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‘Bapéa METaAAa’ ) IxvooToixeia
(heavy metals, trace metals, toxic metals, trace elements)

e ATTAVTWVTAI OTN QUON O0TO PAOIO TNG ['NC (TT.X., AAOUIVIO
Kal gidnpog) otTou oXnuaTti(louv OUPTTAOKO METAAAWYV
(EVWOEIC JUE OCUYOVO Kal TTUPITIO).

« ATTeAeuBepwVOVTal OTO £DQQPOC KAl TO VEPO MEOW TNG
(PUOIKNC Kal XNUIKAS atTTooca0pwong Twv NPAIOTEIOKWY KAl
METAUOPPWHEVWY TTETPWHATWV.



[Mapoucia BapEwv MetaAAwv ota YdaTika 2ucTiuara
* Quoikog EptrAouTiopog (atrooaBpwaon — diaBpwaon
TTETPWHATWY AEKAVNG ATTOPPONG)

* AvOpwrtrivn ETTidpacn (aoTikn, BIOUNXAVIKL, YEWPYIKN
dpaaoTNPIOTNTA)

METAAAQ OTTWCG O OiIdNPOC KAl TO AAOUMIVIO £XOUV (PUOIKN
TTAPOUCIa O€ UYNAEC OXETIKA OUYKEVTPWOEIC.

METAAAQ OTTWG O UDPAPYUPOG, TO KAOMIO Kal TO XPWHMIO Eival
1I01aiTEPA OTTAVIA KOl BpiokovTal ouvNBwWS o€ XaUNAES
OUYKEVTPWOEIC.

. IXvoaTolxeia (trace elements) 1 HIKPO-BPETTITIKG

METaAAQ OTTWG 0 UDdPAPYUPOC Kal O HOAURBDOC, dIaBETOUV
UWnAn ToCIKOTNTA £TTNPEACOVTAC ONUAVTIKA TIC BIOAOYIKEC
OIEQPYATIEC TWV OPYAVIOHWV.



 Bapsa MeraAAa oro lNapakrio lNepiBaAAov

ATMOSPHERE

Metals

AQUATIC ENVIRONMENT

(Coastal and estuarine system)

SEDIMENTS
Anthropogenic origin

Natural origin
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O1 avBpwTTIVEC OPACTNPIOTNTEGC AUCAVOUV TIC OUYKEVTPWOEIC
BapEwv YETAAAWY TTAVW ATTO TA PUOIKA TOUG ETTITTEDQ.
AvOpwTTOYEVEIC TTNYEC BapEwV PHETAAAWYV TTEPIAQUBAVOUV:

* Blopnxavika Kal aoTIKA atroAnTa,

* VEWPYIKA UTTOAEIYPOTA,

* AETTTOKOKKQ I{rMaTa TTPOIoVTa diapwong,

* ATUOO@AIPIKA KATAKPNUVIiouATA,

e UpaAoxpwuaTa TTACIWV,

* TTAPATTPOIOVTA JETAAAEIWYV, KATT.



Ta Bapea yETaAAa ep@avidovTal OTa TTAPAKTIA UDATIKA
OUCTNMATA O€ OIOAUMEVN PAON, O€ AIWPOUUEVN PACn, OTA
I("MaTa TTUBPEVA KOl OTOUG UdPORIoug opyaviououd.
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Metaoxnuatiopoi Bapéwv MeTaAAwyv

Ta Bapéa péETaAAa petaoxnuaTidovral EUKOAQ OTO UDATIVO
TEPIBAAAOV, ONA. TTEPVOUV aTTO TN Wia pAon oTnv AAAn.

O1 KUpIEC DIEPYOTIEC NETAOXNMATIOMOU TOUG
TTeEPIAauBavouy:

* TN TTPOCPOYPNON (adsorption),

* TN GUPTTAOKOTTOINON (complexation),

* TN KOTOKPNUVION (precipitation) Kai

* TN B1oAoyikn TpéoAnywn (biological uptake).



NMpoopdépnon

Eival cuvBwg n Kupiapxn dlEpyacia YETAOXNMUATIOUOU ATTO
TN OI0AUPEVN OTNV AlwPOUNEVN PAon

EueavideTal wg:

* 2UMMETOXN METAAAWY OTa OCEidIa O10rPOU Kal pJayyaviou,
 [1lpoopOPNON TOUC ATTO TO OPYAVIKO UAIKO, Kal

* [1lpoopOPNON TOUC ATTO TA AETTTOKOKKO QlWPOUNEVA UAIKQ
OTTWG N IAUC Kal N apyIAoG.

AuTO onuaivel 0TI Ta Bapéa YETAAAQ TEIVOUV va
ouocowpevovTal oTa Iffuara TTUBuEva.



H dIaAupEvn @aon TwV JETAAAWY AVTITIPOOWTTEUEI TN KUpPIA
BioAoyIka d1a0£a1un TTNYN METAAAWY YIa Eva TTAPAKTIO
ouoTnua.

Euvoeital og ouvOnkec:

e XapunAouU pH (ocivo trepIBAAAov),

e XaUNAOU (pOPTIOU AIWPOUUEVWY CWHATIOIWY KAl

e UPNAWYV OUYKEVTPWOEWYV OIOAUMEVOU OPYaVIKOU UAIKOU.

ATTO TOUG TTAPAYOVTEC AUTOUG, O TTIO ONMAVTIKOC €ival To pH.



To xapnAo pH egivai 1d1aitepa onUAvTIKO OIOTI:

1. n dlaAuTOTTOINON TWV UOPOLEIDIWYV TWV METAAAWYV AUEAVEI
000 TO pH pelwveTal,

2. N TTPOCPOPNCN TWV OTEPEWYV ETTIPAVEIWYV TWV AIWPOUPEVWV
OWMATIOIWYV MEIWVETAI, KAl

3. T KATIOVTA UOPOYOVOU avTaywvidovTal JE Ta HETOAAQ yIa TN
OUMMETOXN TOUC OTA UOPIA OPYAVIKWY OUCIWV.



AANOC ONUAVTIKOC TTAPAYOVTAC €ival N aAaTOTNTA, N AUu¢non
TNG OTToiaC¢ oUVNBOWC 0dNnyEi O€ PEIWaN TWV DIOAUNEVWYV
OUYKEVTPWOEWV BAPEWV METAAWY, KOBWC Ta AETTTOKOKKQ
QlWPEOUMEVA UAIKA KOl TO OpYyaVvIKA JopIa axnuaTi(ouv
OUCOWMNATWHATA ATTOKTWVTAC UWPNAr TaxutnTa
KataBubionc.

