong ta avotepa
Mmopd o&€a (.. OTEATIKO, TOAPTIKO, AAOVPIKO K.0.) TapeUmodilovy T dpacTIKOTNTA
TV ofukoMTikdVv pebavoyovov Poktnpiov. Tevikd to mmmrikd Amapd  o&éa
avayvopilovtolr oG o To ONUAVTIKG EVOLAUESH TPOIOVTO TG avaepoPiag depyaciog

Kol TPOTEIVOVTOL MG O1 TAPAUETPOL EAEYYOL OANG NG dadikaciog (Pind et al, 1999).

H mopovcia Papéwv ce ocvykevipdoelg yvoototyelov Ommg eldaue givor
amopoitnTn Yy v Agttovpyic moAl®V PBoktnpiov. Qo100 OTOV Ol 0LGIeC AVTEG
Bpiokoviar o PEYOAEC CLYKEVIPMOGELS, EMOPOVV apvNTIKE GtV avaepdfia Ydvevon.
Eivor dvokoro va mpocodlopiotodv pe axpifelo ta eminedo TMV GLYKEVIPMOOENDY TOV
Bapéwv petdrdhov mov apyifovv va givar tolud, apod e&aptdvtal amd Tic cLVONKES
Aertovpyiog Tov avagpdfiov aviwdpoacTpa, eved elvar mbavd To Poaxtipo Vo
TPOGOPUOLOVTOL GTNV TOPOLGIN HETAAA®DV KOl VO QVEAVEL OTASIOKA 1) avOEKTIKOTN T
Tovg o¢ avutd. 'evikd n oepd mov pewdvetor M TOEIKOTNTO TOV HETAAA®V glval

Ni>Ca>Pb>Cr>Zn (Hayes et al, 1978).

To vopobeto (H2S) kan yevikotepa ta Berovya avidvta (HS', Sp7) etvar amd tovg
O 10YLPOVE TOPEUTOOIOTEG TG avaepOflog yovevons. Meléteg €oe1&av Ot givan
10&k0 yioo oo peBavoyova Poktipla oe ovykevipmoelg peta&y 200-1500mg/l. H

T0&IKOTNTA TOV VOPOBEIOL OTTMS Kot TV Papémv puetdAlmv eEaptdtot and to pH.
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Téhog, M mapovcios SAPOP®Y AVOPOTOYEVOV EVOGE®V OV avaepofio
dlepyacia Xl apvNTIKEG EMMTMOGELS 6TO GLOTNUO. ['EVIKA J1APOPES OPYOVIKES EVDGELG
oV TEPAAUPAVOVY  OAKOAOUAOES, OAOYOVOOUAOES, VITPOOUAOES, Kol Ogl00UAdES,

napepmodilovy v mopaymyn pedaviov.
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KEDAAAIO 4

YAIKA KAI ME®OAOI

4.1 Evoayoym

Ye outd TO0 KEPAANO TEPLYPAPOVTOL OAEG oL HéEBOSOL TOL YpNoLLoTOoMONKaY
KOTO TNV EKTOVNON TNG TapoVGOS TTUYIOKNG €PYACIag KOOMDS Kol TO EPYOCTNPLUKA

UMYV LOLTOL.

4.2 Métpnon pH

H pétpnon tov pH ota vypd delypota £ytve pe v xpnon opntov TeXaLETPOV
g Crison GLP 21.

Ewova 4.1: [Teyapetpo g Crison GLP 21.
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4.3 IlIpocoropropioc Xnuika Ararroopevov O&vyovov (COD)

Q¢ Xnuwd Amortovpevo O&uydvo (XAO) opiletar m 1ooddvoun mocoHTHTO
o&uyovov, mov amarteitat yro TNV 0&eidmon TV CLGTATIKAOV VOGS delYLOTOC amd 1oYLPA
ofewotkd péco. O mpocsdopopds tov XAO Pooiletor 610 yeyovog 0Tl OAEg O
OPYOVIKEG EVAOOELS, pe eAdyloteg eoupéoelc pmopovv va o&edmbodv amd 1oyvpd
ofedmtikd. H 0&eidmon Tov opyavikod LAIKOD evog dtaAvpatog yivetal and mepicoeio
dypopkov kaiiov (KoCroO7) pe 6éppavon kor e oyvpd 0&veg ocvvOTkes. g
KATOADTNG Yol TNV OEEldMON TOV OAEPATIKOV EVAOCE®MV YpNoLoToleital Betikoc
dpyvpog (AgSO4). T v amoguyn NG OEGHEVONG TOV  OVIOV apyLPOL 0o
YAoprovyo, Ppopovya, kot 1wdodye 1Wvie, To omoio. cuvnBwg VEapyovv oTa
amoPfAnta, yivetor mpocHNKN OvIov vopapydpov pe T Hopen Beltkod vOpAPYLPOL

