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Tpweinc Eéstaoctikn Erxvtponn
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2T0VG YOVELG pov,

GTOV AOEPPO LOV.
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Evyopiotieg

®a MBera va ekppdom TIg Bepuéc pov gvuyaplotieg 6 OGOVG cuVEPaAay otV
OAOKANP®OON TNG TOPOoVcag peTamTuylokng dwtpine. Kat’ apyds Oa Mbesha va
guyopotno® tov K. Nikohoo Neogovtov, Aéktopa tov Tuquotog T'ewmoviag
IxBvoroyiag ko Yodativov IlepiBdArovtog tov Iavemotnpiov @eccoriog, 0 0moiog Hov
£€0maoe TN OLVATOTNTA VO EKTOVACH VT TN dtatpPn, Yo TV moAvTiun Ponbela tov,

v KaBodnynomn Kot T d1opkn VLOSTAPIEN TOL KB’ dAa To 6TASIN SIEKTEPAIMONG TNG

SwTppns.

Evyopioted emiong tov k. Kovotaviivo Zxopda, Aéktopa tov Tunupatog
I'eomoviag IxBvoroyiog kar Yodtvov Ilepiariovtog tov Tavemotpiov Osccariog,
vy v moAvTiun Ponbewa tov kot tn Swpkn kebodnynon katd tn SeEaywyn Tov
TEWPALATOG KOl KOTA TN cLYypae ™G mapovsas datpiPne. [apdiinia Oa MBeia va
evyopotnow Vv ko lodvva Kaotpiton- Kabdpov, Avaminpotpie Kobnyntpo
Tunuatog I'ewmoviag IxBvoroyiog kot Yodtivov Ilepifariovtog tov IMavemomuiov
BecoaAiag, Yo TIG TOAVTIUES EMONUAVGES KOl O10pODGES KATA TNV EKTOVIOT TNG
SwaTppng pov.

®a NBera va gvyapiotiow Bepud tov Koopion Anunrpro, I'ewrdyo TIE yio v
dupeon xor moAvtun Ponbel TOL GTOV TOUEN TOV EPYOUCTNPLOKOV OVOAVGE®V, TNV
Morro Katepiva, Awddaktopa IN'eomovo TME kor tqv Mapdlov Evayyeio, Ymoynoio
Awdaktopa Teondovo IIE yw v moldtium Ponbeid tovg katd TN dSdpkela
EPYOCTNPLOUKDV OVOAVCEDV.

Evyopiotieg eniong ameuBiveo 6Toug 1010KTHTEG KOl GTO TPOCMOTIKO TOV LOVAI®V
yBvokaAMEPYELOS Yot TNV GLAOEEVIDL TOVG, TNV TaPOYN SEIYUATOV KOOMG KOl Yo TV

moAvTIUY PonBeta TOLG.
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TéNog, ekppalm TIC EVYOPIOTIEG LOV GTOVG PIAOVG OV KOl GTOV AOEPPO OV, TOV
Ntav oimAa. pov Otav Tovg YPEWLONOVY KOl GTOLG YOVEIS HOL Yo TNV OUEPLOTN
ocvumapdotact Ponbela Kot katavonon kob’ 6A0 1o ¥Povikd S1AGTNUO TV CTOVOMV

pov.
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Vi

MEPIAHYH

H mapodoa petamtoylokn dwotpipn] eixe oav otd)o TN depehivnon TV LETABOADY
TOV TEPIEYOUEVOV YMNUKOV otoryeiov (Cu, ZNn) oto WAHHOTO Kol 6TOVG EKTPEPOLEVOVS
opyaviopovg towmovpag (Sparus aurata) kot Aafpakiov (Dicentrarchus labrax), pe
OKOTTO TN PEAETN TNG CLGGMPELONG PapPEéV UETAAL®Y TOL TPOEPYOVTAL OTd TN XPNoN
VOOAOYPOUATOV ota diyTva TV yBvokaAliepysiwv. EpsguviOnkav ta mepieyopeva
pétoAla oto emovelokd WCHRATO Kot 6ToVg 16To0¢ (Bpdyyla, GUKAOTL, PUiKd 16T0) TV
EKTPEPOUEVOV OPYOVIGUMY KoL TPOYUATOTOMONKE GTOTIOTIKY cUYKPLoN HETAED anT®OV
OV TTPOEPYOVTOL OO LOVADES TOV YPTNGLUOTOLOVV 1] OYL VOUAOYPDLATOL.

EmAéyOnkav téoceplg povadeg vdatokoAMépyslog, o000 €K T®V  OMOI®V
YPNOLOTOIOHV VPUAOYPOUOTO VIO TOV EAeYY0 NG ProemiocTpmong kot dVo mov dev
ypnowonowovy. Ta detypoata WCnpotog kot ot 1610l TV dvo €OV avaAdOnKav
TPOKELUEVOD VOl TPOGOLOPIOTEL 0 TTEPLEXOUEVOC YaAKOG (CU) Kot wevdapyvpog (Zn).

O TPOoGdOPIGUOC TV TTEPLEYOUEVOV UETAAL®V €yive émetta omd dlaAVTOTOINoT
TV detypdtov Wnuatog copeova pe t pébodo EPA 3051 kot Broloyik®dv 16ToOvV
ovppwva pe ™ uébodo EPA 3052. Ot avaldcelg Tov KoV oTotyelov yvov te
uébodo g Paouatopetpiog Atopkng Aroppoéenong (AAS).

Ot avardoelg Tov detypdTov Tov 1KNRATOS £01E0V OTL TO TEPIEYOUEVO TOV YOAKOD
KOl TOV YeLddpyvpov elvar vymAdTEPO ota WKUATO TOV HOVAI®Y TOV YPNCLULOTOI0VV
VOOAOYPOUATO, EVAD TO TOGOGTO PlrodtofesIdTTOS TOVG OTIG HOVASEG OVTEC eivan
OUTAGG10 1 KOt TPITAACIO GE GYECN LE QVTEG TTOV OEV YPNGUYLOTOOVV VQaAoypduato. H
OTATIOTIKY eMeEePyasio oL TpaypaTtomo|inke Hetald TV SEYHATOV WKHHUOTOS Y TIG
HOVAOEG OV YPNOLUOTOOVV OYl VOUAOYPOUOTO £OEIEE OTATICTIKMG UM ONUOVTIKES

OlLPOPES YL TOL TTEPLEYOUEVD, HETOAAN. X GUYKPION HE TO KPITHPLX TOLOTNTOS, TO
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vii

wnuato g mapovoas epyaciog o¢ emi 10 mAeiotov Bempovviol HETPLOL PLTOGUEVA,
COUQMVO UE TIS OVATATEC OMOOEKTEG TIUEG TTOL OVOPEPOVIOL OTNV TEPPUAAOVTIKN
vopoBesio EPA kot dev amouteiton 1 Aym HETP®V amoKATAGTOONS TOVG.

Ot avoADGEIS TV PLOAOYIKOV EIYUATOV EJE1ENV OTL O TEPLEXOUEVOS YOAKOG GTO
HUIKO 16TO NG Towmovpag Kot Tov AaPpakiod elval YoUnAdTEPOG OTO JEIYUOTO TMOV
HOVAO®V TTOV OV YPNOIUOTOI0VV VPOAOYPOLATA. Ot VYNAOTEPES TIUEG TOV YOAKOD Kot
Yl TOL OVO EKTPEPOUEVA EIOM, TAPATPOVVTOL 6TO GVKAOTL. H povomapayovtikny avaivon
dwakvpavong (one-way ANOVA) £€0ei&e  OTOTIOTIKOC OMNUOVTIKEG O0QOPEG GTO
eplEXOLEVO Popémv HETAAL®Y g OAa T SEYILOTO IGTOV TOV dVO HEAETOVUEVOV EWOOV
petalh TV HOVAd®V OV YPNGLULOTOLOLV 1] OYL VOUAOYPDOUATE EKTOG OO TO YOAKO GTA
Bpayyo ¢ Toumodpag Kol TOV YELOAPYVPO GTOV HLIKO 16Td Kol oto Bpdyyio TG
To1movpag Kot Tov AaPpakiov. O mepleydUevos YoAkOg Kot Yevddpyvpog mov Ppébnie
ot Ogtypota poikod 1otol elvan og kdBe mepintwon yopunAdTEPOS omd TA AVAOTUTO
EMTPENTA OPLOL TOV VTOJEIKVOOLV 01 d1ebveic 0dnyieg o€ oyxéon pe TV KATAAANAOTNT
Y ovOpOTIVY KATOVAA®OT).

Téhog, amd to AmOTEAECHOTO VTN TNG EPYUCING PAIVETOL GOPAOS OTL 1| YP1|oM
TOV VOAAOYPOUATOV GTIG VOUTOKAAAEPYEIEG LWITOPEL VO EMNPEAGEL GE GNUOVTIKO Bobpd
0 TePlEYOUEVO TV Papéov UETAA®V oTa 1NUATO KOL GTOVG EKTPEPOUEVOVS

OPYOVIGLOVG.
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1. EIXATQI'H

1.1 Buoeniotpwon
Q¢ Broemiotpwon opileTar  LOIKN AVATTVEN OPYAVICU®DV GTIG EMLPAVELEG TMOV
avOphOTIVOV KOTOoKELOV Tov givor Pubicpéveg oto vepd Kot M omoia pmopel va €xel
ONUOVTIKEG apyNTIKEG olkovoulkég emmtdoelg o owtég (WHOI 1952). H Bloeriotpmon
epeavifetoar oe OAOVE TOVG MKEOVOLG Kot oe Oha ta BaOn. IMapdia avtd Ouwmg, o
YOPAKTNPOG Kot To PEYEDOS TG TOKiAAOLY €viova avAAoya LLE TOVG PLGIKOYNUIKOVG

Kot Broloyikovg Topayovteg tov mepiBaiiovog (Benson et al. 1973).

Ewova 1.1: Broenictpmon og diyrva tyfvokiwmpPov (Pwtoypagio tov cuyypapia)

Otav wo xoataokevn Pobiletoan oto0 Bokacovd vepd n kdlvyn ™ ond
opyaviopovg  eivar  avamdéeevktn  (Yebra et al. 2004). Olec ov emodveieg,
ocvumepthapfoavopuévav Kot ekeiveov tov eEomMopov g ybvokailiépyelag, mov givat
BvOiouéveg oto Boracovd vepd, vTofaAlovionl GE Pid GEPE JAKPITAOV YNUIKAOV Kot

Boroywkdv oarrayov (Gunn et al. 1987). H avamtuén tov opyavioudv 1Tng
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Bloemiotpmong ivon pior 6TadtoKkn O1adtKacio Katd TV omoia o€ Kabe dlokpitd 6Thd0
oynuotiletatl To VIOPabpo Yo To endUEVO GTpOUN emtkodNueEVEY opyavicpmy (Daniel

& Chamberlain 1981, Davis & Williamson 1996).

1.2 Opyavicpot g Proemioctpmong
H Proenictpoon eivar éva ToAOTAOKO QUGIKO POIVOUEVO. X€ TAYKOGULIO EMITEDO
&xovv avapepbel meprocotepa amd 4.000 €idn mTOL GULUUETEXOVV GTO QUIVOUEVO TNG
Bloemiotpmong, Ta TeplocdTEP €K TOV 0MOimV (OLV KATA KOHPLOo AGY0 o€ pnyd VEPA Kot

KOTO UNKOG TOV 0KTOV 0TToL vItapyovv aebova Bpentikd cvotatikd (Yebra et al. 2004).

Ot Bordoclot opyavicpol mov mpokaAovv 1 Proemictpwon pmopoldv vo
YOPIGTOVY o€ dVO peYdAeg katnyopies. H mpotn meptlopfdvel toug opyavicprods g
pkpoemiotpwong (microfouling), ot omoiot givar ta Baktiplo ko ta dtdtopa. H dAin
Kotnyopio meptlapPavel tovg opyaviopode g pakpoetiotpmong (macrofouling), to

O oNUOVTIKG €101 TG omoiag ivorl ot TETAAOES, To LD, O TOADYOLTOL, T UKL Kot

T VOpOLwa (Olsen 2009).
Ewova 1.2: INetarideg (Megalabanus californicus) Ewova 1.3: Modwo (Mytilus edulis)
(www.week.divebums.com) (http://www.sciencephoto.com)
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Ewéva 1.4: Ooxn (Laminaria saccharina) Ewova 1.5: Yopolwa (Obelia geniculata)

(www.superstock.com) (http://www.discoverlife.org)
Eivor yvootd 6t1 n Proeniotpwon amoterel Eva onpoavtikd mpofAnpa yio )
BaAddooia voatokaAAEpyEln o€ Taykoouo eninedo (Hodson & Burke 1994, Hodson et
al. 1997). Ouv ybvokhowPoi pmopel vo yepicovv opotd omd OpPyaVIGHOVS NG

Broemiotpmong petd and 1-2 gfdopddec PvOiong tovg oto vepd (Cheah & Chua 1979).

Ewova 1.6: Bloeniotpmon og diytva (www.dfo-mpo.gc.ca)

1.3 Xpovikn evomdheomn Tov opyovicp®V NG PloemicTpmong
To @awdpevo g Proenioctpwong oto Bohacovd vepd amoteieiton amd tpio

SlKPLTd 6TAd0:
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o  ApyiKd, oTnNV EMEAVEWL TNG KATOOKELNG oynuotiletor péca amd pio omAn
QLOIKY aVTIOPUCT £Va VITOGTPMLM, TO OTOI0 OMOTEAEITAL ATO OPYAVIKA VAIKA,
OMWG TPOTEIVN KOl TOAVGOKYOPITES. AVTO TO Prjna ivor ypovikd chHvTopo (evog
Aemtod) Ko mop€xel o KOA®MOM empdveln  (uepPpdvn) omv  omoia
TPOCKOAADVTOL apyOTEPQ Ol JAPOPOL pikpoopyavicuol (Brodoykn pepppavn)
(Callow & Fletcher 1994).

e X Proroyikny avt HEUPPAVN OVOTTUGGOVIOL GTN GLVEXEW PaKTiplo. Kot
pkpoevkn (Lewin 1984). To didtopo &givar ovtd 7OV VIEPIGLVLOLY GTN
Boroywm  pepuPpdvn  mov  avamtOGGETOL  GE  GUYKEKPUEVOLG  TOTOVG
voparoypopdtov (Callow & Callow 2002)

e Metd 10 oynuaTIopHd Kor TV avlmtuén g Poroyikng  pepPpdvng,
TPOYUOTOTOEITOL 1) TPOCKOAANGT T®V TPOVOUPADV TOV OPYOVIGUAOV TNG
poKpoemiotpoong. Avo N Tpelg efdopddsc apyodtepa, avtég TEMKA O
e€elMybobv og wa Proroykn kowvotnto (Guardiola et al. 2012).

Ye mepapota Podione katackevdv oty OBGAacca, 1 TPOCSKOAANCN T®V
HoKpoopyovIoR®V  gpeavifetonr ocuvnBwg peTd 1O oynuatiopd Mg Proloyikng
ueuppavng (Abarzua et al. 1995, Chambers et al. 2006). Qotdc0, dev yivetal mhvta €161
(Cooksey & Wigglesworth 1995, Yebra et al. 2004), kabmhg opiopévo €idn g
Bloemiotpmong mpooKoAA®VTOL TPV omd TO CYNUOTICUO NG ProAoykng pepppdvng
(Hung et al. 2005).

‘Eva onupavtikd 0épa yio t Proeniotpmon ival ot moAvapifueg mopapueTpotl Tov
emmpedlovy TV TodTNTO TNG OVATTLENG TNG Kol T €101 TOV OPYOVIGU®OV TOV TNV
araptiCouv. H avémruén g Proemiotpoong oe pioo em@dveln €ivol amoTéAEGUO

QLGIK®OV, YNUKOV Kol BLOAOYIKOV TOPAPETPOV OTTMOC: 1 Bepuokpacio, N ayoydTTa,
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N evepyoc o&vmnto (PH), 1o dtadvuévo 0&vydvo, N TEPLEKTIKOTNTO GE OPYOVIKT VAT, Ol
vOpodVVapIKEG cuvOnKeg, N TomoBesia, 1 Moy, TO EMC Ko, Kotd cuvéneld, To fAbog

(Delauney et al. 2010).

1.4 Apvnrikég emmtmoelg g Proeniotpmong

H Puoeniotpoon omm Pounyavio tov vdotokoAlepysidv emnpedlel TOV
€EOMMG O, TIG VTOSOUES 1) KOO KoL TOVG 1310V TOVS EKTPEPOIEVOVS OPYAVIGLLOVC.

O gmoedveleg mov emmpedlovtal pmopel va givol Kvntée, Ommg Paprec Kot
diytva 1 otdopeg dTwg aykvpeg Kot tybvokimBoi. Avth n vynAn petafAntdTTa GTOVS
TOOVG TV VAMKOV KOl OTNV EMPAVEIDL TOVLG, EMNPEALEL TN GLYKEVIPOON TV
0pYOVICUAOV NG PloemioTpmong KaOdS Tapéyel (o LEYAAN TOKIALL EVOLOLTNUAT®V 1)
omoi0 IKAVOTTOLEL TIC S1OPOPETIKEG OMALTNOELS ALTAOV TMV OPYOUVICU®DV, 00NYDOVTOS £TCL
o€ JLOPOPETIKEG GLYKEVTPMGELS PLOEMIOTPMONG OKOMO Kot PEGa oTnV 1010 T Hovada
(Dirr & Thomason 2010). H puoerniotpwon mpochéiter onuoviikd Papog otig
KATOOKEVEG Ol omoieg elval Pubiocpuéveg kol pmopel va dNUIOVPYNGEL TPOPARUATO TOV
aQOPOVV TO YEPIGUO TOV €E0MMGHOD, 18img OtV TTpEmel va apatpefoldv ta dlyTva Yio
va koBopioTovv.

[Ma tovg extpepoduevovg opyavicpovg N Proemiotpwon amotelel eniong peydio
mpoPAnua, kKabmg epdocel Ta diyTva TV YYBLOKA®POV peldVOVTOG £TL TNV TaXDTNTO
PONG TOL VEPOL Kot pal Ta EMImMEd TOV OlaAVIEVOD 0EVYOVOL. Ta Wwapla GTapaTobY va
tpépovtol Kot 1 OBvnowdtrtd tovg eivor vynAn. EmutAéov, m amopdkpuvon twov
poioviov peTafolMopon yivetow dvokola kot o 1yBvokhwPog Asttovpyel ¢ pio
KAewot oegapevn mov givor opéag acheveldY Kol TOPACITOV Y10 TOVS EKTPEPOUEVOVG

opyaviopovg (Diirr & Thomason 2010).
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Eivon gupémg amodextd ot n Proemiotpmon eivor Eva damavnpd mpofAnua yio
™ Prounyovia tov véatokailepyewwv (Enright 1993, Hodson et al. 1997). Znuavtikd
Tocd xpoOvov Kot ypnuaTOv £odevovior Yy TNV KATOmoAEUNon g MEco omd
dldikacieg  ovveyodc ouvinpnong Kot xpnong  veoaroypopdtov. H o yxpnon
VEAAOYPOUATOV GE Eva 01TV UTOPEl va £YEL Eva ONUAVTIKO XPNUOTIKO KOoToG. [Tapdia
VT, OV VIAPYOVV JUOEGILO EMOTNUOVIKA GTOLXEID Y10 TIG OIKOVOUIKES EMMTMOGELS
oL Umopel va €Yl CLVOAIKA M PLOEMIGTPMON OTOV TOUED TMV VOUTOKOAMEPYELDV

(Bennett 1996).

1.5 Yporoypopoto
Ot épevveg S100OpwV TEYVOAOYI®DV Yoo TOV EAyY0 NG Proemiotpwong £xovv
olpopa  emimedo  WPOKTIKNG  €QOPUOYNS OGOV  oaeopd TN  Prounyovie ToV
VOOTOKOAAIEPYEIDY, KUPIMG OMMOC £€yovv  emKevipmOel otV  KOTOTOAEUNGON TNG

Broemiotpmong twv mAoiwv.

