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IMPOAOI'OX

dtdvovtog o610 TEAOG TNG aKAONUOIKNG Hov Topeiag, eméAeEn va KAEIC®O aVTOV TOV
KOKAO pE TNV HETAPpOoTn evOg KeWEVoy Tov Biyel, Kotd T yvoun pov, Eva {ftnuo
nmov dev Ba émpeme va veiotaton v €tn 2020. IIpdkertar yo ™ pdAvven amd
poALPoo, éva ToEIKO HETOALO TO OmOl0 LWAPYEL GTO GCLOTNUO VOPELONG MIOG
avorTuooouevng yopag, g Nympilag. Tov Ampido tov 2014 oto dAwvt g
noAteiag Miotykav otic HITA ot apyés amogdoicav yia AOyovg otkovopiog vo
ONUoVPYNGOLY €va TOTIKO OIKTLO VIPOSOTNONS AVIADVTIAG VEPO Omd TOV TOTAUD
®Awvt. To vepd TOL TOTOPOV TPOKAAEGE OSLOPPADCEIS OTI TOAEG COANVMOOCELS TNG
TOANG HE OMOTEAEGHA T LOAVVOT) TOV TOGIOL vEPOD amd HOALPS0. Q¢ amotédecua
YMadeg avBpwmol nAntnprdoray amd LOALPOO, VA GOUPOVE LE TNV £PELVO TOV
[Mavemompiov Virginia Tech o apBudg tov moudidv mov euedavicay avénuéva
enineda LoAOPOOL oTo aipa Tovg duthactdotnke. H kpion vepoh oto OAvt odnqynoce
0€ GEPA EPELVMV KOl TEAKA GE TPOTAGELS YO, TNV GAANYN TOV KOVOVIGU®OV TOL
apopovV Ta dikTva VOPOdOTNONG oTig HITA.

To vepo Yo Odeg TIg duTIKEG KOovmVieg tvarl éva ayaBd mov Bewpeiton dedopévo, Kot
vrdpyetl oe O o T omitwa. To avtipetonilovpe cav dikaiopd pog, vo £yovue Kabopod,
TPEYOVUEVO Kol OGO VEPO OTO OTITIO OGS, XWPIC TAVTO Vo TO GEPOLOOTE Kol Vol
KatoAnyovpe vo to onataldpe. Edv map’ 6la avtd vrdpéetl pio dakomn vepol, avtd
apécmg pog mpokaiel duoeopia kol TOAAEG andyvwon. Qotdco 1 Kpion vepoL GTOo
DAVT KOl Ol CLYKEVIPMOOELS LOAVPOOV TOV VIAPYOVV GE OVOTTUGGOUEVEG YMDPEC,
omwg M Nuynpia, amodeikvbovv Twg o Kivdvuvog ¢ poéAvvong omd poivpoo kot
CLUVENADGC NG ONANTNpiacng and poAvPoo mapapéver LYNAOG axoun kot to 2020.
Tavtdypove To CLOUTTOHNTE TOV TPOKAAEL 1M OmAnmnpiacn omd poivpdo eivar
TOVAGYIOTOV OVIGUYNTIKA KOl TOAAEG POPEG UOpEl va. 0dmnynoovy oto Bdvato. Agv
UTOp® 0VTE KAV VO, GOVTAGT® Aouwov, Tt pumopel va arcBdvovtarl avtoi ot avBpwmot
7oV v 0Alyolg ONANTNPAlovTal KaTtavaA®vovTos vepd vymAd e HoAvoo.

Enéhelo Aowmdv éva kelpevo pe teyvikn opoAoyio, ¢ omoiag, Opmg, 10 Ae&ihdylo
umopet v evoopotodel kot otnv kadnuepivi ypnon g YA®cscog Kabdg Ba Empene
o TOADG KOGHOG Vo eviuepBel Y1 avtd to RO, €pdGoV T0 KaBapo vepd Kat N
vdpevon eivar pa kabnuepwvny avdykn tov avlpomov kot dev Ba Enpene o Kapio
nepintoon va Bewpeiton ToAvTédELQ.

Yotepa and perén-épguva mov deENydn o€ movtikovg, petd v €kbeon tovg oe
delypata vepov amd TPeLg SpopeTIKES TEPLoyES Tov Adykog ™ Nuynpiag, Bpéonkay
LEPIKA OPKETA OLVICGLYNTIKE ATOTEAEGLATOL.

Apyicd 6Aot ot TovTikol, aveEaptTwg VAoV, PBapove, Kol Tocootol £kbeong oe
poALBO0, Tapovsiacay TOALEG Kol AVOUOUAES QVEOUEIDGELS BAPOVG, EVD GE GYEOOV
OAEC TIC TEPWMTMOOELG 1 ATOTOUN AmMAELW Pdpovg cuvodevdtay amd e&icov amdToun
avénon Papovg. Avtd QLOIKA Kot dgv NTav To povo evpnua, kabmg mapatnpnonke



eniong pelmon ToV AEVKOV OHOcEUPiMY, TOV 00NYNOCE GE OMKN VEKPMCY| TOV
NmaToC.

Yuvenmg, mn ékbeon oto poAvPoo  amekel dueca ™ {on TtV avOpoOTOV TOL
KATOWKOUV GE OLTEG TIC TEPLOYES, KABMDS M pdvia EkBeoT TOV AvOPOTOL GE TOCOTNTES
HoAVPBOOV pmopel va TPOKAAESEL pia GEPE TabNcE®V O ONANTNPiocn, KopKivo 1
KOPMOT) TOL NTATOG KOl UTOPEL var 00N yNoeL HEYPL Kot 6to Bdvaro.

Evd Aowmdv n emotpoviky kowvotnta givat evipepn eni tov BEpatog, Kot eved Katd
KOpovg yivovtol mpoomdfeieg emiAvong tov TPoPALaTOS, AVTEG 01 AVGELS OeV glvar
TPl LOVO TPOCMPIVES, KAl TO TPOPANLUA ETICTPEPEL GUVEXMG Kot omehel KaOnpeptvd
aVTOVG TOVG avBpdTOVG, TOAAOL amd TOLg omoiovg eite €yovv mavteAn dyvoio TOv
Inmpotog, gite dev £xovv GAAAN EMAOYT OO TO VO YPTCLOTOLOVY OVTO TO LOAVGUEVO
vepo.

Mo avtd Aowmdv ToTED® TG 1 LETAPPUOT £VOC TETOOL KEWEVOL Ba fonbnoet ev
pépel v emidvon Tov {NTMHatog ovTov, kKabmg amatteiton n GuvEXNG TapakolovOnon
TOV GLGTNUATOV VIPEVOTG, HEXPL va Ppebdel o pdviun Avon, kot Ba fTav Bepitd va
viver yvooto 1o tpoéfinua oe 660 to duvatdv TEPIocOTEPO KOGHO, MGTE Vo, Tophodv
TOL OTTOPOLTN T TPOANTTTIKG LETPOL.



KYPIO XQMA
META®PAXMA

Extipunon tov to&ikoAroyikov kwvdvvov poivvong amd poivBoo (Pb) oto ompdscio
GUOTN O VOPELONG GTN UNTPOTOAN Adykoc T Niynpiog.

Yovoyn

Iotopwké perétng: O poAvPdog eokorovbel va amotedel onuaviikd mTpdPANUL Yo
™ ONUOcI LYEID OTIG OVOTTUGGOUEVEG YMOPES, OTOL VLIAPYOVV GNUOVTIKEG
JLPOPOTOMGELG OTIC TNYES Kot TIG 0000¢ €kBeonc. Xkomog: H pehétn avtn diepeuva
T eminedo LOAVPOOV GTIG TTNYES OGOV VEPOL TV TEPLOY®V XopodAov (Shomolu),
IMépma (Yaba) kou Mropiyka (Bariga) tov Adykog g Niuynpiag kat tov kivovvo
éxbeong Tov avBpdnwv 6€ aLTE KAVOVTAG YPNOT HOVIEAOL TOVTIKOV. YAKA Ko
péBodoL: ZvAréyOniay detypota vepolh amd dNUOCLEG TNYES VEPOL (YEOTPNOELS, VEPD
o€ POKEAAKLA, ELPLOAOUEVO VEPO Kot vePO Ppiomng) kat eeTdotnray Yo LOAVROO pe
™ Ponbeia Pacpotopwtopetpov Atopkng Amoppdonong (AAS) pe pAdya (Varian
model-AA240FS) efomAiopévo pe Avyvia koidng kabBooov amd poéAvpdo. O
napdyovtag poivvong tpocdlopiotnke. Yy evidika Onivkd Aevkonabdikd movtixia,
Bapovg 25,3 £ 2,5 g, exténkav oe polvouévo mocipo vepd yioo 28 Muépec oTig
SOPOPETIKES GLYKEVTPMGELS VITPIKOL HoAvBdov: 1 mg /1, 10 mg / 1, 50 mg / 1, 500
mg / 1 ko 1000 mg / 1. ZoAhéyOnkav deiypoto oipatog Kot NTatog 6t omoio £yvay
OUOTOAOYIKEG EEETAGELS Y100 NOTIKN Agttovpyia Kol iotomaboroyia. AmoTeréopatas:
Ot ovykevipmoelg HOAOPOOL OTIG OMUOCIEG TNYEG VEPOL TV TEPLOYDOV XOUOAOV
(Shomolu), I'duma (Yaba) kot Mrapiyka (Bariga) tov Adykog ftav kdtm and 5,0 ug
/ 1 xou 0 Tapdyovrog poAvveng nrav pkpodtepoc and 1,0. Xe cvykévipwon ékBeong oe
poAVPRo0 TG TaéNg Tov 1.0 mg/l (1000 pg/l) n oyetikny avénon Papovg e opddog (o€
oLYKPLON UE TNV eAeYYOUEVN OUAdQ) TV TOAD apyn, ¢ T 141 nuépa (pe amdieia
Bapovg ¢ TaENG tv 3,17g kou oxetikn anmAgwo Bépovs g tééng tov 23,1%), eved
o1 ovvéyeln mapotnpnonke avénon g v 28n nuépa (pe andiewn Pdpovg ™
TaENG TV 7,34 g ko oxetikn avénon Papovg g tdENg Tov 18,4%). Xe cvykévipoon
ékBeong oe poAvPoo g taéng tov 50,0 mg / I: mapammpndnke paydaio amdAeio
Bapovg kaBMG Kol peyoaAvTEPN OYETIKN ommAel Bapovg tn 14n nuépa (avénom
Bapovg xatd 1,36 g kol oyetikn anwAela Papovg g Taéng tov 67,0%). Encita
napopnOnke avdktmon Pdpovg v 281 nuépa (avEnon Papovg katd 4,60 g Kot
OYETIKY] ammAgl Papovg g tééng tov 25,8%). v opdda mov ekTEONKE ©E
ovykévipwon &kbeong oe poAvPoo 100,0 mg / 1 mapammpndnke otabepn andieln
Bapovg, evod ) 14" nuépa mapatnpndnke avénon tov Pépovg kotd 2.02 g Kot oYeTIKN
anoiew Papovg g taENGg tov 51.0%. EmumAéov v 28n nuépa mapatnpnbnke
avénomn tov Bapovg katd 2.10 g kot avtictorya andieto Bapovs g TdENG Tov 66.1%.
Ymv opdda mov ektédnke oe ovykévipwon Ekbeong oe poivBoo 500,0 mg /1
naponPNONKe TapOHOl TAGN HE TIG OUAOEG OV EKTEOMKOV GE GLYKEVIPMOGELS



poAvpoov 1,0 mg / 1 kou 50 mg /1 pe peyadvtepn anmieia Bdpovg t 14n nuépa (2,14
g kot 151,9% anoielo Bapovg) oe cvykpion pe v ékbeon 28 nuepov (1,36 g kot
andiewn Bapovg 121,9% avrtictoyya). H adavivn apvotpavoeepdon (ALT) wor n
oAkaAk] eoogataon (ALP) avénfnkav pe to ypdvo otnv opdda eLEyyov, OU®S
elyav dapopetikn tdon otig extefeuéveg opddes. O cvvolikdg apBpdc epvBpmv
awoopapiov (RBC) peidbnke xatd tnv avénon 1oV CLYKEVIPOGE®DY LOAVBOOL omd
ta 1,0 mg - | ¢ ta 50,0 mg / 1, evd petd avéndnke otig ovykevipwoelg 100,0 mg /1,
500,0 mg / 1 xou 1000 mg / 1. O vynAdtepog cLVOAKOS apBHoOg epvOpdV
awoopapiov (RBC) mapatnpndnke otnv vynlotepn cvykévipmon HoALROoV v
281 nuépa, pe to cvvolko apud aoceapiov (RBC) va Eemepvael katd moAD
exeivov ¢ opddog eréyyov. O vynAoTEPOS 0AIKOG aptBpdc Aevkokvttdpwv (WBC)
nopatnpNONKe oI HEYOADTEPT GLYKEVIPWOOT Katd v 28N nuépa, pe ohkd apfud
Aevkokvttdpov (WBC), 8,77 £ 2,36 (x 109 / L) (p <0,05). Tnv 281 nuépa, oto Nmap
TOV TOVTIKOV oL ekTétnkav o€ 100,0 mg / L poAdpdov mapatnprnie kevotomimon
KUTTOPOTAACHATOS Kot Nt vékpwor. Tn 14n kot v 28n nuépa ékbeong, 6Tovg
moviikovg mov ektédnkav oe 500,0 mg / L xou 1000,0 mg / L mopatnpndnkav
ONUOVTIKES NTATIKEG TAOOAOYIKES OAAOIDGELS, CUUTEPIAAUPOVOUEVIG TNG TTAPOVGCTIOG
TOADHOPPOV TLUPVAOV, TNG GLUEOPNONG OULOPOP®Y OYYEI®V, TNG KEVOTOMIMONG
KLTTOPOTAACHATOG Kot NG ofelag vékpwone. Xvpmépacpa: O poAvdoc mpokaiel
OLUOTOAOYIKEG  OTOPAXES, 1OTOMOOOAOYIKEG OALOUDGELS OTO NTOP Kol HETOPOAN
Bapovg otovg moviwkovs. Ta amoteléopato ovtd yivovior gpeovny kobmg M
oLYKEVTPOOT HOADPBOOL ov&dveton pe To Ypdvo. Oa mpémer vo daceaiotel M
GLVEYNG TOPAKOAOVONGT TOL SIKTVOL TV AYOYDV VOPEVONC, MOTE VO ATOPELYOEL N
EUPAVIOT S10pPO®V TOEIKDY 0VGIMV, OTTMG 0 LOALPAOG, 08 OIKIUKEG TTNYEG VEPOD.