(HgSO4), ta omoio. cuumAokomolovvTat Le T 1OVIA aA0YOV®mVY, 00NYDVTOS To o€ inua.

H avtidpaon o0&eldmong Tov opyovikod VAIKOL Omd To SypOUKE 16vTa

mePLypaeTal yevikd and v e€locwon:

CnHa0p + €C,2072+8¢cH" ~ nCO, +( a+8¢)/2 H,0 + 2C,*

O TPoodOPIGUOG TOV YNUIKA oontoOueEVoD o&uydvou éywve e T néBodo g
KAEIOTAG emavappong mov meptypdoetar oto Standard Methods, pe potouétpnon ota

, 3+ , I ’ , ,
600 nm tov 16vtev Cr mov TpokdTTOvY Ao TNV 0EEIdMON TOL 0PYUVIKOD LALKOD.

A
L P PP PR PRSI [SHE R A NS

RO wie waerwisevawy @y ;)‘\".

Ewova 4.2: ®ovpvog yio v pogtotpacio twv COD.
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4.4 T1pocoopio o OMKAOV KOl TTTIKOV GLOPOVUEVOV CTEPEDV

To oOvoro TtV otepe®V MOV VEApPYovv ota Voata (orpodueva, StaAvpévo
kaf1ldvovta) amoteAoVV To OMKA GTEPED, N LETPNON TOV OTOI®V TOPEXEL ONLLOVTIKEG
TANPOPOPieC OYETIKA UE TO emimedo emPdpvvong mov £xel VIOOTEL 0 VOATIKOG
amodéktng. Toco Ta awpodueva oTeped 0O KOl TO OAMKG OTEPE OlOKPIVOVTIOL GE
nmtika (Volatile, VS) kot otabepd (Fixed, FS). Ta zwmrkd eivoar avtd mov
agpronolodviar o Ogpuokpocio 550°C kol OVIITPOSMAELOVY KUPIWE TO. OPYAVIKE
oteped evd Ta oTafePA Ivol TO VITOAELLO TG KAHONG KO OITOTEAOVVTOL OO OVOPYOLVOL

oTEPEQ.

O 7mpocdlopIGUOC TV  OMKAOV KOl TTINTIKOV — OLOPOVUEVOV  GTEPEDV
npoypatoromdnke coppwva pe v avtictoyn péBodo, mov meptypdpeTar 6to Piffiio

“Standard Methods for the examination of water and wastewater”.

Olxd awwpovpeva oteped (OAY) yapaktnpilovtatl ta pn dmbovueva oteped.
INoa tov mpocdiopiopd TOVE, YVOOTH TOGOTNTO KOAMG OVOLELYHEVOL OelyloTog
tonofeteitan og mpoluyopévn kaya. To vAikd Enpaivetor péxpt otabepod Pdpovg oe
@ovpvo otovg 103-105 °C. H avénon tov Bapovg Thg KAy ovTITPOSMOTEDVEL TO OAMKA,

aLWPOVUEVO OTEPEQ.

Ta nmkd owwpodueva oteped  OMOTEAOVV TO KAACUO TOV  OAIK®OV

, ’, , ’ 0 ,
aLOPOVUEVOV GTEPEDV, TO 0Tolo eaepdvetal otovg 550°C. e tov Tposdlopiopd Tovg,
N kédyo oty omoia &govv katakpotnOel TO OAIKA COPOVUEVE GTEPER TVPOKTMOVETOL,
uéxpt otabepov Papove oe Topaviplo otovg 550°C. H peimon tov Bapovg Tg Koyog

OVTIGTOUYEL OTO TTNTIKA OL®POVUEVO GTEPEC.

[Mopakdto ansucoviletor n dadikacio:
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Ewkova 4.3: Tonobétnon derypdrov otoug 550°C yia 2h.