2T1C LVOUTOKOAMEPYEEG, YOO TNV KOTOTOAEUNGT TOL  (QOLVOUEVOL  TNG
Bloemiotpmong mpaypatonoleitar 1 ovyvr dAlayn kKot 0 KoBoplopdg TV OTLOV
(Enright 1993, Beveridge 1996, Hodson et al. 1997, Tan et al. 2002), n ypnon kKAoBov
ot omoiot givon avBektikoi ot Proemiotpwon N mepiotpepdpevol (Blair et al. 1982) kot
o0 ymukog éleyyog (Enright 1993, Beveridge 1996, Hodson et al. 1997).

Ta veoloypopata elvar M mo Owdedopévn ADoM Yoo TNV OTOPLYN TNG
Broemiotpwong tov mhoiov kot tov dyytvmv (Lovegrove 1979b, Short &Thrower 1987,
Evans & Clarkson 1993, Douglas-Helders et al. 2003). Ot empdveieg Tov €£0TAMGHOD
TV voatokaAMepyeL®V oL Pubiloviat 610 veEPO PAPOVTOL [LE VOAAOYPDLOTO, TO OTTOT0L
mepEyovy  Tolkd yMukd otolxeio, Kor TG KOOGTOOV OKOTAAANAEG Yoo TNV

TPOCKOAANGN TOV Oopyoviop®v g Proemictpoons (kpoPio Kot GAAES ovdTEPEG

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



pop@és eutikav N Lowav edonv) (Dirr & Thomason 2010). Avotoymg Opms, 1M
TAEOVOTNTO TOV YNUIKOV 0VTOV OVCIHOV EYXEL AVETIOOUNTEG EMOPACELS Kol 6€ GAAOVG
opyavicpovg ov dgv amotedovy otdyo tovg (Terlizzi et al. 2001). Ta vparoypduata
YPNOUOTOOVVTOL 6T Bropunyavic. TV VOUTOKOAMEPYEIDV EMELDN N ¥PNON TOVG Elvar
OLKOVOKOTEPT, O OYEON HE TO YEWPOVAKTIKO Kobopiopd tov dytvav (Short &
Thrower 1987). Kabnhg dpmg avéavetal 1 maykOoHo, aymvia y1o. OL0 Kot TEPIoGOTEPO
VevOLVEC TPOAKTIKEG OTOV TOUEN TV VOOTOKUAAEPYEIDV, VRAPYEL UEYOADTEPN
avnovyie Yo TIG EMATMOCELS MOV UTOPEL Vo EXEL M XPNON TOV VOAAOYPOUATOV CTIG
voOTOKOAMEPYELEG Kot 1dwodTEPO Yo €Kelves mov pmopel evdeyolévaeg va yivouv
eMKivVOLVES Y10 TOV AvOpmmo, Yo To 1yBvamdbepa kot yio 1o mepidirov. H ypnon tov
VOOAOYPOUATOV  OTIG VOATOKOAALEPYELES eAéyyetor MOM  amd  vopobecieg g

Evponaikng Evoong (Maréchal & Hellio 2009, Guardiola et al. 2012).

151 Toavpoaroypdpata oty mopeio Tov xpovov

Kotd ™ dudpreta g dekaetiog tov 1960, o ynuikéc fropmyoavieg dnpiovpyncov
OTTOTEAEGUATIKG DOOAOYPOUATO YPNCLLOTOIDVTAG OPYOVOKOGGITEPIKES EVIGELS OTTMG:
tov  tpiovtvrokacoitepo  (TBT) «or tov  tprpauvvrokaccitepo (TPT). Ta
VOOAOYPOUATO AVTE XPNCYLOTOMONKAV GTN GLVEYEWD OTIS LOATOKOAMEPYELES (apPYEG
tov 1980). Avtéc ot ynuikég ovoieg €xel amodeyytel OtL givar e€oupetikd To&IKES Yo
TOALOVG VIPOPLOVG OPYOUVIGLOVG, OTL LETAPEPOVTOL LEGM TNG TPOPIKNG AAVGIdNG Ko OTL
eueavifovv peydin avlektikdémmra ot didpkelo Tov ypovov (Terlizzi et al. 2001,
Dimitriou et al. 2003). To XZentéuppio tov 2008 (IMO), amayopedTnKe 1 ¥pPHON TOL
tpiBovtvriokacoitepov (TBT) ota veoroypduate AOY® GPKETOV SVGUOPPLOV OV
TPOKGAESE GE 0GTPAKOELON Kot Ady® TG Plocvocmdpevong Tov ota yapio (Evans et al.

1995, Strand & Jacobsen 2005). Ta televtaio ypovia, APYLGOV VO, ¥PNGLLOTOIOVVTOL TO.
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OPYOVIKG €VIGYLTIKA PlokTdva, ¢ EVOAOKTIKY ADGCY TOV OPYOVOKOGGITEPIKMDV
EVOGEMV OV LINPYoV oTo vearoypopoto (Guardiola et al. 2012). Auepa nAov, ta
VEAAOYPOUATO YOPILovTon G OLO KATNYOPIES: G€ AVTA TOV TEPLEXOVV PlOKTOVES OVGIEC
Kot o€ ot mov dgv mepiEyovv (Diirr & Thomason 2010).

O yoAxkoc (Cu) omotelel 0 KOPLO PLOKTOVO CLOTATIKO TV TEPIGGOTEPMV
VEOAOYPOUATOV OV  YPNOUOTOOVVTOL  onuepa ot Prounyavie TV
voatokaiepyeiov (Douglas-Helders et al. 2003, Braithwaite & McEvoy 2005,
Burridge et al. 2010). Zvvf0wg, xpnoyonoteitar pe T HopPT| Tov 0EELBI0V TOL YOAKOD
(Cu0) (Yebra et al. 2004). Eriong, o avopyavog yevdapyvpos (Zn) ypnoiomorteiton
GLYVA € GLVOLOCUO LE TO YOAKO pe okomd vo avénbel n cvvolikn To&KdTTA TOV
OKELAGLOTOG KO VoL O1EVKOAVVOEL 1] d1001KaGTaL OLéYLONS TOV VOATOOIAVTAOV TUNUATOV
10V, amelevBepdvovTag ot TNV To&kn ovaia g Paeng (Watermann et al. 2005).

[ToAAEG xdpEG Exovv G 6TOYO TN UEIWOT TOV VOAAOYPOUATOV (TOV £XOVV ®C
Baon 1o yoAkd) otnv voatokaAMépyeln, KabDS cOppmva pe v odnyia 67/548/EOK
Bewpeitoanr Waitepa TOEIKOS Yoo TOVG VOPOPLOVE OpyavicpovS kot umopel va €xel
pokpompdbeouec OLOUEVEIC emmT®OE; 610 voAtvo TepPdAlov (Braithwaite &

McEvoy 2005).

152 Boapéa péTaAlo 6To VEAAOYPOLOTO
Ta Bapéa pétaria (YaAKdg, Yeudapyvpog, VOPAEPYLPOC, KACTITEPOS, LOAVPOOG,
VIKEMO, YPOUO KOl KASUIO) OTOTEAODV GLOTATIKG TOV  VOOAOYPOUAT®V OV

YPNOUOTOLOVVTOL YioL TOV EAEYYXO TOL Qawvopévoy ¢ Proemiotpwong (Turner et al.

2009).
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Ta Bapéa avtd pétoriio Bempovvial emkivovva AOY® TG VYNANG TOEIKOTNTOGC
TOVG, TNG KVKAOQOPIaG TOVG UECH TNG TPOPIKNG OAVGIONS KOl TG GLGGMPEVCNG GTOVG
opyaviopovg (Chambers et al. 2006).

Nuepa, o yoAkog Bewpeitar To KHPLO GLOTATIKO TV VPUAOYPOUAT®V (Jones &
Bolam 2007) kot n yprion avtodv Oempeitar o¢ pio. onuoviiky oavOpomoyevig mnyn
yoAkob oto vdatvo mepiBaiiov (Claisse & Alzieu 1993, Matthiessen et al. 1999,
Warnken et al. 2004). Ocov agopd GALN GLGTATIKA TOV VIAPYOVY GTO VYUAOYPD LT
Kot o omoio pmopel evOEYOUEVMOG VO TPOKOAEGOLV OVLGUEVELS emdpdoels (Onwg o
yevdapyvpog) vapyel Edhewyn dedopévov (Yebra et al. 2004, Karlsson & Eklund
2004, Karlsson et al. 2006, 2010). Ta veoroypdpoTo TOL EXOVV ®C PAon TO YOAKO
elvar  oyedaopéva  €W0KE Yoo TIC  VOOTOKOAMEPYElEG Kou  elvar  to  mwAEOV

ypnoonoovpeva. Ta vparoypopata avtd pmopel va mepEyovv mg Kot 40% oo

(Braithwaite & McEvoy 2005).

1.5.3 Yooroxpopata kot fapéa pétoria ot npot

Ta Wpota arotedAodvtol amd To addivta TPoiovia TG amocdfpwong twv
YEOAOYIKOV  CYNUATICHAOV, NS OWPpmong Ttov &dap®dv kot TG PloAoyikng
OpaoTNPOTNTAG. ZNUOVTIKO T0c0oTd TV OBoddcciwv inuatov amotelobvtol amd
deVTEPOYEV] OPLKTA OT®G €lval ot apytlol Kabwmg emiong kot OAa Ta O1AVTA €N OV
GLUVOLOVTOL LE TIG OTEPEES PACEIS HECH OlEPYOsI®Y oL e&gMocovtol otn BoAdooia
pélo xoatd v Katafvion tov awpovuevev copotdiov. H cdotaon tov inudtov
e€aptdton amd TV TPOEAEVLOT), TOV TPOTO UETOPOPAS Kol TO TEPPAALOV amdBeong

(ApPavitng 2006).

Ta Whpata sivor 1 KoptdTtePn QLOIKN amoBNKN cLYKEVIPOONG TV Popimv

peTaAA @V 6T VOATIVe, okocvotipata (Harding & Whitton 1978, Forstner & Wittman
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1983, Thomson et al. 1984). Avtkatontpilovv v KoTAoTOOT €VOG VOATIVOL
OIKOGUOTHLOTOG OO TAELPAG POTOVONG, KaOMG emiong Kot TV 16TopIkn e£EMEN TV
VOPOLOYIKAOV Ko YNUIKOV TApAUETp®V. Mécm Tov 10\UATOG UTOPOVLE VO, AVTANGOVUE
TANPOPOPIES Y10 TO. PUOIKAE EMIMEdD TV POTOV KOl YIO. QLT TOV GLGGMOPEVOVTUL
npogpydueva omd avOpamiveg dpactnplotntes. Ta pétadia dev Ppiokoviar povipo
deopevpéva oto WCNUATO, OAAL UTOPOUV Vo, avOKLKA®BOOV, HEGm PlroAoyikdv Kol

ANUKOV TopayovTov Kot vo eravérdovy otnv vddtivny othin (Burridge et al. 2010).

Ta dpactiké cvoTATIKA TOV VEUAOYPOUATOV dloAvovTal 6to vepd (Singh &
Turner 2008) kot pmopei va Exovv ToéIkéC eMOPACEIS o€ €101 TOL OTTOi0L OV ATOTEAOVV
o100 TOovg OAAG Covv otnv VATV oA N oto inuo 6mov £yovv TN TAON VA

oLOCMPEVOVTOL OAEG OVTES oL YN UkéG ovaieg (Burridge et al. 2010).

O yoAkog perpriinke oe WNuoto Kovid e HOVAOES VOUTOKOAMEPYEIDV Kol Ot
GLYKEVIPAOGELS TOL Bpébnke va Eemepvoiv ta emtpentd Opla mov €xovv BeopobetnOel
ywoo v modmro tov nudtov (Burridge et al. 1999, Parker & Aube 2002). Ta
PETOAAD OT®OG O YOAKOG €OVV TNV TAOT Vo cLGGMPELOVTUL oTa WKNHATA AGY® NG
pKpng dtahvtdTag Toug 6T0 vepd. To kpicio {itnua yio v T0EIKOTNTA TOL YOAKOD
ota fpata gival o€ 1010 T0606TO 0 YaAKOG ivar Prodadéotpog (Burridge et al. 2010).
['evikd, oe WHoTo KOVTO 0E LOVASEG VOATOKOAMEPYEIDV GOAOLOV EYOLV KOTOYPAPEL

avénuéva mepleyoueva yorkov (Burridge et al. 1999).

O yevddpyvpog Ommg Kot 0 YOAKOG OEGUEVETOL GE AEMTO COUATIOW Ko
GOoVAQIOI 6To lnuo Ko axoun kot otov etvar Prodtabésiog tvar Aydtepo to&ikog
and 0t 0 yorkdc (Newman & Unger 2003). Ocov agopd to Oépoto e ynUkng tov

popeng kat T ProdtadecidotnTd ToL TNV VOATIVY GTHAN Kot 6To {Nnua, givorl Tapouole
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pe tov yoikov. Omwg kol 0 YaAkdg, 0 YevLddpyvpog LeTpNOnke oe inua Kovtd oe
1BvokaAMEPYELD GOAOLOV Kot Bpébnke OTL TO mEPLEXOUEVO TOV VITEPPaivel KT TOAD
TIC TIHEG TTOL AVOPEPOVTAL OTIS KATELOLVTINPLEG 0ONYiES Yo TNV TOOTNTA TOV INUATOV.
Agdopévne g ovong tov nudtov to omoio PBpiokovior kdtm amd 1yBvokAmBovg
colopol, 0 Yevddapyvpog Oewpeitar yevikdg pn O0BECIUOG GTOVE TEPIGGOTEPOVG

OpoProvg opyavicpovg (Burridge et al. 2010).

154 Yoporoypopota kot fapéo LETAALN GTOVG LOPOBLOVE OPYOVIGHOVS
H eicodog tov Papéwv petdhiwv oto vddtivo mepifdiiov mpokaAiel o
ONUAVTIKY oviovyio SEdOUEVOL OTL OTOTEAOVY SLVNTIKO Kivouvo Yo éva peydlo aptOpo
€MV NG YAWPIOaG Kot TG Tavidag cupmeptAapupavopévon kot Tov avlpdmov, HEcH

™G TPOQPIKNG aAvoidag (Boran & Altinok 2010).

H gvpémg dradedopévn yprion toéikadv Proktévemv 6T VOAAOYPMUAT EIGOYAYEL
VynAd eninedo pumovons oto mepPdAiov Kot Tpokarel avnovyieg Yo TIC TOEIKES TOVG
emdphoelg otoug Baddooiovg opyavicpovs. Ot BaAddcocior opyovicpol cuGGOPELOVY
TOUG PLTOVTEG TOV VOOAOYPOUATOV TOGO evepynTiKO OGO Kot ToONTIKd, pe TNV
amopPOPN O OO TO VEPO UECH EMPAVELDV TOV GCAOUUTOG TOVS, LEGH TNG OVOTVONG Kol
péow tov mentikov ovotiuatog (Tinsley 2004). H petapopd avtdv tev pimev o
VYNAOTEPA TPOPIKA emimeda Exel PLéyLoTn onuocio, €WK 6tav 0 opyaviopdg VTS
anotelel Pactkn Ty Tpoeng Yo tov dvBpwmo (Antizar 2008). Ot gvepyelakég avaryKeg
TOV 0PYOVICUAV Kol 1 BE0M TOVg TNV TPOPIKT aALGida mailovy Kaboplotikd poLo GTO
unyovicpo tpécinyng tov petdiiov (Baudo 1987, Varanasi & Markey 1987).

[Mopd to TAEOVEKTAUOTO TOV VOOAOYPOUATOV OGOV 0@OPE TOV EAEYXO TNG
Bloemiotpmong, ot Papég mov £xovv wg Pdomn To YoAKO UTOpEl VO EYOVV LELOVEKTILOTOL

ocov apopd v tybvomapaywyn. H avénuévn mocodtto yohkod oe éva diytuv €xet
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amodetytel 011 umopel va givar Bavatneopa yio o exktpepoueva yaplo. (Burridge &
Zitko 2002). O Anderson et al. (1995) ka1 ot Bellas et al. (2001), avapépovv 611 o1
opyavicpot mov €yovv extebel oe vepd pHe LYNAL TOGOCTA YOAKOV UTOPEL Vv
emnpedlovtar éupeca. Ov Douglas et al. (2003), avagépovv vynAd mocootd
BvnowdToc o€ Yaplo Tov avorTOoGoVIOL o€ Y BLOKA®PBOVG GTOVG Omoiovg €xovv

ypNoonomel T€1o10v £160VG LEAAOYPOLOTA.

Youpovo pe v épevva tov Katranitsas et al. (2003), ta vporoypduata ivol
duvaTO Vo EMNPEACOVY OPYOVIGUOVS TOL JEV ATOTEAOVV GTOYO TOVC. LT GUYKEKPIUEVT
épevva ¢ Telpapatolmo emhéydnke to idog Artemia, to omoio ektébnke oe TAVEA TaL
omoio elyav emkaivedei pe to veordypoua Flexgard VI-I1, to onoio éxel o¢ Pacikd
ovotatikd 10 0&gido tov yaikod (18% Cu,0) kot éva Proktovo (Chlorothalonil) ya
TOV €AEYYXO0 TOV OPYOVICUDV TNG Proemiotpmong ot omoiot ivar avBektikol 610 YOAKO.
To veardypoua Ppédnke vo elvar Wiaitepa To&kd TPOKAADVTAG VYNAL TOGOGTA

Bvnoottoc.

Ot Cotou et al. (2012), perémoav e€Gv To emimeda yaAkoD 7OV
anelevBepdvovior omd To EMKOAVUUEVO HE LOOAAOYpOLOTH OlyTva emmpedlovv TO
aVOGOTOMTIKO UNYavioud AQuovag Kot 1 oV TPOKOAOUV 0EEWMTIKO GTPEG GTO
extpepopevo AaPpaxt (Dicentrarchus labrax). Ta amotedéopato £det&av 0Tl 0 XOAKOG
ov amelevBepdveTal amd diyTva PE VOOAOYPDOUATO OEV TPOKAAEL OEEOWMTIKO GTPES
aALG emnpedlel TO OVOGOTOMTIKO GUGTNUA KOVOVTOG TO WOPLOL MO ELVOAMTO OF
ac0EveElEC. ZUUTEPAGLOTIKA OVAPEPOLY OTL TAL VOOAOYPMUATO LE Bdomn To YoAkd pmopel

Vo AOTEAEGOLV KIVOLVO Y1 TV VYELX TOV AafpaKiov.
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Ooov apopd tov Yyevddpyvpo, vdpyel EALEWYT GTOLXEIMV, OAAA £YEL OTOOET(TEL
OTL GTNV 1OVTIKN TOV popen €ivar emiong to&ikoc Yo Toug Bahdco100¢ 0pYaVIGHOVE GE

UEYOADTEPEG OUMC GLYKEVTPOGELS amd avTéS Tov YaAkoV (Burridge et al. 2010).

H pomoavon tov Boddociov mepidrriovioc amd Papéa pérodro to omoio
anelevfepdvovtal amd o VPAAOYPOUTA 00MYEL o€ oo pelwon TG ToKIAdTN TG
TOV 0OV Kot EMOPA 6N petdpévn otabepdmra tov kowvotntov (Prater & Hoke 1980,

Kelly et al. 1990, Weis & Weis 1995).

