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AQlep®VETOL GTOVG YOVEIG OV



Evyopiorics

®a MBeia vo gvyaploTHo® TOVG avOpOTOVS eKEIVOLG TOVL YWPIG TN GLUBOAN TOVG M
OAOKANP®OGT TOL £PYOV ALTOV Ba NTav advvaTH.

Kotapynv 0o 0eha va gvyopiotion tov emPAénovia kadnyntn pov k. Aploteidn
Toatcdkn, mov pe v avabeon evog ToAD EvOLPEPOVTOG Kol TPOTOHTLTTOL BENaTOG He ERade
v KOAUTNo® o€ PBabid vepd. Oa Bela emiong vo eVYOPIGTHC® TNV EXTOUEAN ETLTPOTY KO
Wwitepa tov kOPLo NikOAo XovioTdKn Yol TNV €TOKOOOUNTIKY KPITIKH TOVLS, Kol OAOLG
ekelvoug Toug avBpmmovg oto Tavemotio Kpnmg kot 6to eEmteptkd, mov e tov éva 1 Tov
Ao tpodTo pe Borinoay va Eemepdom TIg KOKOTOTIEG TOV GLVAVTNGO Kot Efaiav To AMBapdKt
TOVG GTNV OAOKAT PG TNG LEAETNC.

HEexyoplotd Bo MBeda vo uyoploTNom EVov-Evay TOLG (IAOVG, OV €KTOG amd TNV
KPLTIKN] TOVUG OV TTPOGEPEPAY NOKY] GLUTOPACTOCT) KOl OVEXTNKOV TA VEDPO LOL OTOV 1
epyacia eowotav 6t o Oa teleiwve moté. Evyopiotd tov Oovdon Aleykdkn yuo v
Bonbew tov TN CcLYYpaEN Kot TN SpOpPwon TS oTpPng, Tov Mavoin Tlatlapdxn,
ouwvddelpo oto gpyactipro ToEkoroyiag tov TTavemotnuiov Kprjtng kou tov Adrian Covaci
tov gpyaotnpiov To&woroylag tov IMavemotpuiov g Appépoag (University of Antwerp,
Belgium) yiw ™ ocvppoAn tovg ota mepdapota, Kot v apyxaiordyo Mapidvva Koatmeopn
OoA0GGIVT] Y10 TOV EVTPETICUO TOV EAANVIKOV [LOV.

Ot peyaddtepeg evyoploTieg OUMS OVIKOLY GTOLG YOVEIG KOt ToL adEPPLa. LoV Y10, TNV

GLUTOPAGTOCT] TOVG GE OTL £® KAVEL LEYPL TOPOL.
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Lepinyn

2KomdG NG O0AKTOPIKNG STpPnc Moy 1 OlEPEHLNGT TG SVVATOTNTAG TNS XPNONS
TOV TPYOV ooV OEIKTN YPpOVING Kol G€ YoUNAQ eminedn €kOeong 6 PUTOPAPLOKA, KOl TLO
CUYKEKPIUEVOL GE OPYOVOQMOCPOPIKE Kot KopPopdwd eviopoktdéva. Merétec avtov TOov
gldovg dev €yovv mpaypatomondel péxpt onpepa. o mv enitevén tov Tapandveo GTOYOL
TPAYUATOTOMOMNKOV TEWPANOTA in Vitro Kol LEAETES GE TEPARATOLMOL.

[MapdAinia peketnOnke 1 evamdBeon oTiC TPiXEG OPYUVOYADPIOUEVOY PLTOPAPLAKDV
Kot ToAvyAwpopévev dtpavoriiov (PCBs), ovoieg mov mpociapfdvovior eite pécwm g
dwtpogng, eite amd 10 mepPdArov. Ta opyavoyrmpropéva  @utoQdppoKe  Ogv
ypnopomrotovvrol mo kot to PCBs givat mapampoidvro Plopmyavik®y dpactnplotToy.

To mpoto Paocikd Prpe mwov &ywve NTav M AVATTLEN AVOALTIKOV PEBOSWV Yo TNV
LETPNOTN TOV TPOOVIPEPHEVTMV 0VGLDY G £va. OVGKOAO Plodoyikd detypa dmwg ot Tpiyes, ot
omoieg meptEyovv Mmida, kepatives, peravivn kot dALES ovaiec.

To evtopoktovo diazinon emdéybnke g M €voon HOVTEAO Yo TN HEAETN NG
evanobeong TV  0pYavVOP®GPOPIK®Y oTlG Tpixes. H mpoetowaocio tov  dsrypdtov
TepILApPave ekyOMON Tov QLTOPAPUAKOY amd TIC Tpiyec pe pebavorn otove 37 °C 6An
viyta, akohovBolduevn amd vypr — vYPN eKYOAoN pe alBvAKd akeTvAeoTépa eEATUIOT TOV
ddv pe alwto. H avaivon mpaypatorombnke pe GC-MS 1} GC-NPD. H avédivon GC-MS
éywe oe¢ full scan mode xor SIM mode. To devtepo @iltpo TPoGEPepe peyOADTEPT
evacnoio ko meprocotepn exAextikoétnta. Emiong ypnowomomnkav dovo pébodor
oviopov. Hiektpoviakdg 1oviopnog kot apvnTikos ynukos oviopdg pe peddvio. O ymukog
OVIGUOG TPOGEPEPE aKOUN HEYOALTEPN gvoctncio oty avaivon. Avtd oeeiletol 6To
YeYovOg OTL 0 YNUIKOG 10VIoCUOG omdel TG ovoieg o Ayotepa wovta. 'Etolr yuu to Opro
aviyvevong yw to diazinon NTov dVO POPES TO YOUNAO UE TOV YNUKO 1OVICUO omd OTL LE TOV
NAEKTPOVIOKO.

Axoro00mg peketinke 1 eEmtepikn evamOBeot TOV PLTOEAPUAKOL GE AVOPOTIVES
TPiXES YpNOLOTOIDOVTAS POopTIoUEVA delypata. Medlet)Onkay Tpelg mapdyovteg mov pmopel vo
emnpedoovv T cLYKEVIp®ON Tov aviyvevetal. Ot Tpiyec (1010v ypdpaToc) epufantiomkay o
VOOTIKG SLOADUOTO OLUPOPETIKMOV CUYKEVIPOOEMY Y10, OLOPOPETIKE YPOVIKE SLOCTHLOTA.
AxoroOOnoe EEmAvpo TV delypudtov pe VEPO, GTEYVMUN, OUEYEVOTOINGT, EKYVAION e
pebavorn oe vOUTOAOVTPO LE VTEPNYOVLS, VYP—VYPN EKYOMOTN HE OBVAMKO OKETLAEGTEPQ,
e€dtiion tov oAV, emavadidivon oe S50 pl peBavoing kot avaivon pe EI GC-MS.
Bpénke o611 1 ovykévipwon Tov QULTOEOPUAKOL NTAV AVAAOYN TNG GLYKEVIPMONG TOV

AV UATOG KOt TOV YpOVOL EUPAmTTIONG.



To 1010 meipapo emovaAnEONKE YPNCILOTODVTOS TPIXES OLUPOPETIKAOV OTOYPDCEDY
TOL KOOTAVOD Ol omoieg gufantiomnkav e 010G GLYKEVIPOONG SGALHA Yo 1O10 YPOVIKO
dwotnua. To amotedéopata pog €61V OTL TO XPOUO TNG TPiYOS 0ev emnpedlel CNUOVTIKA
TNV GLYKEVTIPMGT TOV PLTOPUPLAKOL TOV TPOGOEVETAL GE VTN omtd To TEPPdAov. AvtiBeta
towg va mailovv poro dALOL TapdyovTes, OTMG 1) AapdTNTO 1] 1] SIAUETPOS TNG TPIYOGS.

To endpevo Prpa NTav  HEAETN TS ATOPPOPTONG TOL PUTOPAPUAKOV OO TIC TPLYES
in vivo. XpnowomomoOnkav kovvélo kot apovpaiot. To kovvéAla eivor gvaicOnta oto
diazinon gv® ot apovpaiot givar avBektikol. Avtd eaivetar moAd Kabapd omd v deopd
o115 LDso. Mévo éva moAd pikpd mocootd and Tig S00EL TOV yopnynoOnKay aviyveddnke otic
pixes. H ovykévipmon 1ov guto@appdkov mov aviyvednke NTav SImAAGLO OTIC TPIXES TV
aPOVPOLMV OO OVTY TOL AviXVELONKE OTIS TPIXES TOV KOLVEMMDV, TOAPOAO TOL GTO KOVVEALN
elyav yopnynOei peyarvtepeg d0cels. Avtd pmopet va eEnyndet and to yeyovag g Tapovsiog
ueyaAdtepng ocvykévipmons tov eviopov CYP 450 ota kovvéla ta omoia petaforilovv to
diazinon c¢ diazoxon, ovcio TOAD 7O dPAGTIKY OO TN UNTPIKNY.

I"a v aviyvevon tov methomyl ypnoyomomdnke apywd ELISA evd n tavtomoinon
éywve ue HPLC. TTapdrio mov yioo to methomyl mpape amodektd amoteAéouata pe ELISA,
VINPYE TO UEWOVEKTNUO TOV KPIGIH®V TapeUPoAdY TOL vrootpmpatos. Hrav pdiicta toc0
peydio to mpoPAnua mov M pébodog eykatareipOnke Yy ta vEOrowma QuToedppaka. H
avéivon pe GC-MS dgv ftav €@kt Ady®m TG S1AGTOGNS TOV EVIOUOKTOVOL KAT® amd TIG
ovvOnkeg ¢ avdivong.

Extog 6pmg and v emoryyeApatiky] ékBeom vhpyel Kot 1 €kBeom og ovGieg HEG® NG
TpoPNc. MeietOnke 1 ékBeon o€ 0VGIEC OTMG TO OPYAVOYAWPLOUEVE PLTOPEPLOKOL, TOL OTTOT0L
EYOVV TAYEL VO, YPNOLLOTOIOVVTOL €M KOl OEKOETIEG KOL TO TOALYA®PLOUEVE OLPOIVOALNL
(PCBs), to omoia eivar mopampoidvta Prounyavikng opactnpiotnrag. MdaMoto €ywve
oLykpTik peAétn oe mAnBuopd amd v EAAGSa, t Pouvpoavio kot to Bédyo. Mg v
oAOKAN PO NG aE0AOYNONG TV HeBOd®V, 1 AvAALGN TOV JEIYUATOV TPOYLOTOTOWONKE
aeov TPAOTO Ol TPiXeG LVOPOAVONKAY pe VOPOYAWPIKO 0&D, ekyLAIGTNKOV HE VYPN-VLYPY|
exyoMon pe piypa e€aviov- dyyAwpopebaviov (4:1) ko xabapiotnkav pe solid phase
extraction cg oTAN pe 6Evo mupito. T v avdivon TV detyHdtov ypMCLULOTOmOnKe
aépla ypopotoypaeia e electron capture detection (GC-ECD) ka1 GC-MS yio emPefaicwon.

Ta EAMnvikd oetypato PBpébnke va givon ta mo emPoapupéva oe 0pyovoyAmplopéEva
EVIOHOKTOVA evdd ovtiBeta aviyvebOnke pkpdtepn mocodtta PCBs. Ta Belywd deiypoto

Bpébnke va etvon mo emPapopéva pe PCBs ko va mepiéyovy ta Aydtepa EVIOHOKTOVA, EVD



ota Ostypoto and ™ Povpavio aviyvedtnkav Aydtepo eVTOHOKTOVO OO TO. EAANVIKG OAAG
neplocdTepa omd ta Belywd.

Koatd ™ perémm g evamdbeong tov diazinon otig tpixeg, avamtdydnkov tpeig
avaAvtikég péBodot Paciopéveg oe agpla ypopatoypaeio cuvdovacuévn pe aviyveut NPD
kot MS. Kot ot tpeig péBodot amodeiytnkav eKAEKTIKES Kot EvaicnTEG Yo TNV OviYVELGT TOV
diazinon oT1g Tpiyec, o€ emimedn ekaTovIAd®V pg/mg. Mg Tn yopNynon Tov EVIOUOKTOVOL
diazinon Aevkd kovvéAlo Néag ZnAovdiog kot Agvkovg apovpaiovg Sprague Dawley,
emPefordOnke 611 to diazinon gvamotifetar oTic Tpiyeg OTAV €1GEAOEL 6TV KLKAOQOPiN TOV
alLOTOG, KOl LWAAIGTO 1] GUYKEVIPW®OT TOL OVIXVEDETAL OTIS TPIYES Elval avaAoyn pHe TN dOoM
YOPNYNONG. ZVYKPIVOVTAG TIG OVIYVEVOUEVES CLYKEVIPMOELG 6Ta dVO €101, efvan @avepd OTL TO
petafoAtkd toug mpoid kabopilel TNV TOGOTNTA TOV EVTOUOKTOVOL TOL KUKAOPOPEL GTO QLa
KoL pal TV TOGOTNTO TOL OVIYVEVETOL GTIG TPLYEC.

Ta in vitro mepdapoato €d€1iEav 611 10 diazinon deopedeTOl OTIG TPiYEG KAl OTNV
nepintwon mov 1 €kbeon eivan e&mtepikn. MdAoTa, KaBOPIGTIKO POAO GTNV AVIXVEVOUEV
OLYKEVTPMOT OTIC TPiYeS ToilovV 1 GLYKEVIP®GOT TOL EVIOUOKTOVOL GTO HEGO £KBEoNC Ko 0
xPOVog ékBeomng. To ypdUA TOV TPLYOV Kol KOT  ETEKTOON 1 TEPLEKTIKOTNTA TOVG GE HEAOVIVT
eatveror vo moilel dgvtepedovTa pOLO GTNV OV veELOUEVT GLYKEVTPWOT. TTio onpoavtikd poro
noilovv GAAD YOPOKTNPIOTIKAE TOV TPLYDV, OT®S 1| MTapOTNTA.

Kotd ™ perlémm evomdbeong tov methomyl otig tpiyxec mepopatdlomv Kot g
HETPMONG TOV EMITES®Y TOL HE YVOOTEG UeBOdovLS, emPefardOnke 0Tt givor dvvaty M
aviyvevon 1oL oTIG TPixec. MAAoTa Gg QUTNV TN UEAETN TPOYLOTOTOMONKE TUNUOTIKY
avdAivon tpy®v 1 onoia anédelée 6TL o methomyl decpuevetan 6 cuykekpyéva onpeio 6TV
Tpixa, KoL M SYLON TOL GTO LWOAOITO GTEAEXOG elval meplopiopévn. ‘Etol, edwd yo T1g
avOpomveg Tpiyxeg elval Suvato va Exovue Eva akpPEC 16Topkd EkBeomns, av TOPASEYTOVLE TO
YEYOVOGS OTL 1 avBpdmIvn Tpiya pokpoaivel mepimov éva eKOTOGTO avd pnva.

To kbplo coumépaco TG LEAETNG TV OPYOUVOYAMPLOUEVMV NTAV OTL Ol OVGIES
oL EETAGALLE vy vevOvVTOL 6€ OAa Ta Oetypata poc. H emPdpovon edvnie va givatl avédiloyn
HE TOV TOTO KOTOKiOG TV avOpdmwv mov mpav puépog otn perétn. Ta EAAnvikd delypata
KOTOIK®V 0ypOTIK®V TEPLOYDV UE ETAYYEALATIKN KOEON GE PLTOPAPLOK, TTAV TEPICTOTEPO
emPapopéva pe DDTs, kot Ayotepo emPapopévo pe PCBs. Avtiotorya n emPapovon pe
oopepN Tov eEAYAMPOKLKAOEEAVIOV NTOV TOPOLOLOL KL OTIG TPELS XDPES.

SOUTEPAGUATIKA KATA TN OLAPKELD TNG STPPNC KaTapy Vv avartoydOnkay avoAvTiKEg
péBodot aviyvevong Hog GEPAS EVIOUOKTOVOV G€ OVoKOAM ProAoywkd Ostypota Ommg ot

Tpiyes, €£eTAoTNKE KATO TOGO 1 OPOpPd 6TO UETAPOMOUO EMOPA GINV AVIXVEVOUEVN



OLYKEVTIPMOOT] PLTOPOPUAKOL OTAV 1) TOPPOPNOT YIVETOL GLCTNUOTIKG Kol EEETACTNKE KOTA
OGO EMOPA GTNV ATOPPOPT O 1| TOLOTNTA KO TO YPOUO TNG TP OTMG Kl 1| GLYKEVIP®ON
TOV O0AVUATOV Kot 0 Xpovog EkBeong 6to putopdpuako diazinon.

H perém éyer emextaBel ko1 oe GAAEC OIKOYEVEIEG QLTOQUPUAK®V, LE GKOTO VO
GUGYETIGOVUE TN GLYKEVIPOON OTIS TPIXEG HE TUXOV GLUMTOUOTO TOV AYPOTAOV TO, OTOiN

mlavag va oyetiCoval pe tn xpovia Ek0eom 6e PLTOPEPLLOKOAL.



Abstract

The main aim of the present study was the investigation of the possibility to use hair
analysis as a tool for the assessment of chronic and low level exposure to pesticides,
employing in vitro and in vivo experiments. The studied substances belong to the families of
organophosphates, carbamates and organochlorines. A literature review revealed that no such
studies have been conducted in the past.

The disposition of organochlorine pollutants and pesticides in hair was also studied.
The organochlorine pesticides under investigation are no longer used and the PCBs are
byproducts of industrial activities. Exposure of the organisms to the aforementioned
substances occurs either through the diet or from the environment.

The first and crucial step was the development and validation of the analytical
methods for the detection and quantification of the analytes of interest in a difficult matrix like
hair.

The pesticide diazinon was the model compound for the study of organophosphates
incorporation in hair. Sample preparation included methanolic extraction of the pesticide from
the hair matrix, at 37 °C overnight, followed by liquid-liquid extraction with ethyl acetate,
evaporation of the solvent under nitrogen, resuspension of the residue in 50 pl of methanol
and analysis by GC-MS or GC-NPD. GC-MS analysis was performed in full scan and SIM
mode. Analysis in SIM mode offered much better selectivity and sensitivity. Two ionisation
modes were also utilised; electronic ionisation and negative chemical ionisation with methane.
Chemical ionisation mode offered much lower detection limits than the electronic ionisation
mode.

The disposition of diazinon in hair from the environment was studied using fortified
hair samples. Three parameters that would probably affect the detected concentration of
diazinon in hair were studied; the concentration of diazinon in the exposure media, the time of
exposure and the colour of the hair. Initially hair samples coming from the same person were
immersed in aqueous solutions diazinon at different concentrations, for varying time periods.
The samples were analysed by EI GC-MS following a decontamination rinse with water,
drying, pulverization, methanolic extraction in an ultrasonic bath, liquid-liquid extraction with
ethyl acetate, evaporation of the solvent and resuspension in 50 pl of methanol. It was found
that the concentration of the pesticide detected in hair was proportional to the concentration of
the exposure media and to the time of exposure.

The same experiment was repeated using hair of different shades brown, coming from

different people. The hair samples were immersed in aqueous solution of the pesticide at the
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same concentration and for the same time period. Our results indicated that in the case of
external disposition of the pesticide in hair, the concentration of the pesticide is not related to
the melanin content and hence the colour of the hair. On the other hand, other factors like the
lipid content of the hair or the diameter of the hair fiber may play a more important role in the
amount of pesticide detected.

The next step was the study of incorporation of diazinon in hair in vivo. Rats and
rabbits were used as our experimental animals. It is obvious by the difference in the literature
reported LDs, values that rabbits are more susceptible to diazinon toxicity than rats. Only a
very small fraction of the administered doses was detected in the hair of the animals. The
concentration of the pesticide detected in the hair of the rats was much higher than that
detected in the hair of the rabbits even though the rabbits received higher doses than the rats.
This may be explained by the different metabolic profile of the two animal species.

Two methods were used for the detection of methomyl in the hair of experimental
animals. The screening of the samples was performed by ELISA while the results were
confirmed by HPLC. Even though ELISA gave acceptable results with methomyl there was
significant background noise. Analysis with GC-MS was not possible due to the instability of
the molecule

The exposure of the population to certain organochlorine compounds through the diet
was also studied. The compounds studied were two organochlorine pesticides, DDT and
lindane, and the following PCB congeners: PCB 28, 52, 99, 101, 118, 138, 149, 153, 156,
170, 180 and 187. A comparative study of the population exposure of three countries, Greece,
Romania and Belgium was also conducted. The hair matrix was dissolved by incubation in
HCI, and the samples were initially liquid-liquid extracted in a mixture of hexane:
dichloromethane (4:1) and subsequently cleaned by SPE. Finally they were analysed by GC-
ECD and GC-MS for confirmation.

The Greek samples were found to be the most contaminated ones by organochlorine
pesticides while they carried the smallest PCBs burden. Belgian samples were more
contaminated by PCBs but carried a smaller pesticide burden while the samples from
Romania contained less pesticide than the Greek ones but more than the Belgian ones.

Three sensitive and selective analytical methods were developed and validated during
the study of incorporation of diazinon in hair. They were based on GC-MS and GC-NPD
detection and they were successful in detecting and quantitating diazinon in hair in the pg/mg
level. It was confirmed by the in vivo studies in white rats and rabbits that diazinon may be

detected in hair once it enters blood circulation, at concentrations proportional to the
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administered dose. When the detected pesticide concentrations in hair were compared, it
became evident that metabolic species differences influence the quantity of non metabolized
pesticide circulating in the blood and hence the concentration detected in hair.

The in vitro studies indicated that diazinon is deposited in hair not only in the case of
exposure through the blood stream, but also in the case of external exposure. The
concentration of the exposure media as well as the time of exposure does play a role in the
detected pesticide concentration. On other hand the colour of the hair is not such a crucial
parameter as it happens when substances are incorporated in the hair shaft from the sweat and
sebum that bathe the shaft during the hair growth.

The incorporation of methomyl in hair was studied using rabbits as experimental
animals. It was confirmed that once it enters the blood stream it is detected in hair. Segmental
hair analysis that was performed indicated that methomyl binds to specific sites and does not
migrate along the hair shaft. This can be used in human exposure studies to obtain an accurate
record of exposure, bearing in mind that human head hair grows approximately 1 cm/month..

The main conclusion reached by the study of the organochlorine compounds
was that contamination of the samples with the aforementioned substances was universal and
that organochlorine concentration detected in the samples was related to the origin of the
examined population. The Greek and occupationally exposed samples carried more DDTs,
and less PCBs. The HCHs burden was similar for all the samples.

In summary, during the present study sensitive and selective methods for the detection
of minute quantities of pesticides in complex matrices were developed and validated, it was
confirmed that the metabolic profile of an organism influences the concentration of pesticides
detected in hair, and when external contamination of hair was studied, it was deduced that the
concentration of pesticide in the exposure media as well as the time of exposure influences the
concentration of the detected pesticides in hair. Segmental hair analysis that was performed in
the case of methomyl and may be performed in human hair may give an accurate record of
past exposure to pesticides.

As a future development, hair disposition of certain characteristic metabolites of
pesticides should be studied. Also it would be interesting to examine hair disposition of other
commonly used pesticides. This is a potentially valuable additional tool for the assessment of

chronic exposure to pesticides.
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EIZATQI'H

H ocvveyng avéykn yia meptocotepo Kol KAADTEPA YEWPYIKA TPOIdVTO £YEL 0ONYNOEL
OTNV TOPOY®YN KOl XPNOT TOAADV QUTOTPOCTATELTIKMOV OLGI®V. [davikd, m emBount
Boroyikn Opdomn TV @uTOQapPUAK®V Bo Empeme va éxer vynAn eEedikevon GTovg
OPYOVIGLOVG-GTOYOVG Kol Vo, apNVEL ampOGPANTOVS TOVG VITOAOUTOVS OPYOVIGHOVG. 26TOCO,
TO. TEPIGOOTEPU PUTOPAPUOKE OV €lval OmOAVLTO EMAEKTIKA avEAVOVTAG TOV Kivouvo
TPOcPOANG TOL OvOPOTOV, YEYOVOG TOL OOMYEL TNV EMGTNUOVIKY £PELVO GTNV AVAYKN
HEAETNG TOV OLVNTIKOV EMATOCEOV TNG YPNONG TOLS OTNV VYElo TOL OvOpOmov, TV
VTOAOUT®V OPYOVIGL®V Kot To TEPPaiiov (Maroni ef al, 2000).

[a v mzpootacio NG YeE®PYIKNG TopAy®YNG ypnowonoteitar  wAnOdpa
QLTOPAPLAK®V TOL TAEWVOUOVVTOL GE TPELS HeYAAeg Katnyopies: (ilovioKTova, EVTOPOKTOVA
Kot poknroktovo. Elvar amodektd otn obyypovn €pguva 0Tl T0. EVTOUOKTOVA £lval Ol TAEOV
T0E1KEG ovoieg Ko €tol M mopovod UEAETN eoTidotnke o avtd. [lo cvykekpiuéva,
e€ETAOTNKAV YOPOKTNPIOTIKOL avTmpdconol Tov Oewpoduevov mo ProaPepodv ouddmv,
ONAadN TV  0PYOVOP®GPOPIK®OV, TOV KOPPUUOIKOV KOl TOV  OPYAVOYA®PLOUEVOV
EVIOLOKTOVOV.

Ta TpdTo YMUKd EVIOHOKTOVA NTOV TO. OPYOVOYAMPLOUEVA, TO OOl TOPOVGLALoVY
10104TEPO EVOLAPEPOV YIOTL 1 LEYAAT YMUKT TOVS 6TABEPOTNTA KOl O PLEYAAOG YPOVOS NUGELNG
Cong Toug o610 TEPIPAALOV NTav N outiol Vo amayopeLTel I ypnon tovg oty Evpdrn fon arnod
™ dekaetioa Tov 1970. Xt cuvéyeln, avTIKOTAGTAOINKAV OO TO. OPYOVOPMGPOPIKE Kol ToL
KapPopudikd, To omoio OPMS amodeiynke OTL elyav peydAn o&ela to&kdTnTa.

Ag onuewwBel o011, otV KATNYOPl TV OPYOVOYAMPLOUEVOV OVIKOLV Kol Ol
YAOPIOUEVOL TOAVKLVKAMKOT VOPOYOVAVOpaKES, OTMOC TA YAWPIOUEVH SLPALVOALD, TO. OOl
ATOVTOUV Kol ¢ TEPPUALOVTIKOL pumavTEC. XPNOLUOTOOVVTOL EMIONG GE LETOCYNLOTIOTES
Kot GAho eCopTnuOTO TOL €PYOVTOL GE EMOPY ME LYNAEG Oepuokpaciec, ekAvovtal g
TOPATPOIOVTO ATEADV KADGEMV KOU 1) CLYKEVIPMOTN TOLG elval dwitepo avénuévn oe
TEPLOYES e EVTOVT PLOpMYOVIKTY dpacTNPLOTNTA.

[Noa mv xataypoaen ¢ emPdpovvong tov avlpodmov omd v YpNon TV
CLYKEKPIUEVMOV EVIOUOKTOVOV OVCIMOV EMAEYTNKE 1 Olepedivion NG EvVOTOBEsNG TOVG GTNV

TpiyOL.
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H to&ikodoyikn| avéivon pun cuvnoicpévev roloyik®dv derypdtomv 0nwg tpiyes, odito,
WpoTOG Kot oméppa, apyilel vo amoktd OA0 Kol meplocotepr Popdtnta kot vo Ppioket
EPOPUOYEG OTNV 1ATPIKY], OTNV €YKANUOTOAOYio kot o€ mepiPoarioviikés emotiues. Ta
delypota avTd PTopovV va TOPEYOVV EMTAEOV TANPOPOPIES KOt £XOVV APKETH TAEOVEKTILLOTOL
ovykpwopeva pe ta cuvnoispéva Prodoykd delypata, 6nwme To aipa kot ta ovpo. H avéivon
POV EWOIKOTEPO £YEL TO TAEOVEKTNLO OTL 1] ANYM TOL delypatog dev givon emepPartikn, eival
e0KOAN YwpiG Vo TPOKAAEL TOVO Kol GE TEPITTMOT TOL XPECTEL TAVTA Elval EPIKTN 1 ANy
devtepov Oetypatog mov mopéyel TG 1deg mAnpogopieg pe to mpdro. Ta delyparo téAOC,
LITOPOLV VO, GUAAYTOLV Y10 TOAD Kopd o€ Bepprokpacio dopotiov.

To kOpo yopaxTNPOTIKO TOV TPYYOV Elval OTL Ol OLGIEG TOL ATOPPOPOVVTOL
TOPAUEVOVY TTOYIOEVIEVEG OTO VLITOCTPMUO Y10, HEYOAD YPOVIKO OlaoThuote. AvTto £yve
QovepOd Otav avoAlvinkav tpiyeg amd podueg mov M nikio Tovg vroroyiletoar oto 4000
xpOVIOL Kot aviyvedTnkay petaforiteg g kokaivng (Baez ef al 2000).

To yeyovog OTL M aviyvevon ovcidV Tov TTayldevovVTaL GTNV TPixo UTopel vo dMGEL
TANPOQOPieS Yia TNV €kBE0N TOV OTOLOVINTOTE OPYAVIGHOD GE OLTEG, AKOUO KOt Yo LEYAA
YPOVIKA SLOGTHUATO, 00NYNOAV GTNV GVIIUETOMTICN TOV TPLY®OV ooV Thova aSlOmoTo O&ikT
a&lohdynong g ypdviag £kBeomng oe emkivouva GLTOPAPLLAKA.

To Kbp10 AVTIKEILEVO TOV TEWPAUATIKOD TUNUATOG TNG EPEVVAG TNV TAPOVSO SIONKTOPIKT
dwtpPn omotéAece M aviyvevon, M OVAALON KOl T HEAETN EVIOUOKTOVAOV OLGLOV KOl
TEPPAALOVTIKOV HOAVVTOV OTIC TpixeS. Baoikdg otdyog frav va depevvnbel n dvvatdtto
Kot vo a&toAoyn0el 1 OMOTEAEGLOTIKOTITA TG YPNONS TOV TPLYYDV GV OeikTNG YpOVING KoL GE
younAd eninedo €kBeong otig mpoavaeepbeiceg ovoiec. T TNV TPOoEyylon TOL KEVIPIKOV
Oépotog, TEOnKav EMUEPOVE GTOYOL KO EPOTNLATO, TOV OTOTELECAV TO EVOLAUEGO GTAOLN TG
Epevvag:

1. Avémntuén katdAAnAng ovoAvtikng pebodov yw v aviyvevorn tov vrd eEétaom .

EVOGEMV OTIG TPUYES.

2. E&oxpifwon pe m Ponbeia mepapatolowv (in vivo) av T EVIOUOKTOVE LITOPOVV Vi,

VLY VELTOVV GTIG TPLYES .

3. Awgpedvnon mopaptéTpov Ommg 1 0061 Kot 1 O1dpKELN TNG YOPNYNONG EVIOUOKTOVOYV,

01 OTtOiEG EMIPOVV GTNV AVLYVEVOUEVT] GLYKEVTPMOT| OTIG TPIYXES.

4. Awepedhvnon mg dvvotdtTog Vo Tpary Lo ToTomOel TUNUATIKY 0VAALGT TPLYDV Y10 TOV

YPOVIKO TPOGOIOPIGUO NG €kBeone, Kotd TN OPKEW TOV in VIVo HEAETOV OTA

nePapaTOlma.
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5. Zoykpion g emidpaocng Tov petafoiikod mpoeil tov KAbe €idovg mepapaTolmwov
OTIG OVIYVEVOUEVEG GUYKEVIPAGELS TV VO EEETAGT OVGLAOV GTIG TPIYEC.
6. Melétn in vitro TV TOPOYOVI®OV TOV EMWOPOVV GTNV OVIXVELOUEVT] GLYKEVIPMON
EVTOLOKTOVAOV TOV £vamoTifevTal oTiC Tpiyeg amd 1o mepPUriov.
7. Avdivon avOpoOTVOV TPYYOV Yoo TNV OVIXVELSN TEPPUAAOVTIKOV HOALVIOV Kol
EVIOLOKTOV@V OV £xovv amocvpBel Ko Tposiapfdvovtol Bacikd HEc® TS TPOENS.
To mopamdve epotiuato oepeuvidnkay pe Tn Sedoymyr TPIOV TEPOUATOV TOL
eknmovnOnkav oe mepapotolma (kovvédio kot apovpaiovg Sprague-Dawley) kabog xon
KOO0V HEAETMV OV EKTOVIHONKOV GE avOpOTIVES TPiYeS 0md KATOIKOLG Plounyavik®v Kot

AYPOTIKAOV TEPLOYADV.
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OEQPHTIKO MEPOX

1. ®YTOPAPMAKA KAI YI'EIA. AZEIOAOI'HXH KAl AIAXEIPIXH
EIIIKINAYNOTHTAX

1.1 dutopappoka Ko vysia
H éxBeon ota outoedpuoko pmopel va emnpedost éva peydAlo HEPOG TOV

avBpaomvov mAnbvopot (Salameh ef al, 2004). H ékBeom oe puToQappoka apopd TpOTIGT
ToVG €PYALOUEVOLG TTOV EUTAEKOVTAL OTN PLOUN)AVIKY] TOPACKELT TOVG KOl TNV EQPAPLOYN
Tovg o1 yYewpyio N aAro¥. Tavtdypova, Eva peydho UEPOC TOL yeEVIKOD TANBLGLOD TTOV
pmopetl va ektebel e avTd PECHO OWKIOKNG YPNOMG, EYYVTNTOS GE QYPOTIKO TEPPAAAOV Kot
KATOVAA®ONG ETUOAVGUEVOV TPOPinmV kot vepol. H ékbeon dwapépel onpavikd petald
TV gpyalopévov g Propumyoviog Kot ToV GAAOV XPNoTOV TOV QGLTOPUPHAKOV YloTi Ot
TpOTOL eKTifEVTOL GE Pl 1] TEPICCOTEPEG EVAGELS Y10 TOPATETOAUEVO YPOVO, EVAD Ol
EQOPUOCTEG 011 Yewpyio cuviBwg ekTifeval og TOAVAPIOUEG EVDGELS Y10 LIKPES YPOVIKES
nePLOOOVG Ko T emimeda €kBeong petafdArlovior avaAoyo e TIC KoPlKES GUVONKES, )
néBodo eQapoYNg Kot TG TPakTikéG epyaciog (Maroni et al, 2000).

Agdopévov 0tL n o&ela éxBeom og puTOPapLOKO TOL 001 YEL 68 dNANTNPiacT Apopd
éva KpoO povo mocootd Tov TANOLGHOV, TO EVOlPEPOV GE emimedo OMUOGLOG LYEING
OTPEPETOL KUPLOG YOP® amd TIS LOKPOTPOBEGES EMOPATELS TNG YpOVIaG £KBeoNS, Ol omoieg
nepLapPdvouy dlotapayég OTNV OVOTOPAY®YT, VELPOTOEIKOTNTO, KOPKivo, KOOMOG Kot
TOALOTTAEG EMOPACELS TTAVD oTNV gumadn opdda Tov modiwv (Kamel & Hoppin, 2004).

Mepwcég  peléteg  ypdéviag  emayyeApotikng  €kbeong  oe  QuTOQApLOKO
Katnyoplomoincav ¢ ektedeuéva OAo To LEAN LMOG EMOYYEAUOTIKNG OLAdAS, OTMS TOVG
ayPOTEG KOl TOVG AYPOTOEPYATEC. Q26TOGO Ol AYPOTES TOV TPOGAUUPAVOLY GAAOVG Yot TNV
EQOPUOYT TOV QLTOPUPUAK®V OTI KOAMEPYELES TOVG, UMOPEl Vo €YOVV TEPLOPIGUEVT
ékbeon oto eutoQdppako. AkOun kot HETOED TOV ATOU®V oL  £pappolovv  To
eutopapuaka, m éxbeon umopel vo mowkidder evpéwg. Ilapdostypo amotehovv ot
AYPOTOEPYATEG 7OV €YOLV AT EVNUEPMOY YO TIS TPOKTIKEG OCQOAEWS 1 TOV
TPOGTOTEVTIKO €COMMGUO KOl EVOEYOUEVMG VPioTOVTOL peYyaAvTepn £kbBeon oe oyéomn ue
KOAQ EKTOOEVUEVOVG EayYEALOTIEG EPAPLOCTEG PLTOPapUdKmY (Kamel & Hoppin, 2004).

I'evikd, moapdyovieg Ommg M HEBOSOG £POPUOYNG TOL QLTOPUPUAKOL, 1 YPNOM

TPOCHOTIKOD TPOGTATEVTIKOD EEOMMGUOD KOL 1) CUUTEPLPOPE OTEVOVTL GTOV KivOuvo
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UITopoLV va ennpedoovy 1o Pabud e ékBeong Tov ATOUOV. LTIG OVOTTUGGOUEVES YDPESG Ol
gpyateg elvar mepiocdTepo ektedeptévol Ady®m ™G avénuévng xpnonsg Tov GLoTNUAT®V
EQOPUOYNS PLTOPUPUAK®V TPOKEUEVOL Vo avénbel n Tapaywyn (Kamel & Hoppin, 2004,
Salameh et al, 2004, Spiewak, 2001). Emiong, eivar onpoviikn mn extipnon g
TapeBoVTIKNG Kou NG TpéYovcag £kbeong Tov oTdpov yotli £€TGL UTOPOLV  va
artiohoynBovv BAEPec mov oyetiCovian pe TV vYElQ AKOUN KO GE ATOLM TOV Ol TPOVV TO
1010 emdryyeipo, oAAd o Pabuoc ékbeong Toug aALAlel AOY® EUPAVIONG VE®V TPOTOVIMV Kol

nebddmv.

1.2 Ofeieg k.  ypévieg  onintmprdosrg omd  Kopfopdikd ko

0PYaAVOPOGPOPIKE EVTOPOKTOVA

O kVpLo¢ 0TOY0G TV KAPPAUIOIK®OV Kol OPYOVOPOCPOPIKAOV EVTOUOKTOVOV givol TO
VELPIKO GVOTNUA Kol EOIKOTEPO TO EVOLUO OKETLAOYOMVEGTEPAGT, TOL EAEYYEL TO EMIMEDQ
TOL VEVPOOLAPIPACTH AKETVAOYOAIVI] GTO KEVIPIKO VELPIKO GUGTNO, TO TAPAGLUTAONTIKO,
TIG VEVPOUVTKEG CUVAYELG, TIG GCUUTOONTIKES GLVAYELS, KOODS KOt ToL CLUTAONTIKE VEDPL TV
EMVEPPLOimV Kot TV Wpwtomoldv adévev (Ecobichon, 1991). To évlvpo poopopviimveton
o€ o ogPiv TOL €vEPYOV KEVIPOVL, OMOL TPOGOEVETOL TO (QMOOPOPIKO TUNUO TOL
EVIOULOKTOVOV, KO 1] POCQOPLAI®GT awTn givon un avtiotpenty| (Stryer, 1988).

Ta Khvikd cvpntopata mov epgavitoviol oe tepumtdcelg ofelog dnAntnpiacong ond
KopPopdikd potdlovv ToAD pe avtd oL TPOEEVOLV TO OPYOVOPOGPOPIKE, OV KOl YEVIKH
gyovv kpdtepn Owdpkela. Avdroyo pe ™ Poapvmnto ™G onAntnpiocng epeoavifeTon
advvapio, movokéParog, Papog oto ombog, dwutapayéc omv Opact, UOOT, GlEAOPPOL,
epidpwon, vavtia, UETOC, dibppota, KOolMakEg Kpdumes, mapdivon kot Odvatog (Lotti 2001).

H avtipetdmion g onAntmpioong Opmg eivol S10QOpETIK Yo TIG OVO YNUIKES
owoyéveleg. H dnAnmpiloaon amd opyavopmopopikd Bepamevetal pe Toantdypovn yopmynon
atTpomivng kot Kamolag o&iung, onwg mpaidoiun (Ellenhorn ef al, 1988). Avtifeta, dev
evoeikvotor n yopriynon o&iumv otnv dmAntnpiocon amd kapPopdikd (Sterri et.al, 1979,
Taylor 1990).

‘Exovv yivel épevveg mpokeyévov vo Bpebel tpdmog ypnyopog, alldmiotog Kol Kovd
AmOOEKTAOC Y10 TV TAVTOMOINGT TNG 0LGING TOL TPOoKAAEL TN dnAntnpiacn. 'vopilovtag Toug
LOPLaKoVS  UNYOVIGUOVG TNG OVAGTOANG TNG OKETLAOYOAWVESTEPAONG €ivar dvuvatd va
EKUETOAAEDOVTOL O1 SLOPOPES TOVG TPOKEUEVOD VA, EEAYOVTOL AGPAAT] GUUTEPAGUATO. XE LU0

UEAETN LE TO TTOPOTAVE® AVTIKEILEVO, TPOTEIVOVTOL OVO TPOTOL TPOKEUEVOL VAL ATOPAGIOTEL
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av 1 0vGio TOL TPOEEVTGE Lo ONANTNPIOeT OVIKEL OTO KOPPOOKA 1) TO OPYOVOPMOCPOPIKAL.
O évag tpdmog eivar 1 endoon Tov evidpov otovg 37 °C kat 1 TopakoAoddnon TS KIVITIKAG
Tov. Av 10 évlupo emavadpactnplonombel petd and mepimov 1 h 1 SnAntnpiocn tpoépyetal
and KapPopdtkd, av Oyl omd opyovoP®GEOPIKA. AV 1 endacn e Kamow o&iun ddoet
BeAtioon omv KNtk Tov eviOpov, TOTE LEAPYEL WoYLVPN EVvOEEn OTL M dnMAnTnpioon
mpoEpyeTol amd opyavoewcspopikd (Rotenberg et al 1995).

