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 EMHIBAAKATH HIQANH HPOEAEYEH TN BAPEQN METAAAQN ETA
EIMIPANEIAKA IZHMATA THE AIMNHE BEI'OPITIAAL®
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N.®. LKOYAIKIAHE' TMHMA —@;\orthl
IYNOWH B\BNOQHKH

“Huxartttvopr] Bapéury petddAmv ota emupaveraxd Cjpate mg Aijyne Beyopindag elvat quvapman twv ®igumy
IV TpoEkenmic Tous (ITTdpevn) TEQoa, ToTauts Zovkot, vepBaouxrd ®ow peTapopgouéve netpwpata). Ta
enineda tov nEQUIcOTERWY Puofmv PETAMWY Elval yaunid, AOYm guomod autorabapopol 1o o@ElRETL
OT0 [UREG %OOV0 avavE WG TwY VEQWY ™S, HE eEalpeom ta Ba (vewyevoig mpof hevong), Cr{xvpu yewyevoug
mpoéhevong), Ni (yewyevoig/avBpwnoyevols mpoghevams) wal As (EUTAOUTIONGS UL HECW TNG LITTGREVIS
tégoag). [TpoteiveTan AemToREQTS TEQaITEQW PEAETY Goov agopd 1o Cr %o To As,

ABSTRACT

Vegoritis is a large, deep, mesotrophic, typical karstic lake in NW Greece surrounded by mountains and
Ptolemais Basin situated at its southern part. The Ptolemais Basin is subjected to the effluents of lignite mines,
electric power generating plants, partly treated urban wastewaters, landfills, agricultural manufacturing units
and agrochemicals from an extensively cultivated area. All these are carried into the lake through both, the
atmosphere and surface runoff (Soulou River). The rock types of the mountainous part of the catchment area
surrounding the lake are carbonates, acid metamorphic silicates and marble with schist and serpentinite, whereas
the plain area is covered by fluviolacustrine pliocene, pleistocene and alluvial sedimentary formations. In order
to identify the levels, and assess the origin of heavy metals in the surficial lake sediments 26 samples were
collected using a grab sampler. Samples were analysed for their grain size, as well as for their mineral, organic
matter, major element (SiO,, ALO_ TiO,, Fe,O,, K O, Na,O, Ca0, MgO. P,O,, MnO, S) and heavy metal con-
tent (V, Cr, Mn, Co, Ni, Cu, Zn, As Rb, Sr, Mo Ba, Pb). ‘Data were processcd by multivariate statistical tech-
niques and the main results and conclusions discussed. The heavy metals levels are low, when compared to
nearly pristine lakes and normal soils. Even Cu, Pb and Zn, which are mainly derived from human activities,
exhibit lower levels than in nearly pristine lakes. Only Ba, Cr, Ni and As are present in relatively high values. Ba
is derived from the erosion of acid silicate rocks. Chromium originates primarily from the serpentinites and
secondarily from pollution, whereas for Ni the opposite is true. The presence of As is due to fly ash deposition.
The distribution of heavy metals in the lake sediments depends on lithology and pollution sources. Thus the
southern part of the lake is enriched with V, Mn, Rb, Pb Fe and As from fly ash deposition. Cr, Co, N1, Cu, Zn
and Mo are derived through the Soulou R. outflow. In the northern part of the lake the weathering of acid
silicate rocks contributes to the high concentrations of Ba, Rb and Sr. Considering the high anthropogenic
pressure present in the area, the generally good environmental status of the lake, is attributed to its self purifica-
tion potential resulting from the low retention time of the lake’s water. Since As and Cr, depending on their
valence state, can be considered as toxic and carcinogenic factors, a more detailed research study is suggested to
be carried out.

AEEEIL KAEIAIA: Aipvn Beyopluda, Mpvaio (Oijpara, lyvitng, umedpevn tégoa, fapéa pétarha, aroodbowon
KEY WORDS: lake Vegoritis, lake sediment, lignite, fly ash, heavy metals, weathering

1. EIZAI'QI'H

Ta envimeda Ty pUnwy ota Wipate anotehoty ad@aiés xoutieo eXtipnong mg emPdpuvons evis vdduvou
anodéxm). Ta (Lipara yaparmoiCovral, o8 OXEom pe Ta vepd, and yoovixd orabepdtepn ovataom ko £1ol dev
amouTovy ouyves Serypatoinpies. Iagdiinha, ta hpvaio IGjpaTa Efvat 0 TEMKOS AT0SEXTS TwY avBpumvav
dpaomoLomitwy kat CUVELNDE WIOTEAOUY ‘OEEapEw] CUOCHNELONS QUTWY, AVTIXATONTOLOVIOE PUXQOYQGVLES

* LEVELS AND POSSIBLE SQOURCES OF HEAVY METALS IN SURFICIAL SEDIMENTS OF LAKE VEGORITIS
|. National Centre for Marine H’dﬂﬂyﬁm %&M@Q%ﬁnl@a@%@%w ngs lﬁwm é&@nskoul@uncmr er
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Fig. 1. Map of Vegoritis Lake with sediment sample sites

EMOQAOELS.