1.6 Xx0mdG TG TOPOVGOG EPELVOG

H pbmavorn tov vddtvov mepifariiovtog pe Papéa pétarra givor dvvatd vo
npokAnOel amd @uowég kot avBpomoyevelg mmyéc. Xtig avOpwmoyevelg mnyég
CLUUTEPIAOUPBAVETOL Kol 1) YPNON TOV VOUAOXPOUATOV. XTNV TOPOVGO EPELVO,
e€eTdoTNKAV Ol GLYKEVIPMGELS ToL yoAkoy (Cu) ko tov wevddpyvpov (Zn) mov
amoTeAOVV PacIKd GLGTATIKA TOV VOOAOYPOUATOV TOL YPNGLOTOLOVVTOL CUEP CTIC
LOVASES VOATOKOAALEPYELDG. XKOMOS TNG EPYOOIOS NTAV Vo aviyveDGEL TOV THOVO
Babud cuoocdpevong TOV PETAAA®Y TOV TEPLEYOVIOL GTA VPAAOYPDOLOTO GTO dVO O
gumopkd ektpe@odpeva £16m g EALGSag, otnv Toumovpa kot 6to Aafpdkt kabdg kot va
KATOYPAYEL TO TEPLEYOUEVO TOVG G€ NHoTa KAT® amd Tovs tyBvokiwpBovg. ['a to Adyo
aLTO OTOHOVABNKAY 16TO1 OTMG: GLKATL, PPAyyle Kot Hikog 16106 KaBmg Kot detypato
empavelokod WKAuatog, peAetbnke to mepieyduevo tov yoikod (Cu) kot Tov
Yevddpyvpov (Zn) oe avtd Kot TPAyHATOTOWONKE GOYKPIOT TOV OTOTEAEGUATMV.
Eniong, ota dsiypata tov Wnpatog £ytve exTiumon tov oAkoD TEPEXOUEVOD KOl TOV
ePlEXOLEVOD TV Popmv HETAAA®V To 0Toia TPoEpyovTal omd avOpwmoyevelg TnyEs.
Me t0ov 1pdmO aTO £yve TPOOTAOELD, TANPESTEPNG EKTIUNONG TOV EMATAOCEDV TOV

VOOAOYPOUAT®V GTOVG EKTPEPOIEVOVG OPYOVIGLLOVG.
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1.7 BipAoypaeikn avockonnon

H épevva yia v Proenioctpmon tov ybvoklmPav Eekivnoe tpv and 40 ypdvia
nepimov (Milne 1970). To @awvopevo ¢ Proemiotpmong oTig yBVOKAAMEPYEIES ExEL
pueietnOel and évo peydro apBud epevvntov (Chean & Chua 1979, Gunn et al. 1987,
Enright 1993, Hodson et al. 1995, 1997, 2000, Yebra et al. 2004, Braithwaite &
McEvoy 2005, Diirr & Thomason 2010). O £é\eyy0g Tov VG1KOD AVTOV PALVOUEVOL OTN
Blopunyovie TovV  voaTtoKoAMEPYEIOV Exel  peietnBel opketd kol pmopst  va
npaypatonomdei ypnoponolidvtag didpopa doyeplotikd pétpa (Blair et al. 1982,
Enright 1993, Li 1994, Beveridge 1996, Lodeiros & Himmelman 1996, Hodson et al.
1997, Tan et al. 2002, Braithwaite & McEvoy 2005, Diirr & Thomason 2010), peta&b
TV omoimv givar kot 1 xpnon vearoypoudtov (Lovegrove 1979b, Short & Thrower
1986, Evans & Clarkson 1993, Douglas-Helders et al. 2003, Braithwaite & McEvoy
2005, Diirr & Thomason 2010). Ot neplocdTeEPES £PEVVES APOPOHY VOAAOYPDUATO TOV
TEPEYOVV LYNAGQ TOGOGTA YUAKOD GTN HOPPN TOL Hovocshevolg o&ediov Tov yoikoD
KOl (PNOUOTOIOVVTOL OTOKAELGTIKG otV Propnyavia tov véatokaAilepyeimy (Enright
1993, Beveridge 1996, Douglas-Helders et al. 2003, Yebra et al. 2004, Burridge et al.
2010, Diirr & Thomason 2010). Ymdpyovv epyocieg Ol OMOIEG TEKUNPUOVOLV TIG
EMOPAGELS TOV VPOAOYPOUATOV GTOLG OpPYOVIGHOVG. Ot meplocdtepes amd avTEG
aQOPOVV TN YPNON VOUAOYPOUAT®V GE HOVASES 1YOVOKOAMEPYELDG GOAOUOD Kol TNV
EMIOPOCT TOV YOAKOD KOL TOV YEVOAPYLPOL GE OPYAVICUOVS OV OEV AMOTEAOVV GTOYO
tovg (Anderson et al. 1995, Bellas et al. 2001, Burridge & Zitko 2002, Selberg et al.

2002, Singh & Turner 2008, Burridge et al. 2010, Diirr & Thomason 2010).
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H to&idmra mov pmopel va €400V T VOAAOYPDOUATO GTOVS OPYAVICUOVS £XEL
tekunplobel and epevvntég oe mepduoto epyactnpiov (Viarengo et al. 1996,
Katranitsas et al. 2003, Karlsson & Eklund 2004, Cotou et al. 2012).

Eniong €yovv yivelr apketéc epyacieg otig omoieg avapEpeTol 1 ETIOPOCT TOV
umopel va. Exovv ta veoroypdpate oto inua. To mePlEYOUEVO TOL YOAKOD KOl TOV
yeuddpyvpov o€ NUOTO KAT® omd HOVAOES EKTPOQNG COAOUOV, OTI OTOIES
YPNOLOTOLOVVTOL VPUAOYPDOUOTO Y10, TOV EAEYYO TNG Proemiotpwong, £xel pneietnOet
and éva peyaro apdpo epsvvntav (Debourg et al. 1993, Burridge et al. 1999, Morrisey
et al. 2000, Chou et al. 2002, Parker & Aube 2002, Selberg et al. 2002, Belias et al.
2003, Brooks & Mahnken 2003, Newman & Unger 2003, Singh & Turner 2008,
Burridge et al. 2010, Kalantzi et al. 2013).

O1 meprocdtepeg and TG TOPUTAVED £PEVVES KATAAYOVY GTO GUUTEPOGHLO OTL TO
Bapéa pétaiia, ¢ BocKd GLOTATIKO TOV VOAAOYPOUATMV, GVCCOPEVOVTAL GE VYNAES
TIéG o€ WAHOTO KATO 0md LOVASEG VOOTOKOAMEPYEIMV KOl UTOPEl va £x0VV TOEIKES
EMOPAGELS GTOVG EKTPEPOUEVOVS OPYOAVIGUOVG.

Ytov EAMvikd ydpo €xovv yivel apkeTéC €PEVvEG Yo TO TEPLEYOUEVO TMOV
Bapéwv petdhlov oe nuota. O aplBudg TtV EPELVOV  OU®E TOV  EYOLV
mpaypoatoromBet yioo Tov vIToAOYICUO TV TTEPLEXOUEVOV PBapiémv HETAAL®Y og WnuaTo
amd povadeg voatokaAlepyeldv eivan pkpog. O Belias et al. 2003 peiémoav ta
nepleyopeva tov Papéov petdAlov oe nuato povadwv tyBvokaAlepyeldv otnv
mePLOYN TOV AGTAKOV, TPOGdOPILoVTag TO OMKO TEPIEYOUEVO TOVS KOODS Kot avTd OV
opeiketan og avBpomoyeveic dpactnpotreg. Ot Kalantzi et al. (2013) gpgdvnoav to
mePLEYOUEVO TV Papéwv HETAAL®Y og 1 NUATO TEGGAPWV HOVASI®VY 1 BLOKAAMEPYEIDV

(TIoviov kou Aryaiov) otig omoieg ekTpépovtan 1 Toumovpa katl to Aappdxt. Ocov apopd
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TOVG EKTPEPOUEVOVG opyaviopove, ot Alasalvar et al. (2002) gpevvnoay kot cOyKpvay,
UETOED GAAMV, TO. YvOoTOLYElD 6€ HVTKO 16TO omd ekTpePOEVA Kot aypro Aafpdkia. Ot
Fountoulaki et al. (2010), gpedvnoov 10 TEPIEYOUEVO TOV YEVBAPYVPOL GE PVIKO 16TO
ABpaxidv  to omolo. TOioTNKOV UE TPOPEG  OLOPOPETIKEG O  MEPLEKTIKOTNTO
yevdopybpov. Ocov agopd to TEPlEYOUEVO TOV PapéVv HETAAA®V amd TN Ypnon
VOOAOYPOUATOV  CE  EKTPEQPOLEVOLS  OPYOVIOUOVS,  €Yovv  mpoyportomon el
gpyaotnplakd mewpduata (Cotou et al. 2013) ko éxel pehetndei udvo 10 MEPIEXOUEVO
TOV YOAKOU GTOVLG IGTOVG TV OPYOVICUAV oV eKTiBevTat o€ avtd. Evd 0cov agpopd to
neplexOpevo PBapéwv HeTdAA®V amd TN yPNoN VEOAOXPOUATOV, EYEl Yivel Epguva GE
tpeic eMnvikég povades ybvokoAiépyelag kol Exel pedetndel to mepieydUevo tov
YELOAPYLPOV, TOL YPOUIOL KOL TOL YOAKOD GTOVG EKTPEPOUEVOLS OPYOVIGHLOVS

(Castritsi - Catharios et al. 2013).
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2. YAIKA KAI MEOGOAOI

2.1 Aetypatoinyieg
Ot derypatoAnyieg TV yopldv mpaypotonomonkay to Mdawo kot Tov WKRpatog
10 XemtépPpro tov 2012 o téooepig EAMNvIKEG tyBvokodlhepyntikég povaodeg (skova
2.1). Ko o711 té60€p1g 0vTéEG LoVAdEC EKTPEPOVTAL TAL dV0 PAGIKA £I0T TNG LEGOYEINKNG
yBvokolépyelag, n Touwovpo (Sparus aurata) kot to AaPpaxt (Dicentrarchus
labrax). Ot dvo &£ avt®V YPNOWOTOOVV VEOAOYPOUATO YO TOV EAEYXO TNG
Broeniotpmwong (I' ko A) evd ot drihec dvo (A kor B) ypnoyomolodv aAleg teyvikég

OTmMG cLYVN ALY Kol KOOUPIGUO TV dYTVOV.

AQO

r®

Ewova 2.1: Xdptng pe 11g téooepig 1yfvokodiiepyntikés Lovades Tov epeuviOnkay
(A xau B povadec yopic veoroypopoata, I' kor A povédeg e
voporoypopota) (http://maps.google.com/)

And xkdBe povéoda cvAAéyOnkav €& (6) deiypato Wnpatog pe  owtdvoun
Katadvon, tpia (3) kbt and Tovg rybvokiwPoic kat tpia (3) oe pio amodctacn 500

UETPOV 0O avTovg Ta omoio Bewpnnkav wg paptopeg (N=24). Eniong, cvuliéyxdnkav
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névte (5) toyaia dstypoato yopudv epumopevotpov pueyébovg yuo Kabe €vo amd to dVo

exktpe@odpeva €ion (n=40).

2.2 Tlpoetoyacio derypdtov
Metd 10 téA0g TG detypatoinyiog akolovnce  HETOPOPA TOV SEYUAT®OV GTO
EPYOOTNPIO Kol 1 peTémeLto, mpoeTolacioo Tovg. H mpostoyocio tov derypdtov
wepAapPavel TIC LETPNOELS TV Yapldv, TN dodikacio eEaymyns 10TdV Kot opydvev
amd avTd Ko To oTado TG ENPAveNS, TG KOVIOTOINoNGS, TOV KOOKIVIGUATOG Kol TNG

petmong g paog 6Aov tov derypdtov (Apyvpaxn 2007).

2.2.1 Aelyporta Wnpatog

Ta detyparto WNUatog HeTa@épOnKay 61O £pYacTnPlo LECH GE POPNTA Yuyeia pe
hyo, Yoo vo amo@evyfovv tuxov aAhowdoel Kot 1 emeEepyacio Toug £ytve AUEGA.
[Ipaypotomombnke amdyvén TV Jdelypdtov kot TOmoBETNGN TOVG GE  TOWOAKL
aAovpviov, 6mov otpmbnke pdyapto Yy amopuyn empoivvoewv. H &npavon twv
detypdrov mpaypatomomdnke otoug 40°C yuo 48 dpeg. Metd to otddo g ENpavon,
£€Y1VE OLLOYEVOTOINGT TMOV OEIYUATOV GE TOPGEAAVIVO YOLOT KOt KOAOVONGE KOGKIVIGLLOL
avTOV 6€ KO6ckivo 2 mm. To vAkd mov cvykpatnOnke 610 KOGKIVO amopokpOVONKe,
VO T0 VAKO mov dmMABe amd to KOoKIVO TV 2 MM cLAAEXONKe, Koviomombnke ce
TOPGEAAVIVO Kot ordTivo Youdi Kot KOoKWVIGTNKE 68 KOGKIVO Ue Gvorypo omfg 63 pum

MOTE TO delypa va eivot KATAAANAO Yol ¥NUIKY] avaAvG.
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Ewova 2.2: A) I¢npa wpwv 10 otédo g Enpavone, B) Tinuo petd 1o otddo
mg &npavong, I') Koviomoinon 1lnuotog oe mopoerdvivo
koviomomt] kot A) Koviomoinon i{nuotog oe aydtwvo yovdi

(pwToypagicg Tov cLYYpAPLN).

2.2.2 Buoloywkd detypota
H petoapopd tov yapiov €ywve oe Beppopovotikd Kovtid yepdto mayo yuo va
amo@evyBovv TVXOV aAlotwoels. Metd tnv OAOKAP®OT TG GLAAOYNG TV SELYUAT®V,
mpaypoatortomOnke n eneEepyacio Tovg 6To £pyactnplo. Eywve mpoodiopiopdg oAtkov
Bapovg, pecovpaiov kot oAtkov unkovg. To kédBe dtopo EemivOnke pe amoviopévo
vepO Kol oTn cuvéxeln TapOnkav delypoto omd Tpio SIPOPETIKA UEPT TOV GAOUATOG

TOV: HVIKOG 16TOG, CLKMTL Kot Bpdyyo (N= 120).
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Ewova 2.3: (A) Métpnon oAtkod kot pesovpaiov punkovg, (B) Métpnon oikov
Bapovg (I) Zvkot, (A) Bpdyyuww woar (E) Mvikog 1616¢
(poToypagicg Tov cLYYpaPLN).

H Myn tov 1otov and ta yapua £yve odppova pe ) owadikacio g UNEP

(1984).

AxoiovOnoe n ENpavon twv derypdtov otovg 40° C yia 1 g 3 uépeg. Metd 1o
otdoo G ENpavong T delypoto koviomomOnkav e mopcoeAdvivo youdl Kot
KOoKWVioTNKaY 6€ KOGKIVO pe dvorypa onng 0,63 um. Xtn cuvéyela, amodnkedtnkoy o

npomivpéva pe 10% ddhvpa vitptkod 0&£0g, TAACTIKA KOSIKOTOMILEVE doYElDL.

2.3 Awdvtonoinon detypdtov
H pébodog mov ypnopomomOnke 1060 Yo To 0pyavikd 0G0 Kot Yo TO ovOpyovo
VAKO Tav 1 HEBOSOG TNG LYPNG YDVEVOTG LE TNV OO0l EMTVYYAVETOL KATOGTPOPT TNG
OPYOVIKNG KO 0vOPYavNG VANG HETE TNV EMidpacn puypdtov woyvpodv o&éwv (Bettinelli

et al. 2000).

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



21

2.3.1 Awlvtonoinon doetypdtwv WCUoTog
Ot vypég OaVOALTIKEG TEYVIKEG OMOLTOVV TN OlHAVTOTOINGN T®V OTEPEDV
deypatov pe ypnon oféwv. AvAioyo pHE TO OTOYO NG YNMIKNG OVOALONG Kol TN
GVOTOON TOV OELYUAT®V, 1 OLHAVTOTTOINGN TOV YEMAOYIKOV VAIKMV (TETpOUTO, EOAPN,

Wnuota) propet va etvon peptkn 1 odkn (Apyvpdaxkn 2007).

H oA ymuikn oavaivon tov OElyHoTog GTOYELEL GTOV TPOGOIOPIGUO TOV
oLVOLOL TV oToLYEIV TOV amavTdVTol 6T0 detypa. H pepikn avélvon otoyedel otov
TOGOTIKO TPOGIIOPIGUO TOV KAACUATOG TV otoyeinv tov dsiyuatog (Odegard 1997).
H pepucn avédlvon éxet dwitepn onpoacio yuoo TIG YEWEMIOTAUES Kot €papuoleTon

Kuplog oe mepiPoariovtikés Epeuveg (Apyvpdxn 2007).

2.3.1.1 Ol draAvtomoinon
[No v enelepyacio tov detypdtov tov npatog emAéydnke n péBodog g
VYPNG YDOVELONG e TN Ponbel POVPVOL HKPOKLUATOV G KAEGTA doyela e TN xpnon
ToKvaV oEwv, 6mmg to vitpikod o&d (HNO3) kat to vdpoyrwpikd o&o (HCI), coppmva
pe 1o mpwtoéxorro 3051a g Emutpomrg Ilpootaciog IlepiBdArovioc twv HITA

(Environmental Protection Agency USA).

Zvyiomke 0,5 g amd 10 kdBe detypo WCnpatog ko tomobetOnke oe KAEGTO
doyeio. X ovvéyela mpootédnkav 9 ml mokvod vitpikod o&fog (HNO3) kot 3 ml
TUKVoL VIpoYAwpikov o&foc (HCI), cbuemva pe t pébodo EPA 3051a yia ta oo,
To delypo avtédpaoce pe ta 0&éa kot apov teAeimaoe 1 avtidpacn Kieioave ta vessel kot
tomofetOnKav oto pdTopa, dote va apyicel n yovevon. H dwadikacio oAokAnpmOnke
pe to avoryua tov vessel ko mv e€aymyn toyov aepiov. To deiypo petapépdnke ot

KaBapd Qloridio ko Tpootédnke aneotayuévo vepd péxpt  yapoyn tov 50 ml. X
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cuvéyeln &yve dmbnom tov detypatog pe eidtpo twv 0,45 um yio v amOpAKPLVON
OTEPEDV VIOAEUUATOV UEXPL TN UETPNON OTNV aTOUIKY amoppdenor. Ta detyparto
amonkevTNKOV 08 TAAGTIKA Qrodidto Twv 50 ml (tomov falcon) ko dratnpnOnkav oe

yoyeio otovg 4°C péypt v HETPMON TOVG.

H ddwacio mpaypatomombnke pe ) Pondeia tov cvotiuatog Multiwave

3000, Sample Preparation System, Anton Paar, Microwave System Perkin Elmer.

2.3.1.2 MébBodog «0.5N HClI»

Ta mepreyduevo pérario mov elvar mepiocdtepo Onbéoa 6to meptPdalov
npocdopiotray pe ™ pébodo exyviong «0,5N HCl» o Bepuokpacio mepipdiiovtog
(Agemian & Chau 1976). To tunqua avtd tTov petdlhmv Bempeitol 6Tl AVTITPOcMTEDEL
Kuplog To pETaALa avOpAOTIVIG TPOEAEVOT|G, 1010HTEPA GE TTEPLOYEG O1 OTTOLES VPIGTAVTOL
mv enidpaocn avOpodmvov dpoaoctnprotitov (Chester & Voutsinou 1981, Angelidis et
al. 1982). H uébodoc avtn £xet epappoodei evpémg o€ TEPPAAAOVTIKEG HEAETES, ALPOD
eMTLYYAVEL VO avayvopilel T dlo@opd ovVALESH CE «OVAOUUAES» GUYKEVIPMOGELS KO
oLYKEVTPOGELS VITOPAOpov. [a 0 Adyo avtd Bewpeitar Eva ypnoo gpyaieio yuo
dapopomoinon TV avlpeToyevdv amd Ta LKA enineda dapdpwv pvmwv (Loring
1976a, 1976b, Chester & Voutsinou 1981, Angelidis et al. 1987, Zabetoglou et al. 2002,

Skordas & Kelepertzis 2005, Tzouni et al. 2011).