I'evika, ta copntdpata Tov Tpoépyovrol amd TV o&eio £KBeon 6€ 0PYUVOPOGPOPIKE
EVTOHOKTOVA £XOUV HeAETNOEl EMapPKADC. ZKOTEWA onuein OGS TOPAUEVOLY GTO Tt cLpPaivel
0€ TEPUITAOCELG YPOVIOG KOl G YapUNAd enineda ékBeong otig mapandve evdoelg (Nasreddine,
Parent-Massin, 2002). [ToAAég peréteg Exovv yivel oe (da, aAld Kot og avOp®OTOVG LE XPOVILL
enayyehpatikn éxbeon (Das et al, 2001, Hatjian et a/ 2000, Ray and Richards 2001). Katd
YEVIKT] opoAoyiot 1 HETPNON TNG AVOGTOANG TNG OKETVAOYOALVEGTEPAONG, OV Kot glvar €vag
TOAD ¥PNGHOG OelKTNG 08 TEPMTOGELS 0E0AOYNONG 0&eiag onAntnpiacng, dev givorl apketd
evaioOntoc. Xpodvio ékBeon o€ YOUNAQ EMIMESD OPYOVOQPMOOPOPIKAOV Elval OQOPUN Yio
eUPavIoT oG oelpds vevporoyikav (Jamal, 1997), yuxoloyikdv Kot GAA®V GUUTTOUATOV,
YOPIg amapaitnTo TNV TPoewonoinon ag o&eiog onAntnpiaong (Stephens et al 1995, Costa,
2006). Eivar duvatd apketég efoopddes HeTd amd kB0 GE OPYAVOPOCPOPIKH EVIOLOKTOVHL

va gpepoviotel kKaBvotepnpévn mtolvvevpondBela (delayed onset polyneuropathy) (Ray, 1998).

1.3 Metopolopdg Kor poplaKos pnyavicpos ToEIKOTNTOS Kol amoTosiveoong

TOV 0PYOVIOHOD

Yav  mopAdElyUo  HOPLOKOD  UNXaviopoh TOSIKOTNTAG Kol  omoTo&iveomng  Tov
opyavicpov avaeépeton to diazinon. To diazinon petafoAriletor kor amoPdAleror apKeTd
YpPNYopa amd Tov opyavicpd tov avipornwv kot Tov (owov. O ypdvog nuicelag {ong g
ovoiag otov opyavioud &xet extyundet otig 12 h. Tlegpimov 10 70% g ovoiag petaforileton
Kol amoBAAAETOL LEGH TOV KOTPAVOV Kl TOV OVPMV.

O1 Bsropmopopikol eotépeg OTmG T0 diazinon, dev elvar mOAD 1GYVPOT AVAGTOAEIG TG
aKETVAOYOAVESTEPAONG. Me 1 pecoAdPnon evldpov, O6mwg t0 KLTOYXpOUHO P450,
petatpémovtal oto TOAD Mo Toéikd o&6via. To diazinon yio wopddelyo HETATPENETAL O
diazoxon kot TEAMKA o un ToIKA TPOIdVTO OTMC TLPOWVOAY, SEBVAPOGPOPIKO 05D Kot
0£1001E0VAPWSPOPIKO 0EV, €S TOL akOAOVBOL peTABOAKOD LOVOTTATIOV.

H amoto&ivoon yivetar pe v vdpoéAvon tov o&oviov. H avtidpaon avt Katalveton

amd 0-£0TEPACEG, LLE MO CNUAVTIKY] TNV Tapaoovacn Tov TAACHOTOg Kat Ti§ B-eotepdoes. H
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EMleyn té€tolwv evOOU®V 6To £VIOMO, TO KOO1GTA To €VOA®MTO 0TO TOEIKE TPOIOVTO TOL

mopdyovrtot and to CYP 450.

ACTIVATION OF DIAZINON IN HUMAN LIVER

CHyCHy—O -\p . N CHICH 3}

= \-l-/
CH:.CH,—-O/” I
s . M _CHaCHy
o
o e o g
Diazinon i " ~H
s
P450[ (o Diethylthiophosphate
"/o\fn 1 CH{CHa )2
cn;ch;—c;\p/nwn__rcn{cu,h H,0 [olis] e M
CHyCHy;— O~ CHCH
3CHy s/ \n L\__ S chH, s it
- .
Spontanecus Pyrimidinol St OO - B
[ ~
'1._ bl + i H
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[s]
CHyCHz— O neadey : L CH;CHy
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CH3CHy— O L — - ™ ) O—p—0n_
o = =~ -+ I H
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Ewova 1.1: Metafoiopog tov diazinon 6to avBpdmivo Nrap

To CYP450 eivon pia peyddn owoyévela 160evOU®V HE OOPOPETIKES EEEIOKEVCELG
Kol €VAA®MTO GE JPOPeTIKODS ovaotoAeic. Eivar povooluyevdoeg mov 6to pOpPlo TOLg
nepéyovv aiun. Evtomilovior mo mwoAV ot0 Mmop, Op®G ddeopot 16Tol mTEPEXOLV
POPETIKEG GLYKEVIPADGELG TOV dAPOP®V 160eVEOUWOV. Abpopes LEAETEC TOV EYOLV YiveL o€
avBpomovg kot Loa, euriékovv T CYP2C11, CYP2B6, CYP3A2/4, CYP2B1/2, CYP3C19,
CYP2C19 xau CYP2D6 ot petarpon tov diazinon oe diazoxon, 1 omoio Aapupdavel yopa
oto Nmap. (Sams et 2000, Kappers et al 2001, Burrati et al 2003). Ta xvtoypopata P 450
etvar évlopo TV omoimv 1 ouYKEVIp®ON Oopépel amd €idog o€ €100, kot epgaviCovv
TOAAOVG TOAVLOPPIGHOVGS. AVTO emnpedletl Oyl LOVO TNV TOEIKOTNTO TV OVCIMOV, OAAL KO TN
OLYKEVTPMOT TOV HETAROMTOV TOV KUKAOPOPOVV GTO Oiplo Kol EVOEYOUEVMS amodnkehovTon
Kot 6€ AAAoLG 16tovg (Jokanovic 2001).

Mo akéun omovdaio otkoyéveln eviOU®V, TOL TPOGTOTELOVY TOV OPYOVIGHO Omd
duapopeg To&kég e€myevelg Ko gvdoyevelg ovoieg, elvarl ot Ttapaoovaces. To mo onuavtikd
HEAOG OTNV TPOGTOGIO OO TO OPYOvVOP®MOPOPIKA eivar M mapaoiovdon 1 (PON 1). H
napaoavaon 1 evromiletol e HeyaAVTEPES CLYKEVIPMOOELS GTO TAAGLO TOV O{LOITOC KOl GTO
nrap. O kOplog pOrog g eivar va VIPOADEL TOEIKA OPYOVOPMGPOPIKE, KAPPAUIOIKA Kot

apopotikovg eotépeg (La Du et al, 1999, Costa et al, 2005). MeAéteg oe Lo kot avOpOTOUS
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&yovv deigel 01t 10 évlupo avtd Tapovotdlel onpavTikovg molvpopeiopovs (Costa et al,
1999), ot omoiotl emnpedlovv TNV OMOTEAECUATIKOTNTA TOV Ko KOTE cvvEREln To Babud mov
umopel va amodeytel EDAAMTOG Evag OpYAVIoCUOG 0€ cuyKekpluéveg ovaieg (Mackness et al,
2003). 'Evag dAAog tpomog amoto&ivewong Tov opyaviGHoy omd To 0pYovOP®GPOPIKA eival M
ovlevén pe yAovtabeidvn (Motoyama and Dauterman 1980 kot Wilson and Clark 1996).
l'evikd n Swpopd oto petafolkd mpoeih twv opyoviopmv (interspecies and
intraspecies variation) eival évag mopdyovtog mOv UTOPEl Vo €MNPEACEL, Oyl HOVO TN
CUUTEPLPOPE. TV OPYAVICUADV amévavtl o€ O0ldpopeg TOEIKEC ovcieg, OAAGL Kot 1N

OLYKEVTIPMOOT] OVGLOV KOl LETABOAMTOV TOLG GTOVS S1APOPOVE 1IGTOVG.

1.4  A&wordynon kot dwayeipion emKivouvoTnTOS TNG £KOEON G GE EVTOPOKTOVA

Ye po wpoomadeio dwyeipiong tov Kvdvvov g ékbeong tov avBpdmov Kot TOL
TEPPAALOVTOC O YMUKES OVLGIEG, Ol YPNOUOTOIOVUEVES OVGIEG Kol 7o  €0KE  TO
QLTOPAPLOKO, £(OVV YWPIOTEL 0 Katnyopieg avaroya pe v ofela to&kdTTA TOvg. Ot
Katnyopieg etvon téocepig (IPCS 2002) ko kaOe o cuvodevetar omd TIC KATAAANAES ETIKETEG
Kot 00Myieg mov amoPAEMOVY GTNV €AOYLOTOTOINON TV KIVOLVEOV arnd TN ¥pnon tovs. ITo
OVOADTIKA 01 TECGEPLG KATNYOPIES OTIC 0moieg ywpilovtal To pUTOPAPLOKA ElvaLL:

a) YrepPorka emkivovva (opddo Ia) evepyd cvotatikd (technical grade) putoeapudkwv
pe LDsp amd 5 mg/kg copatikov Bapovg émg 40 mg/kg copaticod Bapovg.

B) oAb emkivovva (opada Ib) evepyd cvotatikd (technical grade) putopapudkwv pe LDs
amd 5-50 émog 400 mg/kg copatikov fapovg

v) Métpra emkivovva evepyd ovototika (technical grade) putogapudxmv pe LDsy and 50-
500 mg/kg copatikov Bapovg émg 4000 mg/kg copatikod Bdpoug kot

d) Aiyo emxkivovva (opada IIT) evepyd cvotatkd (technical grade) putopappdxmv pe LDsg
whvo and 500 mg/kg copatikov Bapovg mg tave ond 4000 mg/kg copatikod Bdpovc.

INa mv a&oloynon kabe evepyod cvotatikov €xel Anebel vwdym m ELGIKNA TOL
Katdotaon Kot 1 000¢ xopnynone. Ot tipég apopodv 1e0t o&elog To&kdTNTOS 68 apovpaiove.
Otav vrapyet {do mo gvaichnto amd Tov apovpaio, TOTE AopuPaveTor VEOYN 1 YUUNAOTEPT
Tun ™¢ LDsg. Emiong, vrdpyet o Alota pe gutoeapuoka to omoio £(0vv omayopevtel 1 N
YPNOM TOVG ivan eEPETIKA TEPLOPIOUEVT EATIOG TV TPOPANUAT®V TTOV 1 TEipaL Exel deiEet
Ot TpoKaAoVV.

H oyetkd peydin to&ikdtnra tov emAeyUEVOV oTNV TapoHoo LEAET OLGILMV, OAAL

KOl 1 XNUKN otafepoTnTa KATOLmV amd oT®V £XEL 00NYNGEL TOLS VTTEEVOBVVOLS TOEIKOAOYOVG
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va TIg katatdEouv og katnyopieg meproptopévng ypnons. H ypnomn tov DDT £xet amayopevtei
evieAmG oTig avemtuypéves yopeg (IPCS2002). Xvveyiletor Opmg o€ ydPeG OTOV TO TPOPANLLOL
m¢ elovooiog eivar €viovo (The Stockholm Convention, 2004). Meydieg mocOTNTEG
OPYAVOPOCOOPIKOV Kol  KApPopudik®v eEaKoOA0V00VYV  va  XPNGLOTOOVVTIOL Yo TNV
TPOCTOUGIO TNG YEWPYIKNG TapaymYNg Taykocpuiog (Echobicon 2001) kot otnv EAALGSa. Ocov
aQopd T OpyOavoYAWPlOpEVa, €EOITIOG TNG HEYAANG YMIMKNG TOLG oTafepOTNTaG £YOLV
anocvpbel 1 amocHpovror otadiakd péxpt to 2010 (European Council directive 96/59/EC,
1996). Ymoieippoto Opwg e€axorovBodv va vmdpyovv oto mePPAAAOV, HOADVOVTOG TO
TPOPIUO. TOL KoTovoldvovpe. Méow tng Soitag CLYKEVIPOVOVTAL GTOLG AvVOPOTIVOLG
16T00G, OOV KO OV VEDOVTOL.

[a v Pertictomoinon G oTpOTYIKNG Olxelpiong TV Kwovveov omd To
QLTOQApLOKa Elval amapaitnTn 1 KoToypaen Kot atoddynon g £kfeong tov avlBpdmov Kot
1OV TEPPAALAOVTOG GTIC OVGIES AVTEC. ZNUOVTIKO gpyaieio Yo To Prina avtod givor N avdmnTuén
TOV KOTOAANA®V OVOADTIKOV TEYVIKOV Yyl TNV Tocotikn aloAdynon g emPdpuvong

OPYOVIGLAV 1) TPOPIL®V.

1.5  Mé0odor kataypagns kot a&lordynong g £k0eong Tov avlpomov Kol Tov

aepidilovrog

INo mv avantoén otpatnyikng dwyeiptong tov pickov elvar avdykn m okpipng
KaToypaen Tov dedopévov tov Pabduod Kol Tov emntdcemy ¢ £kBeong tov avBpomov Kot
oV TEPIPEALOVTOG, KOOMDS Kol TV TPOPAEYE®VY Yoo TNV HEAAOVTIKY €kBe0OM OTIG LITO HEAET
ovoiec. O Pobuog ékbBeonc oe cvvdptnom pe v emkvovvotTa TG KAOE OvGiNC, OTN
OULVEYELD, UTOPEL VO VIOYOPEVGEL TN OTPATNYIKN 7OV TPEMEL Vo okoAovOnBel ywo v
elayrotomoinomn Tv Kvovvev and tn ypnon g (Van Leeuwven C.J. 2000).

1.5.1 Aéoioynon kvdévvov tov mepifiaiiovros (Environmental Risk Assessment)

H peydin 614600m TV €VIOHOKTOVOV GE GUVOVOGUO LE TS (PUGIKOYNUIKES TOVG
WO10TNTES KO TN CLUTEPLPOPA TOVS GTO TEPIPAALOV, £xel WONGEL TOVE EMGTNOVES KO TOVG
vevBovvoug yuo ) ompodcta vyeio, otnv avalnmon peboddwv aloAdynong g ékbeong tov
nepPariovtog kat Tov avlpamov. Ocov apopd 6to mepPdrrov eitvar modd dvoKoro va yivetl
OLVOMKT eKTiunom g ékbeong tTov Kot 0 HOVO mov eivar geiktd, eivor va petpndet m

emPapovon  Eexwplotdv  TEPPAALOVTIKOV  SopepopdTov  (vepd, €00p0og, afpag) M

21



opyavicpudv. H mo kovtivi] 6T GUVOAKT] TPOYHOTIKOTNTO EIKOVA £IvVOL TO TEPALATA GTOVG
AeyOUEVOLG HEGOKOGHOVS (Mesocosms).

[ToAdol emotnuoveg peTpobV NV emPdpovon pe O184QOPO  EVIOUOKTOVO TMV
EMUPOVEIOKADV KOl VTOYEL®V VEPOV. AAAOL Kataypaeovv TNV emPdpuvon @podTeV Kot
AOYOVIKOV TOV  OmoTEAOVV  KPIKOUG NG TPOoQKNG oAvoidag. AAAol kdvouv pehéteg
TPOKELEVOL VO SATIGTMOCOVV TNV TOEIKOTNTA 6€ VOPOPLOVS OpyaVIGHOVG OTtwg Ta Daphnia
Magna. O mepiocdtepeg pEBodol avarvong mov avapépovtal otn PipAloypagio Kot apopovv
o€ mePPAALOVTIKG delypata aviyvebovV o GEPa EVTOROKTOVOY, ard 10 £wg kot 35 o omoia

AVIKOLV GE OL0POPETIKES YMNIKES OUAOES.

Mivakag 1.1. Aviyvevon evTOpokTOVOV 6€ TEPPAALOVTIKA dElypaTa.

Ynootpopa  Evropoktéva Exydion Avéivon Avagopd
Ddpdovieg kot OpyovoemcPopkd Headspace GC-MS Lambropoulou
Kepdoa evtopoktova (diazinon SPME et al 2003
methyl parathion,
fenthion)
Nepo 16 gvtopoktova SPE Online LC-  Hernandez et al
(diazinon, fenthion) MS-MS 2001
Nepo 22 TopocITOKTOVA SPE GC-MS Quintana et al
(lindane) 2001
Nepo 8 opYavoOP®cPopIKd SPME GC-MS Valor et al 1997
Nepo 8 opyavopmGpopikd SPE Ci3 GC-NPD GC-  Ballesteros et al
FID 2004
Nepo 8 opyavVOPOGEOPIKA SPME GC-FTD Lambropoulou
GC-MS et al 2001
Nepo 44 gvtopoktova SPME GC-MS Goncalves et al
dpopwV KAAGEMV 2004
Nepo 8 opyavVOPOGEOPIKA SPE GC-MS Molina et al
1996
Nepo KoapPapowd, tpraliveg SPE LC-MS Noguiera et al
KOl pOVOAOVPIES 2004
Nepo KapBopudikd SPME HPLC-UV Gou et al 2000
Kpaoi 17 d16popa SPE GC-MS Soleas et al
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TOPOCLTOKPOVOL 2000
®dpovta kot 21 dwpopeTikd Solid-liquid GC-MS-MS  Schachterle et
Aoy ovika TOPACITOKTOVO, extraction al 1996
Aoyovika Opyoavopmwcpopikd kot - dwtobeppikdc  Pogacnik ef al
KopPopudikd Broaviyvevtng 2003
®povta kot ITolkd Solid-liquid HPLC-MS Mol et al 2003
Aoy ovika 0PYOVOPOCPOPTKA extraction
Atmn Kot 7 opyavopoc@opKa SPE GC-MS Gillepsie et al
éhao 1991
Ayyovpt 81 dpopeTikd Solid liquid GC-MS Arrebola et al
TOPOGLTOKTOVO extraction 2003
Xopo Kol 5 0pyavopmGOpPIKa Dagan 2000
U opucdL
Nepo KapBopudkd SPE HPLC-UV Slobodnik et al

1996

1.5.2 A&oioynon kivovvoo yia tov avlpwmro (Human Risk Assessment)

Oocov agopd v a&lordoynon g ékbeong tov avBpomov, mpoteivovior S1dpopot
tpomol. Katapynv eivar Pacikd va opiletar to €idog g ékbeonc. Avti pmopel vo gival
EMOYYEALATIKY] KOl OQOPA GE AVOPAOTOVG OV ATOGYOAOVVIOL OTN YNWKN Propmyovia 1 og
oVTOVG OV OGYOAOVVTOL LLE TNV EQOPUOYN TOV EVTOUOKTOV®OV. Mmopel eniong vo vmapyet
ékbeomn péow dlattag mov omoteleitar amd TPOPUE EMPAPLUEVO HE EVIOUOKTOVO 1| OO
mopapovy oe emPopopévo mepaiiov. O tomoc g €kbBeong mapéyel dedouéva yoo T
dwpkele, T Poapdmra TV VYOV AVOTTUGGOUEVOV GUUTTOUATOV KOl YEVIKOTEPA TNG
coPapdmrag o evoeyopevng PAaPng. H a&oddynon elvar dwitepo TOAOTAOKN otV
mepimToN YpoOveg Kou o younAd emimeda €kBeong, Omov Oev vmapyovv Eexdbapa
CLUTTOMOTO ONANTHPIOCTG.

To kOp1o péinpa tev emotuovev gival n kabiépwon evaicOntov eedikevpévoy Kot
a&omotov frodeiktdv ékbeonc. O o cuvnBiopévog deiktng EkBeoNG GTA 0PYUVOPOGPOPIKA
Kol KApBOpOKA EVTOHOKTOVA fvat 1 HETPMNOT TNG OVOIGTOANG TNG OKETVAOYOMVEGTEPAOTG,
elval OU®G YEVIKA TOPAOEKTO OTL OEV TPOKELTOL Y10 VO TPOYUOTIKA gvaicOnto deikn, £101Kd

0€ MEPMTMGELS YPOVIOG Kol € YapnAd eminedo ExBeomnc.
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Melét mov €yet yiver amd po opdda Ovyypwv emotnuovov (Desi et al, 1998) deiyvet

OTL Ol emaryyeAMLOTIKA eKTIOEPEVOL OTA PVTOPAPLOKO TOPOVSIALOVY avOUaAES oTOV aplOud

TOV YPOUOCOUATOV TOV TPOEPYOVIOL OMO AEUPOKVLTTOPO TOV TEPUPEPEIOKOD OULLOTOG.

Kdémowot emotmuoveg mpokeyévov vo a&loAoyncovv Ty €kbeomn peTpovV TNV

TOGOTNTOL TOV OUETAPANTOL YMUKOD TOL KULKAOQOPEL ©TO aipa, &vd kdmolol dAlol

avamTOoooLV PEBOdOVG Yoo T HETPNON UETOPOAMTAOV GTO OVPO. XE TEPUTTOOCELS ONMOS TWV

0PYOVOYA®PLOUEV®VY £x0oLV avartuyBel HEBOdOL Yia TV aviyveLoT TOVE 6TO ATMON 1010, GTO

unTpd yaAa, oto aipo kot otig tpiyec. [Hopapével dpmg og ekkpepdTrTa T0 KOTd TOGO TO

OVIYVEVOUEVO, EMIMEDD OLCUDY GE OGVLTA TO VITOCTPOUOTO OVTIKOTOTTPILOVY TN GLVOAIKY|

ékBeom Tov opyaVIGLOV.

IMivakag 1.2. Aviyvevon eVTOROKTOVOV Kol petafoltdv o€ froloyikd dsiypata

Evtopoxktovo  Metafolriteg Ynootpopo Exydion Avéivon Avagopd.
Avdpopa OPs DEP, DETP, Ovpa Duggan et al,
IMPY, DMP, 2002
DMTP
Adpopa OPs 6 dialkyl Obpa GC-MS-MS Bravo et al,
phosphates 2002
29 - Oppog SPE GC-HRMS  Barr et al, 2002
TOPOCLTOKTOVA
PCBs kot - Oppdcg LLE, ka1 SPE  GC-HRMS  Barr et al, 2003
0pPYOVOYA®PION
éva
DMP, DEP, Ovpa SPE GC-MS Kupfermann et
DMTP, DETP, al, 2004
DMDTP,
DEDTP,
Awpopa - Aipo SPE GC-MS Tan et al 2003
TOPOCITOKTOVA
Diazinon DETP, DEP Afpo ko Aleotpomtiky  GC-FPD Garfitt et al,
ovpa andotain 2002
Azinphos DMP, DMTP, Ovpa ko Aleotpomiky  GC-FPD Lu et al, 2000
methyl kot DMDTP EMLPAVELD amocToEn Kot
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phosmet YEPLOV eKyOMoN  pe
ethyl acetate

Opyavoyhopro Oppodc SPE GC-MS Dmitrovic et al,
péva ko PCBs 2002

[Mopamdve moapovslalovior  €VOEIKTIKGA KOO0l TPOTOL  TPOCEYYIONG  TOV
TpoPANLaTOg aE0AOYNONG TNG £KBEOTG Kol KATO1EG OO TIG TOAAEC OVOAVTIKES TEYVIKEG TOV
avanmTHGGOVTOL GOV EPYOAELD Yo TNV ET{ALGON TOL.

Onwg €xet MO avagepbel n mopovco HEAETN KoAeitalr vo OlepeLVAGEL TNV
mOovodTTo TNG KOTaypoens g xpoviag €kBeong tov avOp®TOL YPNCULOTOUDVTIOG TNV

TPiYo GOV EVOALOKTIKO DITOGTPOLO OVIXVEVONG TOV ETAEYUEVOV EVIOLOKTOV®V
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2 ANATOMIA THX ANOPQIIINHX TPIXAX

2.1  Avaropio ko Quoloioyio TG avOpOTIVIC TPiYOS

e £va U €0IKELIEVO TTapaTNPNT M TPiYe pmopel vor pavel Gav o opotoyevig doun,
N omoia OlPEPEL AVAUESH GTOVS OVOP®OTOVG UOVO GTNV TOGOTNTO KOL GTO YPMUO. XTIV
TPAYLOTIKOTNTO OULMG 1) TPiX omoTeAET Eva TOAVTAOKO TUN IO TNG ovOpOTIVIG avaTopiag, Tov
omoiov M evotloAoyio Kot Aettovpyia gival povo pepikmg katovontd. Eivol amapaitmto Opmg
va yvopilovpe oTOYEWWO®S TNV avatopio kot @uololoyio TG avOpamivng Tpiyac,
TPOKEWEVOD VO KOTOVONGOLUE Kol VO 0EIOAOYNGOVUE GMOTA TOVG TOPAYOVTIEG TOV
emnpealovy o amoTEAEGHATA TG AVAALONG TPLYDV.

H tpiyo amotekeiton amd wvlwvdpikég dopég M otedéyn (Ewodva 2.1). To oteléym
dNuovpyovvtol amd GULUTIEGUEVO KOTTOPO TOV OVATTUGOOVTIOL Omd WKPE Opydva 1oL
potalovv pe ohkovg ko amokarovvror QuAadkia (Ewova 2.2). Xtov avOpomo 1 SIAUETPOG TOL
k&0 oteléyovg Kopaivetal amd 15-120 pum, avdAoya pe Tov TOTO NG TPIYOS Kol TV TEPLOYN
TOV CONOTOC oL gvioTileTan to kGBe Bvddkio. H tpiya mepiéyetl o owkoyévelo TpmTeivdV
nhovolo og Beio, Tig Kepativeg. Méoa 610 oTéEAEYOG M KEPATIv dnuovpyel pakpld widia to
omoio d&vovTal LETOED TOVG e O1GO0VAPIOKOVS dEGHOVG, KAOMG Kol e OEGHOVG AAL®Y TOTWV
OV AVOTTOGGOVTAL AVAIESH OTIG KEPATIVES KOl G€ AAAEC TPWOTEIVES, ONUIOVPYDVTOS L0 TTOAD

otafepn| Ko avOEKTIKT doun.

Ewova 2.1: Aopn tov 6teréyong g tpiyog
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Kd&Be otéleyog amoteleitor amd Tpelg S10popeTIKONg TOTOVG KuTThpmv. Eva e§mtepkd
@Ao10 (cuticle) mov mepukheiel éva KeEVTIPIKO corteX TO Omoio UE TN oEPd TOL TEPIKAEIEL [
kevrpikn medulla.

O o¢lowdg ¢ avBpomvng Tpixag omoteleitor omd pokpld KOTTOPO TO OmOio
Bpiokovion 10 éva méve oto aAro. Kdbe tétoto kitrapo £xet dtaotdoelg 0.5-1.0um mepimov
070 Thyog Ko 45um mepinov oto unKog. O pOAOg ToL £ival Vo KPOTH TO GTEAEXOG CTEPEMUEVO
070 BLAGKIO KO VO, TPOGTATEVEL T E6MOTEPIKA vidta. O A01OG OU®G UTOPEL VO KATATTPOPEL
Ao YNUIKA, T0 S, T BepudTnTo, aAAE Kot amd pnyoavikd aitio. Avtd €xel Gov amoTéEAEGHA
TNV OOAED TNG OULVEXELNG TNG TPOCTUTEVTIKNG HEUPPAVIG KOl TNV KATOGTPOPN TOL
OTEAEYOVG GTO IO OTTOUOKPUOUEVO AKPO TNG TPLYOC.

To cortex oamaptilelt Tov KO0 GyKO TOL OTEAEYOLG KO OMOTEAEITOL OO HOKPLA
KEPATVOTOMUEVA KOTTOPA, T ool oynuatiCovv tveg pnrovg mepinov 100pum. Ot iveg avtég
Kpotovvtol poll Le €va GUYKOAANTIKO GTPOL TOV £ival YV®OGTO GOV GOUTAEYLO KUTTOPIKNG
pepppavng (Cell Membrane Complex). Avdpeco oto KOTTAPO TOL corteX VIAPYOLVV HIKPA
dwotata aépog. 1o Lovtavd puépog g pilag ™ Tpiyas avtd Ta deotiuata ivol yepdTo
HEe vYpO, 6GO OUMG OVOTTOCGETOL 1| TPIYO KOl TPOY®PEL 1 O1adIKAGio TG KEPAUTIVOTOINONC,
GTEYVOVOLV.

Xpopopopo copatiow eivar eniong didonapta oto cortex. O TOMOG TOV YPOOTIKMOV
Kol M otdtaén tovg divel to ypopa oty tpiya. H pelavivn, n kdpa xpootikny tov HoAiimv
TOV HOTIOV KOL TOL OEPUATOG oLVTIOETAL 68 €10IKA Opyovidlo, To HEAGVOCOUOTO, TO OOl
evromilovtal 610 BuAdklo TG Tpixag o€ cOUdTIO YVOOTA cav peiavokvttapa. H peiavivn
ovvtifetor amd to apvoEH Tupocivn pe T dpdon tov evivpov Tupoctvéon. To ypodpa Tov
avOpOTIVOV TPLY®OV 00 AOTPO GTO LOVPO, TAPAYETOL OO JLOPOPETIKES TOCOTNTES, KOTAVOUY|
KoL TOTO YPOCTIKMV.

Ta kdtrapa e medulla avéavouv oe apBpd 660 avédaver N SIAUETPOS TG TPLYOC.
Yy avBpomvn tpiyxo o KHTTOPA 0VTE ATOTELODY HOVO €va LIKPO TOGOGTO TNG GUVOAIKNG
péalog g Tpiyac, Kol 08 TEPWMTMOOCELS OOHTEPO AETTOV TPLYYOV UTOPEL Kot Vo omrovcstalovv

EVTEADC.

XUk 6961001 TOV TPLYAOV

Ovolaotikd M tpixa etvat £va S100TAVPOVUEVO, LEPIKMDG KPVOTAAMKO TOAVUEPES TOV
mePLEYEL PEYEAO aplBud Aeltovpylkdv ynukodv opddmv (6&wvol, Pacikoi kot memTidkol
deopol) ot omoieg €xovv TN dvvATOTNTO VO, OEGUELOLY KpA pope. H avBpodmvn tpiya

arotedeiton mepinov and 65-95% mpwteiveg, Aapupdvoviag v’ Gyv 10 TocooTd VYpaciag, 15-
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35% vepd kot 1-9% Amidio. To Mmidio TV TPy®OV TPOEPYOVTAL GO TO GUNYUO KO TIG
EKKPIOELG TOV OMOKPIVOV adEVOV Kot amoteAobvtal amd elevBepa Mmapd o&éa, pdvo, o1- Ko
TpryAvkepida, knpovg voatavOpakes Ko alkodres. H avBpomivn tpiya mepiéyel apvoééa e
TAELPIKES aALGI0Eg voatavOpdkwv, Bpeovivn, acmaptikd kol yAovtapkd o0&y, Avcivn,

KLGTIVY, Kot TVPOGivn).

To Ovrdaxio ¢ TpiYOS

Ta Bvrakia Tov Tpry@v evtomiloviatl 6to emBNAL0 ™G emdepuidag, oe Babog 3-4 mm
KAt omd v empdveln Tov déppatog. Ta Buldkia Ppickovtal 6 GTEVH ETOEN HE OLO TVTOVG
adEVMV, TOV GUNYHOTOYOVO KOl TOV OITOKPIVY. ZTIC TEPLOYES TNG HOGYAANG Kot Tov £praiov
To. BuAdkio PBpiockovion o emagn Kot pe GAAO €va €i00¢ 1Op®TOTOI0D adEVa, TOV OTOKPIVI
adéva. O amoKpvig Kol 0 GUNYHATOYOVOS adévag ekkpivouv péca oto Buidkio. Avtifeta o
eEokpvig Ppioketal kovtd 6to BuAGKLIO 0ALY dev ekKpivel G€ AVTO.

To BuAdxio pmopet va draympiotel Aettovpyikd o€ Tpelg (DVES, Katd UKo Tov dEova
oV oTeEAEYOVS NG TpiYac. H mpdtn {ovn, péca ko yopw amd 1o BoABd eivarl to onueio g
BloAoyiknc ovvBeong Tov KutTtapwv ToV Tptxdv. H enduevn {(ovn apéomg mhvo amd 1o BoABo
elvar avtq ™G kepatvomoinong, oty omoia 1 Tplya Kepatvomoleitar Kot okinpaivel. H
tehkn Covn glval auty g povipng tpixas. Edd to otéheyog amotedeiton amd okAnpd,
dvodpa kvTTOpO, TA omoia oynuatiCovv widle TOV cLYKpPATOLVTOL UETAED TOLG OO

eEOKLTTAPLO CLVOETIKO VMKO.

it
R e
Sts ourypotoydvos abdvag

OTENEx0S

- Bofpas

KUTTOpO UNOOTPWHOTOS

——

Bufidkio -

Ewova:2.2: To Quddkio g tpiyog
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H avéntuén g tpiyog Eekivd otn Baon Tov Bviakiov. Kabdg ta kuttapa dtapodvton
KOl LEYOAMVOLY GE OYKO Kol UNKog avePaivouy mavm oty kepatoyevn Lovn. Ed® ta kdtrapa
ovvBétouv pedavivn kol apyiovv va kepatvomolovvtol. ynuoatifovionr widin T omoio
o100epomolovVTaL LE SIGOVAPIIIKOVS OEGUOVS AVAIESH G AUVOEEN OTIMG 1 KLGTIVY).

Ta Bvrdxia tepiotoryilovtal amd 600 TLKVA JIKTVLO TPLYOEWDV AYYEI®V, TO CYNLO TOV
omoimwv glval d1aPopeTikd oTa dpactnplo kKot T adpavy] BvAdkia. To koatdtato tpito £vOg
dpactiprov Bvraxiov, amd T Paon puéxpt Alyo mhve oamd to PoAPo, mepukcheietal amd Eva
mhovolo mAEypa ayyeimv. Yrmapyel éva emiong mAovolo mAEYHO ayyeiwv OTO €MIMESO TOV
OUNYLOTOYOVOV 00EVA, TO 0010 EMEKTEIVETOL GTNV EMPAVELD TOL OEPUATOS. AVTO £XEL GOV
amotélecpo amd Kooy o BoABOG KOl O GUNYUOTOYOVOS GOEVOS VO EXOVV TAOVGLO. TOPOYY|
aipatoc. Katd v tehoyevviy odon o BoABog g tpiyag dev éxel v 10100 mopoyn oipaTog

(Wolfarm 2003).

2.2 Kvikhog kon poOpdg avantuing g Tpiyoc

H tpiya dev empmrvveton dtopkmg kot pe otabepd pubud, aAld avd QACELS, KATO TIC
TEPLOOOVG AVATTLENG TOV EVOALAGGOVTOL GE KUKAIKN pon HE TIG TEPLOdoVG avimavong. H
@Aaon Tov KOKAOV TG KAOE Tpiyag eivor aveEaptntn amd ekeivn evog yertovikod Buidkov Kot
elval yvooT| ¢ LOoATKY] avantuén. YTapyovy Tpelg pAcELs:

Avayevig @dom — avartoén. [Holhamiasialovior ta unTpkd kdrropa tov foABov.
Awpxel Tepiocdtepo and to dAla otadia. Kopaiverar amd ovo mg €€ €.

Koatayevig — avactol ovantoéng. O moAAOTAQGIACUOS TOV UNTPIKAOV KLTTAP®V
OTOUOTA Kot 0 BOAPOG CUPPIKVAOVETAL KO OVEPYETOL TPOS TNV EMPAVELX. Alapkel amd 600 Em¢
TPELS ELOOUADES.

Tehoyevng — mepiodog npepioag. O kepatvomompuévog BoABog Tov Buldkov BpiokeTat
TAEOV YNAQ, KOVTE GTNV EMQAVELD TNG EMOEPUIdNG KO GE OVTO TO GTAOLO Evag VEOS PBoAPOG
eppovifetoar miow omd TOV TPONYOVUEVO KOl EVAOVETOL UE TNV TOAL ONAN otV omoia
HeYOADVEL oL vEa TPiya, 1 0ol KATd TNV AVATTUEN TG CTPOYVEL TNV TAALL HEXPL VOL TEGEL.

Amo 10 6OVOAO TOoLg, voAoyiletatl 0Tl éva mocootd 80-85% PBpioketal oty TPOTN
@aon, 1-2% ot devtepn kat 15-20% oy tpitn. Evvoeiton 611 6 maboroyikég KoTaoTAGELS
T0, T0000TA AAAACOVY, HE TO OTASIO AVATTLENG VO LITOYWPEL Ko ToL dAL dVO0 Vo avEavovtal
avtiotoyo. O gucloloykds puBUdS TprydTTMONG givarl YOpw ot 100 avd gwootteTpawmpo,
EVO peyoAvTEpO voOUEpO BewpodvTol TaBoAOYIKd. Xe apKeTO GTOUO 1) TTAOCT TOV TPLYDV

Umopel v mopovctalel o ETOYLOKT SLOKVLLOVOT).
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Eivar cuvBog amodektd otL 1 tpiya peyorovel pe pvbud mepimov lem/pnva. Avtd
opwg amoterel o vrepamiovotevon. Eivar duvokoro va Exovpe akpiPeic tipég yia to pubuod
AVATTLENG TOV TPLYOV GTOVG 0vOP®OTOVG. AEV avVOTTOUCCOVTOL OAESC O1 TPiYES e ToV 1010 pLOUO
K0l TO TOGOGTO TV BudaKkiov otnv avayevi edacn e€aptdtot omd T0 GNUEID TOV GOUATOG TOV
Bpioketar to BuAdxio kot v niwio. o Tic Tpiyeg g KePAANG HOVO, LITAPYOLY AVAPOPES
v puOUd avamTuéng mov moikidel amd 0.6-3.36 cm/unva (Hops, 1977, Giovanoli-Jakubezak
and Berg, 1974). O tomoc Mg tpiyac Ko TO ONUEl0 TOL GOUATOS TOV OVOTTOGGETAL TO
Buddxio eivar ot mo crovdaiotr mapdyovieg mov kabopifovv 1o pLOUG avdmTvEng. Ot Tpiyeg
NG KEPOANG OVOTTUGGOVTOL YPNYOPOTEPD OO TIG TPIYES OTN UACYKAAN 1 oV NPT xOPa,
OV E TN GELPA TOVS OVOTTOGGOVTIOL YPNYOPOTEP OO TIS TPiXES TS Yevelddac. EmmAéov o
pLOUGS avamTLENG PaiveTon va eEaptdTot amd T VAN, TO VA0 Kol TV NAkia. Ot Tpiyeg ™G
KEQPUANG OTLG YUVOIKEG AVOTTUGGOVTAL YPTYOPOTEPD OO TIG aVTIoTOES GTOVS Avipes. Ot
TPiYEG TNG KOVKAGLUG GUANG OVOTTUGGOVTOL YPYOPOTEPA OO TIS AVTIGTOLKEG TOV AGLOTOV
Kol YeVIKA o puBudg avamtuéng oaivetor vo pewdvetor pe v nmlkio. Zov onueio
OelyHoTOANYiaG €xel E€MKPOATNOEL TO TGO HEPOS TNG KEPOANG EMEWN €KEL VTAPYOLV
mePLosOTEPA BuAAKIL otV avayev] @don (mepimov 85%) kar ot Tpixeg avamTOGoOVTAL UE

Tay0TEPO PLOUO amd dAla onueio tov copatos. (Harkey, 1993).

2.3 Mnyoviopoi evom60gong ovoi@dv 6Ty TPiya

Yndpyovv dvo unxavicpoi amoppoenong Kot mayidevong ovsidv oty tpiya. O évog
ocupPaivel KOT@ TNV KEPATIVOMOINOT TOV KOUVOUPLOV KLTTAp®V TS Tpixas. Ot ovcieg mov
KUKAOQOPOUV OTO Oilo €Gy®povV oty Tpixe péo®m Tov Bvlakiov Kol TAPAUEVOLV
TOyWEVHEVES 0 CLYKEKPILEVO onpeia TG Tpixas. O dALOG UNYaVIGHOG £XEL VO KAVEL LE TNV
eEmtepikn evamdfeon ovcldv mov Ppickovior gite oto mePPdALov gite elvar SlaAVUEVESG GTOV
WpOTO 1| OTO GUYHO OV EKKPivouv ot ounypatoyovol adéves. Ot ovsieg amopakphvovtal
KOTA TNV TEPITOINGT TO AOVGLUO KOl TO KOWILO TOV LOAAIDV.

‘Eyxovv yiver moAréc peréteg mpoxepévov va eEaxpifmbel m oyéon mov vmdpyet
avdpecso ot 060m VOGS YNUIKOL TOV EICYWPEL GTOV OPYOVIGUO KOl GTN) GLYKEVIPMGT TOV
ANHIKOD oL aviyveveTol oTic Tpixes. Ta amoteléopata mpog 10 mapdv dev Exovv Pondnoet va
eCaybel éva aocparéc ocvumépacpa. Ilapd Tig avtippnoelg mov mpoPdAiovtar omd v
EMOTNUOVIKT] KOWOTNTO OYETIKOL HE TNV OMOTEAECUOTIKOTNTO Kol TNV oSlomotic g
avdAvong Tpydv, 1 TELVIKY EYEL NON SELKOAVVEL EYKANUATOAOYIKEG KOl 1I0TOPIKEG EPEVVEG,

&xel ypnowomomBel oe mepumtwoelg eAEyyov doping, peAétng avtoyiag, viobeciog Ko
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Bloopod kot o amoteAéopATA TG £Y0VV TPOocayOel ota oToKElD O Uid GEPH OIKOCTIKMV
vrnoBécewv. Extog and ta moapandvo, n avdivon tpryedv Oa pmopovce va ypnoipomoindel
TNV 0TPIKY, GOV LEGO EAEYYOL TNG CLUUOPPWONG achevmdV og Ypovia Bepameio Yo SIAPOPES
acBévetec.

