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MEPIAHWH

MpoBARuata BaAdooiag dicicduong €xouv Kataypagei ae TTOAAOUG TTAPAKTIOUG UdPOPOPOUG O-
piCovTteg, ol o1Toiol ATTOTEAOUV TNV KUPIGTEPN TTNYN YIO TNV KAAUWN TWV USPEUTIKWY KAl ApSEUTIKWV
AVAYKWY TWV TTEPIOXWY QUTWV. ZTNV TTApoUaa £pyacia XpnoIUoTToloUvTal Ta OTTOTEAECUATA TWV
XNUIKWV avoAloewv 29 delyudTtwy utrdyeiou vepoU amd Tnv Trepioxr Tng BA/kAg Axdiag, étrou dia-
TIOTWVETAI OTI TO PAIVOPEVO TNG UQOAPUPIVONG eival 1IdIaiTepa eKTETAPEVO. H XWPIKA KATavOour Twv
USPOXNMIKWY TUTTWV QAVEPWVEI EVTOVEG UBPOXNMIKEG BIEPYOTieg OTO UTTOYEIO VEPO, AOYW KUpiwg
NG Oleioduong Tng BAAAcoag, Pe KUPIOTEPN AUTAV TNG KaTioavTaAAayng. ATTé Tnv avaAuon Twv a-
TTOTEAEOUATWY TWV XNHUIKWY aVAAUCEWYV TTPOKUTITEI OTI 0TV TTAEIOVOTNTA TWV JEIYUATWYV ETTIKPATE O
TUTTOoG Ca-Cl, Tou utrodnAwvel TTPoEAACN TOU PETWTTOU UQaAPUpIvong. ETriong amod Tn yewypa@ikn
Katavop Tou O&ikTn Careact EVTOTTICOVTAI TTEPIOXEG TTPOEAAONG KOI UTTOXWPNONG TOU PETWTTOU U-
QPOAPUPIVONG TNV TTEPIOXT €PEUVAG.

1 EIZArQrH

To uttoyelo vepd gival £vag avavewaolog QUOIKOS TTOPOG e TNV TTpoUTréBeon Tng Utrapéng I-
OoppPOTTiaG PETALU €UTTAOUTIONOU Kal EKQOPTIONG o€ £va udpoopéa uiag Aekavng. OTav ol atroAn-
YIMEG TTOGATNTEG UTTOYEIOU VEPOU UTTEPROUV TNV IKAVOTNTA TNG a0@aAoUs atmodoong (safe yield) e-
VvOG TTAPAKTIOU Udpo@opéa TraparnpouvTal gaivépeva Baldooiag diicduaong, TTou gival éva atmd Ta
TIAéOV ONUAVTIKG TTPOBAARUOTA TTOIOTIKAG UTTORABUIONG TWV UTTOYEIWVY VEPWV.

[eviKd N uPAAPUPIVON O@EIAETAI OTNV UTTEPEKPETAAAEUON TWV TTAPAKTIWY UBPOPOPWV OTPWHAE-
Twv, TToU 0dnyei aTov uttoBIBacud TG oTdBuNng Kai Tn dicioduan Tng BGAacoag. H onuavTikg auén-
on Twv avTAOUUEVWY TTOGOTATWYV UTTOYEIOU VEPOU Ta TeAeuTaia xpovia atrd PeyaAo apiBud yewTpn-
OEWV PE OUVEXWGS augavouevo BAaBog, odAynoe oTnv TATTEIVWON TNG OTABUNG TOU UTTOYEIOU VEPOU
OTIG TTAPAKTIEG TTEPIOXES O€ eTTITTESA KATW aTTd TO PECO eTTiredo TNG BGAacoag Kal auTd gixe wg ou-
VETTEIA TNV TTPOoEAaCn TnG dIETTIQAvelIag HETagU yAukoU Kal BaAaoaoivou vepou TTPOg TNV evooxwea,
uéxp! va @Bdoel o€ pia véa IcoppoTria.

ZKOTTOG TNG TTapoUoag epyaciag ival n PeAétTn TG €€EAIENG TOU PETWTTOU UQAAUUpIVONG OTnv
meploxn TG BA/kAG Axdiag. H trepioxn épeuvag Bpioketal oto BA/KS Tunpa Tou Nopou Axaiag (a-
KpwTApIo Apdfou). Ta KUpia oIKIOTIKA KévTpa eival o Adtrag, Ta Zayaiika kal n Bapda. Evriog Twv
opiwv NG TrepPIoXNnS PpiokovTal o AipvoBdlacoeg Aduia kai Mpdkotrog, Kabwg kal To dACOG TNG
>1po@uANIGs. H teploxn eival aypoTikr], evw TTapdAANAa avaTmrTUooETal KAl TOUPIOTIKA. YTTApXouv
OIA0TTOPTEG KTNVOTPOPIKEG HOVADEG, BEPUOKATTIO KAl CUOKEUOOTHPIO AYPOTIKWY TTPOIOVTWY. H Kd&-
Auyn Twv UBATIKWY AVAYKWVY YIVETAI KUPIWG PE TNV EKUETAAAEUTT TWV UTTOYEIWY VEPWYV ATTO HEYAAO
apIBud yewTtprioewv peyalou BAaBoug. H evtaTikh eKPETAAAEUDN, IBIQITEQA TIG TEAEUTAIEG DEKAETIEG
€xel 0dnynoel o€ TTOCOTIKA PEiwan Pe eykatdoTaon apvnTikoU I0ofuyiou, KaBwg Kal TTOIOTIKI UTTO-
BdaBuion Twv uttdyeiwv vepwy (Nikag et al. 2001).

