KE®AAAIO 9

IMPOXTAXIA KAI AHOPPYITANXH TQN YIIOT'EIQN YAPO®OPEQN

9.1. I'evika

H amoppomavon 1 e&uylavon anockonel otnv avAAnNyn vepyEldY Kot OPACE®DY Yo TNV
AOKOTACTACY] TOV LILOYEIWV VOPOPOPE®V TOV €£Y0LV PLTAVOEL 1| TOV TEPLOPIGUO TNG
EMEKTOONG TNG POTTAVONG € GAAEC TEPLOYES, HEC® TNG Kivnong tov vepov. H mAnpng
OTOKATAGTACT) TMV LTOYELMY VOPOPOPEMV Kol TOL E6APOVES Eivol adVVATO Vo EMLTELYOEL.

H emdoyn g xotdAAning pebddov eEoptdror amd T @OOM, TN GLYKEVIP®ON Kol
TOGOTNTO TOV PUTOVTY], TO €100G NG TNYNG PUTOVONG (ONUEOKN 1 d1dyvTn, GLVEXNS 1|
TOPOOIKN), TO TAYOS TNG OKOPESTNG Kol KOPESUEVNS LDVNG, TO KOGTOG Kot T dtaféciun
teyvoAoyia, kaBmG Kol tn peAlovtikn ypnon yns. H emtoémo mapaxkorovOnom (site
monitoring) amoteAel T0 TPOTO Pp Yo TNV EMAOYN NG TEYVIKNG ATOPPUTAVONG Kot
TepAapUPaveL yNUKES avaADGELG dEIYUAT®V VEPO KOl aepimV e oKomd va KabBopioBolv ot
QULOIKOYMNUIKEG  1010TNTEG TV  pumavidv. [  ocoPapd emelcdoll  puTOveNg 1
mapoakolovdnon opkel yio apketd kopd (3 dekaetieg) HeETd TNV OAOKANPOON TOV
EPYACIDOV ATOPPLTOVOTC.

H amhovotepn kot pn domoavnpr] “Adon” eivar m pndevikn Adon. Kot’ avtiv dev
avoAapPavovtol OpAacel Kot PETPO Yo TNV amoppvmavor, ARG mn eacBévnon 1
eEAPAVION TOV PUTOV ETAPIETOL GTOVS PLGIKOVE UNYOVIGLOVG, OTTMG 1| TPOSPOPNCY GTNV
EMPAVELD TOV OPYIMKOV OpUKTOV, M Proloykn amoddunocn, m opaioon kAmw. (PA.
wapdypaeo 5.9). Eneidn dpmg ot unyovicpol pueikng amoppOiTavens dpouV GYETIKA apyd,
dgv ovviotdrtal n pEB0d0G TG UNOEVIKNG ADoTC.

H exoxkaen kot amopdkpuvern tov €0dpovg poll pe tov pOTO €ivol OTOTEAEGUOTIKY|
puébodog, aArd amortel peydlo K0otog Kot emmAéov Tifeton TpOPANUa pe v e€edpeon
KATAAANANG B€ong Yo TV andBecn TOL PLTAGLEVOL £DAPOVG.

I'evikd o1 vypol pumavtég mov givat EAaPPVTEPOL A0 TO VEPO KOL OEV OVOLIELYVOOVTOL LE
avtd (LNAPLs, Light Non-Aqueous Phase Liquids) amopokpOvovtol Gyetikd €0KOAO.
Avrtifeta o1 vypol pumavtég mov givar Bapvtepol amd 10 vepd Ko cuvendg katafubilovral
yopic va avaperyvbovror (DNAPLs, Dense Non-Aqueous Phase Liquids) eivar dvoyepeic.

Tétool pumavtég etvor o Papid TETPEAAIOELDN, O YAMPLOUEVOL SIHAVTES, EVIOLOKTOVA K. (.

223



[Ipémel va tovieBel 0TL 11 TPOANYN TNG POTOVONG OMOTEAEL TV OTOTEAEGUATIKOTEPT] KOl
owkovoutkdtepn nEBodo avTipeTd®mIoNG TG puTtavons. Emiong emPaiieton n Anym auecmv
PETP@V amd TN SomicTOON TG PUTAVONS TPV TPOKANBoUV averavopbwteg PAdPeg oTovg
VILOYELOVG VOPOPOPEIC.

H eEdmhoon g pomovong e€aptdtal amd T VOPUVAIKE YOPAKTNPIOTIKG (TOPMOES,
GUVTEAEGTG VOPOTEPATOTNTOG), TNV TOPOLGIN UIKPOOPYOVIGLAV, TNV TOPOVGIN OPYIMK®OV

QOK®OV K.AT.

9.2. M£0odor ammoppOmaveng

Ot péBodot amoppOmavong meptAapuPdvovy TV omoUdKPLVOT TOV PLTAVIOV 1 TNV
enefepyacics OV  POTOV  EMTOTOL KOl avagépovtor oov  UEBOOOL  EVEPYNTIKNG
amOpPOTAVOTG.

Poravtéc, dmwg €xel mpoavapepBel eivail: vopoyovavOpokes, aAKOOAES, VYPA KOVGIUA,
€0TEPEG, ABEPEC, VITPOUPOUATIKEG EVAOGEIS, OAOYOVOUEVES OPOUOATIKEG KOl OAPOTIKES
evooelg, pétardra (Cr, Ni, Cd, Zn, Pb, Hg).

Ot kup1otepeg pnéBodot amoppumaveong eivatl ot Katwbt (Xpiotoviag, 1991, Charbeneau et

al., 1992, Kappaddac, 1996, Kairépyng, 2000, Avtovomovrog, 2001):

1. H uéBoodog avrinons kot amoppomovens olalvuévaoy poravt@yv (pump and treat)

Kotd v epappoyn g pnebddov oty mepinmtoon SAVUEVEOV  PLTOVIOV TOV
OVOUELYVOOVTOL e TO LILOYED vEPD, YIVETOL AVTANGCT TOL LTOYEOVL VEPOL HE GVGTNHO
YEOTPNCEMV KO 6T GLVEXELNL odnyeitan o€ povada emeepyacioc. Metd v enelepyacio
glval SuvoTh 1 EMOVEICOY®YN TOL EMEEEPYOUGUEVOL VEPOD GTOV VAPOPOPO, N | d1abecT 61O
£00.P0G, 1 TEAOG 1 SLOYETEVGT] TOL GE YEITOVIKO VOPOPELLLAL.

H Béltiom andotaon tov ye®Tpioemv amoppOmavong ival cuvApPTNoT TNG ToYVTNTOG
PONG TOL VLWOYEIOL VEPOV, TOV TAYOVS TOL VLOPOPOPOV, NG HeTARPOCTIKOTNTOS, TOL
GLUVOAIKOD ap1Opol YEWTPNGEMY KOt TNG TAPOYNG AvTANoNG Kobedg €€ avtmv.

O ovvdvoouds yewtpioewv  AviAnonc-ékyvons (epmiovticpov) divel  kaAdTeEpQ
amoteléopato, wwitepa  Otav  datdocovtar  KotdAAnAo  (Xy. 9.1). H mAéov
OTOTEAECUATIKY O1dTOEn €ivol vty 6TV 0moia VLAPYOVY OVO YEWMTPNOELS AVTANGNG Kot
pio yedtpnon €kyvomng 6to PEGO TV dV0 TPMOT®V, OAEG o€ gvBeia Ypapun (KeEVTpoaEovikn

owataén).
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H enelepyacio tov avtAodpeVoL puTaGHEVOD VEPOL UTOPEL Vo YiVEL LE TPOGPOPN O™ ATt

gvepyo avBpaxa.

Nepd ==

Mrrevrovimme.

:
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:
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ﬁ EVTOTTIOROU
] pumav

@ b)

Yympa 9.1: Zvotipota “aviinonc-eneéepyacioc” yo v avéxktnon NAPL: (a) Aniq yedtpnon,
pia avtiia, (b) andn yedtpnon, (evyog aviiidv (Domenico-Schwartz, 1998 ue tpomomoinceic).