Ewovo 4.4: Tomobétnon derypdtov otoug 105°C yia 24h.

4.5 Ilpooowopionog almtov kata kjeldahl

Optopévn mocoNTa ENpov dctypatog tomobeteiton otov muOuéEva EvOg coANVa
kavong. H opyavikn ovcia ofewddveton pe Oetikd o&H mapovcio KataAvtn, 10 alwto
(eKTOG A0 OVTO TOV VITPIKMOV) UETATPENETAL TOGOTIKA GE OU®Vio Kot avt o€ Oetikd

OLLLLLOV1O.

2 NH;3 + H,SO, (NH4)2804

To Betikd appmdvio oe Oeppud aAKolMKo TePPUAAOV SOCTATOL KoLl TOPAYETOL
appovia, n orola yoyeton kot dtaPifaletar oe dtdhvpa Bopucod 0&Eog 6OTov decpedeTon

pe v popen Popikod appmviov. Axkorovdel oykopétpnon pe Hetikd o&d. O dykog Tov
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npotuTtov drodvpatog 0,1N wov katavolodnke petatpénetol oe mocoTTA Al®TOL. Ot

OVTIOPAGELS TOPAYWYNG KO OEGUEVOTNG TNG AUUOVING EYOVV OC EENG:
(NH4)2$O4 + 2 NaOH Na,SO4 + 2 NH; + 2 H,O
3 NH; + H3BO3 (NH4)3BOg

O vroAoyopnog Tov A{dTov yiveton pe Pdomn TG TapakdTom e£l6MOES avVAAOYa

o€ 1L u€yebog embopov e Vo EKPPACOVLLE TN GVYKEVIPWOON:

o o4N = 1,4*c*(V—Vh)
Bdpog detyparoc oe g
B. MgN/L = 14000 *c * (V — Vb)

Oyxkog detyporog oe mL

14000 * ¢ * (V — Vb)
Bdpog detyporog oe g

Y. mgN/Kg 1 ppmN=

omov:
C: 1 GLYKEVIPMOOT] TOV TITAOSOTIKOV dloAdaTOG 6€ N,

V: 0 6yk0og Tov TITA0SOTIKOV d10AVaTOC 6€ ML mov amatOnKe Katd TV TITA0dOTNON

TOV delyHOTOC,

Vb: o dykog tov TitAodoTikoD dladvpotog o€ ML Tov amartOnke katd ) Tithoddtnon

0V TVPAOV detypartog.ITapakdto ansikoviCeton n dodkacio:
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Ewcova 4.5: Mnydvnua g téyng(Kjeldahl Digestion Instrument)

=

Ewova 4.6: Zootmuo andéotaéng Vapodest.
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4.6 Ilpocoropiopnog Pwcpopov

O e®oEopog omavtdtolr oTo ELGIKA vepd Kol 6To VYPA OmOPANTA GYEIOV
OTOKAEIOTIKA GOV QOOPOPIKA. Ta @mOOEOPIKE 0ovTd  KOTYOPLOTO0UVTOL GTO
0pBOPOGPOPIKA, OTO GLUTLKVOUEVE POCEPOPIKE KoL OTO QMOOQOPIKE Tov &ivou
deopevpéva pe opyavikég evooels. Ta @woeopikd ota Hdata Tpoépyovtal omd
YEWPYIKES OpacTNPLOTNTES (KLPIS amrd TN YPNON MTAGUATOV), TNV ATOPPIYT OCTIKOV
AHATOV Kot VYP®OV Bopnyovik®v amofANTov kabne Kot ond PloAoyikéc depyaocies.

Kabopiopéveg mooodHTNTEG POCPOPIKOV EIval amopaitnTeS Yo TNV avVATTLEN TOV
QeLVTOV Kot TV {O®V, 68 HEYAAES OUMOC GLYKEVIPAOGEIS KOl GE GUVOVACUO HE TNV

TOPOVGIO VITPIKAOV TPOKAAEITOL TO POIVOUEVO TOV EVTPOPLGLOV.