O1 Zraupdtrourog & Koupavtdkng (1992) S1atmoTwvouv CUVEXT TITWON TG OTABUNG TwV Udpo-
@POpwV opICOVTWY KATA TNV TTEPiodo 1987-1991 ot SikTuo 22 UBPOYEWTPATEWY TNG TTEPIOXNAG. ETTi-
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ong ol idIol EPEUVNTEG BIATTIOTWVOUV QUENUEVEG GUYKEVTPWOEIG O€ 10VTA XAWPIOU KAl VITPIKWV JE TV
u@aApUpIvon va gival o évrovn oTh Bopeia TTapdKTIa {wvn.

ZT1a TTAQiCIO TNG €PEUVOG TTPAYHATOTTOINBNKE UBPOYEWAOYIK avayvwpion TNG TTEPIOXAS, TTiECo-
MeTpia Kal udpoxnNUIKA MEAETN. O XNUIKEG avaAUCEIS TTpayUaToTToINONKAV TNV TTEPiodo 1997-1999.
H ekmévnon g épeuvag éyive oTa TTAGICIA TTIPOYPAUUATOS Tou IvaTIToUTou MewAoyIKWwy Kal MeTah-
Aeutikwv Epeuvwy (IFTME) pe xpnuaroddtnon amé 1o B’ KII.E.

2 TEQAOrIIA

H mepioxn Tng BA/kAG Axadiag (Xx. 1) KaAUTITETAI OTTO PETOATTIKEG OTTOBETEIG HEYGAOU TTAXOUG,
€VTOG TWV OTTOIWV avaTrTugoovTal eTTaAANAol udpo@dpol opifovteg. H nAikia Twv atroBéoewv eival
avwTTAEIOKAIVIKA €wG oAokalvikh (ZTtaupdtroudog & Koupavtakng 1992). To aAmiké utréfabpo a-
VTITTPOCWTTEUETAI aTTO PAUCXN (AOPog Adkka NTpdaoa) kal acBeoToAiBoug (Ad@og Maupa Bouva).

O1 TTAcioTETAPTOYEVEIG ATTOBETEIG XapakTnpifovTal atmd OTPWHOTOYPAPIKA OVOMOIOYEVEID Kal
arroteAouvTal atTd evaAAayEG apyidwy, Hapywyv, WYAPUITWY, XOAKwY, GUPWVY Kal XOAAPWY KPOKa-
Aotraywv. O1 evaAdayég otn AIBoAoyia eival atrdTopeg Kal OUXVA ep@aviCovTal JEIKTOI XOPAKTHPEG.
To axog Twv amobéacwy eival peyadAo kai Bavel péxpr 1000 m (Boudoupng 1995).
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ZxAua 1. ATAotroinuévog YEwWAOYIKOG XAPTNG TNG EUpUTEPNG TTEPIOXAS EPEUVAG.

Ev1ég Twv avwTépw amoBéoewv @iAogevouvtal onuavTikoi eTaAAnAol udpopdpol opifovTeg, UTTO
TTiEon A PEPIKWG UTTO TriEan, aTTd TNV eKPETAAAEUON TWV OTTOIWV KAAUTITOVTAI O UDPEUTIKEG Kal ap-
OEUTIKEG avayKeg TG TTepIoXNGS. H udpogopia katd Té1TOUG £€apTATAl OTTO TO TTAXOG, TNV KOKKOME-
Tpia Kal TN oTpwpaToypa@ikn diatagén. H Tpogodoacia Twv udpo@dpwyv opIlOVTWY KUpiwg atmod Tn
0IRBnon vepwv atod TIG KOITEG TWV UBPOPEUPATWY Kal atrd Tnv atreubeiog kateioduon vepou NG
BpoxOTITWONG GTIG TTEPIOXEG OTTOU TA AdPOUEPN HEAN avaTITUCCOVTAI ETTIQAVEIOKG.