O pvOuog avamtuéng v POV Tolkilel Kor poAo mailovv d1dpopotl mopAyovTEG,
OTMG Y10 TOPASELY O TO HEPOG TOV COUATOG TTOL PVOVTAL. 'Evag pécog puluog avantuéng mov
elval yevikd amodekTog, 0K Yo TiG Tpiyeg ¢ kePoaAng ivon 1.0£0.3 cm/pnva. Avtdg o
PLOULOG YPNOUYOTOLEITAL OTNV  TUNUOTIKY avAALGY TPYYdV TPokeEVOL va  e&oyBodv
cvumepdopato yio Ty £kbeom og ynukd og Péog xpovov. H avaivon pog tpixog GuvoAlko
ukovg 10 cm pog diver mAnpogopieg yoo v €kBeon Tov ATOHOL TOVG OEKA TEAELTAIOVG
unves. Zm pila avtiotoyel n mo npoéceatn £kbeon evd oy dkpn exeivn mov €ywve 610
AnMOTEPO TOPEADOV.

Onog avagépbnke Kot oty glcaymyn, 600 eivar ot Koprot pnyavicpol evamdeong
ovolwv otig Tpixec. To aipa, o WpmdTAG, TO dEpUA Kot TO SUNYHO Hropolv vo BempnBodv cav
mOavég oegapeveé HEC® TOV OmolmV JapopeS ovoieg eloywpovv otig tpixes. Kabe 006g
eloymdpnong yopaxtnpiletoan omd po cvykekpipuévn otabepd. Kabe ovoio umopel va e10éA0gt
omv 1piya kotevbeiov omd 10 mMEPPAAAOV 1| pécw kAmowg amd TS mpoovapepOeices
de€apevég (Cone, 1996).

Ot d18popec ovoieg kot 01 LETAPOAITEG TOVG KOTAVELOVTAL GE OAO TO COUA KOTH KOHPLO
AOyo pécm g mobnTikng dudyvong Tovg amd 1o aipa. H katavoun péow tov pepppovov
SLEVKOADVETOL OO TNV VYNAT S1ALTOTNTO LG OVGiaG 6T Mmtidia, TN YoAopr| TPOGOEST GTIC
TPOTEIVEG TOV TAAGLOTOG KOl TIG PUOIKOYNUIKES TOPAUETPOVG TTOV ELVOOVV TH [N LOVIGUEVN
popo1| pog ovoiag oto aipa. H d1dyvon tov ovsudv amd ta tpryostdn ayyeio Tov Buiakiov
oTo. KOTTOPO, TOV VTOGTPOMONTOS TNG Pdaong tov OBvAakiov, ovoEEPETOl cav 0 KOLPLOG
unyoviopog evomdbeong ovowdv ot tpixes. [MBavotata ot ovoieg mpocdévovtal 6To
VIOGTPOLOL KOL OTIG ¥POOTIKEG TV TPLYDV. Kabd¢ ta kuTTOpa eTUnKivovTal Kot ToALDOVOLY,
VEKPAOVOVTOL GTASIOKE Kot oynuatilouv 10 oTéAe0g ™G TPIYOS UE TIG OVOIEG TOYIOEVUEVES
GTO VTOGTPOLA.

[ToAAég ovoieg €xovv aviyvevTel Kot GTOV WOPADTA, O OTOI0G CLUVTEAEL OTNV £EMTEPIK)
evamoeon TV oLV OV givar SoAvpEVEG o aVTOV 0TI Tpiyes. H evamdBeon g koxaivng
pHécm Tov 1Wparta £xel peretn et wiaitepa (Cone ef al, 1994).

To ocunypa etvor Mrapd VAKO 0 0moio EKKPIvETOL OO TOVG GUNYUATOYOVOUS OOEVEG
nov Ppiokovtar 610 OvAdkio g Tpiyas. Ymhpyovv OUmG Kol adEveg TOL EKKPivouv

katevbeiov omv empdveln Tov dépuatog. To ounypo amoteAeital kotd to €va Tpito amd
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erevBepa Mmapd o&éa, Katd To éva Tpito amd decpuevpéve Mmopd o&éa Kot Katd To £va Tpito
amd VAIKE O GKOLOAIVY, yoAnotepivn kol knpovc. O Pabuodg mov To GUNYHO GUVEIGREPEL
otV evamdecT ovVGLOV OTIS TPiYES Oev elval YvoTds. To GUYHO KOAVTTEL TO GTEAEXOG TNG
tpiyag 6tav Pyaiver amd 1o BvAdkio. Av o ovcio PplokeTot dSteAvpévn 6To ounyuHa, TOTE
umopei va mepdoet oty tpiyo. H emucddioyn g tpixag pe Toug Knpovg kot to Amidie Tov
OUNYHOTOG UTOPEL VO S1EVKOAVVEL T HETAPOPA OGS OVGiag amd ToV W0pdTa, TO dEPUA 1| TO
mepIPaAlov oe avtnv. MEo® TOV TOPATAVE UNYOVIGUOV TGTEVETOL OTL LETAPEPOVTOL TO.
yvootoyeia 6Tig TpiyeC.

Téhog, moAAég ovoieg pmopel va evamoteBohv oTig Tpixes Héc® Tov dépUaTOg N KoTevbeiov

and 1o mepParrov, av Bpedel kdmolog e Y®PO GOV VILAPYOLV ATUOL TV OVLGLADV.
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3 ANAXKOIIHXH BIBAIOI'PA®IAY XXETIKA ME THN ANIXNEYXH
ENTOMOKTONQN KAI IIEPIBAAAONTIKQN MOAYNTQN XTH TPIXA

3.1 Avaiven TPV Y10 QUTOPAPRAKA

H mpoodog mov €xel onueiwbel pe ) Pertioon TOV avOALTIKOV TEYVIKOV KOl TN
duvatdHTTO. TG OVAALGNG 1YVOTOGOTNTOV G€ TOAVTAOKO Oelypata, 00ynce KAmTOLovg
EMGTAUOVEG OTNV OlEPELVNON NG THAVOTNTOS VO XPNOHOTOIN B0V TPiYES Yo TNV aviyvevon
QLTOPAPUAK®V Kol TNV a&loAdynon ¢ YOUNANG kou poakpoypoviog éxbeong oe avtd. H
EMOTNUOVIKY] BBAMOYpapiot TOL OVOPEPETOL GTA TPDOTO, EVIOUOKTOVO TOV OVIYVEDTNKOV OTIG
TPiyeg JEIKVIEL TG TEPICCOTEPES LEAETEG EXOVV TPAYLOTOTOMOEL Yo TOL OPYOVOYAWPLOUEVDL
EVTOLOKTOVA KOl Ol TEPPAALOVTIKOL LOAVVTEG.

Avoivtikn| €psvva g PipAtoypaeiag amokdAvye OTL o1 ovcieg ekeiveg TAVED OTIC
oTolEG LILAPYOVV ONUOGIEVUEVO OMOTEAECUATO EIVOAL O GLYKEKPIUEVO Ol TOAVYAWPIOUEVES
dpevio-mapa-oio&ivec  (polychlorinated dibenzo-p-dioxins-PCDDs), 1o moAvyAwpropéva
dBeviopovpdvia (polychlorinated dibenzofurans -PCDFs), ta moAvylwplopéva diparvoria
(co-planar polychlorinated biphenyls-Co- PCBs) kot to oAikd moAvyAmpropéva dtpatviia
(total PCBs), lindane, DDTs, diazinon, aldrin, chlorpyrifos, malathion, dieldrin, permethrin,
kol cyhalothrin. Ot mpoavaeepBeicec evaooelg sivan emkivovveg yi to meptdAiov Kot
onuocl vyelo egontiog ™G YMWKNG TOVS GTABEPOTNTAS KOl TOL EVIOMIGUOV TOLG GTNV
TPOPIKY] 0ALGId Kot TOVS avOpOTIVOVS 16ToVC. Ot TEPIOCHTEPOL OO TOVS EPEVVNTEG TTOV
&xovv aocyoAnBel pe to BEp dNUOCIEHOVLY TIC AVOAVTIKES TEXVIKES TOL AVETTLEAY KOTA TN
OIPKELDL OMAMY TAOTIKOV UEAETAOV, OTNV TPoomddelo va. e£EPEVLVIGOVLY KATOLES OO TIC

TOPOUETPOVG TTOL EXNPEALOVV TN CLYKEVTIPMOOT) TV VIO UEAETN OLGUDV GTIG TPIXES.

3.1.1 Mé6ooot ekyvbiiong TV QLTOPOPUAKMY ATIO TIS TPIYES KAl UEAETES
AVAKTHONS
[ToAAég elvar ot péBodotl ekyOAMONG TOV OVCIAOV OO TO TPOTEIVIKO VTOCTPOLO TNG
Tpiyog mov avoamtoydnkav. Evoewticd avagépovtar ot 6&vn vopdivon, ekydAon soxhlet,

reflux kot exyvAon vypNg —oTEPENS PAoNG
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Mivaxog 3.1 Evooeig vd avdivon, péBodog mpostolpaciog delyotog Kot ovaKTnon

Evooeig Mé£00dog Avaxktmon %  Xuyypooiac-
TPOETOLNAGIOG Avagopa
ogiyparog

PCBs (clophen) PCDDs, Soxhlet eKYOAIOT, - Schramm 1997

PCDFs co PCBs KaBopiopde o1 Schramm 1992
TOAMMOTAEG GTHAES

PCDDs, PCDFs,xat co Reflux pe  toluene, Nakao et al 2002

PCBs kabopiopde pe oTnAn

silica gel moAAamAGDY

OTPOUATOV, ETITAEOV

kabapopog pe HPLC
DDT, lindane O&wvn vopoIvon, LLE Neuber et al 1999
PCBs, DDTs, Diazinon, LLE pe &&dvio 7 35-128 Liu & Pleil 2002
permethrin, hexane: ethyl acetate
chlorpyriphos, (4:1 v/v).
Malathion,
PCBs, DDTs HCHs Aldpopeg pébodor  >85 Covaci et al 2001
EKYOAIONG
Atdpopa EVIOLOKTOVO MeBavoAikn ekyoiion - Cirimele et al 1999

O Schramm kot ovvepydtec (Schramm 1997) oe o dnuocievpévn epyocio mov
aPOPOVCE TN UEAETN TNG EVATODECNC OPYOVOYAMPLOUEVODV EVOGEMY OTIC TPiYES, HEAETNCOAV
Vv eE®TEPIKN EMUOAVVOT TOV TPLYOV pe piypa dtoEvav Clophen A 40. To mpdto Pripa ot
dwdkacio g mpoeToasiog Tov detypotoc Nrav ekybion soxhlet pe tolovévio yua 24 h. To
TPMOTO eKYOMOp0 Kobapiomnke mepatépm pe TOAAUTAN ypopoatoypagio. otiing (silica,
evepyomomuévn alumina, o&ivicpévo pe Beuxd o&p silica gel kot TeAKA amevepyomomuéEVo
florisil).

Ot Nakao xor ocvvepydreg avémtvéav po moAdmAokn HEBOdO Yoo vo avaAdGovV
PCDDs, PCDFs, kot co PCBs (Nakao et a/ 2002). Eniong e&étacay to amotéAecpa mov £ouv
OTNV OVIYVEVOUEVT] CLYKEVTPMOT KAOE 0vGiag TAPAUETPOL OTTMG 1| GLYVOTNTA TAVGILOTOG LE
v KOO GOUTOLAV, OIPOPES OAKOMKEG TEYVIKEG OLIOTAONG TOV  TPMOTEIVIKOV
VIOGTPOUOTOS, 0 ¥POVOG TNG EKYVAIONG Kot 1) TOPOLGia GAA®Y OVGLOV. ApyIKA TO dgtypo

Tpry®v ekyviiotnke pe 200 ml todovévio yia 4 h under reflux. To ekydMopo kabapiotnke pe

34



YPOUATOYPOPI0 TOAAATADY oTpopUdT®V Tov Tepleiyav NaSOq, o&viopévn silica kot Bacikn
silica. To ékmAvpa yopiotke o€ tpelg eaoelg pe HPLC kat n tpitn edon avarbonke pe GC
MS.

Ot Neuber kot cuvepydteg aviyvevoav tig ovoiec DDT ko lindane, npoepyopeves ond
ocuvTNPNTIKG EVAOV, Gg TPixeg TMAdIDV TPooyoAlkng mAkiog (Neuber et al 1999). To
TPOTEIVIKO VIOGTPOUO TNG TPixac dahvOnke pe endaon oe Beuxd o0& (7.1 M) otovg 80 °C
v 1 h. Ot vd avdAvon ovoieg amopovadnKay Le VYPN-LYPN EKYVAION HE KUKAOEEAVIO Kl
10 detypa avarvdnke pe GC-MS.

Ot Liu kou Pleil (Liu & Pleil 2002) avérto&av po péBodo yio v avaivon tpévio
TECOAPWOV OOPOPETIKOV EVIONOKTOV®V. Ol ovcieg mov avalvdnkav ce okOVY Kol TPiXES
OKDOAOVL OVINKOLV OTIC TOEELS TV OPYAVOYA®PIOUEVOV, TOV OPYOVOPOGEOPIKMOV KOl TWV
nopebpvadv. H pébodog emhoyng v v omopdveon TV ovcidv TepAapfave vyph-vypn
ekyoAon pe e€avio 1 petypa eaviov: arvAikov aketvieotépa (4:1,v/v).

Ot Cirimele kot cvvepydteg (Cirimele et al 1999) ypnoiponoincov pio moAd omin
péEB0dO ekyLAIONG Yo VoL aviyveDGOLY EVTOUOKTOVO GE TPiYES epyotav o€ auméio. H pébodog
mepAappave peBavoAlKy) ekyVAON TV 0LCIOV omd TS Tpixes, €&dtion tov SaAvT,
EMAVAOLAIAVOT| TOL GTEPEOD LIOAEIppOTOC o€ PeBavorn kot avarvon pe GC-MS.

Meléteg avakmong tov HeBOdwV ekyOAMONG TOL TPOTEIVOVIOL OVOPEPOVTOL GE
Kamoleg epyacieg. Ot mepiocdTepeg LEBodOL Exovv avaktnon avauesa ota 35-120% (Ilivaxog
5). ®aiveron 6T  avdktnon eoptdtal omd T AmodteAvtdTTa TG KEBE Evmong, kabme Kot

TOV TOTO KOl TOV XPOVO TNG EKYVLALONG.

3.1.2 AvaloTikég TEYVIKES
H pébodog emroyng amd tovg mEPICCOTEPOVS EMGTNUOVES YO TNV OVAALGYT T®V
detypatov gtvarl n aépla ypopatoypapio, cuvovacuévn eite pe pacspatoypdeo palog (MS) 1
Electron Capture Detector (ECD). O aviyvevtig ECD mpoopépet peydAn evaicbnoio kot
EMAEKTIKOTNTO GTNV OVAALOT TOV OPYAVOYA®POUEVOV evOce®V. [0 TNV aviyvevon twv
0PYOVOQPMOPOPIKAOV EVOGEMY UTOopel emiong va  ypnowomombel aviyvevtg aldTov

ewceopov (NPD).
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Hivakoeg 3.2: Avoivtikéc cuvOnkeg

Evoosgig Avalvtiki) pé0odog  XTiin "Eveon

PCDD «o1 PCDF HRGC- HRMS Rt —2330 (60 x 0.25x 0.25)  splitless

PCBs EIM NCI DBS5 MS (60 x 0.25 x 0.1)

4 o 6 chlorPCDD/Fs HRGC-HRMS SP2331 (60 x 0.32 x 0.20) splitless

7 ko 8chlor PCDDs/Fs J&W DB5 (30 x 0.32x 0.25)

Lindane kot DDTs EI GC-MS CP SIL 5CB (30x0.25 x 0.25)  Splitless

PCBs, OCPs, OPPs, EI GC-MS pre column: (10x0.53) "Eveon

Pyrethroids (SIM mode) Rt, —CLpest. (30x 0.25 x .25)  peydrov

OYKOL

PCBs, HCHs, DDTs EI GC-MS and GC- DBI (25 x0,25 x 0,25)s Splittless
ECD HT8 (25 x 0.22 x 0.25)

15 evtopoxtéva EI GC-MS kot NCI Splittless
GC-MS

Methomyl ELISA, HPLC -UV  LC8 column -

H emloyn mg KatdAAnNAnG xpoUATOYPOEIKNG CTHANG NTav TOAD GNUOVTIKY Y0l TO

cMOOTO JOYMPIGUO TV and ovlAvon evdcemv Ot TEPLGGOTEPOL EPEVVNTES YPTCLLOTOINGAV

Tpryoedeic otreg unkovg 30 m. Ot avaivtikég pébodot Enpeme va €xovv T duvaTOHTNTO VL

aviyvevovv Tig ovoieg og ovykevipmaoelg pg/g (ITivakag 3.3). To delypa eionydn pe Eveon oe

splittless mode kot og o gpyacio ypnoporomOnke n teyvikn cold on large volume injection

v va Bertiodei n evasOnoia (Liu and Pleil, 2002).

H 0eppokpacio tov sioayoyéo fitav petaéd 200 kat 250 °C, evéd oe e oxedov Tig

gPYNcieg To A0 NTaV TO PEPOV 0EPIO.

Kamoteg and t1¢ peréteg £ywvav oe avOpomveg Tpiyxeg evd Kamoleg dAAeg £yvav og

tpiyeg mepapatdélowv. O Liu ko Pleil ypnowonoincav tpixec okdrov yio to mepdpoto

T0V6. Ta enimeda TV 0PYOVOYA®PIOUEV®VY OV OVIYVEDTNKOV OTIS TPIXES PAIvVOVTL TOPOKATM

(ITivaxag 3.3).

IMivaxoeg 3.3. Opa aviyvevong (LODs) kot enineda eviroemv ota delypota Tptydv

Evaoelg Enineda LOD

PDDDs and PCDFs 0.1-10 pg/g -

PCDDs, 0.481-1.95 pg/g 0.088-0.12 pg/g
PCDFs, 0.403-1.51 pg/g 0.088-0.12 pg/g
co PCBs 0.25-0.38pg/g 0.25 pg/g
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DDT, 50-400 ng/g 50 ng/g

Lindane 120-400 ng/g 120 ng/g
Diazinon, 20 ng/g 25-50 pg
permethrin, 100 ng/g

chlorpyriphos, 33-700 ng/g

Malathion 7-24 ng/g

PCBs, 5.2-13.7 ng/g 0.5 ng/g
DDTs 18.8-101 ng/g 1 ng/g
HCHs 14 - 40 ng/g 1 ng/g

[T ovykekpyéva, to emineda twv DDTs mov aviyvedmmkav otig Tpixeg OTIC
ovykekpipéves peréteg Nrav peta&d 19-400 ng/g, twv PCBS 5-13 ng/g tov PCDDs kot
PCDFs 0.1-10 pg/g tov lindane 120-400 ng/g tov HCHs 14-40 ng/g. Me efaipeon Ti¢ pehéteg
v PCDDs kot PCDFs, 6mov 1o enineda TV ovoudv Ntav o€ pg/g, ol VITOAOUTEG OVGIEC TOV
avaPEPOVTOL aviyvevoviol o€ emimeda ng/g. H aviyvevon kol aviivon tov opyovikov
evooenv o avipomva kot TepPailoviikd Oetypoto givor €va OA0 KOl TO ONUOVTIKO
KOUUATL ot Olad1Kacion avoyvmpiong Kal ooyeiptong tov Kwvdbvov omd v €kbeomn oTig
ovoieg aVTEG. AV Kol HEYPL TOPO TO. MO KOWE OElypato 7OV YPNCLLOTO0VVTAL GTNV
a&lohdynon g avBpomivng €kBeong etvar T froroywkd vypd, ot Tpixeg kepdilovv OA0 Ko
TEPLOCOTEPO E00LPOG GOV OELYLLOL ETAOYNG Yo TNV a&LOAGYN O TG YPOVIOG N LKPNG O1dpKELOG
€K0eomG o€ 1APOPES YNUIKES OVGIEC.

To emimedo OWEOPOV ELTOPUPUAK®V OTIC TPiXeg £yovv peTpnbel emiong oe
nepmtocels o&elog OnAntnpiaong yexkaotav og Oeppoknma (Tsatsakis et al/ 2001).

H mocotikr| ekydAon T@V oveldV and T0 TPOTEIVIKO VTOCTPOLO TG TPiYas elval TO
onovdadTePO Pripo otn Oladtkacia TG avaivons. Avtd givor Eva SOGKOAO Brpa Lo Kot ot
Tpixeg TEPEXOVY MTOPILEG 0VGiEG TOV eumodilovv TV avdivon. [ToArég uébodot kabapiopov
gxouv avamtuyfel kor dokipootel Kamoleg amd TG omoieg eivar 1dtaitepPO TOAVTAOKES Kot
YPOVOPOpEC.

Ot opyoavoyAmplopEVES EVOGELS TOL PeEAeTONKaY givar apkeTd otabepés, apa K €161
HEVOLV OVETOQES OO OPOUCTIKEG OLOOIKOGIEC VOPOALONG TOL TPMTEIVIKOD VLITOCTPMUATOC,
omwg etvor n 6&vn Kot M aAKoAIKN ekyVvAon. To mo actafn evtopoktova OnmG To
0PYAVOPOCPOPIKA, TO KAPPAUIOIKE Kol Ta TUPEBPOEON eKYLMOTNKAV amd TIC TPiXES LE LYPN

OTEPEN EKYVALON LE KATO10 OPYOVIKO SLoADTN Owg 1 neBavorn.
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[ToAAég givar ot Tapdipetpot Tov exnpedlovy TV amddoon g ekyvAlong. Kamoeg and
avTéG €lval 0 YPOVOG EMMACNG OTO EKYLAIGTIKO HECO, TO TAVGULO TOV OEIYUATOS TPV TNV
évapén g dwdikaciag, kot to pH tov petypatog (Schramm 1997, Nakao et al 2002, Covaci
et al 2001).

Emumiéov kobapiopdg tov delypartog frav duvatd vo emttevydel eite mepvmvtog To
EKYOMOUA OO YPOUATOYPUPIKA GTNAGKIN TOAAATADY CTPOUATOV 1| LE VYPN-VYPN EKYOMOT).
Kamowor epevvntéc (Cirimele et al, 1999) anépuyav tov mapanépa kabopiopd Tov delyHoTog
(OPOVUEVOL TNV OTMOAELN TOV TTNTIKOV GUTOPUPLAKOV.

H pébodog emdoyng yio v avaADoTn TOV EVAOCEMV GTA ONUOGLELUEVE ApBpa, NTOV
GC-MS egite pe niextpovikd oviopd (EI) 1 apvnto ynuikd wviopd (NCI) H aviyvevon
EMAEYLEVOV 1OVTOV, YOPAKTNPLOTIKO Yo KaOe putopapuako (Selected Ion Monitoring -SIM
mode) Peitiooe ta Opa  aviyvevong. [a v  avdivon TOV  OpyOvVOYA®PLOPEVOV
evtopokTovev 1 xpnon tov ECD aviyvevt mpocépepe akoun peyordtepn evarcOnoio, kdtt
TOL {oYLE KOU YL TOL OPYOVOPMOGPOPIKE EVIOUOKTOVA KOl TN YPNomn oaviyveuty aldTtov
ewo@dpov (NPD).

O ovykekpyévog TOmog avdivong dev eivarl Waitepa 0EIOTIOTOS EMEWN KATA TNV
EPAPLOYT TOL Oev Yivetal c®oTdS SYWPIOUOS TOV EVAOCEWMY, Kol 10iMg GTNV TEPITTMOOT
kdmoiwv PCBs. H emAoyn Aomdv g KaTdAANANG XPOUATOYPAPIKNG CTAANG &ivar akoun
évag mapayovtag mov emnpedler v emtvyio g avaivtikng pebdoov. O Covaci ko
ovvepyateg (Covaci et al 2001) dokipacov €61 GTAAES OLOPOPETIKNG TOMKOTNTOS Yo VO
KATOANEOVY GTO CLUTEPACHA OTL Yl VO Ol®PLGTOVV Ol 0LGIEC CMOGTA, givol amapaitnTeg
TOVAGYIOTOV 000 OTNAES OLOPOPETIKNG TOAMKOTNTAG. ZLUmTEPOVOV €MONG OTL 1 TAELOV
KOTAAANAN GTNHAN Yo TO S0 ®PIGUO TOV TEPICCOTEPMV 0LGIOV Ntav 1| DB-1 6t)An kot 61 n
DB-5, mov ypnowonoteital and to meprocotepa epyactiplo. O xpovog TG avdAvong Kot To
TPOYpopLe Beplokpaciog KATEYOVY EMIONG OMNUAVTIKO POAO GTNV OTOTEAEGULOATIKOTNTO TNG
nedddov. Ta mepiocdtepa Beppokpaciakd Tpoypaupate Kpatovv mepimov 30 min M
TEPLGGOTEPO.

Téhog, av kot o1 meprocdtepol epevvntég elcdyovy 1 pl delypatog mpog avaivon oe
splittless mode, kdmoiotr ypnoonoincav cold on large volume injection ce po mpoondOeia
va owénbei n evarsOnoia (Liu and Pleil 2002)

Ot dvokoAieg otV OVAALGY] TOV EVIOUOKTOV®V KOl TEPPAAAOVIIKOV HOALVIDOV
yivovtal €0KOA aVTIANTTEG GLYKPIVOVTOG TO EMIMESD TOV AAL®Y OLGLOV OTMS TO. PAPLLOKOL
KOl TO VOPKOTIKA, TOVL OVi(VELOVTAL OTIS TPIYEG ME GLTE TV EVIOUOKTOVOV Kol TMV

neptParloviikdv porvvtav (ITivaxog 3.3).
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Onwg €yer MO avoeepbel, ov mePIGGOTEPOL £peLVNTEG €YOVV GLYKEVTP®OEL oTNV
avATTUEN OVOALTIKOV TEYVIKOV KOl OTN OLEVEPYELDL TIAOTIKOV HEAETMOV TPOKEUEVOL VO
e€dyovv KAMO TPAOTO GULUTEPACUOTO YL TN OTOLOMOTNTO TNG OVAALONG TPLYYDV OTN
dwadkacio g a&loAdynons Tov Kvduvou Yo tov avBpwno. Ot TepecOTEPOL EPELVNTEG TOV
dovieyav pe PCDDs, PSDFs kat co PCBs katéAn&ov 610 cupmépacia 6Tt 1 avaAvon Tpiyov
glval ToAD ypnoyn otnv a&loAdynomn tov Kivdvvov. H cuykévipwon kdmolwv ond Tig EVOGELS
mov ovoAvONKaV avtikatortpilovy TNV CLVOAIKY| emiPdpuvon Tov opyavicpov (Schramm
1997, Nakao et al 2002, Hashimi ef al 1992, Oghami et al 1991). Eniong n ovykévipoon tov
PCDD, PCDF, kot Co-PCBs oti¢ tpiyeg aviikatontpiletl ekeivn Tov meptPdAlovtog.

Ot Schramm kot cvvepydrteg mpoteivovy 610 PEALOV 1) QOVAELL VO, EGTIOCTEL GTOV
KOTOUEPIOUO TMV OLGLOV OVAUECO GTO O[O, TOLG 1OTOVG KOl TIC TPIXEG YL OLOPOPETIKES
ocvvOnkes éxBeomg kot va yivouv emdnpioroykég peréteg (Schramm 1997, Schramm et al
1992). Ymodewkvoovv 0Tt av yivouv mepdpote pe OOPOPETIKOVG TOTOVG TPy ®dv Oa
EKUNOEVIOTOUV Ol O10POPEG OVALEGH GTaL €101 GAAG KO OVALEGO GTO, AITOLA TOL 1010V €I0VC.
Téhog, ToviCovv O0TL N avdAivon Tprydv Ba wapeyel Eva VO Kot NOIKAOS 0modekTtd GVCTNHA
a&loAoynong £kbeong yro avBpomovg Kot {da, 01K Y10 TO TPOCTATELOUEVE, E10T).

H avdivon tpyov ftav eniong ypioyn oty aglohdynon g owakng ékbeong og
lindane kot DDT mov o@eildtav og cuvtnpntikd ELAOV EVPICKOUEVA £iTE OTIG EOAVEG OKETES
N og émumha wov glyav swooydel amd tpiteg xdpeg, cOUEmva pe tov Neuber kot cuvepydrteg
(Neuber et al 1999).

O Cirimele kot cuvepydteg mBovOV va aviyvevse TV MM EQAPLOYN TOV KAVOVEOV
AcQOAEIOG OMO TOVG WEKOOTEG TOV OUTEAIDV. APOCTIKEC OLGIES PLTOPUPUAK®OV ElYOV
evromiotel og delypota Tpydv amd youvaikeg mov giyav extebel e cLYYpova PLTOPAPLLAKO
Kata TV gpyacio Toug o Oeppoknma (Dopapsakis ef al 2001, Tutudaki et al 2002).

I'evikd o1 epeuvnTég GLUEOVODV OTL 1| AVAAVOT TPLYYDOV UTOPEL Vo Yivel Eva ypNOLULO
gpyareio yia v a&loldynon tov Kivdivov 6Tov 0moio vVtoKewvTol dvBpmmotl kot TepBaAlov,
pe v mpobmdBeon va Anebodv vdyn OAeg ekelveg ot mapdpeTpor mov eivar duvatd va

EMNPEACOVY TO TEAKO OMOTEAEC L.
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4 OPYTOPAPMAKA KAI NEPIBAAAONTIKOI MOAYNTEX: TAIOTHTEX
KAI TOZIKEX EIIIAPAXEIX

[Mopaxdto mopovsldlovtal GLVORTIKG TO EVIOUOKTOVO 7OV  avoAvOnkav 1

¥pNooromdnkay cov ecmtepikd standards oty datpipy

4.1 Opyavopmwcopikd Evropoktova
Ta opyavopwo@opikd €ivor o TOAD OTOTEAECUATIKY] OUAON EVIOUOKTOVOV OV

TEPLEXOVY PMOGPOPO 6T0 POplo tovs. Elvar eotépeg to0 pmcpopikov 0&€og pe d1popovg
VIOKOTACTATES. XNUIKA givat Ayotepo otafepd amd To 0pYOUVOYA®PLOUEVE EVIOUOKTOVO, KO
avtog lval o Adyog avtikatdotaong. Tavtodypova, eivor amd o mo To&kd EVIOUOKTOVA Yo
T0. omovovAmTA. Efaitiog g SOUIKNG TOVG OUHOIOTNTOG HE TO 0EPLOL TOAEHOV, £YOLV KOl
TOPOUOI0 UNYOVIGHO dpdiomng. Ot evIOHOKTOVEG TOVG 1010TNTES avakaAveOnKav ot I'epuavia
Kkatd 1 dwpkela Tov B’ [Maykoopiov TToAépov. H avaxdivyn emtedydnke ydyvovtog yio
OVTIKATOOTATEG TNG VIKOTIVNG, TOL UEXPL TOTE YPNOUYLOTOLOVVIOY GOV OTOTEAECUATIKO, GAAG
dVoEHPETO EVTOUOKTOHVO.

H owoyéveln 1oV opyovopmo@opikdv eival apketd HeyOAn kot yopiletor o€
vIoKaTNYopleg avAAoye HE TN QUOT TV LITOKATAGTATAOV TOV QOGPOopkov o&éog (Ware &
Whitaker 2004). Xtnv napodco HEAETN xpNOIHOTOMONKAY TPIO GUYKEKPUUEVE PLTOPAPLLOKO,
to diazinon tov omoiov M evamdOeon otic Tpixeg pelemOnke deEodikd, to fenthion kot To

methyl parathion mov ypnoipomomOnkayv cav ecmtepikd standards.

4.1.1 Diazinon

D

h

Ewéva 4.1: Zvvraktikodg tomog tov diazinon
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To diazinon &yt éva €TEPOKVKAIKO opoUATIKO daKTOAMO He dVO dtopo aldTov, EVGD
éva amd Ta 0ELYOVO TOV QPMOOEOPIKOV 0&Eog €xel avikotaotadel amd éva dtopo Beiov.
E&attiag tov 600 avtdv ototyeiwv to diazinon £ktd¢ amd 10 PACUATOYPAPO pdlag, Uropel va
aviyveutel Kot e aviyveut| aldtov pacedpov (NPD).

Ye koboapn popen TPOKELTOL Yoo €vo LROKITPIVO LYpO, pe poplaxkd Pdapog 304. H
SloAvtéTnTa TOL 6T0 VEPS eivan 40 mg/L otoug 25 °C, evd eivar vdiiAvTo GE S1POPOVS
0pYOVIKODG O10AVTEC. XPNOIUOTOLEITOL Yo TV €£OVIMOTN €vOC TANBOVG EVIOU®V OTMG Ol
KAToOPIOES, TO WYOPAKLL, TO LUPUNYKLO Kol Ot YOAAOL GE OKlokEG eykotaotdosls. H ypnon
oV glvar emiong Swadedopévn otV KTNVOTPOPic, GTOV EAEYYO TOV TOIUTOVPLOV KOl TMOV
yorlMwv. Télog, ypnoylonoteital EKTeEVOG 0€ TOAAEG KOAMEPYELES YO0 TNV €EGVTOON EVIOU®V
OV KOTAGTPEPOVY TO (QUAA®UA KOl TOVG KOUPTOVS TWV OIKOCUNTIKOV QLTOV KOl TOV
KAPTOPOPWV dEVIPWV.

[ToAAéc pelétec oe avBpmmovs kot {da Exovv yivel mpokeévon va Ppebel oe morovg
10TOVG €YEL TNV TAOoT Vo cvykevipovetal to diazinon, mowa GAla Evivpa emnpedlovion eKTdg
amd TN OKETLAOYOAVESTEPAOT KOl 7O €lval T AMYOTEPO EUPAVI] CLUTTOUOTO TTOV
eVOEYOUEVMC oyeTiCovTal pe xpovia Kot 6€ YaUnAES 000¢€1g EkOeo.

2Oykpon pudv mBavav 16TOV GTOYOV GE o PeAéTn pe movtikia, £€0€iEe OTL TO
diazinon £ygt TV TAOT VO GUYKEVIPOVETOL TEPIGGOTEPO GTO VEPPD Kol AlYOTEPO GTO NP Kot
otov gyképaro (Tomokuni ef al 1985). Mia dAAN pedétn €06e1&e 0TL emnpedletl To petafoAlouo
NG TPLTTOPAVNG OTA TOVTiKLO Ko TpokaAel vtepylvkonpia (Seifert 1992).

Téooepa évlopa tov mAdopatog ennpedlovior and v VIaPEN TOL EVIOUOKTOVOL
otov opyoviopo. ITo cvykekpéva, avacstéAdovtal 11 €BVA0EIKT YAOLTAUIKY TPOVGOULVAOT
(glutamic oxaloacetic transaminase -GOT), 1 yYAovtapukn mopovPikn tpaveapvacn (glutamic
pyruvic transaminase -GPT), n yAovtoukn tpoavoeepdon Glutamyl transerase (GT) kot n
aQLOPOYOVAGCT TOL YolakTikoV 0&€og lactate dehydrogenase (LDH) (Enan et al 1982).

Melétn oe avBpdmovg emoyyeAUATIKE €KTEDEWEVOVLS OTO EVIOUOKTOVO £0¢€1Ee
petopévn palo ootov (Compston et al 1999), evad éxer amoderyBel 011 n €kBeon pmopel va
TPOKOAEGEL YPOUOCOUIKES avopoaries (Matsuoka ef al, 1979) npdPfinua otnv moldtnTo TOL
onéppatog (Pina-Guzman et al, 2005) kou dpa otnv avamapaywyr| (Dutta & Meijec, 2003) 7
Kot tepatoyéveon o€ pepikd €ion (Hamm and Hinton 2000). Téhog, ennpedletl duopevmg kot
0 avocomomtikd cvotnuo (Handy et al, 2002). Ta péxpt topo dwbécipa Pipioypapikd
otoyeio dgv TOV amodidovy Kapkivoyoves w1dtnteg (NCI, 1979).

210 £000p0g 0 ypovog Nuicelag Long tov diazinon kvpaiveTar amd dVO MG TECOEPIS

efdopdoeg, avdroya pe Tig KApatoroywkég cuvinkes (Wachope et al, 1992). Zndvia sioywpel
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070 £30p0¢ PabiTEpa amd PEPIKE EKOTOOTA. XE UEPIKES TEPITTAOGELG OUW®S EXEL VY VELDEL O
vepd motapmv kot Mpvav (Howard 1991). O puBudg amoucodounong tov oto vepd eaptdron
amd v o&HINTa TOV VEPOV. g eAaPP®OS 0Eva TePBaiiovia o ¥pdvog nuicelag Long eivon
nepimov dmdeKa Mpeg, evd avtiBeta oe ovdétepo pH pmopel va eivor péypt ko €51 unveg
(Howard 1991). To diazinon amoppo@dtot amd Tic pilec TOv QUTOD KOl HETOPEPETOL GTOV
KOPUO To. @UAAQ Kot Tov Kopmd. Xauniés Bepuoxpociec Ko PEYEAN TEPLEKTIKOTNTO TOV
OTOV G€ EANL0. LEYOADVEL TO XPOVO TOPUUOVIG TOL EVIOLOKTOVOL ot @utd (Bartsch 1974).
To diazinon givat Waitepa T0E1KO Yo To TOVALA, LePKd £10M yapldv kot Ti¢ péMooeg (Kidd,

et al 1991).
4.1.2 Fenthion

To fenthion ivot éva akdun PEALOG TG OIKOYEVELNS TV OPYAVOPOCPOPIKDV.

i

Ewova 4.2: Zvvtaktikog Tomog tov fenthion

To fenthion, 6nwc kot to diazinon £yel éva apOUATIKO SAKTOAO, TOV lval OUMG
OMOKVKAIKOG. Aev €xel dlmTa 610 HOPLOo TOV, £xel OPMS dVo atopa Beiov. To kaBapd fenthion
etvar éva qypopo vypd, eved oe popen technical grade epgavietor cav éva eAoiddeg
KITPVOTO VYPO UE YOPAKTNPIOTIKY Hupmdld ckopdov. H daAvtdtnta tov oto vepd sivar 2
mg/L otoug 20 °C, v ivar 031GAVTO GTOVE TEPLEGOTEPOVS OPYAVIKOVS SIUADTES .

To fenthion dpa petd amd emapn pe 10 dOépua N LeTd amd Kotdmoon. Xpnooroleiton
AOOV €VPEMG GOV EVIOUOKTOVO GTNV KATOTOAEUNOT TOV KOVVOLTL®OV, TOL O4KOV, TNG LOYOS
TOV PPOUTOV Kol GAA®V eTIPAafoV eviopmv. Xtnv Kpftn ypnoylonoteitol 6€ GUVOLAGHO LE
to dimethoate yio ™V katamoAéunon tov ddkov g eAlds. To fenthion sivon apketd T0E1KO
v To INAaoTiKd Ko ToAD To&Ko Yo To TTNVA.

To fenthion gloympel 6TOV OpYOVIGUO OO TO YOSTPEVTEPIKO GVGTNLLO, TO OEPLLA 1] KO
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TOVG TVEVLOVES KOl KATAVEUETOL GE OAO TO GMUN HECH TOV aipatog. Eivar pétpia to&ikd otav
yopnyeitar and to otopa pe LDsy amd 180 éwg 298 mg/kg yia tovg apovpaiove, 150 mg/kg
vy To. kovvEMa kKo 88-145 mg/kg ywo ta movrikia (U.S. Public Health Service 1995, Kidd
and James 1991). Ta ocvpntopato g ofelag dnAntnpioong eivor Opowo pe avtd mov
neprypapovtat yio. to diazinon, ypeldlovrol OU®S TEPIGGOTEPO YPOVO Yo Vo ovarTuyHovv.
Svuntopota eival duvatd va vdpEovy kat and ypovia Ekbeom oe yaunAotepa enineda, OTWS
YL TAPAOELYHO GUVEPT G€ KTNVIATPOLG TTOV YPNOLLOTOI0VCAY YWPIC TPOoTACio. GKEVACLLOL
nov nepieiye fenthion (Gallo and Lawryk, 1991).

To fenthion éxst ypdvo nmuicewag Long Tprévio TéooEPS MUEPES OTO  £J0POC.
Ymoieippoato oto yopo pmopel va aviyvevBovv axopa kot €€ efdopnddec petd amd v
EQOPUOYN TOV. ATOPPOPATAL OO TO COUATION OTO YOO Kol apo ivar moAd mbovn 1
petavdotevon tov oto Pabvtepo otpodpota. Mmopel emiong va poAvver 1o vepd, OmMC
ATOOEIKVOEL 1] aviXVEVLOT] TOV GTa VEPE £vOG TOTOLOD €51 EBOOUADES LETA TNV EPAPLLOYT TOV
(Khan 1977). O ypdvog nuicelag (ong oto vepd £xel VTOAOYIOTEL GTIC dVO EPOOUADES, EVD
elvarl mo otabepd o ahkoAikd mepipdAiovta. AToppoeatal amd To PLTE Kol G LEPIKA £10M
umopet vo amoPet Prafepo, €0k av ypnoyonoteital og peyaieg 66oelc. Etvar tokod ya ta

oV, TIC HEMGGEG Kot Kot 10N yapudv Kol VOPOPL®V 0pYOVICUMV.
4.1.3 Methyl Parathion

To methyl parathion givan éva akopn HEAOS TG OIKOYEVELNG TV OPYOVOPOGPOPIKMYV,

E.J'
T

Ewoéva 4.3: Zovtaxtikog tonog tov Methyl parathion
KOl LOMOTO 0O avTd e TV To peyaAn ofeia to&ikdtrta. H kabapn ovoia eppavileton cav

Vo AYPOUO KPUOTOAMKO GTEPED, EVM OTNV TEYVIKN HOPON EXEL £€vo. KOQE YPOUO Kot

KkaBapdra nepimov 80 %.
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To methyl parathion ypnowonoeitor oe kaAMépyeileg Onwg 10 PapPakt, To KAmTVA Kot
TO, LA Y10 TOV EAEYXO TOPOGIT®V TOL KOATACTPEPOVY TNV TOPAYWYN, TO OToid £E0VIMVEL
POV ELGYMPNGEL GTOV OPYAVICUO TOVG OO TO TEMTIKO GUGTNLO, TO OEPLLO 1 TOVE TVEDLLOVEC.