A0yw TG OUYREVIQWONG ONUAVILXGY £V DUVGUEL TOYWY QUIGVONS 0TV LOPoAOYLHY hexdavn ™mg Alpvng
Beyoopiudag wo wdialtega oy vrohexdvn g [Mrolepaidag (Bh. xeq. 2), 1o vdonnd cvomua g Alpvng (A)
QTOTELECE GVILXEIUEVD €QEVUVOS GO0V apopit Ta Enineda twv Bapéuv petdhiov ota wWinata (Katsanos et al,
1987, Fytianos et al. 1994).

Oewpnuird, 0 ONPOVTIROTEQOS TTapdyovias pumavans ue B.M. om mepioyi €pevvag eival 1 e5600EN ®a
#avon tou Ayvity. H xaton oovrtuv avBodxwyv, mpoxalel onuoviizn puimavon, xabug extds twv aepiwy pimwy
(0Eewdiwy Tov dvBposia, alutov #at Belon), aneAevHEQUIVOVIIL ROl CLOQOVHEVE COHOTIOW €UTIOVTIONEYa OF
B.M., pe onpovurdtepa ta: As, B, Ni, Se, Cu, Cd, Cr, Pb, Hg, Mo. Fe, Mn »at Zn (Kagey & Wixson 1983, |
Zevenbergen et al. 1999). Eiduxd yuee my hewcvn mg IMrokepaidag, €oevveg el g neprextixdmTas ™me TTdpuevng -
téqpag 08 fapfa pétarha (Tepovun #.a, 1997, Fytianos et al. 1998), édeiEav cuEnuéveg ovyrevipmoelg ot Belo,

As war Co. Tavtdypova, n TEQLOY] EQELYUS ¥apuxTNOLETAL Raul and anpaviin] aotxy avdntun, mov

WneoioknA BiBAI0Brkn "©edppacTog” - TuRua Mewloyiag. A.M.0.
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T o EYOEDEL PEOD TOM AURGTON ®aul anopopdtoy ong ouvyxeviowoelg Cu, Pb, Zn xou Ni (DVWEK 1998). Opwg

I oo As, Pb, Zn, Cu, Cr, Co, Ni, Cd, Mn amotekody %ot ovotanxd aypoynpxay (Foerstner & Wittmann

A J:m}. Téhog, 1o Baowd war unepPaouic TetpmpaTte Tov epgavitoviar om hexdvn aroporc elvol and m)
4 oy zovg gumhovnopéva oe Cr, Co, Ni.

TP wa enineda B.M. ota (Cifjtato e Bevooidag wan moieg ot mbavée myég tovg; Zra epomipara avtd

OE( vo aavTael v epyaaln auti, 1) 0mole GroteAel T EVQUTEENS EQEVVaS ToU Yonuatodomifnie

gmf;_ 1 Nopagani Avtodwiznon ®hopwvag xal ™ [epupéoeia A. Maxedoviag,

d s
¢ 2UERITPA®H THE NEPIOXHY EPEYNAL

E “H Lirvn Beyopimda gfven it ahmxot tinov, Tumxs oo Alpvn e A, Maxedoviag ywols emupaye ax
2 Moﬁ Teexvpi6tep vdaTogEvjcTa TOV TROgodoTowV T Beyopitda eival o motapdg Zoviot (Tevidfovoos),

EouveyT oot mowdiappsrmykryvitogopo kexdvy g Mrokepaidag xan ou yeipappor Mavayitoag waw Zépfing
ora fopeLe e Aeravng.