3 TO NPOBAHMA THZ OANAZZIAL AIEIZAYZHE AMNO YAPOTEQXHMIKH ANOYWH

O1av n oTddun Tou UTTOYEIOU VEPOU KOVTA TNV AKTH €ival KATW atrd To PEco emiTredo TnG O4-
Aaooag dev 10xUel 0 yvwoTdg vopog Tou Ghyden-Herzberg udpooTaTikig TTpooéyyiong yia pn avo-
Migipa uypd (Todd 1980). ZTIG TIEPITTITWOEIG AUTEG AauBAvETal UTTOWN N SUVOUIKN TTPOCEYYION, TTOU
Bewpei pia peTafarikr) {wvn Yetagu yAukoU kal BaAacaoivol vepou, Je augavOouEevn CUYKEVTPWON 10-
viwv CI” amrd 1o yAukd TTpog 10 BaAacaivo vepd. Avaloya e TIG USPOYEWAOYIKEG GUVORKESG TNG TTE-
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PIOXAG MIa UTTOBETIKY CWvn QVTITTPOOWTTEVEl TN {wvn avauigns (METaBaTikr ¢wvn) YeTaBAnTou TTa-
XOUG, OTNV OTT0ix TO AVWTEPO KaI TO KATWTEPO OPIO CUPMETOXNG Tou BaAaoaivou vepou gival 1% kai
95%, avrioToixa (Ergil 2000). MpdayuaTt To BaAacaivd Kal To YAUKO vepo gival avapigiya uypd Kai n
peTaBarikh {uvn TTPOoKAAETal KUpiwg atrd udpoduvapikr dIacTTopd.

H avarmtugn Tou petwmou TG BaAdcaoiag dieioduang oxXedOV CUUTTITITEI UE TNV TTEPIOXT], OTTOU N
OoTABWN TOUu UTTOYEIOU vEPOU gival KATw atrd To péoo etmmimedo NG BaAacoag. H augnon tng TaxuTn-
TAG PONG O€ TTEPIOXES HE EVTOVEG QVTANOEIG eTTITaXUVEl TN BaAdooia digioduon (Xue et al. 1993).

ATTO udpoyewXNUIKY ATToWn N UPAAPUPIVON Twv UdPOoPOPwWV cuvioTatal armd Eva uwnAng ala-
16TNTAG O1GAUNA (BaAaaaIve vepd) avapelyuévo PE €va apalwpévo dIGAUPa (YAUKO vepd) ae éva
TTopwdES PECO, TTOU TTEPIEXEI TTOANG OpaaTIKG oTeped (opukTd) (Martinez & Bocanegra 2002).

O1 Walraevens et al. (1993) avag@épouv 0TI N u@aAuUpivon apxilel e augnaon TNG CUYKEVTPWONG
TWV I6VTWY TToU akoAoUBEeiTal atrd avtaAAayr KaTIOVTWY, KaTa Tnv oTroia atreAeuBepwvetal Ca®* kal
amoppo@uwvtal 16via Baldoaiag Tpoéheuong Na®, K, Mgz+. H avraAAayr kamioviwy gival évag
PUBUIOTIKOG TTAPAYOVTOG TWV IOVTIKWY OUYKEVTPWOEWY OTO VEPO KAl ATTOTEAEl pia atmd TIG TTAéoV
ONMAavTIKES YeEwXNMIKEG dladikaaieg TnG BaAdoaiag dicicduong (Gimenez & Morell 1997, Hafi 1997).

H avaywyn Twv Belikwyv €ival pia TUTTIKA avTidpacon o€ PEPIKA peiyuaTa Balacoivou/yAukou ve-
poU (Bosch & Custodio 1993). H avrtidpaon mepiAauBavel o&eidwaon Tou opyavikoU UAIKOU O€ €va
avagpofio epIBaAlov:

2C20+S0,5—2HCO3 +H,S
Otav die1006U0el BaAaaoivo vepd oTnv evooxwpa AauBAavel Xwpa 1ovToavTaAAayn:
Na*+1/2Ca-%, — Na-Z+1/2Ca**

o1Tou X gival n aTeped @Aan atnv oTroia AauBavel xwpa n avtaAiayr] (IovToavTaAAdKTNnG).

Katd mn didpkeia TG JETATOTIONG TOU YAUKOU R Tou BaAacaivol vepoU, Ta diIaAupéva KaTiovTa
utTopei va dlaxwpioBoulv, egaitiag TNG KaTIoavTaAAayAg, QaIVOUEVO TTOU Eival YWVwOTO WG I0VTIKA
xpwparoypagia (ion chromatography), (Apello & Postma 1996). ¥1n diadikaoia aut Adyw Tng dia-
(POPETIKAG ETTIAEKTIKOTNTAG TWV QUOIKWY KATIOAVTAAAGKTWY OTA IAPOPa KATIOVTA, TA SIOAUPEVA KO-
TIOVTA dlayxwpifovtal aTov XWEo. ‘ETal TTPOKUTITEI N KATAVOWN TwV USPOXNMIKWY QACEWY TOU UTTO-
yelou vepou atréd tn digioduon Tng BGAacoag.