H pébodoc mpoodopiopod 1ov oAkod @woedpov oto. vYPA  amdPAnTa
amotedeiton amd 600 GTAIN :0) LETATPOTN TOV SUPOPOV LOPPDY TOV POCPOPOL GTO
dAvTd 0pBoewcPopikd ) avtidpacn Tov HoAVPSaVIKOD OUI®VIOD Kol TOL TPLYIKOD
KOALOOVTILOVOAIOL HE To opBopmopopikd o ehappmg O&wvo mepiBdAlov Kot
onpovpyia £vog £T1EPOTOAMKOD 0EE0C — TOV PMOGPOUOAVPIALVIKOD TO 0Toio avayeTal G

&vtova YpOUATIGUEVO LOAVPOoVIKS UmAe e TO aokopPikd 0&D.

O pocd10pIG oS TOL 0AIKOV Dwopdpov £ytve pe TV péBodo mov meptyplpeTan

oto Standard Methods, pe potopétpnon ota 890 nm.
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KEDAAAIO S

IIEIPAMATIKH ATIAAIKAXTA

5.1 Mewpopotikny owdraén

IMa ) perét g avaepoProg enelepyaciog ypnoponomdnke Evog avaepopiog
avtwpactnpag cvveyovg Acttovpyiog (CSTR). O cuvolikdg Gykog Tov avTIOpAGTIPA
eivar 1 L yu tov avtidpactipa mov mpootédnke tupdyoro kot 3L yia tov pdptopa
omov Agrtovpynoe povo pe aotikny . Onmwg PAémovpe amd v ewodva 5.1, o
avTdpacTNpag £xel SUTAGTOLYO. TOlYOUOTA, Od TO. omoio mePVA Beppotvopevo vepd
otoug 35 °C pe v Ponbeia voardorovtpov. H amoppor] 0L avidpacTtipa
TPOYULOTOTOLEITOL UE QUGIKT por| (Ywpig avtiia) Adym ™G avénong g mieong oto
€0MTEPIKO amd TV mopaywyr Proaepiov. H avadevon efaceporileton amd éva
apyOGTPOPO KvnTipa 0 0moiog £xel eyKatactadel oty Kopven ToL avtidpactipa. To
DMKO TOVL OVTIOPOGTIPO OVOOEVETOL TEPLOOIKAOG Y10 OEKATEVTE AEMTA OVO POPEG TNV

wpa.

Apywd, 0 avTdpacTnpag TPoPodoTHONKE e avaepOPia th) Tov TPOEPYETAL OO
tov Biohoywod Kabapiopd g moing tov Hpakieiov, ko mepieiye 13,69 g/ L TS, 9,68
g/ L VSxu16.4 g/ L COD. IIpaxtn VAN mpootédnke pia opd v nUEPO LE GLVOAKO
6yko tpogodociog Tov 40ml kot 125ml avtictoyyo nuepnoimg kot VIPULAIKO YPOVO

TOPALOVIG 24 NUEPDV.

H tpo@odocia Tov cvotiuatog dtatnpodtay o KAEIGTH QLAAN o€ Beppokpacio
4°C. H tpogpodocia yivetan yepokivnta. Emiong m amoppor] cuAréyeton o€ KAEIGT
QLAAN, EVO TO TTAPAYOUEVO PlOoaéPlo KATOAYEL GE GOKOLVAGKL amrofnKevong Omov 1o

Bloaéplo petpréton e eKTOMOT VEPOU.
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Astypatohnyrio

(_)E t Buwoagpio, a:rl:op;of]

Nepo, 35 °C

<5

Tpogodooia

Nepd, 35 °C

Zympa 5.1: Tepapatikn 01dtaln avoepoflov avidpactTipe GVVEXOVG Aettovpyiog
(CSTR)

i
Yyqpata 5.2:Epyactnprokol avtidpactipes epyactnpiov Alayeipiong Ztepedv

Ymoleppdtov Kot Yypov amoBAntov.
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KEDAAAIO 6

AITIOTEAEXMATA

6.1 Ewoayoyn

210 TapPOV KEPAAOMO TOPOVCIALOVTOL GUYKEVIPMOTIKA TO OTOTEAEGUOTA TMOV
peTpNoE®V mov £yovv yivel amd Tic 6 OktwPpiov 2014 fwg 11 19 Aexeufpiov 2014

KoODC KoL TO GUUTEPAGLLOTA TTOV TPOKVITTOVV.