Ymv mapovoa epyacio mpaypatoromOnkav ekyviicelg pe ) péBodo «0,5N
HCI» yia 10 obvoro tov derypdtov tov K Uotog. Topeove pe t pébodo ovth,
Cuyilovpe pe axpifela mocdTTar delypuatoc 2 g kol TNV TOMOOETOVUE GE TAACTIKA
euido twv 100 ml. TIpocbétovpe 50 ml HCI 0,5N. To delypo tomobeteiton oe

GUOKELT UNYOVIKNG avAdEVoNS Yia dtdotnpa 16 opav. X cvvéyela yivetoan omdnon
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tov oelyparog pe eidtpa tov 0,45 um. To dmbnua elvar €toywo mpog péETpnon He

(QOGLOTOCKOTIO OTOUKNG amoppdenong (XkovAlog & Aacevixng 1992).

2.3.2  AwAvtomoinon froroyikdv derypdTmv
Mo mv enelepyacio tov Proroyikdv detypdtov emdéydnke n pébodog tng
VYPNS YOVELONG Ue T Pondeta PoHpvoL HIKPOKVUAT®V GE KAEIGTA doyeio e TN ¥PNOM
ToKkveOV o&éwv, 0mmg to vitpikd o&L (HNO3), cduemva pe to mpotoxkoiro 3052 g
Emutponrg Ilpoctaciog ITepifdrrovtog twv HITA (Environmental Protection Agency

USA).

Zvyiotkov 0,5 g amd 1o kéBe detypa poikov 16100, GLKOTION Kot Ppayyimv Kot
tomofeOnkav og Khewotd doyeia. Xtn cvvéyxewa mpootédnkav 9 ml mukvod vitpikov
o&éoc (HNO3), odpupova pe m pébodo EPA 3052 yia Proloykd deiypata. To detypa
avtédpooe pe ta o&éa Kol opoV teheimoe M ovtidpoor, kieicave ta vessel kat
tomofetnkav o100 potopa dote va apyicet M dwAvtomoinon. H odwodikasio
ohokANpmONKe pe to Avorypa tov vessel kot v egaymyn toyxov aepiov. To deilypa
petapépinke oe kabapod PLOAIdI0 Kot TPOOTEOMNKE AmMESTAYIEVO VEPO UEXPL TN XOPOYT|
tov 25 ml. m cvvéyelo Tpaypatorombnke didnon tov deiypatog o€ giltpo twv 0,45
UM o TV OTOUAKPLUVON OTEPEMY VTOAEWUUATOV UEXPL TN WETPNOCT GTNV OTOUIKY
anoppoéenon. To deiypata amobnkevmkav o TAAGTIKA @roAidiae tov 50 ml (tomov

falcon) ko datnpnOnkay o€ yoyeio otovg 4°C.

H ddwkacio mpayuatomombnke pe t Pondeia tov cvotiuarog Multiwave

3000, Sample Preparation System, Anton Paar, Microwave System Perkin Elmer.
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2.4 Avalotikn pébodog

['o Tov TPocdlopiopd ToL TEPIEYOUEVOL YOAKOD Kot YELOAPYLPOL GTa Lot
YPNOIUOTOONKE PACHOTOPMTOUETPO ATOUIKNG amoppdenomng tov oikov Perkin Elmer
AAnalyst 400 pe Aoy 0épa. OKETVUAEVIOL.

o 1ov Tpocdopiopd 1oV TEPIEYOUEVOD YOAKOD GTOVS PloAoyikohg 16Tovg
YPNOUOTOONKE PUOUATOPOTOUETPO aTOoKN G amoppoenong (Perkin EImer AAnalyst
400) pe @ovpvo YPOPITN, EVO YL TOV TPOGOIOPIGUO  TOL  YELAAPYLPOL
xPNOLOTOMONKE PAGHATOPOTOUETPO aTopkng amoppoepnong (Perkin Elmer AAnalyst

400) pe eAOYa 0P OKETVAEVIOL.

2.5 Zrotiotikn avélvon

Ouv petprioelg amd kabe derypoatoyio Kotoywpndnkov o€ @OAAO  TOL
AoyloTikoy mpoypdupatog Microsoft Excel 2007, evd yoo TV Tepautép® GTATIGTIKY
eneEepyooio ypnoonomdnke to npoypappo SPSS (v. 17).

[a ™ otatetiky] cOYKpIon TOL TEPLEYOUEVODL YOAKOD KOl YELSAPYLPOL GTO
inua Tov  SEIYUATOANTTIKOV OTafU®V TV HOVAO®V 7oL YPNOCLUOTOovV 1 Oyl
VOOAOYPDOUATO YPNCILOTOMONKE 1| LOVOTTOPAYOVTIKT avdAvoT dlakOpoveng (one-way
ANOVA). H i pébodog ypnoyomombnke Kot yio. T GOYKPION TOV SEIYHATOV
wnuatog mov mopdnkav kdt® amd tovg YWOLOKA®POLS HETOEL TV HOVAO®V TOV

xPNOLoTOLoVV 1 Ol vPaAoypduata (Zar 1996).

H obykpion tov mepieydpevov oe Popéo UETOAAD LETAED TOV OLUPOPETIKAOV
IOTOV TOV UEAETOVUEVOV YOPLDV KOl TOV HOVAO®V TOL YPNOLUOTOOLV 1 Ol
VOOAOYPDUOATO TPOYUATOTOMONKE e TNV ovAAVOT SLaKOUAVONG KATA 600 TapdyovTeg
(two-way ANOVA), evd 7o TIG EMPEPOVG GLYKPIGEG UETAED TOV  HOVAS®OV

npaypoatormomdnke 1 dokyacio Tukey test. Télog, yio ™ oToTIoTIKY GOYKPIOT TOV
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TEPLEYOUEVOD YOAKOD KOl WYELOGPYVPOV GTOVE 1GTOVG TOV YAPLOV UETAED TV LOVASW®V
OV YPNOCLUOTOOVV 1N YL VPUAOYPOUATE EPAPUOGTNKE 1) LOVOTAPOYOVTIKT] OVOALGT
dwakvpavong  (one-way ANOVA). Olec ot ovykpioelg £ywvav  oe  emimedo

onuavtikoétrag a=0,05 (Zar 1996).

2.6 Kpumpia pocdoptopod meptPailovtikig entapuveong itnudtov
Ot opddeg kpumpiov mowdtntog yuo. To. Bodkdoota lypata (Sediment Quality
Guidelines SQGS), mov ypnoonomdnKay otV TAPOVG EPYAGio Kot TPocdlopilovv
TIG OPLOKEG TIUEG TOV UETAAA®V GE aVTA pe PAon v eueavion ToSkNng dpdong ot

Baddooto Brokowvovia ivan (Long et al. 1995, MacDonald et al. 1996):

e ERL (effect range low) xkau ERM (effect range median): H tiun tov kprenpiov
ERM avtictoyyet oto 50% tng Katavounsg tov THav TV mTpocdloplopevev
GUYKEVTIPAOCEWV TOV HETAALOV GTO {Nnpa, 6Tov apatnpeital toSikn dpdon. Ta
Bordooia Wnpatoa kpivoviol pUTOGHEVO G TPOS KATO0 UETOALO Kol VILAPYEL
to&n emidpacn oTovg PevOKoVg OpyaVIGHOVG €AV O TIUEG TOV HETAAAOV givan
UEYOAVTEPEG TOV TW®OV KOl TOV VO Kpurnpiov. Xe mepintmon, mov givol
HEYAAVTEPEG LOVO TOV YOUNAGTEPOL Kpttnpiov, ToTE TO Baddocio inua kpiveton
UETPLOL PUTOGLLEVO.

e TEL (threshold effect level) ka1 PEL (probable effect level): dwumotdveton
oLYVa M Tapovsio To&KNG dPAoNS TOV UETAAA®V Y10 GLYKEVIPAOGELS 6TO 1npa
ot omoieg elvan peyodvtepes and v oplduevn Ty tov kprrnpiov PEL. Ta
KPLTNPL 0T Y0 TO YOPOKTNPIOUO TOV WNUHOTOS MG PUTAGUEVOL 1) UN

ypnoorotovvrol 6mwg tao kprrnplae ERL ko ERM.
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O avtikepevikog otoyog tov Tiudv ERL kot TEL kot tov tindv ERM ko PEL
etvar ovykpiowog. O téc tov kprmpiov ERL xow TEL ypnowomolodvian v va
TOPOVCIACOVV TIC CLYKEVIPMOELS TOV YNUK®OV TPOS TO YOUNAO GKPO TOV EVPOVS TV
AmOTEAECUATOY, ONAOON TIG TIMEG KAT® omd TIG omoileg omdvia mopatnprOnkav
ovopeveic Proroyikég emdpdocelc. Ot téc tov  xpunpiov ERM  xow PEL
AVTITPOGMOTEVOVV TIG GLUYKEVTIPOGELS TOV YNUIKDOV TPOG TO HEGO TOL EVPOVS TOV TIUDOV

Ko TV amd TIG OTO1EG TOL AMOTEAEGILATO, TTOV TTOPOTNPHOMNKOY HTOV TLO GUYVA.

Ytov mapakdto [livaka mopovsialovtol ot TiHég TV Kprtnpiov TotdTnToS Yo

ta pétodia Cu kon Zn og Bahdooio oo o€ oXEoN Le TNV TOEIKOAOYIKT] TOVS dpdoT).

IMivakag 2.1: Kpuripia IMowwtnrag Inudtov (Sediment Quality Guidelines_SQGs)
(Long et al. 1995, MacDonald et al. 1996).

METAAAO ERL _ ERM TEL PEL
(mg Kg™) (mg Kg™) (mg Kg™) (mg Kg™)

Cu 34 270 187 108

Zn 150 410 124 271
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3. AMOTEAEXEMATA
3.1 Agtypota Wnpotog
3.1.1 MéBodog oAkng dtolvtomoinong

Ytov Ilivoka 3.1 divetor o mepleyOUEVO YOAKOD Kol YeLddpyvpov oto oo
TV povddwv mov ypnoworowvy (I' & A) 1 0t (A & B) vporoypdpata pe ™ pébodo
™G OAKNG OtaAvtomoinong. Zta oynuota 3.1 ko 3.2 moapovoidletor avtiotolyo TO
TEPLEXOLEVO YOAKOD KOt WYeLOApYLpOoL oTa delypata WCnpatog mov eAedncay ota 0 Kot
ota 500 M amd ToVg KA®POVG TV HOVAI®V TOV YPNGLOTOOVV 1 Ol VOUAOYPOLLATO LLE
™ péBodo g oAng SwAvtomoinong. Xta detyparo 1NHOTOS OV GLAAEYOMKAV
akpfdg KAT® omd TOovg KA®PBOLG M pEOT TN TOL TEPLEXOUEVOL YOAKOD TOL
npocdopiotke kvpaivetar omd 78,70 (o1l povaAdEG TOVL OEV  YPNOUOTOLOHV
voparoypopata) £og 89,80 (oTig HOVASES TOV YPNGYLOTOIOVY VOOAOYPDLOTA), EVED TOV
TEPLEYOUEVOD  YeLdApPYVpoL (ZNn) wvpaivetor omd 130,15 éwg 151,80 mg Kg™,
avtiotoryo. Zto delypata 0 uatog mov cuAAEYOnkay o amdotacn S00 pétpov and
TOVG KA®PBOOG M HEST T TOV TEPIEXOUEVOV YOAKOD OV TPOGOIOPIGTNKE KLUATVETOL
and 81,10 (oTig povadeg mov dev ypnoomolody vearoypodpata) Eog 91,45 (otic
LOVAOES TTOL YPNCIUOTOLOVYV VPUAOYPDUOTA), EVD TOV TEPLEXOUEVOL YELOAPYVPOL (ZN)
Kopaiveron amd 129,05 €mg 156,80 mg Kg'l, avtiototya. Ot1 vynAoTEPES TIHEG GE OAL TOL

detypata mopatnpohvTal 6TIG LOVADES TTOV YPNGULOTOLOVY VPOAOYPDLOTA.
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Mivaxag 3.1: Méon T, TOmIKN amdKAIeT Kol €0pOg SIUKOUAVONG TOV TEPLEYOUEVOD YOAKOD
Ko yevdapyvpov (oe mg Kg ™) ota 1Apato Tov SEtyatoATTikdy oTadpdY Tov
povadmv mov ypnowomoovv (I kot A) 1 6yt (A ko B) vparoypdpoata pe ™
uéB0do TG OAIKNC StoAvTomoinong.

Om 500m
MONAAA
Cu Zn Cu Zn
78,70+11,88 130,15+1,77 81,10+1,84 129,05+12,66
A&B
(70,30-87,10) (128,90-131,40) (79,80-82,40)  (120,10-138,00)
89,80+4,38 151,80+11,88 91,45+11,24 156,80+15,56
r'&A
(86,7-92,9) (143,40-160,20) (83,50-99,40)  (145,80-167,80)
120,00 -
100,00 -
80,00 -
5 60,00 - Xy
mMY
40,00 -
20,00 -
0,00 -

Om S00m

Xyfqpna 3.1 Avdypappa pe to pEGO TEPLEXOUEVO YOAKOD KOL TNV TUTIKN
omdkhon  (oe mg Kgh), otoug  SerypotoAnmricong
oTafUovg TV HovAadmv Tov ypnotuonotovy (MY: T kot A)
n oyt (XY: A xar B) vporoypdpoto pe t péBodo g
OAKNG O10AVTOTTOINOTG.
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200,00 -
180,00
160,00 -
140,00
120,00

100,00 - m XY

Zn

80,00 - mMY
60,00 -
40,00 -

20,00 -

0,00 -
Om S500m

Tympa 3.2: Aldypoppo e 10 LEGO TEPLEXOUEVO YELDAPYVPOL KOl TNV
tomiky andkhon (e mg Kg™), otoug derypoatonmrikodc
6Tafpovg TV pHovadwv ov ypnoomoovy (MY: I kot A)
n oxt (XY: A ko B) vooroypopata pe m pébodo g
OAKN G d10AvTOTTOINOTG.

>tov ITivaka 3.2 Topovctdloviol T amoTEAECUATO TN OVOAVOTG SLOKVUAVONG
katd éva mopdayovta (one-way ANOVA), mov epapudotnke yio va gpgvuvnboldv ot
Olapopéc petald Tov Wnudtov mov tdpbnkoav akpifac Katw amd Toug yBvokAmBovg
Kol ovt®v mov Ppiokovtar oe oamdéotoon S00 M amd Tig povades. H ovykpiom
Tpaypatoromdnke Eexwplotd yio Tig povades mov ypnotpomotovv (I kar A) 1§ ot (A
kot B) vparoypopota. To amotehéopato g oOYKpoNng ovthg Oelyvouv 0Tl Ogv

VIAPYOVV GTATIOTIKAG GNUOVTIKEG SOPOPES.

Ytov Ilivaxa 3.3 divovtol o omoTeEAEGHLOTO TG GTATIOTIKNG emedepyaciog e
pébodo g avdivong dakduavonsg kotd éva mapdyovro (one-way ANOVA), 6mov
cvykpivovtol to TEPEXOUEVA YOAKOD Kol WELdAPYVpoL oTo WHpate mov mwhpOnkav

aKkpIPOG KAT® amd Tovs yBLoKA®PBOVG HETAED TOV HOVAI®Y OV XPNGLOTOOVV 1] OYL
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vooroypouato. Ta amoteAéopato Tng GUYKPIONG OVTHG OV OVAIEIKVOOLV KATO0

ONUOAVTIKY] GTOTIOTIKT S10pOopd.

Mivaxkag 3.2: Avaivon dwkduaveong og mpog évav mapdyovia (one-way ANOVA) ya 1o
TEPLEYOUEVO YOAKOD Kol yeLuddpyvpov ata inuate tov 0 kot tov 500 m tov
LOVAS®V TOV YPNGLUOTOOVV 1] O)l VEOAOYPOUATE LE TN HEBOJO TNG OMKNG
dtoAvtonoinong.

Xopig

vouioypdpaTa 11 0,080 0,804 0,015 0,914
(A xan B)

Mg

VPO POPOTE 11 0,037 0,865 0,131 0,752
(I' kon A)

Mivexog 3.3: Avdivon dwaxdpavong og mpog évav mapdyovra (one-way ANOVA) yia to
TEPLEYOUEVO  YOAKOD Kol WYeuddpyvpov ota WAUOTO TOV HOVAS®OY  Tov
ypnowomotovv (I' kar A) 1§ oyt (A ko B) vooaroypodpata (Aetypotoinmrikol
otaBuoi 0 m), ue t pébodo g oAkng SrahvTtomoinong.
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3.1.2 Mé6odoc «0.5N HCl»

Ytov Ilivoka 3.4 divovtar ot mpoodopldpeveg Tipég petdAlmv ota Bordcoio
nuata Tov TEPLoYOV Epguvag mov ovaAbinkav pe ) uébodo tov «0.5N HCl». I'a 1o
yoAk6 (Cu) n péon ) mov mpoodopiotnke ota deiyuata WKHLOTOE TOL TaApHNKOV
Kato ond Ttovg ybvokAmPovg kvupaivetar omd 6,62 (ot povadeg mov  dgv
XPNOLOTO0VV VEOAoYpOpOTa) £w¢ 15,86 mg Kg'1 (0TI HOVAdEG OV YPTCLULOTOLOVV
VOUAOYPDOUATE), EVAD TOV YeLdApYyvpov (Zn) kvpaivetar amd 9,48 éwc 21,95 mg Kg‘l,
avtiotorya. Or VYNAOTEPES TIHES KOt Yo T OLO HETOAAN TTapaTNPNONKAV GTIC HOVADES
oL ypnoonoovy vearoxpopata (povade T'). Xto deiypoata mov mapbnkov o€
andéotacn 500 M amd Tig HovAdEg, N HESN T TOv YaAKkoD Kupaivetal amd 5,51 (oTig
HOVASEG TOV OEV YPNOUYLOTOLOVY VEUAOYPp®LaTE) Em¢ 14,83 mg Kg™ (oT1c HoVadeg TOV
YPNOLLOTOLOVV VOOAOYPDUOTA), EVD TOL YeLddpyvpov (ZNn) kvpaivetor amd 8,58 Emg
21,92 mg Kg?, avtiotoyo. Xe OAha ta delypato Wnpatog mapatnpovpe Ot TA
neplexOpeva HETaALA 6to inua etvar oxedov SUTAAGLO OTIG LOVADES TTOV YPTCUOTOIOVV

VOOAOYPOUATO GE GYECT| LLE AVTEG TTOV OEV YPTCLLOTOLOVV.

Hivaxag 3.4: Méon tiun, TOmIKN amdKAoN Kot €0pOg SLOKVUAVONG TOV TEPLEYOUEVOD YOAKOD
Ko yevdapyvpov (oe mg Kg ™) ota ApaTo Tov SelyLatoATTikdy oTadpdV Tov
povadwv mov ypnoomowovy (I kot A) 1 oyt (A ko B) vporoypdpato pe ™
uébodo tov «0.5N HCly.