2. Agpooraywpioudg (air stripping)

H pébodog epappdletor kbpia yioo Ty amoppOTOVGT OO EMTALOVTIES TTNTIKOVS PUTTOVTEG
(BevCivn, mttcol vopoyovavOpakes K.AT.). XTOV 0epOdYWPIOTY] TPOKOAEiTal eEdtion
TOV TTNTIKOV 0VGLOV GOUEMVO. e Tov vouo Henry, Adym dwafifoaonc aépa amd puontipa

(Zy. 9.2). Metovéktmpa g nebodov elvar n LETAPOPA TNG POTAVONG GTNV ATHOCSPALPA.
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Mohuopéve uToyeio vepd

Yympe 9.2: Mé00dog PloamoKaTdoTaons LE AEPOSYDPICHO
(KaArépyng 2000, pe Tpomomooels).

3. Agpodiacropd (air sparging).

Kotd v oaepodacmopd o pumavtig efaepoveton petd amd SwPifoon aépa amd
agpoovumieot. H dwofifaocn aépa yiverar péca amd KataKOpueo COANVO TNV KOPEGUEVN
kot axopeotn Covn. ITieovéktmua g pebddov eivar m TowTdYpOVN  OITOppOTOVGT

KOPEGUEVNC KOl aKOpESTNG CMDVNG.
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4. H proioyikij anoxaraocraocny (bio-remediation)

Avikel otig un ovppotikés (evolloktikég) teyvikés emefepyaciog mov epapuodlovion
EMTOTOV Kot OTNPIfeTOl OTNV AMOJOUNCT] TV OPYOVIKOV OLGLOV UE TN dpdon
pikpoopyovicpmv (aktipla, poknteg). Baowo kpurmpo yio v gpappoyn g pebosov
amoTeLEl 1| EMOEKTIKOTNTA TOL PLTAVTY OTY| PlOdIACTACT OO TOVG HKPOOPYAVIGHOVG TOV
evOnNUoLvV M elcdyovtot 6t B€om ¢ puTOVONG,.

Ot puKpoopyaviopol ¥pnotHomoloy o¢ KOTaAVTES KatdAAnAa éviopa, Tov Tapdyovv ot
idol. H dpdon tov pikpoopyoavicudv egoptdtor amd 10 €i00¢ Kol TNV TLUKVOTNTO TNG
pikpoProkng kowvotTag, KofdG Kol TIC GLVONKEC MOV €VVOOVV 1 OVOCTEAAOLV TNV
avantuér| tovg (to&wotnra, pH, Bepuoxpacio K.q).

H Broamokatdotacn epoproletal GUEPO GTNV ATOPPVUTAVOT) TOV VOPOYOVAVEPAK®V, OV
K0l Ol LIKPOOPYOVIGHOT UITopohV VO, S1ACTAGOVY OAOVS TOVG OPYAVIKOVG PUTTOVTES.

To tehkd mpoidv eivar avopyoveg ovoieg (CO,, H,O, H,S, CHa, vitpikd won Oetixd
dlota). o va yiver agpdfia amoovvleon owaPifaleton aépac, péow Pabiodv yewtproemv.
H pébodoc €xer pikpd KdoTOG Kot Yo vo €ivol o OmOTEAEGUATIKY XPNCILOTOLEITAL GE
GLVOLOCUO e BALES LEBOOOVS ATOPPVTOVGTG.

211G TEPIOCOTEPEG MEPWTMOOELS omanteitor 1 teYvNT) Onovpyio. cuvOnkdv mov Oa
eEaopaAiocovy Tto amopoitnto VAIKG Yoo TPOPN KOl TOPOYN EVEPYEWG GTOLG
piKpoopyoviopovs  (unyovikn  Proamokatdotacn-engineered bioremediation). Av 1
Bloamoxatdotaon yivetor ywpig v mapéuPacn Tov ovOp®OTOL OVORALETOL E101KN|
Broamokatdotaon-intrinsic bioremediation). H pnyovikn eivor taydtepn and v €101Kn.
Melovéktnpua ¢ pnebddov givar n mbavy andepaén (clogging) twv yewtpnoewv omd
GLYKEVTIPMOOT] TOV UIKPOOPYOVIGUAV og pio Béom. o v avipetdmion e andepaéng
YPNOOTOOVVTOL TPMTOLMO, T 0ol KATOOTPEPOLY To Paktinpla M yivetar ypnon
VePo&eldiov ToL VIPOYOVOL avTi 0EVYOVOL.

H ymuwn enelepyacio pe xatdAinio péoa amotelel por emmAéov péBodo mov
epappoletar in situ, aALd o€ TEPITTOON amoTLYIOG EMPAALETOL 1 ATOUAKPVVOT) EKTOC TOV

POTTOV KO TOV YNIK®V OVGIMV, TOV YPNCLUOTOONKay.

5. H uéfooog avtinong emmieovTmy poravrmy

H amoppOmavon and emmAéovieg pumavtég yivetal He TO CLGTNHO TNG OWTANG AVTANONG
tov emmAéovtog puvmavtn (dual pump free product recovery). Apywd yivetoar dvtinon
VIOYEWOL VEPOV, OMOTE SWUOPPAOVETAL EVOC KOVOG Kotdntmons. O puvmoaving Adyw®

VOPAVAKNG KAIONG KIVEITOL TTPOG TN YEDMTPNOT, O’ OTOL YIVETAL AVTANGCT TOV pe devTEPT
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avtda (Zy. 9.2). H mttdon g otdbung npémnet va yiveton pe Tpémo doTe va unv puravoet o

VOPOPOPENG GE OAO TO TAYOG TOV.

6. Apaipeon fopémv HeTdIIWV UE EYOPUOYH NAEKTPIKOD PEVUOATOS

Ta Papéa HETOALD OTOHOKPUVOVTOL KUPI®MG HE TNV TPOSPOPN O T®V 1OVIWOV TOVG GTNV
EMPAVELD, TOV APYIMKAOV 0pLKTOV (QUoIKN amoppvmaver)). EmmAéov yio v aeaipeon
Bapéwv petdAiov epappoletor tdon HECH MAEKTPOSI®V Kol TO WOVIO TOV UETOAA®V

00€£00VV KOt GLAAEYOVTAL GTNV Gvodo.

Ytov [livaxa 9.1 mapovsialovror ot Kuptotepeg PEHOJOL Kol TEYVIKEG ATOPPLTOVONG TOV
VOPOPOPWV KOl TOV EGAPOVG.

["a tov Teplopiopd g EMEKTAGNG TG POTAVGNG YPTCLULOTOLOVVTOL:
- MéBooot eyxifawrtionodv (drappayuata)

Ta dwppdypata Katackevalovtol omd VAIKA oteyavomoinong (ULTeTovitn, ToEVTo), and
o10epEVIONE TacodAlovg N and yeopepppdves. Ta dappdypoto umopel va tomofetndovv
VROYED N KOU EMUPOVEIOKA Yoo Vo gumodicovv ) dmdnon g Ppoyns. Apyxikd eivor
amopoitnTn) 1 0oploféTnon G PLTACUEVNG TTEPLOYNG KOL OLTO YIVETOL WPE YEWTPNOELG
derypotoAnyiog o€ dtopopeTikd Baom.

- Yopaviikég uéQooor avaoctpopis tys Kivyens Tov vwoyEIOD vEPOL

[Tepthappdvovv puBuion g otdbung dote va amopevydel EKEOPTION TOV PUTOGUEVOV
VEPMV G€ VOATIVOVS amodEKTeg (Alpveg, motapa) N apaimon tov pdnwv. Ot vopavikol
QPOYLLOL dNUIOVPYOVVTAL LLE TOV GLVOVACUO YEDMTPNOEMV AVTANGTG KOl EUTAOVTIGHOV.

- Mé@odog arabspomoinons tov gddpovg (soil stabilization, solidification)

H epappoyn g pebodov Baciletor oty avapeién tov puracuévon £04pouvg Le KOTo10
VAKO, dote 10 petypo (koviapa) va otepeomomnfel. Me avtdv tov TpOTO TO PLTOVTIKE.
eoptio.  eykhoBiovtar péoa otnv otepegomomuévn  edapikny pala. Emumdéov n
otafepomompuévn €dapikn palo €xel PKPY] LOPOTEPATOTNTA KOl £TGL OEV ELVOEITOL M
Kivnom Tov LTOYELOL VEPOL KO KOTO GUVETELN 1] ETEKTACT) TNG POTOVOTG.

Ta kvpdtepa VAKE mov ypnoiponoodvtal Yo T otabepomoinon Tov €0apmv eivor

(KapPaddg, 1996):

TO TOUEVTO

N doPectog (CaO)

oLVOETIKES OvGies (ToAvEPT)

AGPOATIKA VAIKA
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2115 uebddovg amoppvmavong oviKovy kot ot péBodot dtabeong twv AUAT®V 6TO £60p0G

(6pdevom, ombnon).

