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IHPOAOI'OX

H petamtoyioxnm dwrpin exkmoviOnke oto Epyactipio Edagoioyiag, Tov Tunuatog
l'eomoviag dvtikng IMopoayoyng ko Aypotwkov IlepipdArovtog tov Ilavemotnuiov
Oeoocaiiag, pe emPrénovra tov Enikovpo Kabnynt k. Avtoviadn Baciielo.

10 onueio awtd Ba NBela va gvyaprotiow Bepud tov emPAEmova KaOnynTy Hov K.
Avtoviaon Baoilelo 1660 yia tov moAdtipo ypovo mov 01€0ece OGO Kol Yoo TNV GLVEYN
EMOTNUOVIKY] KaB0d1nyNomn Kot vrootpiEn Tov Kabdg Kot yio v kabopioTikny GLVEICQOPA
TOL GTNV OAOKANPMOT] KOl GUYYPOPT] TNG TOPOVGOS O TPP1S.

Eniong evyopiotd ta péAn ™ tpipuerovg emtpomng, v Kabnynrpia ka. Anunpkov
AvBo0OAa ko tov Enikovpo Kabnynm k. [letpémovio Zrvpidwva 1660 o tnv Porfeia Tovg,
000 KOl Yol TOV YPOVO TOL APLEPOGAV Y10 TNV UEAETN Kol O10pO®ON TNG UETATTVUY KNG LOV
dtppnc.

‘Eva peydho evyopiot® omv Aéktopa ka. Aegilov Evbupia yu tov ypdvo mov
aplEpwoe, v kabodnynon g kot T TOAVTIHES GLUPOVAEG TG KOG Kol otV Ka. Ap.
['coAa Evayyeda péhog tov Epyaostnprokotd Awaxtikov [Ipocwmiko, yio v otpién kot
v Pondeld g 610 YEPICUO TOV EPYOCTNPLOKOD EEOTAIGUOV YO TNV TPAYUATOTOINGT| TOV
AVaADCE®V.

Evyapioto emmiéov tovg Znon Ilomalnon, Boaoctieio TowAtlovdn xor Xtpdto
Kowotdko yoo tnv moAdtiun Bondeia mov pov Tpocipepay 61O GTASIO TWV OEYUATOANYIDV
KOl OTIG EPYOUCTNPLOKES AVOADGELG.

TéLog, evYOPIOTO TOL SKOVE POV AVOPDOTOVG, Kol IOIUTEPMG TOVS YOVEIS OV Y10, TV

apéprotn Pondeta ko NOK vTOSTNPIEN TOV POV TaPETYOV.
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INEPIAHYH

To e&acBevéc ypapo Cr(VI) givan éva amd ta mo ToEika Kot emkivouva LETaAAN Kot
eEartiog g evpelag Propnyavikng ypnong tov Bewpeitor coPapdg pvmog yia to mePPariov.
To Cr(VI) oto éda@og petatpénetor o g avaywyns oe Cr(Ill), xatidv moAd Arydtepo
to&kd. H pdAvvon mov mpoxaiel 6to €604p0G, 0TA VEPE KO KOT  EMEKTOCT GTOV avOpdTIVO
opyoviopd, omotelel TO £vovoupo Yo TEPETAIP® E£PELVO. TOV OATOOOTIKOTEPOL TPOTOV
OTOUAKPLVOTG TOV a0 TO TEPPAAAOV. ZKOTOS TG TAPOVCOS EPYACiag NTav va peretndet (o)
n kwnukommra tov Cr(VI) oe éva 0&wvo €0apog mov PeAtidwdnke o¢ mpog to pH o¢
KaAMépyewa pityavng (Origanum vulgare), (B) n katdAAnAn pébodog peimong g evepyotTnTog
tov Cr(VI) (avayoyn oe Cr(IIl) pe mposOnkn tHpeng M amoppodeNot omd yop1yoVUEVO
CedA100), (Y) N amodoTikOTNTA TNG piyavng Kot 1 depedivnon g mBavatnTog ¥pNons e g
vrepovoowpevty Cr(VI). o 1o okomd avtd cvAréybnke O6&wvo €daoc pe pH 4,6 ko
onuovpynnkav oktd petayepioelg and eikoot YAdotpeg 1 kGbe petayeipion pe KaAhiépyeo
ptyavng (Origanum vulgare), oc €€7c: A (ubptopoc, dnhadh yopic Tpocdikec), B (25 mg kg™
mpootidéuevov Cr(VI)), T' (50 mg kg™), A (50 mg kg’ + wopen 1%), E (50 mg kg’ +
yeopyy dopeotoc 0.5% yio v adénon tov pH oty i 7), =T (50 mg kg™ + LedMbog
0.5%), Z (75 mg kg™) xar H (100 mg kg™). Bprikape 611 1 adénon tov pH 100 £8G¢povg, pe
™V TpocHnkn yempykng acPéotov, mailel Tov Kuptotepo pdAo otnv evepydtnta tov Cr(VI)
0TO €00(0¢ Ko vreptepel o€ oyéon pe GAlovg mapdyoviec. Emiong mapoatnpndnke O6tL 1
xopMynomn g topeng dev emrayvvel v avaywyn tov Cr(VI) oe Cr(IIl), aArd eEovdetepdvel
Kol kotamoAiepd v to&ikodmnTa tov Cr(VI), evioyvovioag tovg pnyovicpods GULVOS ToL
QULTOV otV TOEIKOTNTO, HE amoTéAecpa TN Peitioon g PAACTIKNG TOL 1KOVOTNTOG.
AvtiBétoc o (eoMbog teivel pev va emrvyydvel evoikn mayidevon tov Cr(VI), oniadn va
eyKABilel To avidv Tov ypopiov 6Tovg TOPOLS TOV, AAAL A’ OTL PaiveTal 1 TAYidELON AVTN
dev gtvan poviun, pe amotédecua 1 toSikotnta tov Cr(VI) va PAdrtel tedikd 1o utd. Télog
eavnke ot M piyavn xoataeépvel kot akwnronotel to Cr(VI) oty pila pe omotélecpo 10
VIEPYEID TUNUO TOV GUVTOV VA LEICTOTOL TOAD WKPOTEPES TOEIKES EMOPACELS, Kol Gpo TO

@UTO Oev pmopet vo Katnyoplomombel g vTEPGLGCWPELTNG, OAANL LAAAOV MG TAPEUTOIIGTYG.
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ABSTRACT

Hexavalent chromium [Cr(VI)] is one of the most toxic and hazardous metals and a
serious environment pollutant mainly due to its wide industrial use. Cr(VI) in soil is
eventually reduced to Cr(Ill), a much less toxic species. The aims were (a) to examine the
mobility of Cr(VI) in an acidic and limed soil and its effects on various oregano (Origanum
vulgare) characteristics, (b) to assess the most appropriate method of reducing the activity of
Cr(V]) (either by causing its sorption onto zeolite or by accelerating its reduction to Cr(III) by
peat addition), and (c) to examine the efficiency of oregano as a possible Cr(VI)
hyperaccumulator. For this purpose we obtained an acidic soil with pH 4,6 and we had 8
treatments with 20 replicates each, placed into 1-L pots: A (control, i.e., no additions), B (25
mg kg™ of added Cr(VI)), C (50 mg kg™), D (50 mg kg™ + peat at 1%), E (50 mg kg™ + lime
at 0.5% for raising pH to 7), F (50 mg kg™ + zeolite at 0.5%), G (75 mg kg™), and H (100 mg
kg™). Each of the 160 pots (8 treatments x 20 replicates) was sown with oregano seedlings,
which were harvested after 45 days. Soil pH increased at treatment E, and this led to enhanced
Cr(VI) concentrations in soil and plant, a finding signifying the dominant role of soil pH in
Cr(VI) mobility. We also found that peat addition (treatment D) did not affect Cr(VI)
reduction, but it did eliminate Cr(VI) toxicity. On the other hand, zeolite (treatment F) seems
to have entrapped Cr(VI) in its pores, but this retention was not permanent, leading thus to a
significant increase of Cr(VI) in plant compared to the control. We also found that oregano
absorbed Cr(VI) in much greater concentrations in roots than in aerial parts, showing thus an

excluder rather than hyperaccumulator behaviour.
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Ey®, n Zadvvn Avva - Acmacia, eipat n cvyypaeéag avtg g M.A.E. Avti n M.A.E.
avTiKoTonTpilel TV €pegvva mov &yve amd guévo kat dgv Exel voPAnOel (£ olokAnpov 1
pépog ) ocav mpomruylakn oatpiPn 1 MLAE. 1 o¢ pépog Awaxtopikne Awtping oe avtod
N aAlo Ilpomtuyokd 1 Metomtoyokd Ilpdypoppo Emovdav Idpvudtov Tpirofdduag
Exnaidevong tov eocwtepkod 1 eEmtepikov. Omota cuvepyacio kabmg kot to péyedog avtng
dnAdvovtal erakplds 610 aviicTtoryo medio avtg g dTppnc. Emiong £xm dofdacetl dheg

TS PrprAoypagikég avapopiés mov mapatifevion 6to TEAOC.

H Zvyypaeéag
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Institutional Repository - Library & Information Centre - University of Thessaly
10/04/2024 08:34:57 EEST - 34.228.247.231



Q¢ emPAET®V TG £pELVOC TOV TTEPTYPAPETAL GE VTN TN OaTPPn}, ONA®OVEO OTL GAOL OL
opot tov Eocwtepikov Kavoviopov tov Metoamtuyakov Ilpoypdupatog Emovd®v Tov
Tuquoatog IN'ewmoviag Gutikng [Hapaywyng kot Aypotkod ITepidriiovtog £xovv tnpnBel and

mv Ka Zavvn Avva — Aornacio.

O EmpAénov Kadnynmg
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Kepdraw 1. EIZATQI'H
1.1 Xpaouio (Cr)

1.1.1 H wotopia Tov ypopiov

H 1otopia Tov ypopiov Eexwvder mepimov 200 ypovia mpv, 6tav to 1761 o Johann
Gottlob Lehmann oavoakdivye ota opvyeio Beresof ota Ovpdiia Opn éva moptokoii —
KOKKIVO 0pLKTO, TO OTOi0 OVOHAGTNKE «KOKKIVOG HOALPOoC g Zinpiagy. Ov mporeg
AVOADGELS OV TTparypoTomomOnkay £0€1Eav OTL TO OPLKTO AmOTEAOVGE Evor HOALPOOL pe
Baocwkd cvoTaTIKG TO GEAMVIO Kot TO GioNpo. Ao TNV €mOVEEETOOT TOV OMOTEAECUATOV
TPOEKLYE OTL TO PETAAAELHA NTAV O KpoKOTtng e ynuko tomo PbCrO4 (Ewdva 1). To 1770 o
Peter Simon Pallas emioképOnke kot avtdg 0 opuyeio Beresof kot avakdAlvye o 10 0pukTO
avTO VoTEPO OO KOVIOPTOTOINGT UTOPOVGE VO TAPAYEL Lio POTEWVN KITPVN YPOGCTIKY| OVGia,

N omoia ypnooromOnke ot Lwypagikn (Guertin et al, 2004).

Ewoéva 1. Kpoxoing
(http://webmineral.com/specimens/picshow.php?id=292 &target=Crocoite#.VqtcR7J4blU)

To 1798 o Louis-Nicolas Vauquelin mpe detypa kpokottn kou mapnyoye tproleidio
oL ypopiov (CrOs) pe mv avapeEn kpokoitn kot vopoyAwptkov o&éog (HCI) (Shanker et al.
2004). Evod éva ypovo petd avaxaivye Ott pe tn 0éppovon tov ofewdiov pmopovoe va
OTOLOVACEL TO LETOAAKS ypdLa Tov 0pLkToV. Emiong umodpece va gvtomioet iyvn ypwpiov ot
TOADTIHOVS AlBovg Omtwg to povumivy, 0 Cageipt ko 10 cpapdydl (Ewdva 2). To 1798 o
Ieppovog ynuikdg Tassaert avaxdivye O0tt 10 €acbevég ypoupio Ppioketon oe €va

petdArevpa to omoio givar yvaotd g ypouitng (FeCr,O4) (Guertin et al, 2004) (Ewova 3).
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Ewoéva 2. Zageipt - Poourivi — Zpapdydt
(http://www.jewelry-santorini.com/com/2_Polytimoi-Lithoi)

Kotd ™ Suwpkeio tov 18 awdva 10 Cr ypnouomomdnke kvpiog o¢ cvototikd
ypopatwv kobog emiong Pprke evpeia epappoyn ot Pupcodeyio Kot TNV TAPAY®YN
Topipoy®v VAKOV. Ao 10 1920 ot petd ypnotpomomOnke ot EMYUETOALDOELS KOl OTN

depyacia g niektpandBeonc (Dennis and Such,1993).

Ewoéva 3. Xpopitng
(http://www.geo.auth.gr/106/4 _oxides/chromite.htm)

1.1.2 Xr1oyeia Yo To ypoOpHL0

To ypduo avAkel otny Kotnyopia TV Papéov uetddlov kot givor to 24° ymuikd
otoyeio tov Ileprodikov Ilivaka pe atopkd PBapog 51,996 (Shanker et al., 2004). 'Eyet
Bepuoxpaocio TEng 1857 °C kar Oepuokpacio Bpacuod 2672 °C, evd 10 ynukod tov cOuforo
etvar Cr. To dvopa tov Tpoépyetan amd TV EAANVIKN AEEN «YPOUOY, TO 0T0{0 TPOTAONKE Omd
tovg Antoine Francois de Fourcroy (1755-1809) xou René-Just Hatiy (1743-1822), eme1dn ot

2
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SAPOPES EVDOELG TOV EXOVV YPAOUOTO TTOV KAADTTOVV OAO TO 0paTO PAGLLO, ONAAOT OO UDOES
(CrCls) péypt Babv kokkwvo (CrOs) (Myonh, 2015; Guertin et al., 2004). To puokd ypd0
amoteleiton amd €va plypo TOV  TE6GAP®V  oTofEp®V  100TOTMV TOL OTOLEiOL KO
cuykekpéva v °Cr (4.31%), 2Cr (83.76%), >>Cr (9.55%) ko **Cr (2.38%). Aekagvvid
Pad0icOTOTA YPOHIOL £XOVV KOPAKTNPIOTEL pe To mo otafepd va eivor to °Cr pe ypdvo
nuiene 1,8%1017 ypovio kot o °'Cr pe ypdvo nuilonc 27,7 nuépec. Ola ta vrdrowa
POO10TIcOTOTO. EYOLV YPOVOLG NUEONG UIKPOTEPOLS amd 24 DPEG, EVD 1 TAEIOVOTNTO OVTOV
éxer ypovo nuilonc Ayotepo omd 1 Aemtd (Muyonh, 2015). Amotelel 1o 21° mo ouvyva
EVPLOKOUEVO YNUIKO oTOLEld 610 PAOWO e I'ng, pe wa péon meptektucotyra 100 mg kg™
(Emsley, 2001). H ocvykévipwon tov ypopiov oto £6apoc kopoaivetor amd 5 éwg 3000 mg kg’
! v oto puotkd vepd amd 5 wc 50 pg kg™ (Kapoyivvn, 2012).

To ypowo oynuatilel evooelg pe Pabuod ofeidmwong amd -1 émwg +6, ®oT0G0 01 MO
YVOOTEG 0EEMTIKEG KaTtaoTdoelg etvat 1o otoryelakd ypouo Cr(0), to tprobevég Cr(1I) ko
to e€acbevég ypopo Cr(VI) (Zayed et al., 1998).

To Cr(0) eivon éva aonuOypoUo HETAAAO, AOCLO, TTNTIKO KOl CLVAVTATAL EE0PETIKA
ondvia ot eOoN. XPNOYWOTOLEiTAL EVPEMS G KPAUATO Kol KLpIwg oV KPAUAT®OTN TOV
avo&eldmtov ydAvPBa, AOY® TG HEYAANG avtoyng Ttov otn JwfPpwon kot v o&eldwon
(Anuntpovia, 2009).

To tpiobevéic ypoo Cr(Ill) amoterel v mAéov otabepn popen ToL YPOUIOVL GTO
nmepBarirov. Etvar adidAvto kon Bewpeiton pun gukivnro, Kabaog £xet T 1601 Vo TPOCKOALLTAL
OTO POV UEVH COMOTIOW Kot 6TO {nua Kot yio Tov Adyo ovtd Bewpeiton GYeTIKA adpavegs,
Myotepo Prodwbéopo ko perwpévng to&ikdtrog (Fendorf, 1995; Banks et al., 2005).
Eniong Bewpeitan amapaimmro tyvostoyeio yio tov avOpadmivo opyavicpd, kabmng pali pe myv
WGoVAIvY puOuilel Tnv mTocoTNTO TNG YALKOLNG 6T0 aipa (Zayed et al., 2003). H tpdcinyn 30
— 50 pg tp1obevoig ypopiov ) pépa cuvictatal yia Tovg eviikeg (Demir and Arisoy, 2007).

Téhog 10 e€aoBevic ypopio Cr(VI) amoteAel ™ devtepn 7O oTObEPT LOPON YPOUIOV.
Agv  ovvavtavtor eAevBepo ot @OoN OAAG  amotehel amotélecuo  avOpwmoyevav
dpactmprotitov (Muhammad et al, 2015). Xm ¢bOon ovvoavtdtor 6e€ opvkKTd OTMOS O
Kkpoxoitng ko o Aomelitng. To efacbevég ypopio otav €pbel o emapn Ue OPYOVIK VAN
avayeton tayvtoto oe tprobevég (Banks et al. 2005; Zayed et al.,, 2003). H mapovoia, n
OLYKEVTPMOOT KOl 01 HOPQEG TOV, €EAPTOVTOL Amd OAPOPES YMIMKEG — PLOIKEG OlEPYACIES.
Anavtdron e T popeh xpoukdv (Cros>) kat dypopkdy (Cr,077) avidviov 1§ akope Kot
og xpoukd Bapo (BaCrOs) 1 dypopxod vatpo (Na,Cr,O7) (Shanker et al., 2004). Eivon

16YVPA T0EKO Papd PETOALO, TO OTO10 AKOUN Kol GE TOAD YOUNAEC CLYKEVIPMOELS, TPOKAAEL
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coPapéc emmtmoelg 1660 610 TEPPEALOV 660 Ko atov avOpamivo opyavioud (Eleftheriou et
al., 2015).

Adym ¢ evpeiag Prounyavikng xpnong tov, to Cr(VI) Bewpeitor cofapdg pumog yo
T0 TMEPIPAAALOV Kot 1] LOAVVOT TOL €DAPOVE KOl TV VOATO®V O’ oVTO amoTerel TPOSPOTN
avnovyioa (Shanker, 2005; Shanker et al., 2004; Muhammad et al., 2015) kot ctoyeio
épevvag. Xpnowomnoteital v ddpopeg Propmnyavikéc ypnoeis, ommg yw ) Peitioon g
EMPAVELNG TOV LETAAL®V, Y10 TNV TOPOY®YN YPOCTIKOV OVCIHOV Y10l TIG VPAVOILES DAES KO
™ Pupcodeyio kabmg kot Yo opiopévo cvvinpntikd EvAov (Rubio, 2006; Eleftheriou et al.,
2015). Emiong ypnoipomoleitot yoo TNV Topaym®yn TUPIHoy®V DVAIKOV, OT®S Y10, TAUPAOELY L
YL TNV TOPOY®YN TUPIHOY®V TOOPA®V peE poyvinolo, Kot Guuev yutnpiov (Apakdmoviog,
2012). Axopo xpNOYWOTOLEITOL KOl GTOVG TOPYOLS YOENS TMOV EYKOTOGTAGEDV TOPOYWOYNG
nAektpikng evépyetag (Rubio, 2006). Eved téhog Cr(VI) oto £da¢og evomotifeton Ko péocw
¢ 01d0eong g Proroyikng Adomng, Kabdg kot g evandfeong e t€ppag amd v Koo
TOV youavOpakwov yo v moapaywyn nAektpikng evépyetag (ToAn, 2012; Eleftheriou et al.,
2015).

Ta @utd, péom tov PLIKOV TOVG GCULGTNUOTOG, AELTOLPYOVV MG OTOOEKTES 1TNG
to&iwkotrog tov Cr(VI). Or mpdteg amokpicelg v QuTtov, PeTd TNV emidpoacn pe Popéa
pétoira, ocopPaivoov ot pifa, 1 omoia epeavileton pe pikpotepo péyebog (I'empyiov k.o.,
2012). Emiong votepa amd €pevvec amodeiytnke Ot axodpa kot pukpn ovykévipoon Cr(VI)
Umopel Vo TPOKAAEGEL KATAGTPOPN] 6TV doun tov kuttdpov g pilag (Gill et al., 2015),
empépovtag TpoPAnuota oty TpdoAnyn OpenTIKOV GLOTATIKGOV KAOMG Kot vEPOD amd TO
£001p0Gg, EVD TapdAAnla pmopel vo dnpovpynocet o&edwtiko stress (Panda, 2003; Hayat et al.,
2011; Shanker et al., 2005; Panda et al. 2005; Ali et al. 2015). Axopa o Cr(VI) Brantet T1g
KUTTOPIKEG HeUPpdveg Tov yYAwpomAaotdv, Tapepunodilovtag v pwtoocvvieon (Hayat et al.,
2011; Panda et al., 2005; Rai et al., 2003) kot Kat’ enéktaor ennpedlel apvntikd tov puiuod
avATTLENG TOV PLTOV, HEWWVOVTOS ovolaoTiKa TV Propdla tov (Chatterjee et al., 2015; Gill
et al., 2015; Hayat et al., 2011; Panda et al., 2005; Ali et al., 2015). ITapatnpovvtoar dniaodn
CUUTTOUOTO, VOVIGLOD, KOYEKTIKOTNTOS ENPOVOTNG TV PUAANDV OKOLO KO TPOMPNG YNPOVOTG
(Srivastava et al., 1994).

To Cr(VI) éxel avayvopiotel og pio 1oyvpd KuTTopoToSIKn Kot KOPKIVOYEVIHS 0LGia
(Myers, 2012). O avOpadmivog opyavicpog mpociapfavel ypodo gite p€ow g STPOPIKNG
(vepo Kot TPOPUA) KO AVOTVEVLGTIKNG 000V, gite péow g enapng tov Cr(VI) pe to 6épua
(Zayed et al., 2003). H Bpayvypdévia ékBeon oe Cr(VI) umopel va éxer og amotéleopo
aVOTTVELOTIKA TpofAnuata, Piyxa kot dOomvolwn, evd M pakpoyxpovio €kbeomn pmopel va

TPOKOAEGEL AAAEG OVOMVEVOTIKEG EMMTMOELS OwS PAAPeg otnv 0Gppnon, Ppoyyitdo Kot
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nmvevpovia (ToAn, 2012). Enuavtikdtepn emintowon eivol 0 KOPKIVOG TOL OVATVELGTIKOV
OLOTNHOTOG, 0 0TO10G AmOdElYTNKE OTL GLUVOEETAL AUESO LLE TOV KOPKIVO TOV YOOGTPEVTEPIKOD
ovotnuatog (Welling et al., 2016). Eniong onpiovpyel deppatitioeg, PAdPec ota veppd kot
o010 Nrap kabog kol ecotepikn apoppayio (Yappag, 2011).