MONAAA Cu Zn Cu Zn
6,62+1,78 9,48+1,10 5,514+0,94 8,58+1,31
A&B
(5,79-7,45) (8,70-10,25) (4,85-6,18) (7,65-9,50)
15,86+0,12 21,954+4,03 14,83+3,22 21,92+0,55
I'&A
(15,78-15,95) (19,10-24,80) (12,55-17,10) (21,53-22,30)

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



32

Ytov ITivaka 3.5 mapovotdloviot 10 OmoTEAEGLOTA TOV YNUIKOV OVOADCEDV LE
™ rébodo g olkng deAvtonoinong kot tov «0.5N HCl» ota ilhuata tov teccdpov
povadwv Kabmg kot 1 peta&d tovg avaroyio (%). H avaroylo ovt gaiveror va givon
avénuévn o 6Aa To delypoTo OV GLAAEXONKOY amd TIC LOVASES TTOL YPTCLLOTOLOVV
vooroypouata (I kot A), oe oyéon pe avtd tov povadov (A kot B) mov dev
YPNOOTOOHV (oYeddV dumhdoia). Zta Xynuato 3.3 kot 3.4 @aivetol to TEPLEYOUEVO
TV Bapéov HeTIAA®V TOV Tpocdlopionkay e T HEB0do TG HePIKNG dloAVTOTTOINoG

kot tov «0.5N HCl» ota ilfpata tov 1e660pmv LovAdmV.

Mivoxag 3.5: Méoo mepieyopevo Bopéov petddhov (oe mg Kg ™) otoug detypotonmrikoic
otafuovg tov povadmv mov ypnowwomowovv (I kar A) 7 oy (A xot B)
vearoxpopota, pe ™ péBodo tov «0.5N HCl» kat g olkng ddvtomoinong
KkaBdg kot 1 peta&d Tovg avaroyia (%).

0.5N HCI
Ol 78,70 89,80 81,10 91,45
% 8,41 17,66 6,79 16,22
0.5N HCI 9,48 21,95 8,58 21,92
Ol 130,15 151,80 129,05 156,80
% 7,28 14,46 6,65 13,98
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Tynpo 3.3: Alypoppa Le To HEGO TEPLEYOLEVO YOAKO KOl TNV TUTIKT andkiion (o
mg Kg?), otoug SetypotoAmTikode oTafpods TovV HOVAS®oY 1o
ypnowonotoby (MY: T' kot A) 7 oyt vparoypodpote (XY: A kot B) pe
™ uéBodo g oAkng daAvtomoinong kat tov «0.5N HCly.

Tyqpoe 3.4: Awypouuo pE T0 HEGO TEPLEYOLEVO WELOAPYVPO KOL TNV TULTIKN
omdkhon (oe mg Kg™h), otoug SerypotoAnmrikodg otabpovs Ttav
povadmv mov ypnoipomotodv (MY: T kat A) 7 dxt vooroypduata (XY:
A xo1 B) pe m pébodo g ok drolvtonoinong kot tov «0.5N HCly.

Ytov Ilivaxa 3.6 mopatiBeviol To OmOTEAEGLOTA TG CTATIOTIKNG ENEEEPYACTOG

pe ™ pébodo g avdaivong dtakvpovong kot Eva mopdayovta (one-way ANOVA),
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OOV GLYKPIVOVTOL TO TEPLEYOUEVA XOAKOD KO YEVIAPYLPOL UETOED TV INUAT®V TOV
mhpnkav amd to 0 ko oo S00 M amd Tovg 1YBvoKAWPOHS, EEXOPIOTA YOl TIG LOVAOEG
ypnowonoovv (I" kot A) 7 oyt (A ko B) veoroypodpoto pe ™ uébodo tov «0.5N HClx.
To omoteléopoto TG GUYKPIONG OVTNG Oeiyvouv OTL 0EV VIAPYOLV GCTATICTIKMG

ONUAVTIKESG O10POPEG LETAED TOV OELYHATOV.

Ytov ITivaxa 3.7 divovtol T 0mOTEAEGHOTO TG OTATICTIKNG enegepyaciog pe )
puébodo g avdivong dakduavong Kotd éva moapdyovra (one-way ANOVA), 6mov
oLYKPIVOVTOL TO TEPLEYOUEVA YOAKOD KOl WYELAPYVPOL GTO AT TTOV TAPON KAV GTO
0 m and Tovg YBvoKA®POLG, HeTald TV Hovadmv Tov ypnoiponooty (I kot A) M Oyt
(A ko B) vooroypopato pe ™ pébodo tov «0.5N HCI». H povadikn nepintmon mov

Oglyvel OTL LTAPYOLV GTATIGTIKMG CNUAVTIKEG SLOPOPES vt Yo TO YAAKO.
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Mivakag 3.6: Avaivon dwkduaveong og mpog évav mapdyovta (one-way ANOVA) ya 1o
TEPLEXOLEVO TOV YOAKOD Kot TOL Yevuddpyvpov ota pota tov 0 Kot tov 500

M TOV pHovadwV Tov XPNCLUOTOoLY 1 Ol VEAAOYpOUaTE HE TN HEBOSO TOL
«0.5N HCl».

Xaopig

VOULOYPONATA 11 1,079 0,408 0,556 0,534
(A xan B)

Me

vQuhoypOpOTA 11 0,209 0,693 0,000 0,991
(I' kon A)

Mivaxkag 3.7: Avaivon dwkduaveng og mpog évav mapdyovia (one-way ANOVA) ya 1o
TEPLEYOUEVO TOV YOAKOD Kol TOV Wevddpyvpov ota Auoata tov 0 m tov
povadwv mov ypnopomoovv (I kon A) 1 oyt (A ko B) vooroypodpata pe
uéBodo tov «0.5N HCly.

121,976

11 17,841 0,052
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To COUATOUETPIKA YOPAKTNPIOTIKA TOV YOPLOV TOV ¥PNCLLOTOMONKAY otV

TapoHoo EPEVVO Ao TIC TEGEPLS Lovades Tapovstalovtat otov [Tivaka 3.8.

IMivaxkag 3.8: XZoUATOPETPIKE YOPAKTNPICTIKA TOV YOPLOV TOL YPNOLLoTOmOnKay
oTNV TOPoLGO EPELVO A0 TIG TECOEPLS MOVAOES yBvokoAMEpYELOG
(Méon tiun £ Tomkn amdkAon Kot 0POG TILADV).

Eidog Movéaoo  ApOpdg OMKO6 pKog Mecovpaio OMKo6 papog
oTépeV (cm) pnkog (9)
(cm)
A 5 27,28+0,90 24,90+0,73 345,70+£37,11
(26,10-28,40) (23,90-25-70) (297,10-394,00)
B 5 28,12+1,01 25,60+0,97 388,30+39,50
Towmovpa
(27,00-29,60) (24,60-27,00) (331,80-440,10)
(S. aurata)
r 5 25,04+0,77 22,92+0,71 252,30+35,52
(24,10-25,90) (22,10-23,70) (219,60-299,30)
A 5 28,48+0,93 26,26+0,95 403,10+47,02
(27,70-30,10) (25,60-27,90) (362,30-478,00)
A 5 34,00+1,31 32,04+1,21 463,30+48,25
(32,50-35,60) (30,70-33,40) (404,50-529,30)
B 5 30,60+1,78 29,06+1,76 378,30+72,71
Aafpbaxu
(28,50-32,60) (27,00-30,90) (294,70-462,80)
(D. Labrax)
r 5 33,56+1,71 31,80+1,54 492,90+71,54
(31,30-36,00) (29,80-34,00) (412,90-594,50)
A 5 27,90+0,81 26,38+0,85 305,98+12,94

(26,80-28,80)

(25,20-27,30)

(287,00-320,00)
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To mepieydUeEVO TOL YOAKOD KOl TOL YELSAPYLPOL GTO HVIKO 16TO, GTO GUKMOTL
Kol ota Bpdyylo twv dstypdtov g toimovpag tapovctdloviot otov [ivaxka 3.9 kot ota

Zyuota 3.5 (xaAkog) kot 3.6 (yevddpyvpog).

Ocov agopd 10 poikd 1010, N péorn T Tov YoAkoV kvpaivetor and 8,20
(novéda B) émc 15,50 mg Kg™? (novada A), 610 cukdtt kopaivetar amd 11,80 (povado
A) éoc 21,90 mg Kg? (povéda I') ko ota Bpéyyior amd 5,50 (povado A) £og 9,90 mg

Kg™ (novado I).

Oocov apopd Tov yeuddpyvpo, n HEST T TOV 6TO HLiKO 16Td KLpaiveTol amd
28,82 (povado A) émc 34,82 mg Kg™ (povada A), oto cukdtt and 13,96 (povada B)
¢m¢ 269,70 mg Kg* (novada A) kot oto Bpdryya omd 28,83 (povada A) éwg 38,42 mg

Kg™ (novado I).

Ot vynAOTepEG TIUEG YOAKOD GE OAEC TIC TOUTOVPEG KATAYPAPOVTOL GTO GLUKATL,
elte mapOnkav amd povddeg mov ypnolwomoovv gite amd HOvAdES TOL  deV
YPNOLOTOLOVV VPUAOYPDUATO, EVE TOL YELOGPYVPOL TOPATPOVVTIOL GTA PPdyyla yio
ta. delyporta Tov ThpOnKoy amd HovAdES TOV OEV XPNGLLOTOOVV VOAAOYXPOUATO (A Kot

B) kot 610 cukdTL Yo avTd IOV TAPON KAV 0 povadeg mov ypnoomolovy (IN kot A).
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Mivaxkag 3.9: Tlepieyopevog yoAkdg Kol WYeLdAPYLPOG GTOLG 10TOVE TNG TOWTOVPOS TMV
TEGG0P®V Hovadwv detypotoinyiog (Méon T £ TUmIKY| amOKALoT Kot €0POg
Tudv) (Oheg o pég oe mg Kg ™).

Iepreyopevo petairov

Cu
Movaoao Olucn Mvikdc 16106 2UKOTL Bpdyyia
8,93+3,17 9,50+1,70 11,80+2,20 5,50+1,46
A
(3,50-14,00) (8,00-12,00) (8,50-14,00) (3,50-7,50)
9,93£3,13 8,20+2,14 13,40+1,20 8,20+2,41
B
(5,50-15,00) (5,50-11,00) (12,00-15,00) (6,00-12,00)
15,40+5,51 14,40+1,92 21,90+2,48 9,90+1,43
r
(8,00-26,00) (12,00-16,50) (19,50-26,00) (8,00-11,50)
13,5745,10 13,60+1,89 19,60+3,13 7,50£1,17
A
(5,50-23,00) (10,50-15,50) (15,50-23,00) (5,50-8,50)
Zn
Movéoa Olkn Mvikdg 16T0g ZokoTl Bpayyo
25,77+10,83 28,82+6,21 18,89+16,39 29,60+3,84
A
(5,35-42,00) (19,30-36,50) (5,35-42,00) (25,15-41,65)
26,46+10,00 31,61+5,31 13,96+1,85 33,82+4,74
B
(11,40-41,20) (24,90-39,75) (11,40-15,50) (29,20-41,20)
85,67+£83,77 28,89+14,67 189,7+62,50 38,4249,33
r
(5,50-252,6) (5,45-42,25) (108,50-252,60) (28,45-49,20)
111,10£119,21 34,82+6,04 269,7+48,70 28,83+12,99
A
(7,20-333,2) (29,20-41,30) (201,20-333,20) (7,20-41,65)

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80




Movada A Movaba B

30 4 30 -
25 25
- 20 - = 20 |
3 &)
by o
g 15 ‘g 15 -
= <
3 3
g P
< 10 10 -
| 5 j
0 - ’ I v 0 N
Muikog SUKWTL Bpayxa Muikég SUKATL Bpdyxiat
LoTog LOTOG
30 Movada 30 - Movabda A
25 ~ 25
—_ 20 20
S 3
g - =
9 15 2 15 A
< <
g 3
* 10 =
10 -
5 -
5 .
0 - M . z
UiKog IUKWTL Bpayxia 0 - .
LoTaG Muikég IuKWTL Bpdy)la

LoTOC

Tympa 3.5: Tepeyopevog yorkog (Méon tiun + TUTIKY aOKAGT) 6TOVG 1IGTOVG TG TOLTOVPOG GTIG TEGGEPIC LOVAOES OETYLOTOATYIOG.
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Zymna 3.6: [epeyopevoc yweuddpyvpog (Méon Tipn £ TVTIKT OOKAGT) GTOVS 16TOVG TG TOTOVPOS OTIC TEGGEPLS HOVADES SETYLATOANYIOC.
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To mepieydpevo yaAkolh Kol YELAAPYLPOL GTO ULIKO 16TO, TO GLKMOTL Kol TO

Bpdyyia tov Aafpaxtod mapovsialoviot otov [Mivaka 3.10 kot ota Zynpata 3.7 kot 3.8.

Ocov agopd 10 poikd 1010, N péorn T Tov YoAkoV kvpaivetar and 7,00
(novada A) éwc 11,80 mg Kg™t (novada A), oto cvkdtt omd 11,40 (povada A) éog
23,80 mg Kg™ (povado I) xat oto Bpayyo and 5,30 (povéda B) émc 12,60 mg Kg™

(wovada A).

Oocov apopd Tov Yevddpyvpo N HEGN TIUN TOV GTO ULIKO 16TO KvpaiveTar amd
24,91 (novada A) éwc 38,62 mg Kg™ (novada A), oto cvkdt amd 15,03 (novado A)
émc 338,63 mg Kg™ (povado T) kot ota Ppayyia and 12,02 (povada B) émc 30,21 mg

Kg™ (novadog A).

Ot vynAoTEPES TIREG YOAKOD G OAOL TOL ATOUO KATAYPAPOVTOL GTO GUKAOTL, €ITE
mhpOnkav amd Povadeg OV YPNGIULOTOOVV £ite amd HOVAIES TOL JEV YPNGUYLOTOLOVV
VOAAOYPDOLATO, EVO TOL YELOAPYLPOV TTAPATNPOVVTAL GTO BPayylae (Lovada A) Kol 6TO
poikd 1016 (povada B) yu to delypoto mov mépOnkov omd povddeg mov dev
YPNOLOTOIOVV VPOAOYPDOUOTO KOl GTO GLKAOTL Yo T Olypato mov mwhpdnkov omd

LLOVADES TTOV YPTNGLOTOLOVV VOAAOYPDLLATO.
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Mivaxkag 3.10: Tlepieyduevog yoAkdg Kol WeLdAPYVPOS GTOVE 1GTOVG TOV AUPPOKION T®V
TE6G0Pp®V Hovddwv detypoatonyiog (Méon i £ TUmIKY| omOKALoT Kot €0POg
Tdv) (Oheg ot iég oe mg Kg ™).

Iepreyépevo perdirov
Cu
Movaoao Olucny Mvikdg 16106 2UKOTL Bpayya
8,9+2,77 7,00+1,70 11,40+2,46 8,30+2,25
A
(5,00-14,50) (5,00-9,50) (8,50-14,50) (5,00-10,50)
9,67+4,23 9,80+2,05 13,90+3,27 5,30+1,26
B
(3,50-18,00) (6,50-12,00) (9,50-18,00) (3,50-6,50)
15,03+6,94 11,30+2,31 23,80+2,93 10,00+3,10
r
(6,00-28,50) (8,00-13,50) (21,00-28,50) (6,00-13,50)
15,33£5,72 11,80+3,75 21,60+3,75 12,60+3,53
A
(7,00-28,00) (7,00-16,00) (18,50-28,00) (9,00-18,00)
Zn
Movaoao. Olucny Mvikog 16106 2UKOTL Bpdyyia
23,38+8,08 24,91+2,21 15,03+7,95 30,21+3,49
A
(10,70-34,95) (22,35-27,85) (10,70-29,15) (25,60-34,95)
19,93+9,78 31,96+ 1,98 15,80+5,70 12,02+4,27
B
(7,90-34,05) (29,70-34,05) (7,90-20,00) (8,80-19,30)
129,34+158,58 29,36+9,72 338,63+75,20 20,02+9,23
r
(12,10-435,30) (13,20-37,30) (265,10-435,30)  (12,05-33,45)
102,70+118,36 38,62+5,55 253,02+79,14 16,46+7,62
A
(7,00-340,10) (33,10-47,50) (138,30-340,10) (6,95-24,30)
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Tympo 3.9: Tepeyopevoc yoAkog (Méon tiun £ TUTIKY atOKAGT) GTOVS 16TOVG TOV AXPPOKIOD GTIG TEGGEPIG LOVAOES OETYLOTOANYI0G.
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Zympa 3.10: TTepreyodpevog wevdapyvpoc (MEon Tipn £ TUTIKY OTOKALGT) GTOVG IGTOVG TOL AUPPaKLOD OTIC TEGOEPIS LOVADEG OETYLATOANWIOG.
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Ytov Ilivaxa 3.11 divetar 10 mepleyOUEVO YOAKOD Kol WYELOGAPYVPOV GTOLG
16TOVC TOV EKTPEPOUEVOV OPYOVICUDV TOV LOVAd®V TTov ypnotpomolovv (I' kot A) ) oy

(A & B) vparoypopato.

Hivaxkag 3.11: Ilepieydpevo yoAkov Kol WYeLAAPYLPOVL GTOVG 1GTOVS TAOV EKTPEPOUEVOV
0PYOVIGU®OV TOV HOVAS®Y TOL YPNCIUOTO00V 7 O)L veoroypduata (Méon Tun
+ Tk amdkAon) (Ohec ot Tiég oe mg Kg™h).

Xopic voaroyxpoporo (A koL B) Me voaroypopato (I' ko A)
Eidog Iotdg
Cu Zn Cu Zn
Muikog 8,85+1,95 30,2245,64 14,00+1,84 31,86+11,03
16T0g
—
OOLPY | 5 o 12,60+1,87 164241130 |  20,7542.93 | 229,68+67.60
Bpdyyo 6,85+2.36 31,71+4,64 8,70+1,77 33,63+11,8
Muikog 8,40£2,31 28,44+4.21 11,55+2,95 33,99+8,92
16T0g
Aafpai ,
ToKdTL 12,65+3,03 15,4146,53 22,70+3.38 295,83+85,64
Bpdyyo 6,80+2,34 21,16+10,27 11,30+3,42 18,24+8.20

Y10 Zymua 3.11 eaivetal o mepleyOUEVOS YOAKOG KOl YEVOAPYLPOS GTOVG 1GTOVG
TV OLO €MV TOL HEAETNONKAY OTIG LOVAOES TTOV YPNGLULOTOLOVV 1) OYL VOAAOYPDLLOTOL.
Etvon epoavég 6tL To vynAOTEPO TEPLEYOUEVO KOl Y10 TAL VO UETAAAN TTAPOATNPEITAL GTO
GUK®OTL TOCO GTNV Towmovpa OGO Kol 610 AaPpakt, aveSapttmg edv mopOnkav and
povéodeg mov  ypnowomowovy 1N Oyt veoroyxpouata. Emiong, 6cov agopd Tov
TEPLEYOUEVO YELOAPYVPO, OTO GLKAOTL TOPATNPOVVTOL TOAD LYNAOTEPEG 1 / Kot
TOAOTAGGIEG TIUEG OTOL WYAPLO TOV TPOEPYOVTIOL OO HOVASES TOL YPTGLUOTOLOVV
VOOAOYPDOUATO GE GYECT LE ALTE TOV LOVAO®V TOL OV XPNCLLOTOI0VV, o€ avTifeon pe

T0 YOAKSO OOV deV TOpATNPEITAL KATL AVTIGTOLYO.
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Yyqpo 3.11: eprexopevog yohkog Kol WYevdapyvpog GTOV 1GTOVG TG TOLTOVPIS KOl TOV
AaPpaKion Yo TIG HOVASES TOV XPNOLULOTOOVV 1 Gyl vVeaioypdpaTo (péon
TN £ TOTIKT odKALoT).

Ytov Iivaxa 3.12 mapovcsialovtal To amoTEAEGUOTA TG OVAALONG SLOKOIOVOTG
1pog dvo mapdayovies (Two-way ANOVA) mov epappootnke yia vo, epguvndei n mbovn

EMIOPACT] TOV VPAAOYPOUATOV GTOVG 1GTOVS TV JEIYUATWOV.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



47

IMivaxag 3.12: Avaivon dokduavong SumAng katevbuvong (two-way ANOVA) yio, v épguva
™G eMIOPACTS TOV VPUAOYPOUATOV GTO TEPLEYOLUEVO LETOAADY GTOVG 1GTOVG
TOV HEAETOVLEVOV YOAPIDV.