AEarg K 1014

MoAivvon, MoAvBoog, Apatoroyia, Iotonaboloyia

1. Evcayoyn

To Adykog, m mo Plounyovomomuévny, mOAVTANOEGTEPN KO TOYOTEPO
OVOTTTUCGOUEVT] TOAN otV Aepikn, avipetonilel onuepa kpion dwayeipiong twv
vddtov Tov [1]. AdOY® TOL QVEMOPKOVG OYEOAGHOV, TNG EAAEWYNG ETOPKOVS
VTOOOUNG, TOV UN EMOPKAOV TOP®V Kol TNG KOKNG OlaKvPEpvNong Kot pulotikon
TAouciov, vapyel TepAcTio Kevo {ntnong g 1aéng tov 330 ekatoppvpiov yorovimy
vepov ava nuépa (MGD) [1]. Qg ek tovtov, povo to 10% tov mAnbvopod oto Adykog
eEummpeteitar amd to dNuoclo diktvo Vopevong Lagos Water Corporation [1]. O
VOAOITOC TANOVOUOG amoKTA TPOGPOCT G€ VEPO €lTE A 1OIMTIKEG YEOTPNOELS E1TE
oo Un eMoNUOVG POPEIC TNS 0YOPAS TOV 1MTIKOD Topén, OTMG 01 TOANTES vepov. H
KATOOTOGN 0T ETOEWVAOVETOL TEPAULTEP® OMO OPIGUEVOLS TOPAYOVTES, OMMG M
tayeio avénon tov TAnBvcpov, N debopd, N aAlayn Tov KAIHATOG, 1 1N aEOTIoTH
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NAEKTPIKN EVEPYELD, 1| AVETOPKNG EMPOAT TG vopobesiog, KaOdS Kat ot dtappoLs Kot
ot KAomég vepol mov mpokaAoOv to 60% 1tng aveENyntng omdAswg vepov. g
OTOTEAECLO, Ol TOMTEG EPYOVTOL OVTILETMTOL PE TV EALELYT VEPOL, TN POTOVOT) TV
VOUTOV, TNV OVETAPKY] OTOADUOVOT Kot eneEepyacio TV Avpdtov, TV adtkio Kot
™MV oavicoTTa 6t0 vePd. AOY® TOV LYNADV BOENYOVIKOV KOl EUTOPIKOV
OpacTNPOTATOV Kot TG avénong tov mAnbvcuov, m pdmavon omotelel cuyva
onuovtikd TpoPanua. Yanpée po oepd onintnpldcemy amd poivpdo oty moitteio
Zapoapa g Niynplag, n omoio odnynoe oto BAavoto tovAdytotov 163 atouwv amod
tov Mdaptio éo¢ tov Iodvvio tov 2010, avaupesa ota omoio Ntav 111 moudd [2].
Xopupova pe v Independent News & Media PLC [3] ota apiBuntikd ototyeio tov
vrovpyeiov vyeiog avapépoviat 355 kpovouata, To 46% TV omoiwv va amodeiydnie
Bavatneopo [2]. Ta kpodopata avTd NTOV ATOTELEGHO TNG UM 0oPOA0VS E0PLENG
Kol kKotepyosiog petaldevpdtov. Mol mévte ypovia apyotepa, HeTalh ATpiAion Kot
Moaiov tov 2015, wéBavav pvotnpuwdng 28 mawdid oto Kapo (Kawo) kot oto
Mayxipo (Magiro), 600 amopakpvopéva yoptd oto kpdtog tov Niynpa. Tig pépeg
TPV T0 BAVATO TOVE TOPOVGINGOV GUUTTMOTO, CTOGLOVE, ADTVIN Kol TopalcOnGELs,
ta omoio. opeidovian oty €£Opvén ypvcsov mAovciov oe poAvBdo [4 ]. Exi tov
TapoOvToG, T Papéa HETOAAN, OT®MG 0 LOALPAOG, OV amOTEAOVV Kivouvo Yo TNV vyeia
ot0 Adykog oe ocVUykplon pe OAAeg molteiec M mepupépetec. Edv, Opmg, dev
epapuolovial GVVEXDS Ol CMOTEG TPAKTIKEG TopoKoAoVONoNG Kot dayeipiong, Ta
npaypoto pmopel va aAld&ovv [5]. Qotdc0, av 1 CLYKEVTIPMOOT ALTOV TV Bapéwv
petdAdlov Eemepdost To péylota omodektd eminedo mov opiloviar amd dpopovg
opyoavicpovg, onwg o Iaykdoog Opyaviopog Yyeiog (IT.O.Y.) ko n Apepikovikn
‘Evoon Anuoociag Yyeioc, tote n vyeio kot 1 avdntuén tov utov Kot Tov {dmv
EVOEXETOL VO EMMPEACTOVV, AOY® TOV OLGAELTOVPYU®V 7OV Tpokoiel M Pro-
ovykévipoon Papéwv petdhiov [6] [7]. O poivPoog e&oakorovbel vo amotedet
onNUavTIKO TPOPANUA Yio TN ONUOGLO VYEIN TV OVOTTUGGOUEVAOV YOPADV, GTIC OTOIEG
VILAPYOVY CMUOVTIKES OLPOPOTOMCEL OTIS TNYEG Kol oTlG 0000¢ ékbeong. TMa
TAPAdEYL, G TOAAES YDOPES TG ATVIKNG ANEPIKNG, Ol Paic mOv TEPEXOLV
poALPOO O0ev amoteAoOV onuavtikn myn emavoiapfovopevng €kbeong, evod ta
KEPOUIKA €idn mov €yovv emicpoAtmbel pe pOALVPOO amotelohV OMUOVTIK TNYY
emavorappavopevne éxbeong [8]. H éxBeon mov amodidetar o€ TOAVTOIKIAES TNYEC
umopel va aroderyfel akdun mo onuavtikny and v Kabolkn £kBeon mov cuvoeTon
pe ™ poAvPdovya PBeviivn, €0kd yio to. dropa mov {ovv oe cuvOnkeg eToyeag. H
ékBeon oe poAvPoo katd v e£GpLEN Kot TNV TNEN TOL, 1 GTAL EPYOCTAGLO UTATUPLOV
Kol 6T PloTeYVIKN OpacTnPLOTNTO amOTEAEL GNUOVTIKO TEPIBAAAOVTIKO KIVOLVO OTIC
avortuoooueveg yopes [9]. Xe avrtiBeon pe v ompokdAvmtn ToEKOTNTA TOV
HOADBO0V, OOV GLVHBME VITAPYEL LOL OVAYVOPIGIUN TTNYN, ) XOUNAN TEPPAALOVTIKY
éxbeon oe polvPoo oyetiletan pe moAlomAéc mmyég (Beviivn, Propmyoavikég
otepyaoieg, Papéc, OLYKOANTIKG o€ KOVoEPPES, COANVMOOCELS VeEPOV) KOl e
TOALOTTAEG 0000¢ £kBeong (aépag, OKlakn KOV, OKOVI GTOVG OPOLOVG, YD, VEPO,
tpooua) [10]. Emopévog, n a&oddynon g oxeTikng GupPoing tov Tnyodv eivot
TOAVTTAOKT Kol EVOEYETOL VO TOPOVGLALEL SLOPOPESG HETAED TOV TTEPLOYDV KOl TWV
TAnBvoulok®v opddmv. Zto pépn 6mov o po6ALPA0OG mov mpoipyeTan amd T Peviivn
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amotedel TO pHEYOAVTEPO UEPOG TOL OTUOGPAPIKOV HOAOPOOV, avtd cupPdiiet
ONUAVTIKE GTO POPTIO LOAVPOOV TOV GMOWATOG Kol gival 1) o dadedopévn Tyn Tov
petdidov oto mepiBdAiov [11]. Xvvenwg, eivor emBopntd va katapynOel otadiokd 1
xpNon mpochetwv HoAOPOOL OTO KOVGIUO TO GLVIOUOTEPO OLVOTO GE TAYKOGLLO
KMpoka. O atpooeoipkds HOALVPS0G mov evamotiBeTar 6To €500 Kot 6T oKOVI
umopel o1 cuvéxeln va. KaTovoAmOel amd moudld Kot vo. avENGEL OMUAVTIIKG T
enineda poAOPOoL oto aipo tovg[8]. Lta cvumtdpate ofglag dnAntmpiaong omd
poéAvBoo  ovumeptiapfavovior 1 vobpdmra, n avnovyio, m evepediotdTTa, M
EMEIUUATIKT] TPOCOYY], Ol TOVOKEPAAOL, Ol Mvikoi omacuoi, ol pvikol owacuol g
KOWMOKNG YOPaAG, M vePpikny PAGPM, ot mapotcOnoelg, N am®AEW UVAUNG KO M
eykeporondOela. Ta cvpntdpato ovtd ep@avifoviol 6€ OLATOAOYIKE eminmeda
poAvBoov and 100 émg 120 pg / dl otovg eviihkeg ko omd 80 €mg 100 ng / dl ota
modwa [12] [13]. Zvuntopatoa ypdéviag onAnmnpiaong ond poAvdo OTme KOTmon,
abmvia, guepefloTOTNTO, TOVOKEPAAOVG, TOVOVLS OTIG OpOPMCELS KOl YOOTPEVTEPIKA
CUUTTAOUATO, UTOPEL VO ELPOVIGOVV EVIAIKES LLE OLUATOAOYIKA EMITESD LOAVPOOV amd
50 éoc 80 pg / dl [10]. T 10 yevikdtepo mANBLGUO, 0 omoiog dev ektifeTon oe
HOALPOO GE YDPOLS EPYNCING, TO TPOPILO KOL TO VEPO OTOTELOVV GNUOVTIKEG TNYEC
Baocwkng éxbeong oto pOAVLPOO, 6€ GLVOVLACUO HE TNV EICTVON ATUOGPOLPIKOD
poAvfoov [11]. AxoOun kot oTIg YMPES OTOV £YOLV YIVEL ONUAVTIKEG TPOOTAOELES Yia
TOV TEPLOPICUO TOL HOAVPIOV, VTTAPYOLY AKOWA HeYAA amoBENATO TOV LETAAALOL GTO
£00.p0G, OTN OKOVI] KOl OTO YPAOUATO TOV YPNOLULOTOOLVTAL Yo TN Papn OTITUDV.
Avtég ot mnyég Ba eaxorlovBovv va ennpedlovv Toug TANBLGLOVS Yot TOAAG XPOVILL
[10]. H ékBeon oe poivPdo etvarl capmg maykoouto (nnpa onuoctag vysiog. Qotdéco
uoMg mpoopota  apyilert va avayvopiletor ©¢ mbavd mpoPAnUe o€ TOALEG
OVOTTUGGOUEVES YMPES, KAODS mpdopata £yvav peAéteg oty Agpikn, otV Acia
kot ot Notw Apepikn [11]. Zxomdg avtng g Epguvag NToV Vo, TPOGOoPLoToHY TO
enineda poAVPSOL oTIg TNYEG TOGIUOV VEPOD 0TO TEPIPALAOV Kot Vo Tparyatomotn el
a&loAdynomn Tov Kvdhvou Yo ToV AvOpmITo YP1CLUOTOLOVTOS £VO, LOVTEAO TOVTIKMV.

2. YAIKA KATI MEO®OAOI

2.1. Zviroyn Asrypdtov Nepov

SoléyOnkav detypato vepod omd OMuocleg myEG VEPOL (YEWTPNOELS, veEPO oE
QOKEAAKLO, ELPLOAMUEVO VEPO Kat vepd PpOonc) otig meployes Lopodiov (Shomolu),
IMépmra (Yaba) kow Mrapiyka (Bariga) tov Adykog.

Mpoenetepyaosio Asryparov Nepov

H eneéepyocio tov derypdtov vepod £€ytve ovupmva pe 1o APHA, 2005. Ev
ocvvtopia, 1000 cm3 koAd avapeprypévov Kot Swtnpnuévov pe o&L detypatog
petapépbnkav oe motpt (éoemc. Ilpootébnkov akpifmg 50 cm3 mukvolh Vitpikov
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o&éog (HNO3) xo Oeppdvniov péxpt to onpeio Ppacpod. To deiypo otn cuvéyeia
eCatpiomke movo oe o Bepun mAdka og ta 20 cm3. H 0épuavon Kot n tpocshnkn
TUKVOU VITPIKOV 0EE0G GuveE)IoTNKE £mG OTOV 0AOKANPOONKE N enelepyacio, ondte
Kol TPOEKVYE EVal AVOLYTOYPOUO, SLOVYEC SLAAVUA. XTN) GUVEXEWL TO TEPLEYOUEVO
petapépbnke oe mAaotikd pmovkdiio tov 100 cm3, yiyxdnke Kot aporddnke péypt
yopayn. Tuiuoto tov SAVUOTOS YPNOLUOTOWONKAY Yol TOV TPOGOIOPIGUO TNG
TEPLEKTIKOTNTOG 68 HOAVPSo (PD).

IIpocdwopiopiog g MeprektikoTnrog Tov Agtypatov Nepotv og Morvfoo.

Ye ovm 1t Jwdkacio, ypnowomomnke DAGHOTOEOTOUETPO  ATOMIKNG
Amoppoonons (AAS) pe oroya (Varian model-AA240FS) eomAicpévo pe Avyvia
KoiAng xabodov amd POALPOO YL TOV TPOCOOPICUO TNG TEPLEKTIKOTNTOG TMOV
detypdtov vepob oe noéALPd0. Xpnoyoromdnke Tumikn KopmoAn Paduovéunong yio
10 €0pog ovuykevipwcewv and 0,001 ppm-2 - 2,000 ppm-2. Avtd Ntav Ypappukd pe
ovvteheotn Tpocdlopiopo R2 = 0.99.

Hapdyovrag Moéivvong (CF) aré Moivpoo (Pb) oe Agiypata Nepov

O mapdyovtag porvvong (CF) vroroyiotnke doup®dVTOG TO EMIMESO GLYKEVIPOONG
poAvpoov (Pb) oe kéBe delyua vepod pe v tun vrofabpov [14] [15]. Xe avt ™
perén, to péyioto opro tov IOY [6] yia T cvykévipwon porvpdov (Pb) oto mocipo
vepd emeAéyn ¢ T vToPddpov Yyl TOV LTOAOYICUO TV TOPAYOVI®V UOAVVONG
OAWV TOV OELYLATOV VEPOD.

2.2. Opyoaviopdg AoKipaociog

Mo ™ perém oot ypnopomomOnkav Asvkomabukd movtikio (Mus musculus) mg
Opyaviopog Aoxyociog. Tlevivia téooepa vy evidika OnAvkd Agvkomadikd
novtikwa, Bépovg 25,3 + 2.5 g, eKTplonKav GTNV £YKATAGTACN EKTPOPTS {D®V TOL
Zwoioywob Knmov oto [Mavemotipio tov Adykog yia tn HeAETN avT.

Eyxipotiopdg

Ta mwovtikia eykApatioTnkoy 610 TEPPAALOV TNG £YKATAGTAONG TEWPAUATOV Yo 14
NUEPES, TPV amd TNV EvapEn TG LEAETG.

Y1éyaon Ko Aletpogr)

Ta mwovtikio wov ypnoipomoOnKay yio T LEAETN PLAAGGOVTIOV GE TAUGTIKA KAOVPLd
dwothdoewv 60 cm x 45 cm X 45 cm. To kdéBe whovPi ywpiotke oe 9 ica
dwpepiopata. To kébe dapépiopa BewpnOnie apKeTd eVPHYWPO Yia Vo PIAOEEVIOEL
éva. ONAukd Aevkomabkd movtikt ywpig 0 (DO Vo ayy®veTal. XVVETMG TO KAOe
KAoVPL mepieiye 9 Cma kat yio T PEAETN ypnoipomomOnkay cuvolkd 6 kKlovPud. Ta
KAoVPLd puAdocovtav 610 Zmoroyikd Knmo oto Ilavemotuo tov Adykoc. H péon
Oepuokpacio g mepiPaiiovcag meployng Kopovotoy petasy 28,0°C £ 2,0°C ko
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oxetikr] vypacio petad 58,0% = 5,0%. Kotd ™ Owpkeld g Oladtkaciog
EYKMUOTIOHOD KOOMDG Kol TNG TEWPOUATIKNIG QACNG TNG HEAETNG, 1 TPOYN T®V
TEPOROTOL®OV  AmOTEAOVVTAY OO  TUMOMOWMUEVEG  TPOPEG  TOVTIKAOV — IOV
ayopdotnkav and 1o Ivotitovto latpikav Epevvav e Niynpiog (Nigerian Institute
of Medical Research) oto I'iduma (Yaba). To GUGTOTIKG TOV TPOPAOV TOV TOVIIKMOV
napovotdlovtar otov Ilivaka 1. Ta movtikia élaPav kaboapd vepd and Ppvoeg tov
Zwoioywov Knmov, pe 1o g0pog pH peta&y 6,80 £ 2,0, deiktn aratdtntog 0,1% kot
evpog Bepuokpaciog va kopaiveror petald 22,0°C + 5,0°C.

2.3. PvOpicseig meipapatog

To meipapo pvOuiotnke €161 OGTE Vo GLYKPIOOLV Ol IGTOAOYIKEG TAPAUETPOL, Ol
TAPAUETPOL TV €VOOU®V MTOTIKNAG AELTOVPYING Kol Ol OUOTOAOYIKOT TOPAUETPOL
TOVTIK®OV 7oL €xovv ektebel e POAVPOO e EKEIVEC T®OV TOVTIKOV 7OV dgv glyov
Kapiog popeng ékbeon oe po6ALPOO, daTnpdvTag TapdAinia Kabs GAAN petafintn
otabepn). T ™ pedét avtn, N €kBeon oe HOAVPOO £yive HEGM TPOPODOTNONG TMV
TOVTIKOV pe vepd Ppoong, péoa 6to omoio elxe oaAvOel vitpikdg pnoivBoog. To
Tuquo Xnuetog tov [Mavemotpiov tov Adykoc mapeiye 1o amoapaitnto ywo. To
nelpapa vitpikd drag porvpoov. To drog vitpikod poAHBdov dtodvdnke og mévte (5)
OPOPETIKEG  CLYKEVIPMOGES, MOCTE VO  TPOKOWYouv ot  €ENG  OLPOPETIKES
oVYKeEVTPOoELS poAvPBoov: 1 mg /1, 10 mg /1, 50 mg / 1, 500 mg / 1 xor 1000 mg /1.
v opddo ehéyyov de 00ONKe vePO HOAVLOUEVO pE SOAVUEVO VITPIKO HOAVPOO.
Yuvenmg, T mepapatdlmwa tavoundnkav pe Pacn m cvykévipoon g €kBeong
T0VG 6€ HOAVPoO: opdoda 0% (opdda eréyyov), oudoa 1 mg / 1, opndda 50 mg / 1,
opada 100 mg / 1, opdda 500 mg / 1 ot opdda 1000 mg /1. H kdbe mepoapatikn
ouada oamoteAovviav ond 9 (oo, to omoio. @uAdccoviav oto 100 KAoLPi, TO
dlapepiopoto Tov omoiov giyav ywplotel pe oyolaotikotTnto. To meEpapatolma
exTéOnNKav 6T0 HOAVGUEVO OGO vEPD Yo 28 MUEPES, COLP®VO UE TN OLUPOPETIKY|
OLLAd0 GLYKEVIPWONG GTIV OTOL0L VKOV,

Awghopo EAEYY 0V

Ot d16popeg ovykevtpmaoelg EkBeong oe poAvPoo (1 mg /1, 50 mg /1, 100 mg /1, 500
mg / 1 kan 1000 mg / 1) mapackevdomkay and vitpikd pOALPOO COUPOVO LLE TOV
akdAovbo TOTO:

[Tivaxog 1. Zvotatikd TG TPOPNE TOVIIKMV TOL YPNCIUOTOONKE Yo TN HEAETN.

S/N 2V0TATIKA 2HvOeon
1 Alevpt Xoyog 52.5%
(44% Ilpwteivn)
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2 IxBvaievpo 15.5%
3 Anoénpapéva Guvpapata | 7.5%
Kot AAvtd ZvoTaTikd
Amootaéng
4 2itog 5.0%
5 Z KA A 3.0%
6 [TéleT 2.5%
7 O&wo Ddoceopkd | 0.5%
AcBéotio
8 Enucodoppévn Birapivy C | 0.057%
9 Metypo Ixvoctoryeiov 0.075%
i Mass (x)
Number of moles = —————
Molar mass
Molasits Number of Moles
’ Volume (L)

Yvihoyn Astypatov ano to lepopatélma

Tpeig movtikol amd kdbe opdda Buotdomroyv ™ 0", ™ 14 " ko v 28" nuépa ¢
peAéng avtiotoryo. XvAAEyOnkav 2 ml aiportog amd v mepLoyn Tov 0POAALOD omd
KéOe TOVIIKO YPNOUOTOLDVTIOS MNTOPWIGUEVO COANVAPLO IKPOULULOTOKPITOL Kot
petapépnkoy o€ KOTOAANAO  emonupocuéveg  @lAeg mov  meplelyav
aBvievodoapuvotetpaolikd oy (EDTA) wg aviumktiko. ‘Eywve avatoun otovg
TOVTIKOVG OV QucldoTniay HETA TNV omoio. GLAAEXON KOV detyLoTa Ao TO NP TOV
kéBe moviikov. Oha ta Opyova mov cLAAEYOMKav dSatnpnOnkav e ELIAEG Ko
LETOQEPONKOV GTO EPYOGTIPLO YLOL OVOAVGT).

2.4. Ilpocoropropdg T o1 @opag oto Pvooioyiko kol 6to XyeTiké Bapog

[Ipocodlopiotnke 10 PusLOAoYKO Bdpog mpv amd v €kBeon (Muépa 0) Kot petd v
ékBeon. X1 ovvéreln TpocdlopioTnke 1 010Popd o€ avtd T Pépn (apyd Papog twv
novtikov (Wi) ko tedkd Papog (Wf). H petafor tov oyetikod Pdpovg
TPOocdopioTNKE WG 0 PLOUOS PETOPOANG TOL PLGLOAOYIKOV BAPOVS GE GUYKPLIOT LE
™V opada eAEyyov. Avtd mpocdlopiotnke pe ™ Ponbeta twv akdAovOwV THT®V:

Zyetiko Bapog (%) = {Ilewpapatikn opdoa (WT - Wi) / Opdda eréyyov (Wf- Wi)} *
100

2.5. Aynaroroyikog Ereyyog
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Mo va depeuvnBet n emidpaon mov €xel M €kBeon oe HOAVPOO OTIG AUATOAOYIKES
TAPOUETPOVS TMV TOVTIK®V, LIOAOYioTnKav ot dgikteg Tov apBuod orpomeToimv
(PLT), tov cvvolkov apiBuod epvfpav apocseatpiov (RBC), tov oAkov apiBuov
Aevkoxvttdpov (WBC) kot tov apatokpitn (HCT) ypnoipomoiwvrog nAektpovikos
petpntés.  To  yepdto  oigo  MTOPWVICUEVO  GOANVAPLOL  HUKPOOLLATOKPITOL
euvyokevtpiOnkav otig 12.000 otpopés ova Aemtd ywo 5 Aemtd pe ™ Pondewn
QLYOKEVTPOL puKpoatpatokpitn kot ot Tpég tov opotokpitn (HCT) e&etdaobnkav
anevbeiog. H ovykévipoon g oawpoceopivng petpndnke pe ™  péBodo
Kvavopedoposealpivng oe pniko¢ kovuatoc 540 nm. Tovtdypova, 0 GLUVOAIKOG
ap1Opog epuBpav apocpapiov (RBC) vroroyiotnke ypnoiponoidvag Tig pebdoovg
mov meptypapovtar amd T peiétn Oluah and Ulasi [16]. H péon ocvykévipmon
awpoogatpivng (MCHC), o pécog oykog epufpmv (MCV) kot n péon meplekTikdTnTa
awoopapivng (MCH) vroloyiotnkav pe PBdomn 115 akodAovbeg eElomoelg: MCHC =
(Hb/PCV) x 100, MCH = (Hb/RBCC) x 10 kot MCV = (PCV/RBCC) % 100 (11).

H odpactikotnta tov nmatikov evlOuomv alavivny apwvotpavoeepdon (ALT),
aomaptiky]  apwvotpavoeepdon  (AST) «ar  oikolkn  oewoeatdon (ALP)
npocdopiotnke pe Paon to delypa aipatos. To aipo euyokeviprinke otic 5000
oTpoQEg avh Aemtd Yoo 5 Aemtd. ‘Emeita cuAA&yOnke to delypa mTAAGHOTOS KOt
dwatnpnnke otovg 20 C. H dpaoctikommra tov eviOpomv mpocdlopictnKe
YPNCLOTOLDVTOAG TN YpopoatopeTpiky] pébodo. Ta évivpa otn cvvéyelo avaibonkay

[e]

pe ) Ponbeta avtidpactnpiov mov EANEONcay omd Kit evEOHK®OV SOKIUOV.