4 AEAOMENA -MEGOAOI

lNa ™ peAéTn NG TTOI6TNTAG XPNOIYOTTOINONKAV Ta dedopéva Twv XNUIKWY avaAloewv og 29
dciypara utréyeiou vepou (Zx. 2). Ta deiypuatra cuAAEXBNKav TIG uypEG TTEPIGdOUG 1997 kai 1999 kal
0l XNUIKEG avaAuaoelg TTpayuaToTroifénkav ato epyacTtripio Tou IFTME. Mpoodiopiobnkav o1 €€R¢ TTa-
papeTpol kai Seikteg (Miv. 1): Ca?*, Mg?*, Na*, K*, HCO3, CI', SO4%, NO3, pH, aywyiuémta, TDS, 0
O¢ikTng Revelle kai n 10vTIKA 10XUG.

H ocuykévrpwaon CI givar évag 10avikag 1xvno£tng yia va eEakpifwbei n BaAdooia dicioduon. Ie-
VIKG pia ouykévipwon Twv Cl tng ta€ewg Twv 100 mg/L ota uttdyela vepd Bewpeital oav deiKTNg
BaAdoolag dicioduong. MNa Tnv ToTOTTOINON TNG TTPOEAEUCNG TWV XAWPIOVTWY £XOUV TTPOTABE] dId-
popol deikTeG, 01 oTToiolI TTPOadIopifouv T cuvelopopd Tng dicicduong Tng BAAacoag oTnv augnaon
NG CUYKEVTPWAONG XAwpPIOVTWY 0TO UTTdyelo vepd (Revelle, 10vTIKN 100G K.4).

O o&eiktng Revelle (R) ekgppdletal atrd Tn oxéon:

_ rCIl-
rCO:™ + rHCO;

)

Tiuég Tou OeikTn Revelle peyaAuTtepeg Tou 1 utrodnAwvouv pUTTavan Tou UTTOYEIOU veEPOU aTTd
dieioduon Tng 6dAacoag.
H 10vTIKA 10X0G €ival éva HETPo TNG OAIKNG OUYKEVTPWONG TwV IGVTWYV Kal diveTal atrd Tov TUTTo:

=05 Y M.z} @

o6tou M givai n popiakr cuykévipwan (mol/L) Tou i-ooToU 16vTog Kai Z; gival To @opTio Tou. OI

Domenico & Schwartz (1990) avag@épouv 611 To YAUKO vepod €xel 10vTIKA 10XU 1<0,005.
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Ta deiypata Tou UTTOYEIOU VEPOU OTOUG TTAPAKTIOUG UBPOPOPOUG eP@aviCouv TTAeOvaoua Ca”,
TTou UTTEdNAWVEI BaAdooia disioduon fi TAedvaopa Na*, Tou uTrodnAwvel Sicioducn yAuKoU vepou.

ZUpowva pe Toug Appelo & Postma (1996), 6tav aToug TTapdkTioug udpoPopous OpifovTEeG U-
TTAPXEl PEIEN YAUKOU Kal BaAaoaivoU vepoU, N CUYKEVTPWAN Mimix TOU TUXAIOU IOVTOG i TTpoadiopile-
Tal WG KAAOUO CUHPMPETOXNG TwV dU0 aKpaiwv PEAWV, TTou gival To BaAacaIvo Kal To YAUKO vePO, HE
uéoeg ouoTdoelg TTou @aivovtal oTov livaka 1.

O uttoAoyiopdg yiveral ye Bdon tnv egiowon:

Mi,mix:f;ea . Mi,sea+(1'f;ea) . Mi,ﬁ'esh (3)

otToU Mi=n ouykévipwon 16vTog i (mmol/L)
fsea=TO KAGOPa TOU BaAAOGCIVOU VEPOU TTOU CUMMETEXEI OTO BeEiyua
Mi sea=N OUYKEVTPWOTN TOU I6VTOG i 0TO BOAACTIVO VEPO
Mi fresh=N OUYKEVTPWOT) TOU IGVTOG i OTO YAUKO vEPO
‘ET01 KGBE PeTABOAN OTN XNWIKA oUCTACHN TOU UTTOYEIOU vEPOU, TTOU oQeileTal o€ avTIOpAaoEig (e-
KTOG TNG HEIENG), uTTopEi va TTpoadioplioTei ammd Tnv egiowon:

Mi,react: i,sample ~ Mi,mix (4)

OTT0U M react = OUYKEVTPWON TOU I6VTOG i TTOU PETABAAAETAI, AOYWw BIadIKACIWV TTANV TG HEIEEWS
Mi sample = OUYKEVTPWON TOU 1GVTOG i TTOU PETPRBNKE OTO Seiypa UTTOYEIOU VEPOU
To KAGopa ouppeToxnNG Tou BaAacaivol vepou uTroAoyileTal pe Baon tn ouykévipwon CI° aTto
Ociypa, 8161 70 CI Bewpeitar ouvinenTiKd 10V, dNnA. dev YeTABAAAETOI QIGONTA AGYW UBPOXNMIKWV
dlepyaciwyv Kai divetal atd Tn oxéon:

CI™ ,sample - Mle,fresh

sea— 5
s I ®)

CIsea M I fresh

Aedopévou 611 n ouykévipwon Cl” oTo yAuko vepd Bewpeital 0 meg/L, v oTo BaAacoivo 566
meq/L, 6TTwg @aivetal otov lNMivaka 1, n e§icwon Traipvel TNV KATwO! atrAoTToINuévn Hop®r:

CI™ ,sample
Jeao=——— — (6)
566
Mivakag 1. TUTTIKEG CUCTACEIG TWV OKPAiWV PEAWY YAUKOU Kal BaAacaivol vepou Trou AapBavouv Jépog oTn
diadikagia Tng YEigng.

Tummkr obotaon  Tumkr) oUoTtaon TuTtmkAR cUoTaon YAukoU ve-  TuTtmikf cuoTtacn YAukoU ve-
BaAacaoivol vepol Bahacaoivou vepol pou Tipiv Tn dpdan udpoxn- pou TIpiv Tn dpaan udpoxnui-

(meg/L) (mg/L) pIKWV digpyaaiwy (meg/L) Kwv digpyaciwv (mg/L)
Na* 485,0 11.155 0,0 0,0
K* 10,6 414,5 0,0 0,0
Mg 55,1 669,8 0,0 0,0
Ca* 10,7 214,4 3,0 60,1
Cr 566,0 20.063,8 0,0 0,0
HCO;y 2,4 146,4 6,0 366,0
SO” 29,3 1.407,3 0,0 0,0

Me Bdon Tig e€lowoeig 3, 4, 5 kal 6 uttoAoyidovTal o1 TToodTNTEG Mi,mix KOl M; react Y10 OAa Ta BaCI-
K4 aviovTa Kal KaTiovTa Twv 29 delyudTwy uttdyeiou vepou Tng TTEPIOXNAS €PEUVAG, OTA OTToia N OU-
ykévtpwaon CI” utrepéBaive Ta 100 mg/L (Miv. 2).

OeTIKEG TINEG TNG TTOCATNTAG Careact KAI AVTIOTOIXA APVNTIKEG TIMEG TNG TTOGOTNTAG Nareact QOVE-
PWVOUV ETTIKPATNON TOU USPOXNMIKOU TUTTOU vepoU Ca-Cl, TTou uttodnAwvel TTPoEAACT TOU HETW-
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TToU U@aApUpivang. H avtiotpoen diadikaaia, dnAadr) n UTTOXWENGCN TOU PETWTTOU EKONAWVETAI PE
TNV €TMKPATNON Tou udpoxnuikoU TUTTou Na-HCO3, dnA. BeTIKO Nareact Kal apvnTiKO Careact-

H mrapouciaon Twv atmmoTeAEGUATWY TWV XNUIKWY avaAloewv o€ diaypduuata Piper dieUKoAUvel
TNV avayvwpion YEWXNHIKWY O1adIKaaiwy, TTou AauBavouv Xwpa Katd Tn pUTravon Twv UTTOYEIWY
vepwy. Ta ammoteAéopara TG aviaAAayng KaTioviwy eival 1810iTepa eu@avr) aTo dIAYPaUPa auTtd
(MeTaAdg et al. 1997, Edet & Okereke 2001). Otav Aappdvel xwpa HOvo KaTIoOvTOAAayr To onueEia
TTpofdAAovTal TTapdAAnAa TTpog TNV eEWTEPIKY TTAEUPA TOou pOuRoU, vy OTav CUMPBaivouv AAAEG
avTIOPACEIG Ta onueia aTToKAIiVOuv aTrd TNV e§WTEPIKY TTAEUpd. AiIGAuon Tou avBpakikoU acBeaTiou
QVTIKATOTITPIgeTal aTrd T PETAKIVNON TWV CNUEIWV TTPOG TN ywvia Ca®* HCOs. H avaywyn Twv
S04 JeTakivei Ta onueia og Béon TTApdAAnAn e Tov dfova Twv avioviwy. Amobeon Tou CaCOs3
odnyei Ta onueia Tpog T ywvia Na* kai (SO4Z'+CI').
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Mivakag 2. YTToAoyIou6G Tou KAGGUATOG fsea , TWV TTOGOTATWY M mix KOI Mireact (MQr/L) yia Ta KupidTEpa KaTIOVTA Kal aviovTa, KaBwg Kal TNG IOVTIKAG 1oxU0g (Mdiog 1997).