To methyl parathion die16d0e1 TOAD g0KOAO GTNV KLKAOQEOPiQ TOV ANATOG OO OAEG
11§ TOAVEG 000V YOPNYNONG. AEV GUYKEVIPOVETUL GTO GO, EVAD ATOPAALETOL OO TO VEQPEL
péca o€ 1KOGL TEGOEPIS MPES GAV POVOAKOT peTaBOATTEC.

To methyl parathion £yet moA0 peydAn ofeio To&koOTNTA, E101KA OTOV YOpPMYEITOL OO
10 oTopa. Evdeiktikd, yio Toug apovpaiovg £xovv avapepBel LDsy amd 5 émg 50 mg/kg, yia ta
kovvédla 420 mg/kg kot 90 mg/kg yia orvdove. Eivar eniong todikd epdcov eloympnoel GTovV
OPYOVICUO HEC® TOL OEPUaTOg M pe €omvor]. Tolworoyikég HEAETEG OVOTOPAYWOYNG OE
movtikwa £0e1&av 01l to methyl parathion mpoxoaiel dvokoiiec otV avamoapaywyn, EXOVIOG
o0V OTOTEAEGUO, LKPOTEPO 0pOUd eUPpO@V avd KOMoN Kot LIKPOTEPO PLOUO avATTVLENS TV
euppdov and to kovoviko. ['a tov dvBpwmo dev vITépyovVV TPOG TO TAPAV AVAAOYA GTOLYELN.
Téhog, To methyl parathion dev @aivetot va mpokalel peTaALAEELG 1) KOpKivO.

To methyl parathion dev éyer v Tdom va GLYKEVIPAOVETOL GTO £00UPOG KOl TO
nmepIBarlov. Meréteg avapépovv oav ypovo nuicelag (ong omd pia €og tpravta nuépec. O
puOuog ddomaocng emraybvetar oe avénuéveg Beprokpacies kot NAOEAveLR. ZTO veEPD £xel
xpovo Muicelag (NG oKT® MUEPES TO KOAOKOIPL KOl TPLAVTO OKT® TO YEdva. Aloomdrtol
YPNYOPOTEPE. GTO YAVKO vePD Katl M OBoTOoT EMTOYVVETOL UE TNV Tapovsia Wnudtwov. O
KOpLOg  pnyovicpdg dldomaong ¢aivetar vo glvalr 1 @OTOALON.  ATOPPOQATOl KOl
petafolriCetarl moAd ypiyopa amd ta utd. Eivar oAl to&ikd yia o movAld, Tig HEMGGES Kot

apKETOVS VOPOPLOVG OPYAVICLOVE.

4.2 Koppopowa

Ta xapPopdikd eviopoxtdva eivar mapdymya tov kopPopdkod o&€og Kat, OT®S To
OPYAVOPOCPOPIKH, OPOVV HEG® TNG OVOCGTOANG TOL e€viOLHOL akeTVAOYOAvesTEPdON. To
TPAOTO amd TO KOPPopdKd mov ypnoipomomdnke ektevadg and 10 1956 mov avakaAveOnke
KOl ypnoipomoleitol akoun kot onuepa eival to carbaryl. tnv mapovoa €psvva OU®G,
emiéEope va acyoAnBodpe pe to methomyl, eEoutiog g gvpeiog ypnoNg ToL GTNV TEPLOYN
™ Kpnmg cov moviiko@dpproko Kot Tov TAN00VG TV atuynUatov mov £Xouv TpokAnOel

eEartiog ¢ pHeydAng To&koOTNTAG TOVL.
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4.2.1 Methomyl
[}
s N
- o Hu)l\”/’/
H

Ewova 4.4: Zvvtoktikog Tov Tomog methomyl

To methomyl npwtonapovsidomke otnv ayopd 10 1966 cav éva gupémc PACUATOG
EVIOUOKTOVO. XPNOIOTOLEITAL Y10 TOV EAEYXO TOUTOLPUDY KOl pOoyVAV, Yol T1 Ol0Tipnon
™G LYEG TOL PLAADUOTOS ACYOVIKOV Kol @POVTOV KOl Yol TN GUVOMKN TPOGTACiO
KOAMEPYEIDV OTT®OC TO PapPdKt. XNV KINVIOTPIKY| Xpnoiponmoteitan o ekTpopeio opvibwv kot
o€ yoAloKTOTOPOY®YEG Hovades. Eivar emiong moAD amoteAeopatikd Yyl ToV EAEYYO TV
TPOKTIK®OV. Apa Le dVO TPOTOVS, KATOPYNV OOV EVIOLOKTOVO €’ EMAPNG, ENELON CKOTMVEL TO.
évtopo otOYOVG He TNV amevbeiog emaen HE TO COUA TOLG Kol KOTE O£0TEPOV GOV
OLOTNUOTIKO eVIOHOKTOVO, efoutiog TG 1KOvVOTNTOG TOV VO TPOKOAEL GUGTNUATIKY
onAntpiaon, o@OV OTOPPOPATHL OO TOV OPYAVICUO TOV EVIOU®V TOL TPMOVE Omd TO
yekaopéva eutd. To methomyl amoppogdtal emiong amd to PUTA Y®PIG OUMOS VO TOLG
TPoKaAel TOEIKOTNTA.

O ypdévog muicelag {ong tov methomyl oto &€dagpog eivar mepimov dekatécoepig
nuépes. Elval moAd gudidAvto 6to vepd Kot £yl LIKPN TAOT VO TPOGOEVETOL GTO COUOTIOW
TOL €04(POVG. AvTd aEdvel TV TOAVOTNTO UETOVAGTELONG Kol LOAVLVOTG TOL TAPUKEIEVOD
V3pPoPHPoV opilovta. Alaomdtal Ypryopa amd UIKPOOPYUVIGUOVS TOV £00(MOVS. XTO VEPO O
xpOvog nuicelog Cmng tov €xel extiundel otig €61 NUEPES OTO EMPOVELNKA VeEPD, evd gival
HEYOALTEPOG o€ £0aPIKA vEPE. To NAaKd Pm¢ Kot ToL AAKOAIKE TEPIPAALOVTA EMLTAYHVOLY TO
pvOud amorkododunong tov. To methomyl eivar moAd tolKd Yy To TOVALA, OLAPOPOVE
VIPOPLOVE PIKPOOPYAVIGLOVG KO TIG LEMGGEC.

To methomyl amoppopdtat ypriyopa amd tov opyavicud, petaforiletal amd To GUKMOTL
KOl TO TTPOIOVTO UETOPOAMGUHOV OmeKKpivovtol pe To ovpa. Aegv @aivetor v VTapyel
OLYKEVIPMOT] GTOLG 16TOVG, VLWAPYOLV OU®G oTolyeia mov delyvouv Ot 10 methomyl
emnpedlet ™ Aettovpyia kU GAA@V evidpov ektdg amd Tig yohveotepdoes (US National
library, 1995). H o&eio touwcotnto tov methomyl eivor mdpa moAd peyddn ywo moArd
drapopeTikd €idn {odwv kat Yo Tov dvBpwmo (Gosselin et al, 1984). Eivau diaitepa to&ikd av

yopnynBel amd 10 OTOUO 1] AV ECYWPNOEL GTOV OPYOVIGUO OmO TOVG TVEVHOVES, EVA M
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ToEIKOTNTA TOV dev gival TOGO PeYAAn av vrdpéel deppotikn amoppdenon. Ta avapepBévta
ot Piproypagio LDsg elvar 17-24 mg/kg yia tovg apovpaiovg (Kidd and James 1991), 10
mg/kg v o movtikia kot 15 mg/kg yio ta tvowa yopiowa (Baron 1991).

Xpoévia emavaropPovopevn ékbeon eivor duvotd vo dNUIOVPYNGEL GUUTTOUOTO TOV
powwovv pe  ovtd g ypimng, efoutiog MG U OVTIANTTIG  OVOGTOANG  TNG
aKeTLAOYOAVESTEPGoNG. Tar dpyava mov @aiveton va emmpedlovtal meplocOTEPO €ival Ot
TVELLLOVEC, TO OEPUO, TO TETMTIKO GUOTNUO Kot 1) omAnva. Mehéteg oe (da kal in vitro mov
g&yovuv yivel yuu va e€etdoovv v wavotta tov methomyl va mpoevel PAdfec oty
avamopoymyn 1 Ta EUPpua kabmg Kot TV 1kavoTnTo TOL VO TPOKAAEL LETAAAAEELS 1) KopKivo,

£0MGOV OPVNTIKA OTOTELEGUOTOL.

4.3 Opyavoyrmpropéva,

O1 0pyovOyA®PLOUEVES EVAGELS EIVOIL OPYOVIKES EVAOGELS TOV GTO LOPLO TOVG TEPLEYOVV
éva M mepiocdtepa yAdplo. Ol evOOELG TOL HEAETNONKAY GTNV TOPOVGH Epyacio eivat Ta
OPYOVOYAMPLOHEVE EVTOROKTOVO Ko To YAopiopéva dwpowvola (PCBs), ta omoio eivon
Kupimg PLaPepd TpoidvTa TG PLOPMYOVIKNG OpacTNPLOTNTOG TOL AVOP®OTOL.

Ta opyoavoyrAwplopéva eviopoktdva gival EvOCELg TOL TTEPLEYOLV GvBpaka, VOPOYOVO
Kot yAopro. ‘Htav 1o mpdTo cLVOETIKG €VTOHOKTOVO TOL YpMolpHonomdnkay ot 0éom
EVOGEMV TOV OPGEVIKOD, TNG VIKOTIVIG, TOV QUOIKAOV Tupedpvdyv, aAdTov Tov YoAkol Kot
SPOP®V AAL®V ATADYV EVOGEMV.

H npodt évoon mov ypnowonomdnke ntav to DDT, 1o onoio ypnoyomomdnke, o
eCopetikd peydieg moocodtteg amd 1o 1940 mov avakoAvebnke péxpt to 1973 mov
anayopevtnke otig H.ILA. Mwo GAAn évoon mov ypnotpomomOnke wwitepa nrov to lindane
N y-kukhoyrwpoe&avio (y-hexachlorcyclohexane HCH), to omoio e&attioag tov youniov
KOGTOVG TOL, YPNCUYLOTOIEITOL AKOUT| GE TOAD GUYKEKPUUEVEG TEPITTAGELS.

O Adyog Yoo TOV OTOi0 TO. OPYOVOYAWPLOUEVE EVTOUOKTOVA amocVpOnkav amd tnv
Evpdmn kot tnv Apepikn|, frav 1 e£opetikd peydAn tovg otafepotnta Kot 0 Heyaiog xpodvog
nuicelog (oNg tovg oto mEPIPAALOV Kot Toug Proroykotg 1otovs. Ailel va onuewmBel ot
LEAETEG TTOV EyVOV G EVPOTAIKES YDpeg Ommg M 'eppavia kot to Bélyo, £de1&av 6t1 TapdAo
OV 1 ¥PNON TOV OPYUVOYAMPIOUEVOV EYEL GTAUATNAGEL TNV deKaeTior Tov 70, aviyvedovrtal

aKOuUN o€ avBpdmTVoLg 16TOVG Kt 6Tto pntptkd yaia. (Covaci 2001).
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4.3.1 DDT

Cl
Cl Cl

POAE

Ewova 4.5: Zvvtoktikog tomog tov DDT

cl

To DDT (1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane) eivar éva opyavoyAwpiopévo
EVIOUOKTOVO TOAD OMOTEAECUATIKO YLl TOV EAEYYXO TMV KOLVOLTLOV KOl TNG EAOVOGING TOV
HETAOIO0VV. XTI OVETTUYUEVEG YOPeS €xel avtikataotobel amd GAho Ayotepo otabepd
EVTOHOKTOVA. Xpnoiponombnke katd Kopov Katd tn ddpkela tov B’ Tlaykoopuiov moAépov
Y ToV €AeYX0 TV acBeveldV oV petadidovtal HEc® eviopmv. Me ™ ANEn tov moAépov
YPNOLOTOMONKAY TEPAOTIEG TOCOTNTEG OV evTopokTOVa otV yewpyia. H ypnon tov DDT
anoyopevtnke otn Xouvndia to 1970 eved omv Apepikr] 1o 1973. AxoAiovOncav OAec ot
VIOAOITES YDPES TOL AVENTVYIEVOL KOGHoV. To DDT ftav dwabéoipo o moALL ckevdouaTa,
UOVO ToL N 6€ GLVOLAGUO pe GAL pn aAkaAkd evtopoktova. To DDT kot ta mapdywyo tov
glval mOAD 010AVTO 6€ Mmn Kot 0pyoviKovg SLHADTEG KOl GYEGOV 0dO1AALTO GTO VEPD, EVM
TopapEVOVY oTabepd o€ 1o LPA oEEa.

To DDT eivan Ayo ém¢ pétpra 10&1kd o€ dapopa £i0m Onhactikdv, yopnyoduevo and
10 otopa. Ot avagepoueves LDsy yio toug apovpaiovg kvpoaivovror and 113-800 mg/kg
(ATSDR, 1994). H BoapOvtto TOV COUTTOUATOV TOWKIAEL avAAOYO HE TO YOPTYOVUEVO
OKEVOOUO KOl TNV TOPOVCio. MOV GTO YUOTPEVIEPIKO COANVO, L0 KOl TO EVIOUOKTOVO
ATOPPOPATOL OO TO TENTIKO GLGTNLLA KOl 1] TOAPOLGIN MMV SELVKOAVVEL TNV omoppoenon. H
yopnynomn wog doong tov 50 mg/kg ce apovpaiovg mpokdrece peldpEVN Agrtovpyio. TOV
Bupeocdovg adéva. H yopriynon pag d6ong tov 150 mg/kg oe paipovdeg mpokdrecs avénon
OTO OVIYVELOUEVO, EMIMESN TOV NTATIKOV eVCOU®V OTO Ol KOl OAAXYEC OTNV KLTTOPIKN
ynueia tov vevpucod suotuatos. H ofeio to&ikdmra otov dvBpmmo pmopet vo exdnAwbet pe
vavtia, didppota, avénon Tov nratikdv eviouwmy, evOYAnNon oto HATio T ot 1 T0 Adiud,
aotdfela Ko vrepkivnTikOTNTa. Meyardtepn €kBeon umopel va TpoKaAEcel TPEUOVAO Ko
onacpovc. Meléteg ypoviag toSikdtrog oe (oo €deiEav OtL Tor Opyova otdyol elvarl to

VELPLKO GUGTNHO, TO NP, To VEPPE Kot T0 avocomomtikd cvotnua (ATSDR, 1994, WHO,
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1979). Amno pekéteg oe (oo e&ayovtar otoyyeion 6t 10 DDT mpokarel PAaPeg oto
AVOTOPOY®YIKO GOOTNUHO, ivar petaddaSloydvo kol tepatoyovo. TEAOG VIapyovV HEAETEG
oL deiyvouv Ot o€ Kamota (Mo Umopel vo TPOKAAECEL KOPKIVO.

To DDT ota Onlaotkd petaforiletar molv apyd oe DDE ot DDD, ta onoio amofnkevovton
010 Mm®oN 1616. Ot ovoieg avtég telkd petaporilovian oe bis(dichlorodiphenyl)acetic acid
(DDA).To DDA 1 ta ooumAoka avtol TeMKd amoBaALoVTal omd TOV OPYOVIGHO LE TO 0VPOL.
Ext6¢ amd 10 Mmmwon 1610, 10 DDT Ko o1 petaforitec Tov aviyvedoviol Kol 6To UNTPIKO
vaia (Covaci 2001).

Onwg €yer mpoavagepbei to DDT eivon eoupetikd emipovo oto mepifdirov, pe
avaeepopevo ypovo nuicelag Cong amd 000 £mg dekamévie xpovia. O unyavicpog Heimong
™G  OLYKEVIPOONG TOL oto mePPAAlov  mepthapufaver  eEdtion, @oTOALON Kol
Broamotkodounon, dudikacieg mov Aapupdvovy yopa e moAd apyovg pubuovs. To mpoidvia
arotkodounong tov DDT oto €dagog eivor ta DDE kou DDD, 1o omoio elvar emiong
eEopetikd emipova 6to mEPPAALOV Kol £XOVV TOPOUOLEG PVOIKES KO YNUIKES 1O1OTNTES LUE TN
untpwkn évoon (WHO 1989, Augustjin-Beckers et al, 1994).

Av ko n o&eta towotnta Ttov DDT odev givan moAd peydn, yio to TovMd 1 ypovia
ékBeon 61O EVIOUOKTOVO dvuoyepaivel TV avamopaymyn, Tpokaimvtag Bdvato tov euppdov
Kol ovya pe Aemtd Ko e00pavoto kéAvpoc. Daivetar pdAiota 6Tt 1| AETTLVOT TOV KEADPOLG
opeiretar oto DDE (WHO, 1989). H éxfeon tov movldv o0AAL Kol TOV TEPICCOTEP®V
OPYOVIGUAV YIVETOL LEGM TNG TPOPIKNG OAVGIONS. YTTAPYOLV GTOLYEIN TTOV VITOSEIKVOOLV OTL 1|
TAPOLGI0 LETARBOAMTAOV TMV 0PYUVOPMOGPOPIKAOV KOl TO TOAVYAMPLOUEVA dtpatvOAa avEavet
v to&kdTnTa tov DDT.

To DDT eivor moAd to&ikd oo ta vopoPra aomdvovra €idn (Johnson and Finley,
1980), dev givor Opmg ToEKS Yo Tig pEAGGEC I Toug yarookoinkes (WHO, 1989). e moArd
elon yapiodv Procvocwpevetarl axoun kot 1.000.000 popéc mive amd TV GLYKEVIP®GT TOL
nepiPdirovtog. Kataviilmon emPopovpévov tpoeipnv tpokaiel TpofAnuata otov avOpwmo

KOl GTOVG OPYOVIGLOVG TTOV BPIicKOVTIOL GTNV KOPLOT TNG TPOPIKNG AAVGIONGS.
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4.3.2 Lindane
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Ewova 4.6: Zvvtoktikog Tomog Tov lindane

To lindane &ivor to v 1oopepéc e évaoong e€aylmpokvkroedvio Kot givon 10 pHOVO
and To TMEVIE LGOUEPT] TOVL OMAVIMVIOL GTO TEXVIKO OKEVOGUO TOL £XEL EVIOUOKTOVEC
W00 tes. 'Etol t0 100pHEPES AVTO OMOUOVOVETOL KOl KUKAOPOPEL 0TV ayopd Gov QOGO
eviopoktovo pe v ovopocio lindane. E&ottiag tov mOAD yopnAod TOoL KOGTOLG
YPNOUOTOIEITO OKOUT| GE TOALES YDPEG.

To lindane amoppo@drtor amd OAeg Tic mBAVEG 0000¢ yopNynong Kot amodnkedeTot
otov Mo 10td. MetoPorileton péow SopdpOV PETOPOAMK®DY HOVOTOTIOV LE MO YVOOTA
mv Katd Pipata aeaipeon tov yAopiov kot ) oblevén kot Beukés Kol YAOUKOVPOVIKEG
ondoes. Alha petaforikd povormdrtio 0dnyovv oe cvvbeon pepkamtoovpikod oféoc. ‘Eyxet
pétpla o&eila tofwotnra (LDsy amd 88-190 mg/kg yia tovg apovpaiovg, 59-562 mg/kg yn
novtikw, 200 mg/kg yia kovvéh). Xtoyeln omd peréteg o avBpdmOLG pe xpOVIOL
emoyyeApatiky] €kBeorn Oeiyvouv 0Tl oe yaunAd emimedo pPmopel v UV valpyouvv
CUUTTOUOTO, UTOPEL OUMG VO, EVIOMIGTOLV OAAQYEC OTO KOPOLOYPAPIKO ELPNUATO TOV
exTiOépevoV. Xtoryeio mov mpoépyoviar omd peléteg og Cma delyvouv 0Tt To lindane pmopet va
npoKaAécel O1dpopeg PAAPeg otov opyavicpd. Ta Opyava otdyol ¢aiveror va givor to
KEVIPIKO VELPIKO GUGTNO, TO VOGOTONTIKO GUGTNLO, TO NP, O VEPPOC, TO TAYKPENS, Ol
Opyels ko o emfnio g poc. Ta otoyeia 6e oyéomn pe TNV IKAVOTNTO KOPKIVOYEVESTG OEV
EMTPEMOVV TNV EEAYMYN ACPUADY GUUTEPOUCUATOV.

To lindane &ivor mwépa moAd ctabepd oto mepiPdrrov, ce ddpopa £ion edopnv. H
nuicer {on Ttov €xel vmoloyiotel mepimov otovg Oekamévie unves. Otav yekaleton
EMLPOVELNKA GTO YOUO 0 XpOVOG Nuicelag (mNg elvar TOAD pikpdTEPOG O TNV TEPITTMOT TOLV
gloywpnoel o Pabvtepa oTpdpOTA. AEV TPOGOEVETOL GTO COUATIOW TOV €0APOVG KAl ALTO

KAvEL TOAD €OKOAN TN WETOVAGTELOTN TOL KOl TN HOAvLVOT TOov VIPoPdpov opilovta. To
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lindane etvot moAD c6TaBepd 6TO VEPD KOl eV Elval EVAAMTO GTN EMOTOATOIKOIOUNGN. MTopel
€0KOAOL VO EICYWPTOEL KOl VO CLGCOPEVTEL G 16TOVS PLTAV Kot LDO®V, E101KE GE AVTOVG TOL
elval Mrodeic. Ewoywpel Aowmdv oty 1po@ikn aAvcido kot poldvel to meptpaAiov Kal Tov

dvBpwmo.

4.3.3 Iloivyiwpiouéva oraparviiia (PCBs)

3 2 2 3
# ©—© !
= B B 5
Biphern
Cl |

Cl 3344 5PCB

Ewova 4.7: I'evikog Xuvtaktikog tomog v PCBs

Ta moAvyropropéva draparvoia Topdydnkav Bropnyavikd cov moAVTAOKA HelypaTo
YL 0 LEYAAT TOWKIATDL YPNOEWV, OTMG OMAEKTPIKE VYPE GE UETACYNUATIOTEG, VOPOVAIKE
VYPE, MTAVTIKA, Kol ooV TPOCHETA PUTOPAPUAK®V, BOEOV, GE PMOTOTLTIKO YOPTi, KOl GE
niaotikd (Erickson 1997). 'Eva a6 ta mo yvootd petypoata PCBs kuklo@dpnce otnv ayopd
arnd 1o 1933 péypt 1o 1977 pe v ovopacio Aroclor. Xta petypoto autd £(ovv eviomotel
néve and 130 woopepn, eved Bewpntikd eivar duvatd va vadpyovv 209 woopepn (Giesy et al
1999). Ta dropo tov YA®PiOL GTOV SLPOIVLAIKO VPV apPBROVVTOL OGS PaiveTal GTNV
Ewova 4.7. Ta 014¢popa 1GOUEPT] £XOVV IOUPOPETIKES PLGIKOYNUIKES 1O10TNTEG, Ol OTOIEC KOl
etvar vTeEvBLVES Y10 TN OLLPOPETIKT] KATAVOLUT TOV IGOUEPDOV GTO TEPPAAAOV KO TOVG 1GTOVGS
KoL T O10POPETIKY| TOVG TOEIKOTNTAL.

Ta PCBs &yovv pikpn d10Avtotnta 6to vepOd, givol OUmG TOAD S10AVTA GE OPYAVIKOUG
SAvTeg, Mmn kot édona. ‘Eyouv peydAn avioyn otn ¢otid, otn OepudtnTo Kot yPrCULES
niektpikés 1w010tres. [apora avtd, e€attiog g HEYEAANG YNUIKNG TOVG GTABEPITNTAG KOt TNG

TOEIKOTNTAG TOLG 1] XPNOT TOVG GE OVOIKTA GLUGTHIOTA £XEL OMOYOPEVTEL TAYKOCUIWOS Omd TO

50



1970. Emtpénetal Opmg n (poN TOVG 6€ KAEIGTA GUOTNUATO Kol KATWO OO GUYKEKPIUEVES
ovvOnkeg péxpt to 2010, omdTe Ko oYedMALETON 1] TANPNG ATAYOPELGT TNG XPNIONG TOVG.

Meléteg oe (Do Ko avOp®Tovg £0e1E0v OTL TO TOALYA®PIOUEVE d1potvOAL Elval
Kapkwvoyova. Emdnpioroywés pelétec oe epyalopevoug pe PCBs édei&av  avénpéveg
TEPIMTMOCELS KOPKIVOL TOL NaTOg Kol KakonBovg pelavopotoc. Eniong arodelymnke 01t taL
piypata ekeiva tov PCBs mov £gouv v tdom vo GUYKEVTPAOVOVTOL GTOVG 16TOVS TOV YoPLdV
Kol Tov (OoV elval Kal Ta To KopKivoydva, apo ot avOpmmol Tov KATOUVOUADVOLY TPOPLLO
emPapopéva Le TG Topamdve ovcies etvar ToAd mbavd va gpeavicovy kapkivo. Meléteg og
Coa, £0e&av emiong 0t1 ékBeon oe PCBs €yet duopevn amoteAéouato 6TO AVOGOTOMTIKO, TO
VELPIKO TO EVOOKPIVIKO Kot TO ovorapaymyikd cvotnua (EPA, 2006).

Ta PCBs anghevBepmvovtol oto meptPdAilov kotd ™ Plounyovikn TopacKELT] TOVG,
™ YPNON TOLG KOl TNV U1 GCQOAN AmOPPLYTN TOV GLCKELOV ToL T TePEyovy. Emiong
Uropovv vo anelevfepmBolv 6g TEPIMTMOGELS ATLYNUATOV 1| KaTé TV KOVoT onoPfANTOV o
yopotepés. [pdkettal yio o) 6Tabepég EVOGELS KOl UTOPOVV VO LETAPEPOHOVV LE TOV aépa
0€ TOAD HOKPIVEG OmOoTACELS. Agv gival TOAD O10AVTA GTO VEPDH, TPOGOEVOVTOL OUMG OE
ocopatiol wov etvat dtaAvpéva 6to vepd kat emtkdbovtal ota Wwnpota tov Tuduéva. Ta PCBs
TPocAopBavoviol omd TOVg UIKPOOPYOVIGHOVS Kol T Waplo 610 vepd. Me avtdv tov Tpdmo
EGEPYOVTAL GTNV TPOPIKY| 0ALGIda Kot Blocvocwpedvian 6€ PeYoAHTEPOVS opyavicpovs. Ta
EMIMEDO TTOV AVIYVELOVTAL GTOVG EMPOPVUEVOVG OPYOUVIGHOVS Umopel vor elval Kot YIALAOES
QOPEG LYNAOTEPO amd avTd oL aviyvevovtal oto vepd (ASTDR, 2001). Ta woouepn twv
noAvyropropévev dipavoriov (PCB congeners apBpoi katéd IUPAC) mov e€etdomnkay oty

nopovoa perétn frav ta 28, 52, 99, 101, 118, 138, 149, 153, 156, 170, 180 ko 187
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HEIPAMATIKO MEPOX

5 OPT'ANOOPQYXDPOPIKA ENTOMOKTONA: TO DIAZINON QX MONTEAO
I'TA IN VIVO KAI IN VITRO MEAETEX THX ENAIIOOEXHX XTIX TPIXEZX.

To diazinon ¢givor €va TOAD amoTEleCUATIKO KoL €VPEWS  YPNOUYLOTOLOVUEVO
EVTOHOKTOVO. Apa Pactkd avacTtéALovTag T0 EVEDIO OKETVAOYOAVESTEPACT Kol EIVOL YVMOGTO
ot umopet va TpokaAéosel oA Papid ofeio dnintnpioon otov dvBporo (Holmsted, 1959).
Yrdpyovv ouwg kot moAd cofoapég evoeiEelg Ot extoOg amd 10 Pactkd Evivpo otdY0, Hio
mAelado GAAov omovdaimv evibpov tov opyaviopov (Seifert et al, 1992), émwg yw
Tapadelypa N vOpordon Tev audiov tov Mmopov oféwv (fatty acid amide hydrolase),
évlopo vehBvvo yla Tov VITVO KoL TNV avaAyncia, ernpealovtatl and v £kBeon oto diazinon
Kol og AL opyavoewcpoptkd (Quistad et al, 2001).

Xpovia ékBeon oe younAd emimedo diazinon pmopel vo. mpokoAécel pelwomn g
ootwkng pato (Compston et al, 1999), dvciertovpyio twv nvevpdvev (Peiris-John et al 2005)
N dvopeveig emmt®oelg 610 ovocomomtikd cvotnua (Handy et al, 2002, Neishabouri et a/
2004). Oia To. TOpOTAVE® DTOOEIKVOOLV TNV avaykootnto pog pebddov agloAdynong g
1POVIaG €KBEOTG OE YOUNAG ETITESO TOV EVTOUOKTOVOUL.

O mpodtog 0TdY0C NG €peLvac NTOV 1M AvATTLEN KOTAAANANG Kol oEWOmToTNG
AVOALTIKNG LeBOOOV, TPOKELUEVOL GE OTN VO GTNPLYTOVV EMOUEVO. GTAdLO TNG OLoTPIPTG.

H pébodog emhoyng Ntav n aéplo xpoUATOYPOPio. GUVOLOGUEVT] LE (POGLOTOUETPIOL
pélog. I'a ™ PeArtiomon tov opiwv aviyvevong oty mepintwon tov diazinon, ol PLETPNGELS
npaypaToromOnkay pe apvntikd ymukd oviopd. Xopnid optlo aviyvevons, xopig ORmS
duvaTOHTNTO TNG TAVTOTOINGNG TOV OLGLOV HOC, ETTELYONKOV HE 0Pl YPOUATOYPOPIN
ouvovacpévn e aviyvevut NPD.

H dwdwacio avantuoéng avolvtikig pedddov £ywve oe GLVOLAGUO PE OVO HEAETEG OE

nePapatolma, ot omoieg TopovcldlovTol TopaKAT®:
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5.1 MEAETH I: Aviyvevon tov gvropoktovov Diazinon o tpiyeg donpov
KovveM@v Néag Znhavoioc.

5.1.1 Hewpauarolwa

¥t mopovoa HEAETN ypnoomomOnKay TPE oudoeg Gompwv KovveAmV NEog
Zniavoiog. Kabe opdoa amaptiCovrav and névte (owa. H mpodn opdda ypnoonomdnke cav
opdoo poptHpwV Kot o1 VTOAoueg dVo EAafav 000 dUPOPETIKEG OOGELS TOV EVTOUOKTOVOL
010 mooo vepd tovg. Ilpwv v évapén tov mepdpotog ta mepapotoloma Erafov Bepameio
Yo eEMTEPIKA KOl EGMOTEPIKEA TAPASITO KOOMOG Kot avTionpoppayikd gppoio. Eiyav elevbepn
TpodcPacn 6€ TPOPN Kat 0 NUEPNG10¢ KOKAOG Tovg Ntav 12-h pwg/ocKoTadt.

Ot 06c¢e1g mov yopnynnkav ota mepapatdlma NTav TePImov déka POPEG KATM Od
™mv avoaeepopevn otn Pioypaeia Bavarneopa d6on (LDsp) twv 130 mg/kg yio v amd tov
otopartog yopnynon. H opdda vyming oo6ong eAdppove mepimov 15 mg/kg/muépa kot n opddo
younAng doong eAaupave 8 mg/kgmuépa. To eviopoxtdvo yopnyobvtav nuepnoing Héca ce

nepimov 100 ml oGOV VEPOL Y10 TEGGEPIS UVEG,.

Agtypuaroinyia Tpry@dv Kol aipuoTog

[Tpwv v évapén g YopNyNoMSg TOL EVIOUOKTOVOL eANGONGaV TpiyeS, 0TO0 GLVOAKO
TOVG UNKOG a0 TEPLOYN NG TAATNG TV KovveAmv. Ot Tpiyeg avtég ypnoormomdnkay poll
HE OVTEG A TO KOLVEALD UAPTUPES GOV TUPAL SEIYUOTO KO OTO TEPAUATO LE POPTIGUEVA
delypata yio v ovamtuén Kot TeAE0moinoT TG avaALTIKNG LeBddov.

Metd 1o TEPOG TOV TEGCAP®V UNVAOV, GTO TEAOG TNG XOPNYNONG, EANGONGOV TPiYES
and v O TEPLOYN TG TAATNG TOV KOLVEAMMDV GTO GLVOALKO TOLg pnKoc. Ta dgiypata mov
ovAAEEapue mAVONKav pe peBavodn, otéyvocav kol oamofnkedtnkav oe Oeppokpacio
dopoatiov puéypt TV avaivon.

Emiong ocvAhéybnke aipa omd T1c AEPES TOL AVTION GE AMOGTEIPOUEVOVS COANVEG,
YPNOLOTOIOVTOS GUPLYYEG WGOVLAIVIIG. META TN QUYOKEVIPNON Yo TO SY®PIGUO TOV
TAGGLOTOC, TPOYLOTOTOIOVVTOY OUECMG 1 HETPNON TG OKETVAOYOAVEGTEPACTC TOV OULOTOG

. , . 0
Kot T0 VTorowmo detypa puiaccotav otovg —20 "C.

5.1.2 Yhka kon Mé6ooor
Avridpactipio.

OLot o1 opyavikoi dtaAvTEG TOL YpNooTomOnKav rav vyning kabapotroc (HPLC
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grade) mpoepyouevor omd ™ Merck (New Jersey, USA). Ta evropoktoévo diazinon kot
fenthion fjtav technical grade (98%) ko pia yevvoid6dwpn mpoocepopd g Ciba Geigy Hellas
E.ILE. (AvBovca, 153 44 EALGS).

5.1.2.1 Metpnoeis okeTvAI0Y0/IVECTEPLONS TAACUATOS

H dpaoctmpromra ¢ akeTUAOYOAVEGTEPAGNC TOV QiIATOC LETPNONKE OTNV apyY| Kol
TO TEAOG NG TEPLOOOV YOPNYNONG, XPNOLOTOIDOVTAG TO avTioTolyo kit TG Roche (Baotieia,
EABetia). Ov odmyieg tov xut ywo v pé€rpnon ¢ dpaoctnpotrag tov  evidpov
axolovOnOnkov pe okpifeia. H evlopukn dpactnpiotnto mpocdiopioctnke pe tm Pondeta
eoopatoemtopetpov (Jasco 7800 Model, UV/Vis.,, Tokyo, Japan) ota 405 nm. Ot
QLGOAOYIKEG TIMEG Yoo TOVG avBpdmovg Kvpoivovion petasy 5.300-12.900 U/ Ou
(QUOIOAOYIKEG TIUES Y10 TOL KOUVEALDL LAPTVPES TOL TEPANOTOS KupavOnkay petacd 404-500

U/L. To potopetpo undeviotnke pe anectaypévo vepo.

5.1.2.2 Exyvlion diazinon ané tig tpiyeg

IMa v emioyn ¢ mo KatdAANANG HeBOOOL EKYOAIONC TOV EVIOUOKTOVOL OO TI
TPlyeg EYvoV TEPAUATO YPTOLLOTOLDVTIOS POPTICUEVA dElyHaT TPLYDV. AOKIUAGTNKAV TPELS
pébodot. H 6&vn ko 1 Pacikn vdpOALGN TOV TPOTEIVIKOD VTOGTPMOUATOG ATOdETYONKOV TOAD
OpPOOTIKEG e OMOTEAEGHO VO, PNV oviyvevetol ovte Tto 1010 T0 diazinon oTta
YPOLOTOYPOPT| LT, AOY® TG O1domaong Tov. H pebavoiikn ekyviion oamodeiydnke 011 dev
NTav 1000 1oYLPY, CALL NTAV OPKETO OMOTEAEGUATIKY GTNV OMOUOVAOCT] TOV EVIOUOKTOVOL
atd TO TPOTEIVIKO VTOGTPOUO TNG TPIYOGS.

Apyicd 100 mg tpyyodv uyiotnkay Kot opoyevomomdnkay og €101KO OLOYEVOTOIMNTY).
H okévn petapépbnke oe kabapd doxipaotikd coinve poli pe 2 ml peboavoing kaor to
ecmtepwco standard (2 ng/mg telikt| cvykévrpwon fenthion). To petypo enwdodnke otovg 37
°C oA ™ VvOyta. AkohoOOmg T0 pedavolkd vmepkeipevo petapépdnke oe  kabopd
JoKIAoTIKO Ko 1 pebBavorn eEatpiomnke pe ™ Pondewa Nmov pedpatog aldtov. To oteped
vroAepa emavadtoAvbinke oe 2 ml vepov kabapotntag HPLC. AxorovOnce vypn-vypn
ekyOMon pe 3 ml aBviikod axetvieotépa. H exyviion emavoinebnke 000 @opés. Ot
opyavikéc otoladeg evabnkav kot eatpiomkav pe ) Ponbeia pedpotoc almtov. To
voAepo emavadioAvdnke e 50 ul aBvikod axetvdeotépa. AkoAlovOnoe oaviivorn e
aépn  ypouatoypagio Kot aviyvevrn alotov-eooedpov  (GC-NPD) kot  oépua

ypopoatoypoeio cuvdvacuévn pe eacpatopetpio palog (GC-MS).
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5.1.2.3 Avalvon ue GC-NPD

‘Eva pucpoirpo (1 pl) tov tedikov doAdpatog swonydn pe éveon ko availvdnke oe
splitless mode, oe ypopatoypapo Carlo Erba GC 6000 Vega Series 2 (Milan, Italy),
oLVOLOGHEVO pe aviyveLTth aldTov-eoeopov (NPD). H otiAn mov ypnoyoromdnke ya to
dywpiopd twv ovstdv Nrov tHmov DB-1 30m x 0.32mm tpiyoedng otAn (J&W Scientific,
Folsom, USA). Ot cuvOnkec avdivong siyav og e€ng: To mpdypappa g Oeppokpasciog g
otAng Eekvovoe otovg 180 °C, dmov mapépeve yia 3 min. AvEavotav otoug 230°C pe Bripo
5°C/min, otafepd yia 5 min kot TeEMkd £ptave tovg 265°C, pe Pripa 10 °C/min, dmov Kot
nopépeve yio 15 min. H Ogppokposcia tov sioayayéo (injector) frav 250°C kat tov aviyvevth
290°C. To @épov aéplo fitav fAo pe pofy 2,1 ml/min. Kéto ond Tic Tpoavapepdueves
ovvOnkeg, o ypdvog Eklovong yo o diazinon Nrav Rt = 25.49 min, ko ywo o fenthion Rt=

33.57 min.

5.1.2.4 Avalvon ue GC-MS

H emPefaioon tov amotedecpdtov T@V TPOoNyOOUEVOV HETPCEMV £YIVE UE OEPLL
YPOLATOYPOPID. GUVIVAGUEVT HE PACUATOYPAPO Halas. To cOoTUO TOV YPNOIUOTOONKE
omv mopovsa avdivon Ntav to GCQ, g Finnigan Mat (Austin, USA). Ot ovoieg
dwomdotnkay pe NAeEKTpovikd ovicpd. H omin mov ypnoipomombnke yoo 1o Soympiopod
Tov ovotwv Ntav tHmov AT- 5 MS (30m x 0.25mm x 0.25pum) tpryoeidng otin g Altech
(Deerfield, USA). '"Huo vyning kaBapomntog (99.999%) wor pe ypappkn taydro 20
cm/sec ypnowomomnke cov 10 @épov aéplo. ‘Eva pukpdiitpo tov tehkold SaAdpoTOC
elonyOn pe éveon oe splitless mode kot avadlvOnke kdto amd T1g akdAovBeg cuvOnkeg: To
TpdYpappe Oeppokpaciog e oThAng Eekvovoe amd toug 100 °C dmov kon mapéueve yio 3
min, avéavotay otovg 230 °C pe Prpa 10°C/min, otodepd yio 2 min, kot TEAMKE qLEGVOVTAY
otoug 300°C, pe PrApo 20°C/min, dmov kar mapépeve ywo 2 min. H Ogppokpocio tov
swoayoyéa frav 200°C. H Ogppokpacio e ypappic petapopds (transfer line) fitav 275 °C.
Ot TapAUETPOL TOL APOPOVGAV TO PUGUATOYPAPO Hdlag Tav ot Tapakdte: H Oeppokpacio
me myRg Wwvtev (ion source) frav 200 °C, n Tdone KpovONG TV MAEKTPOVIOV 1OVIGHOD
(electron impact ionisation) ftav 70 eV kot 1 Tdon Tov TOAAUTANGIOCTH oNHaTOS (electron
multiplier voltage) fjtav 1200 V. [Ipokeipévou va katefdoovpe ta 6pa aviyvevong 660 fTav
duvaTo, 0 PUGHATOYPAPOG LALOS NTAV TPOYPOUUATIGHEVOS VO OVIXVEVEL GUYKEKPLUEVO 1OVTQ
(selected ion-monitoring mode 1} SIM) ta omoia opiotnkav m/z 179 kou 304 yio to diazinon,
kot 278 o to fenthion Kdto and 11 mpoavagepdueves cuvOnkeg o xpovog EKAOVOTG Yol TO

diazinon ftav Rt = 16.14 min, evo ywa to fenthion mov ftav to ecmtepkd standard Nrav Rt=
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18.63 min.