2.6. Awwowkaoia IotomaBoroykig EEétaong

Mo va diepevvnBel n emidpaon mov elxe N éxbeon oe HOAVPOO GTOVG 1GTOVG TMV
TOVTIK®V, LeEAeTONKE M 16TOTTO00AOYI0 TOL NTTATOC. Xe KOO delyo 10TOV KOANONKE
N KATAAANAN eTikéTor Ko €merta T Oelypato kOmmKov kot torofetOnkav péoa ce
KoAoOmo  eyKAEIGHOL wotdv. To delypato 1ot@v  Katoémyv  vroPfAndnkov oe
eneEepyacion YPNCLLOTOUDVTOG OVTOUOTO ENEEEPYOCTN 1GTAOV 24 POV Yo YPOVIKO
dwotnua and 17 émog 19 mopec. O enelepyaoctg 10TdV 6T00EPOTOINGE TANPW®S TOV
1010 og @opuoin 10% «xor €merta 0 10TOC aQLOATOONKE  YPNOIUOTOIDVTOG
1COTPOTVLAIKT] OAKOOAN. MeTd TV apuddtmon, o eneepyaotng 16TOV ekKaddpioe
TOVG TTAPAYOVTEG OLPLOATMONG YpNoomoldvTas EVAOAO L ka1 H kon otn ovvéyeia o
10TOG EUNOTIOTNKE GE TETNYUEVT TOPOPIVY 6TO TEAOG TOL KUKAOL TV 19 wpdv.

Metd ™V amopdkpuven Tov SEYUATOV 16T00 amd ToV EMEEEPYACTH 1GTMV, QLT
gyKAelomnKov € TETNYUEVT] TOPAPIV HEGH GE TAOGTIKO KOAOLTL EYKAEIGHOV piog
xpnons. To kalodmt ot cvvéyeln apébnke oe Beppokpacio dopatiov dote va
kpvooel. Ta egykieiopéva detypata €nerta KOmmkov pe pikpotopo. Ot Topég mov
TPOEKLY OV TOTOOETHONKAY GE AVTIKEWLEVOQPOPES TAAKES YWPIC Almavor). ZTn cuvEy el
Ol OVTIKEEVOPOPEG TAGKEG TomobetOnKkov o Bepuatvopevn madio yio 30 Aemtd
wote va  evioyvbel 1 TPOoKOAANON TOV 10TOV OE OLTEG. XTI GLVEYXEW
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ypnoporomOnkay ot péBodot ypmong H kat E kot €metta o1 avtikeypuevopopeg mAdKeg
eetdonkav pe To KPOoKOTIO.

2.7. ZraTieTiKi ovaivon

H obykpion tov TV dpacTiKOTTAG TOV NIATIKOV evEOU®V, TOv BAPovs Kot TV
OLLLOTOAOYIKMV TOPOUETP®V UETAED TNG OUAONG EAEYXOV KOl TOV O10POP®V OLAd®V
éxBeomg €ytve pe Paon v ekdoyn SPSS 20.0.

3. Amoteréopata Kol Avdivon

3.1. Xvykévtpoon poAvfoov oTig ONpocleg INYES VEPOV OTIS TEPLOYES LOPOAOV
(Shomolu), I'apra (Yaba) ko Mrapiyka (Bariga) Tov Adykog

Ot xupiotepeg myég €xbeong oe poAvPoo og opiopéva pépn g Niynpiog cOpemva
pe 1o [5] eivar m pdmavon mov TPOKAAOHV TO OYNUOTO TOV YPTGLULOTOLOVV
poAvfBoovyo Peviivn, mn Prounyaviky] povmavon mov TPoKaAoOV ot €£0pVEEIC, M
KatoviAmon viynplovod GAoToc HoAVBOoV Kol TO TOCIUO VEPO TOV TPOEPYETAL €E
oAOKAN POV amd mnyddwa. e avutn T UEAETN, Ol GLYKEVIPOGELS LoAVPRdov (Pb) ce
YAOGTOYPOUUIO OVA MTPO OTIC UETPNOES TOL £yvov 6TO VEPO Ppvong, oTic
YEOTPNOELS, OTO PlOUNYOVIKA TOPOCKEVOGUEVO EUPLOIAOUEVO VEPO KOl GTO
QOKEAGKLIOL TTOGLUOV VeEPOV OTIG TePloxég XopdAov (Shomolu), Tdura (Yaba) kot
Mmnapiyka (Bariga) tov Adykog, £é6ei&av tipég kdtw and 5,0 pg / 1 Koaw cvvieheotn|
porvvong pkpotepo and 1,0 (IMivaxkag 2). Xe avtiBeon pe to TEPIOTOTIKA
onAntmpiaong and poALVPS0 oty moAtteia Zapgdpa Kot 6to kpdtog tov Niynpa, 6to
AdyKog dgv €xel Kataypaeel KAmolo teplotatikd dnAntnpiacns and poAvpdo.

[Mivakag 2. Zvykévipwon HOAVPOOVL oTic dNuOcteg mNYEG vepolh OTIG TEPLOYES
Yoporov (Shomolu), INdumra (Yaba) kar Mrapiyka (Bariga) tov Adyxog.

Nepd Bptong I'ewtpnon Eppodopévo daxeldkio
TomoBeot Nepd Nepov
a Conc. |C.F Conc. |C.F Conc. |CF Conc. |C.F
(ng/h (nug/h) (ng/h (ng/h)

Xouoriov | 2.60 <1.0 4.24 <1.0 0.32 <1.0 2.25 <1.0

Mmnapiyx | 2.10 <1.0 3.91 <1.0 0.53 <1.0 2.02 <1.0
a
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INapna 1.80 <1.0 4.02 <1.0 0.45 <1.0 1.58 <1.0

C.F—Xvvtedeomc MoAvvong, HEYIOTO EKTILMOUEVO Oplal GLYKEVIP®ONG HOAVPOOV
2011 ovppwva pe tov IIOY; Ano 3.8 pg/l/ava nuépa yio Bpéen ot 10 pg/l/avé
NUEPO LEPA Y10L EVIIAKEC.

Conc.- Zuykévipoon avd (pg/l)

3.2. Metaforéc ato Dvororoyiko Bapog tov Mepapatéloov kata tnv 'ExOeon
og MoAivfoo

H dnAnmpiaon and porvPoo pmopel va €xel coPapés eMnTOGELS GTOV AVOp®TO Kot
ota {do. Mia tétota enintmon givol n otadtak 1 Tayeio andAeia Pdpovg | n Toyeio
avénon Papovg / moyvcoapkio. Xtov Ilivaka 3 avaypdeovtar ot petaforéc oto
QULOA0YIKO PAPOG TV TOVIIKOV 7OV €KTEOMKAYV GE OUPOPES GLYKEVIPMOGELS
poAvBoov yio 14 nuépeg kat 28 NUEPES G GLYKPLON HE TNV TTEPiodo TPy TNV EkBeon
(Hpépa 0). Znpewwdnke otabepn avénon Bapovg oty opdda eréyyov. Méon Tumikn
amokhon (£ SD), Huépa 0, 23.06 g+ 1.46 g, p < 0.01, Huépa 14", 27.18 g+ 1.45 g, p
< 0.01 xon Huépa 28", 29.26 g £ 0.72, p < 0.01. Xtmnv opdda ékBeong oe 1.0 mg/l
poAvBoov 1o Papog avénbnke dmwg ko oty opdda eAéyyov. H oyetikn avénon
Bapovug (oe cOyKplon pe TV eAeyyOUeVn opdoa), OUmG, NTaV TOAD apyn|, £mg ) 14n
nuépa (e andiewn Papovg katd 3,17g Ko oyetkn andiewa Badpovg g téENg Tov
23,1%). Ztn ovvéyela mopatnpndnke avénon g v 28n nuépa (pe ammAgia Bapovg
katd 7,34 g kot oyetikn avénon Papovg g tédéng tov 18,4%).

Ymv opdoa ékbeong oe 50,0 mg / 1 poAvoov mapatnpndnke toyeio andieio Bépovg
KaBdg Kot peYaAHTEPT OYETIKN omdAeln Bdpovg ) 141 nuépa (avénon Bapovg katd
1,36 g ko oyetikn andiew Bapovg g taENg tov 67,0%). ‘Emerta mapoatnpndnke
avaktnon Papovc v 28N nuépa (avénon Papovg katd 4,60 g Kol GYETIKN ATOAEL
Bapovg g thENg Tov 25,8%). Znv opdda ékbeong oe 100,0 mg / 1 poivpoov
napotpnOnke otabepn anmieln Papovg Kot avénor tov Bdpovg katd 2.02 g 14n
nuépa pe oyxetikn omoien Papovg g tdEng tov 51.0%. Tnv 28n muépa
nmapatnponke avénon tov Papovg kotd 2.10g ko avtictorya andAsio fapovs g
T6ENg tov 66.1%. Xty opdda €xbeong oe 500,0 mg / 1 poidPoov mapatnprOnie
mapopow tdon pHe g opdades éxbeong oe 1,0 mg / I ko 50 mg / 1 poAdvpdov.
[Moapammpndnke peyordtepn amoAei Papovg ™ 14n nuépa (2,14 g ko amdieln
Bapovg g thEng tov 151,9%) oe ocvykpion pe v 28n nuépa éxbeong (1,36 g ko
anoiela Bapovg ™ taéng tov 121,9% avtictorya) (Ilivakag 3).

[Iepimov 10 70% tv Taudrdv otn Niynpia €govv enimeda poAvBoov oto aipo tepimov
10 pg / dl [17]. Zopewva pe ta Kévrpa EAEyyov kan [Ipdinymg AcbBeveidv [18], ta
éuPpoa, To LOPA TOL TPEPOVTOL PE UTUTEPO, T TOOLL TPOCYOAKNG NALKING Kot Ot
KATOIKOL TOAOOTEPOV OTITIOV ekTiBeVTaL 6TO LOAVPOO ad TowKiAeg mNyEC. Xe avT
™ peAétn, mapotnpnonke otabepn avénon Bdpovg oty opdda EAEYYOV G GUYKPIOT
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pe Tig extebepuéveg oe HOAVPOO opdoeg. v VYNAOTEPN CLYKEVTPMOOT LOADPOOV
(1000.0 mg / 1), n omoia eivar 100 @opég peyardtepn amd v KaTeLOLVTIPLO YPOUUN
tov [1OY [6], mapatnprOnke doapopetikn Tdon. Enueiddnke pikpn 1 Kapio avEnon 1M
anoiela Bdpovg péxpt ™ 14n nuépa. ‘Enetta axkorlovbnoe toyeio oandreio fapovg, pe
NV VYNAOTEPN OYETIKY amdAgw Pdpovg va ¢@taver too 3,80 g wor 10 161,3%
avtiotoryo (ITivaxag 3). Avtd cvvadet pe ) pedétn Allouche et al. [19], cOppwva pe
Vv omoia M pakpoxpovia £kBeon oe YaUNAES GLYKEVIPOGELS LOAVPOOV pmopel va
TPOKOAESEL PEYAAN avénon Papovg kot kivovvo mayvoapkiog. Opoimg, ot Hehétn
Brunton [20] ava@épovtatl cuyvd copntopote o&eiag onAntnpioong and HOAVPOo Mg
YOOTPEVTEPIKA TPOPANHOTE, OT®S duoKOMOTNTA, O1dppota, ovopesio Kol amdAELN
Bapovg. H amoppdédenon peydAov TOGOTHTOV HOAVBOOV GE GUVTIOHO YPOVIKO
dtbotnuo evogyetal va. TPOKAAEGEL GOK (OVETAPKELL VYPMOV GTO KLKAOPOPLKO
ovotnua) eEontiog TS AMMAELNG VEPOV OO TO YAOTPEVTEPIKO cwinva [19].

[Mivakag 3. Metaporég oto Bapoc Twv Aevkomadikmv movtik®v (Mus musculus) tov
TEPAUATOG Katd TV £kBeoT Tovg 6€ pOAvPoo (n = 3).

Méom tun Bapovg (g) = Tomkn Andoxkiion (AdvEnon/Andieia Bapovg, % dwpopd
amd v opada eEAEyyov) (AW)

0 pépa 14" pépa 28" uépa

Conc (mg/l)

0.00 23.06 + 1.46** 2718 £+ 1.45%*% 2926 £ 0.72%%*
(4.12, 0.0%) (6.20, 0.0%)

1.00 27.70 + 3.79%* 3168 + 3.17**|35.04 <+ 136**
(3.17, -23.1%) (7.34, +18.4%)

50.00 27.14 £ 3.27%* 2850 + 3.84* |31.74 = 2.08*
(1.36, -67.0%) (4.60, -25.8%)

100.00 26.12 + 3.08%* 2814 + 286" (2822 + 1.81*
(2.02, -51.0%) (2.10, -66.1%)

500.00 29.02 £ 4.13** 26.88 + 232" (2766 + 3.26"
(-2.14, -151.9%) | (-1.36, -121.9%)

1000.00 27.14 + 1.69** 2712 + 153" (2334 + 3.017
(-0.02, -1.0%) (-3.80, -161.3%)

*EANAoveL 0Tt  pnéon T €xel Papdmra oe eninedo 0.01 (p < 0.01) xor *Ankovet
ot péom tyun €xet Bapvnta og enimedo 0.05 (p < 0.05).

Conc (mg/l)- Zvykévipwon avd (mg/l)
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3.3. ApaoTikOTNTE TOV NAATIKAOV £VOOHOV OTIS OLAQPOPES OVYKEVIPOOELS
poAvpoov ™ 141 ko v 280 nuépa

Ta omoteAéopota TOV TAPOVTOS TEWPAPATOG Oeiyvouv coprdc 0Tt 1 ofelo Ko
pakpoypdvia £kbeon oe vitpikd HOAVPO0 Tpokarel onuavTikeés Proymukés petaoréc,
o1l omoieg av&dvovionl 660 AVEAVOVTAL 01 GLYKEVIPMOGELS KOl 0 Xpovog Ekbeomng. Ztov
[Tivaka 4 moapovoidlovior ot petaforés ot SpAcTIKOTNTO TOV NAATIKOV eVIOU®V
énerta amd £KBeon oTIC SLAPOPES GLYKEVIPOGELG LOAVBOOL Yo 14 kot 28 nuépeg. Ta
nratikd Evivpa aAkaAikny eooceotdon (ALP), alavivn apwvotpaveeepdorn (ALT)
Kol aomopTikny apwvotpavoeepdon (AST) oto aipa Asttovpyodv wg Oeikteg NG
Katdotoons Tov Nrotoc. Ot petaforég oe omotodnmote and avtd ta Evivpa o€ oyéon
pe v opada €AEYXOL VTOOEKVOOLV OAAOYEG GTN QUGLOAOYIKY] 1| GTNV LYW
KOTAoTAOT).

H aikodikn eoopoatdaon (ALP) omv oudoa eréyyov avénbnke pe to ypodvo, t 14n
nuépa, 32.99 £ 3.11 g (p < 0.01),, v 28n nuépa, 34.24 £ 5.00 g (p <0.05). H tdon
vt NTAV EAAPPDOG OPOPETIKN OTIG eKTEDEEVEG ONdAdES. ZvyKekpéva, OTA
movtikio wov ektédnkav oe 1,0 mg / 1 poAvfoov, ot tipég nrav 43.39 £ 1.16 g (p <
0.05) kot 5.75 £0.76 g (p < 0.05) ™ 14n ko v 28N nuépa €kBeong avtioTolymc.
2ty opdda mov extébnke oe 50,0 mg / 1 poAvPdov, n arkkarikny poceotdon (ALP)
nrav 35.18 £ 1.12 g (p <0.01) ko 11.4 £0.55 g (p < 0.01) émerta and Ekbeon 14 ko
28 nuepdv avtiotoiyws. Xtnv oudda mov ektébnke oe 100,0 mg / 1 poivfoov 1
olkalkr] pooeatdon (ALP) petapinbnke amd 20.76 + 0.73 g (p < 0.01) m 14n
nuépa o€ 9.40 £ 2.05 g (p < 0.05) v 28n nuépa. Xtnv opdoa mov exktédnke oe 500,0
mg / 1 poAvpdov, ot tyéc rav 23.76 = 0.73 g (p < 0.01) ko 11.37 £0.93 g (p <
0.011) ™ 14n wor v 28n nuépa g €kbeonc avtiotolywe, evd otV opddo Tov
exténke og 1000,0 mg / 1 poAvdov, ot Tiuéc nTav 58.46 £ 1.46 g (p <0.01) T 14n
nuépa ko 8.44 £ 1.91 g (p <0.05) v 28n nuépa (ITivaxag 4).

[Mivokag 4. Avidpacel; TOV NIOTIKOV OVTIOEEWMTIKOV eVIOUOV OTIS TOIKIAEG
OLYKEVTPAOGELG LOADPIOL Yo 14 ko 28 nuépec.

Conc. ALP (u/1) (Méon AST (u/1) (Méon AL T (u/1) (Méon

(mg/1) + Tomk) Anoxhon) | £ Tomuny Andokhon) | = Tomkn Amdxhon)
14" uépo | 28" uépa | 14" uépa | 28" uépa | 14" uépa | 28" uépa

0.00 3299 +(3424 +£(29.01 =£]|12.15 +|2.44 +|3.12 +
3.11%* 5.00* 3.89* 2.89%** 0.53 0.53*

1.00 4339 +|5.75 + 12711 +|13.62 +|[18.17 =£]|3.95 +
1.16%* 0.76* 1.08** 0.36%** 1.90** 0.11**

50.00 35.18 £ |11.4 + 13753 +[4132 +]4.63 +|4.13 +
1.12%%* 0.55 1.36%* 5.02%* 1.49%* (0.38%*

100.00 20.76  +(9.40 +126.15 +(36.69 <+ |[4.17 +|3.78 +
0.73%* 2.05% 1.45%* 4.76** 0.25%* 0.65*
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500.00 2376  +|[11.37 +|27.15 +£|3824 +|[2857 +|[4.60 +
0.73%* (0.93%** 0.32* 1.86%* 1.50%** 0.65**

1000.00 58.46 £ |8.44 + [38.13 +([3521 +£]2329 =£]|3.01 +
1.46%* 1.91* 1.09%** 3.04%** 2.13* 0.10%*

*EAnAovel 0Tt  péon T €xel Papvnra og eninedo 0.01(p < 0.01) ko * Anlovet
ot péomn T €xetl Bapvmra oe eninedo 0.05 p < 0.05).

Conc. (mg/l) — Xvykévipwon avd (mg/l)
AST— 0omapTIKY QUIVOTPAVCPEPACT);
ALT— aAavivn apvotpave@epdon;
ALP— aAkolkn eooeatdon).