1.2 Piyavy (Origanum vulgare)

H piyavn (Origanum vulgare — Opiyovov 1o KOWOV) OVAKEL GTNV OKOYEVELD TV

yeavOov (Lamiaceae) ko givor yvoot ond v apyodomra ( Ewdva 4). To dvopa g
mpoépyeTol amd TG AEEElG Opog kol yavog (Aaumpdtnta), onAadn eivar  TO QLTO TOL
Aapmpovel to Pouvd (Expovumng, 1998). O apyaior 'EAAnveg ™ ypnoipomoovcay g
OPOUOTIKO, OPTUHOTIKO KO QOPUUKEVTIKO LTO, EVAO NTAV ETIONG YVOGOTH GTOLG AlyOTTIONG,
aAAd ko otov Mecaiova wg eapuako (I'kdiov, 2008).
H piyovn etvar putd moivetés, ppovyovo vyovg 90cm, pe PAactd cuvnbwg Tpy®to, VLA
avtifeta, oy, moedr eEAMAelyoeldn Ko avOn pkpd donpa 1 poP — pol oe tallavlieg otig
bxpec Tov Practav. Ta eOALA Kol Ta AvOn TG £X0VV YOPAKTNPICTIKY VIOV LLP®OLE Kot
yevon elaepd mikpn. Emiong mepiéyovv aibépro €rato — opryavérato, pospapvikd, Kopeiko
Kol 0VPGOAIKO 0&V. H piyavn putpdvel og yépoeg ko Eepég meployég g Mecoyeiov kot g
Aciog kot kKoAMepyeitow oe moArég yopeg (I'woiov, 2008). Koivtepo pH avamtvéng
Bewpeiton 10 6,8, aAAd avoarnTdiccseTon KaAd Kol o€ peyarvtepa pH. O moAhamAactocuog Tov
QLTOV YiveTO LE OTTOPO TTOV GIEPVETAL GE GTOPELD, LE LOGYEVULATO 1) KOL [LE TOPOPLAdES. Evd
N HeTapvTELGN TOL YiveTon TO POIVOT®PO N TNV Avoién oe amoctdoelg 40-50cm eni 60-70cm
(Zxpovumng, 1998). Téloc m ovykomodn g yivetar kotd v emoyn avlicemg, m omoia
moKiAel avdroya pe to KApo Kot to vyopetpo (Avioviadov, 2013). Zvvnbwg yivetar amd Tov
Iobvio péypt to ZemtéuPprlo kol oe eldyioteg mepurtwoel tov Oktofpro (Maiovma, K.G.,
2013).

H piyovn €xel @appokeutikég 1010TNTEG KOl 0P MG TOVAOTIKO, YMOVEVTIKO, GTUTTIKO,
dovupnTikd, avTIoNTTIKO Kol ¢ epunvaywyo. Emiong ypnowomoteitor g aptopo ot
payelpikn. Evo 1o alfépo éloto tng ypnopomoleital otny apopatorouo, opRaKoTotd,

TOTOTTOUO KOl WG APTLLHOTIKO.
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Ewoéva 4. Piyovn (Origanum vulgare)
(http://www .kalliergo.gr/kalliergies-odigies/blog-kalliergo/148-sperno-aromatika-fyta-kai-
votana-se-glastres.html)

1.3 Eéapofeitiotind viikd

1.3.1 Zgombor

Ot {edMBot amoTeAOVV p1oL OTKOYEVELL AVOPYOV®V, KPUGTOAMK®OV DAMK®OV LUE TOPOLS
HOPLOKOV O106TACE®Y Ol omoiol amovidvtol gite otn @von (euoikol), &ite ¢ mPoidv
gpyaotnplokng ovvleong (cuvhetikol) (Ocodmpov, 2010). O puowoi LedoMbot etvar Evudpa
OPYIAOTTUPITIKG OPVKTA OV TEPEXOVV OAKAAI Kol OAKOAIKES Yoieg (AackaAdkm, 2004).
YymuatiCovion oe younAég Oeppoxpacieg kot YopNAEG TEGEIS, UE TNV TOPOLGIN VEPOD
(Boywtlakn, 2013). Eivor apvnrikd @opticpuévol pe amoTéAEGHO VoL EAKOVY KOTIOVTO TO
omoio kol dEGUEVOVY 6T0 ecwTEPKO TOVG (Bonnie et al., 1999). Xapaxtnpilovtoar Aowmdv and
VYNAN 1OVTOEVOALOKTIKT Ko popntikn ikavotnta (Abdi et al., 2006).

Q¢ kOpo dopukn povéada €xovv ta tETPdedpa Tov mupttiov SiO4 Kot ToL apyliov
AlOy4, ta omoia cuvdéovtat petald tovg pe kowvd o&uyova (MoAla, 2012) dnuiovpydvtog Eva
KOAQ OPIOUEVO TAEYLO TPLOV OOCTACEWV, HE EVOUEVO, GUOTILOTA KOVIA®V, SIOKEVOV KOl
HIKp®V Kol pécwv — mopav (Ocodwpov, 2010). To puéyebog tov mOpwv T0VG Kupaiveton omd
0,3 é0¢ 0,8 mm emMTPEMOVTOG TNV £IG080 KOTIOVIMV HEYGA®V S106TAGEMV OTm¢ alkdiio Na
K kot akicoicéc yaiec Ca®”, Mg®" kade kat popimv 6Teg vepoy, GUIOVIEK®OY Kot VITPIKGOY
wvtov  (MoAra, 2012). O 17yevikdg yMuKOC TOVE TOMOG Elvol NG HOPONG:
M"™ ¢a(ALSiy)Osxty).nHL0, 6m0v X = t0. mol Tov Al mov avTIKEOIGTOVV 1GOHOPPE TO SOUIKO
Si, n = 10 60&voc TOV KATIOVTOG GTOVG TOPOVS Tov (eoAifov kat M = aikédho (Na', K),
ohcoticéc yoieg (Mg, Ca™™) 1 ke katovta (my. Zn®", Cu’, Cd*', Fe™).

Me Bdon tov TpOTO GUVOECNC TWV TUPITIKAOV TETPUEdP®V, VIAPYEL EVaAG OTEPOC

aplOuOG OKEAETMV OV OMUIOLPYOVVTAL Kol 1 6Uvoeo ovth Kabopilel kot 10 €100¢ TOL
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CedMBov (Boywatldxm, 2013). Méypt otryung €xovv avayvopilotel mepimov 35 €i0n Quoikdv
CedMBoV eva €xet yiver avapopd yua mepimov 100 tomovg (edMBmV oV £X0VV TUPACKELOCTEL
ovvlheTikd oto gpyootiplo (Aackardkn, 2004). Ot o kool (gdABol Tov amavidvtol o€
TEPLOYES Pe peydro amofépato sivar 0 KAVOTTIMOAB0G, T0 avAAKIHO, O YEOLAAVOITNG, O
Aopovtitng kot o euAyitng, eved Aydtepo kowoi eivar o yaumalitmg, o gplovitng, o
popvtevitg, o vatpoibog kot o Paipakitng (Boywtlaxn, 2013).

O CedMBoc eivan telelmg axivouvog kat Exel TOAAEG EQUPUOYES TOGO GTNV YEMPYia Ko
™V KTNVoTpoio. 660 Kol G€ d1POpPovs AAAOLG TopElc OTTg M Propnyavio cov KataAdTng.
2T1C TPATEG YPNOUOTOLEITAL MG POPENG OPENTIKAOV Y100 TOL PLTA KO TO. KTNVOTPOPIKdE {da,
OAMGE Kol ®G amoppoenTNS TV TOoSIK®V ovoldv mov  givon  emProPeic v avtd.
Xpnowonoteitar eniong ywo. TNV amoppoOPNoN OEPIOV KOl TNV OTOUAKPVVOT] OCUMV Kol
ANUIKDOV EVOCEWDV, Y10 TOV KOOUPIoUO TOV TOGIHOL VEPOD Kol TOL VEPOD APIELOTG KAl Y10 TNV
OTOUAKPLVOT] TOV KOTIOVT®OV, Bopé®v UHETAAA®V Kol OUUOVIOK®OV 10VIov ornd To vypd
andpinta (Aovvciov, 2010). Térlog ypnoomoteiton ¢ edagofertiotikd. Beitidver tov
OEPIGHO TOV €XAPOVS Kot TN SOEGIUATNTO TOV VEPOV, OMEAEVOEPDOVEL GTAOIOKA OPETTIKES
ovoieg kot Ponba oty efooppommorn tov edapikov pH efovdetepdvoviag tar O&va

ovotatikd tov (Moiia, 2012).

1.3.2 T'swpyixij aofeoros

H yewpywn dofectog eivoar vAkd pe v yopnynon Tov 0omoiov o610 £00PpOoG
emrvyyavoope v Peitioon tov 6&ivov pH oe o Ty kovtd oty ovdetepdtnTa (M
ddkacio TG TposHNKNG TG Ye®PYIKNS aoPEcTov 6T0 £00pog ovopdaletan acPBéotwon). To
VAMKO mov cvvnBmg yivetan 1 acPéotmon eivar 0 acPecTitng Pe TNV HOPPN TEPITPIUUATOC
papudpov (N oAog poppopdokovng). O acPeotitng sivar opuktd TOL amavTdTol KUPIOS GE
puéppopo, to omoio. €lvol UETOHOPPMOGIYEV] TETPOUOTA TOV TPOEPYOVTOL omd 1npato
VEATIKOV OIKOGLGTNHATOV T eVoN VIGPYOVY TEPimov 60 opukTd mov mepEyovy COs>, o’
T, omoia 0 acPeotitng eivan to Mo Koo (Alepaykng, 2008). Katd v acBéotmon, ta 16via
oLV mpooTtifeviar avtdpovv pe to d10éeidto Tov dvBpaka (CO;z) Tov €0PIKOV SOAVUATOC
nopayovtag HCO; kat Ca?’. Tt cuvéyewa ta dvta tov Ca’ ™ avtodhdoocovy o 0via AT, ta
omoia elval katd kK0p1o Adyo vevBuva yio v o&HnTa Tov £04POoLS, 10vTa Ta oToia glval gite
TPOGPOPNUEVOL OTIS EMPAVEIEC TOV KOALOEW®V &ite eyKA®PopEVO ¢ €VOOSTOPUOIKES
YEQPLPEG OTA TAAKIO T®V PUALOHOPP®V apyillwv (Tozsin, et al., 2014).

Yto 0&wva €da¢n amatteital acPéotwon 0tav 1o pH tovg eivan pukpdtepo omd 5,5

(ZwoAiomg, k.6., 2004) étor dote vo avénbel n T Tov oto emBovuntd emineda Yoo KGO
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KaAMEPYEW, ota omoio pmopel va avoamtvyBel koivtepo (USDA, 1999). H acBéotmon
OTOYEVEL oTNV aENoT ™S dbecudtTTog TV Bpentikdv otoyeimv, v Pertioon g doung
Tov dagpovg (USDA, 1999; Valentinuzzi et al. 2015) kot kat’ enéktaon oty Peitioon g
anddoong TV Kaalepyelidv (Mioomolvdg, 1991). Ouwg av to 6&vo £3a¢pog eivarl LOAVGUEVO
pe Cr(VI), 101e n aoPéotwon av&avel v €vepyotnTol TOL, YlOTi TO XPOUIKE avidvTo €ivon
neP1ocdtePo dbéoua oe vynAég Tipég pH eddpovg (Mapkomoviov, 2012). Eropévemg pe
mv acBéotmon Tov £dapovg evdgxetor va avEdveton 1 toéikdtnta Tov Cr(VI) ota gutd

(Banks et al., 2005).

1.3.3 Topon

H topem amotedeitan amd cuooCOPELUEVT] LEPTKAOS OTTOTKOOOUNUEVT] OPYOVIKT] OLGIa, T
omoio dNpovPYEiTOL VO GLVONKES PEPIKNG OMTOCTPAYYIONG GE TEPLOYEG OTMG AN Ko BAATOL
(Hugron et al., 2013, Joosten et al., 2002). 'Exet popon omoyydon kot vdon kabmg wot
oKovpo kopé ypopa. Ta dden mov mepiEyovv topeN 6€ mocootd 20% kat on’ ta omoio
yivetai 1 e£0pvén g ovopdalovton Histosols, coppmva pe 1o oo Tagivounong Edapav
™m¢ Apepwcavikng Edagporoyumg Etapeiog (Soil Taxonomy) (AMepaykng, 2008). Ta edden
avtd oynuoatilovior oe OAeC TIG VYPEC MEPOYEC NG YNG, Me TV mpobmdBeon va
avamTOoooVTOL LTE o’ To. omoio. Ba TpokvWoLY TO. PUTIKG LEoAgippoto (AAMPPAYKNG,
2008).

H topem eivan mhovowa oe opyavikny ovcia yeyovog mov Ponda otn Peitimon tov
(PULGIKOV 1O10TNTOV TOV E6APOVG, GTN OOUN, TNV VOATOTKAVATNTA, TOV AEPICHO KAOMS Kot 6TV
avénon g mEPLEKTIKOTNTOS TOV €0Gpovg o€ Opentikd otoyeio (Toegdég k.o., 2011) pe
amotélecpo va  emoeeAeitar M Practiky  wKavotnta tov  eutdv. Emiong m topen
YPNOWOTOLEITOL G OVOY®YIKO HEGO, YTl e€outiog TNG MEPIEKTIKOTNTAG TNG OE OPYOVIKN
ovoia, emroyvvel v avoyoyq tov Cr(VI) oe Cr(Ill), dniadn petatpénel 1o e£acbevég

YPOO 6T0 AydTEPO ToEIKO TP1oBevég ypdo (Mapkomoviov, 2012; Banks et al., 2005).
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1.4  Keva oty pifflioypogia kou 6xonog tys epyaciag

To Cr(VI) éxet aviovtikr| poper| 6to €0ap1kd dtdivpa, amoterel ToSikd pHmo Ko ivor
anotéleopo avBpwmoyevovg dpastnplotnToc. g avidv £xel yaunAn dwbecotnra o 6Eva
€001 Ko 1 S0 OTNTA TOV avEaveTal pe T PeEATiOoN TOL £3APOVS e YEWPYIKY| AGRECTO.
Avto onuaiver 0Tt av éva £dapog mepiExel Cr(VI) aAla givon 6Evo, n evepydtTd TOL €ivan
YOUNAN, VO dTav VITApEEL dtayeipion yia PeAtioon Tov €0G@ovg o¢ Tpog o pH, evoéyetar va
avakdyouv mpoPAnuata tofwotnrac. Iloteg Ba eivar avtég o1 emdpacelg dev ivar YvmoTo
and v Pproypaeia. Ot cuvndeig tpomot avtipetomiong g to&iotta tov Cr(VI) givon n
avayoyn tov mpog to adpavég Cr(Ill) 1 n mpoopoENoY| Tov G KOAOEWN TOV £0GPOVS LE
BeTiKd POpTio OTIG EEMTEPIKEG TOVS EMPAVEIEC. 20TOGO OV EXOVV SOKIUAGTEL AKOUO VAIKE pe
apvntikd eoptio (0mwg o (edABog), Ta omoior OU®G va £x0VV TOPMON dOUN YO TN PUVGIKN
nmayidevon tov Cr(VI). Emiong odev eivar yvootd moia eivar 1 koddtepn péBodog
amokaTactaong g puvmavong tov €ddeovg pe Cr(VI) petald g avaymyng (n omoio
EMTAYOVETOL LE YOPNYNON OPYOUVIKOD VAKOD 6TO £30(p0G) KOl TNG OEGUELONG TOL (UE
yopnynon CeoAiBov). Emiong omv mepintwon pomavong pe Cr(VI) dev €xel dokpaotel oto
TopeABOV 1 PO KAAMEPYELNS OPOUATIKOD GUTOV, TO 07010 dev KaAMepyeiton pe Bdorn v
anddoot| Tov o€ Enpn Propdla, aALG e Bdom TNV TEPIEKTIKOTNTA TOV GE EANLOL.

Me Bdon ta mopandve, okomds e epyaciog rav va peietndel (o) n Kivnrikdtnta
tov Cr(VI) og éva 6&wvo £dagpog mov Pedtiwdnke og mpog 10 pH oe kaAMépyewa piyavng, (B) n
KaTAAAN AN péBodog peimong g evepyotnrog tov Cr(VI) (avaywyn pe mposOnikm topeng M
aroppdenomn pe yoprynon LeoAiBov) ko (y) M amodoTikdTNTO TNG Plycvng Kot 1 d1epeuvVIOoN
™¢ mhavotntog xpnong e og vrepovcoowpevty Cr(VI).
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Kepdraw 2. YAIKA KAI MEGOAOI

2.1 Ieapopotikog Lyeoraouog

Y10 mlaiow TG mapovoag epyaciag ot 17/3/2015 ocvAdéybnke delypa 6Evov
eddpovg pe pH 4,6 and v mepoyn g Evéetvovmoing, tov Aqpov Alpwpov, tov Nopov
Mayvnoioc, to omoio agpoinpdvOnke Ko Kookwvionke oe kOoKiva pe avoiypato 2 mm. H
aepoénpavon dmpknoe po efoopdoa. o tov oyedacpnd tov mEPdpaTog dnpovpynonkay
oKT® petayepioelg amd koot yAdotpeg tov 1 L m wédBe petayeipion, otic omoieg
tomofetOnke O0&vo €0apoc avapeperypévo pe mepMtn oe avaroyio 1 kg — 1 L o
TPOCTEOMKAY OTIC TPELS Amd TIC OKTD peTayelpioels Ta e€ng edapofertiotikd: topen (pH 5,5
— 6,5, opy. ovcia 90 — 95%, vypacia 50 — 65%, ayoywodmta 35/45 mS/m (+/-25%),
Klasmann — Deilmann G.M.B.H), yewpywn| doPectoc kot {edABoc. e OAEC TIG peTayEPioELS
epapuoomke Amavon 20 mL vitpikng appoviog ko 20 mL 6106&Eivov pwc@opikod kadiov
avl YAAoTpo Kol ot GLVEXELD eMUOAVVON HE dtdAvpo dypopkov koiiov KoCr,O7. H
EMUOALVOT] TOV €06POVG KOl 1| TPOGHNKT TOV £SAPOPEATIOTIK®OV £YIVE LE TIG AVAAOYIEG TOV
nmopatiBevror otov Ilivaka 1. Télog otig 28/4/15, pe v OoAOKANP®OON NG OVOTEP®
dwdwaciog, €ytve m petaevtevon g piyavng (Origanum vulgare). Ocov apopd Tig
KOAMEPYNTIKES PPOVTIOES, Ta PUTA TOTILovTaV KAOE TEVTE HEPEG KOl Yo EVAUIOT] UV TOV

dmpKnoe To MEpALLQL.

Metayeipion A: Mdaptopog

Mertaygipion B: ‘Edagoc + Emudivvon 25 mg kg™

Meraygipion I': Edagoc + Empdivvon 50 mg kg™

Meraygipion A: Edagoc + Topen (100 g/yidotpa) + Empdrvvon 50 mg kg™
Meraysipion E: 'Edagoc + Fempywcti dofeotog (50g/yAdotpa) + Empudivvon 50 mg kg™
Metaygipion A: Edagoc + ZedMboc (50g/yAdotpa) + Empdrvvon 50 mg kg™
Meraysipion A: 'Edagoc + Empoivvon 75 mg kg™

Meraygipion A: Edagoc + Empdivvon 100 mg kg™

Mivakag 1. Iepopoticog oyxedlacuog

Kotd ™ d1dpkela tov mepdparoc Aednke deiypa eddpovg, otig 25/5/2015 kat otig
26/6/2015, oto 1éhog TOL OnAadT, Yy pétpnomn pH. ITlapdAinia wpoypoatomomOnKoav
HETPNOELS OTNV 0Py, OTN HECT KOL OTO TEAOG TOV TMEPAUATOC YOO TO (PLTOKOMKE

YOPOKTNPIOTIKA TNG pilyovng, Ommg mhyog GUAAOL (3 @UAAX/YAGGTPA), VYOS (ULTOV Kot

10
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olpueTpog kOuNg kobag emiong petpnnke ko o odeiktng yAwpoevAin SPAD (5
@OAMo/YAGoTpa). Ot HETPNOEIS aVTEG Eyvav He To. avTioToyo Opyava, TayOuetpo Mitutoyo
No. 2046S, vrodekaueTpo kot yAwpoeuAiduetpo Minolta SPAD-502, n d¢ emloyn tov
QOAMV &yve pe Tuyaio OEtyaTOAN Y.

210 TéAOG TNG KAAMEPYNTIKNG TEPLOOOL NG plyavng apopEdnke apykd 10 VTEPYELD
TUNHO TOV QLTOV OAWV TV petayelpicewv. Ta eutd and Tig déka YAAGTPES TOV TEGGAP®V
TPOTOV petayepiocewv tomobetOnkav yia agpoénpovon mpokeévou va eEoybel S
anootdéemc to afépro EAad tove. To vmdlowma amoPLAADONKOV Kol GTr GLVEXELN
dympiotnkav ot yAwpoi kot o1 dN vdpyoveg Eepol PAactol, katapeTpidnkayv, {uyiotnkay
Kol tomofetOnkav oe mpoluyiopéva yApTIvVoL GOKOLAGKIOL Yio ENPOVOT GTO (QOVPVO GE
Bepuoxpacia 70 °C yu tovAdyiotov 48 dpec. H idia dwadikacio okodovOndnke kot yio ta
@OAM. Alayopiommkav o yAopd kot MO vrapyovia Eepd, Cuylomkav, to YA®PA
oKavapioTnKay Kot 6T cuvExelo tonofetninkov oe mpoluyiopéva YapTiva CaKOVAAKLO Y10
ERpavon oto eovpvo ot Beppokpacia 70 °C yio tovAdyiotov 48 dpec. And T0. oKAVAPIGUEVE,
@O0, pe ) Pondeta tov Tpoypdupatog Image — Pro Plus 4.5, vroAoyiotnke yio kdOe putod
ava petayeipton o appog twv EUAA®V, 11 GLUVOMKN TOVG emupdveln kabmdg Ko n péon
EMPAVELD TOL PVALOV.

> ovvéyxelo akolovOnoe mn amoudkpuvon g pilag and 10 £dapoc. APol TpMTA
Moebnke detypo edapovg mepimov 200 g/yAdotpo/petayeipion yuu TIC €00POAOYIKEG
avaAvoelg, torobetOnkay ot pileg pali pe to youa, yio 000 NUEPES, 0 GAKOVAEG LE SLAAV LA
alatdvepov 13% meprektikdnrag (600 mL vepd 80 g ardrtt). Enetta EemAvOnkay tpocextikd
pe vepo, Luyiotnkav kot torofetOnkav oe mpoluylopéva yapTIVO GOKOVAIKIN GTO POVPVO
v ERpovon otovg 70 °C yio tovAdyiotov 48 dpec. Metd v ERpaven 610 povpvov ot
BAaoTtot, Ta @A ko ot pileg LuyioTnKay yio Tov VTOAOYIGHS Tov EEPOD PAPOVS TOVC.