Miv. 9.1: Kvpidtepeg péHodot Kat TE(VIKEG AmopPOTAVONS TOV VIPOPOPWOV KOL TOV EGAPOVG

(KaArépyng, 2000).

a/a Teyvikn

Xtoyoc-Tleprypaon

e&ovdeTépmon Tov.

1 ‘Eleyyog g mmyng pomavong pe pel@on tov
OYKOL TOVL PLTOVTH] KOl QUOIKY  YNUIKN

—  FEAoyotomoinon M wpoéANym g pomavong
TV VOPOPOPMV.

— Mseiwon tov  dykov TOL  pLmOVI 1
€EOVOETEPMON  TOL  PLGIKOL 1  YNUKOV TOV

YOPOKTHPO.

2 SVOTNUATE VOPOYEDTPCEDV:

—  Xvortolyleg prydv YEOTPNCEDV
—  Bofiég yeotpnoeig

- YOpovAkdsg @paryprog

—  Xvuvbeta cvotipaTa

PLTOVT®V (VOPOYOVAVOPUKEC).

—  Zvotuoto aQaipeons Un avidpovimv

—  'Eleyyog g vdpovAkng KAiong Kot pECH
VTG TNG LIOYEWNG PONG ME AVIANGN 1 €Kyvom
vepO.

— AmoAnym 1oL HOALCUEVOL VEPOD T/KaL TOV
emmAéovTog pumavth (V3PoyovavOpaKeS).

OTPAYYIOIDV-CTPAYYLOTPLY EKTOVOGTG)

Baputikn pon.

3 Yvotipata cVAANYNG (interception systems):
—  Zrpayywotipo (CUAAEKTAPLL GLGTHLOTA

— Tbaopog ocvihoyng pe davtinon 7N pe

Ta cvotquate GUAANYNG, &ivol EKOKOMES OTNV
kopeopévn Caovn, efomhouéveg pe cwinva. H
ekokap pmopel va egivar ovoyty (interceptor
trench) | TAnpouévn pe yoriki, mdve omd To
coMva (collector drain). Ot avoiytég eKOKAPEG
umopei va givar evepyég (avtinom) 1 moadnTikég
(Bapotikny pony). [Ipocopoudvovtal pe cvoTtotyieg
YEQTPHOEDV GVTANOTG, 7OV ONovpyody Evav
EKTETOUEVO KDVO KOTOTTOONG G OAO TO WNKOG

NG EKOKOAONC.

GLVOVAGHOG).

4 ‘EXeyyog TV £mQOAVEWNKOV VEPOV (QLOIKY|
e&ovdeTépmon, EMEVOLOT), AMOYETELOT KOl

Eloyiotomoinon tov  oa@ifenv  EMQOVELNKOV
VEPMV KOl TNG KATEIGOVONG, LECH OTOYETEVLONG,
enEVOLONG-oTEYOVOTTOiNoTG N/Kat e£ovdetépmon
TOV PLTTAVTH L€ TPOGPOPNON.

5 ®paypot (oteyavoi):

—  TOOCOAOGOVIOES

—  KOvpTiveg OTEYAVOTOINONG

—  Jppdypato amd vdapEG LAKO.

Awoy£tevon VAKOD IKPNG vOPOmTEPATOTNTAS GTO
VIEDAPOG, OMMG maccahooavides (dueorn oteyo-
vOToinom), TOULEVTEVEGELS, OOXETEVON EVELLOTOG
oe myadw 1M tadepovg (amouteiton mepiodog
GTEPEOTMOINOG).

Ewaymyn 610 vmédapog VAKOV Tov TPOoKAAODV
N evioydovy 10 pLOUO TOV YNUIKOV OVTIOPACEDV,
OV OKWVNTOTOOVV 1| AMOLAKPOVOLV TO PLTTAVTH
N onuiovpyovv mepPArAiov  €UVOIKO Yio TNV
avanTuén UIKPOOPYAVIGU®DY, TTOV YPTCLLOTOLOVV
TO PLTOVTN WG TNYT| EVEPYELOG.

EMPAVELD 1] GTO VILESAPOG,.

6 Emutéma eneEepyooio:
- Xnuuwm
—  Buotoyum
7 Encéepyacio tov vmdysiov  vepod  otnv

Agpo-010(®PICHOG OPYOVIKAOV POTOVIDV, 0EPO-
dwomopd, Ploamoppvmaven, TPocpOPNCN oo
gvepyo avOpaxoa. [ v agaipgon tov petdAiov
KOl TOV avOPYOvVEOV PLTOVIMV YPTCULOTOLEITAL 1)
xnpn kadiCnon.

[Ma v amoppumTaven e akdpestng LOVNG TOL £0GPOVS eapudlovTal ot EENG TEXVIKES:

- MéBodor froloyikig amoppvmaveng

NMveton amodounon pe ™ dpdon Pokmmpiov kot pokiteov. O pvdudc g Proloyikng

dldomaong akolovdel Tov ekBeTikd vopo:




C=C, e™

omov: C= n ovykévipwon petd xpovo t, Co= 1 apyiK] cLykEVIp®ON Kal a= 1 otabepd
dbonaong. H otabepd a icodton pe a=0,693/t(1/2), 0mov t(1/2) elvan 0 xpdvog nulmng.

H Poloywn emeéepyacio pmopel va dtevkoAvvOel pe agpiopd g akdpeotng Codvng
(Broaepiopdc).

- Ocpuixn emeéepyacia T0v £0dPOVS

H enelepyacio yiveton oe kAidvouvg N1 pe doxétevon vrépHeppov oTHOD 61O £60POG

(steam stripping) ywo. TNV €EATHION TOV TTNTIKOV PUTOVTOV.
H apaipeon tov ntnTikdv ovstdv and o £60¢po¢ pumopel va emtevydel kot pe v avopuén
YEDOTPNCEMV EKTOVAOONC, OALNL GTNV TEPIMTOON OVTY PLTTAIVETOL 1] ATLOGPALPOL.
- Xnuixny eneéepyacio.
Xpnoponoteitat vepo pe e TOL TEPIEXEL OMOPPLTOVTIKA, 0EE N PoELC.
- Epapuoyn vro micon aépa (vacuum extraction)

Aépag Vo micon O10YETEVETOL GE GUGTNUO YEOTPNCEWV EVIOC TNG UEPIKA KOPEGUEVIG
Covneg kol epapuodleton avappoenon (vmomieorn), dote va eEatpucbodv ov mrnTiKol
vopoyovavOpakes. H péBodog epapuoletar o 04 Le adpOUEPT) VAIKA (YOAKES), ETELON
OTO AETMTOKOKKO, €0GQN M €PapLoyr vroTieons gival 0VoKOAO vo emtevyDel 6e peydin
axtivo yopw amd ) yewtpnon. H epappoyn vromieong dev umopel va yiver kdto amd
oTdOun ToLV VTOYEOL VEPOV, UE OMOTEAEGHO VO EMNPEACETOL LOVO 1) EMUPAVELD TOV
vopogopéa. ' to Adyo ovtd m pébBodog epapuoletal ywoo TNV OmOPPLUTOVOY| Omd
EMITAEOVTEG TTNTIKOVG PLTOVTES.

[MAeovékTnua givat 1 TOVTOXPOVY ATOPPLTOVCT) TOCO TNG LEPIKA KOpESUEVNS LdvNg, 65O
KOl TOV EMTAEOVTOV PUTOVTOV. ATOLTEITOL OTOUOVMOOT TNG LEPIKE KOpeSUEVG LDdVNG amd
TOV ATHOCQOIPIKO OEPA, MOTE VO EIVOL ATOOOTIKN 1 EQAPLOYN TNG AVAPPOPNONGE, KATL TOV
yiveTon pe TNV KAALY™ TOV £04.9OVGS LLE GLVOETIKN LEUPPEavN.

- Emivon tov gddpovg

H agaipeon tov pOmov yiverar pe katdkAvon Tov €64Qovg He vepO e TAPAAANAN ¥p1ioN
EMPOVEIOOPOUCTIKDOV OVGIADV.