H ohavivn apwvotpavopepdon (ALT) oty opdda edéyyov avéndnke eniong pe to
xpovo, 2.44 + 0.53 g (p < 0.01) ) 14n nuépa kon 3.12 = 0.53 g (p < 0.05) v 28n
nuépa. H tdon ot extebeipuéveg opdoeg Mtav O0POPETIKN. XTA TOVTIKIOL TOL
exténiav oe 1,0 mg / I pordpoov, ot tipég frav 18.17 + 1.90 g (p < 0.01) ko 3.95 +
0.11 g (p <0.01) T 141 xo TV 281 nuépa TG £kBEoNC AVTIGTOLYMC. XTNV OUdd0 TOV
exténke oe 50,0 mg / 1, n adavivn apuvotpavoeepdon (ALT) ftav 4.63 £1.49 g (p
< 0.05) wor 4.13 = 038 g (p < 0.05) émerta amd ékbeon 14 ko 28 muepwv
avtotoiymg. Xta movtikia mov extédnkov oe 100.0 mg / 1 poidfoov ot tiég
petopanonkayv and 4.17 £ 0.25 g (p <0.01) m 14n nuépa oe 3.78 £ 0.65 g (p < 0.05)
v 28N nuépa. T'a ta movrikia mov ektébnkav o 500,0 mg / 1 poAvfdov, ot Tég
ntov 28.57 + 1.50 g (p < 0.01) x014.60 +0.65 g (p <0.01) t 14n kot v 28n nuépa
éxBeong avtiotoya, evdd oy opdda mov extédnke oe 1000,0 mg / ot tipég Nrav
23.29 £ 2.13 g (p < 0.01) ™ 14n nuépa ko 3.01 = 0.10 g (p < 0.05) v 28n nuépa
(ITivokag 4).

H aonroapticn apuvotpavepepdon (AST) otnv opdoa eréyyov peiwdnke pe to xpdvo,
29.01 +£3.89 g (p < 0.05) ™ 14n nuépa, ko 12.15 + 2.89 g (p < 0.05) v 28n nuépa.
H 1tdon Ntav ®ot660 oKovoviotn otig ektebeiéveg opddes. LT TOVTIKIOL 7OV
exténkav oe 1,0 mg/ 1, n tiun petwdnke amd 27.11 £ 1.08 g (p < 0.01) t 14n nuépa
og 13.62 £ 0.36 g (p < 0.01) v 28n nuépa. Ympée avénomn g TG o6To ToVTiKio
nov ektédnkav o 50,0 mg / 1 amd 37.53 £1.36 g (p <0.01) t 14n nuépa o 41.32 £+
5,02 g (p < 0.05) v 28n nuépa. Xmnv opdda mov ektédnke oe 100,0 mg / 1
mapatnprOnke eniong avénon g tiung and 26.15 £ 1.45 g (p < 0.01) t 14n nuépa
o€ 36.69 £ 4.76 g (p < 0.01) Vv 281 nuépa. Xta movtikia mov extédnkav oe 500,0
mg / 1 ot tipég frav 27.15 £ 0.32 g (p < 0.05) ko 38.24 £ 1.86 g (p < 0.01) t 141 ko
™V 281 Nuépa g €kBeoMg AVTIGTOIY ™G, EVD 6TV opada mov ektédnke og 1000,0mg
/I mapatnpriOnke peiowon and 38.13 + 1.09 g (p <0.01) ™ 14n nuépa o 35.21 + 3.04
g (p <0.01) v 28 nuépa (ITivaxag 4).

Ta amoteléopato ovTAG TG LEAETNG, GLVASoLY pe T pedétn Bharali [15], aAld Oy
pe  peiétn Allouche et al. [19] . H pedétn Bharali [21] ava@épet 0Tt o1 peyalvtepeg
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OLYKEVIPAOOEL;  HOAVPOOL  mpokaAoOV  avénuéva  emimedo.  opold  oovivig
apwotpavopepdong (ALT) kor avicoppormio g 0EEWOOTIKNG KATACTOONG TOV
KLTTAp®V, 1M omoin aviavakAdtolr oto avEavopevo emimedo MDA otov 1016 TO0L
nratog. Xt pedétn Allouche et al. [19] avagépetor Tmg dev mapoatnpnOnKe epPavig
dwTapayy] TOV POYNUIKOV NTOTIKOV TOPAUETP®Y 0poD HETA amd HOKPOYPOVIES
exBéoelg oe LOALPO0. O cLYYPAPLNS ATEKAELGE TV EVOYOMOINCT TNG LAKPOXPOVING
ékbeonc oe poALPdO ®g mPog Tov Kivovuvo abnpookAnpwong N datapoyng g
NTOTIKNG AELTOVpYiag.

Xe ot ™ pHeAén, 1 adavivn apwvotpavoeepdon (ALT) kot 1 aAKoAKY @oc@otdon
(ALP) avénnkav pe to xpoévo oty opdda eAEYyov, elyav, OU®S, SLPOPETIKN TAOT
otg ektebeyéveg oe poOAvPoo opdodes. H adavivny apvotpavoepepdon petpdron
ouvNO®G KAWVIKG ¢ PEPOG OGS OYVOGTIKNG OE0AOYNONG TNG NTOTOKVTTAPIKNG
BAGPNC Yo Tov TPoGdIopiopd TG VYELNG TOL NATOG. ZMUOVTIKA avénpéva eminedo
ALT ka1 ALP cvyvd vrodeikviovv v dmapén mpoPAnpdtmv vysiog 6mmg n 10yevng
NmaTitdn, o SPIg, N CLLPOPNTIKY KOPIIOKT AVETAPKELD, 1| BAGRN TOL TaTOG, TO
TPOPALOTO GTOVG YOANOGYOVG TOPOVGS, 1 AOYUMING LOVOTTLPN VOGN 1| I voTtdOeta.

3.4. Metoporég oTIC GIUOATOAOYIKES TAPUUETPOVS OTO TOVTIKIO OV EKTEONKOV
OTIG O1AQOPES CVYKEVTPAGELS poAVPO0OV Yo 14 ko 28 nuépeg

Ta oamotedéopota g €kbeong oe pOALPOO elvarl eU@OVE KOl OTIG OLUATOAOYUKEG
TAPOUETPOVG UE TN HOPPY| UETAPOADV ©TO GLVOAIKO aplBud TtV epvbpdv
OLLOCQUPi®V, GTOV OAMKO 0Pl AELKOKVTTAPMV, GTN HUECT] TEPIEKTIKOTNTA KOl OTN
HEOT CLYKEVIP®OT AIUOGPOIPivG, OTO HEGO OYKO Kol GTN UECT GLYKEVIPWOOM
epuBpav k.0.x. Xtov Ilivaka 5 kot otov Ilivaka 6 avaypdpovtor ot peTafoArég oTig
OUOTOAOYIKEG  TOPOUETPOVG OTOL  TOVIIKIOL 7oL eKTEOMKAYV  oTI  O1dpopeg
GLYKEVTPAOGCELS LOAVBO0L Yo 14 kot 28 nuépec.

O ovvoAwkog oaplBuog epvbpodv  apocpapiov (RBC) pewwbnke xabog ot
OLYKEVTPMOOELS HOAOPOoL avéavovtay and 1,0 mg / 1 oe 50,0 mg / 1. 'Enerta
napotpnOnKe avénon Tov GLVOAIKOV aplBpoy €pLOPOV  AHOGPAUPI®Y GTOVG
TovTiKovg mov ektédnkav og 100,0 mg / 1, 500,0 mg / 1 kot 1000 mg / 1 poAdpdov. O
VYNAGTEPOC GLVOAMKOG aplBuoc epuBpdv apoceatpiov (RBC) mapatnpndnke oty
VYNAOTEPN GLYKEVTP®GT LOADPBAoL TV 28N nuépa pe 10.43 + 1.46 (g/dL) (p < 0.01),
TIEG TOAD vYNAOTEPES amd ekeivee g opddag eAéyyov. O olkOg apBuog
Aevkokvttdpov (WBC) giyxe dwapopetikn téon o€ cOYKPIoN LE TO GUVOALKO aplBuod
epvBpov apocearpiov (RBC). Iapampndnke otabepr| avénon katd v éxbeon oe
1,0 mg / 1, 50,0 mg / 1, 100,0 mg / 1, 500,0 mg / 1 kou 1000,0 mg / 1 poAvBoov. O
VYNAOTEPOS OAKOS aptBpdc Aevkokvttdpwv (WBC) mapatnpnnke kotd v ékbeon
oTNV VYNAOTEPN GLYKEVTPOON HOALPBOoL v 28n nuépa pe WBC, 8.77 + 2.36
(X109/L) (p < 0.05), Tyég moAd vYNAOTEPEG amd €KEivEG TG opadag eAEyyov 2.27 +
0.81 (x109/L) (p < 0.05). O péoog dykog epvBpav (MCV) (fL) peiddnke Katd v
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avénon TV ovyKevip®oe®V poAvBoov amd 1,0 mg / 1 oe 1000,0 mg / 1. O
YOUNAOTEPOS LEGOC OYKOG £pLOPOV TTapatnpNOnKe Katd TNV kBe0T GTNV LYNAOTEPT
OLYKEVTPMOTN HOAVBdoL ™ 141 ko v 281 nuépa pe péco oyko epvbpov (MCV) ,
35.17 £ 0.91 (fL) (p < 0.05) ko 40.50 = 1.37 (fL) (p < 0.01) avtictorya, TiHég TOAD
YOUNAOTEPES amd ekelveg TG opddag eAéyyov 39.67 £0.76 (fL) (p < 0.05) ko 42.73 £

0.91 (fL) (p < 0.01) avtictorya (ITivaxag 5).

[Tivakag 5. Méoeg Tipég Kot TUMIKES AMOKAIGELS OTIC ALOTOAOYIKES TAPAUETPOVS TOV

TOVTIK®V OV EKTEOMKOYV 6€ LOAVPOO

Conc RBC (g/dL) WBC (<109/L) MCV (fL)
(mg/l) 14" uépo | 28" uépa | 14" pépa | 28" uépa | 14" uépo | 28" pépa
0.00 9.17 +| 843 +|2.27 + |2.77 39.67 +£(4273 +
0.06** 1.23%* 0.81* 1.10* 0.76 0.91**
1.00 7.02 + 1791 +|3.77 +{5.00 3920 +£(43.13 =+
0.03%*%* 0.76* 0.85* 3.61%* 0.79%* 0.59**
50.00 6.92 +|5.67 +13.93 +|5.93 3837 +£(45.07 <+
0.10%* 0.55%* 0.32% 0.25%* 0.71%* 0.16**
100.00 7.05 +16.40 +13.73 +16.70 3727 +£(4477 %
0.16** 1.35% 0.57** 0.56** 042** 1.06**
500.00 7.09 +16.70 + 1493 +17.60 3630 +(4047 =+
0.14%** 1.45%%* 1.27* 2.09* 0.72%* 0.40**
1000.00 7.15 +11043 £([583 +|8.77 35.17 +£1(40.50 +
0.11%* 1.46%** 1.21* 2.36%* 0.91%* 1.37**

¥ Anhover 0Tt n péon Tyun €xet Papovra o emimedo 0,01 (p < 0.01) ko * Animver

ot péom tun €xet Papvnta g eninedo 0.05(p < 0.05).

Conc (mg/l)- Zvykévipoon avd (mg/l)

RBC—Zvvolkog aptBpdc epubpav apoceatpiov (g/dL)

WBC—OMk6g ap1Buog Aevkokvttdpmv (X109/L)

MCV—M¢écog dykog epuBpmv (fL)

Méoeg TIES KO TUTIKES OMOKAMGELS OTIS OULOTOAOYIKEG TAPOUETPOVS TMV TOVIIKMV
oL eKTEOMKaY o€ POALPOO

Conc
(mg/1)

MCH (Pg

MCHC (g/dL).

HCT (%)

14" uépa

28" uépa

14" uépa

28" uépa

14" uépa

28" uépa
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0.00 15.13 +([14.87 +£|35.83 +|3507 +|37.23 +£|38.63 =+
0.61** [0.16** |0.21* 0.16* 0.76* 0.35%*

1.00 15.17 + (1427 +£]30.43 +£|3390 +[3593 +|35.60 =+
0.75%* 10.12* 1.40%* | 0.50** 1.06** 1.37%%*

50.00 1488 + (1430 +£|29.00 +[31.45 +|34.60 +[43.07 +
0.63** | 0.10** | 0.46* 0.25%** | 0.72%* | 0.15%*

100.00 1477 + [ 14.17 +|28.47 +£|32.77 +|33.53 £|3697 =+
0.42%* 1.11* 1.66** | 0.15%* |0.94** |5.78%

500.00 1442 + [ 14.87 +(27.27 £ 3577 +|32.37 £|3490 =+
0.14%* | 0.46** 1.31* 0.16%* 1.3]%* 1.83%**

1000.00 | 14.13 £ [ 15.13 +£|25.67 +£[36.13 +|3043 +£|3220 +
0.12%* [ 0.61** |0.97** |[0.88%* 1.31* 0.36%*

¥ Anddvel 6t n péon tun €xel Bapvmta o eninedo 0.01(p < 0.01) ko * Animver
otL M péomn T €xetl Bapvnra og eninedo 0.05(p < 0.05).

Conc (mg/l)- Zvykévtpwon avd (mg/l)
MCH—M¢éon neprektikotnta oposeapivng (Pg)
MCHC—Méon cvykévipmon apocseapivng (g/dL)
HCT—Awartoxpitng (%)

H péon mepektikdmmra apoceapivng (MCH) (Pg) peiwbnke moAd apyd kotd tnv
éxBeon oe 1,0 mg / 1, 50,0 mg / 1, 100,0 mg / 1, 500,0 mg / 1 xon e 1000,0 mg / I pe
e€aipeon v 28N nuépa katd v £kbeon oe 500.0 mg/l ka1 1000.0 mg/l poivpdov,
omoTE TAPOTNPNONKE TOAD PEYAAVTEPN QDENCT OTIG TIES TG HEOTG TTEPLEKTIKOTNTOG
apoceapivnig (MCH) am6d exeivn otnv opddo eAiéyyov. H youniotepn tyun
napotnpnOnke kotd v 28n nuépa £kBeong oe 100,0 mg / 1 poAvpdov, 14.17 + 1.11
(Pg) (p <0.05) xou n vynAdtepn Tyun péong meplektikdtTog apocseopiving (MCH)
onuewdnke v 28n nuépa €xbeong oe 1000,0 mg / 1 poAvBdov,15.13 + 0.61 (Pg), (p
< 0.01) ovykprrikd pe v Tiun g opddag eréyyov, 14.87 + 0.16 (Pg), (p <0.01). H
péon ovykévipwon apocseorpivng (MCHC) (g / dL) elxe mapopota téomn pe ™ péon
neplekTikOTTa opocpatpivng (MCH) . Meiobnke xotd v éxbeon og 1,0 mg / 1,
50,0 mg / 1, 100,0 mg / 1, 500,0 mg / I kou 1000,0 mg /1 poAvfdov pe e€aipeon myv
28n nuépa kata v €kBeon oe 500,0 mg / 1 ko 1000,0 mg / 1 poAvfoov, ondte kot
mapoatnpOnke mOAD HEYOAVTEPT, QOENGCT OTNV TN NG HECNG OCLYKEVIPMOTNG
apoceapivng (MCHC) amd ekeivn g opdadog eAEyyov.

O awaroxpitng (HCT) (%) katd t 14n nuépa pewwdnke otabepd otic opddes mov
exténrav oe 1,0 mg / 1, 50,0 mg / 1, 100,0 mg / 1, 500,0 mg / 1 ko 1000,0 mg / 1
poAvBooL. TNV vynAOTEPT GLYKEVTP®GN HOAVBOOL mapatnpnOnke N yopnAdtepn
T oupatokpitn (HCT), 30.43 + 1.31 (%) (p < 0.01), Ty moAd yapnAdtepn amd
exelvn ¢ oudoag eréyyov, 37.23 + 0.76 (%) (p < 0.05). Tnv 28n nuépa o
awpatokpitng (HCT) apywd peidbnke katd v éxBeon oe 1,0 mg / 1 poAdpdov. X
ouvéyeln avéndnke katd v ékbeon oe 50,0 mg / 1, kou Emerta peidOnke Kotd v
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éxBeon o 100,0 mg / 1, 500,0 mg / I kou 1000,0 mg / 1 pordBoov. Znv vyniotepn
oLYKEVTPOOT HOAVBdoL mapatnphOnke n younidtepn i owotokpitn (HCT),
32.20 £ 0.36 (%) (p < 0.01), Ty moAD yapunAotepn amd EKEIVY TNG ORAONS EAEYYOV,
38.63 +£0.35 (%) (p < 0.01) (ITivakag 6).

Avtd to amoteléopata cvvadovv pe ™ peAétn Oluah and Ulasi [16], oty omoia
avagépetor avénuévn epubpomnoinon ota yatdyapa g Aepikng (Clarias gariepinus)
mov elyav ektebel oe dmintnpioon pe poéALPdo. O vynAdTEPOG 0AKOG apBUdS
Aevkokvttdpov (WBC) mopatnpnibnke xotd v  €kbBeon ommv  vymAdtepm
OLYKEVTPMOON MHOAVBdOL v 28N mnuépa, HE TNV TIUAR TOL OAIKOV oplBpov
Aevkokvttdpwv (WBC) va etvar moAd vynAdtepn amd ekeivn g opdadag eAEYyov.
Téco ta epvhpd aooceaipio 660 Kot To AgvkokvTTOPA aVENONKaV  KAODC
av&dvovtav Kol 0l GUYKEVIPAOGELS KATA TNV 281 NUEPQ, TPAYLO TOV ETIONG CUVADEL
pe v mopomopnn [16].

H gpvBpomoinon mpokadeiton and to petowpévo oEuydvo otny KukAoeopia, To omoio
OVIYVELOVY TO VEQPPA KOl GTY| CLUVEXEWL EKKPIvOuV TNV oppovn epvbpomomrivn[22].
Avt n opudévn mpokaAel TOV TOAAOTAMGIOGUO KOl TN Ol(POPOTOiNoCT TOV
TPOOpoU®V  epLOPOKVLTTAP®Y, KATL TOV TPOKOAEl avénuévn epvbpomoinorn oTovg
OLLOTTOMNTIKOVG 16TOVG Kol TEAIKA 00MYEL 0TV TTapaymyr| pupmdv apoceatpioy. H
onAntnpioon and pHOAVPOO PTOPEL VO GUGYETIGTEL e TNV OUOTOMNTIKY TOSIKOTNTA
kaBdg avt eivar amotélecpa TG avaoToAng tov evibpmv kal g PAAPNg oto
epaypo peTaEd TOL aipaTog Kot ToL UVEAOD TV ootV [22]. Or avEnuéveg
OLYKEVTIPAOOELG HoAvBdov VoG TEALOVY dueco oplopéva, évlopa,
coumepthapfavouévng g  Alydong g oiung, S AQLUOPOYOVACNS  TOV
aptvorlefovvikov 0&€og, NG onpoeAdTaons, ™G S' VoukAEoTIdAONS Kol NG
Kompomoppupvoyevaons. H evlopikn avactoln éxel g amotéAespa Ty avénon g
CLYKEVTIPMOOTG TV TPOSPOU®V NG aipng (Tpmtomopeupiveg), v epubpofrdctmon,
™ BacedEIAN oTiEN Kot mo emMppenn) o PLGIKT PAAPN epvBpoxvTTapa [22] [23].