6.2 IIpooowpwouoc Tov pH amd6 v Tpogodocio Kor TOV
AvTiopaoTtipo

6.2.1 Aotuci 1A 100% - Avtidpaotipog 3L
Y10 oynua 6.1 PAémovpe T1g Tyég Tov pH mov mapbnkav amd v Tpopodoscio

KO TOV OVTIOPOCTN PO

pH

8,5

8 H@'@%ﬁbﬂ?ﬁ@b@gﬂﬂﬁ&ﬁ%

T
*75 M_W
7
6,5
0 0 20 30 4 50 60 70 80
Time (days)

=4—pH in ==pH out

Yympa 6.1: Métpnon pH and tov Avtidpactipa kot v Tpopodocia yia
Aotikn .

[Tapanpeiton 6TL | péyrom Tiun tov pH oy tpo@odocia givor 7.7 kol o pécog
o6po¢ ¢ Tiung tov pH eivon 7.51. Ocov agopd Tov avTIdpacTHpa 1 LEYIGTN TIUT TOV

pH givon 8.1 ko 0 pécog 6pog eivan 8.0.
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6.2.2 Aotuci] 1A0 90% & 10% Topoyaro - Avtidpaoctipog 1L
210 oynua 6.2 BAémovpe Tic TinéEG Tov pH mov mapbnkoav omd v TpoPodocia

KOl TOV OVTIOPOCTN PO

pH

815 m
8

7,5 ¢ A
I Van NGYA
N/

pH

6,5

0 10 20 30 40 50 60 70 80
Time (days)

=o—pH in =¥pH out

Zyfqpa 6.2: Métpnon pH and tov Avtidpacstipa kot tnv Tpopodocia, Actikn
0 90% & 10% Topodyaro

[Mopatnpeitor 6t 1 péyrotn Tun tov pH otV tpogodoacia gival 7.8 kot o pécog
opog ¢ Tung Tov pH givon 7.1. Ocov apopd tov avtidpactipa | péytotn tiun tov pH

etvar 8.5 kot 0 pécsog 0pog eivan 8.1.

6.3 IIpoooropropnog Tov Xnuikd Arwartovpevov OSvyovov (COD)

6.3.1 Aotui] 120 100% - Avriopacstipog 3L
¥10 oynua 6.3 BAénovpe T TYéG Tov T-COD amd TIg LETPNGELS TTOL TTHPOUE

Ao TNV TPOPOS0Gia KOl TOV OVTIOPOGTIPO.
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Total COD

~
o

7

\

\
*f
|

N
o

[y
o

T-COD (g/1)

o

0 10 20 30 40 50 60 70
Time (days)

=—=T-COD in =¥¢=T-COD out

80

Yymura 6.3 Métpnon T-COD and v Tpopodocia kot Tov avtidpacstipa, AGTIKY AD.

[Mopatpeitor peiwon tov T-COD and péon T g tpogodociog 50.67g/1 og

péon tiun 36.36g/1 oty ££000 TOL AVTIOPAGTHPOL.

6.3.2 Aotiki] 1A0 90% & 10% Topoyaro - Avtidpaoctipog 1L

Total COD

50

40 L SN =
= ’\/\_"
2 \/
O 20
(&)
|—

10

0 10 20 30 40 50 60 70
Time (days)

=—=TCOD in =¥=TCOD out

80

Yyqpa 6.4 Métpnon T-COD and v Tpo@odocio Kot Tov avtidpactipa, AGTIKN 1A

90% & 10% Tvpodyairo.
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[Mopatnpeitor peiowon tov T-COD amd péon T g tpogodociog 37.84¢g/1 og
péon tiun 29.1g/1 oty €£060 10V AVTIOPAGTNHPO.

6.3.3 Aotk 120 100% - Avtidpaotipac 3L
¥t0 oynua 6.5 BAémovpue Tov Tpocdiopiopnd tov D-COD and v Tpogodosia

KOl TOV aVTIOPUCTHPOL.

Dissolved COD

0,9
0,8

’;:o 0,7 —*———\

o5 :

a o5 N\ p

S o4 S
A 03
0,2
01
0
0 10 20 30 40 50 60 70 80
Time (days)

=-D COD in =¥=D COD out

Xyqpa 6.5: Métpnon D-COD and v Tpopodocia kot Tov avtidpactipa, AcTikY| thd
100%.

Ymv Tpoeodooia ot Tpég tov D-COD og g/l giyov katd péco 6po 0.54 evid

otov avtidpactipa ot Tipég Tov D-COD ot g/l giyav katd péco 6po 0.37.