- Exokogij Tov eddpovg

To punacpévo €500 apalpeitol Kol UETAPEPETOL GE GAAN Teployn Yo omdbeon 1
evtaQlaopd petd ond enelepyacia. H enefepyacio tov pumacpévov £dagpovg pmopel va
yivel kai emtoémov ko mephapPavet aepiopd, froamoppvmaven, Oepukn eneEepyacio KA.
H emoavoamAnpmon tng exokaeng yivetar pe 1o eneepyacpuévo edapikd LAKO 1 amd vyég

VAMKO HETAPEPUEVO AT OALOD.
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- Epapuoyn niektpouoyvntikdv KopdTwv
INa wmv eloépoon nmTkeOV vVIpoyovovOpakwv  eQapuOleTol  MAEKTPOUOYVITIKN
axtwvoPoiia. vymAng ovyvotntas. H efaépwon emrvyydvetar and 1t 0€pupavorn tov

£dGpovg ot Beppokpacieg 150 °C yia ypovikd didotnuo 0o BSoUAdmV.
9.3. ATOvViTP®GT VTOYEL®V VEPDV

H appovio, to vitpud, ta vitpddn, to opyovikd cOUTAoke Tov aldTov Kol T0 0EPLo
dlmto givar ot o oNUAVTIKES LOPPEG TOL aldTov 6To VOATIVO TEPPdALov. Ot oyéoels Kat
0l LETOACYNUOTIGHOL TOVG divovTol 6To Zynua 9.3.

Ta vitpikd 1 wo o&edwpévn popen tov aldTov KOl GTO LOOTIKA dlAVpATH €lvol
ANHIKA avevepyd. Ot CLYKEVIPOGELS TOV VITPIK®OV, ekppocpuéves oe dlwto (NO3-N)
0€ UN PVTOCUEVOE ETIQAVELNKA VEPA KLpaivovtol 6 TiuéG pikpotepeg tov 1 mg/L.
J0YKEVIPMOOELG UEYoALTEPES and 1 mg/L vmodnAwdvouv avBpwrmoyeveic emdpaceLs,
OT®G OOTIKA AVUOTO KO ATOPPOT| OO OGTIKES KAl YEWPYIKES EKTAGELG.

H vupoppomaven yewpywkng mpoélevons, eivor por ONUOVTIIKY  o1tiol TOLOTIKNG
vroBdOpiong Tov vdyelwv vepav (Zy. 9.4). Ot cvykevipooelg NO;™ elvan pukpdtepeg 6tav
TOPEUPAALETOL OPYIMKO CTPOUA GTNV aKOPESTN CMVN Kot peudvovtor pe 10 Pdbog kdtw
amd 1N otdfun tov Vdyeov vepov. I'evikd ot afabeic vopopdpor opilovteg puvmaivovTon

amd VITPIKA 16VTo 6€ PeYoADTEPO Babud amd Tovg Babvtepoug VEPOPOPOLG.
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"\“ ] i
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Yympa 9.3: O kbxkhog tov almtov 6Tto vePS (Avimvomovrog, 2001).
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A76 10 Zy. 9.4 mPoKOATEL OTL O1 GLYKEVTIPMGELS VITPIKOL aldTOV GTOV aypod LE TO YPAGiol
yopic AMmavon eivar <6mg/L. Avtifeta, Ol GUYKEVIPMOGEIS TOL VITPIKOL al®MTOV GTOVG
aypovg mov Aumaivovion vrepPaivouv ta 10 mg/L. H vrepPfoikn Aimavon umopel va

TPOKOAEGEL TNV EKTAVGT TOV VITPIK®OV GTO VIOYELO VEPO.
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Yyqpua 9.4: Kotovoun vitpik®v o1o £60(0g: o) Yo HEYAAN TEPLOd0 AYPAVATAVGNG YOPIg
Almaveon kot B) pe Almavorn petd amd pikpng owdpkelag aypoavamavon (Young & Gray,
1978).

IMo v anokatdotacn epappoloviat ot €ng texvikég (Kaiiépyng, 2000):

1) ®vown anovitpmon

Epappoletar dwokonn g Almavong 1 peiwon avtig epappolovrag tov Kaodwo OpOng
l'ewpyung Ipaxtikng (Kariotis et al., 2001). Ot k®dwkeg 0pONg YEOPYIKNG TPAKTIKNG
(KYA 16190/1335/97, ®EK 519B/25-6-1997) amofAémouvv 611 peimon g VITpopLTOVong
YE®PYIKNG TPOEAELOTG KOl TEPIAAUPAVOLV KOVOVES GYETIKA HE TIG YPOVIKEG TEPLOOOVG
KOTA TIG Omoileg 0ev €VOEIKVLTOL 1) OOTOPA AMACUATOV GTO €004p0G, TN OleToPa
MTOCUATOV GE EMKAVNY 1] G KOPEGUEVO 04PN, KOVTH € vAATIVA pevpata KA. EmumAéov
TePAAUPAVOVY TNV KATAPTION GYESIWV ATavVoNG avd aypoKIna, TNV THPNoN opyEioV Yo
™ XPNOoN TOV MTOCUATOV Kol T dyeipion e ypnong yne.

Xe meployég mov £yovv yapoaktnplobel evmpocPintec (dveg (Zyx. 9.5), ovuewva pe v
KYA 19562/1906/99 (®EK 1575B/5-8-1999), 6nwg 10 ApyoAikd medio, m Aekdvm
Konaidac, n Aekdvn tov [Inveiod HAelog kot n medidda Oeccariog cuvidosovial oyédia
dopdong, ®ote va petwbei n pdmavon Tov vepmv.

O ypévog amoppOTAVoNG EEAPTATOL OO TNV OPYIKT] CLYKEVIPMOT] TOV VITPIKAOV 10VIWV,
T0 YOG KOl TO TOPMOES TOL VOPOPAPOL opilovta Kot TNV Kateicdvon kot divetar amd v

oyxéon (Yertsever, 1983):
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OToL: t,= 0 YPOVOC TOPALOVIG TOV PUTAGLEVOL VEPOD GTOV VOPOPOPO opilova,
mov givan icog pe t=Dn/I

D= 10 mdy0g T00 VIPOPHPOL
n= T0 TOPMOES
I= 1 xateiodvon (£11610G EUTAOVTIGUOG TOL VIPOPOPOL)
Co= 1 apyIKN) CLYKEVIPOOT TOV VITPIKOV 1OVT®V Kol
C=n ovykévrpwon amoppimovong (~15 mg/L) ce podvo t petd T d10K0TN TG
Mmovong.
opeova pe toug Aaumpdkn k.4 (1998), Voudouris et al. (2004) o yp6vog amoppdmaveng
amd ViTpopOTOVGT, UETA TNV TANPN O0KOTY TG Almavong, o€ eAehBepovg VOPOPOPOLE

opifovteg amd d1dpopeg meproyés g [elomovviioov avépyetar oe 16-60 ypovia.
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Xympa 9.5: Ileproyég emnpeacéVES Ao VITPOPOTAVST] YEOPYIKNG TPOELELONG
(Daskalali & Voudouris, 2006).

2) lovtoavtaAlayn

INvetar ovroavtaAlayn petaéd tov wvtov NOs ko CI, 6tav 10 vepd mepvael amd

ouvvBetcéc pntives. Epapuodleton kupimg n péBodog g avtioTpopng dCU®MONG GUVOAKE
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Y apoAdtoon kot amovitpoon. Kat’ avt)v 1o vepd mepvdvTag amd o MUTEPOTY
pHeUPpavn, KOTAKPOTOOVIOL TO VITPIKA 10via. Melovéktnuo givor n amoepaln tov
peppovov.
3) Hiextpodidivon

Epoppodletar miektpikn tdon Kot to 1OVTo, OEPYOVTOL EMAEKTIKA UEGH MUITEPATOV
peppovov.
4) Xnuikn amovitpmon

[IpootiBetar apyidio og vOUTIKO dtdAvpa TAOVGLO GE VITPIKA 1OVTA KOl LEGH OGS GEPAG
avtdpdoemv topdystot eEAevbepo alwto N appwvio. Av 1o TeEAMKO TPoidV eivan | appwvia,
YIVETOL AEPOSIOYMPIGUAG KOl EAELOEPDVETAL GTNV ATUOCPOLPOL.
5) BioAoywn amovitpwon

XpNnoponotohvtol HKPoopyavicuol, ot omoiol KaToval®vouy to AlmTo ®¢ OpenTiKm

ovcio. AAAN TeyviKN glvar  dnpovpyia Propdlog amd eOKN, TOV TPEPOVTAL LE VITPIKA.