[ eVIKAQ,

H Tapoucia upwnAwv Tipwv pH (aAKaAiko TTepIBAAAOV) Kal Ol
QUENMEVEC OUYKEVTPWOEIC AIWPOUPEVOU OPYAVIKOU UAIKOU
EUVOOUV TNV aiwpPOoUhEVN ¢Aon TWV BAapEwV JETAAAWY Kal
ETO1 TN TEAIKA METAQOPA TOUC OTO TTUBUEVAQ.
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[nyéc Bapéwv MeTtaAAwyv otn lNMapaktia OaAacoa
Ta Bapéa pETAANQ El0EPXOVTAlI OTO TTAPAKTIO BAAGCOI0
TTEPIBAANOV, HEOW:

A) TNG TTOTAMIAC TTAPOXNGS YAUKOU VEPOU,

B) TNC aThoO@aIpPIKNG KATAKPNUVIONG,

[') TNG UOPOBEPMIKNG EKAUCNC KAl

A) Tn¢ didxuoncg ato I(ruaTa.

O1 Tpeic TTPWTEC €ival o1 KUPIEC TTNYEC BAPEWV HETAAAWV.
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[Notauia MNMapoxn

MeTapEpel Bapea HETAAAO O€ AIWPOUPEVN Kal DIGAUMEVN
Hop®n (XNMIKAC Kal JNXaviKNG attooaBpwong XEpoaiwy
TTETPWHATWY).

H diaAuTtotroinon Twv JETAAAWYV €ival YEVIKA XaunAn, OTTOTE
QUTA BPIOKOVTAI KUPIWG OE AIWPOUUEVN HOopPPN.

H ouoTtaon TTOTAMIOU VEPOU £COPTATAI ATTO TN OCUCTACN TWV
TTETPWHATWY TNG UOPOAEKAVNG KAl TIC TOTTIKEG
TTEPIBAAANOVTIKEG OUVONKEC, OTTWG N BPOXOTITWAON KAl N
Oepuokpaaoia.



a) annual water fluxes (km? yr') b) annual SPM fluxes (Mt yr')
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Table 1

Salimity, pH, dissolved oxygen, heavy metal concentrations measured in dissolved phase and correlation matrices

Station Sample group 1 (SW-1)

V Cr Co Ni Cu In U Salinity pH 0= Yh

nmol 1™ nmol ™' nmol 1™ nmol 17 nmol 1™ nmol ™' nmol 1™ o ml 1™ pmol I~
132 15.73 3.33 .76 17.90 20.00 7.11 17.51 28.0 6.4 6 [63.0
148 20.24 .19 0.30 25.54 17.31 [1.87 18.51 3.7 B.5 2.9 17.5
149 12.12 0.06 0.17 4.58 B.63 4.62 13.04 34.0 B.5 2.9 12.6
150 20018 (.03 0.26 8.03 23.97 14.72 22.55 il.e B.2 37 22.2
153 15.40 0.27 0.37 4.4] 7.23 7.50 [9.44 ile 8.2 37 15.7
129 23.15 4.17 0.36 15.76 |4.58 16.53 20.96 3.2 6.3 iz 21.8
4] 16.74 (.35 0.30 7.94 21.10 8.66 22,74 ile 6.8 37 7.8
143 15.11 .51 .64 .48 15.33 9.28 [8.74 ile 6.8 37 28.6
128 [1.94 [.23 .06 71.58 2008 25.05 [8.78 3.5 6.2 35 41.3
EF 3.8l 0.4] 0.00 8.97 16.05 3.05 224.06
+0o 3.17 (.32 0.00 .63 12.27 [.58 [92.89

V Cr Co Ni Cu Zn U Salinity pH 0=

W .00
Cr .36 [.00
Co —.31 0.53 [.00
Ni —0.28 0.16 (.43 .00
Cu 0.27 010 .32 0.34 .00
Zn 013 0.23 013 0.83 (.45 .00
u (.60 0.07 —0.17 —0.03 It 0.37 100
Salinity —0.20 —0.63 —0.82 —0.14 —0.45 —.035 —0.27 .00
pH .03 —0.69 —0.61 0.42 —0.37 —(.43 —0.28 0.56 L.00
0 —.14 —0.01 (.35 —0.03 (.37 0.07 (.38 —(hd6 —(1.43 .00

2UVTEAEOTEC OUOXETIONG OIAAUNEVWYV BAPEWY HETAAAWYV



Table 2

SPM contents in samples of seawater, heavy metal concentrations in suspended particulate matter, and related correlation matrices

Station Sample group | (SPM-1)
[SPM] W Cr Mn Fe Co Ni Cu Zn U Yb
mg I~ mg kg_' mg kg™ mg kg™ g kg_' mg kg_' mg kg_' mg kg_' mg kg_' mg kg_' mg kg_'

32 9.8 5488 46.72 212.67 0.57 19.89 3.56 .14 66.46 7.73 2.96
| 48 6.0 35.00 18.22 21.25 5.83 B.15 nd 17.32 17.37 7.69 2.00
| 49 6.0 75.60 17.96 18.33 5.90 18.14 nd 17.47 159.22 12.41 3.68
L 50 5.8 71.17 27.96 12481 6.26 2543 6.32 [B.46 137.65 12.73 6.17
153 6.0 67.77 22.94 63.37 6.63 14.55 nd 1988 [81.52 12.65 3.32
129 5.2 64,15 19.79 29.27 6.77 12.53 .79 2.67 12.13 8.71 2.22
4] 5.2 98.50 1983 26.42 6.78 17.96 nd 2.73 339.54 .92 l.46
143 6.3 63.27 23.75 [11.70 6.93 15.50 14.63 6.38 122.55 7.69 3.29
|28 5.2 87.33 17.41 26.58 7.13 26.57 nd 2.43 236.13 [.15 [.32
EF 0.71 (.60 .18 (.98 (.78 .69 (.30 .96 .71
==l .31 (.31 .13 0.27 (.36 (.38 .19 (.78 0.74

V Cr Mn Fe Co Mi Cu n u Salinity PH s
W L.00
Cr 0.19 L.00
Mn 0.08 0.95 L.00
Fe —0.20 —0.90 —0.76 L.00
Co 0.62 0.23 .29 —0.06 L0
Ni —1.42 —0.25 0.07 (.39 —0.02 L.00
Cu —0.64 —0.25 —0.09 .31 —0.25 0.72 L.00
Zn 0.77 —0.26 —0.26 .35 0.50 0.71 —0.15 L.00
U —(1.58 .16 0.22 —0.10 —0.19 —0.15 0.72 —0.45 L0
Salinity —0.20 —0.84 —0.76 0.75 —0.09 (.43 0.55 0.27 .23 L.00
npH —.46 —0.25 —0.22 0.15 —0.26 0.20 0.87 —0.11 0.68 .56 L.00
0. 0.44 .41 .53 —0.04 .49 0.68 —0.19 0.49 —0.22 —0.46 —0.43 L0
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Fig. 2. Inter-elements relationships in the different studied samples. Samples of seawater (closed triangles), SPM (closed circles), sediment samples (open
circles). All the units are mg kg™, except for Fe (g kg™").