Térlog 0Ao 1O VEEPYEIO TUNUO/YAAGTPO/pETOYEIPLOT GLVEVDONKE, KOoViopTomolOnKe
07O HOAO GAeonc, TomoBetOnke oe drapavelg cokoVAEg Exovtag €61 emavaAnyels/petayeipion
Kol amodnkevnke yia 11§ ekyviioels. H 101 akpifog dwdikacio emovariiednke kot yo Tig
pilec.

Ot avoAdoelg mov £yvav 6to £60¢p0og agopovoay o pH, v cvykévipwon tov Cr(Il),
Cr(VI), ka1 Tov @wcedpov. Evd ot avaAdoelg 610 utd 0popodsay TNV GLYKEVIPMOT) TOV

Cr(III), Cr(VI), tov poo@dpov Kol TV OMK®OV QOUIVOAMK®V.
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2.2  MéBodor avaivong

2.2.1 EJd0@oroylKéc TapapeTpol

Ot edaporoyikéc petproelg mov mpaypatoromonkay nrav ot eEng (Mapdptmpa 1):

e pH: ' ™ pétpnon tov pH tomoBetOnkav oe  @oiidw falcon twv 50 mL 10 g
€00povg kol 25 mL amiovicuévov vepov, ta omoia avakivinOnkav yio 10 Aemrtd.
‘Eneita apédnkav oe npepia yio tovAdyotov 30 Aentd ko petpndnke 1o pH pe to
NAEKTPOVIKO TEYAUETPO.

o Cr(IIl): T v exyolon tov Cr(Ill) Luyiomrav 10 g eddpovg tomobetnkav ce
eloAidw falcon twv 30 mL ko mpootédnkav 20 mL dwAidpatog DTPA (SwaiBvro-
TPLALVO-TIEVTOOEIKO 08D). XT1 GuVEXEll TO EKYVMOUHO avokviOnke yu 2 ®pEg,
evyokevtprOnke ywo 20 Aentd ko t€hog dmONMOnke. H pérpnon tov Cr(IIl) €ywve pe
™ Ponbdela g oo KNG amoppdPNoNC.

e Cr(VI): I'a v exydAiion tov Cr(VI) Quylomxav 2,5 g €ddpovg tomofetOnkav ce
eloAidw falcon tov 50 mL kot wpootédnkav 25 mL dwwAdpatog 0,01 M KH,PO4
(PwoEopPIKO KAMO). X1 GLVEXELD TO EKYLAICUO ovoKvOnke Yo TovAdyotov 16
wpeg, puyokevipnOnke yo 20 Aemtd Kou t€log dmOnOnke. O vroroyiopnodg tov Cr(VI)
gytve pe avamtuén  @ovE  ypopoTog Ko petpnOnke pe 1 Pondewr  TOvL
(QOGLATOPMOTOUETPOV GE UNKOG KOpaTog 540 nm..

o Ohopopoc: H pétpnon ewcedpov £ytve o dvo otddwn: (o) exyvAon pe t péBodo
Olsen kot (B) avamntuén xvavov ypopatoc. H pétpnon €ywve pe mm Ponbeia tov

(QPOGLATOPMOTOUETPOV GE UNKOG KOMOTOg 882nm.

2.2.2 ®UTOKOMKEG TAPARETPOL

H exyvlon tov KoviopTomompuévov eutikob 16Tov, LIEPYELD TUNpa Kot pila, &ywve pe
mv puébodo ™g Enpng amotéppwong (dry ashing). I'a v pébodo avt {uyiommkav 0,5 g
delypotog  @uTkov 1010V, TtomofeThOnKav oe ywvevtHpur TOPceEAdVNG (KAweg) Ko
anotePpdOnkav oe @ovpvo otovg 500 °C yio. tovAdyictov 5 dpec. Etn cvvéxew dtav
Kkpowoav ot kayeg, moapanednke n téppo pe 20 mL HCI 20% wxor ombnbnke oeg
OYKOUETPIKEG PLides Tv 50 mL, o1 omoieg cupmAnpOOMKAV UEXPL TN XOPOYT LE ATIOVIGUEVO
vepo. Téhog 10 exydOMopa amobnkedtnke oe euoAidw falcon tov 50 mL. H dwdwoacio
EQUPUOCTNKE OVO POPEG, LI Y10 TO LITEPYEIO TUNHO Kot pua Yo TV pila, Eexmpiotd.
Ol PUTOKOMIKES PETPNGELS TOV TPAYUATOTOMONKAY TOGO GTO VIEPYEID TUNHO OGO Kot
ot pila rav o1 e&ng (Ilapaptnpua I):
12
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o Cr(IIl): H pértpnon tov Cr(Il) €ywve omv ortopukn amoppoOENCY, TNV OTOiN
petpnOnkav angvbeiog ta GUTIKE exyLAIGHOTOL.

e Cr(VI): H pérpnon tov Cr(VI) éywve pe mmv avémroln ypoOUOTOS OGTO QUTIKA
exyvMopato Kor peTtpnOnke pe ™ Ponbeld TOL PUGUATOPMOTOUETPOV GE UNKOG
KOpatog 882 nm.

o Ohopopoc: H pétpnon tov acpopov £ytve pe v avamtuén Kuavol ypapaTog Kot
™V PETPNOT TOV SEYUATOV GTO PAGHATOPMOTOUETPO, GE UNKOG KOpaTog 882 nm.

e OMkd gooawvoika: H pérpnon tov olMkov eowvolkmv €ytve pe ™ pébooo Folin -
Ciocalteu oe 0v0 otdow (o) ekyOAloMN ™G EEPNG KOVIOPTOTMOMUEVNG VIEPYELNG
QLTIKNG palag pe voatkd drdivpa pebavoing 50%, (B) avdmtvén KvavoL ¥POUATOG
KOl HETPNON TOV QOIWVOAKOV peE TN Pondeia Tov QOGHATOPMTOUETPOV CE HNKOG

Kopatog 760 nm.

2.3  2ratictikny Avdilvon

H otatiotikn avéivon 0Awv TV TpOTOYEVOV dEdOUEV®V, £YIVE LE LOVOTOPOYOVTIKY|
aviivon moporraktikdétntag (One — Way ANOVA), éyoviag ¢ mopdyovto TIC OKT®O
petoyepioelg tov mepdpatoc. I'a va yivel mAnpéotepn GUYKPIOT TOV GTATIGTIKG GNLLOVTIKOV
dpop®dv HeTald TV HECOV OpOV TV Oetypdtwv, epapudotnke 1o multiple range test.

TéAog 10 oTOTIoTIKO TOKETO TTOV YpNoonmomOnke Ntav to Statgraphics 2.1.
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Kepaiao 3. AINOTEAEXMATA KAI XYZHTHXH

3.1 Amotreléouara

To amoteréopata Tov pertpnoewv v pH 0L €04POVG TOV OLO JEIYUATOANYIDV
nmopatiBevral oto Zynua 3.1 and 10 omoio eaivetal 0Tt oTNV TPAOTN Oetypatoinyia (ykpileg
oTAEg) ot TyéG Tov pH tov pdptupa (A) Ko Tv ovo emodpevov petayepicenv (B & IN) dev
SpEPouy oTATIOTIKA onuovtikd. Tnv younAdtepn tun speavilel n petayeipion A pe v
TOpPM, VO TNV VYNAOTEPN N petayeipion E pe v yeopywn doPecto. Emiong ot tyéc tov
pH ¢ £T ((edMBoc), Z ko H petayeipiong eppaviCovv pio ttotiky] taon yopig Opme va
VILAPYOVV GTATIGTIKA CMUAVTIKEG O1POPEG HETAED TV OV0 TEAELTOUMV HETAXEPICEWV. XN
devtepm oetypatoinyio (Aevkég otmAeg) m yopunAotepn Ty pH mapoatmpeiton oty A

petoyeipion, v o1 VTOAOUTEG eV EPPAVIOVY GTOTIOTIKA ONUAVTIKEG O10POPES LETAED TOVG.

8 —
fp

T4 4 B B F cB B B  LSDs;=0.096
= b‘ FH 9 e p=0.000%**
q

E 6’ ab < aA
5 LSDA2:0357
p=0.036*

4 I I I I I I I 1

A B I A E X Z H

Xympe 3.1 pH £ddapoug oe 800 dLoPopeTIKES delyUaTOANYiEC. XToV AEOVO-X QaivovTal ot
netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
open, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edboc, Z= 75mg kg™ Cr(VI),
H=100 mg kg Cr(VI). AlQopeTiKé ypaiLILOTO VTOSEIKVDOVY GTATIGTIKG GHavTikéc Stopopéc. Ta

WIKPG YpaLoTo cuyKpivovTon LETOED TOLG KOl OUOIMS TO, KEPOAI.
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Oocov apopd 10 ypdIo 6T0 £00P0C, OTMS PaiveTon o6to Lynua 3.2.1 kol oto Zynuo
3.2.2 n petayeipon E pe v pappoapodckovn gppaviCel mv vymAdtepn tun toco oe Cr(VI)
6co ka1 oe Cr(Ill), evd o1 vérowmeg petayepioeic pe e&aipeon v H, n omoia eppavilet

avénuévn tun Cr(IIl), dev mapovstdlovy GTATIGTIKE GNUOVTIKEG S1OPOPEC.

250 - b
L. 200 -
Qo
g 150 -
Z LSD=28.94
=100 - a5, =0.0027%
S

0 = I /= I = I / I I = I Iil I 1

A B I A E I Z H

Tine 3.2.1  Zvykévrpoon Cr(VI) oto édagoc (mg kg™). Ztov Eova-x gaivovtat ot
netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
open, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),

H=100 mg kg Cr(VI). AlQopeTiKd YpaLLILOTA DTOSEIKVOOVY GTOTIGTIKG GTLOVTIKEG SLUQOPEG.

16 c
g 1 I
g b
goo? g LSD=0.908
= e »=0.000%**
(3 4 a a a a ’_E‘

0 I:| I |:| I Iil I |:| I I ’a:—‘ I I

A B T A

1
E 2T Z H

Tyipe 3.2.2  Zvykévrpoon Cr(Ill) oto £5apog (mg kg™). Ztov GEova-x gaivovtat ot
netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
Topen, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),

H=100 mg kg Cr(VI). AlQopeTIKa YpALLILOTA DTOSEIKVOOVY CTOTIGTIKG GTLOVTIKEG SLUQOPEG.
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Y10 Zynuo 3.3 @oaivovtol ta omoTteAEcHOTA TG METPNONG Tov Pwsedpov (P) oto
£00¢oc. Tapatmpeiton 60Tt T péytom T P katéyel n petayeipion A pe v topen, evo
younAotepn n petayeipion H. Ov petayepioeig A, B ko E dev mapovcidlovv otatiotikd

ONUAVTIKES PO pES, OTwg Kot o1 petayepioeg I, E, T ko Z.

120 +
e
ES
90
w
g LSD=3.55
3 604 d cd =3.
&3 b bed b ab p=0.000#**
A a
H ﬂ ] H 100
0 I I I I I I I !
A B I' A E 2T Z H
Xypo 3.3 Tuykévpoon eacpdpov oto £dapoc (mg kg'). Ztov GEova-x @aivovtot ot

netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
Topen, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edboc, Z= 75mg kg™ Cr(VI),

H=100 mg kg Cr(VI). AlQopeTiKé YpaLLILOTA DTOSEIKVDOVY GTOTIGTIKG GTILAVTIKEG SLOPOPEC.
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To amoteléopoto TOV UETPNCE®V TOL VYOLS TOV QUTMOV OTIS TPELS OLUOOYIKES
petpnoelg mapatifevior Eexwplotd ota akoAovba oynuata. 1o Xynua 3.4.1 eaivoviol ta
anoteléopoto e 1™ pétpnong, copeeva pe to onoio 1o YaUNAdTEPO VYOG £iyav To. QLT
m¢ E petayeipiong (doPectog), evd 10 peyardtepo 1o @utd e A (tOpen). Amd to
amoteléopoTo TG 0gvTEPNS Ko Tpitng péTpnong (Xymua 3.4.2 & Zynua 3.4.3) mapotnpeiton
OTL T0 PéY1eTO VYOG cLVEYILOVV VO KOTEYOLY T PLTA TNG A HETAYEIPIONG, EVD TO YAUNAOTEPO
ot 2" uérpnon &xovv ta eutd ¢ XT ((edMboc) petayeipiong kat otnv 3" pétpnomn €xovv ta
outd g H petayeipiong pe v vymidtepn emporovon (100 mg kg?). To gutd tov
vOAOIm®Y  peTayepicewv  0ev  eUPOVICOLV  OTATIOTIKA ONUAVTIKEG OWPOPEG VYOG,
EmnpocOeta povo to vyog t@v @utdv tov pdptupo kot e A petoyeipiong (topoen)
petofAnOnke pe avéntikn téomn Katd T SAPKELD TOV HETPNCE®V, EVAD OA®V TOV LIOAOITWOV

peToyepice®mV eV EUPAVILEL OTATIOTIKA GNUOVTIKES dLOPOPEC.

cd

b b
_E—} ab—}_f

LSD=0.316
3 - p=0.000%**

"Yyog putdv (cm)
i

A B I' A E 2T Z H

Yynpe 3.4.1  "Yyog gutod 1" uétpnon (cm). Ztov dEovo-x paivovtat ot petayelpicelc:
A=pépropag, B=25 mg kg™ Cr(VI), '=50 mg kg Cr(VI), A=50 mg kg™ Cr(VI) + topen, E=50 mg
kg" Cr(VI) + doBeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg Cr(VI), H=100 mg kg™

Cr(VI). Aloa@opetikd ypapuoto DITOSEIKVDOVY GTATIOTIKA GTUAVTIKES SL0POPEC.
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C
E Sy b [
T 6 + ab . ab
3 a a
3 LSD=0.373
> 4 »=0.000%**
s 21
0 I I I I I I I 1

Yynpe 3.4.2  "Yyog gutod 2" uétpnon (cm). Xtov dEovo-x Qaivovtat ot pHeTayelpicelc:
A=pépropag, B=25 mg kg™ Cr(VI), '=50 mg kg Cr(VI),A=50 mg kg Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPALLOTO DTTOOEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.

5 T bed o
3 07 b abc ab ab
& LSD=0.458
> 4 p=0.000%%%
= 2

0 I I I I I I I 1

Yynpe 3.4.3  Yyog gutod 3" uétpnon (cm). Ztov dEovo-x paivovtal ol peTayelpicelc:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™’ Cr(VI) + topen, E=50 mg kg’
' Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPALLOTO DTTOSEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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Oocov agopd ™ SIGUETPO KOUNG TOV QLTOV Kol OTIG TPELG petpnoelg (Zynua 3.5.1,
Zymua 3.5.2, Eyfua 3.5.3) n A (topen) petoyeipion eppoviCetor pe ™ pHeyaAdtepn SIGUETPO,
evd ™ pikpOTEPN dduetpo kOung £xovv o euTa TG E petayeipiong (doPestog). Ty 1"
pétpnon moapatnpeitor 6t ta putd ™G I petoyeipiong £xovv peyarvTepn SIAUETPO KOUNG OTd
ot tov pdptopa. TEAOC N dduetpoc g KOUNG TV UTOV TG A, B xot A petayeipiong
TOPOVGLALEL OVENTIKT TAOT GTO XPOVO, GE OVTIOEDT LIE TIG KOUES TOV PUTAOV TMV VTOAOUTWV

HETOYEPICEMVY, 01 0TTOleg LEVOLV OYEOOV aUETAPANTEG.

—
\S]
|
(¢]

d de = Cd bC

8 - a LSD=0.315
6 - p=0.000%**

Adpetpog ko6ung (cm)

A B I' A E 2T Z H

Yynpe 3.5.1  Atdpetpoc koung 1" pétpnon (cm). Ztov GEova-X (oivovTol ol HETOYEIPICELC:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).

AL0QOPETIKA YPALLOTO DITOOEIKVHOVY GTOTIGTIKG, O LOVTIKEG OLUPOPES.

20
— g
5
T €
€10 b S b
2 a LSD=0.359
o) p=0.000%%**
2 5
2
<
0 T T T T T T T 1
A B I' A E X Z H

Yynpe 3.5.2  Adpetpoc koung 2" pétpnon (cm). Ztov GEova-X (oivovTol ol HETOYEIPICELC:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).

AL0QOPETIKA YPALLOTO DTTOOEIKVHOVY GTOTIGTIKG, OTLOVTIKEG OLUPOPES.
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Yynpe 3.5.3  Atdpetpoc koung 3" pétpnon (cm). Ztov GEova-X (oivovTol ol HETOYEIPITELC:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).

AL0QOPETIKA YPAULOTO DTTOSEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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ATd T OTOTEAEGLOTO TOV TPUDV UETPNCEWV TOL YOV TOV PVAA®V TPOKVTTEL OTL
TNV TPOTN HETPNON TOPOVGLALETOL 0L GYETIKA LELMTIKY TACT, UE TO HEYIGTO TAYOS PUAAOV
va €YouV To LUTA TOV PAPTVPA Kol TO eAdyloto g T petayeipiong pe to LeoMbo (Zynuo
3.6.1). Ocov agopd ™ devtepn pétpnon (Zymua 3.6.2) egpopoaviCeton por avéntikny tdon
HETOED TV HETOYEPIoEOV, e PHEYIOTO TTAY0S POALOL oty H petayeipion. Télog oty tpitn
pétpnon (ZyMua 3.6.3) dev LIAPYOVV CTOTICTIKO ONUAVTIKEG SpopEc MHETaly tov €61
TPATOV UETAXEPICEWV, EVD 01 OVO TEAELTAIEG LETOYEIPIOELS, LE TNV VYNAOTEPT] CLYKEVTPMOT)

Cr(VI), é&govv 10 peyardtepo mayog GUAL®OV .

0,7 -
’g 0,6 - JE c
g 0.5 = b b b ab b
> —:E _I_ a a} ==
2 0,4 F F
2 03 - LSD=0.019
S 0’2 p=0.000%%*
o _
& ’
= 0,1 -

0 I I I I I I I 1
A B T A E X Z H

Yynpe 3.6.1  Tldyoc vAlov 1" uétpnon (mm). Ztov GEova-X @aivovTol oL LeTayEPIoELS:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPAULOTO DITOSEIKVDOVY GTOTIGTIKG GNUOVTIKEG O0POPES.

0,7 -
~ | C C
E 00 ab b ab b = &
E 05 Pl E o A
> B3 5
K 0,4 -
2 03 LSD=0.014
. 0’2 p=0.000%%*
o |
& ’
= 0,1 -

0 I I I I I I I 1
A B I A E X Z H

Yynpe 3.6.2  Tldyoc vAlwv 2" uétpnon (mm). Etov GEova-X @aivovTol oL LETaYEPICELCS:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg "' Cr(VI).

AL0QOPETIKA YPALLOTO DTTOSEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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Yynpe 3.6.3  Tldyoc vAlwv 3" uétpnon (mm). Ztov GEova-X @aivovTol oL LETayEPICELS:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPAULOTO VTTOOEIKVHOVY GTOTIGTIKG, OTLOVTIKEG OLUPOPES.
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Y10 akOAovBa oynuato TEPTYPAPOVIOL TO OMOTEAEGUOTA TOV OEIKTN YAWPOPUAANG
SPAD 1tov @utdv o1 TPES O000YIKES UETPNOELS. ATO TO AMOTEAECUATO TNG TPAOTNG
pétpnong eaivetor 6Tt TNV LYNAOTEPT TN €xel N I petayeipion, n omoia dpwe dev dtpépet
OTOTIOTIKA onuovtik@d pe v A, Z ot H petoyeipion. Tn yopniotepn tywun €xer n XT
petoyeipion, n omoia dev maPovoldlel oTATIOTIKA onuavTikég otapopés pe v E. Emiong
YOPIG OTATIOTIKA ONUAVTIKES SpopES eppaviletar o paptupag pe v B petayeipion. X
devtepm pétpnon (Zymua 3.7.2) av kot OAEG 01 PETAXEPIGEIS OEV SPEPOVY GNUAVTIKA, N E
petoyeipion ovveyiler va katéyer v eAdyotn T, Xto Zynua 3.7.3 eaivoviol To
amoteléopoTo TG TPlTNg METPNONG CLUE®VO HE TO omoior Tn HEYIoTN TN Okt
yAwpo@VUAANG SPAD mapovsialet o paptupag (A) kot v eddyotn 1 E petaysipion pe v
bdoPeoto, evdd OAec ol vmOAOwES peTO)EPIGES Ogv EUEOVICOVV OTOUTIOTIKO CTNUOVTIKES
dpopéc. TEAOC e TV TAPOOO TOV YPOVOL TTAPUTNPEITOL 0L LEWMTIKY] TAGT TOV TILAOV TOV
deiktn yAwpo@VOAANG SPAD ce OAeg TIc petayelpicels mAny Tov 600 TPOT®Y, TOL LAPTLPOG

Kol ™G petayeipong B, o1 omoieg mapapévouy 6TaTIGTIKA OUETAPANTEC.
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Yype 3.7.1  XhopoeoAin 1" uétpnon (SPAD). Ztov dEovo-X @aivovTol oL LETaYEPICELS:
A=pdprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPALLOTO DTTOOEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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Yynpe 3.7.2  XhopoeOAin 2" uétpnon (SPAD). Ztov GEovo-X @aivovTol oL LETOYEPICELS:
A=paprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPAULOTO DITOSEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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Yype 3.7.3  XhopoeoAin 3" uétpnon (SPAD). Ztov GEovo-X @aivovTol oL LETOYEPICELS:
A=pdprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).