Kw6|Ké§ fsea% Ca+ CaJ(Zmix Ca+ react Mg"Z M9+ mix Mg+zreacl Na+ Na“-mix Na+reacl K+ KJ(mix K+reacl HCOS’ HCOS’m\x HCOS’react Cr SOAi SO47mi>< 3047@30( |

12 1,50 2629 62,4 2005 51,1 101 41,0 149,0 1675 -185 35 6,2 -2,7 280,7 3628 -82,1 3014 278,66 21,1 257,4 0,0057
125 1,01 161,1 61,7 99,4 31,6 6,7 249 943 1123 -180 102 42 6,0 16526 3639 -211,3 202,1 159,56 14,2 145,3 0,0043
139 0,72 110,6 61,2 49,4 17,5 4,9 126 690 808 -118 20 30 -10 1391 3645 -2254 1454 1220 10,2 111,8 0,0030
15 1,08 1780 61,8 116,2 30,2 7,2 22,9 128,7 120,2 85 20 45 -25 2990 3637 -64,7 216,3 144,1 152 128,9 0,0038
21 2,35 280,6 63,7 216,8 28,7 157 13,0 137,9 262,0 -1241 31 97 -6,6 2124 3609 -148,6 4716 1551 33,1 122,1 0,0059
227 1,22 166,7 62,0 104,7 19,9 8,2 11,8 85,1 136,0 -509 20 51 -31 2624 3634 -101,0 2447 980 17,2 80,8 0,0026
236 1,20 321 620 -299 73 8,0 -0,7 2759 1340 1419 31 50 -1,9 4369 3634 735 2411 24 16,9 -14,5 0,0025
242 0,57 834 61,0 22,4 32,6 3,8 288 772 630 142 31 23 08 3832 3648 18,4 113,5 33,6 8,0 25,7 0,0025
25 0,67 224 612 -387 49 4,5 04 3069 749 2320 31 28 03 4821 3646 117,5 134,7 1441 9,5 134,7 0,0033
29 1,27 449 621 -17,2 26,3 8,5 17,7 2299 1419 88,0 156 53 104 4125 3633 49,2 2553 37,9 17,9 20,0 0,0035
292 0,51 118,6 60,9 57,7 34,1 3,4 306 333 571 -238 1,2 21 -1,0 3905 3650 25,6 102,8 27,4 7,2 20,2 0,0026
300 058 16,0 610 -450 738 3,9 39 897 650 247 27 24 03 793 3648 -2855 117,0 36,0 8,2 27,8 0,0021
36 0,62 770 611 15,9 22,4 4,1 18,2 931 690 241 47 26 2,1 3637 3647 -1,0 1241 20,2 8,7 11,5 0,0012
51 1,12 1186 61,9 56,8 36,5 75 29,0 117,3 1251 79 35 47 -1,1 3930 3636 29,4 2252 48,0 158 32,2 0,0025
54 1,41 353 623 -27,0 27,2 9,5 17,8 4104 1576 2528 51 59 -0,8 8567 3630 493,7 283,7 05 199 -19,4 0,0043
56 0,90 113,8 61,5 52,3 37,0 6,0 30,9 1241 1005 236 7,0 3,7 3,3 402,77 364,1 38,6 180,8 128,7 12,7 116,0 0,0028
6 0,82 109,0 61,4 47,6 44,7 55 39,2 1379 916 463 125 34 91 4296 3643 65,3 1649 1494 11,6 137,8 0,0029
60 2,14 181,2 634 117,7 56,4 14,3 42,1 1586 2384 -798 59 8,9 -3,0 305,11 361,4 -56,3 429,0 164,3 30,1 134,2 0,0057
65 1,45 1635 624 101,2 433 9,7 33,6 1379 1616 -23,7 98 6,0 3,8 3161 362,9 -46,8 290,7 223,8 20,4 203,4 0,0035
7b 2,30 166,7 63,7 103,1 375 154 22,1 252,9 256,1 833 70 95 -25 2746 361,0 -86,4 460,9 144,1 32,3 111,8 0,0050
9 1,18 168,3 61,9 1064 28,2 7,9 20,3 133,3 132,0 13 31 49 -18 3539 3635 -9,6 237,6 1340 16,7 117,3 0,0036
AF48 0,67 112,2 61,2 51,0 19,9 4,5 15,4 1494 749 745 27 28 -0,1 360,0 364,6 -4,6 134,7 163,3 9,4 153,9 0,0027
AG46 0,95 1026 61,6 41,0 32,1 6,4 25,7 110,4 106,4 40 43 40 03 2441 364,0 -119,9 191,56 1225 13,4 109,1 0,0046
AG47 1,18 1659 61,9 104,0 253 7,9 17,4 621 1320 699 16 49 -33 3173 3635 -46,2 237,6 36,5 16,7 19,8 0,0051
AG49 0,60 150,7 61,0 89,7 13,1 4,0 91 292 670 -378 12 25 -13 3576 3648 -7,2 120,6 24,0 8,5 15,5 0,0023
F17 0,54 128,3 61,0 67,3 14,1 3,6 10,5 469 601 -132 51 22 28 39,6 3649 31,7 108,1 12,0 7,6 4,4 0,0024
F25 2,17 2725 63,5 209,1 53,0 14,6 38,56 2568,6 242,3 16,3 269,8 9,0 260,8 3734 361,3 12,1 436,1 270,9 30,6 240,3 0,0053
F48 0,67 112,2 61,2 51,0 19,9 4,5 15,4 1494 749 745 27 28 -0,1 360,0 3646 -4,6 134,7 163,3 9,4 153,9 0,0031
F4b 2,12 139,5 634 76,1 41,8 1472 27,6 220,7 2364 -157 55 88 -33 3417 3614 -19,7 4255 119,1 29,8 89,3 0,0043