Log-to-Log 2UCXETIOEIC OUYKEVTPWOEWY DIAAUNEVWY KA AIWPOUPEVWV
BapEwV HETAAAWV.



Ta cwpaTidloka JETAAAQ TTOU TTAPEXOUV Ol TTOTAMOI
eYKAwPiovtal OTOUG TTOTAUOKOATTIOUC Kal TIC TTOTAMOEKBOAEC
OTIC B€0¢€IC aTTOBEONC TOU AIWPOUNEVOU UAIKOU.

Ta pEtaAAa 1Tou atroTiBevral oTto i(nua oTadiaka 6apovral
OTO TTUBUEVA, KAl HOVO £va PIKPO MEPOC AUTWYV
ETTAVAOIAAUTOTTOIEITAI, OTTWG O OIdNPOC TTOU PTTOPEI O€
OIAAUTI) pop®n va TTPOCANPOEi ATTO TO PUTOTTAQYKTOV.



Ta dlaAupEva HETOAAQ ATTO TO TTOTAMI, MEIWVOUV OTAJIOKA TIC
OUYKEVTPWOEIC TOUGC AOYW aVAMEIENC.

Kartrole¢ atro TI¢ diepyaaiec dIAAUCNC gival aBIOTIKEC OTTWG N
lovtoavTaAAayry, Tou aufdvel 10 pubud didAuong uTro
OUVONKeC aucnueEvou pH, ahatoTnTag Kail TN TOTTIKAG MEICNG.

2.€ avTiBeon PeE TRV alwpoupevn ®aon, N dlIaAUPEVN EXEI TN
duvaTtoTNTa YPAYopPNS Kal EViovng avrtaAAayng Kal Jeicng Je
TO VEPO TOU AVOIKTOU WKEAVOU.
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ATuoo@aipikn Karakpnuvion
MeTapEpel Bapéa HETOAAQ 0T BAAQCOA UTTO AIWPOUUEVN
Kal OIOAUMEVN PAon.

Kupiwg BERaia oe cwpaTidiakn ¢Aaon atmo KOKKOUG
OIAMETPOU MIKPOTEPNG TV 10 um (aerosols).

H petagopa utropei va ivai ¢npn (MEow aveuwy) ) uypn
(MEOW BPOXOTTITWONG OTTOU N OTAYOVEC BPOXNG
eYKAwRidouv ocwuaTtidla auuou).

Katd Tnv uypn JETAPOPA, KATTOIO BapEa JETAAAQ UTTOPOUV
va dIaAuBouv Kal va TTEooUV 0Tn BaAacoa wg dIaAupEvOl
PUTTOL.



HL. Nguyen et al / Science of the Total Environment 3400 (2005 213-230

Table 2
Average trace metal concentrations including the uncertamty in rain and snow at Lake Balaton and at other sites
Precipitation Co Ni Cu Zn Cd Pb Rain amount Reference
(ng L") mgLl™  (ngLl™ (uegLl™) (ugL™" (gL'} (mm)
Rain
Lochnagar, 0.85 2.54 215 0.18 1.11 (Yang et al., 2002)
1997199 %
Lewes Delaware 0.345 n412 1.597 0.030 0.328 (Eim et al., 2000)
Bay 1991-1996
Stillpond/Wye 0519 0413 2,885 0.044 0.490 (Kim et al., 2000}
Chesapeak Bay
Balaton, 00074£0001 0564010 069£012 176425 0.049+£0011 094+017 7 This study
February 2000
(N=2)
Balaton, 0.006+0001 0354006 037+£006 5.6+07 0008£0001 0.11+002 7 This study
June 2000
(N=2)
Balaton, 0.139£0016 92+1.8 5111 12643 02380047 3542065 20-27 This study
September 2001
(N=3)
Rural areas 0,75 2.4 54 ib 0.5 12 (Galloway et al., 1982)
Remaote areas - - 0060 0.22 0008 0.090 (Galloway et al., 1982)
Snow
Chamonix valley  0.006 0.191 0.750 0.032 0.809 (Veysseyre et al., 2001)
Manenne valley 0275 0210 1.290 0.023 0.594 (Veysseyre et al., 2001)
Balaton, 00870004 9962070 4.83£030 248£15 05770051 677068 This study

February 2000
(N=2)
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2.€ KAOE TTaPAKTIO oUCTNUA, N KATAYPAPN TWV PApEwV
METAAAWYV Oa TTPETTEI va TTEPIAQNBAVEI TN CUAAOYN
OEIYUATWY O€ OIaAUMEVN KAl AlWPOUPEVN pAaan.

MeAETEC BlOYEWYXNMEIOC TWV TTAPAKTIWY CUCTAUATWY Ba
TTPETTEI VA TTEPIAAUBAVOUV ETTIONG KAl ACIOTTIOTEG METPNOEIG
pH.

O1 oUyKeEVTPWOEIC TNG DIAAUMEVNC PACNG TWV PAPEWV
LMETAAAWYV ekppadlovTal o€ pug/l eviy 010 AlwPOUUEVO UAIKO
Kal To ilnua o€ nug/g N o€ mg/kg ¢npou deiyuartoc.



Algepyaaiec NETPAPOPAC, NETAOXNMATIOMOU, aTTo8e0NC,
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EVA TTAPAKTIO UDATIKO oUCTNUA.
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Fig. 3 Dissolved metal profiles in the water column from two coastal regions of Singapore (a, c, e, g, i, k., m Station 1 Kranji

and b, d, f, h, j, I, n Station 2 Pulau Tekong)



Depth {m)

Depth {m)

0.00 0.01

Station 1 - Cadmium (ug/L)

0.02

0.03

0.04

0.05

0.00 1.00

2.00

Station 1 - Chromium (pg/L)

3.00

4.00

2 4
3 4
44
5 .
P
T 4

—a— Round 1
—s— Round 2

—ae— Round 3

—a— Round 1
—— FOund 2
—a— Round 3

Depth (m)

0.00

0.01

Station 2 - Cadmium (pg/L)

0.02

0.03

0.04

2_
4

g 4
10 4

12 4

—

0.50

i

Station 2 - Chromium (pg/L)

1.00

1.50

2.00

2.50

3.00

—s— Round 1
—+— Round 2
—t— Round 3

—a— Round 1
—+—FRound 2
—a—FRound 3




O ouvteAeo TG yeTaoxnuaTtiopgou K, opidel To AOyo PETASU
TNG CUYKEVTPWONG EVOGC METAAAOU OTO QIWPOUPEVO UAIKO Kal
TN OUYKEVTPWON TOU idIou JETAAAOU OTN OIAAUUEVN QAON.

O ouvTeAeOTAC TTEPIYPAPEI TN KATAVOWN KAl OUCIOCTIKA TN
TTPOTIUNON TWV BAPEWV METAAAWYV PETACU TNG BIGAUNEVNG KOl
TNG AIWPOUNEVNG pAaoNC.