6.3.4 Aotiki] 1A0 90% & 10% Topoéyaro - Avtidpaoctipag 1L
>10 oynua 6.6 BAémovue Tov Tpocdiopiopnd tov D-COD and v Tpogodoaio

KOl TOV aVTIOPUGTIPOL.
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Dissolved COD
o /r/\\
A
/N \ /
ARV,

—

DCOD (g/It)

¥
1,000 K

,000 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
Time (days)

——DCOD in ==DCOD out

Xympo 6.6: Métpnon D-COD ond v Tpopodosio Kot Tov avtidpacstipa, AGTIKY| A
90% & 10% Tvpodyairo.

Ymv Tpoeodooia ot Tipég tov D-COD oe g/l giyov katd péco 6po 3.60 evid

otov avtiwpactipa ot Tinég Tov D-COD ot g/l elyav katd péco 6po 0.52.

6.4 IIpocoropiopnoc Olkav Arwpoopevov Xtepedv (TS )

6.4.1 Aotuci] 1A0 100% - Avtidpaotipog 3L
>10 oynua 6.7 Ba dovue TV TPocdopod TV OMKk®OV Alwpodievov XTepe®V

(TS) amd Tov Avtidpactipa kot tnv Tpopodocia.
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Total Solids
50
40
5 30
o0
v 20 W
10
0
0 10 20 30 40 50 60 70 80
Time (days)
=—TSin =TS out

Xympa 6.7: Ilpoodopiopndc Olkov Atwpoduevev Ztepemv (TS) and tov
Avtidpactipa kot v Tpoeodooia, AGTikn 1AV.
H péon mun tov Olikadv Alwwpovpevov Ztepemv (TS), omv Tpogodoscio ce
/It eivar 35.04. H péon tmun tov Olkov Altwpovuevev Ztepemv (TS), otov
Avtidpactpa og g/lt etvan 21.87.

6.4.2 Aotuiki] 1A0 90% & 10% Topoyaro - Avtidpaoctipog 1L
10 oynua 6.8 Ba dodpe TV TPoSdoPIoUd TV OMKOV AlOPOVUEVOV XTEPEDY

(TS) amd tov Avtidpactipa kot tnv Tpopodosia.
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Total Solids

w b
v O

w
o

SR e AN

—
5 25 W W
8 20 \//
2 15 X

10

5

0

0 10 20 30 40 50 60 70 80

Time (days)

=—TSin =TS out

Xympa 6.8: Ilpoodiopiopndc Olkov Atwpoduevev Ztepemv (TS) and tov
Avtidpaoctipa kot v Tpopodooia, Actiky 1A 90% & 10% Tupdyalro.

H péon iun tov Olikov Awwpovpevov Ztepewv (TS), oy Tpopodocio oe
g/It elvan 27.98. H péon muq tov Olkov Altwpovuevev Ztepewv (TS), otov
Avtidpaoctipa og g/lt etvon 23.6.

6.5 IIpocoropionog Itnrikdv Xtepeov (VS)

6.5.1 Aotui] 120 100% - Avriopacstipag 3L
210 oynua 6.9 Ba dovue TV TPocsdlopiopd v Imtkov Ztepemv (VS) and

tov Avtdpactipa kot v Tpogodoaia.
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Volatile Solids
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Xympa 6.9: Ilpoodopiopdg [mrikodv Ztepemv (VS) amd tov AvTidpactipo Kot Ty
Tpogpodooia, Actikn .
H péon N tov Imukov Ztepeov (VS), oty Tpopodocia ce g/lt eivan 23.80. H

péon tiun tov tov Hmtkov Xtepeov (VS), otov Avtidpaostipa oe g/lt sivon 13.89.

6.5.2 Aotui] 1A0 90% & 10% Topoyaro - Avtidpaoctipog 1L
210 oynua 6.10 Ba dovpe tv mposdopiopd Tov [mrikov Ztepemv (VS) and

Tov Avtidpactipa kot tnv Tpogodoaia.

Volatile Solids
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Zympa 6.10: Ipocsdiopiopog Mmtkov Xtepedv (VS) and tov Aviidpactipa Kot Thv
Tpogodoacia, Aotk WO 90% & 10% Toupdyoro..
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H péon N tov Imtukov Ztepedv (VS), oty Tpopodosia oe g/lt eivan 19.76. H

péon Tiun tov tov Imrikov Xtepeov (VS), otov Avidpactipa oe g/lt eivon 14.85.