O yeaymusa onpuovixol TETROAOYLHOL oympatiopol wovw megifdihovy m A elval GEwva peTapoppopéva
MUPITIRG TETROUATE (LUQUAQUYLaX0l OyLoTohboL Kaw YVeBoLo) wal avBpaxikol oyqpanopoi (udppapa/
oworiveg, rouotahhixol aofeoréhbor wa dokopiteg)rov dpouvg Bopa oto B nar BA-A tpuijpa g Aendvng
anopporis avriotolya. 1o BA nai 010 A Tufpa g A ooty paopapa/oumohives pe mapepfolés oyotohiBov
#ar oeprevivitwy. To N tpjpa g hexdvng anoppors xehumetar and Ohoxovixég anodéasig (ahhotpfu,
Apvaies amobéoeig, Topgn), ITAEICTOXCIVIAG TOTAUOPOALIVELTH, APUVOTEALOTIHG LD HEITH HOL TOTAPOLE LLGQQLES
#poxahomaye(s anoBEoeils, He YYELGLOTHUOTOMBRG VARG, dnwg not Avw-TTheloravinolg AMyvitopogoug
ompatiopots (Avales, Mpvotelpatxes arobéoeig), drov vragyowy ta xortdopata mg [Tokepaidag, tov
Amdvraov wan tov Tepdinxa.

O motapds Zovhot ®rat to puxpdtepa vdatopevpate Tov N tufjuatog mg Mpvng, 6mme ko o VEQG antd 1o
ovompa Zaloons — Xewpadindae — [Metpoiv, mov petagépovial pe vrepyelion] om Beyopluda, déyovral
EMEEEQYAOUEVA HAL W] QOTIHGE AUPOTA, T¢ QROPANTR TV UYQORTIVOTQOPIXGY UETHTOLNTIXGY povadwy, tu
(emeEepyaapéva,) andBinta twy atponhextony orabpdy, 1a xpoidvia didfpwong wv Aryvitopdpwy
OTPWUAGTWY, TN UTTGUEVTS TEQPEOS Xt EMLPaQUVOVTIOL ETIONG UE AYQOYNMKG UTOAELUUATA TOV XOAMEQYELWDY
L PE TG EXTAVOELS 0 YOUATERES (WTOPQLUUATOV KUl @OOUTWY. ATOTELEONN TG €viovng avipwmivng
dpaomoiomrag elval 1 alobniky ko TowteEn vrofaduiot, Teoo Tov xepoaiov mepLfdiloviog ot Aexdvy g
[hokeaidag, GO0 Xat TV VAATIVIY WTODERTHV HAL LOLAITE X TOU ROTUPOY ZOVhov, Tov Tapovaiilel onpaviing
obnmrn, vdpoymuuxi xal froroyiai empBaouvon. Zto B rpunpa me A oL aypoxrahMEQYELES xat 1] aoTIHY avanTuEn)
elvau o TEQLOPLOPEVES.

3. MEGOAOAOTTA

To dixtvo derypatormpiag om Beyopitda oxedidothyme oUp@ova He TV RATAVOUY TOV £V QUVAREL TOYaV
plimavomg yipw artd ™) Aljvn (ouiopol, vdatopeipiata, ayporuriié pyetec). Zuihéyxthray ouvolund 24 delypata
Djuarog, ong Béoelg mov amewoviCovial oto xapm tov Zy. 1. O dewypoarodnypies mpaypatononinxay and
ondpog at e T xonom derypatoiimm VAN VEEN. Emniong, mipbnxe xou £va Seiype 1Sjparog and 1o mubpéva
oV ToTapot Toviou ot Béon Gruotas ko £va deiypa yvim) and to yvitiuo medlo tou Kopavov. Ta delyparta
OV MEOOEILOVIOY YT yIKES avahicels Slamoinxay ag yapunh Beppoxrpadio amd T oTyp] me ovihoyg
TOUG (POENTC YuYELD) PEXOL TNV avaivon Tovg,

H ®oAxOpeTOIY] avdAuon €Yive pe vypd ®oox(viopa yia 10 dtaywoLlopd g Gupov zat pe §oyavo
SEDIGRAPH 5100 yia 1o draywpiopd thvog/ apyiiov. H opuxtohoyuxn ovotaon mpoodioplodnxe ne
nepibraoipetpo axtivwv-X me PHILLIPS pe axuvofokic CuNa nan péyiom woyi iertovpyiag ta 0.8 KW (40
KV-20 mA). O ovyxevipadosis tmv xupiov otoweioy (K.Z.) (8i0,, ALO,, TiO,, Fe,0,, K0, Na,0, Ca0, MgO,
PO, MnO, 8) o B.M. (V, Cr, Mn, Co, Ni, Cu, Zn, As, Rb, Sr, Mo, Ba, Pb) n@ouﬁlogwﬁnxav HE pMydvnpa
w&ogmpm- axtivov-X (XRF) mc PHILLIPS. O oklxds, opyavixdg dvlpaxag, 1o olxd dlwro xa 1o Oelo

¢ mpoodioplotxray pe ororgeraxd avaivr) CHN mg Fisons Instruments, imov EA-1108.