AL0QOPETIKA YPALLOTO DTTOSEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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H ovykévipoon tov o@oawvolMkodv oto @utd, To omoio €lval EKQPACUEVO OE
OLYKEVTPMOOT YOAAIKOV 0EE0G avd g Eepoh PLTIKOD 16T0V, EUPOVIEL pior LEIWTIKN TAOoT, LE
HEYIOTN TN OLTH TOV HAPTLPA KoL EAGYIOTN OVTH TOV TEGCAPMV TEAELTAIWV HETOYEPICEDV.
And 10 Tynpa 3.8 mapotnpodpe 6Tt 1 petayeipion B (25 mg kg Cr(VI)) dev eppavitet
GTOTIOTIKG, GNUOVTIKEG S109opéc e Tov pdptupa. Emione ot petoyepiosg I' (50 mg kg™
Cr(VI)) kat A (50 mg kg™ Cr(VI) + topen) dev epueaviovy oTaToTkKG oNUAVTIKES S10pOPEC
HETaED TOVG, 0AMG Kat pe T petayeipon B. Téhog ot petoyepioec E (50 mg kg™ Cr(VI) +
dopeotoc), T (50 mg kg™ Cr(VI) + Ledmboc), Z (75 mg kg Cr(VI)) xon H (100 mg kg™
Cr(VI)) oev mapovctdlovv oTaTIOTIKO ONUAVTIKEG O0popsc petald Tovg Kol £(ouv

YOUNAOTEPT GUYKEVIPWGT POIVOAIKOV.
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Xypo 3.8 SVYKEVTP®GOT OMKOV QotvoAlkdv (mg GA/g). Xtov a&ova-x goaivovtat ot

netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
open, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edboc, Z= 75mg kg™ Cr(VI),

H=100 mg kg Cr(VI). AlpopeTiKd YpaLLILOTA DTOSEIVOOVY CTOTIOTIKG GTLOVTIKEG SLUQOPEG.
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To xaBapd PBapog twv Lovtavdv Kot VEKP®V QOAA®V Teptypdpetal 6to Zynua 3.9.
Oocov apopd 1o {wvtova euAla (ykpileg othAeg) mapatnpeiton Ot1, av eEopécovpe v
péylotn TN v omoia Kotéyel n petayeipion pe ) topen (A), ot TéEG TV VIToAoiT®V
petoyelpicemv mopovstalovv po eOivovca mopeio. O papTvpag £xel TO OEVTEPO HEYOADTEPO
kaBopd Papoc Loviavav @UAA®V Kot ot dvo tedevtaieg petayepioelg Z ko H €yovv 10
piKpOTEPO. AvTfET®™S, e TO KaBapo Papog TV vekpdv QUAA®V (AEVKEG GTNAESC) O HAPTLPOG
Exel v pkpoOTEPN TN Ko M Z petayeipion pali pe mv I' ko v H, pe tig omoieg dev
OlPEPEL OTOTIOTIKO ONUOVTIKA, TN HEYIOTN. Ot vmOAouteg Oev OPEPOVY  GTUTICTIKA

ONUAVTIKA PETAED TOVG.

2,5 €

2,0 - &
c d LSDz,,.=0.056
= | = Hkok
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=
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Xyqpo 3.9 Bapog {ovtavmv kot vekpmdv eOAAVY (g). Ztov aova-X @aivovTol ot

netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
Topen, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),
H=100 mg kg Cr(VI). AlQopeTiKé ypaiLILOTa VTOSEIKVDOVY GTATIGTIKG GHavTikéc Stopopéc. Ta

WIKPG YpappLoto cuykpivovtot HETa&d TOLG KOl OUOIMS TO, KEPOAI.
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Oocov agopa tov aplBpd tov (oviovov OAL®V Tov ancwkoviletal oto XZymua 3.10
mopatnpeital 6t Tov péytoto apBud gpeavitovv ot petayelpioec A (ndptopag) kot A (50 mg
kg! Cr(VI) + topen), ot omoieg dev mapovoidlovy kapio otatiotiky dapopd. Eniong tov
apéomne pkpdTepo apdpd eHAmY katéyouy ot petayelpioerg B(25 mg kg™ Cr(VI)), T'(50 mg
kg Cr(VI)), E(50 mg kg™ Cr(VI) + GoBeotoc) kat TT(50 mg kg™ Cr(VI) + {edMboc) ywpic
Vo S1pépovy HETOED Tovg oTOTIOTIKG onpavticd. Télog ot petoyepiosc Z (75 mg kg™
Cr(VI)) xou H (100 mg kg™ Cr(VI)) pe v peyokdtepn enpdiovon epoovicovy onuavikd

HElOUEVO aplBpd @OAL®Y g GYEON LLE TOV LAPTLPAL.
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250 | LSD= 12,808
b = 0,000
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Yyqpo 3.10  ApBudc Loviavav pOAA@Y. XTov GE0VO-X POIVOVTaL Ol LETAYELPICELG:
A=pdprtopag, B=25 mg kg Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg’
" Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {eoMboc, Z= 75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).

ApIBUOG QUAAWV

AL0QOPETIKA YPALLOTO DTTOOEIKVHOVY GTOTIGTIKG, GTLOVTIKEG OLUPOPES.
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H ovvolikn empdvela tov (oviavav @OA®V Teptypaeetal oto Xynua 3.11 oto onoio
mopatnpeital 0Tl av eEAPEGOVIE TNV HEYIGTN T TNV Omoid KATEXEL | LETAYEIPION UE TN
Topen (A), o1 TéG TV VooV petayelpicemv mapovstalovy por eOivovca mopeia. O
pdptopog €xel ™ 0e0TEPN HEYOADTEPN TN GLVOMKNG EMPAVELNG COVTOVAOV QUAA®V KoL 1
televtaio petoyeipion H éxel ) pikpotepn, n omoio 0ev SOPEPEL CTATIOTIKA CNUAVTIKG LLE

Ti¢ E ot Z petayepioeic.

600,00 -
2 f
500,00 -
% un
3 40000 | LSD= 12,594
O _
S 30000 p=0,000
= d .
g 200,00
w ab b
> 10000 | ﬂ ’_}‘ ’—I—‘ ab 2
N
0,00 Ij [
E z H

Tyipe 311 Zvvolikh empdvewn {oviovov eoiiev (cm?). Ttov GEova-x gaivovtatl ot
netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
open, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),

H=100 mg kg Cr(VI). AlaQopeTIKa YpALLILOTA DTOSEIKVOOVY CTOTIOTIKG GTLOVTIKEG SLUQOPEG.
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Oocov agopd ™ péomn emodvelr OALOL ova petayeipon moapoatnpeiton O6TL 1M

petoyeipion A Katéyetl ™ peyolvtepn péom empdvela oAAoL (Zyfua 3.12). Ot petayepioetc

B xou I' éyovv peyodvtepn péon emopdvewnr @OAAOL amd TO pApTLPO YOPIS OH®S Vo

eupaviouv ototiotikd onuavtikny oweopd. Emiong ov petayewpioeig E, EXT wou Z

TOPOVGLALOVV CTATICTIKO CTUAVTIKA UIKPOTEPT HEST EMUPAVELD VA0V OO TO LAPTLPO, LE

™ petayeipon E va xoatéyer ™ pikpdtepn péon empdvelo OALov. XopoKTnploTikn eival 1

Thon adENoNG IOV TOPATNPEITAL OTIC TECOEPLS TEAEVTOUES LETAXEPICELS, LE TNV HETO)EIPLoN

H va punv gpeavilel otatiotikd onpovtikny 01opopd pe tov pdptopa.
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Tyipe 3.12  Méon emeaveta {oviavady ¢OAov (cm?). Ztov GEova-x eaivovtot ot

netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +

Topon, E=50 mg kg'] Cr(VI]) + doBecto, XT=50 mg kg'] Cr(VI) + (edbMBoc, Z= 75mg kg'] Cr(VI),

H=100 mg kg Cr(VI). AlQopeTIKa YpALLILOTA DTOSEIKVOOVY GTOTIGTIKG GTLOVTIKEG SLUQOPEG.
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Oocov apopd 10 KaBapd PBapog tov {oviovodv Kol vekpov PAacTdv, mapatnpeital
OPYIKO o LEIOTIKN TAoN OoTIS TIEG TV (oviavav PAactodv (Ykpileg omieg), eEapmdvtag
Kol At v A petayeipion pe v tOpen, M omoio gpeavifer v péyiom tyun. Nexpol
BAaotol (Aevkég GTNAEC) eHEAVIOTNKOV HOVO OTIG TEGOEPIS TEAEVTOUES UETUYEPIOELS, OTIG
omoieg Omwg eaivetal Eekabapa dev TaPoLGIALOVTOL GTUTIOTIKG CUOVTIKES SPOPES (Zynpo

3.13).
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Bapog practdv (g)

Yype 3.13  Bapog (ovtavav kot vekpmdv Practdv (g). Xtov aEovo-X eaivovtal ot

netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
open, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),
H=100 mg kg Cr(VI). AlQopeTiKé YpaiLILOTa VTOSEIKVDOVY GTATIOTIKG GUavTikéc Stopopéc. Ta

WIKPG YpappLoTo cuykpivovton HETa&d TOLG KOl OUOIMS TO, KEPOAOIA.
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Y10 Zynua 3.14 gpeaviCetar o apBuog tov (ovtavov Kol vekpmv PAacTtdv HeTasd
tov petayepicemv. Ocov apopd toug Lovtavoig Practovg (Yrpileg oTnAeg) Tapatnpeitat OTL
0 Haptupag pe ™V A petoyeipion, gV SOPEPOVY GTATIOTIKG GNLOVTIKO KOl KOTEXOVV TOV
vynAdtepo apBud Practodv. Emiong o1 B, I kot Z petayepioeig eppaviovv tov pkpotepo
apOud PAACTOV, Kot 01 VITOAOUTEG OV TOPOVGIALOVY GTATICTIKA CTUOVTIKES S10POPEG LETAED
tovg. Téhog vekpoOg PAoctolg (AeLKEG GTAAEG) CUVAVTAUE HOVO OTIS TEGGEPIS TEAEVLTOIEG

LETOYEPIOELS, O1 OTOIEC OEV OPEPOVY GTATIGTIKA GTLOVTIKAL.
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Yypo 3.14  ApBudc Loviavadv Kot vekpav PAacTtdv. ETov aEova-X (aivovtal ot
netayepioes: A=pdpropag, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg Cr(VI) +
Topen, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),
H=100 mg kg Cr(VI). AlQopeTiKé ypaiLILOTa VTOSEIKVDOVY GTATIOTIKG oHavTikéc Stopopéc. Ta

WIKPG YpappLoTo cuykpivovtot HETa&d TOLG KOl OUOIMS TO, KEPOAOIA.
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Yvykpivovtag to Bapog TV prldv TOV QLUTOV TOV OKTM UETAYEPICEDY, TopaTnpEiTal
e ebivovsa mopeia, eEapavtag Kot oAl v TOpeN M omoio pali pe tov pdptvpa
eupaviCoov v vymidtepn Tn. Télog ot téooeplg TeEAevtoieg METOYEPIOELS OEV

TOPOVGLALOVV CTAUTICTIKG CNUOVTIKEG OPOPES KO KOTEXOLVV TNV YounAdTEPT T (Zymua

3.15).
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Yypo 3.15  Bapog piCoc (g). Ztov aEova-X paivovtol ot LETaYEPIoES: A=udpTUpag,
B=25 mg kg Cr(VI), I'=50 mg kg™ Cr(VI),A=50 mg kg™ Cr(VI) + topen, E=50 mg kg Cr(VI) +
doPeoto, ZT=50 mg kg™ Cr(VI) + {edMBog, Z= 75mg kg Cr(VI), H=100 mg kg Cr(VI).

AL0QOPETIKA YPALLOTO VITOOEIKVHOVY GTOTIGTIKG, OTLOVTIKEG OLUPOPES.
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Yto Zymuato 3.16.1 o 3.16.2 mapovoidletar n ovykévipwon tov Cr(VI) ko tov
Cr(IIT) avtictoya 610 VIEPYELD TUNUEA TOV PLTOV. Kot 6Tl 600 dlaypappata Ty VYNAOTEPY
TR popiov £xovy ot Vo tekevtaisc petayepioec Z 75 mg kg Cr(VI) kou H 100 mg kg
Cr(VI), o1 omoieg 0ev eppaviouy oTaTIoTIKA oNUAvTIKEG 01popég petalh tovg. Eniong dcov
apopd 1o Cr(VI) n petayeipon B (25 mg kg™ Cr(VI)) dev dwpépet pe v E (50 mg kg™
Cr(VI)) g aoPéotov kon 1 petayeipion I' (50 mg kg™ Cr(VI)) ev dapépet pe v T (50
mg kg' Cr(VI) tov {eombov. Evd n petayeipion A pe v topen 8ev mopovotdlet
OTOTIOTIKA ONUOVTIKEG O1popég pHe tov pdprtopa. Télog oyxetkd pe 1o Cr(Ill) 6Aeg ot

LETOYEPIOELS, TEPAV TV OVO TEAELTAIWV, OV EUEOUVILOVV GTOTIOTIKG OTUAVTIKEG O10POPES.
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Tyipne 3.16.1  Zvykévipoon Cr(VI) oto vagpyeto Tunijpa tov eutod (mg kg'). Ztov dEova-x
paivovtot ot petayepiosts: A=pdpropac, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg
Cr(VI) + topon, E=50 mg kg™ Cr(VI) + dopeoto, ZT=50 mg kg™ Cr(VI) + {edMboc, Z= 75mg kg

Cr(VI), H=100 mg kg™ Cr(VI). Alo@opeTikd YPapHaTo, VITOSEIKVDOVY GTATIGTIKG GTILAVTIKEC

Slapopéc.
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Tyipe 3.16.2  Zvykévrpoon Cr(Ill) oto vaépyeto tuipa Tov utod (mg kg'). Ztov dEovo-x
paivovton ot petayepioes: A=pdptopag, B=25 mg kg™ Cr(VI), =50 mg kg™ Cr(VI),A=50 mg kg’
Cr(VI) + topon, E=50 mg kg™ Cr(VI) + dopeoto, ZT=50 mg kg™ Cr(VI) + {edMboc, Z= 75mg kg

Cr(VI), H=100 mg kg™ Cr(VI). Alo@opeTikd YPapIHaTo, VITOSEIKVOOVY GTATIGTIKG GTILAVTIKEC

Slapopéc.
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H ovykévipwon tov Cr(VI) kot tov Cr(IIl) ot pila mapovsialetor oto Zymua 3.17.1
kol Zymua 3.17.2. H vynAdtepn ovykévipoon tov Cr(VI) ot pila mapatmpeitor ot1g 600
televtaieg petayepioels Z kat H, o1 omoieg dev mapovotdlovy onUavTIKES O1PopEg LETOED
TOVG, EVO M YOUNAOTEPT CLYKEVTP®OT eppavileTon otn petayeipion B kat akoAobBwg ot A.
Térlog ov petayepioelg I' wor E, ov omoieg dev dapépouvv pHETOED TOVG OTUTIOTIKA,
nmoapovcstalovv avénuévn ocvykévipwon Cr(VI). Ocov agopd ™ ovykévipwon tov Cr(II)
mopatnpeital 6Tt OAEC Ol HETAXEPIOEIS, €KTOC T®V OVO TEAevTAi®V OV gueavilovy v

VYNAGTEPN TIUY], OEV TOPOVGIACOVV GTOTIGTIKG CUAVTIKESG O10LPOPEC.
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Tyine 3.17.1  Zvykévipoon Cr(VI) om pila tov gutod (mg kg'). Ztov dEova-x paivovrol
ot petayetpioels: A=pdpropac, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg™ Cr(VI) +
open, E=50 mg kg Cr(VI) + dofeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z= 75mg kg™ Cr(VI),

H=100 mg kg Cr(VI). AlQopeTIKd YpALLILOTA DTOSEIKVOOVY CTOTIGTIKG GTLOVTIKEG SLUQOPEG.
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Toine 3.17.2  Zvykévrpoon Cr(Ill) ot pila tov putod (mg kg'). Ztov dEova-x paivovrat
ot petayetpioels: A=pdpropac, B=25 mg kg™ Cr(VI), I'=50 mg kg" Cr(VI),A=50 mg kg™ Cr(VI) +
open, E=50 mg kg Cr(VI) + doPeoto, ZT=50 mg kg Cr(VI) + {edboc, Z= 75mg kg™ Cr(VI),
H=100 mg kg Cr(VI). AlQopeTIKd YpALLILOTA DTOSEIKVOOVY GTOTIGTIKG GTLOVTIKEG SLUQOPEG.
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Ta amoteAéopata e péETpnons tov ewsedpov (P) oto vrépyelo Tuqua Tov PuTov

£0e1Eav 0Tl OAeg ot petoyepioelg, mépav g B kot g E, d0ev dapépovv otatioTikd

ONUOVTIKA LE TOV pdptopa. Tnv vymAdtepn tiun eooedpov TV Exeln petoyeipion B, evod

younAotepn n petayeipion E (doPeotoc) (Zynpa 3.18).
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Toipne 3.18  Zuykévipoon ocpdpov 6To VIEPYELD TUHA Tov GUTOD (mg kg™). Ttov

aEova-x gaivovtat ot petayelpioelc: A=paptopac, B=25 mg kg Cr(VI), =50 mg kg™ Cr(VI),A=50

mg kg™ Cr(VI) + topen, E=50 mg kg Cr(VI) + dofeoto, ZT=50 mg kg Cr(VI) + {edMboc, Z=
75mg kg Cr(VI), H=100 mg kg™ Cr(VI). AlaQOopeTiKé YPALLLOTO VTOSEIVOOVY GTOTIGTIKG.

OTUOVTIKEG SLOPOPES.
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Oocov apopd 10 dceopo oty pila tov euvtov (Zynua 3.19) mapatnpeitor OTL dev

VILAPYOVY GTUTICTIKG CNUAVTIKEG SLopopEg HeTalh Tov oktd petoyepicemv. Tlap’ dAa avtd

™ XUUNAOTEPT TEPLEKTIKOTNTA GE POTPOpO eppaviCer n E petayeipion (doPectog).
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S iL s ab ab ab ab
g 1200 _} .
S 5 1000 ‘} a ‘}
6 a
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E 600
X 400 |
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A B r A E 3T z H
MeTaxeipioeig
Toine 3.19  Zvykévipoon pacpdpov otn pilo Tov eutod (mg kg'). Ztov dEova-x

paivovtot ot petayepioets: A=pdpropac, B=25 mg kg™ Cr(VI), I'=50 mg kg Cr(VI),A=50 mg kg
Cr(VI) + topon, E=50 mg kg™ Cr(VI) + dopeoto, ZT=50 mg kg™ Cr(VI) + {edMboc, Z= 75mg kg

Cr(VI), H=100 mg kg™ Cr(VI). Alo@opeTikd YPapHaTo, VITOSEIKVOOVY GTATIGTIKA GTIULAVTIKEC
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3.2 2vintnon

Ymv mpotn pétpnon tov pH, n omoila @aivetar otig ykpileg omreg (Zynuo 3.1),
TOPATNPOVUE OTL 0 uapTLpag £xel OEVN Tiun 5,7 dnwg AAlmote givor kot avapevopevo. H
Tun tov pH petdveton oy petayeipion A g tOpENG Kot ovTd yati 1 Topen elval O6EWVO
VAMKO Ko gfvon Aoykd va vrofiPalet v T tov pH tov €ddpove. Apapatikny avénon g
Tun tov pH, mavew ond v T 7, mapovoidleton ot petayeipion E pe ) yoprynon g
acPéotov Kabhg eivol 0AKOAIKO DAIKO Kot Omg ivor avapevopevo avédvetl Ty tiun tov pH
(Valentinuzzi et al., 2015). v dgvtepn detypatoinyia, pe TIG AEVKEG GTNAES, TAPOUTIPOVLLE
ot M Ty tov pH awéNdnke axdun ko 610 PapTLPA Kol LAAIGTO OEV OUPEPEL GE GYEOT WE
TIC GAAeG petayepioels. Avtd delyvel pa tdom tov €6deovg Yo pvduon tov pH mpog ta
movw, N omoia givor dvokolo va e€nynbel kol mbavodg opeiletal oe KATOWO GEAALO OTIC

EPYOUOTNPLOKEG OVOADGELC.

[Mapatnpodpue 611 og OAeC T1g petayepioetg to Cr(VI) oto €6apoc éxet to 1d10 eminedo
OLYKEVTPMOONG OTMOC Kol O HAPTLPOG, Oev gueavilovy OMANdY] OTATIGTIKE CNUOVTIKEG
dpopéc mapd To yeyovog Ot yopnynOnKay KAMUOKOOUEVES GLYKEVIPMGELS Xpouiov (Zynua
3.2.1). To yapokmnpiotikd givor 0t ot petayeipion E me yeopyumg acBéotov to Cr(VI)
avénbnke dpapotikd, yeyovdg mov eavepwvel 0Tt o pH €manle tov Kupldtepo poOAo otV
evepyotnta tov Cr(VI) oto £dagog (Banks et al., 2005). Avtd ivar 1daitepa yopaKTNPIOTIKO,
ywti n ovykévipoon tov Cr(VI) g petayeipiong E etvar peyodkdtepn axdpo kot omd Tig
netayepioel; otic omoiec mpootédnkav mepocdtepo. mg kg ypopiov, diady otic
netayepioeg Z tov 75 mg kg’ kon H tov 100 mg kg™, Apa gaivetar 61t 1o pH eivan o
KUPLOTEPOG TTOPAyOVTag OV emnpedlel v dwbecipudmta kot ekyvAoyotto tov Cr(VI),
aKopa ko o oxéon pe v tpootiféuevn tocotto Cr(VI). Eniong mapatmpeiton o avénon
ot ovykévipoon tov Cr(VI) oty H petayeipon tov 100 mg kg™ oe oyéon pe tic voromeg

LETOYEPITELS, 1 OTOl0 OU®G dEV EIVOL CTATIOTIKG CTLOVTIK.

Tow ewdva mapovoidletor kot oto Xynua 3.2.2, oto 0mOi0 Ol VYNAOTEPES
ovykevtpooelg Cr(Ill) eppaviCovror ommv E o H petoyeipion. To Cr(Ill) mapdyeton oto
£00p0o¢ ¢ amotédecpa g avaymyng tov Cr(VI) (Villacis-Garcia et al., 2015), kabmg 10
£€00pog oev £xel amd povo tov Cr(IIl), mapd pdvo 6o €xet o paptupag, OTOL Ta ETITEOE TOV
etvarl oyedov unodevika. Apa 6An n mocdtta tov Cr(I1l) mov mapatnpeitarl otig petayepicelg

E wxon H, xou gpoaviCel mohd avénpéveg THEG o oxEom UE TO HAPTLPA, TPOEPYETOL OO TO
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Cr(VI). Qot6co av ovykpivovpe 1o Cr(VI) pe to Cr(ll) tov 600 avtdv petoyeipicemv
Brémovpe 0Tt otV petoyeipon E (GoBeotoc) Ppédnke Cr(VI) 170 mg kg™ ko Cr(IIl) 12,5
mg kg™, kGt mov onpaivel 6Tt poMG éva pikpd mocootd Tov Cr(VI) petotpémmxe oe Cr(IIl).
To 810 cvpfoiver kot pe ™ petayeipion H (100 mg kg™), oty omoio kot wéAt pévo Evo
Hicpd 1060016 Tov 56 mg kg™ Cr(VI) petatpdmnke oe Cr(III) dnhady poig 7 mg kg™ Iap’
ola avtd gival 1660 vynin 1 cvykévrpoon tov Cr(Ill) ko otig dvo petayepioels, €101 ®oTE
Vo €XEL OTOTIOTIKG OMUOVTIKY OPOpd o€ OYECT HE TIC CLYKEVIPMOOELS TOV VTOAOIT®V

HETOYEPICEDV.