Egappoyn 9.1

[T6co ypovo ypedleton €vag vmdyelog vopopopéag pe mhxog D=25 m, mopddeg n=10%,
kateiodvon [=95 mm/érog¢ ko apywn ovykévipoon vitpikov C,=74 mg/L vyia va
amoppumavoet;

AYon: Ano tov Tomo t,=Dn/I vmoroyilw Tov ¥pOvo TAPALOVIG TOV VEPOL GTOV VIPOPOPO Kot
aKkohoVBwg epapudlm ™ oyéon t=-tr/[In(C/C,)], émov C=15 mg/L (amoppvmovon).
AvTikoO16T®VTAG TO SESOUEVA OTIG AVMTEP® GYEGEIC TPOKVTTEL £=26,3 KOt
t=-tr/[In(C/C,)]=-26,3 [In (15/74)]=16,4 .

Egappoyn 9.2 (and Avtovomovro, 2001)

Na vroAoyicBel o ¥pOVOG TOV OMAUTEITAL YL TH UETAPOPE TOV VITPIKOV 1OVIOV and T0 KAT®
0p10 oV PLoCTPOUATOG LEYPL TN GTAOUN TOL VTOYEIOL VEPOD, Tov Bpicketal o€ BaBoc D=10 m.
H mepieyopevn edaguch vypasio ivar 0,15 m*/m’ kou 1 o mapoyy otpdyyiong 0,5 m/yr.

Avon: O 6yKo¢ Tov vepoL OV TEPLEYXETAL GTO £60(POG HETAED PLLOGTPMUATOG KOt TNG VITOYELNG
ota0ung eivar V=0,15 m*/m’. 10 m=1,5 m*/m*. Me Baon v etiowa mapoyf otpdyyiong
omartovvton t=1,5 (m*/m?) / 0,5 (m/yr)=3 yr yia vo. pOGGOVY Ta VITPLKE 6T GTAON TOV
VRLOYELOL VEPOU.

H taydmta kivijong tov vitpikdv ivon v=0,5 (m/yr) / 0,15 (m*/m’)=10/3 m/yr
O amattoduevog xpovog sivar t=10 m / (10/3) m/yr= 3 yr.

9.4. IIpocT0.0i0. CLOTNUATOV ETLPAVELLKOV VEPOV

2voTnuo  em@avelakot vepov civor €vo  OOKEKPIUEVO KOl ONUOVTIIKO GTOlXELO
EMUPOVEIOKDV VOATOV, OTMG (oL Apvn, £vag TAPEVTNPAS, £va pedL, EVag TOoTApdS 1t
duwpuya, &va TUNRo PEOUOTOS, TOTOUOL 1 dudpuyas, HeTafatikd VooTo Kol Evo TUHO

TopaKkTiov vepodv. Metafatikd vepd €lvol GLUGTAUATO EMLPAVEINK®OV VEPOV KOVTO GTO
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OTOUI0 TOTAUMV KOl TO, OTTolo €ivat v HEPEL LEAALLPA, AOY® TNG OVAUEIENG LLE TOPAKTLO
vepd, aAAd ta omoia ennpedloviol ovolaoTIKE and peduaTo YAVKOD vEPOD.

Ol KVPLOTEPOL PLTTOVTEG TMV EMPOAVEINKDOV VEPDV, OTMC £xel mpoavapepOel, etvor (Zy.
9.6): ot maboydvor pikpoopyavicpoi, ot Bpemtikég ovoieg (PwoEOpoc, AlwTo), TO
OTOPPLTOVTIKG, Ol VIpOoyovavOpakes, N 0&vn Ppoyn, To Papéa pétailo Kot ta To&Kd
otolyeia (Ag, As, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Zn) kot Ta atwpovpeva oTeped.

Ta PBapéo pétorra kot to ToEkd otovyeion TPoEpyovtal TOG0 amd PUOIKEG dlEepYaoieg
(amocdBpwon meTpopdTOV), 000 KOl Ond avOpomoyevelg dpactnprotntes (AduOT,
anoPAnto, Mmdcopoto, petorieia, K.0).

Mo mv avayvopion g pOTAVONG TOV ETPOVEINK®Y VEP®Y Kot Muvev (BA. Tapdypapo
5.4) ypNOOTOOVVTOL EMTAEOV d1dpopol Ogikteg, OMmG: Protkol (biotic index), deikteg
TOWKIAOTNTOG Kot Brodoyikol delkteg (wapia).

H npdinym eivor o mAéov amotelecatikdg TPOTOG TPOGTAGING TOV EMUPOVEINKADV VEPDV
KoL ToV €04pove. Av avtd dev Kataotel duvatdv, Tote AapPdvovtal HETPO TEPLOPICUOV TNG
POTTAVONG KOl OOPPOTOVONG. XTO. TPOANTTIKG UETPa. TepAapuPdvovior (o GEPE amod
Odnyieg e Evponaikng Evoong, péow tov onoimv emdidketal n vyeio 1oV moMTdv, 1
SlTPNoN TOV VOATIKAOV OKOGUGTNUAT®V Kol 1 TPoctacics Tov  TePBAAAovVTog

YEVIKOTEPQL.

AmoppLyy aoTIKOY Kol fLopnavikmy
flntow

Xyqpa 9.6: Katavour pvrov og vdpdpevpo (Www.usgs.gov).
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H oamoxotdotoon tov cvotudtov emigovelokod vepov omnpiletoar otov €Aeyyo M
dtakomn ¢ myNg pomavonc. O EAeyyog Tov ELTPOPICUOV OTIG MUVEG EMTVYYXAVETOL [E TN
peiwon Tov eoptiov TV BpenTIKOV (POSPEOHPOL, AlDTOV), KAOMS KAl TOV OPYAVIKOV.

[evikd etvor mo €0KOAN 1 GVTIHETOMION TOV GNUEKOV TNYOV POTOVONG oo TIG
duyvtes. H amokatdotaon AMpvev Tov £yvav evTpoeikéc Tpoceato. eivotl o e0KOAN Kot
oo TNV aToKATACTOON TAAMAV EVTPOPIKOV Mpvav (Kaiiépyng, 2001).

H amopdxpuvon tov Opentikdv umopel vo yivel pe 010KOTY TOV TNYOV PUTOVONG 1| UE
kabilnon otov Tbuéva pe T xprion acPéotov 1 akdtov AT Fe®”. T ) peiwon tov
alotov AapPdvovtor to €ENG  péTpo:  pHElwOM NG  YPNOCLLOTOLOVUEVNG TOGOTNTOG
Mnocpdtov, dnuovpyio avafabudv yio KaAMEPYEW, GULAAOYN TOL EMIGTPEPOUEVOL
apOEVTIKOV VEPOL Kal emeEepyasio Tov Tptv TN 01d0eon ot VEPOPEHLLATAL.
AvtokaBapiopdg etvat ot dtodkacies e TIG 0Toleg £va PLTACUEVO GOUO VEPOL ETICTPEPEL
oV opyKn Tov Katdotoon. Ileptlapfdaver T otabepomoinon N/Kol TV apoipecn g
pomavong. O kvp1dtepog UNYaviIcHog avtokabapiopov eivor n apaimon kot 1 0Eeidmon
TOV  PlOSIOCTOUEVOY  OPYOVIKOV OTNV VATV @don pe 1 Ponbea  aepoPfiov
LUKPOOPYOVIGLLDV.

Mé£pog TV ampoVIEVOV POTOV ATOUOKPOVETOL LE TPOGPOPNOT| Kot ICNUOTOYEVEST], EVOD
Ol TINTIKEG OPYAVIKES EVOGELS OLPELYOLVY otV atpoceapa. Ot giloayduevol mafoyovol
pikpoopyovicpoi cuvnlmg mebaivouv.

O @LOIKOG EUTAOVTICUOG TOV VEPOV UE OOAVIEVO 0ELYOVO ETOVOPEPEL TO CLGTNHO O
TNV KATAGTAOT AoPLELNG 68 KAVOVIKES GUVONKES, OTMG TPV TN POTOVGOT).

H ovompatikn mopakolovbnon kot kotoypo@n (monitoring) Tng mowdTTog TOV
EMPOVEIOKADV VEPAOV ElVaL amapaitnTn E0IKA GE TEPLOYEG ELAAMTEG GTN POTOVOT).

["a Vv TpooTacio TV ETPAVEINKOV GUGTNUATOV VEPOD ETTAEOV OTAITOVVTAL:

- N Y®@POBETNOT YOP®V VYELOVOUKNG TOPNG OTOPPLUUATOV KOt

- 1 anaydpevon ddbeong aveneEpyaoTtwV AVUATOV Kol POpnyaviK®v oamofATOV €

EMUPOVELOKOVG OTTOOEKTEG.