Ceem (4979 SPM)
CDissolved (/ug / g Seawater)

Ky =

Mia upnAn Tiun Tou ouvTeAeaTn K, OgixVvel TNV uwnAn Taon
TOU JETAAAOU VO CUYKEVTPWVETAI OTA AIWPOUUEVA
OWHMaTIOIa TOU TTAPAKTIOU CUCTHMATOC.



[1a KaAUTEPN OIOXEIPION TOU OUVTEAEDTH, XPNOIUOTIOIOUUE
mn 1PN (log10 Ky).

O1 XaunA£€g TIMEG (4-5) TnG TTapauETpou (loglo K,) deixvouv
OTI TO OUYKEKPIMEVA UETAAAQ TTPOTIUOUV TN JIGAUMEVN PACN,
EVOIAUETEC TIMEG (5-6) deixvouv Tn dlapoipact) TOUG Kal OTIG
OUO PACEIC EVW UWNAEC TIMEC (>6) onuaivouv TN TTPOTIUNCN
TOU METAAAOU TTPOC TNV QIWPOUNEVN PAan.



P. Censi et al. / Chemosphere 64 (2006) 1167-1176
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Fig. 4. Variations of distribution coefficients {LogK,) of heavy metals

with SPM concentrations.
A decrease in log(K,) for Cr, Co, Cu and Zn is observed with an evident increase in
SPM load in seawater. Conversely, the log(K,) values for V, Ni and U increase with
SPM weight.



Agiktegc PUtTavong BapEwyv HETAAAWY

H exTipnon tTwv emmédwy puTtavong oTo inua TTuBuEva piag
TTAPAKTIAC TTEPIOXNG Baailetal o€ pia aelipd aTro OEIKTES, OTTWG:
1. 0 deikTNG ouoowpeuong putravong (pollution load index, PLI),
2. 0 OUVTEAEOTNG eUTTAOUTIOMOU (enrichment factor), kai

3. 0 O€iKTNG YeEw-ouoowpeuoncs (geo-accummulation index,
lgeo).



AgikTeg Zuoowpeuong Putravong (PLI)

O 0¢ikTnG ouocowpeuonc putravong (PLI) TTpokUTITEl WG N
OUYKEVTPWON KABe [Bapéou PETAANOU wC TTPOGC TN TIUN
OUYKEVTPWONG TOU METAAAOU O€ €va PUECO PN-PUTTOCHEVO
i¢nua.

2UVNOWC  XPNOIUOTIOIOUPE TN MEON  TTAYKOOMIO
OUYKEVTPWON PBapEéwv METAAWY O€ wKeavela ICAPATA, UE
Baon TIC OXEOEIC:

CI:Metal — CMetaI PLI :Q/CF1XCF2 X...XCFn

C

Otrou CF gival o d€ikTng euTTAOUTIOHOU Yia KABe HETAANO, N gival O
OUVOAIKOC aplBuOC BapEwv JETAAWY TTou avaAubnkav oe KaBe deiypa
KOl Chackground EIVAI N OUYKEVTPWON KABE YETAAAOU O€ Eva PECO N-
PUTTAOMEVO i(nua.

Background



In this study, the world average concentrations of the metals
studied reported for shale (Wedepohl 1995) were used as the
background for those heavy metals

Cu: 45 ng/g;

Ni: 68 ug/g;

Zn: 95 ug/g;

Pb: 20 ng/g;

Cd: 0.3 ug/g;

Cr: 90 ug/g.

Wedepohl, K.H. (1995). The composition of the continental
crust. Geochimica et Cosmochimica Acta, 59, 1217-1232.



PLI Classification Scheme

Class No. Index value Sediment Quality

1 PLI~0 Unpolluted area —
no action is needed

2 PLI<1.0 Moderately polluted
area - continuous
monitoring Is
needed

3 PLI>1.0 Extremely polluted

area - immediate
Intervention Is
required




2uvTteAeoTNG EptrAouTiopOU (EF)

O ouvteAeotnc eutrAoutiopou (EF) utmroAoyiletar pe Baon N
TTAPAKATW £Ciowaon:

Tracer
Normalizer /g,

Tracer
Normalizer Background

Omrou (tracer/normalizer)g,mpe Kai (tracer/normalizer)p,cground
QVTIOTOIXA, €ival Ol OUYKEVTPWOEIC METAAAWY (0€ ng/g ¢npou
OeiyuaTog) oTO OEiyUa KAl OTN MN-PUTTACHMEVN TTEPIOXN.

EF =

2.UVNOwWC w¢ normalizer XpNOIYOTIOIOUME £va METAANO
avVa@OPAC TOU OTTOIOU N GUYKEVTPWON OV OPEIAETAI O€
avBpwTtroyevr) €mmidpacn. TETola yETAAAa ival o aidnpog, To
aAouivio, To o€Afvio, To oupavio, To BopIO.



EF Classification Scheme

Class No. Index value Sediment Quality
1 EF<1 No enrichment
2 1<EF<3 Minor pollution
3 3<EF<5 Moderate pollution
4 5<EF<10 Moderately severe
pollution
10 <EF <25 Severe pollution
25 <EF <50 \ery severe
pollution
7 EF > 50 Extremely severe

pollution




AcikTng New-ouocowpeuong (I,..)

O 0¢ikTng yew-cuoowpeuong (lye,) OUYKPIVEL TIG ONUEPIVEG
OUYKEVTPWOEIC Papéwv HETAANwWYV o€ €va Odeiyya JE  TIC
QVTIOTOIXEG TIMEGC O€ TTPO-Plopunxavika emireda. O UTTOAOYIOUOC
TOU O€IKTN YIVETAI JE TN TTAPAKATW OXEON:

C
Igeo =log, 4

n

OTtrou C,, eival N HETPOUPEVN CUYKEVTPWON TOU ECETACOUEVOU
METAAAOU n aTo i(nua, B, gival N YEWXNUIKI OCUYKEVTPWON
avapopag o€ TTpoflounxaviko ilnua Kai o Trapayovrag 1,5
atroTeAEi ouvteAeaTr 010pOBwWONC.



| ¢, Classification Scheme

Class No. Index value Sediment Quality

1 <0 Unpolluted

2 0<l,<1 From unpolluted to moderately
polluted

3 1< <2 Moderately polluted

4 2<1y,<3 From moderately polluted to
strongly polluted

5 3< e, <4 Strongly polluted

6 4<1 <5 From strongly polluted to
extremely polluted

7 >5 Extremely polluted




Agiktng AuvnTtikng OikoAoyikng EmmikivouvornTag (RI)