Oocov agopd ™ GCLYKEVIPOON TOV (POCEOPOVL GTO £00POG TOV UETAYEPICEMV,
mopatnpovue 6T Teivel va pewwbdel oe oyxéon pe avt tov paptupa (Zymua 3.3). ZTaTioTikd
ONUOVTIKNY O10(pOopa 6€ oyEon He 1o paptupa epeoviCovv ot petayepioeg I, XT, Z kot H ko
avto eényeitar amd 1o yeyovog 6t 1o Cr(VI) mov yopnynOnke dpa avtaywviotikd e oyéon Ue
TOV @OCEOPO €medN elvarl Ko ta. dvo avidvta (Lopez-Bucio et al., 2014). daivetar oniaon
OTL TO YopMnyovuevo ypodpio odnyel tov gvkivinto P oe avénon déopevong amd edapikd
KOALOEWY. ZtnVv petayeipion A pe v tHpeN, 1 CLYKEVIPMOT TOV POGPOPOL Elval WoiTEPQ
VYNAN Kol ovtd pmopel vo o@eileTon 6TOo OTL M TOPPT YOPNYNOE POGPOPO GTO E£O0POC

(Barker, 2012).

To vyog TV putdv Tapatnpodue 6Tl 6N petoyeipion A (topen) awéndnke, katl dpo
Bektimoe 10 pOUO avdmTuéng Ko avéNce TO VYOG TOV QLTOV GE GYXECT] LE TOV HAPTLPA
Eymuota 3.4.1 - 3). And v aAAn pepd, oty petayeipon E pe v doPecto eppaviovron
TO, TPAOTA GNUAdIL TOEIKATNTOG TOL QLTOV, KAOMG EYOVUE GTOTIOTIKE CNUOVTIKE LELOUEVO
Vyog putav, ggottiag ™ avénuévng ovykévipwons tov Cr(VI) mov ogeileton oty avénon
tov pH amd ™ yewpywn doPecto. To yopoknpiotikd eivor 0Tt otn petayeipon H, 6mov
Exovpe ™ péyom yopnynon Cr(VI), to Yyog tov putdv oy TpdTN PETpnomn eivan 010 pe
to paptopa. [Hapammpodue 6pmg 6TL otV TeEAevTaia pétpnon ot petayepioeg E, XT, Z ko H
EUQOVILOVV CTATIOTIKA GNUOVTIKY] S10POPA GE GYECN LLE TO UAPTLPO, TOL CNUALIVEL OTL LE TNV
TAPOOO TOV YPOVOL 1| TOEIKOTNTO TOV TPOKAAEITAL OO TN YOPNYNON TOL YPWIioL emnpedlet
TO, PUTA PEWDVOVTOG TEAMKE TO VYOG Tovg (Zaimoglu et al., 2012). Eivar yapakmmpiotikd 0Tt
Kol TAAL TNV PETaYEIPIon TG TUPPNS TO VYOS TOV GUTAOV daTNpEiTol HEYOADTEPO GE TYéom
pe to paptopo. daiveror oNAad OTL M TOPPN OYl OTAMG OVTICTEKETOL EMAPKDOG OTNV
tofdTNTa OV TPOKOAEL M YOopfynon tov ypwpiov ot cvykévipmon 50 mg kg, aAdd

Beltidverl K1OAG TO pLOUO AVATTUENG TOV PLTAOV.
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To 1310 ovpPaiverl ko pe ) dSAUETPO TNG KOUNG, N omoia elval Eva aKOLO PLTOKOUIKO
YOPOKTNPLOTIKO TTOL EYEL VA KAVEL LE TN QLTOKOUIKT KATAGTACT TOL QUTOV (XZynuata 3.5.1 -
3). BAémovpe Aowmdv O6TL 61N petayeipion A, m yopriynon g topeng PeAtuidvel To puOuod
avATTLENG TOL PVTOV Kot £TGL TO PLTO KoTaPEPVEL va avtiotadel otnv toSikotnta tov Cr(VI),
™V omoia Oyt HOVo ££0VOETEPMOVEL OALG KOl KOTATOAEWUA, LE OMOTEAEGUO TO PVTO TEAIKA VO
ooeeleitoan (Molla et al., 2012). Zmv petoyeipion E, dmov Aoy ¢ acBéotov £yl avénbel to
pH, n ymuum ovumeprpopd tov Cr(VI) eivar o mo dpactikdg mapdyoviag mov ennpedlel
dapeTpo kKOéUNg Tov eutov. Iapammpeiton Aowmdv 4t 1 avénon g evepyodotag tov Cr(VI)
EXEL O OPVNTIKT EMOPOCT GTNV AVATTLEN TOV PVTOV GE OYEoM UE TIG petayepioe T, Z
kot H, av kot og antéc yopnyiOnke nepiocotepo ypduo. Zmv 1" kon 2" uérpnon epgovileton
OVENHEV 1 TN TNG SUETPOL TS KOUNS, Omtag kat oty I petayeipton (50 mg kg™ Cr(VI)),
omov 10 PUTO dev éxet avtamokpifel akopo oty ToéKoOTNTA TOL Ypowuiov. Tty 3" puétpnon
QOivovTol KOAOTEPA 01 O10POPEG TNS OOUETPOV TG KOUNG TOV PUTMOV TOV UETAYEPICEDV CE
oxéon pe 10 pdptopa, OMAadn Omov yopnyNONKe HKpN TOGHTNTA YPOUIOL EYOLUE HIKPT
peiwon g SpETpov G KOUNG evd 6oL Yopnyndnke PeYIAN mOcOTNTA YPOUIOV £YOVUE
peydan peioon. Xoapoktnplotikd elvar 0Tt 1 OGPETPOG TNG KOUNG TOV QUTOV 1TNG
netayeiptone H (100 mg kg™) eppaviter v o peiwon pe v petayeipon E (50 mg kg™)

pe v doPeocto ko pe v ZT pe tov {edMBog, o omoiog dev paivetar va emédpace KaBOAoV.

210 hyo¢ Tov @OAM®V oty 1" uétpnon mapoatnpeiton pio peimon oe oyéon pe avtd
oL paptopa (Zynuoata 3.6.1 - 3). H petoayeipion £T (LedoMBog) eppavilel ™ younAotepn Tiun
ToYoVG, Y®PIg vo Tapovctdlel OTOTIOTIKA oNUovTIKT dapopd pe v E (dofectoc) kot v Z
(75 mg kg) petoyeipon. Tty 3" Serypotornyia, 6mov ma pe TV TEPOdo oL YPdVOL T
to&iwkotta tov Cr(VI) emmpedler ta outd, n petayeipion T pe 1o (edMbBo eppavilel to
UIKPOTEPO TTAYOS PUAAW®YV, YOPIG VO OOPEPEL GTATIOTIKA CNUOVTIKA LE TOV HAPTUPO KO TIG
petoyepioelg pe m pkpdtepn ovykévipwon Cr(VI). And mv GAAn pepid, ooaivetonr va
Sropépet omd ¢ petayepioeic Z (75 mg kg™) ko H (100 mg kg™), otic omoiec moparnpeiton
TO UEYOADTEPO TAYOG POAAOVL. Me v avénon ¢ ocvykévipoong tov Cr(VI) avauévovrav
peimwon Tov mayovg twv ELUAL®V efattiog g TokoTnTag ToL Ypwuiov (Singh et al., 2015),

YEYOVOG TOV deV GLUVEPN GTO TAPOV TTEIPALLAL.

Amd g Tég Tov deiktn yAwpoeVAAng SPAD mov petprinkoav @aivetor vo yiveton pua
HePIKN avdaoyeon g Toikotnrag mov empépel  yopnynomn tov Cr(VI) om petayeipion A
™G TOPENG O GYXECN LE TO HAPTLPA, KO OVTO YT OV TAPOVGIALEL GTATICTIKA CMLUOVTIKT

dapopd, ovte oty 1" uérpnon aAAd ovte ko oty 3" (ZyAuata 3.7.1 - 3). Ioap® 6Aa owTd ot
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TIWEG TOL OeikTN YAWPOPUAANG SPAD gupavilovv pe v Tapodo Tov ¥pOVOL TTMTIKY TAGN, M
omoio eivon mio onuovtiky ot petayeipion E g acPféotov, yeyovog mov vmodnidvel kot
TOAL OTL M YMUKN CLUTEPIPOPE GTO £00.POC €ivarl VTN TOV VIEPTEPEL KOl ALEAVEL TNV
to&iwkotta tov Cr(VI) oe oyxéon pe AAAOLG TOPAYOVTIES, KOTACTPEPOVTOS TIG KUTTOPIKEG
pepPpaveg tov yhopomraotov (Hayat et al.,, 2011; Ozdener et al., 2011). KaBog ¢aivera,
ot petoyeipion 6mov PBertiwdnke 1o pH, n avénuévn doivtomra tov Cr(VI) odnynoe oe

EVTOVOTEPT TOEIKOTNTOL.

Oocov apopd TN GLYKEVIPMOOT TOV QAUIVOMK®OV GTO QLTA TAPATNPOVUE OTL TEIVEL VOl
pelwbet oe oyéon pe avtr Tov papTVpa (ZyMua 3.8). XTaTIOTIKE CUAVTIKT SPOPA GE GYEOT
pe to pdpropa epeaviCoov ov petayewpioelg E, XT, Z kar H. ®aivetonw Aowmdv 0tL oTIg
LETOYEPICES OVTEC TO PUTO OEV KIVNTOTOINGE TN YEVIKY| avTIOEEWMTIKY Oe&aeEV TOV TTOV
elvar T oAKA @owvolMkd. To omoTéAeopo OVTO VTOOEIKVOEL, GE GCULVOLOCUO LE TO
AmOTEAECUOTO TNG OVATTTVENG, OTL N avénon tov pH pe v doPeocto (ot petayeipion E), n
un mayidevon tov Cr(VI) ond 10 (edMBo (otmv XT) xou mn yopniymon oavénuévev
ovykevipoocewv Cr(VI) (otv Z kou H) emdeivooay tv Katamdvnon amd v ToEIKOTNTO TOV
Cr(VI]), og enineda mov 10 puTO advvaTovsE va dayeplotel. Avtifeta otic petayepioeg B, I
Kol A, 01 0moieg vl Hev TapovGlalovy YOUNAOTEPES TYES OO TOV HAPTLPW, OEV SLOPEPOLV
OU®G OTATIGTIKA CUAVTIKA, QAIVETOL OTL TO UTO UTOPESE va. avTameEEADeL oty ToIKOTNTO

Cr(VI) av&avovtag ) ovykévipwon tov eavoAlk®v tov (Chen et al., 2015).

Oocov apopd 10 kabapd Papoc tov Loviavav euAL®V (Ykpileg othiec) (Zymua 3.9)
glval TOAD YopoKTNPIoTIKN N Tdom pelwong o oxéomn HeE TO HAPTLPA, 1 OOl Eivol GYEdOV
YPOUUIKT), ONAOT] KOODS QVEAVETAL 1] GUYKEVTIPOGT TOL YOPTYOVUEVOL YPOLIOV HEIDVETOL TO
Bapog towv Lovtavav eOArlmv. E&aipeon, 0mwg @aivetor kot amd GAAOLG TAPAYOVTES TTOV
KATOOEIKVVOLV TN {onpdTNTA TOV LTOV, OTOTEAEL N pETAYEiplon A otV omoia mapatnpeital
avénon tov Bapovg Twv VALV o€ oyéon pe Ttov paptupa (Afshan et al., 2015). Ocov apopd
o, vekpd @OAA0 (Aevkég otnAeg) PAEmovpe OTL KOOMOS avEavetal 1 YOpNynon Tov YPOUIOL
avéavetal kot 10 PAPog TV VEKP®V QOAA®VY, KATL TOL Oelyvel TNV €viaon NG TOEIKNG
enidopaong tov yopnyoovuevov Cr(VI). 1o onueio avtd o mpémer vo emonudvovpe 6t M
petoyeipion E pe v aoPecto dev mapovctdlel GTOTIOTIKO OMUAVTIKY J0QOPA GE GYECT LE
TO HAPTLPA, o€ avTifEDN LE TIC LVIOAONEG HETAYEPICELS OTIC OTTO1Eg TaPATNPEITAL CNUOVTIKY|
avénon tov Pépovg TV veKp®V UAA®YV, Tov eppovileTor akOpa kol otn petayeipion B pe
100 25 mg kg Cr(VI). Avtd deiyver 61t 1 t0EwdTTO. TOV YPpOHiov 0dNYEl OE CNUOVTI

ENpavon Tov GUAL®V, I omoia Tapovclaletol o€ peéyloto Pabud otig petayepioelg tov 50 mg
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kg™ Cr(VI) kot amd eel kar wépa dev avéavetar mhéov. H petayeipion E éyet peopéva vekpd
@OAMO. €TEON eVOEYOUEVMG M Yopriynon ¢ acPéotov Ponbaet to pvBud avimTvEng tov
@uvTov. AnAadr vou pev avéavetal n toSwotra tov Cr(VI) aAdd n avénomn tov pH eivar
mOavo va Pondael 6e kKAmTO10VE TOUEIS TO PLTO Ko £T61 Vo petdveTon M enidopaon tov Cr(VI)
600V apopd T VEKPp®O™ TV eOAA®V. Me dAla Adywa n avénom tov puOuod avarTuEng Tov
@LTOV AOY® NG avénong tov pH mBavov va avTioTpaTEVETOL TN VEKPOGT] TOV PUAA®V, OAAY
dev emopa HBeTikd GOV aPOPA TO VYOG TOV PLTOV, TN SIAUETPO TNG KOUNG KOl TO A0S TV

QOA®V.

Oocov apopd tov ap1fud tov {ovtavav euAlov (Zynuo 3.10), sivor xopaKTnploTikd
OTL 060 OWEAVETAL 1] GUYKEVTIPWOGT] TOV YOPTYOVUEVOL YPOUIOV TOGO HEDVETAL O aplOUdg TV
Covtavov euAlov (Gill et al., 2015). EEaipeon amotehel 1 petayeipion A oty omoia 1 Topen
oeénce tov puiud avamtuéng tov euTov, Bonbaviag to va avtiotadel 6TV ToIKOTNTA TOV
Cr(VI), pe amotéreoua o aplBpdg tmv @OAL®Y TOL Vo, 1] SPEPEL CTATIOTIKA CTUAVTIKO LLE

aVTOV TOV HapTLPA.

Avo@Qopikd [Le T GLVOMKT EMPAVELD TOV (ovTavav eUAAwV (Zynua 3.11), n peioon
o€ oyéon ue 1o pdptopa givor oxedov ypoappkn (Tiwari et al., 2009), 6w copPaiver kot pe
GAAEG QUTOKOMKEG TOpapéTpovg mov ovinmdnkav mopamave. Eaipeon amotehel 1
petoyeipion A oty omoia mapatnpeitar avENCN TNG GLVOMKNG EMPAVEINS TOV {OVTAVOV
QOAM®V o€ oYéon Le To pnaptupa, AOY® Bertiong Tov puOROD avATTLENG LLE TN XOPNYOVLEVN
opyavikny ovcio ¢ tOpens. Ocov agopd TN péon emMPAVED. GUAAOL TOV QLTOV VA
petoyeipion (Zymuo 3.12), eEaipeon omotedel ko mAAL M petayeipion A, omv omoia
mopatnpeital adénon g HEONG EMPAVEINS PVAAOD TOV QUTAOV CE GYECN UE TO UAPTLPO.
Eniong ot petayeipion E pe v doPecto eppavileton n pukpdtepn péon emedvelo @OAALOL
eEartiog g avénuévng to&ikdotrog tov Cr(VI) mov ogeideton otnv avénon tov pH. To
YopakTNPLoTikd eival 0Tt ot petoyeipion H, dmov €yovpe ) péyiom yopnynon Cr(VI), n
péomn emedveld eOALOL TOV QLUTOV O& OPEPEL GTATICTIKG CNUOVTIKA HE TO HApTLPO,

TOoVAOC AOY® TOv YeYovOTOG OTL Ol TIHEG EMPAVELNG TOV KATAYpAPOVTAY NTav 1dloitepa

XOUNALEG.

Yxetikd pe to kabapod PBapoc tov (oviavav Practav (Ykpileg otqrec) (Zymua 3.13)
mopatnpeital n 01 KOVa pe To BAPog TV PUAA®VY, ONAOON [ GYEGOV YPOUUIKY] LEIMOT GE
oyxéon ue 1o paptopa (Ahmad et al., 2011), pe e€aipeon ) petayeipion A 6mov @aiveTon vo

BehtiwOnke 1o Bapog TV PLAGTOV HE TN YOPNYNON TS OPYAVIKNG 0VGiag 6To £00poc. Ocov
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aeopd ToVg VEKPOULS PAacToVg (AEVKEG OTNAES) OEv MOPATNPOVVTOL HEXPL Ko TN A
petoyeipon, evad vekpoi PAactoi, ywpic OTATICTIKA ONUOVTIKA Ol0popd HETAED TOVLG,
enpaviCovtat omd 0 petoyeipon E (50 mg kg™ Cr(VI)) kon petd. daiveton dnhodh ot exel
mov &yovpe yopnynoet 50 mg kg Cr(VI) kar dopeoto ko 50 mg kg Cr(VI) kon {edibo
emtayovetar 1 toécotnro tov Cr(VI), n omoio eivar mapdpowa pe to 75 ko ta 100 mg kg™
Cr(VI). Emopévog av agnvope 1o £0apog aveTpEaoTO GTIG OLO OVTEG UETOYEPIGELS dgv Ha

Topatnpovoaue avth TN ToEh enidpact, 1 omoio Tapatnpeiton amd ta 75 mg kg kot néve.

Oocov apopd tov 0pBud tov {ovtavov Practov (ykpileg otieg) (Zynuo 3.14)
epeavileton po thon peimong otig petoyepioelg mov yopnyndnke Cr(VI), pe e€aipeon
petayeipion A (Topen), vrodnAwvovtog v To&Kn enidpacm tov Cr(VI) oto guto, N omoia
ouwg oev etvar amdAvtn. Emiong moapatnpeitor 611 ot petayepioeig E, T wor H odev
TOPOVGLALOVV GTOTIOTIKE GNUOVTIKY S1popd G€ oxéom Ue To pdptopa. To yeyovog awtd dev
npémel va oonyel oe AdBog cvoumepdopata yoti pmopet pev o apBudg tov Practodv va gival
mePimov 1010¢ pe 0V pdptupa, Opmc to Papog Tov {wvtavov Practov (Zynua 3.13) tov
péptopa etvar TOAD HEYOAVTEPO, YEYOVOG OV LIOONAMVEL UEYOADTEPOVG GE UNKOG Kot
dwauetpo Practovg oe oyéon pe Tig petayepioeig E, LT ko H. Nexpoi Practol (Aevkég
otAeg) apyilovv va gppaviCovtal amd v petayeipion E ko petd, yopic va mopovsialovv

OTOTICTIKA GNUOVTIKY] O10popd pHeta&h Toug.

IMa 1o Bépoc ™ pilac, eivor TOAD yopoakTNPIoTIKN N TdoT pel®oNS 6 GXEoN UE TO
pudprtopa, n omoio eivar oyxeddv ypopukn (Zynpo 3.15), niadq Kabdg avbdvetor m
GLYKEVTPMOOT] TOV YOPNYOVUEVOL Ypouiov pelwverol 1o Bapog tov pllov (Qing et al., 2015;
Ranieri et al., 2014). E&aipeon amoterel n petayeipion A otnv omoio mopatnpeitor 6TL T0
Bapog tv piladv TG deV SOPEPEL GTOTIOTIKA CTUAVTIKO LE TO UAPTLPO Kol VTO OPEIAETOL
oTNV KavOTNTA TNG TOPPNS Vo avtiotpatevetarl TV toéiodtnta tov Cr(VI) Bertidvovtag v

ConpdnTa TOL ELTOV.

H ovykévipwon tov Cr(VI) ota gutd BAémovpe 6Tt €ivor TOAD yaunAn oto pudptopa
EymMua 3.16.1), oxeddv undevikn, oArd avéavetar kabng av&dvetor Kot 1 YopyNnon Tov
Cr(VI) xon maipver m péytotn tun, n omoia eival mépa moAd vymAN otig petayepioels Z Kat
H. H avénon sivan avapevopevn, yoti kabmng avEdvetor 1o yop1yOOUEVO XPOUIO EAVETIL
KOl TO YPOUO0 6TOVG QLTIKOVG 16Tov¢ (Wang et al., 2012). To yapaxtnpiotikd eivar 6TL 6T
petayeipion A 6mov yopnynOnke topenN gival TOAD YaUnAn 1 CLYKEVTPMOGCT TOL XPOUIOV, dEV

£xel ONA0OTN GTATIGTIKA CUAVTIKY O1pOpd e TO LAPTLPA KOl VTO Oeiyverl OTL 1 ToEiKdTTO
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Tov QLTOV £xel avapebel, OTOC PAVNKE KOl OO TO QUTOKOMIKG YOPOKTNPICTIKA TTOL
ocunmOnkav mapomdve. Avtd Oelyvel 0Tt M TPOCTIOEUEVT] OPYOVIKE] OLGIN OEGUEVEL TO
Cr(VI), k4t mov peidvet v TpOGANYN TOL GTOYEIOL Ao TO PLTO, YOPIG OUWOS VAL EMNPEAGEL
mv avayoyn tov og Cr(Ill), é6ntwg oty apyn avauévaue. Eriong om petayeipion E pe v
doPeoto N ovykévipwon tov Cr(VI) oto utod eivon 010 pe exeivn g petayeipiong B tov 25
mg kg Cr(VI) kot pucpdtepn o€ oxéon pe Tig Ghhes petoyepioetc tov 50 mg kg™ Cr(VI).
Eniong PAémovpe o0t1 M peroyeipion ET (CedABoc) wor n petoyeipion I' dev dwpépouvv
OTOTIOTIKA onuovTiKA. Eropévmg patvetar 6Tt o (edMBog dev emtvyydvel puoikn maryidgvon

tov Cr(VI).

To Cr(IIl) Tov @uTOH OV UETPIETOL GE GLYKEVIPMOELS UEYUAVTEPES GO OLTEG TOV
péaptopa vroBétovpe 0tTL opeidetan oy avaywyn tov mtpootiféuevov Cr(VI) (Zynmua 3.16.2).
Avto mov Béhape va dovpe eivor ov KATOWL UETOYEIPION KOTOPEPVEL VO ETITOYVVEL TNV
avayoyn tov Cr(VI) oe Cr(II) yioti ko ovtd givan £vog tpOmog avaoyeons TG TOEKOTNTOG
tov Cr(VI). Oswpodoaue 0t 1 petayeipion A pe v tpen Bo €npene va avénocetr v
avayoyn tov Cr(VI). Opwg oyt povo dev mopatnphdnke ovénomn e avaymyng oAAd M
OLYKEKPIUEVN HETOXEIPION OEV MOPOVGINCE KO GTATIGTIKG ONUAVTIKY Opopd UE TO
péptopa, o omoiog €xel Tun Undév, S10TL OVCICTIKG KOl GTNV HETayEiplon A 1 T Tov
Cr(IIT) eivon pnodevikn|. Exel mov mapatnpeital dwapopd oe oyéon pHe to paptupa gival ot
petoyeipion XT, kot moAd peyordtepn ot Z ko H. Aniadn ekel mov agnoape 10 £€60.(pog
avemnp€acto ympic edapoPertiotikd, 660 o moAd Cr(VI) yopnynOnke 1660 mo moiv Cr(11)

aroppoPnOnke amd T0 PUTO.