BaOpoi Adbyog IMéavétyra
ehev0epiag (F) P

Towovpa Cu
Yparoypoporo 59 82,24 0,000
Istol 59 86,06 0,000
AlMAemiopaon 59 10,67 0,000

Zn

Y@ohloypopoata 59 93,80 0,000
Iotol 59 66,40 0,000
AlMAemiopaocn 59 89,24 0,000

AoBpaxt Cu
Yoahloypopata 59 60,58 0,000
Ieotol 59 52,03 0,000
AlMniemiopaon 59 7,76 0,001

Zn
Y@ohroypopoata 59 104,80 0,000
Iotol 59 89,16 0,000
AlMnemidpaon 59 101,91 0,000

Amd 1OV TOpamAved Tivoko Kol Yoo T OVO  UETOAAN, TPOKLATEL OTL M
aAANAemidopaocn HETOED TOV VEAAOYPOUATOV KOl TOV 16TAOV EVOL OTOTIOTIKMG

OMUOVTIKY] KoL Y10l To V0 EPELVOVUEVA £10T).

Ytov ITivaxo 3.13 divovtal To OTOTEAEGLOTO TG OTATIOTIKNG eneEepyaciog pe

™ pébodo ¢ avaivong dakduavene Kot évav mapdyovto (one-way ANOVA) 6mov
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cuykpivovtor To TEPLEYOUEVA YOAKOD KOl WELAAPYLPOL GTOVG TPELS 1GTOVG NG
TOOVPAG Kot TOV AaPpoKiod HETAED TV HOVAO®V 7OV YXPNGULOTOOVV 1 Oxl
voaroypouato. H otatiotikn eneEepyacia Tov mepieydpevon yohkol Kol Yevdapyvpov
€0e1e Katd Pdaomn Ot VIAPYOVV GTATICTIKMG CNUAVTIKEG OlPOPEG HETAE) TV 16TOV
TOV WOV 0O HOVAIESG TTOL YPNGLOTOLOVV 1} Ot veaAoypoata. ['a Tov mepleydpevo
YOAKO €0€1Ee OTL VIAPYOLV GTATIGTIKMG CNUAVTIKES JAPOPES GE OAOVS TOVG 1GTOVG
éktog amd To Ppdyyld NG TOWMOVPOS, EVA YL TOV TEPLEYOUEVO WYELDAPYLPO
TOPOTNPOVVTIOL GTUTICTIKAOS CNUOVIIKEG SLOPOPES LOVO GTO GUKMTL TOV EWMV. LTOV
IMivaka 3.14 divovtar 1o amotedéopoto tov Tukey test, omov ekel @aivetar mwov
opeilovtal ot dweopég mov evromilovpe pe TV avaivon SakOUOVONS TTPog Vo

TOPAYOVTES.

Mivaxag 3.13: Avéivon dwxdpoveng og mpog évav mapdyovta (one-way ANOVA) tov
TEPIEYOUEVOL YOAKOD KOl WYELOAPYVPOL GTOVS IGTOVG TV dVO EPEVVOVUEVMV
€100V PeTAED TOV LOVAS®Y TTOV YPTGLLOTOIOVV 1] O)L VPOUAOYPDLOTA.

Muikog 19 36,99 0,000 0,18 0,680
Towrovpa 10705
(S.aurata)  Tykdm 19 55,08 0,000 96,82 0,000
Bpdyyo 19 3,94 0,063 0,23 0,639
Muikog 19 7,08 0,016 3,17 0,092
Aafpdi 10705
(D.labrax)  Svikdt 19 49,10 0,000 106,58 0,000
Bpdyyo 19 11,82 0,003 0,48 0,498
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IMivoxag 3.14: TTolamnhég mapapueTpikég cvoyetioelg kotd ) dokipacio Tukey peta&d tov
povad®v Yo kébe HETAAAO.

: ) S. aurata D. labrax
M M
étrarho D MOavétnra (p) | MOavéTnta (p)
B 0,928 0,977
A r 0,001 0,010
A 0,031 0,006
Cu
r 0,008 0,030
B
A 0,129 0,020
r A 0,677 aLele
B 1,000 1,000
N r 0,125 0,025
A 0,12 0,138
Zn
r 0,132 0,019
B
A 0,013 0,113
r A 0,777 0,882

Ot ovoyetioelg katd tn odokipoocio Tukey tov mepieyduevov yoAkod otmv
TOITOVPO TOV LOVAS®V TOL XPNGLOTOOVV 1} Ol VEOAOYPOUAT £JEEAV OTL VTTAPYOVY
GTOTIOTIKOG CTUOVTIKES SOQOPES LETAED TOV HOVAd®V, EKTOG OO TN GULOYETION NG
povadog B (xopic vooroypmdpota) Kot g Hovadag A (LE VOAAOYPOUATA), EVD Y10 TO
AaPpakt €0e1Ee OTL VIAPYOVY CTUTIGTIKAOG CNUAVTIKES S1PopES LeTAED TV HOVAd®V
OV YPNCLULOTOOVV 1 OxL vVParoxpoduate. Ocov apopd Tov TEPLEYOUEVO YEVDAPYVPO
GTN TOIMOVPO. POIVETOL OTL JEV VIAPYOLV GTOTICTIKAOG ONUOVTIKEG O10POPEG HETAED TV
LOVAS®V TOL YPNOLUOTOOVY 1] Oyl VPaAOXp®UOTE €KTOC amd T povadeg B (yopig

veoroypodpata) Kot A (pe veorloypopata) mov £5eEe OTL VIAPYOVY GTATICTIKMG
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ONUOVTIKES OLPOPES, VA YL TO AdPpakt £0€1Ee OTL gV VIAPYOLV GTOTICTIKDG

oNUAVTIKESG d10popég petasd Tov povadmv A, A ko B, T.
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4. XYZHTHXZH

4.1 Agtypoto Wnpotog

4.1.1 M£600d0g OAMKNG S10AVTOTTOINGNG
ZOUQOVO [LE TO ATOTEAEGUOTO TOV YNUKAOV avoADGE®V e TN HEB0OO TG OAKTG
dAvtomoinong ot IKHOTO TOV TECCAP®V HOVAS®V, TapATNPOLUE OTL TO VYNAOTEPO
TEPLEXOUEVO YOAKOD Kot Weuddpyvpov eivar ota Wnfuata tov povadov I' kot A ot
OTO1EG YPNOUOTOLOVY VOOAOYPDOUATO EVAD OL YOUNAOTEPES TILEG KOt Y10, TO. VO GTOLKEI
mopatnpovviol oto  Wnuato tov povadov A kot B mov dev  ypnoipomorodv

VOAAOYPDLLOTO.

[Mopatmpodpe 6t To Tepleydpeva pétaiia oto wnpata mov tapdnkay oto 0 Kot
ota 500 m kvpaivovtor mepimov ota i enineda. EmmpocsOétme, oe kdmowo delypota
T meplexOpeva LETOAA givarl vynAoTepa ot detypata mov whpbnkav ota 500 M and
To0UG 1BvokA®Polc oe oyéon pe avtd tov 0 M. Xe dAleg épevveg avagépetat OTL O
TEPLEXOUEVOS  YELOAPYVPOS HEWDVETOL OGO ovEAvETAl 1 amdGTOCT Omd  TOLG
yOvoximPoic (Brooks & Mahnken 2003, Smith et al. 2005, Kalantzi et al. 2013) o¢
avtifeon He To amoTEAESUATO TG TAPOVGOS EPYACING OOV 0 YELOAPYVPOS KVUATVETOL

nepimov ota 101 enineda ota WwCnpota twv 0 Ko twv S00 m.

H povomapayovtikn avéivon dakduavene (one-way ANOVA) £deiée OtL dev
VILAPYOLV GTAUTICTIKMG CNUOVTIKEG O0POPES LETAED TV WnUdTmV Tov Thpdnkav oto 0
kot ota S00 My TG LOVAOEG OV YPNGUYLOTOLOVY KO GVTEG TOL OEV YPTCLULOTOLOVV
VOOAOYPOUATO. ZVUTEPACUATIKG Ol otobpol odetypatoAnyiog @aivetonr OtL Ogv

emnpealovtat amd TG 1 OLOKOAMEPYNTIKEG LOVADEC.
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>tov [livaxa 4.1 tapovsialovroat o aptfuog Kot To TOGOOTE TOV SEIYUATMOV TNG
KkéBe povadag mov vaepPfaivouy Ta Opla TOV KPLITNPI®V TOWOTNTOS Y10 TO YOAKO Kol TOV
YeLdapyvpo oe oyéorn pe tnv ToEIKoAoYIKN Tovg dpdor kot Long et al. (1995) kot
McDonald et al. (1996). Xtov ITivaka 4.2 yivetar ochykpion Tov tepiexdpevov papénv
UETAAM®V Tov Bpétnkay ota 1KANATO TOV HOVAI®MY TOL EPEVVIGAUE GE GYECT UE QLT

GAL®V povadwv mov Bpédniay otnv PpAOypapIKn avacKOTNO).

Yuykpivovtog Tic TG Tov YoAkoh ota NUOTO TOV TECCHPMY LOVAS®V
(deryparoinmrikoi otabpoi 0 m) pe ta kprryplo Totdtnrag nuatov (Sediment Quality
Guidelines- SQGs) ERM-ERL (Long et al. 1995) xou PEL-TEL (McDonald et al. 1996)

dlmoT@voLv e To ENG:

e Olo ta detypota Wnpatog oto ocdvoro tovg (12 delypota) mapovoidlovv
mePLEYOUEVO YapunAOTEPO TOL Kprtnpiov ERM kon peyadvtepo tov kprrmpiov
ERL. Ta BoArdooia ilypato kpivovior oG HETPLO. PUTAGUEVE KOOMOG Ol TIHES TV
nepleyopévav vepPaivovv povo v T tov kprenpiov ERL.

e Olo ta odetypata Wnpatog oto cbvoro tovg (12 delypota) mapovosidlovv
meplEXOLEVO LKpOTEPO TOL Kprtnpiov PEL kot vynidtepo tov kprmpiov TEL.
Ta Bardooio WK Hate TV TE6GAPMV LOVAI®V KPIVOVTOL ¢ HETPLO. PLTACLEVA
kaBdg ot TéS TV mepleyopévav vrepPaivovy povVo TG THEG TOV KPLTHPiov

TEL.
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MMivakag 4.1: Z0yKpiomn TOL TEPLEYOUEVOD YOAKOD Kol WYELSAPYVPOL TToL Ppédnke ota IlNpaTe KAT® 0md Toug 1YBvoKA®POoVE TV HOVAS®MY TOV

YPTOCLLOTOLOVV 1| OYL VPaAoYpOLATO UE TO Kpitipia moldtntag inudtov ERM, ERL, PEL kot TEL.

Métarla

Movaéada

MO+TA
E\dy.-Méy.

ERM

ERL

PEL

TEL

ApOpog

OELYNATOV>
ERM

% Asgiypota

>ERM

Ap1Opog
osryparTov>

ERL

% Asgiypota
>ERL

Ap1Opog
osryparTov>

PEL

% Asgiypata

PEL

Ap1Opog
OELyNaTOV>

TEL

% Asgiypota
>TEL

Cu

A&B

78,70+11,88

70,30-87,1

I'&A

89,80+4,38

86,70-92,9

270

34

108

18,7

100

100

100

100

Zn

A&B

130,15+1,77

128,90-131,4

I'&A

151,80+11,88

143,40-160,20

410

150

271

124

100

50

100
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Mivakag 4.2: Zoykpitikdg wivakog TeplexOUeVoy YoAkod Kol yevdapyvpov oe oo
LOVAS®V VOATOKAAMEPYELS.

1. Aryaio xon I6vio

Aol 12-178 46-262 Kalantzi et al. 2013
2. Actokog, Iovio 31,70-66,90 104-679 Belias et al. 2003
3. Tkotia 805 921 Dean et al. 2006
4. *Txotio 23,4 72,5 Jones & Turner 2010
5. Kovodag 54 258 Chou et al. 2002
. 12,01 ) Brooks & Mahnken
6. Kavaddg %48 24 233-444 2003
7. NopBryia 21 - Solberg et al. 2002
' *49- 430 getal
8. Aryaio ko Iovio 70,30-87,1 128,90-131,40
(A & B) (A & B) Haoobod &

S apovoa Epguva

*86,70-92,90 *143,40-160,20

T & A) T & A)

(*INpoto amd povadeg mov ypnoonolohy veoroypoduata, *ICuata emPapopévo pe
Bapéa pétairo amd VEOAOYPDLLOTO TAOI®MV)
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O1 Long et al. (1995), npoteivovv ) xpnon tov oplakdv tudv ERM ko PEL
oe oyéon pe Tig Tnég ERL ko TEL ywo tnv ac@ain TpdPreym g ToEikng dpdons Tmv
petdAwv oto Baldooio Wnpata. Otav 10 mepeyduevo tov petdAlov eivarl i6o 1
peyaAvtepo amd ) tun ERL xon pukpotepo amd ) tiun ERM to1e vdipyet éva ebpog
TOOVOV EMATOCEDV EVIOC TOV OTOIOV Ol EMOPACELS TOV HETAAAWV Ba eppavifoviot

TEPLOTACIOKAL.

Amd ™ olykplon tov TEPlEYOUEVOD YOAKOD oTo WHHOTA TOV TEGGAPOV
povadmv pe oavtiotoyeg povadec g EAAGSog, ov omoieg dev mpoodiopilovv av
YPNOILOTOLOHV 1 OYL VPOUAOYPDOUOTA, SOTIGTMOVOLUE OTL TO TEPLEYOUEVO TOV PploKkeTan
o€ LYNAOTEPQ EMimeda amd Ta MEPLGGOTEPA delyHaTo LOVAS®Y TOL Atyaiov Kot TOV
Ioviov (Kalantzi et al. 2013) kot omd ta deiypata povadag mov Bpicketar tov AGTakd
(Belias et al. 2003). e ovykpion pe ovtiotorya KNUATo GAAOV TEPLOYDV, Ol TIEC TOV
YOAKOO glvar vymAoTepeg, ektdg amd To lnuata povadmv g kortiag (Dean et al.
2006) 6mov ot TIéES TOL YOAKOD Elval TOAAATAAGIEG GE GYEON LE TNV TOPOVOA EPEVVAL.
Xe oUYKpPON HE OVTIOTOLES €pPeuveG O HOVAOEG MOV  YPNOIUOTOLY 1 Oyl
VOOAOYPOUATO, Ol TIHEG TOV YOAKOL elval LVYnAOTEPEG GE GYEON HE MOVAOES TOL
Kavadda (Chou et al. 2002, Brooks & Mahnken 2003) kot tng Noppnyiag (Selberg et al.
2002) mov dev YpNOUOTOIOVV VPUAOYPDUATO KOl YOUNAOTEPES GE GYECN UE LOVADES

™ NopBnyiag (Selberg et al. 2002) mov ¥pnoponolohv VEEAOYPMLOTA.

Télog, ovppmva pe v meptPariioviikn vopobesio EPA ( WAC 173-204-420
kot WAC 173-204-520), n av@totn omodekt| T YoAKob o€ empavelokd aldcoio
ApoTa v vo AneBodv dueco pétpa omokatdotaong opioviat ta 390 mg Kgt. Ze
Kavévo amd to ROt TV HOVAd®V OV TPOGOOPIoTNKAY TILES UEYOAVTEPES NG

AVATATNG OTOJEKTNG MOTE VO OTONTEITOL | MY LETPOV ATOKATAGTAOTG.
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Egapuolovrtag ta kprripro mowdtrag iCnudatov (Sediment Quality Guidelines-

SQGs) ERM- ERL (Long et al. 1995) ka1 PEL-TEL (McDonald et al. 1996) yia tov

TEPLEYOUEVO YEVDAPYLPO OTO WNUATO TOV TECCAPOV HOVAS®V (OEIYUOTOANTTIKOL

otofpoi 0 m) dwmotd®voLpE TO EENG:

Ol T detypoto lRpatoc oto ovvoro tovg (12 deiypata) moapovcidalovv
mePLEYOUEVO YoUNAdTEPO TOV Kprtnpiov ERM kot tov kprrmpiov PEL.

Ta delypoto 1nuatog tov povadov A kar B (6 detypota) mov dgv
YPNOLOTOLOVV VOUAOYPDOUOTO, TOPOVCIALOVV TIHES HKPOTEPES TOV KPLTnpiov
ERL. Ta 1ilhuato kpivovtol @¢ U pumacpévo Kot Ogv avopuEvovtal TOEIKES
eMOPAoELS 6TOVG PEVOIKOVS 0pYaVIoUOVGE.

Ta 3 and ta 6 detypota Inuatog Tov povadev I kat A, mapovstdlovv THES
yopunAotepes tov kprmpiov ERM ko vymidtepeg tov kprrnpiov ERL. Ta 3 amd
ta 6 delypata Wnpatog tov povadmv I' kat A kpivovior wg pétplo puvmacuéva
KaBdg ot TWES TV mepleyopévav vrepPaivovy povVo TV T TOv Kprnpiov
ERL, evdd 1o vmolowma 3 Odetypota mopovstdalovv TEG WKPOTEPES TOV
kpumpiov ERL. Zuvvendg kpivovioar og pun pumacpévo Kot 0gvV OvVOUEVOVTOL
10&kég emOPAcelS 6ToVg PevOUKoDg 0pyaviGovG.

Ol T detypota Wpatog tTov Hovadwv Tapovcstdlovy TIHEG HEYUAVTEPES TOV

kpunpiov TEL. Ta Whpata kpivovtor og HETpLo puaGUEVO.

ATO TN CLYKPION TOL TEPLEXOUEVOL YELOGPYVPOV GTO ICHUOTO TOV TEGCAPMOV

povédwv pe avtiotoyyeg povadeg g EAAGOOg, ot omoieg dev mpoodiopilovv av

YPNOOTOLOVV 1} OYL VPOUAOYPDOUOTA, OOTIGTOVOVLE OTL TO TEPLEXOUEVO TOV PpiokeTon

o€ LVYNAOTEPO emimeda amd T TEPLGGHTEPA Oelypata Lovadwv tov Atyaiov Kot Tov

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



57

Ioviov (Kalantzi et al. 2013) ka1 og younAdtepa ond Ta TEPIGGOTEPQ OEIYUATA LOVASOG
nov PBpioketar otov Aotokd (Belias et al. 2003). e ovykpion pe avtiotorya Cnuata
aArwv meploydv (Chou et al. 2002, Brooks & Mahnken 2003, Dean et al. 2006), mov
dev  mpocodlopilovy av 0 TEPLEYOUEVOS  WELOAPYLPOS opeiletoar 1 Oyl oTO
VEOAOYPOUATO, Ol TYES TOV YELAAPYLPOL Eival YAUNAOTEPEG EKTOC OO OLTEC TOL

Bpébnkav oe Wfpoto povadwv g Zkotiog (Jones & Turner 2010).

Télog, ovupwva pe v mepiParlovrikny vopobesio katd EPA (WAC 173-204-
420 xou WAC 173-204-520) 1 avodtotn omodekti| TN Y. TOV WYELdapyvpo o€
empavelokd Oaidootia iInpata yio vo Aneovv dueca pétpa arokatdotaong opilovran
10 960 mg Kg™. Tric povédeg mov epeuvinkov dAa To. Selypota mopovstilovy TéC
TOAD YOUNAOTEPES TNG OVAOTATNG OTOOEKTNG TIUNG Kol OEV amanteitor 1 ARy HETPOV

OTOKATAGTAOTG.