Tra dedopfva £ywve eneEepyaoia pe ) Porbeia moivpetafinTuv otanouxwy avarioewy (Avaiioeig
Kvpiwv Zvviotwooiv).

4. AIIOTEAEEMATA KAl XYYZHTHEH

4.1. Zvyxevrpdoeis fagéwv uerdiiov
Suyxoivovras Tic ué SRPHKABIRNGSID FREPPRATTRS a THAKE LEmAQYIPE AL Qo imidac e 1o péoa enimeda
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AOUTOD ATV ALVUIY, TG avarmatt 6ota o Rabapd no emPaonueya e dagm, 6w KoL TLg TUNIHES THES dLapipuwy
TV TETOWEHY Kay edaqey (TMivares Bygaivetal 6t pove 1o Ni, 1o Cr, 1o As »al 10 Ba nagovowdov
Oy ETIG UPNAES REOES OUYHEVIDWOELS 0Tt ILHjjaTe TG Aipvng.

Hivaxas.d! Xvyxévroooy B.M.(ppm) ora Sijuara myc A Beyopitidas (n=24), ore Atyvity (n=1) xai oro
Jovkot (n="1); uéon wynj adtardgaxrav Aiuvaw, 6pia-ovyxevipdoeny ot edd@r, TUNIXES TIUES o8 didpogovs
TUTOVS TETPwadTYY XAt 0TO Edagos
Table I Cancentration of heavy metals (ppm) in sediments of Lake Vegoritis (n=24), lignite (n=1), Soulou R.
sediment (n=1), mean value of undisturbed lakes, limiting values in soil, typical concentrations in different rock

types and soil
A/A v Cr Mn Co Ni Cu Zn As | Rb | Sr [ Mo | Ba Pb
MO A 103,5| 266 |B819,4|25,5|215,8| 36,6 | 88,1 |11,8|124,7|214, | 2,3 |451, ] 25,8
3 7
28 - 447 - - 200 40 87,5 | 7 |93,5]| 142 | - - 53
29 100,4 (494,1(729,6(35,6|430,8( 70,1 (242,5( 8,9 | 78,1176, | 3,0 (334, 30,5
1 6
30 140,5 |225,8| 1116 |26,6)148,4] 50,8 | 165,9|21,4| 144 |238,|1,9]410,| 81,5
5
31 50- [242,5% s58- [21,7%] 220° | 66,2%| 55% [< 50% 72F = 7 = |=28,5%
5000+ 3000~ | 135° [274,5° 47,6" 160*
32 - - 760 | 16 66 45 118 - - - - - 34
33(BW 1 50 50 - 30 40 50 150 [ 20 - - 5 | 100 | 100
BW III | 800 | 800 - €00 | 500 |2.000|3.000| 200 | - - | zo0 [2500] 2000
34(a - 100 - - 35 36 140 | 29 - - 10 | 200 [ 85
B - 800 - - 500 | 500 | 3.000| 50 - - [ 200|zo00] s00
Moyu. MEetp. 198’ [ 9507 | 23T | 94 [97,7"| 80T [1,8°[ 90¢ [375%|1,5%425%|15,6"
YnepPaci k& 40 [1800[1560 | 175 2000 15 40 |o,8[1,1]|5,5[0,3|0,7] 0,5
Bao&Aing 225 [ 185 [ 1750 47 [ 145 94 118 [2,2( 38 [452[1,5]( 315 7
Abdcotan.Tp| 88 22 540 7 15 30 60 [1,9]110[440] 1 | 420 7
AAxoh. I'p 44 4,1 | 390 1 4,5 10 39 [1,5]170[100(1,3]840| 19
Apy LAOL 130 90 850 | 19 68 45 95 13 [ 140 [300[2,6] 580 20
Yopplteg 20 35 - 0,3 2 - 16 1 60 | 20 [0,2] 10 7
AvBpax (k& 20 11 [1100]0,1] 20 4 20 1 3 [610]0,a] 10 9
ES&pn 5-100 1,25 2-40 |10-300[5-10 2