>m pifa 10 Cr(VI) mapovcialel mapopoe avéntikn 1aorn OmmG Kol 6TO VLIEPYELD
TUNHO TOV PLTOV, ONAAON O UAPTLPOG EPPOVILETOL VO EYEL GYEDOV UNOEVIKA ETITESN KO VTA
va av&avovton pe T xopnynon tov Cr(VI) (Zymua 3.17.1). H petayeipion A dev mapovcialet
OTOTIOTIKA ONUOVTIKY] O0popd o€ oyéon He TO HApTLPA, EMEWN TAAL Qoaivetalr OTL 1
xopnyovpevn topen Pektiooe to puOud avdmruéng tov eutov. Emiong n petayeipion T pe
to (edMBo eppaviCetar ko mdA va €xel ta dw emineda ovykévipoong Cr(VI) pe
netayeipon I tov 50 mg kg Cr(VI) yopic mpoodikn dapofertiaticod. Aviiotoa oTIq
petoyepioelg Z kou H mapoatmpeiton n péylot tyun ovykévipoonc. To yopaxtnpiotikd givol
011 01 ovykevipwoelg Cr(VI) ot piCa etvar oyeddv OmAdotleg and ekeiveg 61O VTEPYELO TUNUOL
TOL PVTOV, KATL TOV LIWOINAMVEL OTL 1 plyavn Katapépvel kol akwvnronotel to Cr(VI) ommyv
pila, e ATOTEAEGO TO VITEPYELD TUNLOL VO DPICTATOL TOAD PIKPOTEPES TOEIKES EMOPACELS OE

oyxéon pe v nepintwon wov to Cr(VI) xatdeepve kol EQTave 6GTO VITEPYELO TUNUO TOV GVTOV
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(Srivastava et al., 1994). Avtdg eivor £vog unyaviopodg Tov UTOL 6TV TPOoTAELD TOV VA
avtiotafel oV Kotamdvnon g To&kdTNTAG TOL YP®UIov. AT N KAVOTNTO TG Plyovng
KATOTAGOEL TO QUTO ¢ €100G MOPEUTOIIOTY, Thpo ¢ €i00g vrepovocmpevty. [Hapduowan
EIKOVO LE TO VITEPYELO TUNUO TOV PLTOV ePavifeTon Kot 6t pila PE TIG CLYKEVTIPAOGELS TOV
Cr(IIT) va mapovcialovv Tic vynAdTEPES TINEG oTIg peTayepioelg Z ko H, aAld mepimov

dumAdo1eg TYWEG o€ oyéon pe To vrépyeo (Zynua 3.17.2).

Eniong petpnnke o ¢do@opog 610 vépyelo tunua Ko otn pia tov eutov. XT0
VEpyelo T Tapotnpeital 6Tt ot petoyepioeg I (50 mg kg™ Cr(VI)), A (50 mg kg™),
>T (50 mg kg™), Z (75 mg kg™) kot H (100 mg kg™) ot suykevipdoeic sivar idiec oe oyéon pe
10 papropa (Zyxfua 3.18). T petayeipon B tov 25 mg kg éyovpe otaTiotikd onpavTih
petafoAn mpog ta whve Kot oty E  otatiotikd onpavtikn petafoAn mpog ta kdto. Ildviog
To, EMMEOA TOL POWGPOPOV GTO VIEPYED TUNHO TOV QLTOV O OAEG TIC HETA)EPIOELS €lvat
QLGLOAOYIKE (av Kol EAPPAOC YOUNAOTEPA) GE oyéom pe T avouevoueva. Ocov apopd
pila OAeg o1 petayelpicelg mopovslalovy TV 010 GLYKEVIP®GT POGPOPOV LE TOV UAPTLPA
EyMua 3.19). EEaipeon amotedel kat Al n petayeipion E (doPeotog), oty omoia Kabog
avénbnke to pH pewwbnke n dpactnpidto 0V POSPEOPOL. AVTO GLVEPTM &ite yiati o
QPOCEOPOG dNuovpynoe adtiivteg evoelg pe to CaCO; eite yuati 1o CaCO;3 déopevoe pe

NAEKTPOGTATIKY EAEN TO PAOGPOPO, LLE OTMOTELECLO VO, UMV EIVOL TPOGANYILOG At TO QUTO.
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YYMIIEPAXMATA

1. To yopnyovuevo Cr(VI) mpokdiece avénon ota eninedo tov Cr(VI) ko Cr(Ill) oe
£00(pOg KOt PLTO, OTMG Ko OPAUATIKY Helmon TV PAAGTNTIKOV YOPOKTNPICTIKAOV TOV
QUTOV.

2. H abd&non tov pH 10V €ddpovg, pe v mpochnkmn yewpykng acPEstov, amotérece
kaBopiotikd mapayovia omv evepyodmnta tov Cr(VI) oto €dagoc xabag avénoe
dpapatikd to enineda tov Cr(VI) 1660 610 £00(p0g 66O KOl GTO PUTO TPOKAADVTOG
HEYAAN HEION GTO GUTOKOKE XOUPUKTNPICTIKA TOL LETPTONKOY.

3. H yopniynon mg topeng doev umodpece va emroyvvel v avaywyn tov Cr(VI) og
Cr(III), oA eEovdetépwoe Ko katamoléunoe v toéwotra tov Cr(VI) mbavov
AMOY® NG OEGUEVONG TOL GE YOVUIKEG EVOGES UN TPOCAYIUES Oomd TO @LTO,
Beltiovovtag TEMKA TOV pLOUO OVATTUENG TOV PLTOV, OO KATAOEIKVOETAL OO TO
(PLTOKOUIKE YOPOKTNPIOTIKA TOV PETPTONKAY.

4. AwmotoOnke eniong 6t1 0 {edMbog dev emtuyydvel puoikn mayidevon tov Cr(VI), pe
arotéleopo n to&ikotnTa tov Cr(VI) va BAdntetl teAkd to guTo.

5. Téhog pavnke O6TL M plyavn kataeépvel kot akwnronoel to Cr(VI) omyv pila pe
OTOTELECUO. TO VTEPYELD TUNUO TOL QULTOV VO LVEICTOTAL TOAD WKPOTEPES TOEIKESG
EMOPACEIS, KOU EMOUEVOS TO GULTO Vo uUnv pmopel va  kornyopromombel g

VIEPGVOCMPEVTNG, OAAA PaAAOV ¢ Tapepmodiotg Cr(VI).
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1. Aimavon
Ainavon N

o v mopaockevn tov Awmdopotog Cuyiommrov kot ooAvOnkav 21 g vitpikng
appoviag (NHsNO;3) og 4 L vepov Bpoonc. Katomv yopnyndnkav 20 mL dwoAdpatog ava
yAdotpa ava petayeipion. H Mmavon éywve mpv 1 @otELoN TNG plyovng e TN €KYLOT TOV

SLADLOTOG GTO TTATAKL TNG YAAGTPOG.

Ainavon PK
H mopackevn ko m yopnynon tov MmAcHOTOg £yve pe TNV 10100 01d1KaGioL TOL

TEPLYPAPNKE OVOTEP® HE TNV dweopd 0Tt (uylomnkav kot oAvdnkav 65 g d16oEvov

eoo@opikov Kariov (KH,PO4) o 4 L vepd Bpoong.

2. Empodéivvon

IMa v mopackevn g empdivvong Luyiomrav 5,7 g dyypopikov kariov (K,Cr,O7)
Kot oAvOnkav oe 2L vepobd PBpoonc. H dadikacio avt) emavoinednke mévie popéc, €101
wote va mapayBodv telkd 10L droadpatog empoivvone. H yopriynon g empdivvong éywve

pe tov 1010 Tpdmo oV £yve M Mmoven Kot TNV it HEPaL.

3. Exyolon g6agovg pe KH,PO,
Avudpaotipia

KH,PO4
[Ma v mapackevn 2 L poceopikod kaiiov {uyiotkav 2,7218 g KH,PO4 0,01M o
SwAvOnkav oe motpt (Eoemc pe OmMOVICUEVO VEPO KO OTN GLVEXEW ToTobetOnkay o€

OYKOUETPIKN GLIAN TV 2 L y1o TV COUTAp®oT ToL OYKOV.

Xpwotikn ovocio - dtpavviokopuralioto

Mo v mopackevn g ypwotikng Cuyiomkav 0,1 g dwparvvAiokopuralidlov oe
motpt (€oemg, 010 omoio mpootédnkav 25 mL aBavoing ko 30 mL wukvod wc@opikov
o&éog (H3PO4) xar tomoBenOnkoav yoo avédevon. ‘Encita 10 mepieydpevo petapépdnke oe

OYKOUETPIKN GLIAn Twv 100 mL ko coumAnpdOnke e amovIGUEVO vEPO UEXPL T XOPOYT).
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Exyvlion rov Cr(VI) owo 1o édopoc

[a mv exydiion tov Cr (VI) ond 1o €oagoc (6 emavainyelg / petayeipion)
Cuylomkav 2,5 g €ddpovg tomofemOnkav oe eloAridwa falcon twv 50 mL kot tpootédnray 25
mL dwoAvpatog KH,PO4 (@oopopikd kKdA10). X1 cuvéyela 10 ekyOMoua ovoakiviOnke yua

TovAdyloToV 16 dpeg, puyokevipnOnke yio 20 Aemtd ko TéA0G dmOMOnkKe.

Métpnon tov Cr(VI) 610 0aouoto@mtouUsTpo

[Na mv avartoén ypopotog Aednkav 8 mL exyvAicpatog €ddeovg kot 1 mL
YPOOTIKNAG ovoiag, To omoion tomobetOnkav oe @uAido falcon twv 50 mL. Katomiv
aeénkoav 1 dpa yuwo ™MV avanTuEn TOL YPOUOTOC KOl GTN CLVEXEW UETPNONKAYV ©TO
QOGLATOQMOTONETPO o€ pnkog kOpotog 540 nm. H 16w dwdwacio, yio kdbe exydMopa
€00(QOVE, EPUPUOCTNKE KOl OTO OElYHOTO YVOOTNG CLYKEVTIPMOONS YPOUIOL GOUPOVE LE TO
omoio mpoékvye N KaumOAn PBabpovounons. H cuykévipwon tov Cr(VI) mpoékvye and tov

e€ng tomo:
M (mg kg™ €8apovc) = A * (mL dwaloparog exyoiong KH,POL/B)

Omov M &ivar o Cr(VI) mov exyvhiletonr, A 1 ovykévipwon tov ypopiov (mg L) mov

AopPavetor oty otopukn amoppdenon, kot B to Bépog Tov eddpovg o€ g.

KAMMNYAH BAOMONOMHZHE EAA®OYZ

y = 1,2695x + 0,0593
12 R? = 0,988

/ & Seapdl
0,8 >~ P

FpaupikA (Zeipdl)
- /
- /
0,2 3 S

0 T T T T T T T T
0,000 0,100 0,200 0,300 0,400 0,500 0,600 0,700 0,800 0,900

ENAE=H OPITANOY

ZYTKENTPQZH Cr(VI) (ppm)

Yympa 1. Kopmoin Badpovounong e34poug yvmoT®V CUYKEVIPMOOENDY XPOUIOV
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4. Exyvlon e6agovg pe DTPA

Avudpaotipia

DTPA

To duwwivpa DTPA (diethylo-triamino-penta-acetic acid, dwiBvAo-tprdpuvo-nevta-

o0&k 0&V) mapackevaotnke pe v avapgn 9,835 g DTPA, 7,4 g CaCl,.2H,0 wou 74,5 g

tpronbavorapivng oe S L H,O. To pH 1ov dwwidpatog puBuiotmke oty tun 7,3 pe Alyeg

otayoveg HCL

Erxyvlion xou uétponon rov Cr(lll) omo 1o £00poc

[Na mv exyohon tov Cr(Ill) amd 10 €da@og (6 emavoinyels / petayeipion)

Cuyiomkav 10 g €ddpovg oe mhaotikd @raridta tomov falcon twv 30 mL ko avapelydOnkav pe

20 mL owAdparoc DTPA. X ovvéyela avakwvhiOnkov vyia 2 opeg  okppog,

euvyokevtpinkav ywoo 20 min kot omONOnkav. To exydMopo katdomy peTtpndnke otnv

aTouKk”n aroppdenot. Ot vroAoyicpoi £yvay e Tov akdAovfo TOmo:

M (mg kg €8apouc) = A * (mL dwaldpatog exydionc DTPA/B)

Omov M givar 10 Cr mov exyvAiletal, A 1 ovykévipaon tov ypopiov (mg L) mov

AopPavetor oty atopukn amoppdenon, kot B to Bdpog Tov eddpovg o g.

18

KAMIMYAH BAOMONOMHZHZ EAA® OYZ

16

14
12

10

XYFKENTPQZH Cr (ppm)

/
_$,000

N O N b O ®
.\
4

0,005 0,010

0,015 0,020 0,025 0,030 0,035 0,040 0,C

ENAEI=H OPTANOY (mg/L)

y = 424,74x - 0,7678
R? = 0,9812

Yyqpo 2. Kopmoin fabuovounong yuo 1o £30(p0og YVOoT®V GUYKEVIPOCEMY YPOUIOV
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5. Mérpnon Cr(VI) oto guto (vagpyero tunpo & pila)

Yrépyero runuo,

INa mv pétpnon v Cr(VI) oto vrépyelo tpunqua tov @utod (6 emavoinyelg /
petoyeipion) ypPNoUOTOMONKAV TO PLTIKA EKYLAICUOTO TOV TPOEKLYAY OO TNV TOPOANPT
™m¢ téppag tov vrEpyetov Tunuatog pe HCI 20% kot ta omoia yperdotnie vo apotmBovv déka
eopéc. e eraAidw falcon tov 50 mL mpoostédnkav 8 mL apaiopévov eutikol exyvAicpatog
kol 1 mL ypwotikng ovsiag — dwporvorokapumalidlo. Ztn cvvéyeln apédnkay 1 dpa yio v
avATTUEN TOV YPOUOTOG KOl LETPNONKOV GTO POCUATOPOTOUETPO GE UNKOG KOpaTog 540 nm.
H 1010 dradikacion epapuootnke Kol 6to deiypoto yvooTig GUYKEVIPOONS XPOUIoV ond Ta
omoio mpoékvye N KaumwOAn PBabpovounons. H cuykévipwon tov Cr(VI) mpoékvye and tov

e€ng tomo:
M (mg kg™ putiko0 16100) = A * N * (mL druhdparog exydionc /B)
Omov M givar to Cr(VI) mov ekyviiletar, A 1 ouykévipoon Tov ypopiov (mg L) mov

AopPavetar 6to pacuatoPeTopeTpo, N 1 apaimon tov dwwidpatog kot B 1o Bapog o g tov

KOVIOPTOTOMUEVOD UTIKOV 1GTOV OV YPNCUOTOMONKE Y10l TNV ATOTEPPWOOT).

KAMIMYAH BAOGMONOMHZHZ I'lA TO YMNMEPTIEIO TMHMA

1,8
T 16 .
£ 14 /0
g 12 e y = 0,9963x + 0,1308
T .« R? = 0,9561
W
S 08 - /
e P
= 0,6
w /
S e
X 024

0

0,000 0,500 1,000 1,500 2,000

ENAEIZH OPI'ANOY (mg/L)

Awdypoppa 3. Koumodn Babpovounong yio 1o VITEPYEL0 TUNLO TOV GVTOD YVOOTMY GUYKEVIPDGEMV

YPOUIOV
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PiCa

Avtiotoya v v pérpnon tov Cr(VI) om pila (6 emavoinyelg / petayeipion)
ypnoporomOnkay ta ekyvAiopota g pilag, Ta omoia xpeldoTnKe vo apotmBovv dEka popéc.
Ye puoAidla falcon twv 50 mL wpootébnkav 8§ mL apaiwpévov pilikod ekyvAiopatog kot 1
mL ypwotikng ovciog — dwparvvrokapumalioto. X ovvéyela aeédnkav 1 dpa yo v
avATTLEN TOV YPAOUOTOG Kol LETPNONKAY GTO QUCUOTOPOTOUETPO GE PUNKOG KOpatog 540 nm.
H 1010 dradikacion epapuootnke Kol 6to Seiypoto yvooTig GUYKEVIPOONS XPOUIoV ond Ta
omoio Tpoékvye N KaumwOAn Babpovounons. H cuykévipwon tov Cr(VI) mpoékvye and tov

e&ng Tomo:
M (mg kg™ putiko0 16100) = A * N * (mL Sruldparog exydionc /B)
Omov M givar to Cr(VI) mov ekyviiletar, A 1 ouykévipwon Tov ypopiov (mg L) mov

AapPavetar 6to pacuatoPeTopeTpo, N 1 apaioon tov doeAvpatog kot B to Bépog oe g g

Kovioptomompévng pilag mov ypnNoIHoTomONKe Yo TV amoTEPPOON.

KAMMYAH BAOMONOMHZHZ INA TO YINEPIEIO TMHMA
1,8
1,6
14 P
'2 e y = 0,9963x + 0,1308

1 . R? = 0,9561
0,8 * /
06 P

04
0.2 pd

0,000 0,500 1,000 1,500 2,000

SYFKENTPQEH Cr6 (ppm)

ENAEIZH OPI'ANOY (mg/L)

Zyqpo 4. Kopmoin Babuovounong v m pila tov putod yvooeTOV GUYKEVIPOGE®DY YPMILIOD

6. Mérpnon Cr (III) 670 @uto (vépyero Tpfqpo & pica)

Yrépyero runue,

INa mv pétpnon tov Cr(Ill) oto vaépyso tunuo. tov euTov (6 emavainyelg /
petoyeipion) ypnopoTomoOnKay to GUTIKA EKYLAIGUATO TOL TPOEKLYAV OO TNV TOPAAAPT

™m¢ téepag tov vrEpyelov Tunuatog pe HCI 20% kot ta omoia ypetdotnie vo apotmBovv dEka
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eopéc. Ta apaiwpéva avtd ekyvAiocpoata petpinkoa amevbeiog TNV ATOUKN OmOPPOPNoN
pali pe detypoto yvootng cvuykévipmong ypopiov kot Bpébnke 10 okd ypouo (Cr(IIl) +
Cr(VI)). To Cr(III) Aowmdv mpoxvmTel o¢ £ENG:

M (mg kg™ putikos 16t00) = A (mg kg™ putikod 16100) — B (mg kg gutikod 16100)

Onov M givar 1o Cr(IIl) mov exyvAiletar, A gival to oAkd ypdpo mov AapPaverol
otV atouiky] oamoppdéonon, ko B to Cr(VI) mov perprinke pe mm Ponbewn tov

(POGLLOTOPMOTOUETPOV.

PiCa

Avtiotoya v v pérpnon tov Cr(VI) om pila (6 emavainyelg / petayeipion)
ypnoporombnkay ta exkyvAopata g pilag ta omoia ypeldotnKe va apoiwbodv &Ko popéc.
Ta apoaropéva avtd exyvAiiopata petpriinka angvbeiog oty atopikn amoppoenorn pali pe
delypoto yvootig cuykévipmong ypopiov kot Bpédnke 1o oAkd ypowo (Cr(Il) + Cr(VI)).
To Cr(IIT) Aowmdv mpoxvmTel OC £ENG:

M (mg kg™ puticod 16100) = A (mg kg™ puTikod 16100) — B (mg kg™ @utucon 16100)
Onov M eivar 1o Cr(IIl) mov exyvAiletar, A egival to oAkd ypdpo mov AapPaverol

otV atouiky] omoppdéonon, ko B to Cr(VI) mov perprinke pe mm Ponbewr tov

(QPOGLLOTOPMOTOUETPOV.

KAMMYAH BAOMONOMHZHZ IMA TO YMNEPIEIO TMHMA & TH PIZA

18
16

i / y=410,64x-0,3199
/ R2=0,973
12
/A * Sepad

10 /v

MpapuikA (Zeipal)

SYTKENTPQZH Cr (ppm

Noo N & O ©®

_9.900 0,010 0,020 0,030 0,040 0,050

ENAEI=H OPFANOY

Yymqpo 5. Kopmoin fabuovounong yuo 1o vrépyeto tunua kot t pila tov eutod yvooetov

GLYKEVIPMOGEMY YPMUIOV
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7.  Mé£00dog ekyvions QOSPOPOV

Avtdpaotnplo

Avtopaotpro A

1. MoivBoowvikd oappmvio, (NHs)sM07024.2H,0: AwwddOnkav 12 g poivPoaivikon
appmviov og mepimov 250 mL amootaypévov vepov.
2. Tpouywo kdho-aviypovoio, KSbO.CsH4O: Atodvbnkav 0,2908 g oe mepimov 100 mL
AmOGTAYUEVO VEPD.
3. Oeuxd o0&y, H,SO4: Xe oykopetpikn @dAn tov 1 L wpootébnkav 140 mL mokvod
Beukd 080 Ko cuUTANPOONKE PEYXPL TN XOPOYT) LE ATOCTAYUEVO VEPO.
Kotémv ta aviwpaoctplo 1, 2 ko 3 petagépnkav oe oykopeTpiky] roan tov 2 L
KOl GUUTANPOONKE M QOOAN HE OMOGTAYUEVO VEPO UEXPL TNV YOPAYN. XT1 CLVEXEWN
avaKivnOnke KoAd Kot arofnkevTNKe 6 TAACTIKN PLOAN 6€ dpocepd Kot oKoTewd uépog. To

petypa mov mpoékvuye amoteAEl TO AVTIOpOOTIPLO A.

Avtidpaotiplo B

Ye 100 mL tov Avtwpactnpiov A dwivOnkav 0,528 g ackopPikov o&fog yo v

TOPOCKELT] TOL AvTidpactipiov B, To onoio £xel kitpvo ypdpa.

IHopaokeun dwoivuotoc S ppm P

And stock solution 1000 ppm P (1000 mg P L) Ajebnke 1 mL, to omoio
peTapEPONKE o€ OYKOUETPIKN OLAAN TV 200 mL kot courmAnpodnke n AN e OTOVICUEVO
vepd péypt T yapoyh. H ovykévipoon tov P og owthv ) @dhn eivar 5 ppm (5 mg P L7). Av
dev vmpye €towo stock solution 1000 ppm P, t6te B mopackevaldotav wg €€ng: Oa
Cuyilovtav 0,4394 g svdiaivtov pooeopikov dratog KH,PO4 (1 0.5747 g Na,HPOy) kot Ha
dwAvovtay oe oykopetpikny eroAn 100 mL. Katoémy Ba mapackevaloviav to didivpa S ppm

P onwg avagpépetor mapomdvo.

HC10,2098 M

Aparddnkav 20 mL mrokvod HCl 6e 1000 mL amovicpévov vepov.

NoOH 1 M
AwdvOnkav 40 g NoOH o¢ 1000 mL amoviepévov vepo.