5.1.2.5 IHepauaza aéroloynons s uedodov exyvlions

Ta mepdpoto aE0OAOYNONG TG OMOTEAEGLOTIKOTNTOS TNG UEBOdOVL €KYVLAIONG OV
YpNoonomoape £yvayv oe Qoptiopéveg tpixes. H aviakmmon towv vrd avdivon ovcudv
alohoynOnke melpopatikd coe dvo ovykevipwoels. To diazinon mpootébnke oe 100 mg
KaBoapdv Tprydv, Tpoepyduevev and ta {dho HapTVpEeS, o€ TEMKEC ovykevipmaoelg 0.6 kot 1
ng/mg tpry®v. [Ipogtopndotnray 600 et detypdtov pe Tov akdAovBo TpoOTo: TNV TPOT
TEPIMTOON TO EVTOUOKTOVO Hall e TO E0MTEPIKO GTAVTAP TPOSTEIM KAV GTIG TPiYES OTNV apyn
™G ddKaciog EKyOAIoNC. XtV 0e0TEPN MEPITTOON 1 dadkacio TG EKYOMONG TOV TPLYOV
aKOAOVOMONKE KOVOVIKA KOl Ol EVAOCELS TPOSTEOMKOV GTO EKYVLAICUO GTO TEAELTAIO GTAOL0
¢ dwdkacioc. Ta exyviiopata petpndnkav pe GC- NPD. H avdktnon tov ovciodv pe
ovykekplpévn neBodo exyviong emi toig ekatd petprinke og e&ng: Katapynv vroroyiomke
TO0 TNAMKO TNG EMPAVELNG TNG KOPLENG Tov diazinon TPOg TNV EMPAVELD TNG KOPVONG TOV
ecmtepkoy standard, yio To dV0 oeT SelyUdTOV 0TI OVO0 GLYKEVIPMOOEIS EEXMPLOTAL.
AxoloVOwg Opébnke to evpeBéy TAKO TOL TPOTOL GET pe TO €VPebév mAiKo TOL
devtépov oeT Y Vv KAbe cvykévipworn. To amotélecpa mOAAATAAGLACTNKE €Ml €KATO
(Slawson et al 1998). H tehikn iU ™G ovAKTNONG EKQEPACTNKE GOV TN LECT TN TNG ML TOIG
EKOTO OVAKTNOTG Y10 TIG OVO JLOUPOPETIKES GUYKEVIPDOGELS.

Adiazinon 4
Afenthion
Adiazinon
Afenthion

Yavaktnon = x100

O moc0TIKOG TPOGIOPIGUAG TOV gvtopokTovoL £yive pe GC-NPD. O gacpatoypdeog
ualog (GC-MS) ypnowomombnke povo oe emreyuéva detypota yio emPePaioon twv
amoteAecaT®mV. O TOGOTIKOG TPOGOOPIGHOG £yve pe TN Pondelo mpdTLING KOUTOANG 8
onueiov, n omoila katookevdotnke pe peBovoikd dtodvpate. H kopmdAn fTov ypoppuKn

avdpesa otig ovykevipwoels 0.1 ko 1 ng/mg (Ewdvas.1).
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Ewova 5.1: [Tpotumn kaumdAn Babpovounong diazinon.

5.1.3 Zratwotiki emeepyocio anoteleopdTmv
Tao amoteAéopata TOV HETPNOE®V TG OPACTNPLOTNTOS TNG OKETVAOYOALVESTEPAOTG

KOl TV GLYKEVIPOGE®YV ToL diazinon 7oL AVIYVELTNKAV OTIS TPixes TV (O®V OTIg

SLLPOPETIKEG OpAdeg avolbOnKav otatiotikd pe Student’s t-test. ZTOTIGTIKA OMNUAVTIKEG

dpopés Bempndnkav avtég mov glyav Tun p pikpodtepn tov 0,05.

5.1.4 Amoteréopata kol ovlnTion
Onwg @aiveron ko and to anoteAéopato Tov mivoka 5.1, vanpée oTATIGTIKE GNUOVTIKN

Helwon oV T NG OKETLAOYOALVESTEPAONG oTa (DO Kot TV VO OUAO®V GTA OToin

XOPMNYOUVTOV EVIOUOKTOVO, GUYKPIVOLEVA [LE ALTA TG ORAdOS papTOpev. Ot LEGES TIUES TOV

Bpébnkav ntav 468 + 118 I/U yw tnv opdda poaptopwv, 401 + 48 I/U yio v opdda yopmAng

doong kat 245 + 68 I/U yo v opdda vynAng ddons. Me eaipeon pa pukpn peioon g

dpactnpoTag TV (OmVv TG Opadag vynAng ddong, n ueimon ot dpacTnpdTTe. TOL

evlopov dev £dwaoe GALN ELPAVI) KAMVIKG GUUTTMLOTOL.

Iivaxog 5.1 Tyég akeTVAOYOAVESTEPAOTC AULOTOG OTO TEAOG TNG TEPLOOOV YOPTYNONG

Opéoa Kovvéll  Xomveotepaon I/U Méoec Tipéc = S.D. T-test Ttipn p
paptopeg 1 490 +£2 468+118

2 501+6

3 445+ 5

4 4043
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500+ 10

460 £ 8 401 + 48 0,046
388 +7

333+ 4

427+ 6

397+3

280 +2 245+68 0,04
430+ 3

168+ 4

220+ 2

127 £5

Xopn
Adom

Yynii
Adbon

N A W N = O A W N = W0

"Enineda onpaviikdTnTag yior ¢ opades yomARG Kot VYNANG 06TC GUYKPIVOUEVEC pe TV opdda
puéptopeg

n=5

Ot Tiég mov didovtar gival ol LECEG TIUEG TPLOV PEeTPNoE®V avd deiypa. Ot TWES Yia TIG OUAdES sivan

01 HECEG TIUEG TV JLPOPETIKMV SEYUAT®V TOV amapTi{ovv TNV opdda.

H mocotikn avdivon tpiydv €ywve pe GC-NPD (mivakag 5.2, Ewkova 5.2), eved 0mwg
avapépnke Kot mopamdve, Yo emPefoinon TV UETPNOE®V KOl TOLTOMOINOM T®V
anoteAecudTmV, oe ovykekpuéva detypota ypnopwonomoape GC-MS (Ewdva 5.3). Kdbe
detypo petpndnke tperg eopés. Tapdiinia pe ta detypato pog avaidOnkav kot delypota
mpoepyOueva amd Tovg Hbptupec (TLEAG Oelypata) yio vo amokAgicovpe TopeUPOAES
OPEIOUEVEG GTO VTTOGTPMUO TOV TPLYDV.

H péon avakmon g peboddov exyviiong mov ypnoomrotdnke nrov tepirov 69%. H
TPOTLTN  KOUTOAN YO0 TOV TOCOTIKO TPOCOOPICUO MTOV  YPOUUIKT]  OVOUESH  OTIG
cuykevipooelc 0.1-1 ng/mg, pe ) R? = 0.9966. H eEicwon mov Teptypapet TV Kool
nrtav y = 68559x — 903.88, o6mov y mn em@dvewn g kopveng tov diazinon and X 1
ovykévipoon tov diazinon og ng/mg odetypoatog (Ewova 5.1). To d6po aviyvevong ko
nocotikomoinong Ntav 0.05 ng/mg ywa t1g petpnioeig pe GC-NPD.

H ovykévtpoon tov diazinon otig Tpixeg TV eKTIOEUEVOV KOVVEMMDV KLUAVONKE
petacy 0.11-0.26 ng/mg delypatoc. H péon ouykévipwon tov EVIOUOKTOVOV OTIS TPIYES TNG
opdoag yoaunAng 66ong ntav 0.17 £ 0.05 ng/mg tpiydv evd 1 AvTIGTOYN Yo TNV OMAdQ
vynAng 0o6ong ntav 0.23 £ 0.02 ng/mg tprydv.
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MMivaxag 5.2 Zuykévipwon tov Diazinon otig Tpixeg TV KOLVEAMDV GTO TEAOG TNG TEPLOOOL

xopnynong, petpnuévn pe GC-NPD.

Kovvél Yvuykévipmon ng/mg tpiydv  Méon Tiun  T-test
+S.D. opddog = S.D. i p !

Madptopeg 1-5 0-0 0

XounAn o6on 1 0,14 +£0,03

2 0,16 +£0.04

3 0,24 £ 0.04 0,17+ 0,05

4 0,11 +0.03 0,023

5 0,18 £0.05

Yynin doon 1 0,21 £0.02

2 0,23 +£0,05

3 0,26 + 0,04 0,23 +0,02

4 0,24 £0,03

5 0,22 +£0,02

TEninedo onpovikdTnTag ovaesa 6TIC OpadEs VYNANC Kot XapmANRG d6ong

n=>5

Ot Tipég mov didovton ivat o1 HEGES TILES TPLOV UETPNOCEWMV VAL SETY L.

Ewova 5.2:GC-NPD ypopatoypaenuo deiypotog tpixog, mpogpyoUevo amd mepapotolmo

™G VYNNG opddag xoprynong,

25,43

diazinon

33,57

fenthion
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Ewoéva 5.3: GC-MS ypopatoypdonua detypotog tpiyog

Ot Tég ™ dpacTNPLOTNTAG TG YOAVESTEPACTC TOV AILATOC YPCLUOTOONKAY GOV
évag MoM amodektog Oeiktng tng to&ivoong tov mepapatdolonyv. Onmg paivetal kot amd Tov
nivaxo 1, n peiowon g evOLUIKNAG dpacTnpldTTag NTOV CTOTIGTIKOS GNUOVTIKY Kol 6TIG 600
OBOES YOPNYNONG, KO LAAMGTO GAVINKE OTL TV OVAAOYT TNG XOPNYOOUEVNS OOONG.

Ta televtaio ypoOVIA LIAPYEL EVTIOVO EVOLOPEPOV Kol EXOVV Yivel TOAAEG €PEVVEG
npokeévou va eEaxpiPobel av ol Tpixeg elvarl KatdAinio vrdoTpoua Yo v aSloAdynon
™mg xpoviag €kBeong oe mOALEG Kot moKiAeg ovoieg, OMMC Yo TapAdelypo ta vapkoTikd. H
BpAoypapikn pag Epguva amokaAvye OTL dgv €Yl Yivel pEYPL TOpa Ko tpoonddeia va
a&oroynBel n ypovia €xBeom o opyavoeOoEOPIKdE 1 KapPapdikd eviopoktova. Avtibeta,
TOAAT dovAELd €xel yiver yio ) pétpnon Papémv petdAlov 6mmg o vopapyvpos (Dolbec et al
26) Kol 0pYOVOYA®PLOUEVAOV EVOGE®V Owg To eviopoktdvo lindane (Neuber et al, 1999) kot
nepParloviikedv porvvtav ommg to. PCBs (Covaci et al, 2002) otig tpiyes.

Baoikdg o16y0¢ ™ Tapovoag peAéETng nrav Katoapynv vo eEokpimbel av to diazinon
umopel v aviyvevtel otig tpiyeg petd amd ypdvio €kbeon Kot av vmdpyel kdmola oyxéon
aVAESO OTN YOPNYOVUEVN Y10 CUYKEKPLUEVT] YPOVIKN TTEPIOO0 OGN TOL EVTOUOKTOVOL Ko
OTNV OVIYVELOUEVT] GLYKEVIPMOT oTIS Tpixes. To mpdTO Prpor TOL EYYEPNUATOS NTAV T
avATTUEN HOG OYETIKA omANG OALA aSIOTIOTNG AVOALTIKNG LeBOOOV Yo TV EKYOLAIOT KO TN
péTpnon g ovykévipmong tov diazinon otig Tpiyes. AdPape oAkd detypoto Tprydv amd v
TAAT TV Tepopatoloov. Tpelg néBodotl ekyVAIONG TOV EVIOUOKTOVOD OO TO VITOCTPMLLOL

™m¢ tpiyag dokipudomnkay yuo va Bpedel n mo KatdAANAn. Amodeiynke mepapatikd 0Tl T0
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diazinon Mtav 1060 00TaBEG oMV OEWVIE N TNV OAKOAIKT VOPOALGY| TOL TPMOTEIVIKOV
VIOGTPAOUOTOS DOTE SOCTACTNKE OAOKANPWOTIKE, Kot Ogv £0WGE TNV TOPOUIKPT] KOPLPT GTOL
ypopatoypoaeruata. Exiong amodelydnke 611 n moAdmpn endaon (mdve and 12 h) otovg 40
°Cc N mepocoTepo pelwve v avdkinon tov evropoktdovov. H pébodog exydiong mov
nePLypapovpe amodeiydnke apketd aldomortn Kot anin, divovtog o péon avdaxktnon 69%. H
peBavoAn elval AmOTEAECUATIKY] GTO VO OTOLLOKPVVEL TIG EVOGELS TOV LOG EVOLOLPEPOVY AT TO
TPOTEIVIKO VIOCTPpOUA Yopi vo 11§ Koataotpéepel. Katd t vypn-vypn ekyvAon, T0
TEPLOCOTEPO EVIOUOKTOVO PETAPEPONKE QTO TNV VOATIKT) GTNV OPYOVIKT PAOT).

O mocotikdg mpocdlopiopndc £yve pe GC-NPD. O aviyvevtig aldTov gocedpov givat
€VaG EMAEKTIKOG OVIYVEVLTNG, KOTAAANAOG Y10, EVAGELS TTOL £X0LV ALMTO 1 POGPOPO GTO UOPLO
tovc. To mOAD KaBapd YPOUOTOYPAPNLOTE TOL THPAUE oPeiloviol akpidg o€ avTd TO
yeYOVOG.

Onog gatveton amd ta anotedéopata, to diazinon pmopei aviyvevtel otic tpiyeg TV
Lowv Tov ektébnkav oe avtd. H cuykévipmon Tov EVIOHOKTOVOL OV OViYVEDTNKE GTIC TPIYES
nrav avaroyn g xopnyoovpevng doone. Ta wepapatdlma mov ypnoyoromonKay e auTn ™
HEAETN MTaV AOTPA, £TCL O1 YEVIKA YOUNAEG GUYKEVIPAOGELS TOL OVIXVEDTNKOV OTIS TPIYES
pmopel va amodofodv onv amovcia pelaviving kot dpo 6Tov HKpo aplBud dwbéciumv
0éoewv mpocdeons. H pelén g enintong Tov YpOUATOS TOV TPV GTNV OVIXVELOUEVT
OLYKEVIPMOT TOL EVIOHOKTOVOL Ba lye 101aitepo evdlapépov. Meréteg Yoo GAAEG EVAOCELG
Exouv dei&el OTL TO YPOU TOV TPLYDOV EXNPEALEL TNV CLYKEVTPMOOT TNG OECUEVUEVNG OVGTOG

(Slawson et al, 2002, Uematsu et al, 1990).

61



5.2 MEAETH II: Aviyvevon tov evropoktévov diazinon o€ tpiyes dompmv
apovpaimv Sprague-Dawley.

5.2.1 Hepoparolwa

Tpeig opddeg dompwv apovpainv Sprague-Dawley ypnoyoromnkav oty napodco
perétn. Kébe opdoa amotehovviav amd 5 apcoevikodg apovpaiovg, NAKIag oy apyn Tov
nepapatog 40 nuepov kot fapovg mepirov 400 gr. H pa opdda ypnoporomnke cov opdoo
HopTOpOV Kol o1 vEoAowmeg dvo EAafav dVO OPOPETIKEG OOGEIS TOV EVIOUOKTOVOL GTO
oo vepd tove. O nuepnotog KHkAog OA®V TV Ttelpapatdlonv ntav 12 h gwg/okotddt kot
elyav elevBepn mpocPaocn oe tpoern. To Pdapoc v mepapatdlowv ereyydtav po eopd
gfoopadiaing Kat 1 yopnyovuevn d6on tpocoppolotay 6to fApog TouG.

Ot 06ceg mov yopnynOnkav oto mepapatdlma Mtav Tovidyiotov 100 @opég
pkpotepeg amd v avagepopevn ot Pploypapic LDsy tov 300-400 mg/kg (Kidd and
James 1991). Ot 86ce1g mov €hafav ta mepapatdlmo oty ddpkeln Tov 45 nuepdv ToLv

KPATNGE 1 YOPTYNOT PAIVOVTOL GTO TOPOKAT®D OLOLYPOLLLLLOL.

XopnyoUuevn d6on avd nuépa

—o— XaunAn &6on
14 - s
—l— uynAn d6on

Abéon mglkg

0 T T T T T T T T T T T T T T T T T T T T T T e T T T T T T

- MO U N~ O ™M IO~ OO T O U M~ O
- - v v N N N N

nuépa

—~ M OB KN O - MO
M O O O O ° 5 <

~—
~—

Ewova 5.4: Adypoppo npepnolog xopnynons EVIOHOKTOVOL Yo TIC OUAOEG YOUNANG Kot
LyMMG 860mg

H péon yopnyoduevn d6on ava nuépa Mrav mepimov 6 mg/kg/day yw tnv opdda

VYNNG d0oMG, N omoia yopnyovvtay péca ota 20 ml vepod mov Kotavaiove katd HEGO OPO O

Kd0e apovpaiog. Avtictoryo 1 opdda youning 66ong edduPave tepimov 3 mg/kg/day.
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Agtyuatoinyia tpiyav

I[Iptv v évapén g yopnynong Kot o©T0 TEAOG TOL TEPAUOTOS, OTOV ElxE
anokataotadel To Tpiyopa TV apovpainy, kaboapiomke omd TIg TPiYEC TO LEYAADTEPO UEPOG
¢ TAdTNG TV (Owv. Ta detypata mov cLAAEXONKaV apyucd TAVONKAY pe vepd Kot peBovorn
TPOKEWEVOL VoL OmOpaKPVVOEL 1) eEmTepikn emtpotvvon. AkorovBmg otéyvmoay otoug 40°C
yw 30 min, Ko omoOnKedTNKOV € TAUCTIKOVC KAEIGTOVG TEPEKTEG O€ Oeppokpocio

d®UATION HEYPL TNV AVAALG.

5.2.2 Avniopaotijpia.

OLot o1 opyavikoi dtaAvTeG TOL YpNGomomOnKav frav vyning kabapotroc (HPLC
grade) ko tovg mpounBevtikape omd 1 Merck (New Jersey, USA). Ta eviopoxtova
diazinon kou fenthion Mtov technical grade (98%) kot mpooeopd g Ciba Geigy Hellas
E.ILE. (AvBoboa, 153 44 EALGOQ).

5.2.3 Exyviion tov diazinon ano tig tpiyeg
H pébodog mov axorovbnnke vy tnv ekyOAlon tov diazinon omd TIg TPiYES
neprypagetar otn perém I, pe tig akdiovbeg tpomomomoetg: H tehikn ovykévipwon tov
fenthion mov ypnowomomOnke cov eowtepikd standard Ntav 10 ng/mg tpyydv. Emiong
TPOKEUEVOL VO LELWOEL 0 YpOVOC ETDOONG TOV delYHdTmV o HeBavOiN, N endaon EYve GE
voatéAOLTPO VIEP YOV Yoo 6h, o Beppokpacia mepPaiiovioc. To TeEMKO StdAvUO TOV
TPOEKVYE MO TNV GLUTVKVMOOT] TOV GLVOLACUEVOV 0pYOVIKOV oToladwv ota 50 pL

avaivonke pe GC-MS.

5.2.4 Avalvon ue Negative Chemical Ionization GC-MS (NCI GC-MS)

H avdivon tov detypdtov &ywve pe aépla YpOUATOYPOOIC CLVOLACUEVN LE
eoopatopetpio pdloc pe apvntikd ynuikd woviopd. H avéddvorn éywve oe ochHotnuo g
Finnigan Matt GCQ pe mayida 16vtov (ion trap). O Soy®popdg £Yve G€ TPLYOEWN CTNAN
DB- 5 MSITD (30m x 0.25mm x 0.25um). To @épov aépro nTav kabopd HA0 HE YPOUUIKA
tayvta 20 cm/sec. 'Eva pikpodAitpo delypatog eionydn pe éveorn oe splittles mode o
avaAvOnKe K4t ond T1g Tapakdato cuvinkes: H Beppokpacio tng omAng Eextvovoe amd 110
OC 6mov mopépeve otadepr Yo 4 min, avéBove otovg 200 °C pe fripo 10°C/min, otodep yio
3 min, kot tehké £ptave otovg 300°C, pe Prpa 20°C/min, 6mov mapépeve ywo 2 min. H
feppokpascio Tov injector frav 200°C. H Ogppokpasio tov transfer line frav 275 °C. Ot

TOPAUETPOL TTOV APOPOVSOV TO (QOAGHATOYPAPo Halag NTav ot akoiovbolu Oepupokpacio
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myne Wvtev (ion source) 200 °C, tdon tov miektpoviov toviopod (electron impact
ionisation) 70 eV kot Tdon Tov TOAAOTAAGCIOGTH onpotog (electron multiplier voltage) 1200
V. Tlpokepévou va youniocov ta opla aviyvevong n palo Aettovpyovce og selected ion-
monitoring mode (SIM) kot NTov TPOYPAUUATICUEV Va. aviyvedel Ta Wvta m/z 169 yw to
diazinon, ka1 263 ywo to fenthion. O GuvoAikog xpovog Yo kdbe Eveon Ntav mepitov 30 min.
Yav aépro wviocpod ypnowonombnke pebavio. Katw and tig mpoavapepdueves cuvOnkeg o
rpoévog éxkAovong vie 1o diazinon Ntav Rt=16.12 min, ev®d vy to fenthion mov

YpNoLonomoape cov ecmtepkod standard ftov Rt=18.57 min.

5.2.5 A&oioynon g ueboodov
H a&lohdynon ¢ amoteAeopatikOTNTAG TG XPNOYLOTOOVHEVNS HeBdOOL Eyive pe

eopticpéva detypata, Le Tov 1010 TPOTO TOL TEPLYPAPETAL ot peAétn L.

I'paupixotnra
[Ma v pétpnon tov ayvacotov detypudtov ypnoipomomdnke Kapmoin €51 onueiov. H

KOUTOAN oy Ypoppukn avapesa otig ovykevipmoelg 0.0 and 1.0 ng/mg (Ewova 5.5).

6000
4000
2000

o
4

0 0,2 0,4 0,6 0,8 1

Emi@dveia Kopupng

OUuYKEVTPpWON (ng/mg TPIXW V)

Ewova 5.5: KopmdAn avaeopdg pe poptiocpéva Selypata TpLydv

H evaioOnoia kot n emavolnyipomto g pebodov aforoynbnke ce SIM mode,
YPNOLOTOIOVTAG QOPTIoUEVO Oelypato pe V0 YVOOTEG GULYKEVIPMGEIS EVIOUOKTOVO,
0.6ng/mg kot 1 ng/mg tpry®v. Ot amoKAMGEIS TOV HETPHCEMY OV KOTAYPAPNKOV KOTA TN
SlapKeln NG 1010C HEPAG Kot GE SPOPETIKEG UEPES aivovtar otov mivaka 5.3. H andxiion
pésa otV HEPO HeTpnOnKe avorvovtag To idto delypa 4 cuveydueves popés. H amdrkiion tov
LETPNOEDV GE Ol0QOPETIKEG MUEPEG eKTUNONKE avaidovtog to 1010 delypa po @opd

nuepnoing yia 4 cuveyOUeEVEC NUEPES.
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MMivaxkag 5.3 Tlopauetpor a&ordynong g peboddov exyvlong xor g NCI GC-MS

AVOAVTIKNG neBdoov

2vykévipmon | Avaxtmon | Oplo mocotucod R’ AxpiPeta ot
(ng/mg) (%) TPOGOIOPIGHLOV EMOVOANYILOTNTA
(QOPTICUEVOV ng/mg Méom ovuykévipwon (ng/mg)
detypdrov + S.D. (conc.)n=4
Tnv idw AlpOpPETIKEG
Hépa Hepeg
1,0 73 0,1 0,9976 1,0+ 0,14 0,95 +£0,12
0,6 65 0,1 0,9976 0,6 £ 0,09 0,50 £ 0,09

Ka0e detypa petpndnke tpeig popéc kot ot Tipég mwov didovrat eivat o1 HEGES TIHES TV

POV HETPNoE®Y £ TUmK) omoOkAlon. TveAd delypata amd {do TG ouddag HapTOPMV

avaAvnkov emiong, mpokewévov vo  efacpariotel m  amovoio mopeUPoAdV amd TO

VIOGTPWLO GTOV XPOVO EKAovoTg Tov diazinon.

H oavakmmon

tov diazinon Ntav 69.0+4.0

%.

H mpétvonn koumdAn  mov

YPNOLOTOONKE GTOV TOGOTIKO TPOGIOPIGUO TOV OELYUATOV NTAV YPOUUKT OVALESH GTIG

cuykevipooelc 0.00-1.00 ng/mg pe R* = 0.9976 (Ewdva 5.5). To 6plo mocoTIKOmoiNong frav

0.1 ng/mg

65



Ewova 5.6
Xpopatoypdenuo tov delypotog tpiydv Tov {(®ov 1 ¢ yauning soong, avaivpévo pe NCI
GC-MS.

RT: 0.00-31.36

RT: 16.12
MA: 2690
SN: 5
100 — — 1 diazinon
* 7 WWWWWMMWWMWMMWWMWWWMMWWMMMW
0= RT: 1857
MA: 31228
SN: 43
100 — | fenthion
50 —
JL..
0 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\r\\\\\\\\\\\T\\\\\\\\\\\\\
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (min)
Dllow#2483 RT: 16.10 AV:1 NL: 7.34E2
F: - ¢ SIM ms [ 168.00-170.00]
100 — 169.0 o
- diazinon
80 E
60
40
20
0
r~—r—rrrrrrrr [+ vrr v roT T T T e v vt
168.3 168.4 168.5 168.6 168.7 168.8 168.9 169.0 169.1 169.2 169.3 169.4 169.5 169.6 169.7
m/z
DIlow#2991 RT: 18.57 AV:1 NL:141E4
F: - ¢ SIM ms [ 262.00-264.00]
100 - 263.0
i fenthion
80
60 -
40
20
0;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
262.3 262.4 262.5 262.6 262.7 262.8 262.9 263.0 263.1 2632 263.3 263.4 263.5 263.6 263.7
m/z

M gikova TV anoteAecUdTOV Qaivetol otig ekoveg 5.6 ko 5.7. Zmnv ewova 5.6
TapovctaleTal £vo YpoOUATOYPAPN e TOVL delypatog Tpry®@v tov {dov 1 g yaunAng doong,
avaivpévo pe NCI GC-MS. Xty ewova 5.7 mopovctdlovtotl To amoTeEAEGHOTE TNG 0VAAVGNG

Tov 1010V detyparog pe niektpovikd oviouod (EI GC-MS).
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Ewova 5.7
Xpopatoypaenua tov delypuatog tpy@v tov {dov 1 g yapuning d6ong avaivpévo pe El
GC-MS.

RT: 0.00-31.37

100 — RT: 16.02 diazinon

MA: 1156
50 — SN: 1
A
0= RT: 18.50
MA: 409

100 SN: 4 fenthion

50 — M,\% MLMML

A, ¥ YT IO TPEES POV x W o ML L U H

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (min)
RT: 16.02 AV: 1 NL: 2.85E2
F:+ ¢ SIMms [ 136.00-138.00, 178.00-180.00, 303.00-
179.2

100

80 diazinon

60 —137.0

40

304.1
20
0 = T T ™ T I L e S e e AT T S T L B e e A B B S o e e e S e AR
140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
m/z
RT: 18.50 AV: 1 NL: 1.34E2

F:+c SIMms [277.00-

100 2780 fenthion

80
60
40
20

278.6
0 Il

‘273 oria omis | omie omr7 218 | 2179 ‘z‘:id " ore1 otha 2183 orha  278s | 2186 2187

H ovykévtpwon tov diazinon otig Tpixeg TV mepapatdlmmy ota oroia yopnynonke
TO &VTOHOKTOVO KupavOnke peta&d 0,23-0,61 ng/mg tpryy@v. v opddo yoUnAng o6ong N
uéon ovykévipwon diazinon mwov avyvevtnke frav 0,24 + 0,01 ng/mg tpyydv evod n
avTioTolyn GLYKEVIPMOGOT 6TV Opdda VYNANG d0ong Ntav 0,53 + 0,05ng/mg tpyyodv (ITivaxog
5.4).

H dwpopd o11g cLYKEVIPOOELS TOV TPYOV avipesa oto (Mo YOUUNANG Kot VYNANG
doomg aglohoynOnke otatioTikd e Tov dimhevpo Eleyyo t aveaptntov detypndtov H dtoupopd
7oV TapoTNPNONKe NTav otatioTikd onuavtikn (t=-12,01, df=8, p<0,001). Xpnoipomombnke
emiong €Aeyyog t evog dstypotog yu vo domiotmBel €0V Ol GUYKEVIPAGEIS TNG ONASOG
YOUNANG 000G elval d1apopeTiKég amd TG undevikés (opada poptopov). Kour oe avty v
nePInTOON M JPOPA TOV TOPATNPNONKE NTAV OTATIGTIKA onuavTikY. (t=66,68, df=4,

p<0,001).
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0.53

@ XapnAn ddon

B YynAn déon

>uykévrpwon diazinon OTIG TPIXES

0.70
0.60 -
0.50 -
0.40 A 0.24
0.30 A T
0.20 - L
0.10 A
0.00

XaunAn déon

YywnAn 66on

Ewova 5.8: Méoeg ouykevipmoeig diazinon otig Tpixeg ava opdda * st dev

Ta tapandve aroteléopata emPefaincav 0Tt 1 cuykévipmon Tov diazinon oTig Tpiyeg NTOV

d000EEAPTOUEVT.

IMivaxag 5.4 Zvuykévipwon diazinon cg tpiyes eKTBEUEVOV apovpaimY

Aglypa 2UYKEVTPMOT) Méon tiun opddag ng/mg tprymv
diazinon ng/mg + st.dev.
POV

Opédda pdptopeg 0 0*

Xopunin d6on

apovpaiog 1 0,24

apovpoiog 2 0,25

apovpaiog 3 0,25 0,24 £ 0,01**

apovpaiog 4 0,24

apovpaiog S 0,23

YynAn o6on

apovpaiog 1 0,61

apovpoiog 2 0,53

apovpoiog 3 0,47 0,53 £ 0,05

apovpaiog 4 0,50

apovpaiog S 0,55

* Joyrpion poptopwv ue oudoo. youning ooans (p<0,001)

*E X0yrpion oudowv youning ko vyning ooong (p<0,001).
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H pelém €ywve yia va Bektiwbetl n pébodog avérivong pe GC-MS tov diazinon oTig
Tpixeg MOV AVOTTOYONKE GTO TPOTYOVUEVO TTEIPALA KOl Y10l VO GLYKPLOOVV Ol GLYKEVIPMOELG
TOV EVIOUOKTOVOL OTIG TPIYES OTIS MEPITTMGELS TOV YPNCILOTolovvTon (Mo gvaichnta oto
diazinon, 6mwg eivor Ta KovvéAla kot Coa avBekTikd oe avtd, OTMG eivan o1 apovpaiot. Ko
oto 000 TEPANATO YPNOILOTOOINKaY (DO AGTPOL YPOUATOG £TGL Ol OTOLES JLAUPOPEG OTNV
OVIYVELOEVT] GUYKEVTPMOGCT] LTOPOVV VO arrod0800V 6TIg HETOPOAIKES SLOPOPES TTOV VTTAPYOLV
avapeca oto 6o 0.

Kot og avt ™ perém dev mpoypatonomOnke tunUatikng avéivon tpy®v. Avty
(QOPA dEV TO EMETPEYE O TPOTOS AVATTLENG TOV TPLYDOV 6TOVS apovpaiovs. Otav Eupiotnkav
ol TANTEG TOV 0POVPUIOV GTNV 0Py TOV TEPAUOTOS, TOPOTNPNCOUE OTL Ol Tpixeg Oev
EMOVEPYOVTOV UE TO PUOIOAOYIKO TPOTO. AVTL VO HOKPOIVOUV OTAOIOKA, TPiYES OTO TEMKO
pUMKog epeaviotnkoy otny 0éon tov CupcUEVOV, KOl OQVTEG Ol HOKPLEG TPIYEG TUKVOVOV
oTadloKd, PEXPL va emavELBeL 1 TAATY TV TEPALOTOlO®V otV apykn poper. To meipapa
éMmée kol n mAdtn tev mepopatoloov Supiotmke Eava oe avtd 1o onueio. Ta deiypota
avaADON KOV OTTMG TEPTYPAPETAL TOPATAVE.

H avadivon pe NCI GC-MS oce SIM mode (Ewéva 5.6), amodeiyOnke moAd mio
gvaicOntm and v avédivon pe EI GC-MS ce SIM mode (Ewova 5.7). Kat o115 dvo eikdveg
QOiveTol TO0 YpOUATOYPAPNUO IOV £0moe TO detypa tov {dov 1 amd v opddo YoUnANg
doonc. H dwgpopd evdeyopévag va opeiletal ot HEYAAVTEPT] SACTOCT] TOV HOPI®V TOL
ovpPaiver 6tav Ta popla wviCovral pe MAEKTPOVIA. AV Kal 1 Slopopd 6Ta OPLoL AVIXVEVONG
KOl TOCOTIKOTOINGNG OavAUESH OTIS dVo HeBOdoVS avaivong Oev eivor dpapatikn, eivol
ONUOVTIKY] OTOV OmOITEITOL TOGOTIKOG TPOGOIOPICUOS KOVTOL GTO OpPl0 TOGOTIKOTOINGNG
(LOQ). To wpdPAnua pe v avdivon pe NCI GC-MS ftav 0t dev vanpyav Pipitodrkeg
dwbéopeg. EmAvonke avaivovtoag vymAég cvykevipmoelg (pg/mL) standard dwoAvpdtov o
full scan. Ot paleg mov mpoékvyav amd Kabe KopLET ypNoLoTombnkay yo avaivon oe SIM
mode.

Ol CLYKEVIPMOELG TOV OVIYVELTNKOAY OTIS TPIXEG T®V EKTIOEUEVOV TEPAUATOLOWV
KopdvOnkav and 0,23 og 0,25 ng /mg (uéon Ty 0,24 ng/mg TpL®V) Yo THV ORAdA YOUNANG
doong, kat 0,47-0,61 (péon Ty 0,53 ng/mg tprydv) ywo v opddo VYNNG doomg. Av ot
TIWES AVTEG GLYKPLOOVV LE TIG OVTIOTOLYEG TOV THPOALE OO TN UEAETY LE TOL ACTPO KOLVEALD,
elval eavepd OtTL oTIg TPIXES TV OPOVPAiV avYVELOVTAL TTOAD YNAOTEPES GUYKEVIPDGELS,
mopOdA0 oL ot apovpaiot Ehafav povo 1o 1/3 g d6ong TV kKovveMmv. Ta kovvélln
eddpPavov 15 ko 8 mg/kg copatikov PBapovg amd 10 gviopoktdévo Muepnoiong. H péom

AVIYVEVOLEVT] GUYKEVIP®GT TOV EVIOUOKTOVOL Y10 TO. KOUVEALD TNG OUASOG YOUNANG OO0oNG
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ntav 0,17ng/mg tpiydv, evd N avtictoyn Yo To KovvéAL VYNAng d6ong Ntav 0,23-ng/mg
prydv. To yeyovog Ott ko otig 000 peAETeg ypnoonombnkay dompo (da, amokAeiel tnv
mOOVOTNTO Ol JPOPES OTN GLYKEVIPMOGT VO OQEIAOVTIOL GTO YPMUO Kol oG odnyel oto
ocoumépoopa 6Tt vBHvovtol o1 HETAPOMKES SPOPES TOV VITAPYOLY AVALESH GTO. dVO €1dM
Lowv. Etvar yvootd 61t ta kovvéla petafoiilovv moAld mepiocdtepo to diazinon 6to mOAD
to&koTePo diazoxon. Avtd €yel oav AmOTEAEGUO O T Ui Vo Eivol TEPIEGATEPO gvaichnTa
otV to&ikdtnrta tov diazinon (LDsy = 130 mg/kg couatikod Bdpovg) amd Toug apovpaiong
(LDsp = 300 mg/kg copatikod Bdpovg) kar and v GAAN vo KukAogopel Atydtepo diazinon

OTO QL0 TOVG, APa VO OVEYVEDOVUE YOUUNAOTEPES GUYKEVIPMGELS OTIG TPIYES TOVC.

5.2.6 Xvvoiikiy mapovcioacny Kal Go{YTHCH TWV ATOTELECUATMV TWV UELETMOV Yl

v aviyvevon diazinon o6TiS TPiyeS MEPAUATISO V.

Ot dvo mopamdve HEAETEC odNyNoav otV avaTTLEN TPLOV HEBOS®V avAALoNG UE
aéplo YpOUATOYPOPio Kol O1POPETIKA €101 aviyvevt®v. To {ntoduevo NTav n evaicOnt Ko
EMAEKTIKY] aviyvevon tov diazinon kot tov fenthion mov ftav 10 ecwtepkd standard pog
péca amo Tic TapeUPOAES TOV ONULOVPYOVGE TO VITOGTPMUN TOV TPLYDV.

H xatepyaocia tov derypdtov pog meptidpufove pebavolikn ekydiion kot Kabopiopd
YPNOLOTOIDVTOS VYPN-VYPN ekyOAoN pe abBvAkd aketvAeotépa. H avaktmon tov ovcimv
KkpiOnke wavomomtikn. H nébodog dpmg elye 10 petovéKtnuo 0Tl ETETPENE TNV TPOETOUAGIOL
TEPLOPICUEVOL aplBLoD detypdtwv avd nuépa.

H pébodoc emroyng yu v avdivon tov diazinon kot GAA®V 0PyOVOPOCPOPIKMOV
nrav N aéplo YpOUATOYPAPio. GLVOLAGUEVN Eite aviyveut aldTov Pwcsedpov (NPD) gite pe
eacpatoypapo paloc. To peovéktnua g avédivong pe NPD elvarl 6t dev pmopet va yivet
TOVTOTOINGoN T®V ovcldv amd Pipiobnkn. Eivor avéykn va avaivBoiv tovtdypova kot
TPOTVTES OVGIEG Kot 1 Tavtomoinon yivetar povo Baon tov Rt. Ta opra aviyvevong Opmg mov
emrvyydvovtor eivar wiaitepa younAd. Avtd eivor moAD ypNOO OTNV TEPITTOON TNG
AVOIAVGNC VTOAEUUATIKMV TOCOTHNTMOV QUTOPUPLAK®V GTIC TPIYES.

H avdivon pe goopatoypdeo palog AOvel 10 TPOPANUR TNG TOVTOTOINGNG TOV
ovoldV pe ™ xpnon PProdnkng. Av n avéivon yivetoanw e SIM mode, n tavtonoinon tov
ovol®Vv yivetor pe Paon to Rt xkou v xopver mov divouv cvykekpuéva Opadopata O
NAEKTPOVIKOG 1OVICHOG OU®G Tov ouvnBmG ypnotpomoleitar 0ev divel TOAD younAd oplo
aviyvevong oe oyxéomn pe avtd ¢ ovoivong pe NPD. Beltioon tov opimv aviyvevong

EMTLYYAVETAL LE TN YPNON TOV EWVIKOV GIATpwV Yoo cvykekpiéva ovta (SIM mode). v
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avéivon pe NCI GC-MS evo mpoc@épel mOAD younid Oplo  avixvevong vy To
0PYOVOPMCPOPIKE TOL HOG EVIOPEPOLV, OV LTLAPYEL M| dvvaTdtnTo YpNong Piprodnkmv.
Juykpivovtog Tig TapapéTpous Twv dvo nehodmv avaivong, EI kot NCILpaivetor 6t ta opla
aviyvevong mov emttuyydvovtal pe ) devutepn HEBodo avaivong tvar 600 Popéc yauniotepa
o€ oOyKplon pe autd ¢ mpdts. H dapopd evdeyopévmg va opeidetal otn peyoldtepn
dwomoon tov popiov mov cvuPaivel 6tov tor poplo oviovrar pe MAEKTpOVIa. Av Kot M
Spopd oTOL OPLAL AVIXVELGNG KOl TOGOTIKOTTOINONG avdpesa otig 0o pebodovg avdivong dev
gtvon dpopatikn, etvat onuavtikn étav amateitol TocoTIKOS Tpocdioptods kovid oto LOQ.

Kot ot 6o peréteg €de1&av 0Tt 1o diazinon omd T GTIYUn TOL KLKAOQOPEL GTO aipa
TOV TEPARUTOL®OV, aKOun Kot 6€ VTOTOEIKES 0OGELS, TEPVAEL KOl OVIYVEVETOL OTIS TPIXES
ToVG. Ol aVIYVEVLOUEVEG GUYKEVTIPADGELS EIVAL TOAD UIKPES OE GYECT LE TN YOPTYOVUEVT] OO0,
avtd OUMG elvar avapevopevo, ywti M OmTEKKPION OTIS TPixeg eivor povo pio omd Tig
devtepebovseg 000VG amoto&ivwong Tov opyavicpov. To diazinon petaforileror kupimg oTo
Nop KOt TO VEPPA KOl OTEKKPIVETOL LEGM TOV KOTPAVMV KOL TOV 0VP®V.