3.5. IotomaBoioyikn] avtidopaocn ot eKTEOENEVE 6E OLAPOPES GUYKEVTPAGELS
poAvpoov Yo 14 kon 28 nuépeg movrikia

H o&ela kot poakpoypovia €kbeon oe pOALPOO pmopel vo TPOKAAEGEL CTUOVTIKES Kot
un avaotpéyiueg maBoroyikéG OAALOIDCELS, TPAYLO TOL TopatnPRONKe HOVO GTO
nrap. ZOUE®VO, LE TNV 10TOAOYIKN e&€Taom vanpée onuavTikny aAloimon oto Nmap
(ITivakag 7). Xto detypoto Nratog and v oudda eAéyyov, and t 14" kot tnv 28"
nuépa yro 11§ opddeg mov extédnkov oe 1,0 mg / L ko 50 mg / L poivpoov, kabog
kot omd ™ 14" nmuépa ota movtikia mov ektébnkav oe 100,0 mg / L dev
TOPOVCIACTNKOY CNUAVTIKEG OAAOIDGES. Tnv 281 Nuépa, 6TO NTOP TOV TOVIIKAOV
mov ekténkav oe 100,0 mg / L poldPoov mapatnpnbnke kevotomicoon
KLTTOPOTAACUATOG Kot Mo vékpwor. EmmAéov, katd t 14" ko v 28" nuépa
éxbeong 1660 oe 500.0 mg/L wor oe 1000.0 mg/L poAvBoov, mopOLGIAGTKOV
coPopEC NTATIKES AALOIDGELS GTO TOVTIKLO, OTTMC 1) TOPOVGIN TOADLOPP®V TUPIVAYV,
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N GLUEOPNON TO®V OHOPOP®V AYYEI®V, 1 KEVOTOTIWGN KLTTOPOTAAGHLOTOS Kol 1)
o&elo vékpwon .

[Tivakag 7. IotomaBoloyikn aviidpaon 610 NTOP TOV TOVIIKMOV TOL EKTEOMKOV OTIC
SAPOPES GVYKEVTIPMOGELS LOAVBOOL Yo 14 ko 28 nuépeg.

‘Ex0e | AAoiwon | [ToAdpoppo | Zopueopn | Kevotomioo | Hma Oceia

on tITvpnveg | on n Néxpoon | Nékpoon

Conc ayyeiov

(mg/L {14 (28 |14 28 14 |28 |14 28 14 (28 |14 |28

) HEP | uép | pépa | puépa | HEP | pEP | MEpQ | pEPOL | HEP | HEP | LEP | HEP
o a a o o o o o

Ouéd [Oye Oy | Abs | Abs | Abs | Abs | Abs | Abs | Abs [ Abs | Abs | Abs
o
EAéyy
oV

1.0 Oyt |Oypt | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs
mg/L

500 |Oyp |Oyp | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs
mg/L

100.0 | Oyt | Now | Abs | Abs | Abs | Abs | Abs |Pres | Abs | Pre | Abs | Abs

mg/L S
500 Noat | Now | Pres | Pres | Pre | Pre | Pres | Pres |Pre | Pre |Pre |Pre
mg/L s S S s s S

1000. | Now | Nat | Pres | Pres | Pre |Pre |Pres |Pres |Pre |Pre |Pre |Pre
0 S S S S S S
mg/L

Conc (mg/L)- Zvykévipmon ava (mg/L)
Abs—Agv Tapovoidotnke
Pre—Ilapovcidotnke

Ta amotehéopota TG HEAETNG GLVASOLY HE aVTA TG peAétng Bharali [21]. Zoupwva
pe tn peAétn Bharali [21] 24 dpeg petd v ékbeon mapommpnOnke oamdtoun
EUGAVIOT] GAAOLDCEMV KOl GTO NTATOKVTTOPO TOL TEPPAALOVY TV KEVIPOAOPLOON
TEPOY] TOL MUATOG ONUEWOONKE  OLENUEVY]  ONMOTMTMOTIKY  HOPPOAOYiDL Kot
KUTTOUPOTAOGLLOTIKY] KEVOTOTIMGT. X€ QTN TN LEAETT], GTO NTATOKVTTOPO TG OLASAG
elEYYoL, TV opddmV mov ekTéOnKay yio 14 kon 28 nuépeg oe 1.0 mg / L ko 50 mg /
L xaBmg ot g opddag mov extédnke oe 100.0 mg / L yio 14 nuépeg de onueimbnke
Kkdmola onpoavtiky aAroiwon. Tnv 28n nuépa ota movtikia mov extédnioav ce 100,0
mg / L mapoatnpndnke kevotomimon KLTTapOTAAGLOTOS Kol e VEKpmor). Tn 14n
Kot v 28n nuépa ékBeomng, ota movtikio mov ektébnkav o€ 500,0 mg / L ko 1000,0
mg / L mapompnOnkov onuovtikéc nmotikés moboloyikés oALOIDGELS, OGS
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TOPOLGIO TOAVUOPP®V TUPVOV, GUUPOPTOT TOV HOPOP®Y OYYEIMV, KEVOTOTI®OON
KLTTOPOTAACHLATOG Kot 0&eia VEKPWOT).

4. Xopnépacpo.

Me Bdaon ovtd to amoteléoupato eivar eupovég mwg o HOALPSOG mpokaAel
OLLLATOAOYIKEG O10TOPOYES, LOTOAOYIKEG OAAOUDGES GTO NP Kot UETOPOAES GTO
@LGLOAOYIKO BApog TV TOVTIKAOV. O1 EMITOGES ALTEG Yivovtal epeaveils kabmg n
ovykévipwon €kbeong av&avetot pe 10 ypovo. o TPEMEL VoL SIUGPAAGTEL 1] GLUVEXNG
TAPoKOAOVONOT TOV OIKTOHOL ay®YDV VOpELONS, BOTE Vo amoeevydel 1 epedvion
Slppo®v TOEIKOV 0voLdY, 0TS 0 HOALPOOC, oe owklokég mnyég vepov. To Papv
pétaAdo, o HOAVPOOC, TOV MG YVOOTOV TPOKOAEl ovTA TO amoteAéouata, Eivol
wWwitepa emikivovvo yo v avOpdmvy vyeio Kot VITAPYEL GTOV 0€PA, GTO £J0(POC,
0T0 ONUOGL0 GVOTNUO VIPELONG Kot 6TV TPOoPIKT aAvcida. Ta va eEalerpbodv Ta
TEPIOTATIKA ONAnTpilaons amd poAvfdo otn Nuynpia, sivor amapaitnto vo Angdovv
To. omopaitnTo PETPO. Yoo TNV aviyvevom koi TN Jdwoxeipion Tov petdiiov. H
napodoctokn eE6puén petaAievpdtov, n omoia cuyva aneievbepdvel LOAVPOO GTOoV
nepPairovia Ydpo, OTWS EoiveTOl omd TIG LEAETEC GYETIKA UE TN OnAntnpiocn amd
poéAvPoo oty moAlteio Zopuedpa kot 6to kpatog tov Niynpa, Oo mpémer vo
amoBappivetar oe OA0 t0 €0voc. Oa mpémet va dacParcTel 0 cuveEXNS ELeYYOG TOV
OIKTHOL YYDV VIPELONG, (OOTE VO amo@evyfel 1 eUPAVION SPPODY TOEIKOV
0VGLOV, OT®G 0 LOAVPAOC, GE OIKIOKEG TTNYEG VEPOU.

AfMroon Ilegpi Zvykpovong Zop@epovrov
Ot ovyypaeig SNAOVOLY MG OV VTLAPYEL KAUIO GVYKPOVOT] GUUPEPOVIMOV.
Aw0eo1noTNTO ALOOPEVOV

Ol ta dedopéva tng épevvag eivar dwbéoya katdémy aitnong oto apyeio Tov
Tunuoatog Zmoioyiag tov [avemotnuiov tov Adykog.

Xpnpatodotnon
AvT 1 HEAETN TAV ALTO-YPIUATOOOTOVUEVT).
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NPQTOTYIIO KEIMENO

Toxicological Risk Assessment of Lead (Pb) Contamination in Public Water
System in Lagos Metropolis, Nigeria

Abstract

Study Background: Lead continues to be a significant public health problem in
developing countries, where there are considerable variations in the sources
and pathways of exposure. Aim: This study investigates the level of lead in
drinking water sources in Shomolu, Yaba and Bariga areas of Lagos State,
Nigeria and the human risk exposure using a mice model. Materials and
Methods: Water samples were collected in public water sources (borehole,
sachet water, bottle water and tap water) and analyzed for lead using Flame
Atomic Absorption Spectrophotometer (Varian model-AA240FS) equipped
with a lead hollow cathode lamp. Contamination factor was determined.
Healthy Mature female albino-mice, weighing 25.3 £+ 2.5 g were exposed to
the contaminated drinking water for 28 days to the different concentrations of
lead nitrate: 1 mg/l, 10 mg/l, 50 mg/l, 500 mg/l and 1000 mg/l. Blood and liver
were collected for hematology liver function test and histopathology. Results:
Lead concentrations in public water sources in Shomolu, Bariga and Yaba
areas of Lagos State were below 5.0 ug/l and contamination factor were less
than 1.0. At 1.0 mg/l (1000 pg/l) Lead exposure, the relative weight increase
in this group (as compared to the controlled group) was very slow, up to the
14th day (with weight loss of 3.17 g and relative weight loss of 23.1%), then
increased up to the 28th day (with weight loss of 7.34 g, and relative weight
gain of 18.4%). At 50.0 mg/l Lead exposure, there was a rapid weight
decrease, a greater relative weight loss was experienced at the 14th day
(weight gain, 1.36 g and 67.0% relative weight loss), then there was weight
recovery at the 28th day (weight gain of 4.60 g, 25.8% relative weight loss).
The 100.0 mg/l Lead exposed group showed steady decrease in weight, 14th
day had a weight gain of 2.02 g and relative weight loss of 51.0% while the
28th day had 2.10 weight gain and 66.1% weight loss respectively. In the
500.0 mg/l Lead exposure group, a similar trend was observed as with 1.0
mg/l and 50 mg/l Lead exposures, showing greater weight loss at the 14th day
(2.14 g and 151.9% weight loss), as compared to the 28th day exposure (1.36
g and 121.9% weight loss respectively). Alanine aminotransferase (ALT) and
Akaline phosphatase (ALP) in the control group increased with time, but these
had a different trend in the exposed groups. The RBC decreased with
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increase in concentrations from 1.0 mg-l to 50.0 mg/l Lead exposures, after
which it increases at 100.0 mg/l, 500.0 mg/l and 1000 mg/l. The highest RBC
was noticed at the highest exposure concentration at the 28th day with RBC,
much higher than the control. The highest WBC was noticed at the highest
exposure concentration at the 28th day with WBC, 8.77 + 2.36 (x109/L) (p <
0.05). The 28th day, 100.0 mg/L exposed mice’s liver had cellular
vacuolization and mild necrosis. At 14th and 28th day of exposure, the 500.0
mg/L and 1000.0 mg/L exposed mice had significant liver pathological
alterations including the presence of polymorphic nuclei, blood vessel
congestion, cellular vacuolization and severe necrosis. Conclusion: Lead
induces hematological disturbances, liver histological alterations and change
in weight in mice. These become obvious as exposure concentration
increases with time. Continuous monitoring of municipal water pipeline
reticulation should be ensured to prevent incidence of seepage of toxicants
such as lead into domestic water sources.

Keywords

Contamination, Lead, Hematology, Histopathology

1. Introduction

Lagos, the most industrialized, populous and the fastest growing city in Africa, is
currently facing a water management crisis [1]. Due to poor planning, lack of
adequate infrastructure, insufficient funds, and a poor governance and regulatory
framework, there is a vast demand gap of 330 MGD [1]. As such, only 10% of the
population in Lagos is being served by the public water utility, Lagos Water
Corporation [1]. The rest of the population gain access to water either from private
boreholes or from informal private sector participants such as water vendors. This
situation is further worsened by certain factors such as rapid population growth,
corruption, climate change, unreliable electricity, inadequate enforcement, and water
leakages and theft that cause 60% unaccounted-for-water losses. As a result, citizens
experience water shortages, water pollution, inadequate sanitation and wastewater
treatment, and water injustice and inequality. Due to high industrial and commercial
activities and increasing population, pollution is often a major problem. There has
been a series of lead poisonings in Zamfara State, Nigeria, leading to the deaths of at
least 163 people between March and June 2010, including 111 children [2].
Independent News Media [3] reported the health ministry figures as 355 cases, with
46 percent proving fatal [2]. This was due to unsafe mining and ore processing. Just
five years later, in 2015, between April and May 2015, 28 children in Kawo and
Magiro, two remote villages in Niger State, mysteriously died days after suffering
symptoms of convulsions, insomnia and hallucinations, due to lead-rich gold mining
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[4]. Presently, heavy metals such as lead pose no health risk in Lagos State as
compared to other states or regions, but if the right monitoring and management
practices are not continually put in place, the case could be different [5]. However, if
the concentration of these heavy metals surpasses the maximum admissible levels as
stipulated by various organisations such as World Health Organization (WHO),
American Public Health Association, then plant and animal health and developments
may be affected because of malfunctions caused by bio-concentration of the heavy
metals [6] [7]. Lead continues to be a significant public health problem in developing
countries, where there are considerable variations in the sources and pathways of
exposure [7]. For example, in many Latin American countries, leaded paint is not a
significant source of recurrent exposure, whereas lead-glazed ceramics are such a
source [8]. Exposure attributable to miscellaneous sources may be even more
significant than universal exposure associated with leaded petrol, especially for
people living in poverty. Exposure to lead from lead mining, smelting, battery
factories and cottage industries is a significant environmental hazard in developing
countries [9]. Unlike overt lead toxicity, where there is usually one identifiable
source, low-level environmental exposure to lead is associated with multiple sources
(petrol, industrial processes, paint, solder in canned foods, water pipes) and pathways
(air, household dust, street dirt, soil, water, food) [10]. Evaluation of the relative
contributions of sources is therefore complex and likely to differ between areas and
population groups. Where lead derived from petrol comprises the major part of
atmospheric lead it is a significant contributor to the body lead burden and is the most
widely distributed source of the metal in the environment [11]. It is thus desirable to
phase out the use of lead additives in fuels as quickly as possible on the global scale.
Atmospheric lead that is deposited in soil and dust may then be ingested by children
and may substantially raise their blood lead levels [8]. Signs of acute intoxication,
include dullness, restlessness, irritability, poor attention span, headaches, muscle
tremor, abdominal cramps, kidney damage, hallucinations, loss of memory and
encephalopathy. These occur at blood lead levels of 100 - 120 pg/dl in adults and 80 -
100 pg/dl in children [12] [13]. Signs of chronic lead toxicity, including tiredness,
sleeplessness, irritability, headaches, joint pain and gastrointestinal symptoms, may
appear in adults at blood lead levels of 50 - 80 pg/dl [10]. For the population at large,
which is not occupationally exposed, food and water are important sources of baseline
exposure to lead, in addition to atmospheric lead that is inhaled [11]. Even in
countries where considerable efforts have been made to control lead, vast reservoirs
of the metal still exist in soil, dust and house paint, and these sources will continue to
affect populations for many years [10]. Lead exposure is clearly a global public health
issue, but it is only just being recognized as a potential problem in many developing
countries, with studies only now being reported from Africa, Asia and South America
[11]. The aim of this research was to identify levels of lead in drinking water sources
in the environment and carry out the human risk assessment using a mice model.
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2. Materials and Methods
2.1. Water Sample Collection

Water samples were collected in public water sources (borehole, sachet water, bottle
water and tap water) in Shomolu, Yaba and Bariga areas of Lagos State.

Pre - Treatment of Water Samples

Water samples were digested according to APHA, 2005. Briefly, 1000 cm3 of well
mixed, acid preserved sample was transferred into a beaker. Exactly 50 cm3 of conc
HNO3 was added and heated to boiling. This was then evaporated on a hot plate to 20
cm3. Heating and addition of conc. HNO3 continued until after digestion was
completed as indicated by a light colour, clear solution. The content was then
transferred to 100 cm3 plastic bottles, cooled and diluted to mark. Portions of the
solution were used for Pb determination.

Quantitative Determination of Lead in Water Samples

In this work, flame atomic absorption spectrophotometer (Varian
model-AA240FS) equipped with a lead hollow cathode lamp was used for
quantitative determination of Pb in water samples. Standard calibration curve
for the concentration range of 0.001 ppm-2 - 2.000 ppm-2 was used. This
was linear with coefficient of determination of R2 = 0.99.

Contamination Factor ( C.F ) of Lead ( Pb ) in Water Samples

The contamination factor (C.F) was calculated by dividing the concentration level of
Pb in each water sample by the background value [14] [15]. In this study, the WHO
[6] maximum limit for Pb in drinking water was selected as background level for the
calculation of contamination factors of all the water samples.

2.2. Test Organism

The Test Organism used for the study was albino mice ( Mus musculus ) . Fifty-four
healthy Mature female albino-mice, weighing 25.3 + 2.5 g were bred in the animal
house unit of the Zoological Garden, University of Lagos for the study.

Acclimatization

The mice were acclimatized in the experimental setup environment for 14 days,
before the commencement of the study.

Housing and Feeding

The mice used for the study were kept in plastic cages measuring 60 cm x 45 cm x 45
cm. Each cage was divided into 9 equal compartments. Each compartment was
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deemed to be spacious enough to house a female albino mice without stressing out the
animal. Thus, each cage contained 9 animals, and a total of 6 cages were used for the
study. The cages were kept in the Zoological garden of the University of Lagos. The
mean temperature of the surrounding area was 28.0°C + 2.0°C and the relative
humidity was 58.0% =+ 5.0%. During the acclimatization as well as the experimental
phase of the study, the test subjects were fed with standard mice feed purchased from
the Nigerian Institute of Medical Research, Yaba. The constituents of the mice feed
are shown in Table 1. The Mice were given Clean Water from the Zoological Garden
tap, with a pH range of 6.80 + 2.0, salinity index of 0.1% and a temperature range of
22.0°C+5.0°C.

2.3. Experimental Setup

The experiment was setup to compare the histological, liver function enzyme and
hematological parameters of mice exposed to Lead with those mice that had no form
of exposure to lead, while keeping every other variable constant. For the study, Lead
exposure was in form of lead nitrate dissolved in the drinking water fed to the mice.
Lead nitrate salt was gotten from the Chemistry Department of the University of
Lagos. The salt was dissolved into five (5) concentrations to give a lead concentration
exposure of: 1 mg/l, 10 mg/l, 50 mg/l, 500 mg/l and 1000 mg/l. The controls were not
given any water contaminated with dissolved Lead nitrate. Thus, the experimental
subjects were classified based on the concentration of their exposure: 0% (Control)
group, 1 mg/l group, 50 mg/l group, 100 mg/l group, 500 mg/l group and 1000 mg/I
group. Each experimental group was made up of 9 animals that were placed in the
same cage that has been meticulously compartmentalized. The test subjects were
exposed to the contaminated drinking water for 28 days according to the different
concentration group they belonged to.

Test Solution

The various lead exposure concentrations (1 mg/l, 50 mg/l, 100 mg/l, 500 mg/l and
1000 mg/1) were prepared from lead nitrate using the following formula:

Table 1. Component of the mice feed used for the study.

S/N Components Composition
1 Soya Beans Meal (44% | 52.5%
Protein)

2 Fish Meal 15.5%

3 Distillers Dried Soluble 7.5%

4 Wheat Shafts 5.0%

5 Animal Fats 3.0%

6 Pellet 2.5%

32




7 Di-Calcium Phosphate 0.5%

8 Coated Vitamin C 0.057%
9 Trace Mineral Mix 0.075%
: Mass (x)
Number of moles = ———
Molar mass

Number of Moles
Volume (L)

Molarity

Sample Collection from Test Subjects

3 mice from each group were sacrificed on day 0, 14 and 28 of the study respectively.
2 ml of blood was collected from the eye region for each mouse using heparinised
haematocrit tubes and transferred into properly labelled ethylene diamine tetra-acetic
acid (EDTA) anti-coagulant bottles. Also the sacrificed mice were dissected after
which liver samples were then collected from each mouse. Each harvested organ was
kept in a universal bottle and transported into the laboratory for analysis.