58

Institutional Repository - Library & Information Centre - University of Thessaly
10/04/2024 08:34:57 EEST - 34.228.247.231



Eleyyoc koi pvBuion tov pH 100 gkyvdiouozoc (pvTod Kou 66povg)

Mo mv avéntoén ypopotog, mpénel To EKYLVMOUATO GTO. OTOi0L OVOTTOGGETOL TO
Kvavo ypoua va Exovv pH 5 —5,5. Eropévag n puBon tov pH €ywve pe ) Pondeia g p —
VITpoQovOANg katl v mpostnkn apaiwpéveoyv NaOH 1 HCl 1660 610 dyvooto dsiypo 6o
kot oto standard pe ovykévipmon 0 mg L7 P. H mocdmra oféog kat PUCE®S OV
VToAOYIoTNKE TPOOoTEOMKE 0 OAL TOL Yv®oTd Kot dyvewota detypata. O éleyyog tov pH tov
eKYVMopatog £ytve EeYmPIoTA Y100 TO VIEPYELO TUNUO. TOL QLTOV, Yoo TNV pila Kol Yo TO

£00(p0G.

Avartoln kvavod ypmuatoc oTo DITEPYEIO TUNLLO. TOV YVTOD

Mo to vaépyso Tpuqpa ypnoomomdnkay ta ELTIKA ekyvAiopata apatwpéva 20
eopéc. H dwdwasio avantuEng tov ¥pdpotog ywve og €ENG:
Aglypota ayvootng cvykévrpoong P:

Y& oykoueTpkég Orireg Tov 25 mL (3 emavainyelg / petayeipion) mpootédnkav: S
mL exyvMopatoc amotéppwons, 8 otaydoveg NaOH 1 M, 3 mL HCI 0,1%, 2,5 mL
Avtidpaotnpiov B kot amovicuévo vepd péypt m xapoyn.

Agilypata yvootig ovykévipmong P:

Ye €&1 oyKkopeTpikéc @uirec towv 25 mL mpootébnkav 0, 0,5, 1, 2, 4 ko 6 mL
Swoddpotog 5 mg L P avtiotoyo. Lto kobéva and avtd mpootédnkav 1 mL HCI 2%, 8
otayoveg NaOH 1M, 4 mL HCI 0,1%, 2,5 mL Avtidpactnpiov B kot amovicuévo vepd péypt
™ xepayn.

Aol olokAnpdOnke 1 dadkacia apédnkav ta dstypoata oe npepia yuo 30 pe 45

AEmTA Y100 TV avATTLEY TOL YPDOUOTOG.
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KAMIMYAH BAOMONOMHZHZ YMNEPIOY TMHMATOZX

0,9
0,8 /4 y =0,5922x +0,0633

€07 R? =0,9695
g P

206 -

205 ® Sepdl

%04 .« = Mpappik (Zeipdt)

ZYFTKENTPQZH
O

50
802 .

0,1 pd
0 05 1 15
ENAB=H OPIANOY

Zyqpo 6. Kopmoin foaduovounong yo. To VEPyELo TUN O, TOV GUTOV YVMOGTMOV GLUYKEVTPDOGEDY

Q@OCEHPOL

Avarroln kvavod ypouoroc oth pilo. Tov pvToD

AvtioTtoyo pe 10 VIEPYELD TUNUO, ypnolpomomOnkay ta ekyvAiopata g piag 20
eopég aparopéva. H dradkacio avamtuéng tov xpduatog yve g eENg:
Agtyporta dyvootng cvykévipmong P:

Ye oykoueTpkég rirec Tov 25 mL (3 emavaAnyelg / petayeipion) mpootédnkav: S
mL ekyvAopatog amotéppwong, 8 otayoveg NaOH 1 M, 3,33 mL HCI 0,1%, 2,5 mL
Avtidpaotnpiov B kot amovicpuévo vepd péypt m yapoyn.

Agilypata yvootig ovykévipmong P:

Ye mévie OYKOUETPIKES Qidec twv 25 mL mpootédnkav 0, 0,5, 1, 2, xor 3 mL
Sroddpotog 10 mg L™ P avriotoyo. 1o kabévo amd avtd mpootédnkav 5 mL HCI 0,4%, 8
otayoveg NaOH 1M, 3,35 mL HCI 0,1%, 2,5 mL Avtidpactpiov B kot amovicpévo vepd
HEXPL TN XOpOyTy.

A@ob olokAnpdOnke 1 oadikacio apédnkav to dsiypota oe npepia yuoo 30 pe 45

AemTd Y100 TV avATTLEY TOL YPDOUOTOG.
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KAMINYAH BAOMONOMHZHZ PIZAZ ®YTOY

0,9

P y=0,4948x+ 0,0815

0,8
—07 - R?=0,9511
gO,G //
> 0,5 & Zepdl
g 04 . /

i

0,1 #

0 0,5 1 1,5 2
ENAEI=H OPI"ANOY

4

pappikn

ZYFTKENTPQZH

Yymqpo 7. Kopmoin paduovounong yio m pila Tov gutol yVOoT®V GUYKEVIPOCEMY POCPOPOV

Avarroln kvavod ypouotoc oto E00.poc

Exydlion eddpovc

Zvylomke 1 g eddpovg (3 emavainyelg / petayeipion) kor torofemOnke oe @loAido
tomov falcon twv 50 mL oto omoio mpootédniav 20 mL 6&vov avOpakikov vatpiov NaHCO3
pe pH 8,5. Xt ovvéyewn ta delypata tomofemOnkayv yio oavoakivinon 30 min kol €metta

dmomOnKav.

Agilypata ayvootng cvykévipmong P:

Ye oykoueTpkég Prireg tov 25 mL (3 emavaAnyelg / petayeipion) mpootédnkav: S
mL exyviiocpotog eddpovg, 1,15 mL HCI 20%, 2,5 mL Avtidpactnpiov B kot anovicpévo
VEPO UEXPL TN XOPOYT).
Agtypota yvootig cvykévrpoong P:

Y& OKT® OYKOUETPIKES PldAeg Twv 25 mL mpooténkav O, 0,5, 0,75, 1, 1,25, 1,5, 1,75
kot 2 mL Swdoparoc 10 mg L™ P avtiotowye. 1o kabéva omd avtd npootédnkay 1,15 mL
HC120%, 2,5 mL Avtidpactnpiov B kot amoviopévo vepd péypt m yapoyn.

Aol olokAnpdOnke 1 dadikacia apédnkav ta dstypota oe npepia yuoo 30 pe 45

AemTd Y100 TV avAmTLEY TOL YPDOUOTOG.
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ENAEIZH OPIANOY

Yypo 8. Koumoin fabuovounong yuo 1o £30(p0og YVOoT®V GUYKEVIPOCEDY POGPOPOV

Métpnon pwopopov

H pétpnon 1ov poc@dpov 6t0 VIEPYEIO0 TUNHO TOV GLTOV, 6T Pilo Kot 6TO £0APOG
&ytve pe 1 Ponbeln tov EACUATOPMOTOUETPOL G€ UNKog KOpatog 882 nm. O 1pdTOG
VTOAOYIGHOV TOV amOTEAEGUATOV pe Paon T avticTotyeg Kapmodeg Pabuordynong eivar o
egne:

"Edagoc:

Ddhdopopog (mg kg £6apovg) = A * (mL oykopeTpikiig eraine/mL ekyviioparog
OTIV OYKOUETPLKT] PLaAN) * (mL dwoivpatog exydvionc/B).

Onov A= mg/L P cto ekydAiopo (avTd TOV HETPAUE GTO PACUOTOPOTOUETPO), Kol B

T0 Bapog Tov £ddPpovg o g.

dv16:
®dopopog (mg kg' @utikod 16100) = A * N * (mL oykoperpikiic @réing/mL
EKYVAGNOTOG 6TV OYKOUETPIKT] QLAAN) * (ML oykopeTpikig @LaAng 6Ty omoia £yive N

eKOAoM TOV PVTIKOD 16TOV/B).

Onov A= mg/L P oto exydMopa (avtd mov peTpdue 610 QACUATOPOTONETPO), N 1)

apoimon Tov ekyvAicpartog kot B 1o Bdpog tov Kovioptomompévouv putikov 16100 GE g.
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8. OMka gawvorkd (M£00oog Folin — Ciocalteu)

Exydrion

Zvyiomkav 0,05 g kovioptomompévov Egpov PLTIKOD 16T00 (7 EMAVOANYELS OvA
petoyeipion) xow  tomoBetOnkav o€ MAOOTIKOVG OOKIUACTIKOVG ocwAnves. Emetta
npootédnkav avd detypo / petayeipton 6 mL vdatwkod SwAidpatog pebavorng 50%,
oepayioTNKOV Kol ETmAcTNKaV 6 VdaTOAoVTPo 6Tovg 40 °C Yo pia dpo akpiPdc, Lo Ao
avadevon. X cvvéyen ta detypata dmOnOnkay kot téAoc TapaleOnke To VIEPKEILEVO GE

VEOUG KPOVG YOAAMVOUG SOKIUACTIKOVG CMATVEC.

Avtiopaon

Ye pueyaAvtepov peyéBouvg yudAvoug SoKILACTIKOVS GOANVES Tpooténioy 3,95 mL
amovicpévov vepov, 0,05 mL tov vrepkeipevov exyviicparog kot 0,25 mL avridpactnpiov
Folin — Ciocalteu. Zto topAd o1dAvpa oe avtikatdotaon tov 0,05 mL tov vrepkeipevov
npootédnkav 0,05 mL vdatikov dwwidpatog pebavoing 50%. Xt cvvEyela o1 SOKIHOGTIKOT
ocwAveg petapépOnkav oto Vortex yio avaxivnon, kot péoa oe 1 — 8 Aentd mpootédnkav
0,75 mL oJwAdpatog avBpaxwkod vatpiov (Na,COs) oe avaroyio 20 g ava 100 mL
amovicpévoy vepov. ‘Emetta ta detypoata tomoBetOnkav oto Vortex yio avakivinon kot
enmdodnkav oe Bepuoxpacio dmopatiov, pe cvyva Vortex, yiu 600 dpeg akpipmg. Térog ta
delypoto LeTpnOnkoy oV OTOMIKN aroppoPnon, 6€ pUKog kopatog 760 nm, péoa oe 1 — 8
Aemtd amd TV teEAevTOiN avaKivnon.

[Ma Tov VTOAOYIoUO TOV OMK®V POIVOAKAOV KOTOUCKEVACTNKE KOUTOAN ava(opds yio
OLPOPETIKEG  GLYKEVTIPAOGES YOAMIKOD o&éoc. H ovykévipomon oOMKOV  QoIvVOAKOV

exQpaleTon 6 mg 1600V YOAAKOD 0EE0G ava g Enpng ovaiog.
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0.5+

0.4

0.3 4

mg Gallic Acid (GA)

Equation
Weight
Residual Sum
of Squares
Pearson's r
Adj. R-Square

D
D

e v Tothiog 2015 |

0.00155

0.99563
0.98953
Value Standard Error
Intercept 0.00973 0.00812
Slope 0.08175 0.00343

A

760

Yympo 9. Koumoin fabuovounong yvootov

GLYKEVIPMGEMY YOAMKOV 0EEOC
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mg GA=0.00973+0.08175"A
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MMivaxog 1.

DduToKopKA YOPAKTNPIGTIKE TOL PLTOV OVAL LETOYEIPLON.

l‘;‘ YWYOZ OYTOY (cm) NAXOZ ®YAAOY (mm) * AIAMETPOZ KOMHZX (cm) XAQPO®YAAH **

E <

w 1n 2n 3n 1n 2n 3n n 2n 3n 1n 2n 3n

< METPHXH METPHXH METPHXH | METPHXH METPHXH METPHXH | METPHXH METPHXH METPHXH | METPHXH METPHXH METPHZIH
A1 4,20 3,70 4,20 0,75 0,60 0,42 8,50 12,00 12,50 40,68 36,44 39,62
A2 5,40 6,70 6,30 0,50 0,48 0,43 9,00 11,50 12,25 42,12 36,76 41,84
A3 3,50 4,80 6,00 0,53 0,46 0,34 9,00 11,25 13,00 41,62 35,70 41,24
A4 5,50 6,60 7,20 0,48 0,47 0,38 10,25 13,00 14,00 38,44 39,06 38,98
A5 5,30 6,60 6,20 0,67 0,54 0,38 9,50 12,50 13,75 29,32 30,96 36,96
A6 7,40 8,80 10,10 0,47 0,40 0,35 11,50 14,50 15,75 35,54 25,08 28,54
A7 6,10 8,00 9,10 0,60 0,48 0,39 9,50 11,25 12,00 35,22 38,46 34,42
A8 5,60 6,60 7,40 0,49 0,44 0,38 8,00 10,00 11,25 33,98 38,86 37,20
A9 4,10 5,60 5,70 0,64 0,46 0,41 9,25 12,00 14,50 46,78 43,52 43,44
A10 5,40 6,20 7,30 0,57 0,42 0,48 11,00 13,50 13,50 38,52 36,86 36,12
B1 4,80 4,50 6,20 0,61 0,51 0,34 9,25 10,00 10,50 36,62 32,50 27,96
B2 3,80 4,60 4,80 0,53 0,48 0,39 9,00 10,50 12,00 34,68 32,66 32,82
B3 5,70 6,10 6,30 0,52 0,43 0,39 10,25 10,50 10,50 29,06 29,10 34,32
B4 4,90 6,10 7,50 0,52 0,43 0,40 8,50 10,50 11,00 39,70 40,90 36,14
BS 4,60 5,00 4,50 0,46 0,45 0,41 9,50 11,00 11,00 40,60 42,82 37,30
B6 6,20 5,60 6,60 0,61 0,48 0,44 10,75 12,50 14,50 38,68 42,08 48,20
B7 5,70 4,80 6,20 0,65 0,45 0,41 10,50 10,75 11,75 42,12 36,40 35,90
B8 6,00 7,50 7,90 0,55 0,46 0,39 9,00 10,50 11,50 37,54 35,24 36,14
B9 5,20 4,10 4,50 0,42 0,46 0,39 11,50 10,75 12,00 37,56 33,42 33,28
B10 7,20 6,30 6,70 0,51 0,46 0,47 10,00 9,50 10,50 41,90 35,00 32,78
r 6,80 7,50 7,60 0,50 0,52 0,43 11,00 11,50 11,25 43,48 38,10 34,02
M2 4,60 5,00 4,90 0,42 0,45 0,34 10,00 10,75 10,75 38,24 33,40 30,04
r3 9,00 7,60 7,70 0,43 0,50 0,35 12,00 12,00 10,75 43,00 36,24 34,74
r4 4,60 6,40 6,10 0,38 0,44 0,41 9,75 11,75 12,25 41,06 38,20 30,52
rs 9,00 8,70 9,20 0,45 0,48 0,43 10,25 10,50 9,50 37,86 36,82 24,40
6 6,20 6,00 5,40 0,53 0,37 0,43 11,00 11,50 12,00 44,24 37,42 27,78
r7 5,00 5,70 5,50 0,51 0,47 0,40 11,50 11,00 12,00 40,40 41,04 30,84
rg 5,90 6,80 7,00 0,46 0,44 0,37 10,00 11,00 12,00 40,72 34,42 39,40
M 5,30 5,20 4,90 0,47 0,46 0,42 10,00 11,25 10,75 36,40 38,52 41,40
ro 6,00 5,20 4,00 0,51 0,48 0,36 10,00 9,00 10,50 42,66 32,84 33,68
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<
|<_t YWYOZ OYTOY (cm) NAXOZ ®YAAOY (mm) * AIAMETPOZ KOMHZX (cm) XAQPO®YAAH **
=i
=" 1n 2n 3n 1n 2n 3n 1n 2n 3n 1n 2n 3n
G METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH METPHZH
A1 6,50 5,80 5,50 0,48 0,52 0,47 11,50 13,00 14,00 43,90 40,66 38,56
A2 6,50 7,00 7,70 0,48 0,49 0,40 14,00 15,00 16,00 35,52 32,74 37,28
A3 6,50 7,00 6,90 0,41 0,57 0,38 12,50 15,50 15,00 39,38 36,28 41,76
A 7,00 6,20 6,70 0,38 0,44 0,40 14,00 15,50 15,75 37,26 36,06 33,56
A5 6,60 7,00 7,50 0,50 0,51 0,36 13,00 16,00 16,50 36,94 35,68 32,98
A6 7,20 8,00 10,60 0,51 0,49 0,44 14,00 18,50 20,00 39,32 37,76 38,42
A7 7,30 8,80 9,10 0,50 0,41 0,41 13,50 16,00 15,50 40,34 37,70 33,16
A8 7,20 8,20 8,30 0,47 0,54 0,41 16,00 17,00 17,50 36,00 36,76 30,68
A9 8,10 11,00 13,20 0,52 0,51 0,42 15,00 17,00 17,00 41,22 38,32 36,18
A10 8,20 9,50 9,80 0,44 0,53 0,37 15,00 15,50 16,00 38,06 38,72 36,74
E1 5,40 7,40 7,50 0,44 0,46 0,35 7,25 9,00 9,50 39,08 29,70 28,78
E2 4,00 5,00 4,90 0,45 0,46 0,37 7,00 8,25 9,25 38,14 36,36 35,88
E3 3,60 4,20 4,40 0,48 0,46 0,34 7,50 8,00 8,25 32,24 33,16 30,20
E4 3,60 5,00 4,60 0,41 0,50 0,38 8,25 9,50 10,50 33,78 33,56 38,82
E5 3,50 4,20 4,20 0,39 0,53 0,43 5,50 7,00 7,50 30,80 27,90 24,88
E6 5,00 7,20 7,80 0,45 0,55 0,40 8,00 8,50 18,00 38,48 31,40 30,98
E7 4,30 4,20 4,80 0,48 0,54 0,44 7,00 8,50 9,25 35,72 39,46 26,94
E8 3,60 4,20 4,60 0,38 0,43 0,37 6,50 8,25 9,00 37,86 37,46 30,44
E9 3,50 3,00 3,00 0,36 0,48 0,41 6,50 6,50 5,00 36,20 26,40 19,88
E10 3,50 4,80 4,20 0,38 0,53 0,40 5,50 6,00 6,00 28,02 27,22 21,84
2T1 5,10 4,60 5,20 0,42 0,50 0,39 7,50 8,00 8,25 34,02 35,64 35,40
2T2 4,60 4,30 4,50 0,32 0,58 0,41 8,50 8,00 8,00 35,66 34,84 27,62
>T3 4,60 4,90 5,10 0,50 0,47 0,36 7,75 8,00 8,25 34,34 35,96 29,58
>T4 4,50 3,70 3,80 0,41 0,54 0,43 6,75 6,50 6,00 41,10 33,92 26,34
>T5 6,00 5,50 6,70 0,41 0,52 0,47 10,50 11,00 12,00 32,88 33,26 32,06
>T6 3,70 4,60 4,30 0,41 0,45 0,31 6,75 7,50 7,50 24,28 31,22 23,26
>T7 5,20 4,80 4,80 0,40 0,50 0,32 9,50 9,50 9,50 40,80 34,14 29,40
>T8 4,70 4,20 4,70 0,32 0,50 0,38 8,25 8,00 9,00 31,82 37,60 36,50
2T9 4,80 4,80 5,10 0,38 0,49 0,42 9,00 10,00 10,50 39,24 35,46 35,50
2T10 4,10 4,50 4,30 0,39 0,53 0,38 7,00 9,00 8,75 35,64 35,16 33,30
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E YWYOZ OYTOY (cm) NAXOZ ®YAAOY (mm) * AIAMETPOZ KOMHZX (cm) XAQPO®YAAH **

3;

w n 2n 3n n 2n 3n n 2n 3n n 20 3n
g METPHXH METPHXH METPHXH | METPHXH METPHXH METPHXH | METPHXH METPHXH METPHZH | METPHXH METPHXH METPHZIH
Z1 5,50 5,80 5,30 0,38 0,51 0,39 8,00 10,50 10,25 37,52 37,92 35,06
Z2 5,90 5,80 5,20 0,45 0,58 0,37 8,50 10,00 9,25 42,80 29,82 30,58
Z3 7,10 6,00 5,50 0,48 0,55 0,42 10,00 8,75 8,00 37,08 33,72 27,32
Z4 4,60 4,80 4,10 0,55 0,58 0,51 10,00 10,75 11,25 36,44 38,26 36,00
Z5 6,00 5,50 5,30 0,37 0,54 0,45 10,00 10,50 9,00 42,22 34,86 34,06
Z6 4,30 5,40 4,40 0,44 0,58 0,42 8,25 8,50 9,00 44,48 44,26 41,56
zZ7 5,10 4,80 4,30 0,44 0,48 0,48 9,50 10,00 9,00 34,78 32,24 27,92
Z8 6,20 5,10 3,80 0,32 0,57 - 9,00 9,50 7,50 41,16 27,04 -
Z9 3,90 4,50 3,80 0,43 0,55 0,39 8,50 8,00 8,00 39,28 31,88 30,24
Z10 6,20 7,50 7,00 0,46 0,59 0,45 9,50 11,50 10,75 41,06 40,34 43,18
H1 6,00 5,60 5,60 0,47 0,60 0,58 9,00 10,50 10,00 37,72 39,92 40,30
H2 5,50 5,80 5,10 0,44 0,48 0,42 8,00 9,00 8,50 38,54 31,72 28,34
H3 5,40 4,50 5,10 0,50 0,65 0,50 7,50 8,00 8,00 34,92 41,16 27,96
H4 5,30 4,50 4,10 0,46 0,67 0,38 8,50 9,50 8,75 44,12 39,76 30,18
H5 5,20 5,20 3,80 0,42 0,52 0,46 8,00 9,25 8,25 38,64 33,12 28,40
H6 4,10 3,50 3,50 0,45 0,51 0,34 7,75 7,25 6,75 30,30 33,06 32,32
H7 7,70 6,60 6,40 0,46 0,58 0,33 9,50 10,50 10,75 42,80 43,34 29,92
H9 4,70 3,60 3,10 0,48 0,57 - 9,50 9,25 8,00 41,52 40,36 -
H10 4,70 4,50 4,70 0,50 0,58 0,51 8,00 8,50 8,00 48,06 40,86 32,96
H11 4,70 4,20 4,00 0,43 0,55 0,48 9,00 9,50 9,50 39,60 34,26 24,42

*O1 TYéG amoTEAOVV TO HEGO OPO TOV TAYOLS 3 PUAA®V/OElyaL.

** Ot Tipég amoteloVV 10 HEGO PO TNG YAWPOPVAANG 5 @OAAWV/delypaL.

xR A=paptopag,
E=50 mg kg™ Cr(VI) + dopeotog,

B=25 mg kg™ Cr(VI),
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=50 mg kg Cr(VI),
>T=50 mg kg™ Cr(VI) + {eomboc,

Z="75mg kg Cr(VI),

A=50 mg kg Cr(VI) + topon,

H=100 mg kg™ Cr(VI).
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Mivaxag 2.

Metprioelg Tov TAN00VE Kot TG EMPAVELNS TOV POAAWMV.