MO A: péoog 6pog ovyrevipooewy B.M. om Beyopimda (n=24), 28: Zuyxevipdoeg B.M. oto N tprjuc mg
Bevyopindag (n=1) (Katsanos et al 1987), 29: Zovkot (Bom dhatag, n=1), 30: Avyvimg Kopavov,(n=1) 31:
Irrdpevn tégppa (* MO 4 derypdroy arnd toug AHE Kapdudg, Mrokepaidag, Apvvraion, Ay. Anunroiou - Fegotnn
#.d. 1997, % M.O. 4 derypdray ané toug (dtovg AHE natd Fytianos and Tsaniklidi, 1998) - * Mattigot and Page
(1983). 32: Tewpetpunog péoog 87, ®uping adardpaxtwy, Mpvav (Foerstner and Wittman 1979), 33: xatd
Eikmann and Kloke (1993), 6mov BWI: avw 6pto un emBapnuévav edagov xar BWIIL dpwo emBapnpévay
edapuy (Bopnavixdy teploydv) mdve axd to onoio eivar duvatd va nporknbovv phafes oe Lwixovg xa
GUTLKOUE OQYaVIOROUS *at Ta owoauotripata, 34: VROM (1988) yia aonnés meproyés, A: npég avagopdg, B:
TUES Y TIC OMOIES YOEVALETAL anmoHaTdoTaon. ZUyRevIowoets ota netpwpata xord Faure (1991), exiong
Horn & Adams (1966) ,  Wedepohi (1978), *: DVWK (1998), * Henkin (1984), Mayp. Merp.: Maypanxd
Metpwpata, Aofeotak. [o: AcBeotairaixol Npaviteg, Akxah. Ip: Akxkahwol Tpavites.

MO A: average heavy metal concentration in Lake Vegoritis sediments (n=24), 28: heavy metal concentra-
tion in the S part of L. Vegoritis (n=1) (Katsanos et al 1987), 29: Soulou R. (at Filotas, n=1), 30: lignite at
Komanos (n=1), 31: fly ash (“: 4 samples average from various lignite power plants, after Gerouki et al. 1997, %
M.O. 4 samples average from the same power plants, after Fytianos and Tsaniklidi, 1998) - * Mattigot and Page
(1983), 32: median value of 87 lakes, mostly from remote areas (Foerstner 1981), 33: after Eikmann and Kloke
(1993), where BWI: upper limit of undisturbed soils and BWIII: threshold of industrial polluted soils, which
when exceeded adverse effects on fauna, flora and ecosystems are possible, 34: VROM (1988) for urban areas,
A: reference values, B: values for soils thal need remediation. Typical rock concentrations, after Faure (1991),
furthermore '; Horn & Adams (1966) , *: Wedepohl (1978), > DVWK (1998), *: Henkin (1984), Mayp. TTetp.:
magmatic rocks, Yrepfamud: ultramafic rocks, Baodhmg: basalt, Apyudou: clays, Wappiteg: sandstones,

AvBpanixd:carbonates, Iginigigk BIBAOOHKTO o bpasrb K THRpE TR NoyidE A/ J@2: alkaline granite.
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i send AR IHEE M

: '-'tﬂpgusmégﬁj o proreduEBovy oL OxEdels petakt Twy rapapéTpwy Tov eEeTdobnray eQappsTinKe
AV Kupiow Zoviorwody, n onoia exdowoe toeig Bamal’gugdyomg,mmoﬁmm
Juylatrey xen sopmvetoury 10 75% mgovvokeigpetaflromrac. Ta onpavaxérepn oUpmeQGonaTa xov
: V @6 myv-Avdkvo elya (1) n o6vdeon wwv V, Mn, Co, Ni xar Cu pe pevahhixd oEeidia MgO xa
i |, OV ROOOPEQOUY YEOYMULAA EVEQYES BEoRIC Y T) ngocg@mnon AMuLRAY oToLyElmY, (2) n ouvdeom Tov
o 8 jie C’a(_),zxaﬁu'a_‘c_, 0 Sr t-S%at naQ__d“ma_ xqmm] oupnepLpopd e to Ca, (3) Ta Rb znar Ba ouvvdéovial pe 1o
{ shdopaams thiog, pe 'K, 0-ALO-SI0 -mov avitipocwnedouy tov im (xabog tagovordlouy yewymu
. DuvA@ei Lefto ®aMo) xan BE peTahhixnd oEeidia Tou Mn, Ti xat F; wal (4) ta Cu, Zn, As oy Pb ovvdéovron pe
- apy xS khdopa Jou INaTec Tov Fivar Thovolo Ot agyavine vhxs (0pyavikds dvpaxas xat Glwto).