O d¢€ikTNG duvNnTIKAG OIKOAOYIKAG ETTIKIVOUVOTNTAG eKPPAlel TNV
TOCIKOTNTA KABE PETAAAOU KOl OTOU OUVOAOU TWV PETAAAWY TTOU
UTTAPXOUV OTO TIEPIBAAAOV WC TIpo¢ TIC BaAldoolec Pio-
KoIvOTNTEC. O UTTOAOYIOUOC TOU OEIKTN YIVETAI PE TN TTAPAKATW
oxéon:

Ef :CFmetaI Tf metal

RI=> EF,

OTrou T; €ival o TTapayovTag BIOAOYIKNG TOSIKOTNTAG KAOE
METAANOU, ONA. As =10, Co=5,Cu=5,Mn=1, Ni=5, Pb =6,
V=2,2n=1, Cd = 30. (Hakanson, 1980)



Table 3: Categorization of Enrichment Factor, Potential Ecological Risk and Toxicity Risk Index of heavy metal

elements.
Enrichment | Enrichment Potential Risk Potential Risk PLI PLI Soil Quality
Factor Level Ecological | Level per toxicity Level Value
Risk Index factor Risk index
(E) RD
<0.5 Point and <40 Low RI<150 | Low 0-2 Unpolluted  to
non-point grade slightly polluted
source
0.5-1.5 | Crustal 40 — 80 Moderate | 150 —-300 | Moderate 2-4 Moderately
material polluted
1.5-2 Minimal 80 — 160 High 300 — 600 | Sever 4-6 Significantly
polluted
2-5 Moderate 160 — 320 Higher < 600 Serious 6-8 Strongly
Polluted
5-20 Significant 320 Serious 8-10 | Extremely
polluted
20—-40 Very High
> 40 Extremely

High




2UYKEVTPWOEIC BapEéwv METAAWV OTA uN-putTacuéva  ICiuaTa
KaBwg kal opia ava PETaANo Trou  Betel n YTrnpeoia
[MepiBaAAovTtocg Twv HIA (EPA).

Quoikn Tagivopnon ZuoTthparog EPA
MéETaAAo 2UYKEVTPWON
Ava@opdg
Cu 23.9+25 <25 25-50 >50
Cr 6.2+1.5 <25 25-75 >75
Fe 891.4 +79.8
Ni 174+ 3.4 <20 20-50 >50
Pb 14.4 £ 0.8 < 40 40-60 >60
V 2.7+0.5
Zn 103.8 £ 15.2 <90 90-200 >200




Trace elements concentrations in the surface
sediments of Kavala Gulf (Northern Greece)

ey —

N.I. Kamidis, N. Stamatis & . Sylaios

National Agricultural Research Foundation,
Fisheries Research Institute,
Nea Peramos 640 07, Kavala, Greece



Soil & Sediment
Conlaminalion

Soil and Sediment Contamination: An
International Journal

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/bssc20

Assessment of Trace Metals
Contamination in the Suspended Matter
and Sediments of a Semi-enclosed
Mediterranean Gulf

Georgios Sylaios 2, Nikolaos Kamidis 2 ® & Nikolaos Stamatis °

? Laboratory of Ecological Engineering & Technology, Department of
Environmental Engineering, Democritus University of Thrace, Xanthi,
Greece

P National Agricultural Research Foundation, Fisheries Research
Institute, Kavala, Greece

Accepted author version posted online: 19 Jun 2012, Version of
record first published: 14 Aug 2012



GENERAL OVERVIEW

Semi-enclosed coastal
Water body.

Located in N. Aegean Sea
Major fishing ground

40°58'00 N

Area : 264 x 10° m?
Coastal length: 62,800 m
Average depth: 32 m
Maximum depth: 60 m

2 " s m== Main Land-based Human
40°48' 00N — Activities:
* Tourist (western part)
ISLAND « Urban (central)

* Industrial (central-eastern)
24°18'00E 24°45'00 E

« Aquaculture (eastern)

 Agriculture (eastern)



N.Karvali l N
) NAPC

Eratino Lagoon

KAVALA
GULF ...

N.lIraklitsa
SEWAGE=

= _! \, Q
N.RPeramos 31

Thassos
Plateau

Offshore oil

production plant T haSSOS
. Passage
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Figure 1. Map of Kavala Gulf, location of point and non-point land-based pollution sources and

sites sampled.



SAMPLING AND ANALYSIS

» Sediment samples were collected in June 2002, with a Van Veen
stainless crab, and were immediately frozen.

» After defrosting the samples were digested in a mixture of 1 ml HF
and 4 ml of agua regia in a microwave oven.

» The samples were analyzed using a Perkin EImer AAnalyst 800
atomic absorption spectrophotometer with Zeeman background
correction. Precision and accuracy were checked using the MESS-3
(N.R.C. of Canada) marine sediment as reference material.



Table 2
Comparison of standard reference material MESS-3 with present study (mean £+ SD

in pg/g)
MESS-3 Cu Ni Cd Pb Cr Zn Hg As
Certified values 33.9 469 024 21.9 1050 1590  0.091 21.2
Present Study ~ 32.84 44.0+ 0.22+ 17.61+ 99.33+ 182.18+ 0.10+ 18.50+
143 12 0.009 1.55 3.34 1877  0.01  1.02

SD is for n = 4.



Instrumentation Used
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Table 5. Pearson’s Correlation Matrix for the particulate trace metals in Kavala Gulf (n=54).

Salinity pH TSS DO Cu Ni Cd Pb Cr Zn
Salinity 1.000
pH -0.012 1.000
TSS 0.136 0.198 1.000
DO 0.259 0.182 -0.199 1.000
Cu -0.269" 0.028 -0.266 -0.143 1.000
Ni -0.021 -0.186 -0.023 -0.172 0.053 1.000
Cd -0.158 0.149 0.288" -0.038 0.026 -0.151 1.000
Pb -0.083 0.119 -0.135 -0.082 0.607™ 0.233 0.118 1.000
Cr -0.047 -0.115 -0.010 -0.147 0.175 0.781™ 0.014 0.389™ 1.000
Zn -0.167 -0.268 -0.093 -0.110 -0.230 0.036 0.085 -0.171 0.100 1.000

" Correlation significant at the 0.05 level (2-tailed)
™ Correlation significant at the 0.01 level (2-tailed)

Other correlations were non-significant (p>0.5).
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Distribution of Arsenic concentrations (As, mg/kg)
In the coastal sediments of Kavala Gulf.




RESULTS

Cd

Palio —

Iraklitsa
WDS =

Peramos

PY

0-0.1 mg Cd/kg
0.1-0.3mg Cd/kg

0.3-0.5mg Cd/kg

0.5-0.7 mg Cd/ kg

0.7-0.9mg Cd/kg

>0.9mg Cd/ kg

N. Karvali IN
] Kavala Oil 0 5km
Kavala . Q@ — -
Eratino L.
Batis Beach
wiee KAVALA ® ®
© GULF
@ Agiasma L.
* |
e
@+ r%moti
@

Distribution of Cadmium concentrations (Cd, mg/kg)
In the coastal sediments of Kavala Gulf.