9.5. Enelepyacio Tov vepov

H Odnyia 2000/60 ¢ E.E. yio tnv moAttikn TV vepav (4pdpo 7) cuvictd Ty Tpoctacio
TOV VOATIK®V GUGTNUAT®OV TOL YPNCLUOTOIOVVTOL Y10 TV TOPAYWOYT TOGLOL VEPOV, £TCL
wote vo pelwbel to eminedo enelepyaciog kabapiopov. Eviovtolg moArég popéc yio Adyoug

onuociag vyeiag kabiotatol amapaitntn 1 eneéepyasio Tov vePOD.
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H enelepyacio tov mOGUYHOL vEPOD AMOCKOTEL GTNV AMOUAKPLVGT TOV OLOPOVUEVDV
OTEPEDV, TOV UKPOOPYOUVIGUAOV Kol TOV EMPAAPOV avOPYAVOV KOl OPYOVIKDV EVOGEMV.

Or wvplotepeg TEXVIKEG €mMeEePynciog TOV VEPOV TPW TN YPNOUOTOINCH TOV
neplhappdvouy v amoAvuavon, T ombnon ce eidtpa dupov, v mPospdPNon CE
evepyd avBpoka, TNV amOGKANPLVGY, TNV ovToavtoAiayn o€ pnriveg 1 {edABovg, v
aVTIGTPOPT OGMOT KOt TN YUK KATEPYAGiaL.

H emoyn g KOTEAANANG TEYVIKNG 1] GLVOLOGHOL TEYVIK®V €ivol ouvaptnomn Tng
TOLOTNTAG TOV VEPOL Kot TNG mpooplopevns xpnong tov. Ipoeavdg vrelcépyetar Kot o
Tapdyovtag KOGTOG, ov Kot o€ OTL agopd T dnuocia vysio dev mpémel va AapPavetol
voyn. [opaxdto meprypdeovior GuVOTTIKE o1 Kupldtepes TeXVIKES emeepyaciog Tov
vEPOU.

H amoivuaven givol n TAEOV amapoitntr eneEepyacios G€ VITOYELN KOl ETLPOVELOKA VEPQ
mov mpoopiloviol Yo OKlKY KATOVOA®ON Kol €(El ©OC OTOXO TNV KOTAGTPOPN 1|
adpavomoinon TV mepleyopevav  maboyovav  pukpoopyavicpumv  (Baktplo, 101,
TPOTO{®a). Ocwpeitor SNA. OC Lo LOPPT ATOGTEIPMONG, 1) OTTola YiveTal HeTd T StoAoM.

Ta kvprdtepa amorvpovtikd péca eivar to eAevBepo aépro yrmpro (Cly), Ta vroyAwprdon
dAato (VTOYA®PIDOOES VATPLO Kot VTOYAWMPLDOEG 0GPEDTIO), TO O10EE1O10 TOV YAmpiov, Ot
yAwpapives, To 6Lov Kot 1 vIEPI®ONG aKTIVOoAla.

H amolvpoavtiky dpdon e€aptdron and to pH, ™ Beppokpacia, v mapovcio opyovikdv
EVOCEMY KOl YEVIKO TO TOLOTIKA YOPOKTNPIOTIKA TOL Vvepol. Xe kdbe mepimtmon
OnpovpyovvTaLl TEPOUTPOIOVTA Kot avtd TPEMEL Vo AapPAvETOL LTOYN GTNV ETIAOYN TOL
HEGOL AMOAVUAVONG, MGTE VO UV LIdpyovv emProPeis cuvémeleg otn dnuocta vysio Kot
670 TEPPAAAOV YEVIKOTEPQL.

To aépro yAdplo ypnoiponoteitol o€ peydrio Padud yio v amoldpaven Tov vepou, yioti
10 KO6T0G givor yapnAdtepo amd Tig dAAeg pebBddovg amoAdpavons (6Lov, VIEPLOING
axtvoPoAia, amootelp®Tikny o1dnon péow pepppavov, padevepyods axtivoforio k.At). H
VoBAOIOT TOV PUVOIKOV 1O10TNTOV TOV VEPOD OVAPOPIKA LE TNV OCUN Kot TN YeLOoN,
KaB®OG Kot 1 TOEIKOTNTA TOV ERPAVICEL TO YADPLO O PEYAAEC TOGOTNTEG EXEL amoBappHVEL
TOALEG EVPOTATKEG YDPEG GTN YPNON TOL Yo amoAvUavor. Me ) yAopiowon mapdyovton
TOALG TTOPAmPOiOVTO TOV oynuatiovtol pe TNV 0&eldmon TV 0PYaVIK®Y, TOV LITAPYOLV
610 vePd, amd 10 YAmdpro. Evdwopépov mapovstalovv To TPLOAOYOUEVO TOPAY®YO TOV
pebaviov yuoti oynuatifovior o€ peyoAvtepeg mtocotnTeg Ko eivan to&ikd (Aékkag, 1996).

To yAopro avdroya pe tig Tinés tov pH vrdpyer og aéplo (pH<2), vroyrwpiddeg 0&L
(2<pH< 6), vroyAwprddn W6vta OCI (pH>7,5).
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To YA®pLo ®G 1o VPG 0EEBOTIKO AVTIOPA UE TIG JLAPOPES EVAGELS TOV VILAPYOVV GTO
vepO TPV OPYIcEL M ATOAVUOVTIKY] TOV OPACT KOTAVOAMVOVTOS KATOW TOGOTNTA TOL
Aéyeton amoutovpevo yAmplo. Evepyd yAopio oto vepd eivor to dBpoicpo 6Awv tmV
EVOCEMY TOL YA®PIOV OV £YOVV ATOAVUAVTIKY] OpAcT). YTOAEWUATIKO YADPLo €ivor M
TOGOTNTO TOV EVEPYOL YAmPiov oV Ppicketar o€ popen vIToYAwpPLddovs 0&Eoc (HCIO) kan
VITOYA®PLOODV 1OVIMV.

H mocdtta yAopiov mov amorteiton yio amolvpoven dev umopel va tpocdtopiobel ek Tov
npotépov yiati e€aptator and to pH, T Oeppoxpacio kol v mapovsio. opyovIK®V
evoev oto vepd. Xuvnbog mn  emefepyocio g omoAidpavong apyilel pe o
neplektikotta 0,3 mg/L (Martz, 1971).

To dwéeido tov yAwpiov (ClO;) amoAvpaivel amoTEAEGUATIKO TO VEPO Kol &ivor
acPUAESTEPO Yoo TNV ovOpdmivn vyela, oAl 10 KOGTOG givor 3-4 @opéc vynlotepo
(Katooyuavvng & Kovipting, 2005).

Televtaio wg amolvpavikd péco ypnotpomoteitor kot to 6lov (O3), to omoio eivan
16YVPO 0EEWMTIKO KOl EKTOC amd T PAKTIPLOL KO TOVG 100G ATOGVVOETEL TIG YAWPIOUEVES
KOl QOIVOMKEG EVOGELS TOV PpickovTal 6To vEPO Kot EMTAEOV SLOGTE TO ATOPPLTAVTIKAL.
To 6lov ypnoyomoteital Kupimwg 6TV TOPAYOYT ELPLOAMUEVOV VEP®V, Yot «€E0PIIle)
70 vEPO, OMAAAAGCOVTAS TO OO AVETIBVOUNTEG OGLLEG KO YEVGELS.

IMa v mopaywyn 6ovtog pe 1ovicpd omd TOV ATHOCEOPIKO 0EPO ATOLTEITOL NAEKTPIKN
evépyewn. H moapaywyn yivetor otov 16mo ypnoipomoinong, ywori mpdketon yio aotodn
évoon. And kdébe m’ aTHOCEOIPIKOV aépa mopdyovior mepimov 3 g Os. H ecaymyn
6lovtog pe tn Pondeta extofevtnpo VO wieon Kot avtifeta TPog T POpd pong yiveTar pe
puBuod 1 g 6lov avé m’ vepov.