5 AINOTEAEIMATA

O1wg @aivetal Ao TN YEWYPAPIKA KATAVOUR TWV XAWPIOVTWY OTnNV TTEPIOXN €pEuvag (Zx. 2),
aAAG kai Tou O¢iktn Revelle (Zx. 3), kKaBwg kai TIG TIMES TNG 1OVTIKAG 10XU0G (Miv. 2), TO @aivouevo
NG BaAdoaolag dicioduong eivar 1IdiaiTepa ekTeTapévo atn BA/kR Axdia, étrou evroTrifovtal didgopa
METWTTA UQaAUUpIVONG, TT.X. AaKOTTETPA, Apatog, MeTdi.

210 di1aypaupa Piper Tou Zxripatog 4 rapouaidfovTal ol S1euBUVOEIG TWV KUPIGTEPWY UBPOXNUI-
KWv dladikaciwv. H ypappr tTou gekivdel atd kdBe onueio pavepwvel Tn dIEUBUVON TTOU EVWVEI T
0éon Tou deiypaTog (Mi,sample) OTO didypappa pe Tn B€on 1Tou Ba eixe n TOoOTNTA Mi,mix Kal TTPOOC-
dlopiCel Ye Tov TPOTTO AUTO TTOIO €ival N Kupiapxn udpoxnuikA SlEpyaadia TTou eTTNPEACEl TN XNUIKN
ouoTaon Tou OcgiyhaTtog. AT To ZXMMa autd TTPOKUTITEN OTI, N Kupiapxn diepyacia gival n KaTioa-
vTaAAayn.

H yewypa@iki Katavour) Twv SEIKTWV KAl TwV TTAPAPETPWY EYIVE UE TN XPAoN Twv MEwypa@Iikwyv
ZuoTnuatwy MNMAnpogopiwy (GIS) kal YewoTaTIOTIKWY PEBOdWY (HEBoSOG Kringig).

2710 XApTn TOU ZXAHATOG 5.1TTOPOUCIAZETAI N KOTOVOUA TWV UBPOXNMIKWY TUTTWV PE Bdon 1o B1d-
ypaupa Tou Piper. AlamoTtwveral 6T, N reploxn 1Ng BA/KAG Axdiag xapaktnpiletal atrd pia moikIAia
USPOXNMIKWY TUTTWV WE TTIKPATNON Tou TUTToU Ca-Cl aTnv TTAEIovOTNTA TWV OEIYUATWV.

H emikpdtnon Tou TUTTOU Ca-Cl @avepwvel TTpowdNOoN TOU PETWTTOU UQOAUUPIVONG O€ avTiBeon
Je TV emKpdTtnon Tou TUTTou Na-HCO3, 0 01r0iog UTTOBNAWVEI UTTOXWPENGCN TOU UPAAPUPOU VEPOU.
O1 udpoxnuikoi TUTTOI, OTTOU OEV UTTAPXEI ETTIKPATOUV AVIOV i} KATIOV, PAVEPWVOUV HIa PEIEN YAUKOU-
BaAaoaivou vepou (Appelo & Postma, 1996).

Omwg TTPOKUTITEI aTrd TNV KATAVOUN TNG TTOOOTNTAG Careact (ZXAMO 6), TTPOEAACT TOU PETWTTOU
UQAAPUpIvoNg SIOTTIOTWVETAI OTIG TTEPIOXEG ATTIOEWVa-Zayaiikwy Kal MeTdxi. YTToxwpnon Tou pe-
TWTTOU UQAANUPIVONG evToTTifeTal KUpiwg oTIg Treploxég Alpvoxwpiou, Kaykadio kai NoTia tng Aa-
KOTTETPAG.
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ZxAua 4. Aidypappua Piper yia Tnv mrepiodo Maiou 1997.
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| Tomog Heos/Ca
Umog HCO3/Ca+Mg+MNa+K

mmog HCO3/Na+K
[ ] TumogHeo3+CI+s04/Ca
E] Tomog HCO3+CI+S04/Ca+Mg+Na+h

Turmog CliCa

Tumog CliCa+Mg+Na+K

Tumog CliNa+K
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-87--50
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B 41-80