RESULTS

Cu

Iraklita
WDS

N. Karvali

Kavala Oil

PFI

Kavala

Vassova L.

. Eratino L.
Batis Beach

®
¢ KAVALA
GULF

Agiasma L.

0-10mg Cu/kg
10-20 mg Cu/ kg

20-30mg Cu/kg

30-40mg Cu/kg

40-50 mg Cu/kg

50 - 60 mg Cu/ kg

>60 mg Cu/kg

Distribution of Copper concentrations (Cu, mg/kg)
In the coastal sediments of Kavala Gulf.




RESULTS

Cr N Karval tN

Kavala Oil
Vassova L. —‘:—‘:—1

0-40mg Cr/kg
40-50mg Cr/kg

Kavala WTPK {m ' .

Batis Beach

50 - 60 mg Cr/kg
Eratino L.

60-70 mg Cr/ kg

. KAVALA

GULF ‘
o

70-80mg Cr/kg

Agiasma L.
80-90mg Cr/kg

90 - 100 mg Cr / kg

> 100 mg Cr/ kg

Qee:o..

Distribution of Chromium concentrations (Cr, mg/kg)
In the coastal sediments of Kavala Gulf.




RESULTS

N. Karvali
Kavala Oil

PFI

0 5km
Kavala WTPK sl Vassova L. ﬁ h‘:—f
"
Batis Beach ) Eratino L.
WTPP . KAVALA
Pali y ]
N GULF
L4 Agiasma L.

o ¢ ¢

IraklitS e
WDS

Cl
Pe WOS

@®0oe ..

0-0.01 pg Hg / kg
0.01-0.02 mg Hg / kg

0.02 - 0.03 mg Hg / kg

0.03-0.05 mg Hg / kg

0.05-0.08 mg Hg / kg

0.08 - 0.10 mg Hg / kg

0.10- 0.20 mg Hg / kg

0.20 - 1.50 mg Hg / kg

>1.50 mg Hg / kg

Distribution of Mercury concentrations (Hg, mg/kg)

IN the coastal sediments of Kavala Gulf.




RESULTS

Ni

i T

PFI Kavala Oil 0 5 km
Kavala WTPK Ngﬁ - -
‘ KAVALA
GULF
Agiasma L.

0-5mg Ni/kg
5.0 - 10.0 mg Ni / kg

10.0 - 15.0 mg Ni/ kg

15.0 - 20.0 mg Ni / kg

20.0 - 25.0 mg Ni/ kg

25.0 - 30.0 mg Ni/ kg

30.0 - 35.0 mg Ni/ kg

35.0-40.0 mg Ni/kg

40.0 - 45.0 mg Ni/ kg

45.0-50.0mg Ni/ kg

Distribution of Nickel concentrations (Ni, mg/kg)
In the coastal sediments of Kavala Gulf.




RESULTS

Iraklitsa

Pb - IN

PFI1 Kavala Oil 0 5km
Kavala Vassova L. — -
Eratino L.
Batis Beach
. KAVALA b
GULF
Agiasma L.

WDS =

90 ve-.

0-25mgPb/kg
25-50mg Pb/ kg

50 - 75 mg Pb / kg

75 -100 mg Pb / kg

100 - 125 mg Pb / kg

125 - 150 mg Pb / kg

> 150 mg Pb / kg

a .
o Sedhun

Distribution of Lead concentrations (Pb, mg/kQ)

IN the coastal sediments of Kavala Gulf.




RESULTS

Zn

Palio

Iraklitsa
WDS =

Pe aﬂos

Kavala

Batis Beach

WTPP
B A

N. Karvali

PFI | Kavala Oil
- WTPK P y . ] Vassova L.
Eratino L.
KAVALA
GULF
]
®

0 5km
(|
Agiasma L.

AL .
Keramoti

®

0-100mg Zn/kg
100 - 200 mg Zn / kg

200 - 400 mg Zn/ kg

400 - 600 mg Zn / kg

600 - 800 mg Zn / kg

800 - 1000 mg Zn / kg

> 1000 mg Zn/ kg

Distribution of Zinc concentrations (Zn, mg/kg)

IN the coastal sediments of Kavala Gulf.




Table 7. Correlation matrix for organic matter (OM), silt+clay (S+C) and metal concentrations in the
surface sediments of Kavala Gulf.

oM S+C Cu Ni Zn Pb Cd Cr Hg As Fe
OM  1.000
S+C 0.769™  1.000
Cu  0.073 0.035  1.000
Ni 0.667 0.750" 0.166  1.000
Zn 0.011 -0.024 0.951™ 0.002 1.000
Pb 0181 0.133 0.911™ 0.071 0.920™ 1.000
Cd -0.199 -0.213 0.825" 0.105 0.704™ 0.609™  1.000
Cr  0.546™ 0.620™ 0.298 0.963™ 0.118 0.170 0.298  1.000
Hg -0.035 -0.093 0.944™ -0.053 0.967 0.939™ 0.728™ 0.090 1.000
As  -0.025 -0.035 0.170 -0.205 0.245 0.191 0.290 -0.186 0.245 1.000
Fe  0512° 0.599™ 0.477° 0.747" 0.362 0.413" 0.299 0.736™ 0.329 -0.017  1.000

" Correlation significant at the 0.05 level (2-tailed)
™ Correlation significant at the 0.01 level (2-tailed)

Other correlations were non-significant (p>0.5).
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Table 5
Paired samples two-tailed s-test to compare means of temporal (summer-to-winter) for
surface and bottom values and spatial (surface-to-bottom) for summer and winter values
of physico-chemical parameters and particulate trace metal concentrations in Kavala Gulf
(significant at P<().05 indicated in bold)

Winter-to-Summer

Surface Data Bottom Data
N t P N t P

Physico-chemical Parameter

Temperature 24 85.73 0.001 24 6.85 0.003
Salinity 24 1.96 0.056 24 0.34 (.733
Dissolved Oxygen 24 1.60 0.115 24 1.58 0.119
pH 24 5.02 0.005 24 6.57 0.006
Chlorophyll-a 24 0.75 0.451 24 0.45 0.648
SPM 24 0.70 (0.4583 24 0.61 (0.542
Particulate Metals

Ph 24 4.64 0.004 24 5.54 0.002
Cr 24 8.98 0.005 24 10.82 0.001
Cd 24 0.32 (0.745 24 1.05 0.297
Cu 24 6.88 0.011 24 8.79 0.001
Ni 24 4.58 0.008 24 5.60 0.008

n 24 9.80 0.007 24 9.60 0.000



Surface-to-Bottom

Summer Data Winter Data
N t P N t P

Physico-chemical Parameter

Temperature 24 54.71 0.000 24 3.87 (.003
Salinity 24 5.53 0.001 24 5.60 (0.002
Dissolved Oxvygen 24 1.68 ().099 24 ().40) ().689
pH 24 1.03 ().304 24 (.15 ().R87
Chlorophyll-a 24 (.75 ().45] 24 ().6] ().544
SPM 24 4.41) 0.011 24 2.66 (.011
Particulate Metals

Ph 24 ().4% ().626 24 1.19 ().238
Cr 24 (.15 ().88(0) 24 (b, 1) ().920)
Cd 24 1.86 ().067 24 ().06 (J.951
Cu 24 2.50 0.015 24 1.12 ().265
N1 24 1.07 ().289 24 1.09 ().281

n 24 (). 85 (0.379 24 7.19 0.001




Table 6. Organic matter and trace metal concentrations (Mean =+

STD) at the sediments of Kavala Gulf, in relation to land-based activities.