2.4. Determining Difference in Physiological Weight and Relative Weight

The physiological weight before exposure (day 0) and after exposure were
determined. Then the difference in these weights were obtained (Initial weight of the
mice-Wi and final weight-Wf). While, the relative weight change was obtained as the
rate of change of the physiological weight in comparison with the control group. This
is given with the formulae below:

Relative weight (%) = {Experimental group (Wf — Wi)/Control group (Wf — Wi)}
*100

2.5. Hematological Studies

To investigate the effect of lead exposure on the haematological parameters of the
mice, their, Platelet (PLT), Red Blood Cell (RBC), White Blood Cell (WBC) and
Packed Cell Volume (PCV) indices were estimated using electronic counters.
Blood-filled heparinized micro-haematocrit capillary tubes were centrifuged at 12,000
for 5 min using a micro-haematocrit centrifuge and the haematocrit (Hct) values were
read directly. The haemoglobin concentration was measured by the
cyan-methaemoglobin method at a wavelength of 540 nm. Concurrently, the Total
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Red Blood Cell (RBC) was obtained by employing the methods described by Oluah
and Ulasi [16]. Mean cell haemoglobin concentration (MCHC), mean cell volume
(MCV), and mean cell haemoglobin (MCH) were calculated using the following
equations: MCHC = (Hb/PCV) x 100, MCH = (Hb/RBCC) x 10 and MCV =
(PCV/RBCC) x 100 (11).

The activities of the liver enzymes; Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), and Alkaline Phosphatase (ALP) were determined using the
blood sample. The blood was centrifuged at 5000 rpm for 5 minutes; the plasma
sample was then collected and kept at 20°C. The enzymes activities were determined
by colorimetric method. The enzymes were then assayed using reagents obtained from
enzyme assay kits.

2.6. Histopathology Procedure

To investigate the effect of lead exposure on the tissues of the mice, the
histopathology of liver was studied. After each tissue sample had been properly
labelled, they were cut and placed inside a tissue embedding cassette. The tissue
samples were then processed using a 24 hours automatic tissue processor for a time
ranging from 17 - 19 hours. The tissue processor completely fixed the tissue in 10%
formal saline, after which the tissue was dehydrated using isopropyl alcohol. After
dehydration, the tissue processor cleared the dehydrating agents using xylene L and H
and then the tissue was cast in molten paraffin at the end of the 19 hours cycle.

After the tissue samples were removed from the tissue processor, they were embedded
in molten paraffin wax that was contained in a plastic disposable embedding mould.
The mould was then left to cool to room temperature. The embedded samples were
then cut using a microtome and the cut sections were placed on a grease free slide.
The slides were in turn placed on a hot plate for 30 minutes to enhance the tissues’
adherence to the slides. The slides were then stained using the H and E staining
method and then slides were there after viewed under the microscope.

2.7. Statistical Analysis

The values for the liver function enzymes, weight and hematological parameters of
the control and various treatment groups were compared using SPSS 20.0 version.

3. Results and Discussion

3.1. Lead Concentration in Public Water Source in Shomolu, Bariga and Yaba
Areas of Lagos
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The major sources of lead exposure in some parts of Nigeria according to [5] are from
vehicular pollution from leaded gasoline use, industrial pollution from mining,
consumption of Nigerian leaded salt, drinking water absolutely obtained from wells.
In this study, lead (Pb) concentrations in milligram per liter measured from public tap
water, bole-hole, industrially produced bottle water and sachet water in Shomolu,
Bariga and Yaba areas of Lagos State however, showed values below 5.0 ng/l and
contamination factor less than 1.0 (Table 2). Unlike cases of lead poisoning in
Zamfara and Niger States, there has not been reported case of lead poisoning in Lagos
State.

Table 2. Lead concentration in public water source in Shomolu, Yaba and Bariga
areas of Lagos.

Tap water Bole Hole Bottle Water Sachet Water
Locatio | Conc. |C.F Conc. |C.F Conc. |C.F Conc. |C.F
n (ng/h (ng/h (ng/h (ng/h)

Shomol | 2.60 <1.0 4.24 <1.0 0.32 <1.0 2.25 <1.0
u

Bariga |2.10 <1.0 3.91 <1.0 0.53 <1.0 2.02 <1.0

Yaba 1.80 <1.0 4.02 <1.0 0.45 <1.0 1.58 <1.0

C.F—Contamination factor;, WHO, 2011 estimated maximum lead concentrated
limits; 3.8 pg/l/day for an infant to 10 pg/l/day for an adult.

3.2. Changes in the Physiological Weight of the Experimental Mice during
Exposure to Lead

Lead poisoning can have significant effects on human and animals. One of these
effects is gradual or rapid weight loss or rapid weight gain/obesity. Table 3 shows the
changes in physiological weight of the mice exposed to varying concentrations of lead
for 14 days and 28 days compared to the pre-treatment period (0 day). There was a
steady increase in weight in the controlled group; Mean + SD, 0 day, 23.06 g+ 1.46 g,
p <0.01, 14th day, 27.18 g + 1.45 g, p <0.01 and 28th day, 29.26 g+ 0.72, p < 0.01.
At 1.0 mg/l Lead exposure, the weight also increased as the control but the relative
increase (as compared to the controlled group) was very slow, up to the 14th day
(with weight loss of 3.17 g and relative weight loss of 23.1%), then increased up to
the 28th day (with weight loss of 7.34 g, and relative weight gain of 18.4%).

At 50.0 mg/l Lead exposure, there was a rapid weight decrease, a greater relative
weight loss was experienced at the 14th day (weight gain, 1.36 g and 67.0% relative
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weight loss), then there was weight recovery at the 28th day (weight gain of 4.60 g,
25.8% relative weight loss). 100.0 mg/l Lead exposure showed steady decrease in
weight, 14th day had a weight gain of 2.02 g and relative weight loss of 51.0% while
the 28th day had 2.10 weight gain and 66.1% weight loss respectively. 500.0 mg/I
Lead exposure had a similar trend as 1.0 mg/l and 50 mg/l Lead exposures, showing
greater weight loss at the 14th day (2.14 g and 151.9% weight loss), as compared to
the 28th day exposure (1.36 g and 121.9% weight loss respectively) (Table 3).

About 70% of Nigerian children have blood lead levels of about 10 pg/dl [17].
According to the Centers for Disease Control and Prevention [18], the unborn child,
bottle-fed babies, preschool children, and occupants of older houses are susceptible to
lead from diverse sources. In this study, there was a steady increase in weight in the
control group as compared to the exposed. The highest concentration of exposure
(1000.0 mg/1) which is a 100 fold of the WHO guideline [6], showed a different trend;
there was little or no increase or loss in weight, up to the 14th day, after which the
weight loss became very rapid, with the highest relative weight loss of 3.80 g and
161.3% respectively (Table 3). This is in strong agreement with the study of Allouche
et al . [19], who reported that the long-term exposure to low lead concentration might
lead to high weight gain and obesity risk. Likewise, Brunton [20], reported common
symptoms of acute lead poisoning as gastrointestinal problems, such as constipation,
diarrhea, poor appetite, and weight loss. Absorption of large amounts of lead over a
short time could cause shock (insufficient fluid in the circulatory system) due to loss
of water from the gastrointestinal tract [19].

Table 3. Changes in the weight of the experimental albino mice ( Mus musculus )
during exposure to lead (n = 3).

Weight (g) Mean + Standard Deviation (Weight gain or loss,% diff. from
control)(AW)

0 day 14th day 28th day

Conc (mg/l)

0.00 23.06 £ 1.46** 2718 £+ 1.45%% 2926 <+ 0.72%%*
(4.12, 0.0%) (6.20, 0.0%)

1.00 27.70 + 3.79** 31.68 + 3.17**[35.04 <+ 1.36**
(3.17, -23.1%) (7.34, +18.4%)

50.00 27.14 £ 3.27%* 2850 + 3.84™ (31.74 + 2.08*
(1.36, -67.0%) (4.60, -25.8%)

100.00 26.12 + 3.08%* 2814 + 286" |28.22 + 1.81™
(2.02, -51.0%) (2.10, -66.1%)

500.00 29.02 £ 4.13** 2688 + 232" (2766 <+ 3.26"
(-2.14, -151.9%) | (-1.36, -121.9%)

1000.00 27.14 £ 1.69** 2712 + 153**|23.34 = 3.01*
(-0.02, -1.0%) (-3.80, -161.3%)
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**Signifies mean is significant at 0.01 level (p < 0.01) and *Signifies mean is
significant at 0.05 level (p < 0.05).

3.3. Liver Function Enzyme Responses to Varying Concentrations of Lead for 14
and 28 Days

The results of the present experiment clearly indicate that acute and long-term
exposure to lead nitrate causes significant biochemical alterations, which increases
with exposure concentrations and time. Table 4 shows the responses of the liver
function enzymes to varying concentrations of lead for 14 and 28 days. The liver
function enzymes in the blood; alkaline phosphatase (ALP), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) are indicators of stress condition of the
liver. Changes in any of these enzymes relative to the control indicate alteration from
normal or health condition.

Alkaline phosphatase (ALP) in the control group increased with time, 14th day, 32.99
+ 3.11 g (p < 0.01), 28th day, 34.24 = 5.00 g (p < 0.05). The trend was slightly
different in the exposed groups. Specifically, for those exposed to 1.0mg/1, the values
were 43.39 £ 1.16 g (p < 0.05) and 5.75 £ 0.76 g (p < 0.05) by day 14th and 28th of
exposure respectively. For the 50.0 mg/l exposure group, ALP was 35.18 £ 1.12 g (p
< 0.01), and 11.4 = 0.55 g (p < 0.01) after 14 and 28 days exposure respectively. In
the 100.0 mg/1 group, it changed from 20.76 £ 0.73 g (p < 0.01) at day 14 to 9.40 =
2.05 g (p < 0.05) by day 28th. For those exposed to 500.0 mg/l, the values were 23.76
+ 0.73 g (p < 0.01) and 11.37 + 0.93 g (p < 0.011) by day 14th and day 28th of
exposure respectively, while in the 1000.0 mg/l exposure group, the value was 58.46
+1.46 g (p <0.01) on day 14th and 8.44 + 1.91 g (p < 0.05) on day 28th (Table 4).

Table 4. Hepatic antioxidant enzyme responses to varying concentrations of Lead for
14 and 28 days.

Conc. ALP (u/1) Mean+SD | AST (u/l) (Mean + [ AL T (w/1) (Mean +
(mg/1) SD) SD)
14th day | 28thday |14thday |28thday | l14thday [28thday
0.00 3299 +(3424 +£(29.01 +£]|12.15 +|244 +|3.12 +
3.11%* 5.00%* 3.89% 2.89%* 0.53 0.53*
1.00 4339 +£|5.75 +|27.11 +|13.62 +[18.17 +£[3.95 +
1.16%* 0.76* 1.08%* 0.36** 1.90%* 0.11%*
50.00 3518 £ (114  +£|3753 +|4132 +[4.63 +14.13 +
1.12%* 0.55 1.36%** 5.02%* 1.49%* 0.38**
100.00 2076  £[940  +|26.15 +£|36.69 £|[4.17 £|3.78 =+
0.73%* 2.05% 1.45%* 4.76** 0.25%* 0.65%*
500.00 2376 £ |11.37 £|27.15 +|3824 +([2857 <£|4.60 =+
0.73%%* 0.93%* 0.32%* 1.86** 1.50%* 0.65%*
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1000.00 58.46 £ |8.44 + [38.13 +([3521 +£|2329 =£]|3.01 +
1.46%* 1.91* 1.09%** 3.04%** 2.13* 0.10%*

**Signifies the mean is significant at 0.01 level (p < 0.01) and *Signifies mean is
significant at 0.05 level (p < 0.05). AST—Aspartate aminotransferase; ALT—Alanine
aminotransferase; ALP—Alkaline phosphatase.

Alanine aminotransferase (ALT) in the control group also increased with time, 14th
day, 2.44 + 0.53 g (p < 0.01), 28th day, 3.12 £ 0.53 g (p < 0.05). The trend in the
exposed groups was different. For those exposed to 1.0 mg/l, the values were 18.17 £
1.90 g (p < 0.01) and 3.95 £ 0.11 g (p < 0.01) by day 14th and 28th of exposure
respectively. For the 50.0 mg/l exposure group, ALT was 4.63 + 1.49 g (p < 0.05),
and 4.13 £0.38 g (p < 0.05) after 14 and 28 day of exposure respectively. In the 100.0
mg/l it changed from 4.17 + 0.25 g (p < 0.01) at day 14th to 3.78 = 0.65 g (p < 0.05)
by day 28th. For those exposed to 500.0 mg/l, the values were 28.57 + 1.50 g (p <
0.01) and 4.60 £ 0.65 g (p < 0.01) by day 14th and 28th of exposure respectively,
while in the 1000.0 mg/l exposure group, the value was 23.29 £ 2.13 g (p <0.01) on
day 14th and 3.01 = 0.10 g (p < 0.05) on day 28th (Table 4).

Aspartate aminotransferase (AST) in the control group decreased with time, 14th day,
29.01 £+ 3.89 g (p <0.05), 28th day, 12.15 £2.89 g (p < 0.05). The trend was however
irregular in the exposed groups. For those exposed to 1.0 mg/l, the value decreased
from 27.11 + 1.08 g (p < 0.01) at day 14th to 13.62 = 0.36 g (p < 0.01) by day 28th.
There was an increase in value for those exposed to 50.0mg/l from 37.53 + 1.36 g (p <
0.01) on day 14th to 41.32 + 5.02 g (p < 0.05) by day 28th. In the 100.0 mg/1 exposure
group there was also an increase in value from 26.15 + 1.45 g (p <0.01) at day 14th to
36.69 £ 4.76 g (p < 0.01) by day 28th. For those exposed to 500.0 mg/l the values
were 27.15 £ 0.32 g (p < 0.05) and 38.24 + 1.86 g (p < 0.01) by day 14th and 28th of
exposure respectively, while in the 1000.0mg/l exposure group, there was a decrease
from 38.13 £ 1.09 g (p < 0.01) on day 14th to 35.21 £ 3.04 g (p < 0.01) by day 28th
(Table 4).

These results in this study are in agreement with the work of Bharali [15], but not
with Allouche et al . [19]. Bharali [21] reported that increased lead concentrations
caused increase in serum level of ALT enzyme and caused imbalance of the oxidant
status of the cells, which is reflected in the rising level of liver tissue MDA level.
Allouche et al . [19] reported that no evident disturbance of serum biochemical liver
parameters was observed after long-term lead exposures. The author discounted the
incrimination of the long-term lead exposure to risk of atherosclerosis or impairment
of liver function.

In this study, alanine aminotransferase (ALT) and akaline phosphatase (ALP) in the
control group increased with time, but these had different trend in the exposed groups.
ALT is commonly measured clinically as a part of a diagnostic evaluation of
hepatocellular injury to determine liver health. Significantly elevated levels of ALT

38




and ALP often suggest the existence of health problems such as viral hepatitis,
diabetes, congestive heart failure, liver damage, bile duct problems, infectious
mononucleosis, or myopathy.

3.4. Changes in Hematological Parameters in Mice Exposed to Varying
Concentrations of Lead for 14 and 28 Days

The effects of lead exposure could further be seen in the hematological parameters as
changes in the red blood cell counts, white blood cell count, mean hemoglobin
volume and concentration, mean corpuscular volume and concentration and so on.
Table 5 and Table 6 show changes in hematological parameters in mice exposed to
varying concentrations of Lead for 14 and 28 days.

The Red blood cells (RBC) decreased with increase in concentrations from 1.0 mg/1 to
50.0 mg/l Lead exposures, after which it increases at 100.0 mg/1, 500.0 mg/1 and 1000
mg/l. The highest RBC was noticed at the highest exposure concentration at the 28th
day with RBC, 10.43 + 1.46 (g/dL) (p < 0.01) much higher than the control. The
white blood cells (WBC) took a different trend compared with the RBC, there were
steady increase at 1.0 mg/l, 50.0 mg/l, 100.0 mg/l, 500.0 mg/l and 1000.0 mg/l. The
highest WBC was noticed at the highest exposure concentration at the 28th day with
WBC, 8.77 = 2.36 (x109/L) (p < 0.05) much higher than the control 2.27 + 0.81
(x109/L) (p < 0.05). The Mean Corpuscular Volume (MCV) (fL) decreased with
increase in concentrations from 1.0 mg/l to 1000.0 mg/l Lead exposures. The lowest
MCYV was noticed at the highest exposure concentration at the 14th and 28th day with
MCV, 35.17 = 091 (fL) (p < 0.05) and 40.50 = 1.37 (fL) (p < 0.01) respectively,
much lower than the controls 39.67 £ 0.76 (fL) (p < 0.05) and 42.73 £ 0.91 (fL) (p <
0.01) respectively (Table 5).

Table 5. Mean values and standard deviation of the blood parameters of mice exposed
to lead

Conc RBC (g/dL) WBC (x109/L) MCV (fL)

(mg/1) 14th day |28thday |14thday |28thday | 14thday |28thday

0.00 9.17 + [ 8.43 + | 2.27 + | 2.77 +139.67 +(4273 +
0.06** 1.23%* 0.81* 1.10* 0.76 0.91%*

1.00 7.02 + [ 7.91 + | 3.77 + | 5.00 + (3920 +]43.13 =+
0.03** 0.76* 0.85* 3.61* 0.79%** 0.59%**

50.00 6.92 + [ 5.67 +(3.93 +[5.93 + (3837 +(45.07 =+
0.10%* 0.55%* 0.32* 0.25%* 0.71* 0.16%*

100.00 7.05 + [ 6.40 + [ 3.73 + | 6.70 + 3727 +(4477 +
0.16%* 1.35% 0.57** 0.56** 042%* 1.06%*
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500.00 7.09 +[6.70 +14.93 + | 7.60 + (3630 +£]4047 <=
0.14%** 1.45%* 1.27* 2.09* 0.727%* 0.40%**

1000.00 7.15 + (1043 +]5.83 + | 8.77 + (3517 +£]40.50 =+
0.171%** 1.46%* 1.21* 2.36* 0.91* 1.37%*

**Signifies the mean is significant at 0.01 level (p < 0.01) and *Signifies mean is
significant at 0.05 level (p < 0.05). RBC—Red Blood Cell (g/dL); WBC—White
Blood Cell (x109/L); MCV—Mean Corpuscular Volume (fL).

Table 6. Mean values and standard deviation of the blood parameters of mice exposed

to lead.

Conc MCH (Pg MCHC (g/dL). HCT (%)
(mg/1) 14th day | 28th day | 14th day | 28th day | 14th day | 28th day
0.00 1513 +|14.87 +|3583 +£|35.07 +|37.23 +£[38.63 =+
0.61** |0.16** |0.21* 0.16* 0.76* 0.35%*
1.00 1517 +£|1427 +|30.43 +£|3390 +|3593 +[3560 =+
0.75%* ]0.12* 1.40%* | 0.50** 1.06** 1.37%*
50.00 1488 +|14.30 +|29.00 +|31.45 +|34.60 +[43.07 +
0.63** 10.10** | 0.46* 0.25%* [ 0.72%¥* | 0.15%*
100.00 1477 £+ |14.17 +£(28.47 £|32.77 +£|33.53 £|3697 =+
0.42%* 1.11* 1.66%* [ 0.15%* ]0.94** |578*
500.00 1442 +|(14.87 +£|27.27 +|[3577 +£|32.37 +|3490 +
0.14** | 0.46** 1.31% 0.16** 1.31** 1.83**
1000.00 | 14.13 +|15.13 £|25.67 +|36.13 +£|3043 +|32.20 =+
0.12** [0.61** | 0.97** |0.88** 1.31%* 0.36**

**Signifies the mean is significant at 0.01 level (p < 0.01) and *Signifies mean is
significant at 0.05 level (p < 0.05). MCH—Mean Corpuscular Hemoglobin (Pg);
MCHC—Mean Corpuscular Hemoglobin Concentration (g/dL); HCT—Hematocrit
(%).