4.3, Zyfoeic perald Ocacov decynarolppias

Tporeuévou vo cmoraingtony opuddes otadpny pE TUEamANoLe CUOTAOT). VU TAQOVoIHoDE] TUOUOTaTRG
1 exldpaon tov hyviuxot mediov ®ut Tou Zovkol ot ovotaon v iLnudtoy mg Beyopitdag xal va
“poodroprobioniv ot facixol napdyovieg mou xabopilCovy T dtqpopomninom Ty opddmy Aoy, equppdotinge
1 Avdaivom Knormv Svwviarawsew oo emivoko Tov 26 Asivadamow mae meaiovme sosivere won Frl tiny KX, woe B.M

(Zy 2).
T PC2 29
22 02011 b, Pb, N&,0,
K;0, AL O,
A TiO,
0113 23
n 3 20 31 4
21
010 AR 1 z/\AE‘.Q 8 28
) A 7' E‘ s { 9
19 A0 12AA -
13
1"
- A ‘10
PCl1.2 ’ 27 PCIL.1
Ba | A Cr,Co,Ni,Cu, Fe,0,, MgO
<+ = | —»
f — ; — —
-0.05 0.00 0.05 O.tﬂ D15

Zyprina 2. Karavousj tov daryudrov g mgog v 1 (PCI) xai 2 (PC2) Kvgia Tvvigrdoa g Avadvons
Zvviotwowy (BA. Zy.1)
Fig. 2. Distribution of sampler according to the I" (PC1) and 2 (PC2) Principal Components of Principal
Component analysis (see Fig. 1)

ARG 1o Ty 2 puuiveTan 6T TG EMGEVELURG Qo Tov ataBpoy deryparormpias mapovowdlovy, wg mpog 1o

KX, e 1t B.M., 10 Tapasdmo apamouotixa.

1. H ovoraon 1oy otabuoy Serypatohmpiog eivat, 08 peyaho fabpd, ouvapmaon me yenypugix|s tovg Béonc.
TuyrerOuueva, Suanpivovtot ToeLg Paotkés opddes atabuwy: (o) otabpol tov N tujuatog ms A (Bfoeig 1-
9), (B) orabpol Tov A njpatog me A (Béaewc 10-13) =a () otafpoi ton B tpnjparog me A (B€oeig 18-27).

2. O orabpol tTov N wat tov A TUjpatos me A Tepovatdlony Peyarlitepn YEwyniuay ouviaget, xabog
YEITVIGLOVY TEQLOOGTEQD, £VE) N OVOTAON TOVG IOHAIVEL a6 avni Tov oTubuwy Tov B ynjpatog, o omoion
dpwmg, mapovotalovy xal petay Tovg £vroves diagoporomoeig. [haltepn o otabudg 27 dagoponoeita
onuavnra and tovg dhiovg otabpotc rov B gujpatog me A, zaloc 1 ovotaot ou xaBopCeta and m
Suipowon Tov acfeotor{Boy wal dokoptoy Tov dpovs Bépa. H diagoporoman petali tov atabpudy tov B
qujparos mg A anodideta mbavétara om) e yarITEQN ETEQOYEVELL TV TN YUY TROEAEVANS TOIV OTOLYE (Y
ov eEeTdobnxay.

3. Tdéoo to Cnpe tov Zovkov (B€am 28), 600 ®aw o Ayvime (Bom 29) eltvar caobntd epmhovtiopdva o KZ. ze
B.M, pmg TaporoidLony OpavTiZEs TOIOTIHES MA@OQOTOOELS HETHED TOVE.

WYnoeiakn BiBAIoBAkn "OedppacTog” - Tufua MewAoyiag. A.M.0.
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44, ITpodievan Pagévv petrdidwy
Amd tov Filveree: 2, moy Ropouoiatel Tg péoeg ipéc tov BIM. ong 1oewg Paonés opddeg orabudv mou

. ':bluxm@l.'oﬁqxuv auvayoue Ta eENg:

I, o Nwwjieac.Acivon ephovaopévo.oe VsMnyCo Ni, Cu, Zn xau Fe.

2 10 Amnjpa Mg A yeearmeiteton and ninhés ouyrevipoogls Cr.

3910 Boojpd me AT rvowdpyotv Zn; Pb, Rb.'Sr wat Ba.

4. Ovovyrevtpwoels Twov As wal Mo mapovowdCovy opowpopgmn ratavopi péoa ota Wrjuata g Alpvnc.

Hivaxa: 2. dwaxvpavon, Avdueoos xat Tomuof Amoxiion Tev ovyxevTpdocwy fagfov uerdAlov (ppm)otis

Tp81c ouddec orabudy
Table 2. Range, Median and Standard Deviation of heavy metal concentrations (ppm) in the three groups of
Stations

N tphipa A. (8. 1-9) A tpfjpa A. (6. 10-13) B tpfjpa A. (8. 18-26)

Min-Max |Aldpeoog| T.A. |Min-Max|Al&upeoog | T.A. | Min-Max |Al&ueoog| T.A.