H ovykévipowon tov &viopoktOvov oTIC TPixeg TV TEPIUaTOlmv Kol oTig d0o
HeAETEC NTOV HOGOEEAPTAOUEVT. ZVYKPIVOVTOS OU®G TIG OOGELS TOL YopnYNONKay ot Vo €idn
LLE TIG OVIYVELOLEVES GLYKEVIPOGELS PAETOVLE OTL OVTEG OV TV avAAOYeS. XTI TpiYES TV
APOLPAIOV AVIXVEDTNKAY UEYUAVTEPES GUYKEVIPMOGELS O TIG TPIXES TV KOVVEADV TAPOAO
OV TO KOLVEALL eAQuPovav peyaAidtepeg d0celc. Avtd mibovotata vo oQeileTonl ©TO
SLLPOPETIKO LETAPOAKO TPOPIA TV OLO 0DV, Kal glval KATL oL TPEmeL va AneBHel v’ Gy
0€ MEPUTMOOCELS TTOL TPEMEL VAL YIVEL GLYKEVTPMOOT] dOGNG KOl GVYKEVIPWONG OTIG TPIYES, E0KA
oToVG avOpdTOVG. Avdapesa 6to avOp®OTIVO €100¢ VITAPYOLY TOAAG peTafolikd Tpoil, Kot
AVOEKTIK®OV KOl EDAAMTOV GTNV TOEIKOTNTA TOV VIO €EETOGT EVIOUOKTOVOV.

[Tapd T0 Yeyovdg OTL 1 YOPYNOT TOL EVIOLOKTOVOL GTO VEPD TV TEPALATOLM®V OEV
powaler pe tov TpoOmo G avBpdmivng €kBeong, £0moe yPNOIUES TANPOPOPlEG YL TNV
CLUTEPLPOPE TOV EVTOLOKTOVOL GTOV OPYOVICUO Kol 10YVPES BeTikég evdeiEelg yia T ypnom
TOV TPYOV oav deikTn ¥poviag £kbeong oto diazinon, £yovtog otn SO0 HOG OVOAVTIKY

HEBOOO OV AVIYVEVEL TO EVTOUOKTOVO GTO YOUUNAG ETITESA TTOV AVOUEVOVTOL GTIC TPIYES.
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5.3 Melrétn 1I1: Mewpdpato in vitro pe avOpoamives Tpiyeg poptiopéves pe
diazinon

Yrc 000 mopamdve peiéteg egetdotnke katd méco to diazinon mepviel amd TNV
KuKAogopio. Tov aipatog oty Tpiya. H éxbeon Opwg tov aypotdv dev eivor povo
ocvotnuatiky Katd xkdpro Aoyo n €kBeon tovg mpoépyetor amd to mePPAALOV, KaTd TN
SLAPKELN TNG EPAPLOYNG TWV EVIOUOKTOVOV OV TNPOVVTAL TANUUEADS Ol KAVOVES AGPALELOG.
Mo va peietnoovpe v madnTikn mpocdecn ™G ovoiag and to mepPaiiov oTig TPiYES,

TPOLYLLOTOTOW|GOLE TO TAPUKATM TEWPALOTO:

5.3.1 Meiétny tng emiopacns Tov ypovov EUPATTIONS TV TPIYWOV GE OIALVHO.
CUYKEKPIUEVNS CVYKEVTPWONS diazinon, 6THY AVIYVEVOUEVY CVYKEVIPOGH TOV

EVTOUOKTOVOD OTIG TPIYES.

Xpnowonomdnke ddAivpa cvykévipmong 0,01 mg/ml, oto omoio gppontictray 100 mg
kaBapawv (blank) tprydv, mpoepydueva amd 1o id10 dropo, ywoo 1 kol 4 h, oe Bepuoxpacio
nepPaAlovtog. 10 TéA0G KABe TEPLOOOL EMMACNS Ol TPiYES, OAMOROKPOVONKAV amd TO
ddlvpa, otéyvmcay katl kpatnOnkav oe Beppokpacio Sopatiov o€ KAEIGTOVG TEPLEKTES HEYPL
v avéivon. [Ipw v avédivon EemAbOnkav oe pebavoin yio 2 min yio va OYEL 1 YoAopd
depévn ovacia, opoyevoTomonKoy Kot avaAvdnKay GOUE®VE LE TO TPOTOKOALO avAAVONG e
EI GC -MS. Zav emtepuco standard npooténke methyl parathion oe ot00epn cvykévipmon

Kot ion pe 10pg/ml.

[poTorn kapmvin Badpovopnong diazinon

[Ma ™ pétpnon g mTosoTNTOG TOL TPOGOEONKE GTIC TPiYXES KATA TV EUPATTIONS TOVG
070 O1GAVHO TOL PLTOPOPUAKOL NTAV ovayKaio 1 dnuovpyio TPOTLTNG KoUTLANG. [
dnuovpyio ™G TPOTLING KAUTVANG YpnoporomOnkay pebavolikd dtaivpoto diazinon ta
omoia mepteiyov methyl parathion oe cvykévipoon 10 ug/ml cav eocwtepwcod standard. Ztov
d&ova tov x tomofetOnKav ot avEavopeveg mocdtteg diazinon evd otov dEova TV Y 0

AOY0G TV guPadav T Kopveng Tov diazinon TPog awTov TG Kopue1g Tov methyl parathion.
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y = 0,0693x + 0,0819
R? = 0,9981

Area diazinon/Area meth. par
N

O T T T T T 1
0 20 40 60 80 100 120

Zuykévipwon diazinon (ug)

Ewova 5.9: TIpdtoan kaumdAn Pabpovoumong yio tn HETPMNon TG GVYKEVTIPOGNS TOV

diazinon oT11g TpiyeC.

Ytov mivaka mov akolovBel paivovrol ta aroteAéopato g EUPATTIONG TOV TPLY®OV

o€ voatikd OdAvpa cuykévipmong 0,01 mg/ml yia 1 h ko 4 h.

Mivaxkag 5.5 Aviyvevopevn ovykévipwon diazinon og tpiyeg petd ond euPdmntion tovg o€

voaTkd ddivpa diazinon cvykévrpoong 0,01 mg/ml yio 1 h kw4 h

2VYKEVTP®OT SLOADUOTOG Xpovog gppantiong (h) Aviyveudpevn cuyKEVIpwON
eppantiong (mg/ml) diazinon (pug/mg)
0,01 1 0,46
0,01 4 2,22

5.3.2 Meiétn g emidpaong TG GVYKEVIPMOINGS TOV dLAVpnaTOS epPfantiong
OTNV OVIVELOUEVT] 6VYKEVTP®GT Tov diazinon oTig TPiyES.

[Tocotteg detypatog 100 mg tpyydv, Tpoepyopeveg amd to id1o dTopo, eppfoantiotnkay ce

VOOTIKA StoAVpOTO TPLOV SPopeTIk®Y cvykevipooewv (0,01 mg/ml, 0,1 mg/ml wor 1

mg/ml) ywu 1 h. £10 1€A0g ¢ T Oetypato amopakpOvOnkoy amd To SIHADLOTO ETMOCTG,

otéyvocav Kot avoivdnkav pe E1 GC -MS

Ytov mivako mov akolovbel paivovtal ot aviyvevoleveS GLYKEVTPOGELG diazinon GTIG

73




TPiyeg HETA TNV EUPATTION TOVG Y10 L0 AP0 GTO VOATIKA SLUADLOTO TOV TPLOV SLOPOPETIKMOV
OLYKEVIPOOEMV. Xpnoomomdnke 1 KoaumOvAn Pabpovounong mov KatooKELAGTNKE TNV

TPOMNYOVUEVT] EVOTNTOL.

IMivaxkag 5.6 Aviyvevopevn cvykévipwon diazinon og tpiyeg petd amd gupdmntion tovg yuo 1 h

o€ OLOADLOTO TPLOV SLUPOPETIKMY GUYKEVIPDOGEMV.

2UYKEVTPMOOT] VAATIKOD SOAVUATOG Xpoévog enmwaong (h) | Zvykévrpwon diazinon
diazinon (mg/ml) ot Tpiyxes (Lg/mg)
0,01 1 0,10
0,1 1 1,59
1 1 3,99

[veton edKkoAa ovTIANTTO Oomd TOV TOPOTAVE Tivako OTL 1) GLYKEVIP®ON TOL
dwdvpatog gppdmtiong mailer pOAO GTNV CLYKEVIPMOOT] TOV EVIOUOKTOVOV OV OVIYVEVETOL
oT1g Tpixes. Aoyikod eivan kdmola otiyur] va cupPel Kopeopog, 6tav e£avtAnfolv ot d1a0éoieg

0éce1c TPOGOEGTG TOV EVTOUOKTOVOL GTIC TPIYES.

5.3.3 Meiétn ™G emidpacnS TOL YPORATOS TOV TPLYOV GTIV UVIVEVOUEVT]
ovykévrpmon diazinon

[Tponyovueveg peréteg €xovv oeiel OtL 10 YpdHA TOV TPYOV Tailel poOlo otV
OVIYVEVOUEVT] GLYKEVIPMON TOAADV OVCIHV TOL £(oVV TPOocdebel o aVTEG, €0KE oV 1
AmoppOPNOY NG OVCING YIVETOL HEG® TNG KVKAOPOPING TOV O{HATOG, KATA TN SIUPKELD TNG
kepatwvonoinong g tpixag (Hubbard et al, 2000). "Eyet Bpebel 611 T0 ypdpo TV HoAM®V Kot
KOT' EMEKTOON 1 TEPEKTIKOTNTO TOVG O HEANVIVI] €lval OvAAOYO TNG OVIXVELOUEVNG
ovykévipoons. H vmdbeon avt efetdotnke kot oty mepintwon mov 1o diazinon
evamotifeton otTic tpixes emtepkd, amd 10 mePPdArov, emmalovtag avOpOTIVEG TPiYES
SPOPETIKOD YPOUOTOC o€ 1010 cvykévipwon Swwidpatog diazinon oo To 1610 ypovikod
dwotnua, ko avarvovtag tig pe EI GC-MS. TTo ocvykekpyiéva, mévte delypota mTocoTNnTog
100 mg TpiydV KEPAANG TPOEPYOUEVO OO TEVTE OLUPOPETIKA ATOLO KOL LLE XPDUO Omd LOOPO
¢wg EavOo, epPontiotrov og ddlvpa cvykévipoong 0,1 mg/ml yuo 1 h, amopoakpdvOnkav
and to dtdhvpa, otéyvocav kot avorvdnkav pe GC-MS o6nmg meprypagpetor mapamdve. To

OTOTEAECUOTO POIVOVTOL GTOV TOPUKATM TLVOKAL.

74




IMivaxkac5.7 Zvykévipoon diazinon (ug/mg) ce TPiYes SAPOPETIKOD YPOUATOG TOV £XOVV

euPantiotel og dtdAvpa 110G CLYKEVTP®ONG Yia 1010 ¥POVO.

Agtypa Xpopo Aviyvevopevn cuykévipwon (pg/mg)
1 Kaotoavo (Bappévo) 3,3
2 Koaotavo avoytod 2,2
3 Zav0o 0,1
4 Mavpo 0,03

Ymv mepinmtoon g evamodbeong tov diazinon oty Tpiyo amd to mEPPAAiov, T
TEPLEKTIKOTNTO NG Tpiyog o€ pelavivy Oev  ogoaivetor va moiler onuaviikd poiro.
[Mapamnpodvtar dtopopég HETAED TOV OVIYVEVOUEVOV GUYKEVTPDGE®V, TOL OUMG OEV POIVETOL
va oxetilovtol avaAoYIKA LE TNV TEPLEKTIKOTNTA O peAaviv. Avto elval Aoykd yvopilovtag
OTL o1 Tpiyeg e€mTePKd KOAVTTOVTOL OO o, pepPpdvn m omoio mepikAeiel 10 PEPOS TOL
OTEAEYOVS OV QEPEL Ta. pehavooopata. o v Tpdcofacn TV oVGIOV GTA HEANVOCHLOTO
elval avaykoio 1 KATOOTPOPN TG TPOCGTATELTIKNG HeuPpdvng. 'Etot dAlotr mopdpeTpor
moilovv oNUOVTIKOTEPO POAO GTNV AVIXVEVOUEVT] GLYKEVIPMGT] TOL EVTOUOKTOVOL. Mia amd
TIC TOPAUETPOVS AVTEG UITOPEL VO EIVOL 1] PUOTKT KATAGTACT TNG TPiY0S, ool PAETOLUE OTL N
Bappévn tpiya cvykpoatel mepiocdtepo diazinon. Tomg 1 yNUIKN Katepyaoio Vo KOTAGTPEPEL
TNV TPOGTATELTIKN HEUPPAVN KAVOVTOG TO GTEAEYOG TNG TPIXOG TO TOPMIEG KOL AP0 V.
SLELKOADVOVTOG TNV TPAGOESN TOL €VTOUOKTOVOL. Mior GAAN mopdpetpog pmopel va sivor 1
Mropotnta ¢ tpixas. Tomeg ot mo Mrapéc TPixes Vo TPOGPEPOVTAL TEPICCOTEPO YO TNV
npocdeot tov diazinon awtég. TELOG, pi GAAN onpovTiky TApAUeTpog Ogiyvel va givor M
OWIUETPOC TOV OTEAEYOLG TV TPYdV. Ot Tplyeg pe oTeAéyn HKpNG JSUETPOV {0MC Va

TPOGPEPOVY TEPIOTOTEPESG BECEIS TPOGOEON G A0 ALTA PE LEYOADTEPT] SLAUETPO.
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6 KAPBAMIAIKA ENTOMOKTONA: TO METHOMYL QX MONTEAO T'TA
THN MEAETH THX ENAIIOOEXHX TOY XE TPIXEX IIEIPAMATOZQOQN

Ewcaywyn

To methomyl elvar éva 1oyvpd KapPapdlkd €vTOpOKTOVO HE gupeior xpnon otnv
nmepoyn ¢ Kpntng. Kvkhopopel cav vdatikd StdAvpa 1 6KOVI UE TIG EUTOPIKES OVOUAGIEG
NUNDRIN 71 LANNATE. Amowkodopeitar amd Tovg 16To0¢ TOV QUTOV 6€ O10&EEId0 Tov
avBpaxa kot axetovitpido (Harvey ef al/ 1973). Eivar dpwg moAd tolukd yia ta {da Kot Toug
avOpOTOVG KOl CLYVA XPNCULOTOLEITAL GE EMTVYEIG KOTA KOvOVO OTOTEPES OVTOKTOVIOG
(Tsatsakis et al, 1996).Yrapyet Opmg Kot onuovtikny €kfeon tov TAnbuouod o€ VTOTOEIKES
d0o¢elg Tov methomyl xotd TN OlbpKE NG EMAYYEAUOTIKNG TOVG EVOOYOANONG MHE TIC
KaAMEPYEEG. AVToD ToVL €idovg M €kBeom dOev Exel peketnOel emapkdc. ZyedtdoTnKe Aowdy M
TOPOKAT® HEAETY, TPOKEUEVOL Vo SOMIGTOOEL av €VOVKVELTOL 1] XPNOT TOV TPYOV OOV
delkteg ypoviag £xBeong oto methomyl, 6TV T0 EVTOHOKTOVO E1GEPYETOL GTNV TPiYO LEGM TNG

KukAo@opiog Tov aipotog.

6.1 MEAETH IV: Aviyvevon methomyl og Tpiyeg kovvem®@v Néag Znravoiog

6.1.1 Ilewpopuarolwao
XV mapovca HEAETN ypnolpomom|nkay cav melpapatdlma aompa kKovveAa NEog
Znhavoiag. Ta Coa mapayopndnkayv 610 £pyacTtiplo omd To KOLVEAOTPOPEL0 Tov [dphuaTOC
Ayog Zmupidwvag otov Kpovoodva Hparxdieiov. Ilpwv v évapén tov mepduotog to
KOVVEALLL €EETAGTNKOY OO KTNVIOTPO, TOVG YOpNYNONKE TPOANTTIKA TETPAKLKAIVY KOl TOVG
d000nke Oepameion yio to gomTEPKA KOl €EmTEPIKA Topdotta. TEhog Tovg YopmyMOnke

avtiopoppayiko epuPormo. Ta melpapatoloma elyav eAedBepn tpodcPaot 6e Tpoen Kol vepO.

Aocoloyia

To evtopoktovo methomyl yopnyndnke ota mepapotdlmo HEG® TOV TOGOL VEPOD
v téooepig unves. Kébe 66om amotehovviav and 30-40 mg methomyl dwwivpéva oe 1,5 1
vepPOU Ta 0Toia KaTovalm®voviav o€ tepinov téaoeptg uépec. H yopnynon tov gviopoktdvou
dwkontoviovy Yoo 2 pépec kdbe @opd mov to mepapatdlwo mapovsialov onueio
onAnmpiaong, M omoio SOMCTOVOVIOV E€IiTE €PYUOTNPOKA OTO TTMOOY OTIS TWWEG TNG

OKETLAOYOALVESTEPAONG, €T amd pelwUEV QUOIKT dpactnpdtnta. H cuvoAikr mocdtnta
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methomyl mov katavadl®Onke HEGH GTOVG TEGTEPIS PNVEG TOV TEPALOTOS NTaV Ttepimov 600
mg. To Bapoc tov mepapatdlmmny Katd ) didpkela Tov Tepduatog frav nepimov S5 kg. H
péomn muepnotla 0661 EVIOHOKTOVOL avdé KIAO couatikod Bdpovg mn omoia yopnyndnke ota

nepapatolma ntav 2 mg/kg/day.

6.1.2 Métpnon aKetvioyorveoTepdons

v apyn Kot Kotd T SlIpKEW TOL TEPAUATOS GE TOKTA YPOVIKG OLOGTIHOTO
Aoppdvovtay aipo amd To avTi TOL KOLVEAOD Yoo T PETPNON NG OpacTNPOTTOS NG
aketvAoyoAveotepdong. Ilepimov 1 ml aiparog AapPdvovrov pe t Ponbeia cHpryyog
woovAiving. To aipa eLKEVTPOLVTOV AUECHS Y10 VO SO ®PIOTEL 0 0ppOG. AV M avdAivon oev
YWOTAV QPEGOS, Ol OPPOl PUAAGGOVTIOV GTOVG —20°C. H HETPMON TNG OPACTNPLOTNTOS TOV
evlbpov €yve potopetpikd pe ™ Ponbewa kit g Boehringer Mannheim. Ot gucioloywkég
TIWES Yo Tovg ovOpdmovg wkvpaivovior amd 3.000 — 12.000 U/I, evd yw to. KOvvéEALL

Kopaivovtot amd 300-600 U/L.

6.1.3 2viioyn OctypdTmv TPpLy@dy
Ta deiypato t@v TpY®V EMNEONGOV Omd CLYKEKPIUEVO TUNUATO TNG TAATNG TOV
mePapatOlowv, KoTd ™ OdpKel Kot 6To TEAOG NG TEPLOdoL yopnynons. Ot tpixeg mov
oLALEYONKOV 6TO TEAOG TOL TTEWPAUATOC KOTNKAY o€ Tpio Tunpota, 1, 2, kol 3 ekatootd arnd
TNV KOPLOT Kol avoAdsope kKaBe Tunpa xoplotd yuo va Bpebet n cuykévipoon tov methomyl.
Ta Odelypata @uidymmkav oe mAaotikd doxeio oe Bgpuokpacio dwpatiov kot Enpn

ATULOGPALPO LEYPL TNV OVOAVOT).

6.1.4 Exyvlicn evtouoxktovov

H pébodog exyviiong mov axorovbnbnke Ntav n tpomomomuévn twv Cone Kot
ocvvepyotav (Cone et al 1993). Xpnoworombnkoav 50 mg delypatoc and 1o kabe tunua. To
detypo Quylotnke pe akpifelan ko kovioptomofke oe Minibead Cell disrupter (Biospec
Products Inc, Barkesville). H okévn mov mpoékvye petapépdnke oe kabapd SOKILOGTIKO
coMva pali pe 2 ml pebavoine. To peiypo enwdodnke otovg 40 °C yia 18h. AkohovOnoe
QLYOKEVTPNON Kol TO VIEPKEiEVO petapeépOnke oe véo dokipaotikd coinvo. H pebavoin
eCatpiotnke pe ) Pondeta Nmov pedUATOC al®dTOL Kol TO GTEPED VITOAELO ETOVUOLOAVONKE
oe 2 ml aneotoypévov vepov. AkoAovdnce exydAon otepeng edong (SPE extraction) oe

omAdkia C;g (Supelco, 500 mg, 6 ml) ta onoia eiyov Tponyovpuévag gvepyomomndel pe 6 ml
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neBavoing axoiovBovpeva ard 6 ml amestaypévov vepov. Doptdbnke To detypa, To oTNAdKL
TAONke pe 6 ml vepd kol otéyvooce pe Hmo pevpa alotov. TeAikd, tOo €VTOpOKTOVO
exyvMomnke pe 1 ml dyhwpopebaviov, 1o onoio eEatutioTnKe Kot T0 LIWOAEUUO O0AVONKE

Eava og 200 pl ameotaypévo vepd yia va avorvdet pe ovosodiayvmotikég pedodovg (ELISA).

6.1.5 Métpnyon smmédwv methomyl 6t Tpiyes pe avocoynuiky uéooo (ELISA)

To A00196 Rapid Assay Immunoassay Test kit g Ohmicron (Ohmicron
Environmental Diagnostics, Inc. Newtown, USA) 7y v aviyvevon methomyl
YPNOLOTOMONKE Yo T pETpnon tov emmnédmv Tov methomyl o1ig Tpiyes. Alokdoio Tevivta
pkpoATpa detypatog M standard avapiydnkov e KoatdAANAOLG SOKIUAGTIKOVG GOANVEG WE
250 ul evlbpov ovlevyuévov pe methomyl. Xto peiypo mpootédnkov 500 pl drwAvpotog
TOPAUOYVTIKOV GOUOTIOIMV [E TO OVTICONOTO Y. TO €VIOHOKTOVO. Ot GmANves ol
avadedTNKay o€ vortex enwdcOnkav ce Beppokpacio dopatiov yio 30 min. MetapépOnkav
0E HAYVNTIKO S0 ®PLOTIKO VTTOS0YXEN SOKILOCTIKMOV COAV®V OOV TOPEUEVAY Yo, 2 min.
AxoAoVBwg amoppiebniay o VYPA TEPLEYOUEVO TOV COANVOV. X& O0Aovg Tpootédnke 1 ml
SAdHaTog TAVGIHATOC. Ol COANVES 0PEOMKOV GTO HOyVNTIKO 010 ®PIOTIKO LITOSOYEN Y10l 2
aKOUN AETTA Kot TO VYPO TOLG TEPLeyOrevo amoppipdnke Eovd. To Prpa avtd enavainednke
A e eopd. O vrodoyéag amopakpvvinke amd 10 poyvnTikd Swywptot kot 0,5 ml
YPOULATIKOD OLOAVUATOC TPOoTEONKE GE OAOVG TOVG COANVES. Metd amd 1oyvpn avddevon oe
vortex 1o dtdAvpo enwdcOnke og Bepuokpacio dwpatiov yia 20 Aentd. Apod mpootébnke 0,5
ml 1AV HTOG TOL GTANOTA TNV OvVTIOpaoT petpriOnke N aroppodenon ota 450 nm.

[Mopdro mov M avdivon tov methomyl pe ELISA otig tpiyeg Ntov emtuyng, oev
ioyvoe to 1010 pe Too vEOAowma evropoktoéve (diazinon kai fenthion) mov efetdomray. O
oLVOLAGCHOG TNG EAAEYNG EOIKOD AVTICOUOTOS HE TOV TOAD vVynAod 06pvPo eEoutiog Tov
VTOGTPOUOTOC OgV EMETPEYE TNV Ypnoomoinon ¢ peBddov avtig Yoo TEPUITEP®

AVOAVGELS.

6.1.6 Métpnyon emrédwv methomyl 67iS TPiyES pe VYPNY YPWUATOYPAPIA VYNNG
anodocns (HPLC)
To detypo tov tprydv (500 mg) enwdotnke oe 4 ml pebBovoing onwe meprypdpeTon
TOPATAVE KOl LETA TNV €EATUIOT TOV OPYOVIKOD SLOADTN TO LITOAEUO ETAVAOIOAVONKE o€ 1
ml anectoypévov vepov. To methomyl amopovdbnke pe exydion otepedsg eaong (SPE) oe

omAiakwa Cig (Supelco, 500 mg, 6 ml).
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H avéivon éywve oe Spectra Physics Model SP8810 vypd ypouatoypdeo eEoniiopuévo
ue Model 7125 20 ul injector kar SP 8450 UV-Vis aviyvevt), pvBuiopuévo ota 254 nm.
Xpnoworombnke C8 omAn avtiotpoeng @dong. O doAvTng ékAovong Nrav piypo vepoo
92,5: aketovng 7,5 pe pony 1 ml/min. Kdtw ond avtég 11 cuvOnkeg avaivong, o ypodvog

éxhovong tov methomyl vjtav 11,64 min.
Ewova 6.1: Evopuxn dpactnplomnta TG aKETVAOYOAVESTEPACTG OTO TEWPUUUTO O
5 700
o}

600 —T

500

|
1
-

4

300
§ 1L = = =
200
A . OnAvko
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6.1.7 Métpnon tig opactTyploTnTos THS AKETVAOYOLIVECTEPACHS
H dpaoctpiomra tov evldpov peumdnke oacOntd oto dmAnmmpracpéva Coa. ITo
OLYKEKPIUEVOL GTO OPCEVIKO INANTNPLICUEVO KOLVEAL KuudvOnke petacy 240-390 U/T (uéon
T =298 U/I). Z1o OnAvkd dnAntnplacpévo KovvéL To avtiototryo evpog ftav 240-400 U/I
(néon =310 U/T). Ot tipég g aKETVAOYOALVEGTEPAONG 0T (M UAPTVPES NTOV LETOED
250-580 pe péon tyun 430 U/T oto apoevikd oo, kot petald 270-600 U/l pe péon tiun 426
U/I 6to OnAvko Cmo.

6.1.8 Emninedo methomyl o115 Tpiyes
H ovykévipwon tov methomyl mwov petpndnke oe cuvoAikd deiypa Tprydv and (oo

HapTUpES MTOV UNOEVIKN. Xta dnAnTnplacuéva (do €ytve TUNUATIKY] OVAALGT OTo Tpia

TUNHOTO TOV EVOG EKOTOGTOV OV Tposkvyav. H péon cuykévipwon Tov eVIOHOKTOVOL OTIG
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Tpiyeg TV dNAnmplacuéveov (oov Nrtov 4,3 ng/mg 610 apoevikd kovvé kot 1,4 ng/mg
delypotog 610 ONAVKO KOLVEM. £TO TOAATEPO TULO TPLYDV, £VO EKATOCTO OO TNV KOPLON
dev aviyvevtnke KaboAov methomyl oe koavévo omd to InAnmmpracuéve {da. Xto pecaio
TUqUo, dMAad| oto JeVTEPO €KATOCTO OO TNV KOpven aviyvevtnkav mepimov 0,9 ng/mg
TPYOV Kol 6To dVO Do, EVED GTO TPITO EKATOGTO GO TNV KOPLEN, dNAad GTO TUNMO TNG
pilag aviyvedrav 3 ng/mg deiypatog. Ta omoTteAEGHOTA PAIVOVTOL GUVOTTTIKG GTOVE TIVOKEG

1 xou 2.

MMivaxag 6.1: Zuykévipwon methomyl 6Tic Tpiyeg TV SNANTNPLAGUEVOV KOVVEAIDV

Kovvé Evpog cuykévrpoong (ng/mg) | Méon cuykévrpwon (ng/mg)
Apocevikdg pdptopag M.o. M.o.

Apoevikd dnintmpacuévo | 1,1-1,8 1,3

OnAvkog LapTLPOG M.o. M.o.

OnAvkd nintplacuévo | 0,9-1,8 1,4

M.a.: un aviyveusipo

Ot TéC avTIoTOLY0UV GE TOVAGYIGTOV 6 LETPOELS JLOPOPETIKAOV SEIYUATMV.

Mivaxag 6.2: Tunuatikn avéivon tpryov pe ELISA ko HPLC™.

Kovvé Yuykévrpmon methomyl (ng/mg)

1 exotootd omd |2 ekatootd  omd | 3 €KOTOGTA  OMO

KOpLON KOpLON KOpLON

ELISA | HPLC | ELISA HPLC ELISA | HPLC
ApoevIKOC LAPTLPOG M.o. M.o*. | M.o. M.o.” M.o. M.o.”
Apoevikd dnintnpacuévo | M.a. M.o*. | 0,7 0,9 3,5 32"
OnAvkog LapTLpag M.a. M.o*. | M.a. M.o.” M.a. M.a."
OnAvkd MNANTNPLICUEVO M.a. M.a*. 1,1 0,9" 3,1 3.6

Méoeg Tiég amd TovAdyloTov 6 LETPNOELS

* M.a. un oviyvedoipo

Ot tég g evluuikng dpaocTploTTOS TNG OKETLAOYOAVEGTEPAONG TAPOLGIUGOV
TTOON KATA TN OdpKELL TNG YOPNYNONG, XWPIS 0VTO Vo cLVOdEVETOL amd GoPapd KAVIKA
ovuntopata. Etvol yvootd (Tsatsakis et al, 1996a, b) nwg n to&ikn 6pdon tov methomyl ko
TOV VIOAOW®V KOPPOUIIKOV oPeileTor Pacikd oV ovaCTOAN TNG XOAVESTEPAOTS, Gpa M
TTOON TOV £MAEI®V oT0 TEWPaUaTOlma mov ehdupavay to methomyl Ntav avoapevopevn

(Ewova 6.1).
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Oocov agopd to eMIMEdD TOV EVIOUOKTOVOV OTIC TPIXES, OEV oviyvedTnke kabBOAoL
EVIOUOKTOVO GTO O OMOUOKPLOUEVO amd T pilo TUApO ™G TPiYaS, KAmTol mTocOTNTd,
nepimov 0,8 ng/mg vafpye 010 pecaio TUNUO Kot to meplocotepo methomyl, mepinov 3,4
ng/mg, oavyvevtnke oto tunue ™G piloc. Kot ot dvo péBodor pétpnong mov
ypnowonomdnkav £dmwcav 1o 00 mpopid amoteleocudtov (IMivakag 6.2). Ta mapomdveo
ATOTEAEGUOTO LTOJEIKVVOVY OTL To methomyl amoppopdtor amd v Tpixa kot eykimBileton
0€ LTV 6€ GLYKEKPLUEVA TUTO ToV 6TeAéyove. H mapomdve vrdBeon vrootpiletor amd
™ SPOPA TV GLYKEVIPMOCEMY TOV EVIOUOKTOVOL GTO TPio. TUNUOTO GTO. OToio ympicTnKay
Ol TPiYEC. XTO TOAOOTEPO TUNLLO, TOV OVTICTOLXEL GTNV XPOVIKN TEPIOd0 KATA TNV Omoia To
nepopatolma dev eAdpPovov methomyl, dev aviyvedetor kKaBOAOL €VIOHOKTOVO, EVD 1)
HEYOADTEPN GLYKEVIPMOOT OVIXVEVETOL GTO TUNLO OV givorl mo kKovtd ot pila, OnAadn oto
O TPOCPOTO KOl €kelvo OmMOL M ovykévipwmon tov methomyl otov opyavioud tov
nepapatolmov Kot dpo oto aipa tov eglvar n peyoivtepn. Emiong owagaivetar O6tL TO
methomyl Tpocdévetal o€ KAMTO0 GLGTATIKO TOV GTEAEYOLS TNG TPIXAG, OTMG Eival To ATidia
N M kepativn, Kot dev petavactedel KoTd UnKovg Tov otedéyous (Cone et al, 1996).

Ta amoteléopota pog (mivaxag 6.1) detyvovv Ot povo €va pukpd pépoc amd v
xopnyoveVN dOCT Kot dpol TNV TOGHTNTA TOV KUKAOQOPEL 6To aipa decpedeTOL GTNV TPiYa..
H amovcia g pehavivng iomg peimoe Tig dwbéopeg Béoelg mpdsdeonc yoo o methomyl
(Cone et al 1996). [ewpdpata o {da 6mov peletndnke n Tpdcsdeon g yAwprpopalivng o
TPixeg KovveM®V Kot TS opAoacivig oe Tpiyxeg vok®V Yopdimv, £0e1&ay OTL HeyaAdTEP
TOGOTNTA TMV OVGLOV TPOGOEVETAL GE XPOUATICTES TPiyeS mapd o€ dompeg (Cone et al 1996,
Uematsu et al, 1990, Forrest et al 1972). H pehavivn Aowmdv mpooeépet moAAEG BEcelg
TPOGOECTG OTIS TPIXES OE TMOAAEG YMUIKES ovaieg. Meléteg oe avBpdmovg Omov eE£€TAOTNKE 1M
TPOGOEST] TOAADV VOPKOTIK®OV o€ Tpixec Appwkovikod, Kavkdoiov kot Moyyorogidovg
TOMOV, GLUEAOVN GOV UE TIG HeAéTEG oTa melpapatolma. Tplyeg e vYNAN TEPLEKTIKOTNTO GE
peAavivn GuYKPATOHV PEYOADTEPEG TOGOTNTES VOPKOTIKMOV OVGLDYV OO TIG TTLO OVOLYTOYPOLES
(Cone et al 1990).

H mapovca perétn oyedidotnke €161 doTE Vo €laoTe olyovpor OTL 1 HOVN 000¢
ékBeong Tov tepapatolmov oto methomyl Nrav and to aipa, po kol 1 ovcio vanpye wovo
070 OGO vePO Kot OxL 6To TEPPArAOV. O HoOVog TpdTOg eEMTEPIKNG evomdBeon S TG 0VGiog
otV 1pixa Tov {Dov, Oa NtV oV TO KOVVEA HETEPEPE TO EVTOUOKTOVO OO TO VEPO GTO GO
tov. [Taipvovtag Ouwmg to delypa amd Eva onpeio g TAdNg Tov {dov, N e€mTePIKT] LOAVVON
UTTOPOVGE VO ATOKAEIGTEL.

AV 1 TPOKOTAPKTIKY HEAETN €lval PEPOG UG HEYOADTEPNG £PELVAG LE GTOYO TN
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dlepevvnon ¢ duvatdTNTag NG ¥PNONS TG avdivong Tpyydv yo v aSloAdynon g
rPOVIaG enayyelpatikng £kBeong oe putopdppoka. BéBaia mptv yivouv acpaleic mpoektdoelg
TOV OTOTEAEGUATOV TOV TEPAUATOV LOG 0 avOpdTOLS, TPEMEL va, pguvnBovV o 6EPd amd
napdyovtes. H emayyelpotikn ékbeon cvpPaivel HEG® d1PpOP®V 03MV, 01 TO CNUAVTIKES OO
TIg omoieg eivar M €lomvon kol 1 anevbeiog evamdbeon TV yNUIKOV oTig Tpixes. Télog o
pLOUGS avaTTLENG KoL OVTIKATAGTAONS TOV TPLYADV gival €miong dVO TAPBEYOVTEG TOV TPEMEL

va peAetnBovv, kabmg ivor TOAD S10POPETIKOL GTOV AVOPMTO Kol GTO KOVVEAL.
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7 EIIIMONOI OPI'TANOXQPIOMENOI ITEPIBAAAONTIKOI MOAYNTEX XE
TPIXEX IAHOYEMOY AIA®OPQN ITEPIOXQN

Ewayoym

‘Eyxovtag peietnoet ) cuumepipopd tov diazinon Gov YopaKINPIOTIKOD EKTPOCHTOV
NG OWOYEVEWS TMV  OPYOVOPMCEOPIKOY kot Tov methomyl ocav  yopoktnpioticol
EKTTPOGAOTOV TNG OIKOYEVELNS TOV KOPPAUIIIKDOV, OGOV 0pOopd TNV aviYVELGT TOVS GTIS TPIYEC,
TO €MOUEVO EPMTNUO TTOV EMPene Vo, amavtnOel NTav molo pmopetl vo elval n cvumepupopd
EVOoEDV 6TAfEPDOV KOl MITOPIA®MV, Ol 0TToleg AOY® TOV TOPUTAVE 1O10THTMV TOVG EXOLV TNV
Tdon va Plocucmpedovtal, €0IKA G 10TOVG HE KATOW TEPLEKTIKOTNTA 6€ Aimoc. [ T
HEAETN QLT TTOL TOPOVGLALETOL AVAAVTIKO TOPAKAT®, EKTOVAONKAY in Vitro mEPAUATO GE
avOpomveg Tplyeg TPOEPYOUEVES OO KATOIKOUG PBlOUN)YavVIKOV Kol YEOPYIKAOV TEPLOYDV.
Apyikd €ywve olbykpilon avlpeca oe Tpiyeg MPOEPYOUEVES OO TPELS OLPOPETIKEG YMDPES
(Povpavia, EALGda, BEAy10), evd apydtepa £yve cOyKplon avapeGa og TPIXES TPOEPYOUEVES
arnd v EAAGSa kot 1o Aifavo, kKot avdpecso ce Tpiyeg TPoePYOUEVEG A KATOTKOVG HLOG
peyaang mepoyng g Kpnrng, amacyolovpevovg oe tpiol S1QOpPETIKE MO OyPOTIKNG
evaoyoAnonc. Ot ovoieg mov emAéyOnkav yio tn peAéTn ovth ivon 1o evropoktovo DDT ko
KATO101 YOPAKTNPIOTIKOL LETAPOAITEG TOV, TO EVTOUOKTOVO £E0YAMPOKVKAOEEAVIO KO KATOL0L

LLEAT TNG OIKOYEVELNG TV TOAVYAWMPLOUEVAOV SIOUVOAI®YV.

7.1 MEAETH V: Mgrétn ypovieg £k0eong avOpoOTtmv o€ cuYKEKPLPEVEG
EMIPOVES 0PYOIVOYLOPLOUEVES EVACELS

AvTidpactipio.

Ta opyoavoyAwplopéva EVIOHOKTOHVO TOV £EETAGTNKAY GTNV TOPOVGH LEAETN NTOV TO
a-, B-, y- woopepn 1ov e&aylmpoxvkroeEaviov (HCHSs), ta o,p’-DDE, o,p’-DDD, o,p’-DDT,
p,p’-DDE, p,p’-DDD ot p,p’-DDT (1o omoia ta ekeppdlovue ocav ta DDTs) kot 10
eCaylopoPeviomo (HCB). Ta akdAovba 1copepn tov moAvyAmpropévav dtpavorov (PCB
congeners apiBpoi [TUPAC) eEetdomkav emiong: 28, 52, 99, 101, 118, 138, 149, 153, 156,
170, 180 xou 187. Ta PCB 46, PCB 143 ka1 e-HCH ypnotpomrombnkav cov ecmteptkd

standards eve 10 1,2,3,4-tetrachloronaphthalene (TCN) cav standard avdéktnong. Oia ta
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standards dwoAlvpéva o€ 100-0kTdVio o€ cvykévipwon 10 ng/ul ta mpounbevtikape and Dr.
Ehrenstorfer Laboratories (Augsburg, Germany). Ot apaidcelg Tov £yvav Yo Vo KaADYouV
OMeC TIC TPOPAETOUEVEG GUYKEVIPADGEIS TMV OPYOVOYAMPLOUEVODV OTIS OvOpOTIVES TPiYES
gywav pe 1600ktavio. Oha to Stoldpota arobnkedrnkoy otovg -20°C péypt tn xprion Tovg.
To e&dvio, to dtylmpopeddavio (DCM) Kot T0 1GO00KTAVIO TOL ¥PNCLULOTOMONKAY TV
vyning kabapdtmrog kot mwpoépyovrav omd tn Merck (Darmstadt, Germany). Oior ot
SADTEG EAEYYON KOV Y100 TNV TOPOVGIO YPOUATOYPUPIKDOV TOPEUPOADY HE CLYKEVTPMOOT OO
ta 15 ml ota 50 pl ko avaivon pe GC-ECD. To vdpoyrwpikd o&d mepiektikdtntog 37%, xot
70 TVKVO Beukd 0O 95-97%, Ntav avaivtcod Pabuod (Merck). Oleg ot VIATIKESG OPALDGELS
gywav pe d1g aneotaypévo vepd. To dvudpo Beukd vaTplo Yoo VITOAEUUATIKY] avdAvon, To
Baocwkd o&eidto tov alovpviov 70-230 Mesh 6mwg xan to silica gel 60-200 Mesh (Merck)
Bepuavonkov otovg 120°C yioo OAn T didpketo. TG viytag mpwv ) xpron. Ta kevd otnhdxia
v SPE tov 5 ml mov ypnoorombnkoyv oto devtepo Prpa kaboapiopod twv detypudtov o

npounBevtikape and ™ Supelco (Bellefonte, PA, USA).

7.1.1 Aerypuaroinyia
Agtypoto Tpiydv Ke@oANg cLAAEXOMKAV amd TO Tio® UEPOS TG KEPAANG, TPOEPYOUEVOL
and EAnvideg (n=30) pe emayyehpotikn ékbeon oe eviopoktova. Ot yvvaikeg avtéc eiyav
anoacyoAndel oto mapeAdov ce Beppoknmia, oumého 1 koAMépyeleg ehdc. H didpketo g
GLVOAIKTG Tovg €kBeomng Kupovotay amd 2 péxpt 35 ypovia. Emiong culdéynkav delypata
POV omd vylelc avBpomove ywpic emayyeAuatikny €kbeon oe evtopoktdéva Ol omoiot

dépevav oto Bédyo (n=10) ot Povpavia (n=2) kot otnv EALGSa (n=5).