The Mean Corpuscular Hemoglobin (MCH) (Pg) decreased very slowly at 1.0 mg/l,
50.0 mg/1, 100.0 mg/l, 500.0 mg/1 and 1000.0 mg/1 except for the 28th day 500.0 mg/1
and 1000.0 mg/l exposures, where there were increase in MCH much greater than the
control. The lowest peak was at the 28th day 100.0 mg/l exposure, 14.17 = 1.11 (Pg)
(p < 0.05) and the highest MCH was at the 28th day 1000.0 mg/l exposure, 15.13 +
0.61 (Pg), (p <0.01) compared to the control, 14.87 + 0.16 (Pg), (p <0.01). The Mean
Corpuscular Hemoglobin Concentration (MCHC) (g/dL) had similar trend as the
MCH, decreased at 1.0 mg/l, 50.0 mg/l, 100.0 mg/l, 500.0 mg/l and 1000.0 mg/I
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except for the 28th day 500.0mg/l and 1000.0 mg/l exposures, where there were
increase in MCHC much greater than the control.

The Hematocrit (HCT) (%) at the 14th day exposure, decreased steadily at 1.0 mg/I,
50.0 mg/l, 100.0 mg/l, 500.0 mg/l and 1000.0 mg/l. The highest exposure
concentration had the lowest HCT, 30.43 = 1.31 (%) (p <0.01), much lower than the
control, 37.23 £ 0.76 (%) (p < 0.05). At the 28th day, the hematocrit, initially
decreased at 1.0 mg/l, then increased at 50.0 mg/l, before decreasing at 100.0 mg/1,
500.0 mg/l, and 1000.0 mg/l. The highest exposure concentration had the lowest
HCT, 32.20 £ 0.36 (%) (p < 0.01), much lower than the control, 38.63 + 0.35 (%) (p <
0.01) (Table 6).

These results are in agreement with the study of Oluah and Ulasi [16], that reported
increased erythropoiesis in Clarias gariepinus exposed to lead poisoning. The highest
WBC was noticed at the highest exposure concentration at the 28th day with WBC,
much higher than the control. Both the red blood cells and white blood cells increased
with concentration at 28 day exposure, this also agrees with [16].

Erythropoiesis is stimulated by decreased oxygen in circulation, which is detected by
the kidneys, which then secrete the hormone erythropoietin [22]. This hormone
stimulates proliferation and differentiation of red cell precursors, which activates
increased erythropoiesis in the hemopoietic tissues, ultimately producing red blood
cells. Lead poisoning could be associated with hematopoietic toxicity as this occurs as
a result of enzymatic inhibition and damage to the barrier between the blood and bone
marrow [22]. Increased lead concentrations will directly inhibit certain enzymes
including heme synthetase, aminolevulinic acid dehydrogenase, ferrochelatase,
5’nucleotidase, and coproporphyrinogenase. Enzymatic inhibition results in an
increase in the concentration of heme precursors (protoporphyrins), metarubricytosis,
basophilic stippling, and erythrocytes that are more susceptible to physical damage
[22][23].

3.5. Histopathological Responses to Varying Concentrations of Lead Exposed
Mice for 14 and 28 Days

The acute and long-term lead exposure can cause significant and irreversible
pathological alterations. This was only observed in the liver. Histological examination
showed significant alteration in the liver (Table 7). The liver sample from the control
group, the 14th and 28th day 1.0 mg/L and 50 mg/L exposed groups and 14th day
100.0 mg/L exposed mice had no significant alterations. By the 28th day of exposure
to 100.0 mg/L, the mice liver had cellular vacuolization and mild necrosis. In
addition, by the 14th and 28th day of exposure to both 500.0 mg/L and 1000.0 mg/L
of lead, the mice had significant liver pathological alterations, which include the
presence of polymorphic nuclei, blood vessel congestion, cellular vacuolization and
severe necrosis.
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Table 7. Hepatic histopathological responses to varying concentrations of Lead
exposed mice for 14 and 28 days.

Exposur | Alteratio | Polymorphi | Vessel Vacuolizati | Mild Severe
e Conc |n ¢ Nuclei congestio | on Necrosis | Necrosis
(mg/L) n

14 |28 |14 |28 14 |28 |14 28 14 |28 |14 |28
da |(da |[day |day |day |day |[day |day |day |day |day |day

y y
Control | No | No | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs | Abs
1.0 No [No | Abs [ Abs | Abs | Abs [ Abs [ Abs [ Abs | Abs | Abs | Abs
mg/L
50.0 No |No | Abs | Abs | Abs [ Abs [ Abs [ Abs | Abs | Abs | Abs | Abs
mg/L
100.0 No [ Ye | Abs | Abs | Abs [ Abs | Abs | Pres | Abs | Pre | Abs | Abs
mg/L S S
500 Ye | Ye |Pres |Pres | Pre | Pre | Pres | Pres |Pre | Pre | Pre | Pre
mg/L S ] ] S S S S S

1000.0 Ye | Ye |Pres | Pres | Pre | Pre |Pres |Pres | Pre |Pre |Pre | Pre
mg/L S ] ] S S s S S

Abs—absent, Pre—Present.

This was reported by Bharali [21] as shown in this study. Bharali [21] reported 24
hour acute post exposure and also hepatocytes surrounding centrilobular area of liver
displayed increased apoptotic morphology and cytoplasmic vacuolation. In this study,
the hepatocytes of the control group, the 14th and 28th day 1.0 mg/L and 50 mg/L
exposed groups and 14th day 100.0 mg/L. exposed mice had no significant alteration.
By the 28th day, 100.0 mg/L exposed mice had cellular vacuolization and mild
necrosis. At 14th and 28th day of exposure, the 500.0 mg/L and 1000.0 mg/L exposed
mice had significant liver pathological alterations including the presence of
polymorphic nuclei, blood vessel congestion, cellular vacuolization and severe
Necrosis.

4. Conclusion

In view of these results, it appears that lead induces hematological disturbances, liver
histological alterations and change in physiological weight in mice. These become
obvious as exposure concentration increases with time. Continuous monitoring of
municipal water pipeline reticulation should be ensured to prevent incidence of
seepage of toxicants such as lead into domestic water sources. The heavy metal, lead,
which is known for these effects, is particularly dangerous to human health and is
present in the air, soil, public water system and in food chain. To put an end to cases
of lead poisoning in Nigeria, the right monitoring and management practices are
necessary. Artisanal ore mining which often releases lead into surrounding
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environments as seen in the Zamfara State and Niger State case studies of lead
poisoning should be discouraged across the Nation. Continuous monitoring of
municipal water pipeline reticulation should be ensured to prevent incidence of
seepage of toxicants such as lead into domestic water sources.
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XXOAIA

Q¢ petappaotikn dwdikacio opiovpe OAEG eKelveg TIG KIVIGELS, Kot TIG OLOPOUES
mov KAvape pe okomd vo, amoddoovpe €va Kelpevo amd po yAdooo wnyn (otmv
TEPIMTOON LG TO AYYAIKE) GE o YADGGO 6TOYO (OTNV TEPITTMON LOG TOL EAAVIKA).
M koA peTaepaot, Aouov, eivar keivn mov Oyl LoOvo £xetl petapépet Tig AEEELS amd
Qo YAMGoo o€ o, GAAT, 0AAG Ko el KOTOPOMOEL VoL LETAPEPEL GOGTA TO. VONLLOLTAL,
10 cuvaicOnua, T0 VYOGS, Kot To GTOHYO TOV KEWEVOL aPETNPLOC.

[ToAAég @opég 0 peTaPPOOTAG KOAEiTOL VO KAVEL OAAAYEC MG TTPOG TN GVVTOEN, TO
TEPLEXOUEVO, AKOLLO KOL O TPOS TO VYOG EVOS KEWEVOD, OVAAOYO LLE TN LETAUPPOUCTIKY
EVIOM] 7oL TOL O00nke. Xtnv TpoKewévn mepimtwon dev  glyope  KAmTOlM
LETAPPOCTIKY EVTOAT, Gpa LETAPPALOVIE TO KEIUEVO aPeTNPiag e TNV 110 aKPBOG
ovvtaln, Veoc Kot mepeyduevo. Oempode dniadn 6t 10 petdappocua Bo €xet
aKPBAOS TOVG 110VG AMOOEKTES OTMG KAl TO TPWTOTLTTO KEIUEVO.

Y10 xéplo poGg Exovpe évo Kelpevo TeEYVIKNG UCEMS e TOPEUPOAAOUEVT 10TPIKY
opoioyia, Tov omoiov cLVTAKTEG NTav pia opdoa emotnuovev-gpeuvntev. To dpbpo
pog dnpootevnke otnv nhektpovikn epnuepioa, Journal of Environmental Protection
10 2018. Baoikdg tov 6tdy0g €ival vo EVIUEPDOGEL TOV EMGTNHOVIKO KAAOO GYETIKA
HE TNV EMKWOLVOTNTO TOV HOADPOOVL, OTOV aVTOS GULYKEVIPMVETOL GE WEYOAES
10cOTTEC 6T0 TOGIHO vepd Tov Adykog tg Niynpiog, ko va dgi&el mwg 1 gvpeon
Abong kpivetat amapaitnn, 660 T0 SLVOTOV GLVTOUOTEPQ.

[Ipdxettar oV ovoia yo v Tapovsioon pag Epevvag, otnv omoia HEPOS Elafav mg
nepapatdlma Aevkomadikd Tovtikia, Ta onoia Tapakolovbodvtay ToAD GTeEVE, KoM
omota petaforn M €EEMEN oty vyela Tovg toug kataypaedTay. Ta movtikio avtd
épyovrov oe emaen He vepd polvopévo pe poOALPdo amd T Ppvoeg Tov
[Mavemompiov tov Adykog Kol ot PETOPOAEG OTNV VYEIL TOLG KOTOYPAPOVTOV
KaOnuepva.

"EALewyn Amodoong

Apyikd, t0 TPOTO TPOPANUO TOL KANOMKO VO OVTIHETOTIC® NTOV 0VTO TNG
HETOPOPAS TOV KLPIOV OVOUAT®V KOl TOTMVLUUIOV TOV OVOQEPOVTIOL GTO KEILEVO.
Epbdcov n épevva éhaPe yopa oto Adykoc g Niynplog, ToAAES amd TIG TEPLOYES OTIG
omoieg yivetar avo@opd dev €xovv HeTaPPAcTEl oTA EAANVIKA, eEoutiog Tov HKPOD
pey£€0ovg Toug Kot TG LeYOANS amdoTac|g Tous amd T yopa pog. Tig meployés yia Tig
omoieg dev PpnKo kAmolo emioNUo KEIPHEVO TOL Vo TEPLEYEL KAmowo emionun
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LETAPPOCT TOVG OTO EAANVIKG EMEAEEN VOL TIC LETAYPAY® SOTNPAOVTOS TV OYYAIKY
ovopacio Toug 6€ TaPEVOEST, DGTE VoL ATOPLY® TLYOV TOPAVONGELS. AvTiBeTa, Yia TIG
TEPLOYEG OV VILAPYEL OOKIUN UETAPPAOT) OTO EAANVIKA EMEAEED VO XPNCUYLOTOMG®
puovo exeivn. Zyetwkd pe to 1010 1o Lagos eméhela ) petappoon “Adykoc” avti Tov
“Adyoc” xaBmg avt mpotyumbnke kot oe apBpo tov Yrmovpyeiov EEmtepikdv g
EALGSaG.

Iy

...water sources in Shomolu, Yaba and
Bariga areas of Lagos State, Nigeria....

...TNYEC OGOV VEPOD TV TEPLOYDV
Yoporov (Shomolu), TMépra (Yaba) kou
Mnapiyka (Bariga) tov Adykog g
Nuynpiag...

... Zamfara State, Nigeria... oV moltein

Niynpiag...

Zopedpo g

Yy dwa katnyopio Bo copmeptldfw Kot Tovg S1POPOVE OPYUVIGUOVS KO ETOPELES
TOL OVOPEPOVTOL GTO KEIUEVO, Yo TO. OTOl0. 0KOAOVON G SLOPOPETIKY) TPOGEYYION.
Opiopévol amd Toug 0pyoVIGHOVS OVTOVG dPOVV GE TTOYKOGHIO EMIMESO KOl GUVETMS
&xovv kabiepopévn amdooon o6To EAANVIKE, eV KAmowol GALOL, TopdTL dev elvan
evepyol moykoopimg, €xovv AdPel apkerny ONUOCIOTNTO OCTE VO AVAPEPOVTOL OE
apbpo ko oe emotnuovikég €pevvec. Emédefa, Aoumdv, va  SlaTtnpnom TG
KAEPOUEVEG LETAPPAGELS TOVG OTO KEIHEVO LoV, &VA Yol AYOTEPO YVAOGTOVG
OpYOVIGHOVG Kol eToupeieg emédeCa va Sltnpnom TNV oyyAKN TOLG OVOUAGid,
Aapavovtag Tov 0po MG EUTOPIKO GTLLaL.

ITy,

...the public water utility, Lagos Water
Corporation...

...To dnuoclo diktvo Vopevong Lagos
Water Corporation...

Independent News Media reported the
health ministry figures as 355 cases...

2oppova pe v Independent News &
Media PLC [3] ota apiBuntikd otoryeio
oV vrovpyeiov vyelag avapépovtal 355
KpOUGLOTA. ..

... World Health Organization (WHO),
American Public Health Association...

...0 TMaykéomog Opyoviopoc Yyeiog
(ILO.Y.) wor m Apepwoviky Evoon

Anuocog Yyeiog...

Me v 010 TPOGOY YPEWUCTNKE VO OVTILETOTICM KO TIC TOPOUTOUTEG OO TIC OTOTEG
BpiBer 1o keipevo. [Ipdkettal Yoo TOPATOUTEG KOL AVOPOPES GE AALEG TPOYEVEGTEPEC
peAETEC, ovyypaupota 1 apbpa mov €xovv acyoAndei pe to (o, ol TEPIoCOTEPES
TV omoiwv, mop’ OAa AVTE, dEV £XOVV HETAPPOCTEL GTOL EAANVIKA. ZVVeEn®OC o fTav
avOUCl0 VO EMYEPNC® TNV UETAPPACT] TOV TITAOV TOVG 1 TNV UETOQOPE T®V
OVOUATOV TV ONUIovpy®dv tovs. Etol amogdoioa vo Tig datnpfom oTo oyyAlKd,
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Omwg akpPdS TaPovsLALovTal Kol 6T0 TPOTOTVTO KEieEVO. Me avtdv Tov Tpomo, hv
Kdmolog Behnoel va avatpélel o€ o amd Tig LEAETEG OVTEG UITopel Vo TO KAveEL TOAD
eOKoAO Y®PIg Vo VTTAPYOLV TAPAVONCELS Kol GUYYLoT. DuoiKd, OTov N TOPATOUTT)
OVOPEPETOL GE OPYOVIGLOVG, TPOYPAUUOTO, 1| OTIONTOTE ELOOKIUEL GTOL EAANVIKA,

eMELEEN TNV EAANVIKT TOV ardOO0GT EVOVTL TG OMANG KOTAYPOPNS TOV GTO, Oy YALKA.

Iy,

[22] Sherwood, L., Klansman, H. and
Yancey, P. (2005) Animal Physiology,
Brooks/Cole, Cengage Learning, 2005

[22] Sherwood, L., Klansman, H. and
Yancey, P. (2005) Animal Physiology,
Brooks/Cole, Cengage Learning, 2005

[6] World Health Organization (2011)
Lead in Drinking-Water. Background
Document for Development of WHO
Guidelines for Drinking-Water Quality

[6] Ilaykéocuoc Opyaviopos Yyeiog
(2011) Lead in  Drinking-Water.
Background Document for Development
of WHO Guidelines for Drinking-Water

2011.

Quality 2011.

Kobog n emionun oeAiida tov IMoykdouov Opyoviopod Yyesiog dev owabétet
LETAPPOOT OTO EAANVIKA, TTOPA LOVO G HEPIKESG AAAEG YADOGEG.

JUVTONOYPOQiES

MeydAn mpocoyn emiong ypewdotnke vo Osié® Kot oTic cuvtopoypapieg. Ot
TEPLGGOTEPEC GUVIOUOYPOAPIEC TPOKLATOVYV AO TNV OPOAOYiDl TOV GUYKEKPIUEVOV
opov (povo ta apywd) ota ayyAkd. Ot gv AOY® Opol AmOvVIOVIOL GLYVO WE T
apKTIKOAEEA TOVG 0TI €EETAGELS APLOTOG TTOL KAVOLV Ol TEPIGGHTEPOL AVOPWOTOL GTNV
EAGda ota ayyhkd. H kalvtepn mpocéyyion, Bempd, elvor ovtny mov Kot TEAKA
aKolovONGa, ONANON 1 ATOS0CN TOV OP®V OAOYPAP®G GTO EAANVIKG KOl ETELTA TNV
KATOYPOQPY] TNG GUVTOUOYPOPNUEVIG EKOOYNG TOLG, OTMG OVTN TPOKVMTEL OO TO
kelpevo agetmploc, o mapévBeon. Me avtdv Tov TPOTO €AAYIOTOTOOVVIOL Ol
TOaVOTNTES Vo VTTAPEEL KATOW0 TOPOVONGT OC TPOG TNV OPOAOYiN, EVM TAPAAANAML
OLELKOAVVETOL 1] AVAYVOOT Yo TO VPV KOWO KOOADC 0eV SIOKOTTETOL GUVEXMG O
TAPEUPAALOUEVOLS Oy YALKOVG OPOVG.

Iy

Platelet (PLT) deikteg Tov ap1Buov aponetorwv (PLT)

Red Blood Cell (RBC) GLVOMKOD apOpov epuOpav
apocpapiov(RBC)

White Blood Cell (WBC) oAkoV ap1Bpov Aevkokvttdpwv(WBC)

haematocrit (Hct) awpatokpitn (HCT)

Mean cell haemoglobin concentration | péon GLYKEVTPMOON aLpocopivig

(MCHC) (MCHC)

mean cell volume (MCV) pécog 0ykog epufparv (MCV)

mean cell haemoglobin (MCH) HEON  TMEPIEKTIKOTNTA  OHOCOOPIvIg
(MCH)
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Mivakeg

Ymv 10w katnyopia Bo cupmepAAPm® Kol TNV aTOS0CT] TOV TIVAK®Y TOL VITAPYOVV
010 Kelpevo. Avtol ot mivakeg TomofetOnKay e 6Komd TV KOADTEPN KATAVON G Kot
TN GLVOYION TOV CUUTEPACUATOV/amoTtelespdtov. Kotd koplo Adyo ot wivakeg avtol
oLUTEPIAOUPAVOLY €lTE LETPNOELS EITE GLVTOUOYPAPIEC GTOLXEIMV KOl 1OTPIKAOV Op®V.
‘Eto1l amo@doico, OTmMG mPosimo Ko Topamive, Vo, KPOTHo® TIG GUVIOUOYPAPIES MG
Exouv yopic vo EmEPNO® TNV AmOJ0CYT TOVG OTO EAANVIKA, TPOG OmOPLYN
TOPEPUNVELDV.