H amocxlnpoven (softening) Tov vePOL AMOCKOTEL KLPIMG GTNV OTOUAKPLVOT TOV
WOVTOV 0cBecTiov Kol LayVNGIlov KOl GUVETMS GTNV EAATTMGCN THG GKANPATNTAS TOV VEPOD
Ko yiveto:
- Me ymukég dadikaoieg (mposOnin Ca(OH),, NaOH 1 Na,COs3) yio v amopdkpovon
TPAOTA NG AvOPAKIKNG (TOPOOIKNG) KOl OTN GLVEXEL TNG U1 OVOPOKIKNG GKANPOTNTOG
(noviymg).
- Mg avtiotpo@n dou®on, pe NAEKTPOIIIAVOT N e TEPLOPIGUEVT EEATLUON.
- Mg yprion ovroavtarloktodv (pntiveg 1 (e6A1B01), o1 omoiot TepiEyovy 1OVTA VaTpiov Kot
TO OVTOAAAGGOLV LE 1OVTO 0GBECTION Kot poryvnoiov.

H xatafdoion tov 1évtov acBeotiov kot tov 6&vev avBpakikdv meprypdoetal omd v

avtidpaon:
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Ca® + OH + HCO;” — CaCOs ¢+ H,0
Ta Wvta Mg™™ amopakpivovor mg Mg(OH), cdpeevo pe Ty avtidpaon:
Mg(HCOs3) + 2Ca(OH), — 2CaCO; + 2H,0 + Mg(OH),

Kotd ™ dadikasio g amockAnpuveons mapdystor Adon, 1 didbeomn g onoiog yivetan
0€ UN EMEVOVUEVES SEEAEVES, TNPAOVTOG TIC TEPIPAALOVTIKEG TPOSIOLYPAPES.

H epappoyn g avrictpopns kdouwaeng yivetor Kupiowg otnv a@oAdT®orn vedALvpoLv i
Baiaocotvod vepol yia ook ypnomn. H Aettovpyio g ompiletar oty epappoyn mieong
HEYOADTEPNG OmO TNV OVTIIOTOYN OOUMTIKY € €va VOATIKO OldAvpo Tov TEPLEYEL
avemBounteg ovcieg kot Ppioketor o€ emoEn HEC® MUITEPOTS HeUPpdvng pe KabBapd
vepd. X115 ovvnkeg avtég, kabapd vepd amd To vOOTKO OdAvpa Ba mepdoel TV
nuuepatn pnepPpdvn kot ot avemBounteg ovoieg o aropovwboiv. Mropel va emtevydel
petoon péxpt 90% tov T.D.S. kot g okAnpOTNTOS TOL VEPOD GO TNV EQAPLOYN TNG
aVTIGTPOPNG OGUMONG, YEYOVOS TOV TO KAIGTA AyELOTO.

Ta peovektnuoto g peBdoov oyetiCovror pe TN GLVIPNON TOV HEUPPAVOV Kol TO
KO0T0¢ Acttovpyioc. H epappoyn mg o€ GuVOLAGUO HE TN YPNOT OVOVEDCIU®V TNYOV
evépyelag stvon 1 BérTIOTN AVoN o€ mePLoyEg dmov vILdpyel EAAELYN TOGYLOL VEPOD.

H dwodwasio g tovreavraiiayng, Onmg mpoovagépbnke ommv mopdypago 5.7,
YPNOOTOIEITOL Y10l TNV OMOUAKPLVGT OO TO VEPO OVOPYOVAOV POPTICUEVOV 1OVIMV Kol
aAGrov Ca® kor Mg™™ (amookifipuvon).

20V 10VTOOVTOAAAKTES YPNOUYLOTOOVVTOL PUGIKEG 1) cLVvOeTIKEG prTiveg ko {edMbBog. Ot
ocuvletikég pntiveg mapackevalovtal pe KOTAAANAES avTIOPAGES TOAVUEPIGHOD Kot gival
YEVIKA TT0 0VOEKTIKOL 10VTOOVTAALIKTEG.

Ot @vowoi 1ovroavtoArdkteg ({edABol) ypNOUYOTOOVVTOL YiK TNV OTOPAKPLVON
avemBOpMTOV pOHTOV, OTOC TOV appoviov. Kdbe 10vtoavtaAldking deiyvel cuyKekpIévn
TPOTIUNGN OTO StoAVEVA 1OVTA KoL XopoKTNPIeTal amd (o Gepd EKAEKTIKOTNTOG.

H #poopopnon civor n diepyacio Katd v omoia pio SIAVUEVT] OVGI0 TPOGPOPATOL GE
po EmpAaveLaL.

H mpocpoenon oe evepyo avOpoarxa ypnoUYOTOEITOL YOO TNV  OTOUAKPLVOT TOV
SWAVLEVOV 0pYOVIKGOV pOTT®V Otd TO VEPO.

O evepydg dvBpakag mapoackevdletor amd ™ 0épuavorn EHAov M képPovvov ce YounAn
Bepuoxpacio kol EAAelyn o&uydvov kol 6T cuvéyel €kBecon TOL GE 0EEWMTIKY EAOYA
vyning Oepupokpaciog ywoo ovviopo ypovikd odotnuo  (ZoumoOing k.d, 2003).

Xpnoponotovvtar 600 popeés: 1) Aemtig okdvNG Kot 2) KOKK®V.
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Ta eidtpa evepyod GvBpaxo cvykpatohv o atwpodpeva oteped kot Baxtipla £wg 0,5
um. Emumdiéov decpevovv oe peydio Pabud 10 DTOAEIUUATIKO YADPLO KOl TIG TOPAYOYES
gvooelg Tov, Kabhg kol emPrafeic ovoiec, dmwg ta avemBOunta ryvootoryeio. ‘Etot
BeATidvouv TV TOWOTNTA TOV VEPOD, YMPIG VO LETAPAALOVV TN GLGTACY] TOV.

Melovéktnpa tov @iltpov evepyol avBpoka elvar 1 and@paén Tov Kot M avamTvén
UIKPOOPYOVIGUAOV GTNV EMOAVELL TOvg, Tov T kabiotd emPrapn. H avipetdmion tov
TPOoPALOTOG TG OTOPPAENG YIVETOL e EMPAVELNKO KOOOPIGUO TV KOKK®V TOV HE aéPOl
1/ Kow vepd. v nepintwon nmov ot dtbécipeg Béoelg TpospodPnomg KahveBovv amarteitot
N OVIIKOTACTOGN TOL g€vepyol AGvOpoKo 1| EMAVOYPNOLUOTOINGN TOV 0EOL TPATA
avayevwnfel. H avayévwnon tov evepyod avBpaxo yivetow Ogpuikd oe  vyniég
Bepuoxpaocies.

AMN pHEBOOOG OMOUAKPLVONG TMV OPYOVIKOV 0LGLdV gival 1 ofeldwon pe 1oyvpd
o&eotikd péoa, onwg: Os, Cly, HyO,, KMnOy4 kot aktivoBoiio U.V.

H amouarxpoven twv aiwpodusvoyv erepev yiveton pe kobilnon, omdnon and orpopa
dppov 1 amd yn STop®V, Kabmg kot pe ) pébodo g OpouPwong / kpokidwonc.

2V mEPInTOon ToL TOGOVL VEPOD YPNGUYOTOOVVTOL KUPIWS OIATpa Gupov Yo T
CLYKPATNON TOV OOPOVUEVOV OTEPEDV, YWPic PéPota va PeAtudvouvv To. vmoOAoTo
TOL0TIKA YOPAKTNPIOTIKA TOV vEPOL. Ta eIATpa GOV OITOTEAOVVTOL OTO GTPAOUOTA GOV
KkaBopiopévng KokkopeTpikng cvotaons. H aropdkpouvon tov otepedv omd T0 AUUOPIATPO
yivetor pe mAOGUHO Ge pevpa vEPOU avtifetng pomng, omdte ol POTOL KOl TO. OTEPEX
EemMAEVOVTOL KO OTOLOKPUVOVTOL.

2mv mEPImTOON TEYVNTOV EUTAOVTICHOD HECH YEMTPNOEWV MOV ONMOLTEITOL VEPD
OTOALAYHEVO OO  OLOPOVHEVA, Ypnoipomolovvtal oegapevéc kabilnong, otig omoieg
emruyydveror n kabilnon pe pnyovikée dwdikacies. H kaBilnon avt) oev eivor PEPata
apKETN OTOV TO vEPO Tpoopiletal Yoo VOPELOT, OTOTE £ivol AMAPAITNTEG Ol EYKATACTACELS
OWAMGoE®MC e AUUOPIATPA KL EVEPYO GvOpaka.