H povomopayovtiky avélvon dokodpavong (one-way ANOVA)  mov
TPAYLOTOTOWONKE YioL Tr] GUYKPLIOT] TOV TEPIEXOUEVOD YOAKOD KOl WYEVLOAPYVPOL GTA
Wnuoto €0e1e OTL 0ev LWAPYOLV OCTATICTIKMG ONUOVIIKEG OLPOPEG UETOED TMV
LOVAS®V OV YPNOLUOTOOVV 1} Oyt vearoypdpaTa. Avtd iowg vo opeiletar 6To HIKPO
1060010 0vBp®TOYEVOVG EMIBPOONG 6TO TEPLEXOUEVO TOV Papémv petdAiov (Cu & Zn)
oto WNUATO TOV TECCOPOV HOVAd®MV. APKETEC £pevveg €xovv ovagépel ovénuéva
emimeda yaAkov kot yevdapyvpov og Wlnuata ybvokodlepyeidv (Brooks & Mahnken
2003, Hop et al. 2002, Millward et al. 2001, Schendel et al. 2004, Smith et al. 2005).
AvTég 01 €pevveg LITOINADVOLV OTL 01 AVENUEVES TILEG YOAKOD KO YEVIAPYLPOL LITOPET

va opeilovtat oTIS 1Y BLOTPOPES KOl GTO OPYOVIKG VITOAEILILOTOL.
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4.1.2 Tvoygtion olkng dtodlvtomoinong ko «0.5N HCI»

Ta avolvtikd dedouéva g pebodov «0.5N HCIl» yia to pérodro Cu xor Zn
ouykpidnkov pe to avrtiotoryo doedouéva e pedddov oAKNG dteAivtomoinong. H
GLYKPLON TPOYLOTOTOMONKE Yo TOV TPOGHIOPIoUO TOV TOGOGTOV €mi To1g ekaTo (%)
TOV UETAAA®V 7oL Katovépoviow ota OBoddooia fpato TOV TECoHPOV HOVAOWV
voatokaAMEpYELag o€ mepBarhovtikd «evepyécy Béoelc. To T0GOoTO OWTO avaPEPETIL
oe younAotepo evepyslokés 0éoelg twv petdAwv oto inua, deocuevpéva oe Béoelg

10VTOOVTOAAXYNG (TPOGPOPNUEVA) KOl GUVOESEUEVD GE SLAPOPES PACELS.

And tov Iivaxa (3.5) dtumot@voovpue Ot

e To mocootd Prodabesipudtntag Tov yarkov (Cu) oto IKUATA TOV HOVAS®Y TOL
dgv  ypnoiponoovv  veoroypopota givar 8,41%, eved oTIg HOVAOEG TOL
YPNOLOTOOHV  VOOAOYPOUATO TO TOG00Td Prodabectudtntdg tov  givan
17,66%.

e To mocootd Prodwbecipudroc Tov Yevddpyvpov (Zn) ota WKAHoTO TOV
LOVAS®V OV OEV YPNGLOTOOVV VEaAoypouata gtval 7,28%, eved ota oo
TOV  HOVAd®V MOV  YPNOUYOTOOVV  VOUAOYPOUOTO  TO  TOCOGTO

BrodiaBecipotnds Tov givan 14,46%.

H ocepd Prodwobeocipdétrog tov avoAvBéviov ynukodv otolyeliov Kol oTig
té60ep1g povadeg etvan 1 e€ng: Cu> Zn. Avtd Ba pmopovce v Hépel va opeihetal oTIg

yBvotpoeéc (Belias et al. 2003).

[Tapatnpodpue 0Tl 68 OAEg TIG HOVASES aveEEUPTATOG OV YPNOLUOTOOHV 1] Oyt
VOOAOYPOUATO TO TOGOGTH Ploo10fecLOTNTAG TOV YOAKOD givar vymAdtepa omd aVTA

oV Yevddpyvpov. H mocdtta avt) tov otoyeiov eivol decpevpévn oto WCnuato 1e
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TPOTO MOV EMUTPEMEL TNV  OMEAEVOEPMOGN TOVC GTO VOATVO TEPIPAAAOY 1 TOVG
opyaviopovg otav dnutovpynbovv ot katdAiniec cvvinkec (Burridge et al. 2010). Ztig
HOVAOEG TOL  YPTNOULOTOOVY  VPOAOYPOUOTE  TOPOTNPOVLVTIOL VYNAOTEPO, TOGOGTA
BrodiabecipomnTag (oYedoV TPUTAGGLR), TOGO Y10 TO YOAKO OGO KOl Y10 TOV YEVOAPYLPO
0€ OY£0M UE TIG LOVAOEG TOL OEV YPNOYLOTOOVV VPOAOYpOUaTe. OTdTE OTIG LOVAOEG
TOL  YPNOUOTOOVV  VEOAOYPOUATH 1 TocdtnToe 7ov O amehevBepwbel av
onuovpynBovv ot KatdAiniec ocvvinkeg Ba elvar oyeddv TpumAdcio amd OTL OTIg
povadeg mov dgv  xpnoipomoovy  veoroypopata. To pérodio mov Ppickovton
deopevpéva ota WNRATO TOV HOVAS®V OV OEV YPNGLULOTOOVV VPAAOYPOUATE UTOpEl
Vo givol amoTéEGHO TTEPIOOEWG TPOPNG Kol TPoidvtmv petafoicpon (Brooks &

Mahnken 2003).

H povomapoyovtiky avdilvon dakduavene (one-way ANOVA)  mov
TPOYLOTOTOMONKE Yoo TN CUYKPION TOV TEPLEYOUEVOL YOAKOD oTo WCNUOTO HE TN
uébodo tov «0.5N HCly» €de1&e 0TL VITAPYOVV GTATIGTIKMG GNUAVTIKEG OL0POPEG LETOED
TOV HOVAO®V TOL YPNCLUOTOOVV 1 Oyl LEAAOYPOUOTO, EVE YLOL TOV TEPIEYOUEVO
Yeudapyvpo €0e1Ee OTL OV LIAPYOVY GTATICTIKAOG CNUAVTIKEG O1POPES. AVTO pmopet
ev uépel vo. oQeileTon 6To OTL TO VPOAOYPOUOTO UTOPEL Vo TeptEyovy €mg kot 40%
yoAko (Braithwaite & McEvoy 2005), kafdc¢ eivar t0 KOPlo GLOTATIKO TOV
VOOAOYPOUAT®V, EVAD 0 YELIAPYLPOG YPNOUOTOIEITOL GE TOAD HUKPOTEPES TOGOTNTEG

(Watermann et al.2005).
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4.2 Bioloywkad detypota

O younAOTEPES TIUEG TOV YOAKOD GTO ULIKO 16TO TNG TOITOVPOS TOPATPOVVTOL
otV povado B mov dev xpnoyomotel vearoyp®UATO Kol 01 VYNAOTEPES GTN Hovada A
OV  YPNOUYOTOEL VQOAOYPDOUATO, EVO Yo TO AdPPAKt Ol YOUNAOTEPES TUUEG
TOPOTNPOVVIOL GTA OELYLOTO TG LOVASNS A TTOV OEV YPNOILOTOLEL VPUAOYPDLOTO, KO
o1 VYNAOTEPES oTN Hovada A ov ypnopomolel vporoypopota. H yauniotepn tiun tov
TEPLEYOUEVOD YOAKOV TAPOVGIALETAL GTO HVIKO 16TO TV OEYUAT®V TOV TapOnKav ard
HOVAdES TOV OV YPNOUYOTOOVV  LOOAOYPAOUATO, KOTL 7OV GCULUE®VEL HE 1N

Biproypagia (Berufsen et al. 2002, Cotou et al. 2013).

Ot yoUNAOTEPES TIES TOV YEVOAPYVPOL GTO HVIKO 16TO TOV OLO UEAETOVUEVOV
€MV TOPATNPOLVTAL GTNV HOVAdH A 7OV OgV YPNOIUOTOLEL VPAAOYPDOUOTO KoL Ol
VYNAOTEPEG ©0TN Hovada A mov ypnowomolel vearoypopato. To younidtepo
TEPLEXOUEVO YELOAPYVPOL TAPOLGLALETAL GTO HVIKO 16TO TV dEIYUATOV TOL ThPONKAY
amd HOVAOEG TTOV OgV YPNGIULOTOLOVV VPOAOYPDUOTH. X& EPEVVEC OV APOPOVV TO.
VOOAOYPOUATO Ol €PELYNTEG HeAETOOV TOV TeplexOuevo xaikd. Ocov apopd TOV
YELIAPYLPO, MG GLGTATIKO TWV VPOAOYPOUATOV TOV UTOPEL VO TPOKAAEGEL OVGUEVEIG
emdpAcels, vapyel EAdeym dedopuévov (Karlsson & Eklund 2004, Yebra et al. 2004,

Karlsson et al. 2006, 2010).

H xatovopn tov yakikoh 6Tovg 16T00¢ TV SEIYUATOV TNG TOUToVPaS G€ OAES TIG
Hovades Exel TNV akdAoLON celpd: ZukdTt > Muikog 1616¢ >Bpdyyia, eved 6tovg 16100¢
OV APPaKIon ExeL TNV akOAOVON cepd: Zuk®dTL > MViKdc 16T0¢ >Bpdyyia (Lovades B
kot ') ko Zukdte> Bpdyyio> Mvikdg 10106 (Lovadeg A kot A). Xe Oha Ta detypoto Kot
TOV OVO €MV Ol VYNAOTEPES TIUEG TOL TEPLEYOUEVOL YOAKOD TOPATNPOVVIOL GTO

GUKOTL. XTI LOVASES TOV JEV YPNOLOTOLOVV VOAAOYPDOUATO Ol VYNAOTEPES TULES VLo

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



61

TOV YeLddpyvpo mapovcstdlovtal ota Ppdyylo ektdg amd T detypato Aapfpakiod Tng
povéaoag B. Zta delypato kot TV 0vo €10MV TOL TApONKavV omd HOVAOES Ol Omoieg
YPNOLOTOLOVV VPOAOYPDOUOATE Ol VYNAOTEPEG TYEC TOV TEPLEYOUEVOV YEVAAPYLPOL
TOPOTNPOVVIOL GTO GLUKMTL KO €IVl KaTd TOAD HeYOADTEPEG OE GYEOT LLE OVTEG TTOL
Bpédnkav oto delypota TOV HOVAd®Y 7OV OV YPNGLULOTOOVV VEOAOYp®uaTa. To
OUK®OTL TOV YOPI®V GE OYECN UE OMOLOONTOTE GAAO OPYOVO GLVIGTOTOL GLYVA MG
deikng pumavong, Adym TG TAGMG TOL VO, GVGGMPEVEL POTOVG OTTWS Papéa UETOAAN
(Galindo et al. 1986, Deviller et al. 2005). Ov Coban et al. (2009), avaeépovv 6t 1
TPOCANYT UETAAA®V GTO YAple LEGH TNG TPOPNG OMOTEAEL TNV oNUOVTIKOTEPT otiot
GLGGMOPEVONG APYLKE GTO GUKMTL KO ETELTAL GTO PVTKO 16TO. Ol S10POPETIKES TIHEG TMV
TEPLEYOUEVOV HETAAAW®V GTOVS 16TOVG Uopel vor elval amoTéAESA TS IKOVOTITOS TOVG
va deopebovV To PETOAAN HECH TIPOTEIVOV Omwg 1 petoAiroBgioviv. H peyaidtepn
TocOTNTO. TG TPpwTEivG ovt¢ eueaviletan oto ocvkott (Canli & Atli 2003). H
TPOCPOPNON TOV UETAAA®V amd TNV emeaveld Tov Ppayyiov 0o pmopovoe va
emnpedoet H/kat va ovénoet ta cuvolka enineda yoikov (Heath 1987, Canli & Furness

1993a, 1993b, Roesijadi 1992).

H povomapoayovtiky avaivorn owakduavene (one-way ANOVA) £deiée OtT1
VILAPYOVV GTOTICTIKMG CUAVTIKES OLPOPEG OTO TEPIEXOUEVO YOAKO GE OO T dElypATO
10TAOV TOV 0VO UEAETOVUEVOV €DV UETAED TOV HOVAI®V TOV YPTNGLLOTO00V 1 Ol
VOOAOYPOUATO EKTOG OO TOV TEPIEYOUEVO YOAKO ota Ppdyye g towmovpag. Ot
OTATIGTIKAOGC CNUAVTIKES SLOPOPES LETOED TOV HLOVAI®V TPEMEL VO OPEIAETOL GTN XPNION
TOV VOUAOYpOUATOV. Ta delypoto TV HoVAd®Y TOL YPNGULOTOLOVY VOAAOYPDLUATO
Topovctdlovy VYnAoTEPEG TWWEG OcovV apopd To YoAKO. Tao amoteléopoto TNG

TOPOVCAG EPEVVOC VTOONAMVOLY OTL 0 YOAKOG MG CLOTUTIKO TOV VPOAOYPOUATOV
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UTOPEL VO EXNPEAGEL TOVG EKTPEPOUEVOVS OPYOVIGHOVS, CUUPOVMOVTOG Kol UE AAAOLG
EPEVVNTEC OV E€YOLV ONUOCIEVGEL OVIAOYEG EPYOCIEG OYETIKEG LE TNV EMOPOCT] TOV
vooroypoudtov (Anderson et al. 1995, Belias et al. 2001, Burridge & Zitko 2002,

Singh & Turner 2008, Cotou et al. 2013).

H povomapayovtikry avaivon dwukdpovong (one-way ANOVA) &deiée ot
VILAPYOVV CTOTIOTIKAOG ONUOVTIKEG SLOPOPES OTOV TEPIEXOUEVO YEVOGPYVPO GTO GLKMTL
TOV OV0 HEAETOVUEVOV €OV HeTAE) TOV HOVAO®MV TOL YPNOLLOTOOVV 1 Oyl
VEOAOYP®OUATE. Ol CTOTIOTIKOG GNUOVTIKEG O10POPEG LETOED TMV LOVAO®V TPETEL VL
opeidetal otn xpnon TV veoroxpopdtov. To aroteAéopato ™ Tapovcas EPEVVOG
VTOINA®VOVY OTL O WYELOAPYLPOG MG GLOTATIKO TMV VPOAOYPOUATOV UTOPEL Vo
emmpedoel onuavtikd to Pabud GLGGOPEVGNG TOL GTO GUKMOTL TV EKTPEPOUEVOV

OPYOVIGUOV.

H avdivon dwaxdpaveng katd dvo mapdyovteg (two-way ANOVA) £deiée 6t
aAMAemiopacn pHeTAd TOV VEOAOYPOUATOV KOl TOV 10TOV Elvol GTOTIOTIKOG
ONUOVTIKY] KOl Yoo To. dvo gpguvovpeva €idn. H ypnon tov veaioypopdtov otig
povadeg voatokaAépyelag eaivetar Ot emnpedlel EexdBapo TO TEPLEYOUEVO TV
Boapéov HETAAL®Y GTOLG OPYAVIGUOVG, YEYOVOS TOL GLUE®VED Kol pe Tn O1ebvn
Biproypapia (Fernandes et al. 2008). Exiong, kot yio T 300 pETOANG TAPATNPOVUE OTL
VILAPYOVY CNUAVTIKES SLOPOPES GTO GUKMTL KL TMV dVO EW0MV VA EKEL TOPATNPOVLVTOL
KO 01 VYNAGTEPEG TIES KATL TOL GLUPMVEL Ko pe T Pifioypaeio (Schuhmacher et al.

1992, Farkas et al. 2000, Dugo et al. 2006, Coban et al. 2009).
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Ytov Ilivaxa 4.3 divoviar mAnpopopieg amd ™ PiAloypoeio avagopikd (e To
TEPLEYOUEVO  YOAKOD KOL  WYELOAPYLPOL OE  EKTPEPOUEVO €10 OmO  HOVAOES
VOUTOKOAMEPYELOG TTOV YPNOLUOTOLOVV 1 OYL VOAAOYPDUATO, OO TEPUUATIKEG EPEVVES
KOl 0O £PEVVEC TTOV OEV OVOPEPETAL OV TO TEPLEXOUEVO TOV UETAAA®V OQeileTon 1| OYL
ota VeoAoypopata. Xtov idto Ilivaka moapovsidlovior Kot Ol GUYKEVIPDOGELS TOV
YOAKOD KOl TOV YELOAPYVPOV TMV JEIYUATMOV TOV LOVAI®V TOV EPEVVIICAUE AVAAOYW LLE

TO OV YPNOLUOTOLOVV 1} OYL VPOUAOYPDLLOTAL.

Ta mepeydpeva Popéo pétaArlo 610 ULIKO 10TO TOV YOPIOV NG TOPOVGOS
épevvag etvar vynAdtepa oe oyéomn pe avtd Tov Ppédnkav amd tovg Castritsi-Catharios et
al. (2013) ot extpepopeva yapro omd eAAVIKES yBvokaAMepyNTIKEG HOVADOEG TTOV
YPNOOTOL0VV VYaAoYpduata Kot arnd tovg Cotou et al. (2013) oe ektpepduevo yapia
g EALGSoc ta omola eiyov extebel oe vooaroypdpato (TEWPARATIKY €pEvva). TNV
TOPOVCO, EPYNCIO, O TEPLEYOUEVOS YOAKOC OTO HLIKO 10TO NG TOWOVPAS KOl TOL
AaPpakiod Bpicketor o€ VYNAOTEPO eMinedo o€ oyéomn pe avtd mov Ppébnke oe GOAOUO
nov ektpépetar oe povadeg g NopPnyiog (Berufsen et al. 2002), 6mwg eniong kot 6€
oyéon pe avtov mov Ppébnke ota idlo idn exTpoPnc omd dAlovg epevvntég (Canli &
Atli 2003, Deviller et al. 2005, Coban et al. 2009, Ferreira et al. 2010, Minganti et al.
2010, Trocino et al. 2012, Kalantzi et al. 2013) ywpic oumc vo dievkpviletarl n yprion M
un veoroypopdatwv. IHapopown, o mepleyOUEVOg YELOAPYVPOS GTO HLTKO 16TO TOV
derypataov mov gpevvinkav Ppiocketan oe vynAdTEPO emimedo amd avtd mov Ppédnke
oto oo ekTpePOpeVa €idn oe dapopeTikég teployec (Canli & Atli 2003, Deviller et al.

2005, Coban et al. 2009, Minganti et al. 2010, Trocino et al. 2012, Kalantzi et al. 2013).
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Mivakag 4.3: Zuykpitikdg Tivakog TEPLEYOUEVOD YOAKOD Kol WYEVDAPYVPOL GE EKTPEPOUEVOLS OPYOVIGHOVG.