7.1.2 MeBodoloyia

Awkoota (200) mg koppévov oe tunuota Tov 1 mm tprydv and 10 kibe Oeiypa
Cuylotnkav pe axpifela kot poptiotnkav pe 5 ng tov ecotepikov standards (PCB 46 kot
PCB 143). AxoAo0Once odoviktia enmacn otovg 40°C og dvo ml 3N HCIL. To endpevo Prpa
ntav vypHR-vyp1 ekydAon pe 2 x 3 ml e€dvio: DCM (4:1). Ot opyovikég otolfadec omd T1g dvo
exyvMoelg evodnkav kot kabapiotnkav pe SPE ce omidkio mov tov yepiopéva and tov
ndto oty Kopven pe 250 mg adpavornompevng arovpivag (10% vepd), 500 mg o&vicpuévng
silica ko 250 mg &vvdpov Na,SO4. To tpomomompévo silica gel mapoackevdotnke OnTMC
neprypapetan mapakdto: Xe 50 g silica gel, mpootédnkav ctaydva - otaydva 27 ml Tokvoo

Beukol 0E€0G eV TO pPETYHO avadglOVTAY GUVEXDS Y10 VO TETOYOLUE opotoyévela. To petypa
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™m¢g ofwiopévng oilkag ovadedtnke Yy 30 emumAéov min PETG TNV OAOKANP®ON NG
npocONKNg Tov Beuov 0EEwG,.

[Ipwv v mpocHnkn tov delypotog to otnAdkt mpomAvOnke pe 2 ml e&aviov: DCM
(1:1, v/v) ko 2 ml g&aviov. To delypa ekhovomre pe 4 ml e€aviov. To teAkd Ekmivpa
ovykevipoOnke oe mepimov 50 pl kdtw amd amadd pedua aldTov, QopticTnke pe 5 ng
standard avaxmong (1,2,3,4-tetrachloronaphthalene -TCN) kot petaeépOnke oe @loAid0
YPOLATOYPOPIaG Yio avdAvoT).

7.1.3 Opyavoioyio

Xpnowonombnke 10 cvotnuo aéplog ypouatoypaeiog 6890 e Hewlett Packard
(Palo Alto, CA, USA) ug ECD aviyvevt kou eEonhopévo pe 25m x 0,25mm x 0,25um, HT-8
(SGE, Zulte, Belgium) 1,7-dicarba-closo-dodecarborane 8%phenyl methyl polysiloxane
Tpryoedn otqAn. 'HAlo pe otabepr| por 1,0 ml/min ypnoyoromOnke cov 1o pépov aéplo, Vo
petypo Ar/CHg (95:5) pe ponn 40 ml/min ypnopomombnke cav make-up gas. Avo pul
glonyOnoav oto cvotnua oe pulsed splitless mode (wieon maipov = 20 psi, xpOvog TOALOD =
1 min) pe to split outlet va avoiyst petd and 1 min. Ot Beppoxpacieg Tov injector Kot TOL
avryvevtn frov 270°C ko 320°C, avtictorya. To mpdypappa Oeppokpaciog tng HT-8 otiAng
Eexvovoe amd Tovg 90°C otabepd yio 1 min, petd ue Pua 15°C/min avéParve otovg 180°C,
otabepd yioo 1 min, petd avéfave otovg 250°C pe PAua 3°C/min ko teMkd pe Pua
25°C/min ctovg 300°C, 6mov apépeve otabepd Yo 6 min.

INo mv avédivon pe eacpatoypdeo pdloc évac Hewlett Packard (Palo Alto, CA,
USA) 6890 GC ovvdébnke amevbeiag pe ypappun petagopdc (direct interface) pe HP 5973
eacpatoypapo paloc. H ot)in dwoywpiopod ntav o 25m x 0,25mm x 0,25um, DB-1 (J&W
Scientific, Folsom, CA, USA) methyl polysiloxane tpiyoeidng otiAn. To @épov aépro NnrTav
AMo pe otadepn pofy 1,0 ml/min. H Ogpuokpocio tov eicaymyéa fitav otoug 270°C. Avo ul
elonyOnoav pe éveon oe pulsed splitless mode (wieon mwoipov =20 psi, ypoOvVOg TaApoL = 1
min) pe to dwakomtn (split outlet) va avoiyer petd and 1 min. H Beppokpacio e ypoppung
uetapopdg (interface) frav 285°C. To npdypapua Oepuokpaciog tng DB-1 otiing Eexvodoe
and toug 90°C, mapéueve otabepd yio 1 min ko pe PApa 15°C/min avépave otovg 275°C,
omov mopépeve yoo 10 min.

Ot mapdpeTpol mov APOPOVLGAV TO PUCUATOYPAPO palag Ntav: Bepuokpacio Tyng
wvtov  200°C, evépysio woviocpov 70 eV (electron impact ionisation) kot TAOM

roAhamhactooth 2000 V. Tpia dvra (860 omd to poptoxd cluster M ko [M+2]" kabdg kou
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10 [M-70]" 16v) kataypdenkav Yo kébe eminedo yhopimong ye to PCBs 1 yu kdOe
evtopoktovo. Ot ypdvol ékhovong ot paleg kot 1 oxetikr] abundance Twv confirmation ions
TPog To quantification ion ypnoporomOnkoy cav Kprriplo tovtonroinone. Mia andkiion oto

Ak Tov 10vIev e tdéng Tov £20% amd TV BepnTIKN TN NTAV OTOdEKTY.

7.1.4 A&oioynon uebodov

H ovykévipwon mov dideton yio kaBe évoon eivor n péon TN TOV UETPTCEDV TOV
mpape ond 600 daPopeTikéc otNAeG. O MOGOTIKOC TPOGOOPIGUOS EYIVE YPNGULOTOLDVTHG
KopmoAeg Pabuovounong pe mpodTume. SWAVUATO TOV EVOCEOV G€ 160-0kTAvVio. Oleg ot
Kopmodec eiyav koM ypoppkdmta pe 1r7>0,99 Y TO  GVOMEVOMEVO €VPOC TV
oVYKEVTPpMOOEWV ota delypata. H tavtomoinomn tov evocewv £ytve Baomn tov ¥pdvov EKAoVoTG
(Rt) oe oyéon pe avtdv tov ecotepikdv standard. O T0G0TIKOG TPOGIOPIGUOS TV EVAOGEDY
£ywve SloupdVTOg TNV EMPAVELN TNG KOPLPNG TNG LILO £EETACT EVIOONG TPOG TNV EMPAVELL TNG
KOpLENG Tov TANGIEcTEPOL ecmTepkol standard. Ta svpiokduevo Tniika mopacTadnKay
YPOQWKA e TOV ¥ aova va €xel TIg ocvykevipooels. H avakmon tov ecotepikav standards
VIOAOYIGTNKE OOPOVTIOG TNV EMPAVELD TG KOPLENG T®V standard mpog vtV g KOpLETG
tov standard avdxtmonc.
Avaxtnyon

H mpotewvdpevn péBodog exydAiong eAéyybnke yoo NV OTOTEAECUOTIKOTNTO TNG
YPNOUOTOIOVTOG QopTiopéva Oetypata. Ot avaKTNCES TOV VIO JEPEVVION OVGLDV
VIOAOYIOTNKAY 0QOV 0QUPEONKOV Ol TIHEC TOV GLYKEVIPMOGEMY TOV EVOOYEVMV OVLGLMV.
A&iler €0 va onuelwbel 0T apov M poOAVVON pE TIC OVGieg aTEG elvanl TaykOoHa, dgv
VILAPYOLVY ATOAVTOC TVPAL delypata. Ot VTOAOYILOUEVES AVAKTNGEIS NTAY OAEG OITOOEKTEG KOl

peyoAvtepes Tov >85% e oxetikn amokAlon pikpotepn tov 12% (Ilivakag 7.1).

MMivaxkag 7.1. Opia aviyvevone, 0poc YPOUIKOTNTOG KOl AVOKTACES TOV VIO dlepehivnon

OLGLOV UE TNV TPOTEWVOUEVT HEHODO.

‘Evoon | Opuwo avigvevong [Ipoppikétntoe Xoykévrpoon |Avaktnon
(LoD) (ng/g) PopTIONS Méoeg Tipég = SD
ECD MS |(ng/g hair) (ng/g hair) Méon avaktnon SD
(%)
HCB 1 1,5 [1-20 10 93 8
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PCBs |05 1 0,5-30 10 91-111 12
DDTs |1 2 1-1000 25 91-112 10

HCHs

—

10 |1-100 25 65-83 12

Ta delypoto T@V KOUUEVOV TPIY®OV QOPTICTNKAV HE OWAVUATO TOV EVAOCEWV GE
e€avio. AkolovBwg o OAVTNG aeébnke va efatpuotel oe Beppokpacia dwpatiov. H
avAKTNON VTOAOYIGTNKE WETA TNV OVAALGY TPIOV SPOPETIKMOV OEyUAT®OV Ylo. KAOE
OLYKEVTPMOT POPTIONG,.

Aoxipdomnkay  old@opec  TEYVIKEG EKYOAIONG TPV  KatoAnovue oty
npotewvopevn. Ta anotehéopata £6eiEav OTL 1| OAOVUKTIO EXMOCT TOV TPLYdV 6Tovs 40°C ue
VIPOYAOPIKO 0&D €dve KaBaPATEPO YPOUATOYPAPNUATO OO TIC EMMACELS Le Pacels, Evivpa
N Ao o&éa. Emiong €0ive peyaAdtepn avaknon tov eowtepik®v standards kot tov
vroAoim®Y Vo avdAivorn ovcldv. H vypn-vypn ekydAion £6moe PEYOADTEPT OVAKTNGT TMOV
ecotepikmv standards oe olOykpion pe v ekyOAlon otepeng @dong. [MbBavov avtd va
OQEIAETOL GTO OTL PETAL TNV EXMOGCT] TOV MTOPIA®V OVGLOV GE VOATIKA SHAVUATO AVTEG OgV
erevBepdvovtal 6to dtdAvpa Kot apa gV givorl daBEcIEes Yo va avTIOpAcovVY LE TN GTEPEN
¢@aon omv SPE. O mepartépm kabapiopdg tov detyparog oe otin SPE amoteloduevn amnd
oLVOLAGCHO adpavoTomuEVNS ahovuivog kot ofvicpévng oilMkog peimoe OpapaTIKE TG
napePPoréc and AMmidio kol dAleS evooels and to ekyOMopa. H ypopatoypagikr] avaivon
&ywe og 600 oTNAEG Soy®PIoHOD, JAPOPETIKNG ToAkOTNTOS. ATodeiyOnke (Covaci, 2000b)
ott otg omieg HT-8 n7 DB-1 mov tedikd ypnotpomomOnkav vanpyov Ayotepeg
OAANAOETIKOAOYELS KOPLP®OV Omd OPOPETIKEG EVOELS, omd oty DB-5 (n omAn mov
YPNOOTOIEITAL GTAL TEPICCOTEPO EPYOOTNPLO. VIO TNV OVAALGT TOV OPYAVOYAD®PLOUEVOV).
Amd Ttovg V0 aviyvevtég mov ypnowwomomdnkav, o ECD mpocépepe younidtepa oOpia
aviyvevong, eved MS peyohdtepn EKAEKTIKOTNTA KOl GLYOLPLH GTNV TAVTOMTONGCT TWV OVCIMV.
‘Etolr n gpion ko tov ovo kpidnke amapaitmtn omv avdivon aAnbwvov derypdtov. Ot
OVOKTAGES OAMV TOV OLCIOV OV HOG EVOLEPEPOY amd QOpTIcUEVA Ogtypota Kpidnkav
wavomomtikés. (>85%) pe oyetkn omdkAon Tov THOV pkpdtepn tov 12%. Ta opa
aviyvevong vroAoyiomkayv yio kée Evmon Eeymprotd kot kopdvOnkov avdpesa ota 0,3 Ko
2 ng/g hair (Covaci, 2000b). Agv vanpye amdKAon oOTIG TWEC TNG OLYKEVIPOONG TOV
OPYAVOYADPLOUEVOV TTOV TPOEPYOVIAV OO KOUUEVEG 1| KOVIOPTOTOUUEVES TPIYES, OMOTE OTIC
aVOADGELS ypnotpomomonkay Koupéves tpixeg pe TN Aydtepo emimovn Kot ypovoPopa

dwdwacio tpoetolpaciog detypdtmv. ToeAd delypota ¥PMCILOTOI0VUEVOVY aVTIOPACTNPimV
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avaAvnkov emiong Kot dev Ppébnioav kpioipeg mapepPorés, 6TOVG XPOVOVS EKAOVONG TOV
vd avaivon ovcldv. TveAd detypota avOpomiveov Tpiydv dev givor duvatd va vadpEovv
eCartiog g moykooag poAvvens. H mpotevopevn pébodog amodeiydnke oyxetikd omin,
YPNON OPYAVIK®V SWAVTOV eEPeTIKd Tepoptopévn, (Oxt mive amd 15 ml opyavikov

SAVTN) Kot AmOTEAESUATIKT (LTopovV va ovalvBohv péypt S0 detypata /ymukd ove nuépa).

7.1.5 XvyKrpion tov Tpopil Kal TV GOYKEVTPAOGEMY 0PYOAVOYADPIOUEVDV

Holvvraw oe tpeig Evponainés ywpeg.

H a&ohdynon g poéAvvong e opyavoyAmplopEVe G€ OELYIOTO, TPOEPYOUEVO OO
Tpelg oapopetikég Evpomnaikég yopeg (BéAylo, EAAGSa kot Povpavia) €yve pe v avéivon
pryv kepaing I'a ta PCB 28, 101 kot 0 0,p’-DDD 6Aec ot perprioeig frav kdtw and 1o
opro aviyvevong. ['a ta PCB 52, 99, 118, 149, 156 o1 187, HCB, a-HCH, B-HCH, o,p’-DDE
0,p’-DDT xat p,p’-DDD, kdmoleg petpnioeig frov ndvo amd 10 0plo aviyvevonc. o tov
VTOAOYIGUO TOV HEGHOV GUYKEVIPDOGE®V, Ol LETPNGELS TOV NTAV KAT® 0td TO OPLo aviyveLOTG
VTOAOYIGTNKOAY GOV UNOEVIKES.

Evxola @aivetar 61t T DDTs (cVvvoro tov woopepdv tov DDT) ftav amd tovug
KOPLOVG emPoALVTEG TV avOpomvev Tprydv (ITivakag 7.2). Tao DDTs kot HCHs (cOvoio
Tov o-, B- ko y- HCH) eiyav vynAdtepeg cvykevipwoelg oto. EAAnvika detypota, iocmg
eEantiog Hag mo TpdSPATNG AmUyOPEVOTC TG YPNONG TOV GUYKEKPIUEVOV EVIOUOKTOVOV EVED
ot ovykevipooels Twv PCBs ftav vyniotepeg oto Behywed delypoto efoutiag tmg mo
npoywpnuévng exPropnydvions. (IMivakag 7.2). H pédivvon oand opyavoyroplopéva tmv
EMnvikav derypdtov opeiloviay Bacikd oto opyovoyroplopéve evtopoktova (>95%), evo
ta Belywd ostypota mepieiyav 29% PCBs (Ewova 7.1). Ta mocootd tov HCHs frov
nopdpolo Kot oTic Tpels xmpes (28, 34 xor 31% vy to EAAnvikd, ta Povpdvika kot to

Behywed detypata avtictotya).
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IMivakog 7.2. ZUYKEVTIPAOGELS 0PYOUVOYAMPLOREVOV HOAVVTAOV (Ng/g TPLYMDV) 6€ deiypaTa

TP @V o6 TNV EALGda, T Povpavie ko 1o Béiyto.

Yvykévipoon EAldada (n=35) Povpavia (n=2) Béiyo (n=10)

(ng/g tprydv) Méon i = SD  Evpog Méon Ebpocg Méon yun =+ SD  Edpog
(5-95%)* TN (5-95%)
HCB 0,5+0,6 nd®-2,6 0,9 nd-1,3 0,9+0,6 nd-3,3
A-HCH 1,4+1,2 nd-5,2 3,5 2,4-4,6 1,5+1,2 nd-2,8
B-HCH 6,1 £4,7 nd-16,3 12,0 11,7-12,3 35+19 1,7-7,7
I'-HCH 33,8+17,0 18-73,7 16,3 9,8-22,8 9,6 +10,5 2,7-36,6
Y- HCH 40,8 + 14,7 21,8-95,2 31,8 24,5-39,1 14,7 £ 10,9 6,0-40,8
o,p’-DDE 20,2 +£23,1 nd—453,1 Nd Nd Nd nd
p,p’-DDE 37,6+ 13,4 18-127,4 37,5 23,6-51,4 10,5+7,9 2,1-278,7
p,p-DDD 42437 nd-17,3 Nd Nd 23+ 1,6 nd-5,8
o,p’-DDT 5,9+3,6 nd-14,4 3,8 3,4-4,2 2,2+1,0 nd-3,6
p,p’-DDT 22,0+12,2 5-43,6 7,9 4,8-11 59+43 2,4-13,6
2. DDTs 101 +41.4 12,3-754,2 52,2 34,8-69,6 18,8 £ 12,5 8,7-301,8
X PCBs* 52459 nd-17,6 10,2 10,0-10,4 13,7 18,1 nd - 44,7
*— % gvpog

°nd — U aviyvedoLo

‘cuvoro tov PCB 99, 118, 138, 149, 153, 170 xou 180.

H péon ) tov mniikov p,p’-DDT/p,p’-DDE ftav vyniodtepn oty EALGSa omd
TNV oT1g 0Vo GAAES ydpeg (Ewova 7.2). Avtd pmopet va e€nynbel and v mbavotnta mo
npoceatng ypnomng technical DDT mov mepiéyet p,p’- kot o,p’-DDT. H vrmdBeon avty
vrootpiletor and v mopovcio ota EAANviKa dsiypata cvykevipdoewv éoc kot 453 ng/g
v tov 0,p’-DDE, evog petaforitn tov o,p’-DDT, pe pikpodtepo ypoévo nulong arnd to
p,pv’-toopepés. Yyniotepa mniika p,p’-DDE/covoloDDTs (uéyxpt kat 0,71 oe Povudvikeg
Tpiyeg) vodevbouvv mapelbovca £kBeon oe DDT.

To lindane (y-HCH) ftav to k0p1o wwopepég tov HCH mov aviyvedtnke oto deiypato
ooV (¢og kot 10 82% tov cvvodikov HCHs ota EAAnvika detypota). To mmAiko y-
HCH/o0vvolo HCHs divetl pua 10éa yia to xpdvo éxbeong kat ta peiypoto tov HCH mov éxovv
ypnowonomBei. ‘Etot ) vymin tyun tov mniikov ota EAAnvikd detypata pmopel va e&nyndel
armd v mpdoeatn ypron kabopov lindane, evd ot yaunAdtepeg TIES TOL divouy Ta Belyikd

Kot T dgiypato amd T Povpavia, vrodeikviovuv mapelbovca €kbeon kot ypnon technical
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lindane (pe vynAO T0c06TO TOL AlydTEPO GTABEPOL 1o0EPOVG a-HCH). EmmAéov to B-HCH,
to To otafepd and ta woopepn twv HCH, diverl pua évdeiEn tov ypdvou €kbeong ota HCHEs.
H vynA tym tov mmiikov B-HCH/covoloHCHs (0,4 wor 0,3 yio to dstypota amd
Povpavio ko ta Bedywd delypata avtictoyya) deiyver maperbodoa ékbeon oe technical
lindane.

Ot mapoépoteg Téc tov mmAikov PCB 153/c6uvoloPCBs ota delypoata Kot Tov Tpidv
yopov (Ewdva 7.2) deiyvel tov 1010 tpdémo kot mnyn ¢ poAvvong pe PCBs (ékBeon péow
dtoutag). Ilpéner vo onuewmBel 6t N YounAdtepn T tov mniikov ota Belywd detypota
(0,19 xor 0,26 oto EAAvikd deiypata) oeeidetor oty aviyvevon HEYAAVLTEPOL aplOLOD
woopepaV Kot peyaAvtepwv cvykevipooewv PCBs (IMivakag 7.2, mivaxog 7.4). EvkoAa
eaivetal (Ewova 7.3) 6tt ta mpopil twv PCBs ota Povpdvike kot ota Belywd delypata
etvar oyeddv opota kot dStopEPOVY og Kamowa onueia amd 10 Tpoeid mov Edwoav ta EAAnvikd
detypata. Ot drapopég etvon o €vroveg ota PCB 118 ko 149 yoti kdmoteg amd tig petpnoeig

ntav kdto ond 10 6plo aviyvevons ota EAANviKa delypata.

Ewova 7.1. Eyetikr] ovvelopopd twv PCBs, HCHs ko1 DDTs omn ovvolikn

eMPAPLVOT| LLE OPYAVOYAMPLOUEVA GTIG TPELS YDPES

E HCHs O DDTs PCBs

100% - e %////////////% -
75%
50% -
25%
0% -

Qreece Romania

7.1.6 EAinvikd ociypora

H enidpaon mov pmopei vo £xovv ot d14Qopeg TEYVIKEG TEPITOINOTG TOV UAAM®DY,
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Omwg yio mopaderypa 1 faen, a&lohoyndnke oe eAAnViKd detypota to omoio TpoépyovTay amd
yovoikeg pe emayyelpotikny ékbeon oe evropoxktoOva Kot yoo ta omoio EEpape OTL MTav
Bappéva. Ot ocvykevipm®oel; OA®V TV LTO JEPEVVIION OLGIOV MTAV YOUNAOTEPES, Ol
SPOPES TOVS OUMG Ao TO PLGIKE poAAd dev NTov otatioTikd onpoavtikés (Ilivakag 7.3),
VTOOEIKVOOVTOG OTL 1) SOUIKT OKEPOLOTNTO KOl (PO T TPOGPOPNTIKESG IKOVOTITES TOV TPLYDV
aAlrolwvovton pe ™ Paor. ‘Etol o1 evooelg dev anmoppo@advtol €0KOAN GTO VITOGTPMOUO TNG
Tpixag, kol ov yivel avtd, mpoooévovror yoAropd. Emiong moAAéc ovoiec umopel vo
KATaoTpEPOVTAL KAtd TN dadikacio g Pagng, otnv omoia ypnoiponoleitor vrepoleidlo Tov
VIPOYOVOL KOl AAKOAIKES GUVONKEC.

Amo Vv avdivon tov 0wV dstypdtov tpoékvye 6Tt T HCHs Bpébnkav va eivar
onuavtika (p<0,05) vynAdtepa ce avOpOTOVE UE EMAYYEAUATIKY £KOECT] GE PUTOPAPLOKAL,
ovykpwopeva pe owtovs mov dev giyav kopio €kBeom. Aev PBpébnke onuavtiky dtopopd
avépeso otig 600 opades 6gov apopd ta DDTs. Agv Bpébnke cvoyétion avapesa 6to xpovo
emayyeAUaTIKNG £kBeong Kot oTig ovykevipwoels twv HCHs 1 twv DDTs. Aev vanpyov Opog
TANPOPOPIES Y10 TOV TOHTTO TV PUTOPUPUAK®V TOL YPTCULOTOLOVVTOV KATA TN SLIPKELL TNG
enayyehpatikng €kbeong. Téhog dev vmnpEe OLOYETION OVAUEGO OTIG OVI(VELOUEVEG
ovykevipooelg Tov DDTs kat tov HCHs o11g 1pixec tov EAAvidmv mov e€etdotnray kot
oTNV oLYVOTNTA EPEAVIONG Kapkivov (4 detypata and ta 30).

H ovoyétion mg nlkiog TV yOovouKOV HE TIC OVI(VELOUEVEG GLYKEVIPOGELS
0PYOVOYA®PLOUEV®VY OTIC TPixeS TV Moy ToAD pikpn (ITivaxog 7.3). H tiun tov cuvteleot
ocvoyétiong ntav peyardtepn (0,33) omv mepintwon tov HCHs. Avtd mbavotata va
opeidetal oTo OTL OTOV avaAvovpE delypato TPLYdV HEAETOVUE TO GUVOAO TNG €EMTEPIKNG
evandfeong kot g eowtePkNg poAvvone. ‘Etol 1 ovoyétion d0ev pmopet va glval 1000
HEYAAN OTT®G GTNV 0VOALGT TAAGOTOG TTOL oG OElYVEL LOVO TNV E0MTEPIKT LOALVOT|. XNV
avdAvon TPy ®V TPEMEL Vo AUPAVETOL VT OYV Ko 1) EEMTEPIKT EMPOAVVOT 1] OTTOTN KATOLES

QOopEC pmopel va etvar Waitepa oNUOVTIKT.
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Mivaxkag 7.3 ZykevipOGELS 0pYavVOYA®POpEVOVY (ng/g TPY®OV) KOl OTATIOTIKY aSloAdynon

Y0 TEXVIKEG TTEPMOINONG UOAALDV Kol ETayyeAUaTIK £kBeom oe evropoktova yioo EAAnvikd

delypoto

PCBs HCHs DDTs
(ng/g hair)
Boppévoe parirg (n=15) 4,9 40,6 101,5
dvoka porira (n=15) 9,2 52,3 149,1
p-value 0,513 0,053 0,314
ekTi0épevor (n=30) 7,1 46,6 125,9
Mn ekTiOépevor (n=5) n.a 11,6 80,4
p-value n.a. 0,02 0,212
P2
Hhlxwkn cvoyétion 0,01 0,33 0,07

- OTATIOTIKA oNUavTKo otav p < 0,05

- n.a.— un oaBécipo
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p,p’, DDT, p,p’-DDE, y-HCH xour PCB 153 o1

YXETIKY] GLVEICQOPE TV

7.2.

Ewova

ocvvorlkn emPapvvon pe DDTs, HCHs kot PCBs otv EALGSa (GR), ™ Povpavia (RO) kot

t0 Bélyo (BE).

ORO (n=2) [OBE (n=Y)

I GR (n=35)*

v EAMGSa

PCBs ano

*-n=30 yw

TIG TPELS YOPES

delypota Ttprydv omd

6 3. [Tapovciaon Twv of PCB congeners ota

Ewova
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Povpavia, to Bélywo kou tnv EALGSa.

No. Hiwcio | Xopa HCHs DDTs PCBs*
deiypatog | (xpovia) (ng/g) | (ng/g) (ng/g)
1 28 Povpavia 24,5 34,8 10,4
2 29 Povpavia 39,1 69,6 10,0

3 42 Bélyo 13,4 24,4 10,5

4 65 Bélyo 17,3 47,9 40,4

5 68 Bélyo 19,8 301,8 44,7

6 26 Bélyo 8,8 12,7 5,1

7 66 EMGda 95,2 754,2 <2

8 41 EMLGada 58,7 191,5 4,4

9 53 EMada 53,1 101,2 <2
10 67 EMGada 59,8 159,3 <2

11 49 EMGda 81,5 169,8 17,2
12 42 EMLGada 49,7 180,6 17,6
13 57 EMada 53,9 136 10,4
14 53 EMGda 79,5 116,5 12,9

*- Zovolo twv congeners 99, 149, 118, 153, 138, 180 and 170 (apiBunonIUPAC).

Mivaxkag 7.4. Xvykevipmoelg ovykekpipuévov POPs og emileypéva detypato tpyyedv and v
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Bekyiov
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iynatog TPy OV 0mé KATOKO TOV

g

Ewéva 7.4. Xpopoaroypdonpo GC-ECD o¢

ECD1 A, (ADNHAIR\HAIR62-2.D)

0/l 90d - G€8°€€ i
081 90d - 668°¢C¢ L
961 90d - §£6°¢¢ n
091°2¢ ]
181 90d - 08562 |
1ag-d'd - geqez 836+ 80d - v2T6T ‘
€61 90d - 16G°/2 i
811 90d - 6£9°92 ]
l1aa-do -zy¢9g
(Zs1) €¥1-89d—=£+0-0Z ]
671 90d - 095°G¢ |
3gg-d'd—-9i6¢2 i
66 80d - 682 i
T i
25 90d - 76521 |
(1s1) 9% 90d - 69€'71
665°61 I
HOoH-ewwed - g/ 4 HOH-B}3q - /6E'Vl r
goH - 0bo-cl ]
i 17 T T LI L B B B B T T
N [ o o o o o o o o
T 5} =] 0 o Ire] S B S 3
< <t (3] (92} N N ~ —
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Ion 360 : hexa CB Ion 394 : hepta CB Ion 324 : penta CBs Ion 248 : DDE

Abundance
Ion 362 : hexa CB 143 (IS) Ion 235 :DDT
pp-DDE
10000
5000
99 118/149
0 p:

10.00 11.00 Time(min) 12.00 13.00 14.00
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7.2. Meghétn TPY OV 0O KATOIKOVS 0OTIKAOV TEPLOY OV TOV Afdvov kot
¢ EALGdac o v a&oroynon g empapuveng pe aepifailovrikovg
HOAVVTEG HECO TG OloNTOG

7.2.1 XKkomog TG uerétng
H ypnon tov DDT oamayopedtnke omv EAAGOa katd T Odpkelad ng
dekaetiog Tov *70. To id10 1oydel kan Yo to Aifavo. H yprion tov lindane kot tov
eCayropokvkroegaviov avtifeto emTPENETAL KOl OTIG OVO YDPES WUE OVGTNPOVG
MEPLOPICUOVS  KOL  GE  OCLYKEKPUEVEC KOAAEPYEIEC. XTNV  TOPOLGOH  HEAETN
a&loroynOnke n ypdvia €kBeon PEGH NG OTPOPNG OTIC TPOUVAPEPOUEVEG OVGIE

ACTIKOV TANOVGUOV TV SVO TAPUUECOYEIDMV KPUTDOV.

7.2.2 Agiyuara tpryov

Mo v mpaypatoroinon ¢ peAéng cLAAEYONKav dekotécoepa Oetypotal
TPYOV KEPAANG amd yvvaikes katoikovg g Bnputov ywpic kapio emoyyelpotikn
ékbeon o€ Kavevog £100Vg PLTOEAPLLAKO, KBNS Kot 1apBpa delypata omd yovaikeg
katoikovg tov Hpoaxieiov Kpre, emiong ywpig €xkBeon oe  @utoedpuoka,
ToLAdYIoTOV emayyeApatikn. To deiypoto mpoépyovtov amd 10 Tiow UEPOS TNG
kepaAng. Ta Odstypota oavolvOnkav oto epyocmpo To&uwoloyiag g latpikng
YyoMg tov IMovemompiov Kpnmg kot oto Tofuwoloywd epyastiplo g

latpodkaotikng vanpeciog AGnvov.

7.2.3 Opyavoloyia

Xpnowomombnke 1o ovotnuo  aéprag  ypopatoypapioc GC-17A g
Schimatzu (Kyoto, Japan) pe ECD aviyveuty kot e£omAicpévo pe 25m x 0,25mm x
0,25um, HP-5 MS 1pryoedy otmAn. Hiwo pe otabepny pony 1,0 ml/min
YPNOLOTOONKE GOV TO PEPOV aEPLO, EVD AlwTo pe por) 80 ml/min ypnciponombnke
ocav to make-up gas. '‘Eva pl eionyn oto cdotuo kot avorddnke kdtom and Tic
nopokdTo cvvonkes: O Beppokpacicc Tov injector kot tov aviyvevti frav 270°C kat
320°C, avtictora. To mpodypaupo Oeppoxpacioc g othing Eekivovoe amd Tovg
90°C otafepo Yo 1 min, petd pe Pripo 15°C/min avéBave otovg 180°C, otabepd o
1 min, petd avéfawve otovg 250°C pe Prpa 3°C/min ko tehkd pe Prpo 25°C/min

otovg 300°C, 6mov napépeve otabepd yio 6 min.
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7.2.4 A&oloynon usbodov

H ovykévipoon mov oideton yio kdbe €vmorn eivar 1 péon Tun TPLOV
petpnoewv ova oetypo. H tovtomoinon tov evocewmv €ytve Pdon tov ypovov
ékhovong (RRT) oe oyxéon pe avtdv tov eootepikov standard. O woG0TIKOG
TPOCIOPICUOG TV EVAOCEMV £YIVE SOPAOVTOS TNV EMPAVELD TNG KOPLPNG TS LITO
e€étaon €vaoong mPog TNV EMPAVELD TNG KOPLENG TOL TANGLEGTEPOV EGMTEPIKOV
standard. Ta evprokdpeva TnAika TopacTadnKoy Ypaeikda pe tov y dSova va £yl TIg
ovykevipooels. H avakmnon tov ecotepikdv standards vroAoyiotnke dtapmvtag v
emeaveln. ¢ kopuveng twv standard mpog avtiv g Kopveng tov standard
aVAKTNONG.
Kounivieg pabuovounons

O 10c0TIKOG TPOGOIOPIGHOG £YIVE XPNCLLOTOLOVTOG KAUTUAES Badupovopnong
pe mpOTLTO. JAVUHOTA TOV evdoemv o€ e&dvio Ov koumdreg Pabuovounong 4
ONUEI®MV KATOGKELAGTNKOV UE IYHATO TOV OVCIOV Lo 6€ EAVIO GE GUYKEVIPDOGELS
0, 1, 10, 50ng/ml. Okec ot KopmOLES eiyav KA ypappkoTnTo pe 1->0,99 yio to

OVOLULEVOLLEVO E0POC TV CLYKEVIPOCEMV GTO, OETYLOTAL.

Avaxtnon

H mpotewvopevn pébodog exydAong eAéyyOnke yoo v OmOTEAECUOTIKOTNTO
™G XPNOLOTOIOVTAG PopTIcUEVE Oetypata. Ot avokTnoels Tov vrd diepedvnon
OVCIOV VROAOYIoTNKAY POV aeopEdNKoY Ol TYWEG TOV GLYKEVIPOGE®V TOV
evooyevav ovcldv. A&ilel dm va onpelmbel 6Tt apod N LOAVVOT LE TIG OVGIEG AVTEG
elval maykdopa, 0ev VIApPYovv amoAOTwg TVEAA detypata. Ot vroroylldueveg
OVOKTNOES NTAV OAEG OMOOEKTES Kl UEYUAVTEPES TOL >85% e OYETIKN ATOKALON
ppdtepn tov 12. H @dption éywve mpocBitoviog to OIALHO TOV EVOCEMV GE
Koppéva poAid. AkohovBwg tpootédnie eEdvio péxpt to detypa vo Pubiotel teleing
o€ aTd KO VoL EXOVUE EVa OLOT0YEVES dtdAvpa. Metd amd avtd 10 EAvio apédnke va
eCatotel evieddg oe Beppokpacio dwpoatiov. H avakimon vroloyiomnke petd v

avAALGON TPLOV SLPOPETIKMV OELYLATOV Y10 KAOE GUYKEVIPW®GT POPTIOTG.

7.2.5 Amoteléouara
Ol GLYKEVTPOGELS TOV OLGLAV TTOV AVIYVEDTNKOAV GTIG TPIXES PaivOVTal
AVOALTIKE 6TOVG TivaKeS TOV akoAoLOOVV. Ot GLYKEVIPAOGELS VITOAOYIoTNKAY GE Ng/g

delyparog.
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IMivakag 7.5 ZuyKevipdoe 0pYAVOYA®PIOUEVOV EVIOLOKTOVOV GE JEIYUATA TPLYDOV

nwpoepydueva omd katoikovg e Buppntov ( L) kot tov Hpakieiov (E).

Agiypa

L1
L2
L3
L4
L5
L6
L8
L9
113
115
L16
L17
L19
122
El
E2
E4
ES
E6
E8
E9
Ell
E12
E13
El5
E17
E18
E20

aHBC
1,47
1,16
1,15
3,15
1,25
3,21
2,99
2,72
3,15
1,24
1,15
1,24
1,25
1,35
1,51
2,51
0,12
M.a.
0,12
1,54
1,65
2,12
0,12
0,05
0,12
1,84
0,12
1,61

HBC
3,11
3,75
3,41
3,26
3,50
3,59
2,85
3,00
3,61
3,50
3,61
3,50
3,50
3,12
1,75
7,30
3,96
2,44
4,01
1,75
1,75
7,35
4,96
2,37
3,01
1,75
3,01
1,65

Yoykévrpmon oTig TPiyes (ng/g)

lindane
5,82
4,58
6,00
4,71
5,51
4,70
4,28
2,81
4,70
5,46
4,70
5,46
5,51
5,94
9,11
4,82
6,02
5,33
5,80
6,33
9,12
5,02
6,02
5,33
4,80
4,33
4,80
8,11

op dde

2,20
3,10
2,20
4,06
2,09
4,06
1,78
11,42
4,06
2,08
4,06
2,08
2,09
2,19
4,00
3,91
5,28
2,91
5,60
4,12
4,00
4,01
4,28
2,91
4,60
4,12
4,60
3,00

ppdde
1,12
8,43
1,09
14,64
2,41
15,64
5,49
3,64
14,63
2,39
14,64
2,39
2,41
1,11
6,22
5,00
7,39
7,05
7,43
6,32
6,23
4,00
7,59
7,05
8,43
6,32
8,43
5,22

op ddd

1,00
3,50
0,91
3,33
1,60
4,29
0,93
3,60
3,29
1,58
3,29
1,58
1,60
0,92
0,555
1,38
0,900
0,887
0,09
0,55
0,67
1,38
0,950
0,79
0,09
0,55
M.o.
0,56

op ddt
0,11
10,06
0,12
10,13
1,15
10,18
M.a
0,72
10,18
1,15
8,18
1,15
1,15
0,13
1,35
2,83
2,15
1,40
213
1,38
1,35
2,84
2,25
1,50
2,13
1,38
2,13
1,36

pp ddt
1,33
2,99
1,40
12,15
3,23
11,76
0,77
3,87
12,77
3,22
10,77
3,22
3,23
1,42
1,15
1,73
0,12
M.a
0,81
1,14
1,15
1,63
0,220
M.o.
0,91
1,15
0,91
1,16
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IMivaxog 7.6

ME£Geg GUYKEVTPMGELS 0PYUVOYA®PIOUEVDV OTIG TPiyeS £ st.dev (ng/g).

Opaoa E)Mnvika AoviCika P
a-HBC 0,96 + 0,93 1,89 + 0,90
HBC 3,36 1,96 3,38 0,27
lindane 6,07+ 1,59 5,01 +0,85
op dde 4,10+ 0,80 3,39+ 2,48
ppdde 6,62 +1,27 6,43 £5,88
op ddd 0,61 +0,48 2,25+1,23
op ddt 1,87 £0,55 3,89 +4,58
pp ddt 0,91 £ 0,56 5,15+4,52
LYNOAO HCHs | 1039 + 10,28 + 0,920
LYNOAO DDTs | 14,11+ 21,10+ 0,040
40,000
30,000+
Bl sumDDTs
20,0001 @ sum HCHs
10,000
0,000
EMnvik& NA1Bavédika
Ewova 7.7 Zuvohkn emPdpuovon TtV OSlyHdT®OV  PE  GOUEPT

eEayrwpokvkroeEaviov (HCHs) kot tov DDT (DDTs)

TOL
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Winyle:

B

Ewoéva 7.8 (A) Ewdva delypatog tpiydv amod kdtotko tov Advov kot (B) Ewkdva

(QOPTICUEVOL SELYHOTOC TPLYDV.

7.2.6 Xvlntmon
Eivar  mpopavég o611 M ovvolkn  poOAvvon  pe TG vwo  avdAvon
OPYAVOYAMPLOUEVES EVAGELS €ival TOAD HKPOTEPN OO CLTIV OV OVOPEPETAL GTNV

nponyovpevn perétn. To eminedo TtV opyavoyA®pPlOpEVEOV TTOV ovoAVONKay ot

delypata Kot twv 000 Ywpdv kKvpoivovtol o eminedo dekddmv ng/g Seiypotoc.
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Opowalovv ta emimeda MOV oviyvedTNKOV G€ OElyloTo TPLYDOV Omd KOTOIKOVS TOL
Belyiov xon g Povpoaviag. Ta MPavélika detypato tpyydv mepieiyov vymidtepo
eoptio oe DDT and 6t ta EAAnvikd detypota, mboavog Adym evog mo mpds@aTon
nepopopov otn xpnon tov DDT 1 g mbavomrag va ypnoiponoteitor akoun omod
OPICUEVOVG TTOPAY®YOVG Ttopdvopa, Adym mepropiopévon edéyyov. Ocov agopd Tig
ovykevipooelg HCH ota ostypatd pog, Bpédnkav mapdpota eninedo poAvvong Kot
OTIG OVO YDpeG. Avtd deiyvel TapoOUOlL ¥PH|OT TOV EVIOUOKTOVOVL, TPAYLO TOV
dwkatodoyeitonr amd TG TAPOUOIEG KALUOTOAOYIKEG KOl YEWAOYIKEG GUVONKES TOL

EVVOOVV TOPOUOLES KAAMEPYELES KOl OTIG dVO YDPES.
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I'ENIKA XYMIIEPAXMATA

Koatd ™ oudpkela e mopodons d100KTopikng SotpiPpne, TPOKEEVOL Vo
dtevpevnOel mn €kbeon o€ PUTOEAPUOKE OTMOC OLTI OTOTVTOVETOL OTIS TPIYES,
YPNOWOTOWNONKOV ®G HOVIEAN EVAOCELS TOL OVIKOLV OTIS KOTnyopieg TmV
OPYAVOPOCPOPIK®V, KOPPAUSIKAOV KOl OPYOVOYAMPLOUEV®OY  EVIOUOKTOVOV KOt
TEPPAALOVTIKOV pOoALVTOV. O KOHPLOG GTOYOS NTOV VO ATOOELYTEL 0V Ol OVGIEG AVTEG
OLYKEVIPMOVOVTOL OTIS TPIYEC O OVIYVEVLCIUEG TOCOTNTEG Kol 6€ Tolo Pabud eivon
JUVOTH 1 GLGYETION TNG OVIXVEVOLEVNG GLYKEVTIPMONG TOVG LE TO IGTOPIKO £kOe0NC
TOV OPYOVIGHOV GTIG OVGIEG OVTEC.