Xe aTopKoO eminedo dNA. 0T OTITIOL HOG, TOPOAD TO LETPA TTOL AauPdvovTat Yo To veEPO
Vopevong, evoeikvutal 1 XPNoN QIATP®V VEPOD Yo TN GLYKPATNON TOV OLOPOVUEVOV
oTEPEDMV N PIATPpOV gvePYoD GvBpaKa Yo T GLYKPATNGON TOV OLOPOVUEVOV GOUATIOIMV,
TV Pokmnplov Kol TOV oVETIBOUNTOV OPYOVIKOV EVAOCE®MV KOl LYVOOTOLEIOV HE TNV
TpoHTHOEST TNG THPNONG TOV TPOIAYPUPDV (GLVINPNOT], AVTIKATAGTAOT K.AT.).

Ot povdoeg emeéepyaciog vepod TEPIAAUPAVOVY TIC EYKATOOTACELS Yimpimwons, NG

kpokidwong (mpocHnkn Osukod apytdiov) Yo TNV OTOUAKPUVOY TOV GTEPEDV
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copotwiov, g Kabilnons kol g oujnens néco @iltpwv, amd to omoio. T0 vePO
KaBapd mAEov, diveTan 6TV KATOVOAWOGT).

H mapovoio tov conpov (Fe) kot payyaviov (Mn), 0nwg £xel avapepbel oto Kepdhoto
3, evromiletal 6 TOAAG LILOYELD VEPA TNG XDPUG LLOGC.

Mo onpovtiky pébodog amopdikpuvons tov Fe kot Mn and ta vidyeia vepd amoterel 1
mukn kobilnon. H pébodog avtn mpoimobétel v 0&eldmon TV avaywyik®v Hopemv
TV PETEAOV autdv, dni. Tov Fe?™ koaw Mn®", mov omotedodv Slahvtée popeés mpog Tic
TEPIoGOTEPO  adIGALTEG Hopeéc Tovg Feo™ kar Mn'', dmuovpydvroc ofeida mov
katilavouv mg iinuara.

H o&eidmon kot tv 600 avotépm HETAAL®Y YivETOL KUPIMG OO TO VITEPUALYYOVIKO KOMO,
ofuyovo N yAopro. H oeidwon tov payyaviov pe ofvyovo amoutel pH>9 wor xotd
ocuvéneln ogv pmopel va agaipedel pe amdhd aepropd kot kabilnon and ta puoKd vepd Tov
éxovv pH and 6,5-8, addd ypetdletor ynuiky| 0Eeld®oT. LT EMPOVEIOKA VEPH AOY® TNG
nopovsiag 0£vyévov oTov aTpHocEopkd aépa ta ovta Fe®™ kon Mn®" ofeddvovton
dueca. H o&eldmon pe yAdplo TpEmEL va amopeVYETAL AOY® TG ONovpyiag avemBountwv
TOPATPOIOVTOV.

‘Exovv mpotabei emiong epyaotnprokés pébodot amopdkpuvong poyyoviov pe tm ypnion
1660 @iktpov, 660 Kot pe T Opdon ofewwtikwv Poaktnpiov. Ou Ellis et al. (2000)
epapuocay M pEB0do G 0EEIdMONG Kol TOV PIATPOPICUATOS Yo TNV OTOUAKPLVOT] TOL
G1ONPOL KOl TOL LOYYOVIOU 0t DITOYELD VEPD LE IKOVOTOMTIKG OTOTEAEGLLOLTOL.

H mpoéievon tov apoevikod (As) elvar to apoevikoOyo TETPOUATO, T OOICTELNKY|
opdon kot ot avOpomiveg OpacTNPOTTES (PLTOPAPUOKD, BlOpnYavIKG amoPAnTa,
petodrovpyia K.Q).

To Apocevikd, 1o omoio £yer aviyvevbel oe vmdyswn vepd ¢ Bopeiov EALGSOg
(Xahdotpo, Xahkdikn) amopakpoveton pe Wnpotomoinon pe mpocdnkn Fe*™ 1 AL
[Mewpapoticd amotedéopata £de1&av 0T pmopel va emtevydel peiwon g meplekTikdT TG
tov apoevikov amd 500 ug/L og 10 pg/L, mov eivar to 6plo moodtrag (EK 98/83,
3/11/1998), pe mpocOfkn kpokWoTikdv dkvpdrov Fe*™ 1 A (Mntpoxag «.6, 2002).
[Tévtmg dev cuvicTdtol 1 ¥PNoT TOL VEPOV Yo OGO OKOUO Kot HETA TV enelepyacio
YL TNV AOUAKPLVGT] TOL 0PGEVIKOD, AOY® TG TOEIKNG TOV dPACNC.

H amopdpuvon tov gBopiov yivetar pe ilnuatomoinon npocshétovrag Ca(OH), coppmva
HE TNV avTidpoon:

Ca2+ + 2F < CaF, (s)
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Ta @OoEOPIKA amavTOVTOL G 0pOOPOCPOPIKH, OC UETUPOCPOPIKH KOl MG OPYOVIKA
eooeopikd dlata. H amopdkpuvon yivetonr mpocsBétoviag GAato Tov GONPOL 1] TOL
apyiiov:

Fe’ + POs” <> FePOy

Ta @woeopikd Umopovv vo omopokpuvBodv kot pe ™ péBodo g mpoospdenong,
YPNOLOTOUDVTOG O1APOPa TPOSPOPNTIKE LAKA (AgAnyiavvn k.d, 2006).

To mupito amopokpOveTow kotd T Owdikacio ™ yMUuKNG nuoatomoinong tov
acPeotiov kol Tov poyvnoiov. Mg diepyaciec mpospdenong-kadilnong n meplektikdTNToL
ToV mupttiov pmopel va elottwbel onuavtikd (<1 mg/L).

Ta Oetikd omopakpOvovior pe nuatomoinon mnpocHétovrag Ca(OH),, am’ dmov
npokvntel YOWog (CaSOy).

Ta Bapéa pétaira Wnpatomoovvtol cuVHOOS O VOPOEEIdIO KAt 1) AVOALTIKY TEPTYPOAPT|

TV neBddmV yivetan o e€edkevpéva Pifaio Xnukng Teyvoloyiag.

Téhog, va onuelwBel 0tL, ov TeYVIKEG emefepyaciag Tov vepol avamTOyOnKoV Kot
epappolovior ta terevtaia ypdvia, AOY® NG MO0TIKNG LIOPAOUIoNG TV VEPDV Kot M

eEEMEN Tovg yiveral pe TayvTaToVg pLOUOVC.

Epomiceig

9.1. Ilotec givat ot TeEXVIKEC OTOPPOTAVOTG TOV VITOYEL®Y VOPOPOPEWMV;
9.2. Tieivoln «undevikn Avony;

9.3. Ti pétpa xpNOYLOTOLOVVTOL Y10 TOV TEPLOPIGUO TG EMEKTACG TNG POTOVONG GE VILOYEIONG
VOPOPOPEIC;

9.4. Ilwc emtuyydvetal 1 0moviTpOoT TOV LTOYEI®V VOPOPOPEWV;

9.5. Ilwg emtuyydvetal 1 0TOKATAGTACT] TOV GUCTNUATOV ETLPAVELNKOD VEPOV);
9.6. Iloteg elvan o1 TEYVIKEG AMOPPVHTOAVGTG TOV EOAPOVG;

9.7. Tlwg emruyyaveTal | OTOGKANPLVGT TOV VEPOD;

9.8. Tieneéepyasio vpiotatol 1o vepd avOpOTIVNG KATAVAA®ONG;

9.9. Tlow 1 ¥pNoWodTNTO TOL PVOIKOD LEOAIB0V;

9.10. ITwg emrvyydveTon N OTOUAKPVVGT] TOV OLOPOVUEVOV GTEPEMV amd TO VEPD;

AoKioelg

9.1. 'Evag vopopodpog opilovtag Exel mayog 40 m ko mopddeg n=15%. O v3po@oOpog déyeTOl HECHD
g odikaciag e kateiodvong 95 mm vepol avd £€1og. XNk aviivon tng modTnTog Tov
VILOYELOL VEPOD £0MGE OPYIKN GVYKEVTPOT Vitpikdv C,=90 mg/L.

Benpmvtag 0Tt dloKoOTTETAL 1) AlTovoT), va vtoAoylebel o ypdvog yio va amoppumavieil o vdyelog
avTdHS VIPOPOPLS (cVYKEVTIpOT anoppumavong Cnos=15 mg/L).
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