Iotdg
Meproym Eidog Mérairo Mug S OKGTL Bpéypo Biproypaguki avapopd
Cu *0,36 *0,84 *0,64
S. aurata
1. EXAéda Zn *2,12 * 13,04 * 23,97
Cu *0,86 *0,87 *10,46
D. labrax Castritsi-Catharios et al. 2013
' Zn * 8,40 * 25,19 *22,71
D. puntazzo Cu 0,38 4,69 1,67
Zn *10,58 * 8,23 *2212
2. EAMGSal D. labrax Cu 1,32 114,97 ; Cotou et al. 2013
*1,55 *117,09
1,90 662
3. Noppnyia S. salar Cu %1.91-2.65 *590-1200 - Borufsen et al. 2002
Cu bdl 1,07-2,07 bdl
S aurata Zn 4,29-7.02 18,77-23,33 17,68-18,38
4. EALGoo Kalantzi et al. 2013
Cu bdl 116,00-224,97 bdl
D. labrax Zn bdl- 6,51 34,31-54,01 19,96-20,64

(bdl: Tyn younAdtepn amd to. 6pto. aviyvevong, * Asiypoata amd HOVASES OV YPNOUOTOLOVY VOAAOYPDLOTA)
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Iotég
Ieproym Eidog Mértarro Moc oG BRa Biproypaguki avagopd
Cu 3,00 2.029 5,00
5. Tovpkia D. labrax Coban et al. 2009
Zn 0,5-7,2 25,00 20,00
Cu 2,84 33,37 5,02
6. Tovpxia S. aurata Canli & Atli 2003
Zn 26,66 76,47 63,1
Cu 0,80-2,00 - -
7. ItoMio S. aurata Minganti et al. 2010
Zn 10,70-21,00 - -
Cu 1,07 - - Trocino et al. 2012
8. ItaAia D. labrax
Zn 4,66 - -
Cu 0,75-0,98 233-237 i
. " Deviller et al. 2005
9. Taklia D. labrax Zn 13,50-20,00 84,30-85,00
10. TToptoyaiia D. labrax Cu 1,82-2,14 30,90-1157,5 - Ferreira et al. 2010

(bdl: Tyn younAdtepn amd o 6pto. aviyvevong, * Asiypuoata amd HOVASES OV YPNOUOTOLOVY VOAAOYPDLOTA)
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11. Aryaio kot
Iovio
EA\Goa

S. aurata

Cu

A« B:5,50-12,00

I' « A*: 10,50-16,50

A « B: 8,50-15,00

I' « A*: 15,50-26,00

A x B:3,50-12,00

I' « A*: 5,50-11,50

Zn

A x B: 19,30-39,75

I' « A*: 5,45-42,25

A x B:5,35-42,00

I' « A*:108,50-333,20

A x B: 25,15-41,65

I' « A*:7,20-49,20

D. labrax

Cu

A « B:5,00-12,00

I' « A*: 7,00-16,00

A x A: 8,50-18,00

I' « A*: 18,50-28,50

A x B: 3,50-10,50

I' « A*:6,00-18,00

Zn

A « B: 22,35-34,05

I' « A*: 13,20-47,50

Ak B:7,90-29,15

I' « A*:138,30-435,30

A « B: 8,80-34,95

I' « A*:6,95-33,45

[Tapovoa épgvva

(bdl: Ty yopmAotepn and ta dpio. aviyvevong, * Aslypata and HoVASES TOV XPNOLOTOLOVY VPOAOYPDLLATOL)
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O mepleyduevog YOAKOG Kol WYELOAPYLPOS OTO GLKMOTL TOV EWOV  Eivo
VYNAGTEPOG oTOL €I0M TNG TOPOVGOS EPEVVAG GE GUYKPION HE awTd mov Ppédnke o€
EKTPEPONEVO  YaAplo.  Omd  EAANVIKEG  1BLOKOAMEPYELEG TOL  YPNOUYLOTOLOVV
voaroxpoupato (Castritsi-Catharios et al. 2013). O mepeydpevog YoAkog eivar TOAD
YOUNAGTEPOG GE GUYKpPLoT UE avTd Tov PBpébnke oe extpepdueva yapro tng EALGdoc Ta
omoia glyav ektebel og vearoypduata oto TAaiclo mepapatikig Epgvuvag (Cotou et al.
2013). Emiong, o mepiexduevog xahkdg 610 cLKMTL GOAOUOD amd 1 BVOKAAAEPYNTIKEG
povades g NopPnyiog (Berufsen et al. 2002) mov xpnoipomotovy i 0yt VEAAOYPDLLOTOL
elvar ToAamAGG10¢ o€ oYéon Le avTd Tov Ppebnke otnv mopovca Epevva. Avtibeta, o
TEPLEYOUEVOG YOAKOG KOl WYELOAPYLPOG OTO JEIYHOTA GLKMOTIOD TOV YAPIOV OTIG
Hovadeg mov gpevvidnkay ot mapovoa Epgvva (aveEdpTnTo IE TO AV YPNGLOTOIOVV 1
Oyt vEoLoYPOLOTO) Elvar TOAD VYNAOTEPOG O GYECT LE AVTO TOL AVOPEPETOL OE AAAES
povadeg extpopng ¢ EAAGdoc (dev  avapépetonr av  ypnolpwomoodv 1 Oyl
voaroypopata) (Kalantzi et al. 2013). Zvykpitikd pe deiypata cuk®Tioh amd HoVAdES
ektpoeng dAAwv yopov (Tovpkia, [oAdia, [Toptoyoiia), mov Oev avaeépeton ov
YPNOUOTOOVV 1 OYl VEOAOYPDOUATO O TEPLEYOUEVOS YOAKOG OTA OElypaTO TNG
Topovcas  epyaciag, mov  mwApOnkov  amd  povadec mOL OV YPNOIUOTOLOVV
voaroypopata givar yauniotepog (Canli & Atli 2003, Deviller et al. 2005, Coban et al.
2009, Ferreira et al. 2010), evd o mepleyOUeVog Yevddpyvpog gival VYNAOTEPOC GE
oyéomn pe detypota Hovadmvy eKTPOPNG amd GAAEG YDPES, AVEEAPTITMS EAV TPOEPYOVTAL
amd povadeg mov ypnoiporolovy 1 oyt veoroypopate (Canli & Atli 2003, Deviller et

al. 2005, Coban et al. 2009).

TéNog, 66OV aPOPA TOV TEPLEYOUEVO YOAKO GTA PPayylo, TO OTOTEAECUOTA TG

Toapovcas Epevvag etvar vynAOTEPA amd avtd TV povadwv e EAAGdog (Castritsi-

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



68

Catharios et al. 2013, Kalantzi et al. 2013) ka1 thg Tovpkiag (Canli & Atli 2003, Deviller
et al. 2005, Coban et al. 2009), v 660V 0QOPA TOV TEPIEYOUEVO YEVBAPYLPO Eivar
vynAdTEPQ 0O T povadwv g EALGdog (Castritsi-Catharios et al. 2013, Kalantzi et al.
2013) kot yopunAdtepa cLYKPITIKA pe osiypata povadwv g Tovpkiag (Canli & Atli

2003, Coban et al. 2009).

Amo 10 cvykptikd mivaka PAETOvpE OTL OTIC £€pgvveg OV EYovV Yivel ylo To
VOOAOYPOUATO, EPEVLVOVV KLPIWE TO TEPLEYOUEVO TOV YOAKOD GTO HLIKO 16TO KOl GTO
ovk®Tl. O TpoavapEPONKe Kol TNV €l0ay®YY, Ldpyel EAAenym dedopévav dGov
agopd tov yevdapyvpo (Karlsson & Eklund 2004, Yebra et al. 2004, Karlsson et al.

2006, Karlsson et al. 2010).

O mepeydpevog ahkog 610 HUIKO 16TO TV JEYHATOV TNG TAPOVCAS EPELVAG
elvar vynAdTeEPOG o8 GUYKPLoN pe avtdV AAAV gpevvav. TToAlég Epevveg Exouv deiet
VYNAQ TEPLEYOUEVO LETAAADV GE 1GTOVG EKTPEPOLEVOV YOPLOV GE GOYKPIoN e dyplo
yaplo Kdtt mov oeeidetonl Kupiwg OTN JTPOPT] KOl GE (QPLGIKOVG TOPEYOVIES TOV
nepPdirovtog (m.y. yewvmootpoua) (Orban et al. 2002, Monti et al 2005, Yildiz 2008,
Fuentes et al. 2010, Minganti et al. 2010, Kalantzi et al. 2013). Zvunepacuatikd, to
VYNAG mepleydpeva PETOAA®V oTo €10 KOl TOV TEGGAPOV HOVAO®V pmopel vo

0QeiloVTaLl GE VTOVG TOVS TAPAYOVTEG.

2V mopodcsa EPELVA, O TEPLEYOUEVOS YOAKOS Kol WYELOAPYLPOG GTO OELypLoTaL
HLTKOV 16TOV KOl TOV TECCAPOV HOVAd®V derypotoAnyiag eivon oe kdbe mepintoon
YOUNAOTEPOG A0 T OVOTOTA EMLTPENTE OpLol (EKTOC Ad Ta, OMOOEKTA OPLOL TOL YOUAKOD
OV VILAPYOLY GTNV AVGTPOAIR), TOL LIOJEIKVOOLV 01 d1EBvVEig 00N Yieg o€ oyéon pe v

KATOAANAOTNTO Y10 0VOPOTIVY KOTOVIAMOT).
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Ta avotato 6plo TOV TILOV 0VTOV ivat:

e Cu:30mgKg™ (FAO 1983)

e Cu: 20 mg Kg™* Tovpxia kon Iomavia (Usero et al. 2003)

e Cu: 100 mg Kg' zn: 100 mg Kg* (Canadian Food Standards)
(http://www.hc-sc.gc.ca)

e Cu: 60 mg Kg™ Zn: 80 mg Kg* (Hungarian standards) (Papagianis et al.
2004)

e Cu: 10 mg Kg* Zn: 150 mg Kg* (amodextd opio g Avotporiog)

(Papagianis et al. 2004)
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5. XYMIIEPAXMATA

Ta xvpldtEpa CLUTEPAGUATO TOV TPOKVLTOLV Omd TNV enelepyacio TV

AMOTELECUATOV TNG TOPOVCaG EPEVVOG gival To akOAovOa.

‘Ocov apopd to wnuoto:

1. ZOpeovo pe ™ péon T TOL TEPIEXOUEVOD TOV HETAAA®V pe TN puébodo tng
OMKNG SwAvtomoinong, 1 oePpd GYETIKNG agBoviag Tov YUAKOL Kol TOV
yevdapyvpov ota WHpata TV Hovadmy gival 1 akdAovdn: I' kot A > A kot B.
Ot peyorbdtepeg Tpéc mapatnpovvion ota npote tov povadov I' kot A, ot
01o1EG YPMNOLUOTOLOVV VPUAOYPDLOTOL.

2. ZOUQ®OVO UE TN KECT] TN TOV TEPIEXOUEVOD TOV UETOAA®V pE TN HEB0dO TOv
«0.5N HCl», n oepd oyxetikng apboviag yio Tov xahkd Kol Tov Yeuddpyvpo ota
Auota tov povadwv etvar n akdiovdn: I' kar A > A kot B. Kot og avt) v
nepintwon ot peyodvtepeg Twég (dumhdoleg M TputAdoteg) eueovilovtal oTig
LLOVASES TTOV YPTGLLOTOLOVY VOUAOYPDLLALTA.

3. Zoppova pe to mPocdlopllOUEVO TTEPIEXOUEVO TOV YNUK®OV CTOWEI®V PE TN
péBodo g oAkNg dtudvtonoinong, to WNUATO TOV LOVAd®Y oL EPELVHONKOV
TaEWVOLOVVTUL OTIG TOPAKAT® KATNYOplES:

e Xugwva pe ta kpunpe ERM-ERL ko PEL-TEL, ta ilypota tov
TEGGAPOV LOVASMV EKTPOPNG YOopaKTNPIlovTol ®¢ HETPLO PUTTAGUEVE.
®G TPOG TO YOAKO KOl OVOUEVETOL VO EUPAVICTOLV, OGOV M
TEPIOTAGLOKE SVOUEVELS EMOPATEIS 5TOVG PeVOUKODS 0pyavIGHOVG.

o XVpowva pe ta kprripro ERM ko ERL ta {pata tov povédwv A

xol B ko T 3 and ta 6 detypota tov povddwv I kot A kpivovtor pn
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PLTACUEVA MG TPOG TOV YELOAPYLPO KOl OEV AVAUEVETOL 1] ELPAVION
OVOUEVDV  EMOPACE®Y O©TOVG PevOikovg opyaviopuolds, evd  ta
vrorowma 3 detypato Wnpotog tov povadwv I' kot A kpivovion
UETPLO. PUTOGUEVO. MG TPOG TOV YELOAPYVPO KOl OVOUEVETOL VO
EUQOVIOTOVV, OTAVIO. 1 TEPLOTACIOKE OVGUEVEIC EMOPACELS GTOVG
BevOikovg opyavicpovg.

o Yvupova pe ta kprrnple PEL ko TEL, 1o ilipoto tov povadov
Kpivoviol G HETPLO. PLUTACHEVO G TPOG TOV WYELSAPYLPO Ko
OVOUEVETOL VO TAPOLGLOGTOVY, CTAVIO 1) TEPLOTAGLOKG OVGUEVELG
eMOPAoELS 6TOVG PEVOIKOVS 0pYaVIGUOVGE.

4. To mOG00TO TOV YNWKOV oTtoyeimv mov  Katovépovior o€ Béoelg
TEPPOALOVTIKE «eVEPYEGH OTA WKNUATO TOV HOVAO®V, TPOCIOPICTNKE Yo TO
xoAk6 @ A ko B: 8,41%, I' xar A: 17,66% xot yuo Tov yevddapyvpo: A kot B:
7,28%, I" ko A: 14,46%. To vynAdtepa T0c00Td TapatnpodvTal oTig Hovadeg I
Kol A TTOV YPNGYLOTOLOVY VPAAOYPDLOTA.

5. H povomapoyovtiky avdivon odakduavene (one-way ANOVA)  mov
TPOYLOTOTOWONKE Y10, TOV TEPLEYOUEVO YOAKO Ko Wevdapyvpo ota nuota,
£0€1Ee OTL OgV LITAPYOVY GTATICTIKADG CUAVTIKES SLOPOPES HETAED TV LOVAdWV
OV YPTGLUOTOIOVV 1} OYL VPAAOYPDLATA.

6. H povomapoyoviiky avdivon odakduavene (one-way ANOVA)  mov
TPOYLOTOTOMONKE Y100 TOV TEPLEXOUEVO YOAKO ota lnuata pe ™ péBodo tov
«0.5N HCl», £d€1&e 0T VIAPYOVY CTUTICTIKDOG CNUOVTIKES SOUPOPES UETAED TOV

LLOVAS®V TTOV YPNGLOTOLOVV 1 OYL VOUAOYPDLLOTOL.
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7. Téhog, cOHQ®VO HE TIC OVOTOTEG OMOOEKTEG TUES YL TOV YOAKO Kol TOV
YELOAPYLPO TTOL avaPEPovTal otV TepPairoviikn vopobeoio EPA, ta iuarta
TOV TECCAPOV HOVAS®V glyov YOUNAOTEPES TIUEG Kol OEV omalteiton 1 Aym

HETPOV OTOKOTAGTOGTG TOVG,.

‘Ocov 0Popa TOVE EKTPEOOUEVOVC OPYOVIGLLOVC:

1. O mepieyduevog YoAKOG 6TO HVIKO 16TO TG TOMOVPOS Kot Tov AaPpakiov sivat
YOUNAOTEPOG  OTOL  OElyHoTo  TOV  HOVAO®MV 7OV  OEV  YPNOLUOTOI0UV
VOOAOYPDLLOTO.

2. Ot vynlotepeg TWEG TOL YOAKOL KOL Yl TG OVO EKTPEPOUEVA  €10M,
TOPATNPOVVIOL GTO GUKMOTL.

3. Ot vymAdtepeg TWES TOL WYeLOAPYLVPOV GTO OgtypoTa oV TPONABav amd
LLOVAJEG OV OEV YPNGULOTOLOVV VOOAOYPMUATO TOPATPOVVTOL GTA PBparyylo
(Towmovpa) kot 610 pVikd 1616 (Aafpdil) eved ota detypato mov TpoNAbav amd
LLOVAJES TTOV YPTNGLOTOLOVV VOOAOYPDUATO O VYNAOTEPES TLLEG TOPOATPOVVTOL
0TO GLKATL Ko £fvort TOAD LYNAOTEPES /Kol TOALATAAGLES.

4. H povomopayovtiky avdivon OSwxdpavons (one-way ANOVA)  édeiée
OTOTIOTIKAOG GNUOVTIKEG O10POPEG GTO TTEPLEXOLEVO PapémV PHETAAL®Y g O TO.
delypata 16TV TV V0 UEAETOVUEVOV €OV HETAED TOV HOVAI®V TOL
YPNOWOTOOVV 1 OYL VEOAOYPOUATO EKTOC amO TO YOAKO oTO Ppdyyio TG
TGUTOVPAG KL TOV YELAAPYVPO GTOV LLIKO 10TO Kot 6Ta Ppdyyla TG ToUTovpog
KoL TOV AaPPpaKiov.

5. To mepieydUevov TOL YOAKOD TOL VIAPYEL OTO VOOAOYPOUOTO QOIVETOL VO

emnpedlel CNUAVTIKE TOVG EKTPEPOLUEVOVG OPYAVIGLLOVG.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 00:07:20 EEST - 3.145.18.80



73

6. XtnVv mopovoa £pevva, 0 TEPIEYOUEVOS YOAKOS KOl YEVOAPYLPOS OTA dElypaTo
HUiKOD 10TOV Kol TOV TECCHPMOV HOVAO®V OetypatoAnyiog eival oe kdbe
TEPIMTOON YOUUNAOTEPOC GO TO. OVOTOTA EMLTPENTA OPLOL TTOV VITOJIEIKVLOVV Ol

debveig 00myieg oe oyéon e TNV KATOAANAGTNTA Y10 avOpOTIVY KATOVAA®DGT).
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6. MNPOTAZXEIX

1. Ilepartépw depedivnon tov BERATOC Ko 68 GALES LOVADEG.

2.  Amoyopevomn e xpNons VEAAOYPOUATOV GTIS 1YOVOKOAAEPYELEC.

3. Xpnon &eVOAOKTIK®OV OLEPIOTIKOV HETPMOV YLOL TNV KOTOTOAEUNON TOV
eowvopévov g Proeriotpmong (fouling) omwg m.y. yeypovaktikdc Kobopiopog
TOV OTLV®V, €KBECT] TOVG GTOV NAO, GMOTN emAoyn Béong eykaTAoTOUONG
HOVAd®V 1 BLOKAAMEPYEIDV, K.A.T.

4. Tleportépm €pevvo OpIoUEVOV KOVOTOU®OV 1W0e®V, 1N omoia Bo pmopovcoe va
oLUUPBGAAEL TN OMoLPYio. ATOTEAECUATIKOTEP®V TEXVOAOYIDV TEPICCOTEPO

PUMKOV TTPOG TO TEPPAALOV.
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ABSTRACT

The aim of this study was to determine the heavy metal (Cu and Zn) content in
sediments and in cultured species such as sea bream (Sparus aurata) and sea bass
(Dicentrarchus labrax), in order to investigate the accumulation of heavy metals derived
from the use of antifouling treatment in aquaculture nets. The metal content in surface
sediments and in tissues (gill, liver, muscle) of farmed organisms were examined and a
statistical comparison between aquaculture sites that use or not antifouling treatment

was carried out.

Four aquaculture sites were chosen. Two of them used nets treated with
antifouling paints whereas the other two utilized untreated nets. Sediment samples and
tissues of both species were analyzed in order to determine the copper (Cu) and Zinc

(Zn) content.

The determination of the heavy metal content in sediment samples was carried
out after dissolution according to method EPA 3051 and in biological tissues according
to method EPA 3052. The analysis of chemical elements was accomplished by atomic

absorption spectrometry (AAS).

The analysis showed that copper and zinc content in sediments was higher in
samples collected from aquaculture sites that use antifouling treatment, while the
percentage of bioavailability in those sites was two or even three times higher compared
to those utilized untreated nets. The statistical analysis that was conducted for both
metals among sediment samples from sites that use or not antifouling treatment showed

no significant differences. In comparison with SQG’s (Sediment Quality Guidelines),
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chemical content in most of sediment samples could be occasionally associated with

adverse effects in benthic communities.

The analysis of biological samples showed that copper content in muscle of sea
bream and sea bass was lower in samples of aquaculture sites that utilized untreated
nets. The highest copper content for both farmed species was observed in liver. Analysis
of variance (one-way ANOVA) showed significant differences in heavy metal content
in all tissues among the samples of aquaculture sites that used or not antifouling
treatment except for copper content in sea bream gills and zinc content in muscle and
gills for both studied species. In any case, Copper and Zinc content observed in muscle
was lower than maximum permissible limits specified by international guidelines in

relation to suitability for human consumption.

Finally, it appears that heavy metals as components of antifouling paints could

affect heavy metals content in sediments and in farmed organisms.
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