I 51120
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IxAHa 6. XapTng KATtavopng Tou Ca react OTNV TIEPIOXN £PEUVAG.
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lNa Tov €Aeyxo TNG peBGdoU xpnoipoTroiBnkav Ta SedOPEVA TWV XNMIKWY avoAUCEWY TNG TTE-
p16dou 1999. Maparnpwvtag Ta dlaypduPaTa Tou ZXAPATOG 7, OTTOU TTAPOUCIAJOVTAI GUYKPITIKA Ol
XNMIKEG avaAuaelg yia Ta €1n 1997 kai 1999, ammd yewTpATEIG TNG TTAPAKTIAS TTEPIOXNG DIAKPIVETAI
pia cagrg auENTIKA Taon oTIS cuykevTpwoelg Cl kai Na* yia Ta deiyuata 12, 25 kai 51 TNG TEPIOKAS
NakOTTETPAG o€ avtiBeon ue 1o deiyua 48 Tng Treploxng Katw Axaiag, 61Tou o cuykevtpwaoelg Cl kai
Na" peivovra.
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EXAMa 7. ZuykpITIKG atroTeAéopata yia Tig Tepiddoug 1997 kar 1999.

6 ZYMMNEPAZIMATA

ATTO TNV agloAdynon Twv XNUIKWV avaAloewv OelyddTwy UTTOYEIoU vepoU OTnV TTEPIOXA TNG
BA/kRG Axdiag kai Tnv Tautdxpovn PEAETN TNG KATAVOUAG TWV XAWPIOVTWY, TwV USPOXNUIKWY TU-
TTwv, Tou OeikTn Revelle kal Tng 10vTIKAG 10XU0G, eviomidovTtal éviova TTPORAAUATA UPAAPUPIVONG,
TA OTTOIO AVATITUGCOVTAI KATA WUIAKOG TWV PETWTTWYV TTOU TTPOAvVa@EPBNKav.

ATTO TOUG XAPTEG KATAVOUNG TIPOKUTITEI OTI N TTEPIOXN €PEUVAG XAPAKTNPIZETAI aTTd UIa TTOIKIAIa
udpoxnuIkwyv TUTTWV Katd Piper pe emkparéoTtepo Tov TUTTO Ca-Cl. H kupiapxn udpoxnuikn diepyo-
oia eival n katioavraAAayr. H mmpoéAaon A utroxwpnon TOU HPETWTTOU U@AApUpIvang KaBopileTal
atrd TN YEwypaIkr e£ATTAwaoN Tou O€ikTn Careact.

H yvwaon NG €€€NIENG TOu PETWTTOU UPAAPUPIVONG PTTOopEl va SUPBAAAEl oTnv KaAUTepn diaxei-
pIoN Twv UdPOPOPWYV TNG TTEPIOXNG Kal aTN ARWnN KATAAANAWY PETPWY yIa TOV TTEPIOPICKO TNG U-
QPOAPUPIVONG KOl TWV ApVNTIKWY CUVETTEIWV TNG. INa 1o Adyo auTdv aTTaiTeiTal GUVEXAG KaTaypagr)
(monitoring) TNG TTOIGTNTAG TWV UTTOYEIWV VEPWV OTIG EUGAWTES TTEPIOXEG atTd BaAdaooia dicioduon,
OTTWG N TTEPIOXH £PEUVAG, O€ ETTIAEYUEVEG BEDEIG.
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STUDY OF EVOLUTION OF THE SEAWATER INTRUSION IN COASTAL
AQUIFERS. CASE STUDY: THE COASTAL AQUIFER SYSTEM OF NW
ACHAIA

Voudouris K.", Nikas K.2, Antonakos A.?
" Lab. of Engineering Geology & Hydrogeology, School of Geolofy, Aristotle University of
Thessaloniki, 541 24, Thessaloniki, Greece, kvoudour@geo.auth.gr,

2 G.M.E., Mesogion Str. 70, 115 27, Athens
3 Lab. of Hydrogeology, Dept. of Geology, University of Patras, Rio, 261 10 Patras

ABSTRACT

Seawater intrusion problems are recorded in coastal aquifers, which constitute the main
sources of drinking water and agricultural irrigation in many countries. The aim of this work is to de-
scribe the evolution of the salinity distribution by seawater intrusion, based on results from chemical
analyses, of 29 groundwater samples in the NW Achaia area (Peloponnesus, Greece). The study of
these data indicates that aquifer waters in large part of area reflect salinization related to seawater
intrusion. The occurrence of Ca-Cl hydrochemical types of groundwater indicates active seawater
intrusion. Cation exchange is the most noticeable hydrogeochemical process in the movement of
the saline front in the coastal aquifer. Geographical distribution of Careact index was mapped. The
areas with advance or decline of the seawater intrusion front are defined from this map.
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