Stations oM Cu Ni Zn Pb Cd Cr Hg As
(%)  (ng/g) (ng/g) (ng/g)  (ng/g)  (ng/g)  (ng/g)  (ng/g)  (ng/g)
Tourist 29+ 44+ 54+ 688+ 297+ 010+ 291+ 0.05+ 0.30 +
Stations 1.8 3.3 4.0 17.2 6.7 0.04 5.7 0.02 0.04
Urban Stations 2.8+ 22 + 11 + 104 + 60.6 + 0.35+ 57.4 + 0.17 + 0.20 £
1.7 7.5 5.8 26 23.6 0.16 17 0.11 0.11
Industrial 29+ 65 + 26 + 339+ 80.8 + 1.37+ 1051+ 0.37+ 0.29 +
Stations 0.8 59 17.7 457 82.4 0.67 45 0.14 0.07
Aguaculture 29+ 21 + 30 + 9088+ 369+ 027+ 943+ 0.07+ 0.20 +
Stations 0.5 15.7 13.2 38.6 10.1 0.09 29 0.03 0.07
Deep water 7.8+ 27+ 41+ 136.7+ 615+ 0.29% 130+ 013+ 0.24+
stations 1.0 3.8 5.4 13 10.7 0.15 26.6 0.05 0.03
Area Mean 4.4+ 25+ 22+ 1398+ 528+ 0.41 + 80.8 + 0.14 + 0.25 +
2.8 29.7 16.9 117.1 37 0.5 47 0.21 0.07
Area Max 9.2 154 50 1024 203.2 21(13) 185.2 1.10 0.34
(Station) (19) (13) (19) (13) (13) (19) (13) (13)

STD: standard deviation



METALS NORMALIZATION

Tree Diagram for 24 Cases
Unweighted pair-group average

» Log-transformation of data

Euclidean distances ® Cluster anaIyS|S

k: — | (metals, grain size & O.M.)
27 » Define reference area from
17
e —— unpolluted clusters
16 c
19 jJ— » Consider Fe as reference
20 element
31
Y — Reference Area Stations:
) — 1,4,6,8,9, 10, 12
Y —

0 20 40 60 80 100 120

(Dlink/Dmax)*100

Silt Pb Cr Cd Cu As Hg NI Zn
Fe 061 0.01 0.79° 0.04 0.79" 0.45 0.24  0.76" 0.92"

“significant at P<0.05



ENRICHMENT FACTORS FOR As, Cd, Cr & Cu
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ENRICHMENT FACTORS FOR Hg, NI, Pb & Zn
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Table 8. Pollution Load Index (PLI) and Geoaccumulation Index (lgeo) for the stations
sampled in Kavala Gulf. Values in bold represent increased PLI and I, Sites.

Station PLI Geoaccumulation Index, lgeo

Cu Ni Zn Pb Cd Cr
1 0.42 -2.8 -3.1 -0.6 0.2 -2.3 -2.0
2 0.19 -5.3 -6.0 -1.4 -0.7 -1.8 -2.5
3 0.38 -3.1 -3.8 -0.8 0.2 -2.0 -2.0
4 0.30 -4.2 -4.0 -1.3 0.1 -1.6 -2.2
5 0.22 -5.1 -5.4 -1.2 -0.2 -2.9 -2.5
6 0.35 -3.7 -3.7 -0.9 0.3 -2.0 -1.9
7 0.16 -6.4 -6.9 -1.6 -0.3 -3.9 -2.5
8 n.d n.d n.d n.d n.d n.d n.d
9 0.61 -1.3 -3.2 -0.1 1.5 -0.5 -1.4
10 0.45 -1.6 -5.0 -0.4 1.4 -1.7 -1.9
11 0.48 -2.6 -2.9 -1.0 0.5 -0.1 -1.0
12 0.59 -1.3 -2.6 -0.5 0.4 0.2 -0.9
13 0.61 -0.6 -3.3 -0.3 0.9 1.6 -1.2
14 1.30 1.2 -3.1 2.8 2.8 2.2 -0.8
15 0.79 -0.8 -1.2 -0.5 0.1 1.8 0.3
16 0.70 -1.5 -1.4 -0.4 0.1 0.1 -0.2
17 0.39 -3.4 -1.2 -1.3 -0.1 -0.5 -1.3
18 0.61 -2.0 -3.0 -0.7 0.4 -1.8 -0.5
19 0.80 -0.9 -1.8 -0.1 0.7 -1.3 -0.3
20 0.72 -1.6 -1.6 -0.3 1.0 -1.7 -0.4
21 n.d n.d n.d n.d n.d n.d n.d
22 0.86 -1.3 -1.3 0.1 1.4 -0.8 -0.2
23 0.86 -1.1 -1.3 0.1 1.1 -0.4 -0.1
24 0.84 -1.2 -1.2 0.0 1.1 -0.6 0.0
25 0.73 -1.7 -1.5 -0.1 0.6 -1.7 -0.3
26 0.81 -1.3 -1.2 0.0 1.1 -0.8 -0.1
27 0.87 -1.2 -1.0 -0.1 0.8 0.4 0.5
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Comparison of Sediment Concentrations in other Greek coastal areas

Area

Kavala Gulf

Thermaikos
Gulf

Thermaikos
Gulf

Thermaikos
Gulf

Pagassitikos
Gulf

Lesvos Island

Saronikos Gulf

Patraikos Gulf

Kalamata Bay

Evoikos Gulf

Lesvos Island

Cd

0.01-
0.952

0.3-3

0.3-6.5

0.3-8.7

0.095-
0.652

0.044-
0.495

Cr

36.93-
113.8

31-107

42-229

39-386

97-395

40-247

114-480

70-210

247-404

40-154

Cu

0.5-75

4-37

7-69

7-200

14-32

3-12

23-101
11-56
11.4-

43

5.34-
86.2

Ni

0.4-
47.3

246-
698

Pb

24.9-
209.1

13-228

16-268

11-334

20-34

10-39

10-40
8-40

7.29-
36.7

20.7-
93

Zn

41.83-
1,353

23-229

39-560

32-2600

45-74

18-43

12-1400

275-430

39.5-
129

12.9-
230

Digestio
n
method

Total

05N
HCI

HNO,
conc.