Horhomiéc Amodooeis ko AavBaopévn Arodoon Opov

H peyoaidtepn mpoxAnon mov kAndnka, wotdco, Vo aVIIHETOTIon EYEL VO KAVEL LE
v onddoon 1oL Opov «synthetasen. Mia 160d0vaun petdopoacn Oo MTov
«ovvhetdony, map’ OAo oVTE OPKETEG POPEG GLYYEETAL He TOV Opo «ouvBdon»
(synthase). EEoutiog 6Awv tov moapepunveidv oto moaperb6év n Eviaio Emtponn
Blopnyavikng Opoioyiag mpoteivel v amddoon tov 6pov ®g «Arydony. Iop’ 6ro
OV PULVOLEVIKA KOl Ol 000 €MA0YES Ba MTay 0pBEg, amoPAcioa va. akoAoVONG® TNV
npotponn ¢ Emitpomng Brounmyavikhig Opoioyiag, dote va cupfaiim €tol otnv
UEALOVTIKY] QITOPUYT] TOPEPUNVELDV.

Mop@oioyia

Ocov agopd T HOPEOAOYiD. TOL KEWWEVOL, 1) ATOJ0CYT] TOL OTO. EAANVIKG Ogv
amotédece 10witepo TPOPANUA, KOOGS TO €100G TOL KeEWEVOL glvar TETO0 TOL dgV
apnvet Wwaitepa wepBopla «Adbovcy. H chvtaln tov petappdcpatog akorlovdel
ovvtaln Tov TPOTOTOHTOV, TOP  OAO AVTA KOTA TN JSLOIKAGIO TNG UETAPPUONS OV
TPENEL vaL EEXVALE TIC EV YEVEL SLAPOPES TOV dVO YAMGGAOV. ZTa ayyYAKd 0 AOYog givat
MO KOPTOC, MO OCUVTIOUOG, KOl GE Mo TEPI000 UTOPOoLV Vo HeTaPePOOVYV TOAAG
Vonuato Yopig va KoOupalel ovTod TOV avayvadoTn N Vo KAVEL TO KEIPLEVO duGVONTO.
210 EMANVIKG, €V AVTIOEGEL, YPNGILOTOLEITOL KOTA KUPLo AOY0 pokpomepiodog Adyog,
evd av BéAovpe vo LETOPEPOLIE TOAAATAG VONjLaTo o1V 10100 TEPiodo TPEmEL va
dei&ovpe 1WOwitepn mpocoyn TOGO GTNV cLVTOEN OGO KO GTNV EKPPOCT, MGTE VO,
amo@evyfodv TLYOV TOPAVONGELS, Y®Pic avtd PBéPata vo amoterel kavova. Zinv
TPOKELUEVT] TTEPITTMOT O, AVTO O€ LG ATUCYOAEL WO1UTEPMS KAODG petappdlovtog
amd To AyYAIKE oTo EAANVIKA omo@evyeTal TO (TN TOL HOKPOTTEPIOdOV AOYOV.

IIy.

210 mopokdTe andomacue PAETOVUE OTL Ol dVO AVTEG TPOTACELS OTO EAANVIKA Oa
pumopovcav va otafovv ¢ pe pe v €€ng obvvtaln: «Meg Pdon avtd to
amoteAéopaTo eivar ERQAVEG TOC 0 HLOAVPOOG TPOKAAEL QUOTOAOYIKES dtoTapoyE,
LOTOAOYIKEG OAAOUDOELS OTO Nmap Kol UETOPOAEG OTO QUOIOAOYIKO PApog TwV
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TOVTIK®OV, Ol EMTTMOOCEL; TOV ONOI®MV Yivoviol gUQOVEIG KaBDS 1 CLYKEVTPMOT
ékBeonc av&avetar pe 1o xpovo.y, eéotiag, OUMG, TOL GLYKEKPLUEVOL YAWNGGIKOV

oLVOVAGCLOV, O XPEWACTNKE VO TEPTAEEOVLLE TEPLGGATEPO T GUVTUED.

In view of these results, it appears that
lead induces hematological disturbances,
liver histological alterations and change
in physiological weight in mice. These
become obvious as exposure
concentration increases with time

Me Bdaon ovtd to amoteléopato givol
EUQOVEG TG O HOALPOOC TpoKaAel
OLLLOTOAOYIKEG  OLOTOPAYES, LOTOAOYIKEG
AALOIDGELS GTO NTOP KOl HETAPOAEG GTO
@LGLOAOYIKO Phpoc TV moviiK®V. Ot
EMMTOGE OVTEG  Yyivovtor  eueaveig
kaBdg 1M ovykévipoon  €kBeong

av&avetal pe to ypovo.

EneEnynoeg

Meydin Bapdtnto ¥peldotnke vo. dOCH KOl GTOVS TivakeS. Ta yopaKTnpioTikd £vOg
emruynuévoy  mivako €ivor M wKovOTTA TOL Vo €lvol  €uKOAOVONTOG, Kol
EVOVAYVOGTOC amd Tov avayvaot. Ot mivakeg Bonbodv oty mepattépm KaTovOn oM
TOV VONLLOTOG TOV KEWWEVOL KOOMG cuvoyilovv Ta vonpaTo Kot To 0modidovy pe évav
O TOPAGTATIKO Kot AUEGO TPOTo. O TPOTOG e TOV OTOI0 TPOGEYYIGH TOVS TIVOKES
0TO UETAPPUGHO Elxe G AEova Ta Tapomdve yapaktnplotikd. [Ipotipnca Aoudv va
SITNPNC® TIS GLVIOUOYPOPIES, KOl VO TPOCHECH TEPIOTOTEPES EMEENYNOELS KAT®
and KaOe mivaka. Omov Nrav arapaitnto va petappdon AEEElS To Ekova, aAAd Yo va
amoPVY® TOPOVONCELS TNV 0pOAOYia EmEAEEN VO TNV dATNPNo® aKPPdg OTMOS GTO

TPAOTOTLTO.
Iy
Conc. ALP (w/1) (Méon AST (u/1) (Méon AL T (w/1) (Méon
(mg/1) + Tomikn Anokhon) | £ Tomkn Andokhion) | = Tomkn Awdhion)
14" uépa | 28" uépa | 14" pepa | 28" uépa | 14" uépa | 28" puépa
0.00 3299 +£(3424 +£(29.01 <£]|12.15 £]|2.44 +13.12 +
3.11%* 5.00* 3.89* 2.89%* 0.53 0.53*
1.00 4339 +|5.75 + 12711 +|13.62 +|[18.17 £]|3.95 +
1.16%* 0.76* 1.08%* 0.36** 1.90** 0.11%*
50.00 3518 +|11.4 +137.53 + (4132 +]4.63 +|4.13 +
1.12%* 0.55 1.36%* 5.02%* 1.49* (0.38%*
100.00 20.76 £ (9.40 +126.15 +(36.69 <+ |[4.17 +|3.78 +
(0.73%* 2.05* 1.45%* 4.76** 0.25%* 0.65*
500.00 2376 £ |1137 +£|27.15 +£|3824 +([2857 +[4.60 +
(0.73%* (0.93%** 0.32* 1.86%* 1.50%* 0.65%*
1000.00 5846 +|8.44 +138.13 +(3521 +(2329 <£]3.01 +
1.46%* 1.91%* 1.09%** 3.04%* 2.13% 0.10%*

*EAnhover 0Tt 1 péomn T €xet Papvmnta o€ eminedo 0.01(p < 0.01) ko * Animver
ot péom TN €xetl Bapdmra og eninedo 0.05 p < 0.05).
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Conc. (mg/l) — Zvykévipmon avé (mg/1)
AST— aomopTiKn QUIVOTPOVGPEPACN;
ALT— aAavivn apvotpaveepdon;

ALP— aAxolkn pooceatdon.

OPOAOITA

Téhog, mpémer va e€etdoovpe kot to {NTnpa g oporoyiag yevikdtepa. To keipevo
OlaBétet 1Tpikn, TEXVIKN Kol Bloloyikn oporoyio 1 omoia pog avaykalel va mpofovue
KOl OTNV avaAoyn £pEvVa G TPOG TNV aOS00T GVYKEKPIUEVAV Opwv. TToAAEG popég
N uetdopoacn Kamowwv O0pwv Epotale amAY, VO GTNV TPUYUOTIKOTNTO YPEUCTNKE
OpKET £€pevvo MOOTE va amodobBovv OAol o1 Opol cwotd. MéEpoc g épevvag
amotélecav EAANVIKA dpBpa avdAoyng opoAoyiog kol ONUOGLEVUEVES GTO SLOOIKTLO
WOTPIKES EPEVVEG, EVD TOPAAANAC GUUPBOVAEDTNKO EOIKOVG GTOV TOUEN TNG LTPLIKNG,
YTpohs, QOUTNTEG LOTPIKNG KOl SYVOOTIKA KEVIPO, KOl EMITAEOV GLVEKPLVA TNV
oporoyio pe wTpKoDg TivaKes Kol 10TPIKA AEEIKE YL VO GLYOLPELT® Yo TNV
opBoTNTA TOVG.

IMoAlamhéc amodooElg
PATHOLOGICAL ALTERATIONS - ITAGOAOTI'TKEX AAAOIQXEIX

[Ipoxettal yio évav 6po mov ypeldoTnKe OPKET TPOsoyn KabdS po AEEN ivan vt
mov oAAGlet 6ho TtO VONUA tov. Davopevikd 1M peTtdepocn Tov Bo MTOV
«O1POPOTOMNGELSY, O OTOI0G cav 0pog oTéKEL WTpkd. To {Rmnua mov mTpodkvye
KOTOmY €pevvag NTav OTL 0 Opog  YPNOUWOTOLEITAL OTOL EAANVIKO HE EVIEADG
dpopeTikny onuacio. “Atagopomocels” Bo TAPOTNPNCOVUE GTO. KOTTOPO E€VOG
0pYAVICHOD 0TV £YEL AVOTTTVEEL KATOLo LOPQY| KapKivov. Ze avtifeon, «maboroyikeés
OAAOLDGELD) Elval 01 TVYOV O1OPOPOTOMGELS TV KVTTAPMV 01 0TO1EG iIomG 001y |GOVV
o€ Kapkivo, {omg OpmGg Kot Oy, VITAPYEL ONAAON 1 TOAVOTNTA VO LTOYWPTCOVV KoL
poveg Toug wpig va ypelaotel Oepamneio.

210 kelpevo pag €yovpe v eEng mpotaon: «At 14th and 28th day of exposure, the
500.0 mg/L and 1000.0 mg/L exposed mice had significant liver pathological
alterations including the presence of polymorphic nuclei, blood vessel congestion,
cellular vacuolization and severe necrosis.», GUVETMG TA TOVTIKIO ELPAVICOV KATOLEG
OAAOIDGELS, ALY dev ElUACTE GlyoVPOL OV OVTEG TPOKAAECHY KAPKivo TEMKE 1) Oy,
dpa Kot 1 opBOTEPN amdd0ooT Tov HGpov givar «ITaBoroyikég aALOIDCELD.
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At 14th and 28th day of exposure, the
500.0 mg/L and 1000.0 mg/L. exposed
mice had significant liver pathological
alterations including the presence of
polymorphic  nuclei, blood vessel
congestion, cellular vacuolization and

Tn 14n kot v 28n nuépa £kBeonc, ota
novtikia mov ektédnkav oe 500,0 mg / L
kot 1000,0 mg / L mopatnpndnkav
ONMUOVTIKES NTOTIKES TOOOAOYIKEG
AALOIDGELS, OO TOPOVGin TOADLOPPOV
TUPNVOV, GLUEOPNOT TOV  ALUOPOPOV

severe necrosis ayyeiov, KEVOTOTION

KLTTOPOTAACUATOG Kot 0&eia VEKPWOT).

TEST SUBJECT - IIEIPAMATOZQ0

To mpdTO TPAYUO TOV paG £pYETOL GTO HLOAO PAETOVTOG TOV Opo «test subjecty g
petdepacn etvor 10 «ovtikeipevo peAétey. QoT1dc0 6TV EAANVIKN 1) COUEPOOT
“aviikeipnevo HeAETNG” €xel dPOPETIKO vomua. Xpnoonoteitor Oyl e v vvola
TOV 0pYAVICHOD OOKIHOciag, OAAG pe v évvoln Tov Oépatog g peAétng . Ev
avTIOEGEL, 0 OPOG «TTEPUUATOLMON» gival TOAD O SOKIUOG, EVA amodidel L akpifeta
70 VONUO TOV TPOTOTVTOL. ‘BTl Aoumdv emedn anavidton apketd Guyve 6To KEIHEVO
pag, my. «During the acclimatization as well as the experimental phase of the study,
the test subjects were fed...», «The test subjects were exposed to the contaminated
drinking water for 28 days...», «Sample Collection from Test Subjects», v
olKovouio Ydpov Kot ¥pOVOL Kol Yol va, VoL T10 KATOVONTO TO LETAPPOGHLO ETEAEEN
TOV O GUVTOMO OpO «TEPAPATOlwo» avti tov e&icov ddKov, aArd o dvcvonTov
Kol avoTnpov Opov, “opyavicpog SoKIHaciog” 1 Tov TeAel®g GTOTOV “avTIKEIIEVO
puerés’”.

During the acclimatization as well as the
experimental phase of the study, the test
subjects were fed with standard mice feed

Kotd 1t Odpkeln g dadikaciog
EYKALOTIOHOD KoOmC Kol ™m¢
TMEWPOUATIKIG  Qdong TG HEAETNG, M
TPOPY| TOV TEWPALATO OOV amoTEAODVTAY
antd TUTOTONUEVESG TPOPEG TOVTIIKMOV

The test subjects were exposed to the | Ta  mepapatdlwo  ektédnkav  oto

contaminated drinking water for 28 days. | poAvouévo moco vepo yia 28 nuépeg

Sample Collection from Test Subjects 2viloyn Agrypdrtov ano o
[Tepapatdloa

ABDOMINAL CRAMPS - MYIKOI XITAXMOI THX KOIATAKHX XQPAX

Kowvdg yvwotég 6 OA0VG oG Kot MG «KKPAUTESY, 1| L PAon TO GLYKEIREVO 1] AUECHG
enOueVN o dtadedopuévn petdppaocn 0o umopovce va givar o «movokotlooy. Opmg
OgV €YOVUE VO KAVOLUE UE €val omAO, KaOnueptvo KeIPeVo Tov £xel ¢ OEKTEG TOV TO
péco avayvootikd kowd. To keipevo pog eivor éva EMGTNUOVIKO KEILEVO LE 1ATPIKT
oporoyio oL ameLOVVETOL GTOVG €101KOVG TOV €idovG. 'Etot Aowmdv, mapd to yeyovog
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OTL KoL Ot Ovo OoVTEC 0moddcel; Bo NTaV CMOTEG MG TPOG TNV UETOPPOUCTIKN
Tpocéyyon, Oev Ba NIV OMOTEG G TMPOG TNV LVOOAOYIKY| TPOGEYYICT TOV
TpToTOHOL. ETéleEa Aomdv va amoddcem Tov Opo ¢ «UVTKOT 6TacHol TG KOTAMOKNG
YOPOCH, TOL OAVIOTOKPIVETOL OGTINV  TPAYUOTIKOTNTA, TOUPLALEL LEOAOYIKA Ko
TEPLYPAPEL TELELDL TNV KATACTOGT 6TV omoia PpickeTal 0 achevig evd Tavtdypova
TOPAUEVEL KATOVONTOS Y10l TO EDPVTEPO KOWO.

Iy

Signs of acute intoxication include | Zto cvpmtdpato ofelag dnAntnpiaong
dullness, restlessness, irritability, poor | amd poAvPSo cvumeptrapPdvovtor 1
attention span, headaches, muscle tremor, | voBpotnta, n avnovyia, n
abdominal cramps... evepedioto O, n EAMLELUHLOTIKT
TPOGOYN, Ol TOVOKEPOAOL, Ol HVTKOl
omacpoi, ot pvikol omoacpol NG
KOUMOKNG YDPIG...

Téhog, ¢ mpog v oporoyia, 1 pEB0SOg TOV aKOAOVON GO GE YEVIKES YPOUUES Elvarl
VTN TG £PEVVOC, KATOL01 OPOL OTALTOVCAY LUEYOAVTEPT] TPOGOYN KOl LEAETY, EVD Y10,
GAAOLG NTAY TOAD T0 EOKOAOG O EVTOTIGUOG TOLG KO KAT® EMEKTAOT 1 0mOO0GT TOVC.
Xpnowonoinca dtadiktvokd Ae&ikd, dpbpa kot peétec ypapupéveg eite amd EAAnveg
elTe UETOPPUCUEVEC OTO. EAMNVIKG, KOOMDC KOl GE GUYKEKPIUEVEG TEPUTTOGELS, O
OTOLTNTIKES, GLUPBOVAEDTNKO EOTKOVS YIOTPOVS, POITNTEG KOl OLOYyVOOTIKA KEVTIPO
amd 10 mEPIPAAAOV oL, ol omoiol pe Ponncav ®¢ mTPOg TNV EMAOYN O SOKIU®V
Op®V 6T EAANVIKA, OCTE VAL UMV £XEL TO LETAPPAGUA LLOV TOPOVONGELG.

Evyoprotieg

27OV TOpEN TNG EWOIKNG LETAPPOAONG KPIVETAL OTAPOiTNTO O LETAPPACTIG VAL
enaAnfevel Twg £xel amodmaoetl opHd v oporoyia Tov ekdotote kKeWEvov. H
wWwontepdTNTO TG EOIKNG OPOAOYING Elval TMG TOAD GLYVE Oev €ival YVOOTH GTO VPV
Kowo. O HETAPPOUCTNGS, OKPPOS TN KaAeital va “yepup®dcel” TO XAGHa 0VTO [LE
6160 VO, amodMoel 0phA TO VOO TOL KEWEVOD, OPEILEL Vo amevBiveTaL G€ dTopa
oL YVOPILOvV Kol ¥PNGIULOTOI00V KadnuePva TV €101KT| opoAoyia yio kaBodnynon.
Kotd m didpketo TG HETAPPAOTG TOL KEWWEVOL OV, OIS TPOAVEPEPQ, TO
epBaiiov pov pov mapeiye Pondeia kot vwooPiEn. I'a awtd T0 AdYO B BN VoL
euyopoTom WnTépmg v Maptiéva Ilamovton, e1dtkevopevn yoyiotpo oty
Movemot ok Poylorpikn KAvikn g Zopiyng, n onoia pov édwoe to latpikd
Ag& o Dorland’s ko pe BonOnoce oty amoca@ivion Kot 6ty anddocn apKETMOV

52




eIKOV Opav. [dwaitepn fondeta oty amddoon dpwV TOL APOPOVV TN YNUEiD KOOMG
Kot TV wtpikn pov mapeiye kot o Eipnvaiog Toovkvidag, portntig oto Tunuoa
latpikng Tov Tavemotpiov AleEavopodmoing. Evyopiotd diountépmg to
dyveotikd kévipo Euromedica I'oinvog TpikdAmy Kot o GUYKEKPIUEVO, TOV
kapdordyo 'edpyro Kiwtootpa, tov mupnvikod atpd Ayyeio Kovto, tov
pikpoPrordyo Iapn IMAdtowka kabmg kot t voonievtplo Potevn Tpravtagpiiiov,
01 010101 LoV £dmoaV TPOGPACT) GTOVG TVAKES TTOL YPTGULOTOLOVVTOL Y10 TIG
apatoAoykég e€etdoels kat pe fondncay va amoddowm cmoTd TV £101K1 0poAoyia
KaOMG Kol v KOTAVONGm KOADTEPQ Ta L0 €EEIOTKEVUEVA, OTELD TOV KEWWEVOV, OTTMG
ot mivakeg kot ot Tiuég. Télog, Ba NBeha va gvyaploTNom Kol TOVG EMPAETOVTESG
kafnyntég pov, Zotipro Kepapida kot Avactacio [Tapiavov.
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