2. Eme. Mion
AEIFMATA 'Ap. DIAWY E'1Tl(p.
* QUMWY (cm?) (DuMzou

(cm’)

A1 182 294,89 1,62
A2 273 308,12 1,13
A3 323 341,09 1,06
A4 402 407,55 1,01
A5 325 282,21 0,87
A6 349 383,37 1,10
A7 383 339,09 0,89
A8 307 282,82 0,92
A9 313 333,54 1,07
A10 342 393,04 1,15
B1 265 235,34 0,89
B2 138 209,18 1,52
B3 228 203,72 0,89
B4 139 194,98 1,40
B5 149 180,51 1,21
B6 180 293,75 1,63
B7 203 237,27 1,17
B8 153 207,25 1,35
B9 144 219,55 1,52
B10 157 186,35 1,19
M 94 116,06 1,23
r2 139 147,05 1,06
r3 173 172,29 1,00
r4 162 164,57 1,02
rs5 110 97,09 0,88
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2. Eme. Mion
AEIFMATA 'Ap. DIAWY E'1Tl(p.
* QUMWY 2 ®UuAAou

(cm”?) (cmz)

re 117 158,42 1,35
r7z 176 205,88 1,17
rg 157 236,90 1,51
M 193 150,89 0,78
ro 114 127,58 1,12
A1 245 338,18 1,38
A2 273 491,64 1,80
A3 298 501,83 1,68
A4 275 464,95 1,69
AS 320 463,25 1,45
A6 298 496,82 1,67
A7 316 507,70 1,61
A8 289 467,64 1,62
A9 414 671,85 1,62
A10 322 456,56 1,42
E1 167 164,17 0,98
E2 202 193,32 0,96
E3 260 148,90 0,57
E4 213 167,82 0,79
E5 107 56,65 0,53
E6 199 147,93 0,74
E7 188 153,37 0,82
E8 264 154,05 0,58
E9 72 31,94 0,44
E10 50 40,10 0,80
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2. Eme. Méon Eme. Z. Eme. Méon Eme.
AEITMATA ¢£\‘;@v ¢0M;v d)l'?)\)\zou(p AEITMATA d)ﬁp):‘))\;uv ¢0)\A£)pv d)l':])\)\zou(p
(cm?) (cm”?) (cm?) (cm”?)
E11 76 24,97 0,33 Z6 84 116,38 1,39
E14 143 48,91 0,34 Z7 90 46,69 0,52
E15 158 69,87 0,44 Z8 14 11,35 0,81
E17 70 17,33 0,25 Z9 92 57,08 0,62
E18 67 23,19 0,35 Z10 126 126,67 1,01
>T1 94 58,20 0,62 Z11 99 57,83 0,58
>T2 188 108,79 0,58 Z13 83 58,03 0,70
T3 175 133,07 0,76 Z15 90 83,78 0,93
>T4 87 60,67 0,70 217 98 43,07 0,44
>T5 149 221,87 1,49 Z18 121 70,23 0,58
>T6 191 101,75 0,53 Z19 46 39,94 0,87
>T7 183 108,62 0,59 H1 132 141,20 1,07
>T8 188 96,33 0,51 H2 62 35,94 0,58
>T9 218 151,67 0,70 H3 161 100,29 0,62
>T10 195 147,52 0,76 H4 61 29,46 0,48
>T11 54 73,13 1,35 H5 79 48,96 0,62
>T12 223 145,66 0,65 H6 91 34,97 0,38
>T14 128 53,73 0,42 H7 25 26,88 1,08
>T15 87 59,00 0,68 H9 63 52,98 0,84
>T18 170 64,69 0,38 H10 38 34,07 0,90
Z1 133 108,13 0,81 H11 130 93,01 0,72
Z2 30 28,22 0,94 H12 143 75,19 0,53
Z3 90 58,93 0,65 H14 121 68,44 0,57
Z4 93 110,50 1,19 H18 8 21,38 2,67
Z5 158 137,65 0,87

B=25 mg kg™ Cr(VI), =50 mg kg Cr(VI),
>T=50 mg kg™ Cr(VI) + {eoMboc,

A=50 mg kg Cr(VI) + topen,
Z=75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).

*A=pdpropog,
E=50 mg kg Cr(VI) + dopeotoc,
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MMivaxag 3.

Bapn anoénpapévav (oviovomv Kot VEKPOV QUTIKOV 1GTOV.

-

< BAPOZ ®YAAQN (g) BAPOZ BAAZTON (g) APIOMOZ BAAZTON BAPO(Z)P'ZAZ

L <+

I ZONTANON NEKPQN ZONTANON NEKPQN ZONTANON NEKPQN
AT 129 0,11 0,32 - 14,00 - 2,66
A2 1,60 0.16 0.49 ; 24,00 ; 2.21
A3 147 0.14 0.43 - 26,00 - 2,56
Ad 164 0.12 0,49 - 37,00 - 3.03
A5 1,50 0.22 0,59 - 45,00 - 4,04
A6 169 0.19 0.53 - 24,00 ] 3.24
A7 1.28 0.15 0,39 - 36,00 - 2,7
A8 101 0.10 0,29 - 25,00 - 2,33
A9 1.24 0.14 0.47 ; 29.00 ; 2.73
A10 167 0.12 0.41 ] 28.00 ] 257
B 0.79 0.27 0,26 - 35,00 - 1.92
B2 0.73 0.34 0.22 ] 15,00 ] 211
B3 0.60 0,38 0,28 - 33,00 - 153
B4 0.84 0.21 0.24 ] 12,00 ] 161
B5 0.77 0.17 0.27 ] 11,00 - 153
B6 1.26 0.14 0,35 ; 12,00 - 3,05
B7 0.87 0.17 0.29 ] 17.00 ] 2.81
B8 0.83 0.16 0,29 - 12,00 ] 2.82
B9 0.65 0.19 0.33 - 14,00 ] 187
B10 0.55 0.43 0.35 ] 23,00 ] 2.29
1 0,61 0,68 0,37 - 15,00 - 1.56
ro 0.54 0.47 0.25 - 23,00 - 131
r3 0.60 0,45 0.30 - 23,00 - 16
r4 0.76 0.28 0,27 - 23,00 - 2,55
rs 0.38 0,40 0.27 - 16,00 - 0.88
re 0,58 0.56 0.35 - 17.00 ] 219
r7 0.83 0.30 0,25 - 17.00 ] 17
rs 1,09 0.13 0.34 - 16,00 - 0,97
ro 0.44 0.47 0.31 - 37,00 - 1,56
r10 0,45 0.30 0.25 ] 17.00 ] 158
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<

';: BAPOZ ®YAAQN (g) BAPOZ BAAZTON (g) APIOMOZ BAAZTON BAPO(E)P'ZAZ
=

| -

z ZONTANQN NEKPQN ZONTANQN NEKPQN ZONTANQN NEKPQN

A 151 0,22 0,47 - 30,00 - 1,25
A2 2,26 0,39 0,78 - 45,00 - 3,17
A3 2,52 0,27 0,88 - 28,00 - 3,13
A4 2,15 0,48 0,77 . 33,00 . 2,77
A5 2,29 0,30 0,64 - 33,00 - 2,41
A6 2,24 0,13 0,79 . 20,00 . 2,72
A7 1,91 0,20 0,66 - 21,00 - 6,46
A8 1,99 0,59 0,94 - 28,00 - 0,96
A9 2,63 0,31 1,10 - 46,00 - 2,31
A10 2,07 0,36 0,83 : 37,00 : 2,43
E1 0,76 0,14 0,20 - 18,00 - 0,95
E2 0,81 0,10 0,19 - 28,00 - 1,26
E3 0,67 0,15 0,26 - 41,00 . 0,77
E4 0,84 0,15 0,26 - 23,00 - 1,04
E5 0,31 0,21 0,13 - 16,00 - 0,5
E6 0,67 0,19 0,24 - 20,00 - 0,71
E7 0,70 0,13 0,19 - 22,00 - 0,58
E8 0,55 0,15 0,23 - 43,00 - 0,56
E9 0,19 0,21 0,14 . 20,00 . 0,14
E10 0,20 0,16 0,11 - 9,00 - 0,13
E11 0,15 0,27 0,06 0,08 9,00 11,00 0,15
E14 0,25 0,28 0,17 - 33,00 ; 0,1
E15 0,27 0,23 0,16 - 27,00 - 0,29
E17 0,12 0,30 0,14 - 23,00 - 0,13
E18 0,16 0,26 0,13 ; 17,00 ; 0,05
5T 0,23 0,32 0,11 0,04 12,00 3,00 0,35
5T2 0,32 0,23 0,20 - 33,00 - 0,19
5T3 0,55 0,18 0,18 - 22,00 . 0,71
5T4 0,25 0,18 0,06 0,06 9,00 5,00 0,22
5T5 0,90 0,18 0,25 ] 28,00 ] 113
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<
';: BAPOZ ®YAAQN (g) BAPOZ BAAZTON (g) APIOMOZ BAAZTON BAPO(E)P'ZAZ
= x
| -
z ZONTANQN NEKPQN ZONTANQN NEKPQN ZONTANQN NEKPQN
76 0,32 0,13 017 - 36,00 - 0,29
5T7 0,36 0,53 0,21 - 31,00 - 0,67
5T8 0,33 0,28 0,14 0,05 28,00 14,00 0,31
5T9 0,66 0,18 0,20 - 21,00 - 0,61
5T10 0,47 0,15 0,13 - 24,00 - 0,45
ST11 0,30 0,20 0,17 - 5,00 - 0,24
5T12 0,57 0,14 0,23 - 30,00 ; 0,35
ST14 0,15 0,48 0,15 - 29,00 - 0,16
5T15 0,21 0,25 0,11 - 16,00 - 0,3
5T18 0,28 0,14 0,14 ; 2,00 ; 0,26
bz 0,45 0,36 0,18 - 25,00 - 0,28
72 0,07 0,55 0,17 - 15,00 - 0,23
73 0,18 0,57 0,15 - 23,00 - 0,29
74 0,45 0,40 0,21 - 18,00 - 0,56
75 0,54 0,52 0,19 0,05 31,00 9,00 0,74
76 0,49 0,08 0,08 - 5,00 - 0,28
77 0,13 0,60 0,12 0,08 22,00 10,00 0,31
78 0,03 0,39 0,06 0,06 13,00 9,00 0,14
79 0,21 0,42 0,07 0,04 16,00 9,00 0,35
10 0,60 0,42 0,16 0,06 17,00 11,00 0,35
711 0,22 0,58 0,12 0,05 17,00 21,00 0,37
713 0,21 0,29 0,08 - 17,00 - 0,51
715 0,34 0,41 0,14 . 17,00 - 0,32
717 0,13 0,40 0,07 0,06 29,00 18,00 0,44
718 0,23 0,31 0,09 - 32,00 - 0,26
719 0,12 0,57 0,16 : 26,00 : 0,25
H1 0,71 0,38 0,20 - 28,00 - 0,74
H2 0,14 0,38 0,10 0,11 21,00 12,00 0,25
H3 0,42 0,23 0,12 - 25,00 - 0,5
H4 0,09 0,33 0,12 : 26,00 : 0,35
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E BAPOZ ®YAAQN (g) BAPOZ BAAZTON (g) APIOMOZ BAAZTON BAPO(E)P'ZAZ
E *

o ZONTANQN NEKPQN ZONTANQN NEKPQN ZONTANQN NEKPQN

H5 0,16 0,47 0,12 - 28,00 - 0,35
H6 0,14 0,32 0,04 0,09 14,00 18,00 0,19
H7 0,01 0,59 0,16 0,04 17,00 9,00 0,5
Ho 0,28 0,36 0,09 - 15,00 - 0,38
H10 0,17 0,52 0,12 - 19,00 - 0,28
H11 0,42 0,37 0,12 - 25,00 - 0,51
H12 0,28 0,48 0,12 - 36,00 - 0,28
H14 0,30 0,35 0,13 - 32,00 - 0,22
H18 0,07 0,28 0,04 0,08 7,00 4,00 0,2

*A=pdpropog,
E=50 mg kg Cr(VI) + dopeotoc,

B=25 mg kg™ Cr(VI),

=50 mg kg Cr(VI),
>T=50 mg kg™ Cr(VI) + {eoMboc,
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A=50 mg kg Cr(VI) + topon,

Z=75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).
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Mivakag 4. Olkd @avolkd 6To QUTO EKPPAGHEVE 68 Mg YaAAKOD 0EE0G avd g EpoD UTIKOD 16TV .

AEITMATA mg GA / gr ¢uTIKOU 10TOU AEITMATA mg GA / gr ¢uTiKOoU 10TOU
A1 1,604 E3 0,670
A2 3,035 E7 1,794
A3 2,842 E10 0,942
A4 1,923 E11 0,867
A5 1,684 E14 0,504
A6 2,460 E15 0,473
A7 1,002 E17 0,531
B1 1,784 T3 0,873
B2 1,702 IT5 0,533
B4 1,967 XT7 0,559
B6 2,290 ZT9 0,489
B8 1,349 2T11 0,551
B9 1,823 2T14 0,921
B10 1,254 2T15 0,674
r1 1,455 Z1 0,968
M2 1,758 Z3 0,729
re 1,568 Z5 0,896
r7 1,287 z7 0,880
rs 1,439 Z9 0,561
ro 0,909 Z11 0,813
r1o 1,499 Z15 0,930
A1 0,592 H1 0,631
A2 1,287 H3 0,690
A3 1,069 H5 0,641
A4 0,757 H7 0,840
A5 1,763 H10 1,004
A6 2,142 H12 0,865
A7 2,142 H18 0,767

* A=pdptopag, B=25 mg kg™ Cr(VI), =50 mg kg™ Cr(VI), A=50 mg kg Cr(VI) + topon,
E=50 mg kg Cr(VI) + dopeotoc, >T=50 mg kg™ Cr(VI) + {eoMboc, Z=75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).
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MMivaxag 5.
pH EAA®OYZ
AEIrMATA *
1n METPHZH 2n METPHZH pH

A1 6,55
A2 6,33
A3 6,26
A4 5,95

A5

A6 5,67

A7 5,47

B1 5,60 6,86
B2 6,68
B3 5,70 6,63
B7 5,58

M 5,79 6,64
M2 6,71
r3 6,66
s 5,63

r7 5,79

A1 6,17
A2 6,05
A3 5,33 3,13
A4 5,19

A5 5,52

E1 7,14 7,05
E2 7,41 7,33
E3 7,33 7,39
E4 7,24

E5 7,39

E6 7,38

E7 7,60

* A=pdptopo, B=25 mg kg™ Cr(VI), =50 mg kg Cr(VI),

E=50 mg kg Cr(VI) + dopeotoc,

>T=50 mg kg™ Cr(VI) + {eoMboc,
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Metproeig pH €6d@ovg oty opyn Kot 6To TEAOS TOV TEPAIATOG

pH EAA®OYZ
AEITMATA *
1n METPHZH 2n METPHZH
5T1 6,46
5T2 6,59
5T3 6,83 6,71
5T6 6,40
5T7 6,19
Z1 6,59
z2 6,57
z3 6,61
Z5 6,23
Z6 6,10
z7 6,11
H1 6,52
H2 6,56
H3 6,61
H4 5,97
H5 6,04
H6 5,91

A=50 mg kg Cr(VI) + topen

Z=75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).
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Mivaxkag 6. Xvykevipwoelg Cr(VI) ko Cr(IIl) oto £€60¢p0¢ Kot 6To PUTO

EAA®OZ YMEPrEIO TMHMA ®YTOY PIZA ®YTOY
AEIFMATA *
Cr(Vl) mg kg™ Cr(ll) mg kg™ Cr(Vl) mg kg™ Cr(ll) mg kg™ Cr(Vl) mg kg™ Cr(Il) mg kg™

A1 6,27 1,07 15,35 0,00 10,54 21,43
A2 6,24 1,39 17,19 0,00 13,08 21,45
A3 6,19 1,29 14,60 0,00 13,18 0,00
A4 5,82 1,19 15,56 0,00 12,96 20,24
A5 5,74 1,45 17,36 0,00 12,98 21,55
A6 5,84 1,50 18,61 0,00 13,31 18,66
B1 7,85 1,82 191,10 0,00 48,75 30,06
B2 6,07 1,62 208,36 47,54 66,61 94,30
B3 6,72 1,50 239,03 38,90 37,48 76,48
B4 7,54 1,60 46,52 29,25 30,59 45,19
B5 7,07 1,53 206,91 30,03 21,55 57,26
B6 6,72 1,44 29,55 4,98 47,06 71,28
r1 8,53 1,67 273,59 115,12 767,18 350,63
r2 6,74 1,63 361,44 182,59 490,81 361,02
r3 8,50 1,78 254,73 89,70 323,74 92,59
r4 8,70 3,48 209,58 36,47 402,27 119,26
rs 6,91 1,75 263,49 137,41 1798,33 0,00
ré 7,35 1,69 321,83 179,64 363,59 157,93
A1 6,36 1,77 75,55 85,37 239,66 0,00
A2 6,04 1,59 79,18 81,73 53,48 107,43
A3 8,39 1,95 28,20 6,33 70,73 90,19
! 7,20 1,83 88,08 66,87 108,57 94,91
A5 7,01 1,76 31,56 0,41 94,98 72,37
A6 6,93 1,57 23,16 10,05 284,93 46,26
E1 11,61 8,30 59,57 63,51 465,11 303,73
E2 12,84 6,68 60,91 57,43

E3 286,90 14,86 226,89 0,00 447,67 250,94
E4 280,20 14,45 121,47 82,01

E5 21,48 12,49 296,25 136,73 474,11 126,88
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EAA®OZ YMEPrEIO TMHMA ®YTOY PIZA ®YTOY
AEIFMATA *
Cr(VI) mg kg™ Cr(Il) mg kg™ Cr(VI) mg kg™ Cr(Il) mg kg™ Cr(VI) mg kg™ Cr(ll) mg kg™
E6 408,80 18,36 99,22 96,73
E7 592,15
E9 2207,15
E11 2056,23
sT1 7,21 1,63 342,95 158,51 392,46 194,15
5T2 7,43 1,70
5T3 7,87 2,72 264,54 136,36
>T4 7,68 2,17 324,55 91,78
5T5 9,34 3,62 210,09 26,85
5T6 9,51 3,69 658,19 316,62
ST7 381,91 289,83
>T8 901,09 171,94
5T9 227,34 18,71
$T10 460,44 186,42
ST11 288,52 194,37
ST12 847,89 337,71
Z1 11,04 3,21 503,39 466,33 3185,25 978,02
z2 7,66 2,56
Z3 10,91 3,01 488,21 481,52 2705,09 1458,18
Z4 8,60 1,75
z5 10,46 4,85 337,57 268,30 2310,15 0,00
Z6 14,89 7,60
z7 889,57 827,30 3276,79 1737,87
Z9 631,33 510,00
Z10 2930,30 1232,97
Z11 734,48 660,94
Z15 2866,26 1142,81
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EAA®OZ YMEPrEIO TMHMA ®YTOY PIZA ®YTOY
AEIFMATA *

Cr(VIl) mg kg™ Cr(Il) mg kg™ Cr(Vl) mg kg™ Cr(ll) mg kg™ Cr(Vl) mg kg™ Cr(ll) mg kg™
H1 12,55 2,88 475,83 416,99 2591,68 852,68
H2 20,92 4,65
H3 19,84 12,26 490,19 522,11 2310,69 878,53
H4 14,41 4,75
H5 252,40 11,13 670,40 673,34 3237,13 1978,11
H6 16,39 8,29
H7 819,14 959,41 3085,99 1243,81
H10 531,77 653,84 3912,34 2188,34
H12 483,02 525,50 2777,26 187,96

* A=pdptopag,

E=50 mg kg Cr(VI) + dopeotoc,

B=25 mg kg™ Cr(VI), =50 mg kg Cr(VI),
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>T=50 mg kg™ Cr(VI) + {edMboc,

A=50 mg kg Cr(VI) + topon,
Z=75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).
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Mivakag 7.  Zoykévipwon eoceOpoL 6T0 £60.00G KOl GTO GLTO.

PQIPOPO:
AFITMATA® YMNEPTEIO TMHMA

EAA®OZ OYTOY PIZA ®YTOY

mg kg’ mg kg’ mg kg’
A2 48,84 670,24 295,71
A3 54,80 419,15 251,26
A4 46,46 548,25 228,14
B2 44,20 568,38 265,48
B3 58,35 599,18 267,26
B4 44 47 611,02 221,03
r2 37,89 435,73 174,79
r3 40,42 494,95 237,03
r4 33,88 430,99 224,58
A2 93,91 484,29 382,84
A3 92,68 435,73 242,37
M 112,78 375,32 189,02
E2 42,16 303,08 165,90
E3 46,96 365,85 135,67
E4 44,08 319,66 171,24
ST2 34,58 452,31 192,58
5T3 36,29 444,02 251,26
5T4 37,02 459,42 190,80
z2 46,49 467,71 212,14
z3 30,98 473,63 260,15
Z4 38,68 461,79 210,36
H2 25,56 455,86 217,47
H3 29,98 454,68 221,03
H4 22,57 519,82 235,25

* A=pdptopag, B=25 mg kg™ Cr(VI), =50 mg kg™ Cr(VI), A=50 mg kg Cr(VI) + topen,
E=50 mg kg™ Cr(VI) + dopeotog, >T=50 mg kg™ Cr(VI) + {edMboc, Z=75mg kg™ Cr(VI), H=100 mg kg™ Cr(VI).
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ITAPAPTHMA 111

DPQTOI'PADPIEY
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dotoypagia 1. Metagpvtevon piyavng

dotoypagia 2. Metayeipion A (Lbptopog) televtaieg NUEPES TOL TEPALATOG
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doroypagia 3. Metoyeipion A (50 mg kg™ + topen) tekevtaiec NUEPES TOV TEWPANATOC

doroypagia 4. Metoyeipion H (100 mg kg™) tehevtaies nuépec tov mepdpotog
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dotoypagia 5. Aspolnpavon

dotoypagio 6. AmopOAL®on piyovng

Institutional Repository - Library & Information Centre - University of Thessaly
10/04/2024 08:34:57 EEST - 34.228.247.231

84



dotoypogia 7. Zkavapiopo GUAAOV

dotoypagia 8. Pileg oe ahatovepo
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dotoypagia 9. [TAco pilag

dotoypagio 10. Astypoto £669ovg yio £60POAOYIKES AVOADGELS.
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dotoypagio 11. Métpnon pH £6d@ovg pe nAekTpovIKO TEYAUETPO.

dPotoypagics 12. Kayeg pe tov amote@popévo puTtiKo 16td
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d®otoypagia 13. ExyOAiion eddepovg pe KH,PO4

dotoypagia 14. Avantoén ypopotog yio pétpnon Cr(VI) oto ¢acuatootopeTpo
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dPotoypagio 15. Dutikd exydMopa

dPotoypagio 16. AvanTuEn Kuovoy YpOUATOS Y10, LETPTOT POCPOPOV GTO

(POGLLOTOPMOTOUETPO
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d®otoypagio 17. [Topackev) S10AVUOTOS EMUOAVVONG
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