5N HCI
2 N HCI

2 N HCI

0.5N
HCI

Total

Total

Total

Total

Reference

Present study

Chester & Voutsinou, 1981

Voutsinou-Taliadouri & Satsmadjis,
1983

Voutsinou-Taliadouri & Varnavas,
1995

Voutsinou-Taliadouri, 1984

Voutsinou-Taliadouri, 1984

Angelidis et al., 1982

Varnavas & Ferentinos, 1982

Varnavas et al., 1984

Angelidis & Aloupi, 2000

Aloupi & Angelidis, 2001



DEVELOPMENT OF FUZZY LOGIC MODEL

e Consider S = {s;, S,, ..., S,4) the sampling sites in Kavala Gulf.
» Consider X = {X, X,, ...., Xg} the trace metals determined in Kavala Gulf.

» Metal concentration of the I-th metal in the j-th station X;(s;), can be normalized
according to: _
X, (Sj)—mln{xl. (Sk)}
max, {x,(s,)}-min, {x.(s,)} k =1,...,24

Z;=2 {xl. (Sj)}:

w(z;)

0 k{z;} 1
> | Values Z,




DEVELOPMENT OF FUZZY MODEL

 Class Membership Degree :
i (S;) = Z(w; x i (z;)) and  pyy (S5) = Z(W; x (),
where p (z;) + uu(z) =1
B) If z; > k(z)) + o, then:
Hu(S;) = Z(W; % pg(z) and pyyp(s;) = Z(W; x (),
where py(z) + wy(z) =1
C) If k(z))-0,) < z;< K(zj)+0,; then:
ik (S) = 2A(W; x py(z;)) and
finally for 0<z;<1:
im(S;) = () + tvn(S;) + v () = 1 = [ (S)+ pi(S))]
where w; the weights produced according to a normalized metal toxicity matrix (Lu
and Lo, 2002), such that Xw; = 1.

Hg 0.25 Cr 0.10
As 0.20 Ni 0.05
Cd 0.17 Zn 0.04

Pb 0.15 Cu 0.04



RESULTS OF FUZZY LOGIC MODEL

Kavala Gulf

ollution: 21
ate to High Pollution: 20,19,18
22
ate Pollution: 16,33,31,36
) Moderate Pollution: 8,28,23
6,35,17,29,34
ollution: 27,25,9,2,1,4,10




CONCLUSIONS

» 8 trace metals from 24 sampling stations were analyzed in
Kavala Gulf.

 Fe was used as the reference element to describe the natural
granulometric and mineralogical variability of metal contents.
*The urban-industrial area of the Gulf was the most contaminated
area in Cd, Cu, Hg, Pb and Zn, while deeper stations were
enriched in Ni.

 As and Cr showed low contamination values in the whole Gulf.
A fuzzy logic model was developed to present the global
contamination degree for each station and divide stations into
global clusters.

» This fuzzy logic model proved its ability to compare different
areas according to their metals contamination.
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TAELEI

Depth of the sampling stations, metal mean conoe nirations and r-test resulis
inthe study anea

Station Drepith Conceniration {ppm)

{mj Cu 53] Zn Cr Wi

1 150 162 a2 90,0 134, 1 51.3

2 150 104 234 332 1030 5.2

3 250 203 447 4.9 1787 &40

4 14.5 420 743 135.6 1877 Ti.g

5 i3 347 TEG 1187 1801 542

& 150 ELEY o2 3 127.6 18185 &0

7 2a0 T a7 432 53.3 0.5

i &7.7 2813 B213 7.8 1480 574

9 LB 352 217 1264 1782 &0 2
I £55 154 1067 1460 203.3 T2.1
i 30 LR 1081 144 8 197.0 &E.D
I2 340 LY. 1232 147.5 2019 T1.3
13 350 87 1242 153.5 213.0 74.5
14 340 T3 723 353 14.3 6.5
15 &a00 aln 1154 135.2 1922 &7 8
1% TI0 an 12256 1369 1BR | 5.5
I7 TED 512 1305 1550 1B5.0 T0.1
1% &a00 ana3 1248 1342 187.3 &5
19 330 204 1243 90,7 I 14,8 47.2
A0 4010 53 572 0.2 &2.3 189
2l 4210 343 1152 141.3 194 8 0.5
2 200 107 1158 943 T5.5 0.0
oL 420 LY 115 127.8 1'70.3 527
X 160 ETiE: 1278 12R.0 1057 L.
2 azn 21 324 24.3 9.2 9.1
% RED 244 11567 124.6 1806 53.2
X 730 N3 4402 IB7 5 2423 3.0
28 20 LY 3113 486 5 254, | 1004
20 &0 487 155 a0 8 1349 495
an 125 Qi &04 15 17.1 2.1
3l 250 179.1 15581 HEQ 4 3s42 144.3
12 &E00 T HE1S 505.0 2ea | 112.7
1 14.0 N5 22331 926 8 173.5 2.0
£ TEN 384 4933 4334 237.5 B5.0
35 3313 B3 529 57.1 5318 14.4



TABLE II
Sampling stations included in various subaress of the siudy region

Cu Fh n Cr i

36 813,15, 29 29 31,4,6,9, 10-13, 2,7, 14,1920
16, 18, 19, 21, 1518, 21,33 22, 24, 29, 33

23, 26

17,24, 7-20, 27,28,32,34 27,28,32,34 27,28 32,34 |, 3-6, 813,

32, 34 1518, 21, 23,

31,33 31, 33 31, 33 31 31, 32

TABLEI
Levels of heavy metals {ppm) in various subaness of Strymonikos and lerissos Gulfs

Anes Cu Ph Zn Cr Ni

I Mean 212 Lla 9.7 105.7 25
Range Nl-162 234425 43.2-135.6  3335-130s5 2. 1-14.4

[l Mean 4.9 2255 260 8 185.5 128
Range 2R 3420 - - ITO3-1968 |B9—d9.5
Pollution ratio 4.5 17 2.6 |.8 19

11 Mean 33.7 5322 475.6 2569 04
Range 40 B=T00 440 2-6834 3RT 3-595.0 23735-2659.1  51.5-100.4
Pollution ratio 1.0 B 4.8 2.4 g2

% Mean 192.5 1895 5 QR | 642 128,35
Range 17912059 |558.1-2233.1 BRE9.4-920 R - 112.7-144.3

L
L

Pollution ratic 23.5 IS a1 3.
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TABLE ¥V

[nterelement correlations for surface sedimenis
from the whaole study ares

Cu Cr Fh £n M

Cu |

Cr 0546 I

Pb 0954 (L4568 I

Zn 09207 06457 0948 |

M D425 0.976% 0341 0577 |

* High significance by p< 0L05.
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