v 109-127 116,56 6,4 87-110 94,1 10,6 91-101 95,2 4,2
Cr 242-380 318 41,7 |291-706 362 194 62-210 156,9 49,2
Mn 826-1018 911 58,1 |712-838 773 70,7 | 693-795 746 35
Co 26-34 31,8 2,6 24-29 26 252 14-25 20,7 3,6
Ni 234-322 283 29,9 | 245-261 256 Y 38-204 145,7 551
Cu 41-48 42,6 2,6 16-43 28 12,1 24-41 35,5 6,2
Zn 87-103 a7 5,5 52-82 67,6 14,4 85=111 95,4 8,2
As By5-13,5 121 L5 8,5-14 10,6 Py 3 8-15,6 1.2 2l
Rb 100-117 112 5,7 47-95 T3.,5 22,3 | 118-256 170,4 48,3
S5r 160-212 1k 19,5 |2062-239 225 15,6 | 205-257 235,2 17,2
Mo 1,5=3,4 22 0,6 |[2,1-2,3 2 0,1 1,6-3,6 271 0,6
Ba 375-426 412,7 17,4 |231-372 298 64 410-964 559 176
Pb 23-27 24,4 1,4 12=23 16,9 5;3 27-40 3255 4,1
Fe,04 6-7,6 P g,5 |4,2-5,9 4,8 0,8 4,9-5,4 o 0,2

T.A.: Tumunf Ardxdiony, *: %

fivaxag 3. Zyerund enimeda ovyxevrpoosov fapéwy uerdilov oto iCnua tov morauot Zovdoev (n=1), o
Atyvitny Kopavov (n=1) xar ra tCrjuara mc Beyopitidac (n=24)
Table 3.Comparative concentrations of heavy metals in the sediments of R. Soulou (n=1), Komanos lignite
fn=1) and Lake Vegoritis (n=24)

EnineSa B.M. EovAod Awyvitng Beyopitida
Yynid eninedo Cr, Co, Ni, Cu, Zn, Mo |V, Mn, As, Rb, Pb, Sr | Ba
EvdiGpeoa enineda Fb Zn, Co, Cu, Ba Cr, Mn, Co, Ni,
As, Rb, Sr, Mo
Younhé enlnedo V, Mn, Rb, As, 5r, Ba Ni, Cr, Mo Vv, Cu, Zn, Pb

And tov [Tivara 3, mov mapovouwilel ta oyenra enimeda B.M. 010 Avyvimn, 1o Zovkot xo 1 Beyopitda,
PAiVETOL OTL;

1. Tanpora me A elval, g Ox€0m pe To Avyvim) ®o 1o W ete 1oV TOTapot Zovho, € UTAOUTIONE VG HOVO (g
apog 1o Ba. O epmhovtiopds avtog elvan agagris haitepa oto B tpjpa mg A o ogeiietar ota K-ovya
OPURTE TWY PETUPOQPWIE VOV TETRMRETmY To1 Bopa wau 010 mpoidy aroodBpwmig toug (LhAimg). Extong,
o \Djpata mg A tapovaudlovy evduipeoes ovyrevipwoeis o Cr, Mn, Co, Ni, As. Rb, Sr xaw Mo, eve ot
ovyrevipwoeg V., Cu, Zn zaw Pb eivan yaunhés.

H odgraon tov iEiuatog and 1oy 1otapo Tovkot eival oxedoy avidapetpu) avtrig tov hyvity Képavou.
O Zoviov epgaviCetar mort epmrovnopévos oe Cr, Co, Ni, Cu, Zn xa Mo, evd nopovoialer yapniés
TuyREVIPWOELS 0F V, Mn, Rb, As, Sr, Ba. Avtifleta o Ayvimz negigyer mohi vymiéc tinég oe V, Mn, Rb, As,
Pb. Sr xan Fe non epupaviCer yopniés ovyrevipwoers oe Ni, Cr xaw Mo.

[ o]