6.6 IIpoooropiondg mtocétnTag Broagpiov

Y10 mopokdto oynuo 6.11 Ba dodue Vv mocdtta tov Broaepiov mov

napdyOnke amd Tov avtidpactipa ue AcTIKn AD.

Biogas
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Yympo 6.11 TIposodopiopndg tocottag Bloogpiov actikng thvoc.

Y10 mopakdteo oynuo 6.12 6o dodue v mocoTNTO TOL Bloogpiov mov

napdyOnKe amd Tov avtidpactipa Le ACTIKN A Kot TPOYOAO.
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Biogas
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Xympa 6.12 Ipocdiopiopdg tosotntoag Bioogpiov Aotikng thbog 90% & 10%
Topoyarov.

O péoog 6pog g tung tov Brooepiov yio Aotk W0 kot tvpdyaiov eivor
401ml/Imuépa. Evdr n péyotn tiun tov mapayopevov Broogpiov givar 600mlmuépa.
I'o Tov avTdpactipo. TG aoTikng g petpiinke péon tun 222ml/l/day. Eropévag
napatnpeitar avénon 179ml/Imuépa.

6.7 Ilpocdropropnds cvotaong Blroagpiov

[Mapampeiton péon mun 61.7% CHs xor 16.4% CO, yu Actikr] WO kot
topdyorov kot 69% CH,4 ko 16.4% CO; yia pévo actikn 0. Enopévag mapatnpeiton
po pikpn peioon g moldtnrog tov mapayopevov Proaepiov pe v mpocHnkm tov

TVPOYAAOV.
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KEDAAAIO 7

XYMIIEPAXMATA

Bdoer tov omoteAecpdtov ©TO  TOPATAVO  KEQEAAOLO OVOPEPOVIOL TO

GUUTEPAGLATOL TTOV TTPOEKVYOV KOTO TOL TELPALOTOL:

Kotd m didpkelo tov mepapdtov, o pH 6tov aviidpastpa T aoTIkNG oG
nrav petald 7.8 kan 8.1, evd n péomn T g tpoodoaciag Ntav 7.5. Avtictowya to pH
OTOV aVTWOPACTIPA TNG AGTIKNG 1AV0¢ pe v tpochnkn 10% tvpdyarov ftav peta&d

8.0 ko 8.5, evdd n puéom T g Tpopodociag nrav 7.1

H ovvolkn oamopdxpovon T- COD xatd v O1dpkeld TOL TEWPAUOTOS LUE
Aotk A0 Mtav 28 % (péon tun). Evo yuo tov avtwpastipa pe v tpoctnkn 10%
Topodyorov oy 23 % (néon tun). Ocov apopd v amopdkpvven D- COD ftav 30 %
(pnéom tiun) pe aotikn WO kot 85% pe v tpocOnkn 10% tupdyarov.

H amopdkpovon VS katd v didpkelo Tov TEPAUOTOC PE OOTIKY TAD NTav 42
% (néon tun). Evad yo tov avtidpactipa pe v mpocstnkm 10% tvpdyorov ntav 26
% (u€om Tiun).

Ye otabepég ovvOnkeg, n moapaywyn Proaepiov ywpig ko pe mpooHNkn
TUPOYAAOL Kat aoTIKNG IAOG ftav 222 ml/l/d ko 401 ml/l/d avtictorya. Qg ek TovTOUL, 1
TPocHNKN TVPHYOAOL Kot AGTIKNG IADOG evioyvoe TNV Tapaywyn Broaepiov mepimov 179
ml/l/d. H tayeia avénon g mapaymync Proagpiov vrootnpiydnke and tavtdypovn

peimon tov suvoikov COD.

SOUTEPOAGUATIKA 1] XPTON TUPOYOAOV GE GLUVOLAUGHO LE TNV OOTIKN 1A ®G GLV-
VIOGTPOUATOG GTNV avaepOPia ydVeLoT Tapovctdlel peydin Peitioon oty anddoo
tov  Proagpiov, emopévemg avtd o aypotofropmyovikd omdPAnta  givar oA

EATTLO0POPOL.
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