And ™ 21 napanipn oY CUMTEQUIVETML OTtL OL dLEQYAOLES GIOCAHOWATS TWY APVITOPORWY OTOWUATWLV L
T1)C Tt pevnc TEgpoas SeyneokiBifAodnknt@sqepaatogts TuriuaeAbyiadR A OS5 xo Ba, xatlos o Zovkon
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"',T': HEF Fval e UTAOUTIONEVOS OTa oToxeta (ved (IMivaxag 1), Zuvenog, o epmiovtiopds 1ov N ojpatog me A pe
V. Mn, Rb #ay Pb axodidetar gty ogdbean g utrdpevns t€gpas. Eniong, o epmiovniopds tou N tpjpatog tig
) jie Cr, Co, Ni, Cu xau Zn ogethetan oty emBdpvvon Tov Zovhot e aomisd Mipar, ayeomud wi exthicers
o /na oe yewyevels magdyovres, To Cr xat 1o Ni oro A tijpa g A moogpyoytal and Toug
vitec. (O epthovndiés tov B iiijpatog e A pe Zn, Pb, Rb = Ba ogeihetan xUpue omy axooddpmaon
§ JETa LORPUIPEVIY TETOORGTOVE AT Tiivoiodpopgy xatavow] Tov As ota ijpata mov eEetdobnray eival
Siokoho va exTymBel 1 CUVELOEORG TwY TV TEOELeVaNS Tov. Oume, T As om A Tapovmdlet pég nov
VAEQP VO T LEGT ovy#EVIGmaT SIpOEHY Timwy TETowUETWY *at Tov Eddgovs. Tuvennic, oL XUpLES TYES
. FPOEAEVANG TOU As o Beyopmda Elval n tmrapevn t€@ous o aopovaalel mokl VyYNIES OUYHEVIQWOELS Kt
sbova oL Bl0p0Eg QUTORUDUARWY (OMHELUIVETOL GTL T @RUEVIXOUY (L EXOUY OTUEQC amayopevbe().
SRS Fo Mivaxe 4 ovvoyiLovial or myéc mpofhevangtov.B M. ota smgaveiazd Cipata mg Beyopindug.

.i

Hivaxas 4.Pvoxés war avBpomoyeveic myes npoéievons Tov fapfwv uetdAdwv ota empavetaxd Sifuara g
Beyogitidag
Table 4. Natural and anthropogenic sources of heavy metals in the surface sediments of Lake Vegoritis

ANGPONOTENETLZ ENMIAPALEIE TE(AIENEIY ENIAPALEIE
Pinovon EMLPOVE LOKGV EepnevtiviTeg| ExtotdhiBor - |[loTOPOXE LUEPLEG

Intépewvn NEpww - IxilotokiBo. MveuoLol - Aipvalieg

B.M. Téppo Toukoo Péuota B A tufpotog E TunuoIog anodéor g
TUAHGTOC Mipwng Aluvng A. anopofg
Apvng Louvhou
As I
v
cr [IIIITATIII
Mn
Co
Ni P
Cu 7
Rb
Ba
St
Pb a
Zn fs
Mo [T P i I
T
Meyihn MéEtpLa Kounin NiBavn
Enidpoon Enidpoan Enidpaon Enidpoan

5. EYMIIEPALMATA

[Mopd Tig paxpoypdvies avBpmIOYEVELS MECEIS Tow aorotyvtal om) Beyopitida ow ovyxrevipmoeig twv B.M.
ot enmupavelard Wyuata felorovrar oe yaunhd exineda. Movo ta Cr, Ni, As ot Ba mapovmalovy oyetind
VYMAES OUYREVIQWOELS OF OUyroLon e adlardpantes hipves 1j pun emPaonpéva edagn. Ano ta pétaiha autd,
10 Ba etvat wabapd yewyevous npoeievong, 1o Cr TOEQYETa and TOUS TEQREVILVITES Rl Kt OeUTeQo AGYo
awnd Tg emPupuPEves aoEQOES Tou Zovkon, evad 0 mepimtwan tov Ni ovpPaivel o avitBeto, 'Ooco agopd 1o
As, qUTO aodidetal KL omy uTtdpevn TEgoa. AStoompeinTo etval ot ot iueg B.M. mou eival ouvdedepdva
pe avBpumiveg dpaompdmreg, drwg eivar o Cu, Pb ®at Zn Poioxoviar oe xaunAdtepa enimeda OF OYEON pE
adwardpantes hipveg. H yevird romj mepifaihoviian etndva mov nagovoudlovy ta 1hjpata e Auvng
Beyopitidag amodldetul 010 Mokt rpG (Oovo avavEwong Twv vepuv g (9.5 gopfg/ftog Skoulikidis et al.
1998). AOyw RUpInE TWY UEYAMIV ELOQOUV/EXQOWY ®RapoTiruy vepuv (Papakonstantinou et al. 1989). Téhog,
ouviotatan 1) SLeEaywyn AETTOUE O OTEQNE HEAETNS OF OTL (PO Tt ETITEDQ Xt TH) Lo} O aravtd 1o Cr 1ot
10 As (omv eEaotevi] popgn] tov 1o Cr €yel arodedeLyue v R OXIVOYEVT] DOGoT, Eved TO AS E(VaL TOAT TOEIRG
®aL EVROVTO O TOLIBEVY HopgT) TOV) 0T VERG s IERATH TOU LEQOUIOU KUt ApVaion FUOTHIUTOE KURIWE 0TO
A raw N e g Aipvng,
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