Ot ovoieg mov ypnowomombnkav frav 1o diazinon cav €KTPOGMOTOSC TNG
OWKOYEVEWNG TMV  OPYOVOPOCGPOPIKMOV  EVIOUOKTOVOV Kot Tto methomyl ocav
EKTPOCMOTOG TNG OWKOYEVELNS TMOV  KOPPOUOK®V  €VIOHOKTOVOV. AKOUM, GOV
EKTPOCMOTOL TOV OPYAVOYAMPLOUEVOV EVIOUOKTOVOV peretnOnkav to DDT kot ot
petafoliteg tov kabmg kat to lindane kot Ta 1oopepn Tov. TéLog ypnoyoromOnkav
owapopa. PCBs ocav  ekmpOGOTOL TV  OPYOVOYAOPLOUEVODV  TTEPPOALOVTIIKMDV
LOALVIDV.

Kotd ) pekétm g evamdbeong tov diazinon otig Tpiyes, avamtdyOnKay Tpeis
avaALTIKES LEBodOL faciopéveg o aépla YPOUATOYPAPIO. GUVOVAGUEVT LE OVIXVELTN
NPD ko1 MS. Kot ot tpeig pébodot amodeiytmrav ekiektikés Ko gvaicOnteg oty
aviyvevon tov diazinon otig Tpiyec, o€ enineda exatovtdomy pg/mg. H uébodog pe to
xapmAdtepo Opto aviyvevong Nrov M Pacilopevn oty pétpnon g ovoiag pe GC-
NPD, evi» n avdivon pe NCI GC-MS amodeiytnke 1 To eKAEKTIKT).

Me ™ yopnynom tov eviopoktdévov diazinon oe Aevkd kovvélMa Néog
Zniavoiog Kot Aevkovg apovpaiovg Sprague Dawley, emPefoaidbnke 611 to diazinon
evamotifeTon oTig TPiyes Otav €16EA0EL GTNV KLKAOQOPiD TOV OHHATOG, KOl LAAIGTO T
OLYKEVTIPMOOT] OV OVIYVELETOL OTIS TPiYeG €ivan avdAioyn pe mm 066M YOpNyNnone.
2VYKpIvOVTOG TIC OVIXVEVOUEVES GLYKEVIPMOELS 0T 00O €10M, £yve @avepd OTL TO
HeTafoAkd Toug TPoPid kabopilel TNV TOGHTNTO TOV EVIOLOKTOVOL TOV KUKAOPOPET
0TO O Kot Apa TNV TOGOTNTO OV aviyveLETAL oTIS Tpiyxec. [ o kovvéla elvorn
YVOGTO OTL LETATPENTOVY TO EVIOUOKTOVO GTO TOAD TOEIKO 0EOVI0, YEYOVOG TTOV o TN
pe o Kafotd mold gvdimta otnv toSikdtnTa Tov diazinon kot omd TNV GAAN

HELDOVEL TN GLYKEVTPMOOT] TNG U UETARBOMOUEVNG OVGIOG OTO PO KO KOT EMEKTOON
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TN GLYKEVIPMOT TOL EVTIOUOKTOVOL TOV aviyveveTal oTlg tpixes. Ot apovpaiot
avtifeta, o¢ petaforilovv to diazinon e Tov 010 TpOTO. 'ET01 evdd Ehafav pikpdtepn
0001 amd TO. KOUVEALD, 1 GLYKEVTPMOOT EVIOUOKTOVOL OV OVIYVELTNKE OTIC TPIYES
Ntav peyoAdvtepn. Méoa otov avOpdmvo mAnBusd VITAPYOVY GTOUO TOV OVIIKOLV
Kot ot 000 petafolkég Katnyopiec. Avtd mepumAékel v aSloAdynon Tov
OVIYVEVOLEV®V GUYKEVTPOGEMV KO TI] GLUGYETION TOVS UE TO 16TOPIKO £kBeonc TOL
avOpomov.

Ta in vitro nepdpata £6e1&av 0Tt T0 diazinon deGUELETAL OTIG TPiYES aKOML
Kol 0TV TePinTwon mov 1 ékbeon eivan eEmtepikn. MdaMaota, Kaboplotikd poro otV
OVIYVELOLEVT] CLYKEVTP®OT OTIS TpixeG mailovv N GLYKEVIPOGT TOV EVTOUOKTOVOL
010 péco €kbeomng kot o xpdvog éxbeong. To ypdua TV TPLY®OV Kol KOT' ETEKTOON M
TEPLEKTIKOTNTA TOVG o€ pehavivn oaivetar va mailel devtepedovio poAO otV
AVIYVEVOUEVT] GLYKEVTPMOT. ZNUOVTIKO pOA0 Tailovv Kot GAAL YOPUKTNPIOTIKG TWV
POV, OT®G N MapdTnTo.

Koatd ™ peré evomdBeong tov methomyl otic tpiyeg mepapatolwmy kot g
LETPNONG TOV EMTIEOWMV TOV e YVOOTEG HebBddovg, emPefordbnke 6Tt gival dvvatn n
aviyvevon Ttov o1l TpiYes. MAAIGTO 0 OVTAV TN HEAETN TPAYUOTOTOWONKE
TUNUOTIKY ovOiAvorn Tpyy@v 1 omoio amédeie 61t to methomyl deopeveton og
OLYKEKPIUEVOL onueion oV TPiYa, Kol 1 01dYLON TOV GTO LIOAOIMO GTEAEXOG Elval
neplopopévn. ‘Etotl, €1dkd yia T avBpomiveg tpiyxeg eivar dvvatd va eaybel éva
axpiPéc otopikd €kbeomg, mapadeyOuevol To yeYovog OTL M avBpdmvy Tpixa
paxpaivel Tepimov va EKATOoTO Ve Unval.

Mo ™ peAém 1OV opyovOYA®PLOUEVOV  HOALVIOV YpMOLLOTOIOnKay
avOpomveg tpiyxeg, mpoepyoueveg amd kotoikovg ™ EALGdag, g Povpaviag, tov
Belyiov kot tov Advov. Ot eviroelg mov e€etaotnkav ntav ot a-HCH, HCB, lindane
(HCHs), o,p’-DDE, p,p’-DDE, o0,p’-DDD, p,p’-DDD, o0,p’-DDT, p,p’-DDT (DDTs).
Xm perétm g emPapovong tov tprydv ond EAAGda, Béiyio kot Povpavia
eEetdotnrav emiong dtapopa PCBs (congeners 99, 149, 118, 153, 138, 180 o 170,
apibunon xata IUPAC). H yprion tov efayrmpokvikrioeaviov (HCHs) kot tov
lindane mo cvykekpiuéva emTPEMETOL GE AVOTNPA KAOOPIoUEVES KOAMEPYELEG Ko
KAT® amd mOAD cvykekpyéves ovvinkec. H emPapvvon tov opyavicpuaov pe HCB
&xel dapopeg mnyéc. H emPapovvon pe PCBs mpoépyetan kupiwg amd Propmyovikég
dpactnpotes. To kVpo cvumépacpo MTav OTL 0ol ovcieg mov eEetdoTnKav

aviyvevovtal o OAa ta dstypota. H emBdpouvon mov damotdbnke pdvnke va eivor
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avdAoyn HE TOV TOTO KOTOWKING TV avOp®dTmv mov mpav puépog ot perémn. Ta
EMMNVIKA Oelypota KOTOIK®V OypOTIKOV TEPLOYDOV HE EmOyYEAROTIKY] €kBeon o€
euToPdppaka NTav teptocotepo emPapvuéva pe DDTs kot Aryotepo emPapouéva pe
PCBs, evd n emPdpovon pe 1oopept Tov eEayAwpokvkAoegaviov NTov TapopHolo Kot
OTIG TPELG YMDPEG. ZVYKPIVOVTOS TNV EMPAPLVOT TOV OCTIKOV EAANVIKOV dEIYUATOV
pe aut tov dstypatov g Bupntov sivan pavepd o6t n emPapovvon pe DDTs givan
aoONTé YounAdTEPN OO TO AYPOTIKA EAANVIKA Oelyota Kol TPOGOUOLAlEL VTN TV
detypdtov g Povpaviag. I'evikd yivetoar pavepn n kabvuotépnon oy omayopevuon
mg xpnong tov DDT oe yodpeg 6nwg n EAAGSa, m Povpavia xor o Aipavog
ovykpwvoueveg pe to Bédyro. H emPdapovon tov tpiydv pe PCBs avtiotoyo eival
peyaAvtepn ota delypata tov Bedyiov, pog Blopmyavikng kotd kuplo A0yo ympogs.

H mopovca odwoktopikn dSwrpiPr] €o0ei&e o611 ov 1piyeg pmopoldv va
ypnooromBodv cav deikte ypoviag Ekbeone oe putoPdpuaKa, eival avaykn OU®g
va yivouv meplocoTepEg €£pevvec Kot vo. emektafodlv Kou og GAAEG Kot yopieg
euToQappakmv.Emopuevo mpotevopevo Prpo givor m aviyvevon petafoltdv tov
eoppdkov  mov  gfeTdoTnkay  TPixes, KoBOG Ko mn Omuovpyie  tpamelog
OTOTEAECUATOV Yo TNV KOADTEPN OTATIOTIKY emeepyacio kot alohdynorn g
1POVIaG €kBeomg o€ PUTOPAPLLOKOL.

H ompovpyia povtédlov ékBeong pe ) Ponbeta vroroyiot®v 10 omoio Ba eAduPoave
VEOYY OAEG TIG TOPAUETPOVS TTOL HEAETNOMNKAV KO TOL ETNPEALOVY CNUAVTIKE TNV
AVIVELOUEVT] GLYKEVTIPMOT GTIS TPiYES, Ba fonbovce oty KahdTepn agloAdynom g
ékBeonc kot Ba fonbovoe otV cVVOEST EPEAVICOUEV®DV OGOEVEIDV 1 GUYKEKPIUEV®V

YOVOTOT®V LE TNV OVIYVEVOLEVT] GUYKEVTPWOGCT] TOV EVIOUOKTOVAOV GTIG TPIYEC.
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Abstract

The aim of this work was to study the incorporation of the pesticide
methomy! (a carbamate insecticide) into the hair of New Zealand variety white
rabbits. A total amount of 600 mg of methomyl was administered to the rabbits
by drinking water over a period of four months. During the treatment period the
activity of acetylcholinesterase in the serum was monitored. At the end of the
treatment period, hair from the back of the rabbits were cut off and the methomyl
concentration was measured using ELISA Rapid Assay kit and HPLC (High
Pressure Liquid Chromatography). A decrease of acetylocholinesterase levels
from reference values in rabbits serum during this period was observed. The
analysis (HPLC) revealed that the first cm of hair from the top contained no
methomyl. The second cm contained 0.9 ng/mg and the 3rd cm of hair contained
approximately 3 ng/mg methomyl. Methomyl is incorporated in the rabbit hair
and the process seems to be independent from the gender of the animal but
dependent on the growth rate of the hair (according to the results of the sectional

analysis).



Introduction

Hair analysis has been shown to be a powerful tool for the detection and
monitoring of several substances such as drugs of abuse like cocaine (1), opiates
(2) and cannabinoids (3); psychoactive agents like carbamazepine, valproic acid,
phenytoin (4,5,6) and haloperidol and heavy metals(7). The concentration of
these substances in hair is usually expressed in ng/mg of hair. Hair, unlike short
term indicators eg. body fluids, retains a substance that is incorporated into it for
much longer periods since there is no active metabolism/excretion to remove
drugs once deposited. There are only two removal mechanisms of chemicals in
hair: replacement/cutting of hair with a time frame of months, and the slow
hygienic removal of bound substances. Finally, specimen (hair) can be readily
obtained without employing invasive methods.

It would be very useful to know whether several pesticides eg. carbamates
to which a large number of people get exposed to occupationally, get
incorporated into the hair shaft and to which extent.

A widely used pesticide is methomyl. It is a broad-spectrum carbamate
insecticide marketed as an aqueous solution and in the solid form, under the trade
name Lannate and Nudrin. Methomyl exerts its pesticidal action by the inhibition
of cholinesterase activity. In plant tissues it rapidly degraded to carbon dioxide
and acetonitrile (8), and the inhibition of acetyl cholinesterase activity in plant
tissues decreases in parallel with methomyl degradation. Studies of methomyl

metabolism in the rats, using radio-labelled carbamate, also showed rapid



degradation (9). The finding that methomyl is highly toxic when given orally
(LDsy 17mg/Kg, rats) in an acute dose, but has a low order of chronic oral
toxicity is consistent with the metabolic studies reported (8,9). Methomyl has
been proved to be very toxic to humans as well and it has often been used as the
drug of choice in suicide attempts (10).

Carbamate pesticides in general are characterised by a broad spectrum of
activity and high effectiveness. That’s why they have an agricultural usage rate
of some millions of kilos per year. That means that many people are exposed to
them for long periods of time, receiving subacute doses that may not have very
pronounced effects as in the case of acute poisonings but are still dangerous for
health. The most important methods currently used for the determination of the
levels of these pesticides in the body are: a) Measurement of acetyl
cholinesterase activity in the serum and the red blood cells (11) and b)
measurement of methomyl and methomyl metabolites in the serum and in the
urine respectively (12).

Hair analysis would be a convenient method to monitor the levels of long
term exposure without employing invasive techniques, thus providing one more
tool in the attempt to prevent any long term toxic effects due to accumulation of
pesticide in the body.

Even though acute pesticide poisonings due to ingestion or inhalation of
these chemicals have been widely studied (12-15), cases of chronic pesticide

exposure have been rarely investigated and documented.



Since no previous studies exist on the topic, a controlled dose study was
designed in order to elucidate whether methomy! gets incorporated into the hair
shaft through the bloodstream, whether it migrates through the hair shaft and
whether the amount detected in the hair could give us some idea about the level
of exposure (16). In order to answer the above questions, a pilot study with
experimental animals (rabbits) was undertaken. The results of this experiment
should provide us with useful clues in order to extrapolate the analysis of

pesticides to humans.

Materials and Methods
Reagents
Reagents and solvents used for HPLC were of chromatography grade,
while all the rest were of analytical grade and were obtained from Sigma. Pure
methomyl (99,5%) used for the preparation of internal standards were obtained
from Ciba Geigy Hellas S.A., Anthousa 153 44 Athens. Acetylcholinesterase
measurement kit was obtained from Boehringer Mannheim. Rapid assay ELISA

kit was obtained from Ohmicron.

Animals
White rabbits of the New Zealand variety obtained from the rabbit farm
run by the foundation for spastic children Agiou Spiridona, Kroussonas,

Heraklion were used for this experiment. Before commencing the experiment the



rabbits underwent veterinary examination in order to determine that they were in
good health. Precautionary they were administered 200 mg of tetracycline
intramuscularly. In addition they were treated by Cebacil antiparasitic bath
(active ingredient Boxin), they received an antihaemorrhagic vaccine and
cocciodiostatic treatment with potassium trimethylprim and
sulphochloropyridazine. During the experiment the rabbits received water

containing the pesticide and ordinary rabbit feed at libitum.

Animal treatment

A group of rabbits was exposed to subacute doses of methomyl over a
period of four months. Each dose consisted of 30 to 40 mg of methomyl
dissolved in 1.5 | of water and was consumed by the rabbits in four days. The
dosing was interrupted for two days when the animals showed signs of
intoxication. The signs were a fall in the levels of cholinesterase which appeared
in the serum analysis and lack of activity by the rabbits. Food and water
consumption was unaffected. Thus the total amount of methomyl consumed by

the animals during that period of four months was approximately 600 mg.

Acetyl-cholinesterase analysis
At the beginning of the experiment and at certain times during the

treatment period the activity of Acetyl-cholinesterase was determined. A Kit



from Boehringer Mannheim was used for this purpose. A blood sample was
obtained from each animal and was centrifuged immediately in order to obtain
the serum used in this analysis. The contents of bottle 1 (butyrylthiocholine
iodide, phosphate buffer pH 7.7 and dithiobis(nitrobenzoate) in granular form)
were dissolved in 3ml of redistilled water and were brought to assay temperature
(37 °C) 20 il of serum was added into the bottle, the contents were mixed and
poured into a cuvette within the space of 30 sec. Then using a stopwatch the time
(Dt) in seconds required for an absorbance increase of DA 0.100 at 405 nm was
measured. The measurement was repeated 3 times and a mean value for (Dt) was
obtained which was used to calculate the activity of acetyl cholinesterase in U/I.
Reference values for humans are between 5.300-12.900 U/l. Reference values for
the rabbits were determined to range between 300-600 U/I. The measurements of

absorbance were performed against distilled water.

Hair and blood collection

During and at the end of the treatment period a patch of hair was cleared
off from the back of the rabbit. The hair samples collected at the end of treatment
were cut in three sections, 1 cm, 2 cm and 3 cm from the top and each section
was analysed separately for pesticide content.

The hair samples were kept in plastic containers at room temperature and
dry atmosphere until the analysis was performed. Blood was collected from the

ear vein of the rabbits, using 1 ml syringes into vacutainer tubes and was stored



at -20 °C until analysis.

Pesticide extraction from hair

This method was a modification of the one used by Cone et. al used for
the extraction of cocaine from hair (1). In order to determine the pesticide
content in the different hair segments, 50 mg of hair from each segment was
weighed out and powdered in the Minibead cell disrupter (Biospec products Inc,
Barkesville USA) as described below. Each sample was cut into smaller
segments and transferred in the special polystyrene vials together with five glass
beads (2.5 mm in diameter). The vials were cupped and placed in the
homogenisator where they were left for five minutes at the highest speed. The

powder obtained was transferred into clean test tubes and 2 ml of methanol was

added to it. The mixture was vortexed and refluxed at 40 OC for 18 h, in a
paraffin bath. At the end of the refluxing period the samples were centrifuged
and the clear supernatant was transferred into a clean test tube. Methanol was
evaporated under a steam of Nitrogen at room temperature and the residue was
resuspended in 2 ml of distilled water, the sample was re-extracted using SPE
columns (12) in 1 ml of dichloromethane which was evaporated and the final
residue was resuspended in 200 il of distilled water and was analysed using the
ELISA Rapid Assay Kit.

A standard curve of methomyl was also prepared in the following way:

Blank hair (50 mg) were spiked with 0, 50, 250, 750, 2500 ng to give the



following fortified hair standards 0, 1, 5, 15, 50 ng/mg of methomyl. This sample

sequence was treated in exactly the same way as the unknown samples.

ELISA Assay

The Rapid Assay kit from Ohmicron was used for this purpose. 200 il of
sample, control or standard and 250 il of the methomyl enzyme conjugate were
added to appropriately labelled test-tubes. The antibody coupled paramagnetic
particles were mixed thoroughly and 500 il of this solution were added to each
tube. The mixture was vortexed for 1-2 sec and incubated at room temperature
for 30 min. The tubes were transferred to the Magnetic Separation Rack and
were left to separate for 2 min. The liquid contents of the tubes were decanted
and 1 ml of Washing solution was added to each tube. The tubes were left on the
magnetic rack for 2 further min, the solution was decanted and the last step was
repeated once more. The rack was removed from the separator and 0.5 ml of
colour solution was added to each tube. The solution was vortexed for 1-2 sec
and incubated at room temperature for 20 min. Stopping solution (0.5 ml) was

added to each tube and the absorbance at 450 nm was measured

HPLC Confirmation
Hair samples weighing approximately 500 mg were refluxed as described
above in 4 ml of methanol and after solvent evaporation were resuspended in 1

ml of distilled water. Methomyl was extracted from the aqueous phase using



solid phase extraction columns as described in (12). The residue was
reconstituted in 50 il methanol and injected into the HPLC system. The HPLC
used was a Spectra-Physics Model SP8810 solvent delivery system equipped
with a Model 7125 Syringe Loading Sample Injector supplied with 10 il sample
loop and Model SP 8450 Variable UV-Vis Detector set at 254 nm. A reversed
phase HPLC procedure was carried out on Accus C8 column (J & W) with water
. acetone (92.5 : 7.5 v/v) mobile phase eluted at the flow rate of 1 ml/min. The
chromatograms were recorded and integrated using a Hewlett-Packard 3390A
integrating recorder. Under these conditions methomy!l retention time was 11.64
min. Water- methanol or water-acetonitrile eluent mixture with Supelco LC-8 or
Spherisorb  ODS-1 column were also successfully utilised for the

chromatographic analysis of the extracts.

Results

Acetyl cholinesterase measurements showed a decrease in the activity of
the enzyme in the treated animals. (Figure 1). The values of the enzyme activity
ranged from 240-390 U/l (mean value: 298) for the methomyl treated male

rabbit and 240-400 U/l (mean value: 310) for the methomyl treated female
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rabbit. The values for blank male were 250-580 U/l (mean value: 430) and for
blank female were 270-600 U/I (mean value: 426).

Methomyl concentration in whole hair was measured by ELISA and was
found to be zero, as expected in the control animals. In the treated male rabbit
the hair mean concentration of methomyl was found to be 1.3 ng/mg. The mean
concentration of methomyl in the hair of the female treated rabbit was found to
be 1.4 ng/mg.

The concentration of methomyl in the blood of the animals was measured
by HPLC and was 9.3 ng/ml for the male treated rabbit and 7.8 ng/ml for the
treated female rabbit (Table 1). The results are the mean values of at least 6
determinations.

Sectional analysis of hair, carried out by ELISA and HPLC gave the
following results: No methomyl was found in oldest segment of the hair shaft,
the first cm from the top in both animals. The second cm from the top contained
approximately 0.9 ng/mg hair methomyl. The third and most recent segment of

hair contained approximately 3 ng/mg methomyl (Table 2).

Discussion
Acetyl-cholinesterase measurements revealed a decrease in the normal
levels of the enzyme during the dosing period but this was not accompanied by

severe clinical signs. It is well known (10,14) that methomyl and the rest of

11



carbamates exert their toxic action by inhibiting acetyl cholinesterase activity
hence the fall in the levels of this enzyme was expected (Figure 1).

As indicated by the results, no methomyl was detected in the top section
of the hair shaft, more methomyl was present in the second section and the
largest quantity was detected in the third section, the one nearest to the root. The
same pattern was followed by the result s obtained from both methods used to
analyse the hair samples (Table 2). This suggests that methomyl does get
incorporated into the hair and it does not migrate along the hair shaft, otherwise
the concentration of the pesticide would be constant in the three hair sections. As
it can be seen though the oldest part of the hair, the one representing the period
during which no dosing occurred is clear of methomyl while the largest
concentration is found close to the root, in the newest segment of the hair and the
one representing the period during which the largest dose of methomyl was
present in the body, and more precisely in the blood stream. It also suggests that
methomyl must bind to some component of the hair shaft, such as lipids or
keratin and this is why it is unable to diffuse freely along the hair shaft (17).

Table 1 shows that only a small fraction of the pesticide that was present
in the blood stream was incorporated in the hair shaft. This finding contradicts
the results of previous studies with carbamazepine, phenytoin, haloperidol and
chlorpromazine that indicated that the aforementioned drugs were being
concentrated in the hair shaft in larger amounts than in the bloodstream (4, 6, 18,

19) This could be attributed to the fact that white rabbits were used in this

12



experiment. The absence of melanin reduced the binding sites available to
methomyl (17). Animal studies examining the binding of chlorpromazine and
ofloxacin in the hair of rabbits and guinea pigs respectively, revealed that more
drug was incorporated in the coloured hair than in the white hair (17, 18, 19).
That means that melanin must be a component that offers many binding sites to
drugs. Human studies examining the incorporation of several drugs of abuse into
Africoid, Caucasoid and Mongoloid hair, agreed with the animal studies. Hair
with high melanin content (Africoid and Mongoloid) retain much larger drug
guantities than more lightly coloured hair (17).

This was a controlled dose experiment. It was ensured that the only way
of incorporation of methomyl in the hair shaft was through the blood stream,
since methomyl was only present in the drinking water and not in the
environment. The only way that external contamination could occur was if the
rabbit licked itself, but this was avoided by obtaining the samples from a patch in
the back of the rabbit.

This preliminary study is a part of our investigations concerning the
possibility of monitoring the occupational index of exposure to pesticides using
hair testing. Several factors should be considered before a safe extrapolation of
the results to humans can be made. Occupational exposure occurs through
several routes, two of the most important are through inhalation and direct
disposition of the chemical on the hair.

Finally, the rate of growth and the frequency with which hair is replaced

13



should be considered, bearing in mind that it is significantly different in humans

and in rabbits.

References

1. Cone EJ, Darwin WD and Wang WL.: The occurrence of cocaine, heroin and
metabolites in hair of drug abusers. Forensic Sci Intern 63: 55-68, 1993.

2. Goldberger BA, Caplan YH, Maguire T and Cone EJ: Testing human hair for
drugs of abuse Il1. Identification of heroin and 6-acetyl-morphine as indicators
of heroin use. J Anal Toxicol 15: 226-231, 1991

3. Jurado C, Menendez M, Reppeto M, Kintz P, Cirimele V and Mangin P: Hair
testing for cannabis in Spain and France: Is there a difference in consumption?
J Anal Toxicol 20: 111-115, 1996.

4. Tsatsakis AM, Psillakis ThK, Tzatzarakis M, Kourtopoulos H and Paritsis N:
Carbamazepine levels in the hair of patients under long-term treatment: A
preliminary study. Clinica Chim Acta, in press.

5. Tsatsakis AM, Psillakis Th, Assithianakis P: Determination of CBZ and
valproic acid in human head hair. Hospital Pharmacy Bulletin 3: 31-37, 1995
(in Greek).

6. Psillakis Th, Tsatsakis AM, Assithianakis P, Daskalakis I: Determination of
phenytoin in human head hair. Chimica Chronika, New Series 25: 120, 1996.

7. Kintz P (Ed.) Drug testing in hair. CRC Press Inc, 2000 Corporate Blvd, Boca
Raton pp. 1-290, 1996.

8. Harvey J, Jelinek AG and Sherman H: Metabolism of methomyl in tobacco,

14



corn and cabbage. J Agric Food Chem 21 (5): 775-783, 1973.

9. Harvey J, Jelinek AG and Sherman H: Metabolism of methomyl in the rat. J
Agric Food Chem 21: 769-775, 1973.

10.Tsatsakis AM, Tsakalof AK, Siatitsas Y and Michalodimitrakis EN: Acute
poisoning with carbamate pesticides: the Cretan experience. Science & Justice
36(1): 35-39, 1996.

11.Voss G and Sachsse K: Red Cell Plasma Cholinesterase Activities in
Microsamples od Human and Animal Blood Determined Simultaneously by a
Modified Acetylthiocholine/ DTNB Procedure. Toxicol Applied Pharmacol
16: 764-772, 1970.

12.Tsatsakis AM, Tsakalof AK and Michalodimitrakis EN: The analysis of
methomyl, a carbamate pesticide, in post-mortem samples. Science & Justice
36(1); 41-45, 1996.

13.Tsatsakis AM, Perakis K, Koumantakis E: Experience with acute paraquat
poisonings in Crete. Vet Human Toxicol 38(2): 113-117, 1996.

14.Tsatsakis AM, Aguridakis P, Michalodimitrakis MN, Tsakalov AK, Alegakis
AK, Koumantakis E, Troulakis G: Experience with acute organophosphate
poisonings in Crete. Vet Human Toxicol 38: 101-107, 1996.

15.Michalodimitrakis E, Tsatsakis AM, Christaki-Hampsas M, Trikilis N,
Christodoulou P: Death following intentional methyl bromide poisoning:
Toxicological data and literature review. Vet Human Toxicol 39(1): 30-34,

1997.

15



16.Tsatsakis AM, Tutudaki M, Tzatzarakis M, Psaroudakis K, Dolapsakis K and
Lampsa K: Pesticides disposition in hair of rabbits. In: Proceed. 35" Intern.
Meeting Forensic Toxicol, 1997, Padova, Italy.

17.Cone EJ, Joseph RE: The potential for bias in hair testing for drugs of abuse.
In: Drug Testing in Hair, Kintz P (ed), CRC press, Boca Raton, p 69-93,
1996.

18.Uematsu T, Sato R, Fujimori O and Nakashima M: human scalp hair as
evidence of individual dosage history of haloperidol: a possible linkage of
haloperidol excretion into hair with hair pigment. Arch Dermatol Res 282:
120, 1990.

19.Forrest IS, Otis LS, Serra MT, Skinner GC: Passage of *H- chlorpromazine
and °H- deltatetrahydrocannabinol into the hair (fur) of various mammals.

Proc West Pharmacol Sci 15: 83, 1972.

16



Table 1. Methomyl (Me) concentration (Conc) in hair (ELISA) and blood
samples (HPLC) of the rabbits.

Rabbit Me Conc in hair, Me Conc in blood,
ng/mg ng/ml

Blank male rabbit nd nd

Me treated male rabbit 1.1-1.8 (1.3) 6.6-14.2 (9.3)

Blank female rabbit nd nd

Me treated female rabbit 0.9-1.8 (1.4) 5.9-10.3 (7.8)

Range and mean ¢’ values of at least six determinations in different
samples
nd : not detected
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Table 2. Sectional analysis of rabbit hair, using ELISA assay and HPLC ©.

Rabbit Methomyl concentration (ng/mg)

1 cmfromthe 2 cm from the top 3 cm from the top

top
Blank male nd nd nd nd * nd nd *
Methomyl treated male nd nd 0.7 0.9* 3.5 3.2*
Blank female nd nd nd nd * nd nd *
Methomyl treated nd nd 1.1 0.9* 3.1 3.6*

female

Mean values of at least six determinations.
nd : not detected

18



Figure 1. Serum acetylcholinesterase activity measurements.
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Abstract

Hair analysis was used for the assessment of exposure to organochlorine pollutants in specimens from Greece,
Romania and Belgium. A simple method (using 3 N HCI as incubation reagent, liquid-liquid extraction with hexane/
dichloromethane (DCM), alumina/acid silica clean-up and GC-ECD/GC-MS analysis) was used for screening of
specimens. The highest organochlorine load (up to 148 ng/g hair for the sum of PCB, DDT and hexachlorocyclohexane
(HCH) isomers) was found in samples from a group of Greek women with past occupational exposure to pesticides.
DDTs were the main organochlorine pollutants in Greek samples (up to 70%), while in Belgian hair samples their
contribution was reduced to 40%. PCB mean concentration was higher in Belgian specimens (up to 14 ng/g hair).
Lindane (y-HCH) was the main HCH isomer found in the samples (up to 82% in the Greek samples). Contribution of
p,P'-DDT to the sum of DDTs was higher in Greek samples and indicates recent exposure to technical DDT. Similar
PCB 153/sum PCBs ratios were found for each of the three countries suggesting similar sources of pollution with PCBs
(mainly dietary). Artificially coloured hair samples were found to have lower, but not statistically significant concen-
trations of organochlorine pollutants than the non-coloured hair. © 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Organochlorine pesticides; PCBs; Hair; Gas chromatography

1. Introduction 1977), the same information, as present in serum, is

found in the hair (internal exposure). The external ex-

Human monitoring of persistent organochlorine pol-
lutants (POPs) has become increasingly important
for exposure and risk assessment. Body fluids and tis-
sues are commonly used to evaluate human exposure
(Pauwels et al., 1999, 2000; Covaci et al., 2000). Due to
its relatively high percentage of lipids (3.5-4%), hair has
been identified as a suitable indicator for short- and
long-term exposure to organochlorines (Schramm et al.,
1992). Because each hair follicle is surrounded by a
system of capillary blood vessels at the root (Spearman,

*Corresponding author. Tel.: +32-3-8202704; fax: +32-3-
820-2722.
E-mail address: covaci@uia.ua.ac.be (A. Covaci).

posure is correlated with gaseous compounds solubilised
on the excretions of the sebaceous glands, with which
hair is coming in contact. The presence of non-persistent
pollutants (e.g., low chlorinated PCBs or a-hexachlo-
rocyclohexane) in higher concentration than in other
body matrices can be attributed to external gaseous or
particulate exposure (Zupancic-Kralj et al., 1992). Thus,
it might be possible to differentiate between internal and
external exposure by looking at the patterns of persistent
and non-persistent congeners. There is little knowledge
about the elimination kinetics in different body com-
partments. Available studies suggest a quasi-similar
distribution of xenobiotics in different compartments
(hair, blood, liver, abdominal fat and muscle), when
normalised on lipid content (Klein et al., 1992).

0045-6535/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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In comparison to traditional matrices, hair has re-
ceived little attention for the analysis of organochlorine
compounds (Schramm, 1997, 1999; Dauberschmidt and
Wenning, 1998; Neuber et al., 1999). Recently, a com-
prehensive paper on POPs analysis in hair has been
published (Covaci and Schepens, 2001) and different
incubation and extraction methods were compared.

Because of easy and non-invasive sampling, hair can
be an alternative matrix for the monitoring of endan-
gered animal species or children. Moreover, hair anal-
ysis can be applied to any population group (when
compared with human milk restricted to women in lac-
tating period or adipose tissue available under surgery).
However, there are some drawbacks of using hair in
POP analysis. It is not a homogeneous sample and there
is still to learn about excretion and distribution of POPs
in hair. Finally, there is a great uncertainty for the
comparison of concentrations found by different studies
in different matrices.

The present paper aims to establish the assessment
of exposure to selected organochlorine pollutants in hu-
mans from three different European countries (Greece,
Romania and Belgium) by means of hair analysis.

2. Experimental
2.1. Reagents and materials

The organochlorine pesticides under investigation
were d-, 3-, y-isomers of hexachlorocyclohexane (HCHs),
0,p-DDE, o,p-DDD, o,p-DDT, p,p/-DDE, p,p-
DDD and p,p'-DDT (expressed here as DDTs) and
hexachlorobenzene (HCB). The following PCB congen-
ers (IUPAC numbers) were targeted: 28, 52, 99, 101,
118, 138, 149, 153, 156, 170, 180 and 187. PCB 46, PCB
143 and e-HCH were used as internal standards and
1,2, 3, 4-tetrachloronaphthalene (TCN) as a recovery
standard. All individual standards at a concentration of
10 ng/pl in iso-octane were purchased from Dr. Ehren-
storfer Laboratories (Augsburg, Germany). Dilutions
were made in iso-octane in order to cover the entire
range of POPs expected in human hair. All solutions
were stored at —20°C.

Hexane, dichloromethane (DCM) and iso-octane
were of pesticide grade (Merck, Darmstadt, Germany).
All solvents were tested for interferences by concentra-
tion from 15 ml to 50 pl and analysis by GC-ECD.
Hydrochloric acid 37%, concentrated sulphuric acid 95—
97%, were analytical grade reagents (Merck). All aque-
ous reagent dilutions were done with Milli Q water.
Anhydrous sodium sulphate for residue analysis, basic
aluminium oxide 70-230 Mesh and silica gel 60-200
Mesh (Merck) were used after heating overnight at
120°C. Empty cartridges (1 ml) were purchased from
Supelco (Bellefonte, PA, USA).

In July 1996, scalp hair strains from the back of the
head were obtained from Greek women (rn = 30) with
past occupational (green houses, vineyards or open air
plantations of olive) exposure to pesticides (total dura-
tion of the exposure between 2 and 35 years). In April
2000, scalp hair strains (back of the head) were obtained
from apparently healthy individuals without known
occupational exposure to pesticides living in Belgium
(n = 10), Romania (» = 2) and Greece (n = 5).

2.2. Extraction method

Two hundred (200) mg cut hair (length of ~1 mm)
from each sample were accurately weighted, spiked with
5 ng of internal standards (PCB 46 and PCB 143) and
overnight incubated at 40°C in 2 ml of 3 N HCI. Liquid-
liquid extraction with 2 x 3 ml hexane:DCM (4:1) was
used. The combined fractions of organic solvent were
purified on a cartridge filled from the bottom with 250
mg deactivated alumina (10% water), 500 mg of acidified
silica and 250 mg anhydrous Na,SO,. The modified
silica gel was prepared as follows: to 50 g silica gel, 27 ml
concentrated sulphuric acid were added dropwise, while
the mixture was stirred to ensure good homogeneity.
The acidified silica was stirred for another 30 min fol-
lowing completion of acid addition.

The cartridge was pre-washed with 2 ml hexane:
DCM (1:1, v/v) and 2 ml of hexane. The cartridge was
eluted with 4 ml hexane. The final eluate was concen-
trated to approximately 50 ul under a gentle nitrogen
stream, spiked with 5 ng recovery standard TCN and
transferred to a vial.

2.3. Instrumentation

A Hewlett Packard (Palo Alto, CA, USA) 6890 GC-p
ECD was equipped with a 25 m x 0.22 mm x 0.25
pm, HT-8 (SGE, Zulte, Belgium) 1,7-dicarba-closo-
dodecarborane 8% phenyl methyl polysiloxane capillary
column. Helium was used as a carrier gas at a constant
flow of 1.0 ml/min and Ar/CH4 (95:5) as make-up gas
(40 ml/min). 2 pl were injected in pulsed splitless mode
(pulse pressure = 20 psi, pulse time = 1 min) with the
split outlet opened after 1 min. Injector and detector
temperatures were set at 270°C and 320°C, respectively.
The temperature program of the HT-8 column was set to
90°C for 1 min, then with 15°C/min to 180°C, kept for 1
min, then to 250°C by 3°C /min and further by 25°C/min
to 20°C, kept for 6 min.

A Hewlett Packard (Palo Alto, CA, USA) 6890
GC was connected via direct interface with a HP 5973
mass spectrometer. A 25 m x 0.25 mm x 0.25 pm, DB-1
(J&W Scientific, Folsom, CA, USA) methyl polysilox-
ane capillary column was used with helium as carrier gas
at a constant flow of 1.0 ml/min. A Gerstel PTV injector
with a multi baffled empty liner of 1.5 mm i.d. was kept
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at 270°C. Two pl were injected in pulsed splitless mode
(pulse pressure = 20 psi, pulse time = 1 min) with the
split outlet opened after 1 min. Interface temperature
was set at 285°C. The temperature program of the DB-1
column started from 90°C, kept for 1 min, then with
15°C/min to 275°C, kept 10 min.

The mass spectrometer acquisition parameters were:
ion source 200°C, electron impact ionisation at 70 eV
and electron multiplier voltage of 2000 V. Three ions
(two from molecular ion cluster Mt and [M + 2]* and
the [M — 70]* ion) were monitored for each level of
chlorination for PCBs or for each pesticide. Retention
time, masses and relative abundance of the confirmation
ions to the quantification ion were used as identification
criteria. A deviation of ion ratios of less than +20%
from the theoretical value was considered acceptable.

2.4. Quality controllquality assurance

The concentration reported for each compound, was
the average of values obtained from the two GC col-
umns. Multi-level calibration curves were created for the
quantification using standard solutions in iso-octane
and good linearity (> > 0.999) was achieved for the
tested intervals which included the concentration range
found in samples. The identification of POPs was based
on their relative retention times (RRT) to the internal
standard used for quantification. Compounds were
quantified against the closest internal standard. Peak
area ratios (POP response/internal standard response)
were plotted against the concentrations of POPs. Re-

Table 1

coveries of internal standards were monitored to ensure
their maintenance at acceptable levels.

3. Results and discussion
3.1. Method evaluation

The method used for the analysis of hair samples was
previously evaluated (Covaci and Schepens, 2001). It
was shown that overnight incubation at 40°C with hy-
drochloric acid results in cleaner chromatograms than
incubations with bases, enzymes or other acids and gives
the highest recoveries of internal standards and targeted
compounds. Liquid extraction gave higher recoveries of
internal standards when compared to solid-phase ex-
traction, because after incubation in aqueous reagents,
lipophilic compounds are not released in solution and
thus, are not readily available for interaction with the
sorbent. Combined clean-up on deactivated alumina and
acid silica was shown to remove effectively lipids and
other interferences from the extract. The chromato-
graphic analysis was done on two capillary columns of
different polarity. It was shown (Covaci and Schepens,
2001) that HT-8 or DB-1 columns offer less co-elutions
of target analytes than the DB-5 (the most commonly
used column in organochlorine analysis). Because of
their complementarity (lower detection limits with ECD
and increased selectivity with MS), both detectors were
used for the analysis of real samples. Recoveries for all
compounds from spiked hair were found acceptable

Concentrations of organochlorine pollutants (ng/g hair) in hair samples from Greece, Romania and Belgium

Compound Greece (n = 35) Romania (n = 2) Belgium (n = 10)
(ng/g hair)
Mean + SD Range Mean Range Mean + SD Range
(5-95%)* (5-95%)
HCB 0.5+0.6 Nd°>-2.6 0.9 Nd-1.3 09+0.6 Nd-3.3
a-HCH 1.4+1.2 Nd-5.2 3.5 2.4-4.6 1.5+1.2 Nd-2.8
B-HCH 6.11+4.7 Nd-16.3 12.0 11.7-12.3 3.5£1.9 1.7-7.7
v-HCH 33.8+17.0 18-73.7 16.3 9.8-22.8 9.6 £10.5 2.7-36.6
>~ HCH 40.8£14.7 21.8-95.2 31.8 24.5-39.1 14.7 £10.9 6.0-40.8
o,p-DDE 20.2 £23.1 Nd-453.1 Nd Nd Nd Nd
p,P'-DDE 37.6+13.4 18-127.4 37.5 23.6-51.4 10.5+79 2.1-278.7
p,p-DDD 42+37 Nd-17.3 Nd Nd 23+1.6 Nd-5.8
o,p'-DDT 59+3.6 Nd-14.4 3.8 3442 22+1.0 Nd-3.6
p,P/-DDT 220+12.2 5-43.6 7.9 4.8-11 59+43 2.4-13.6
> DDTs 101 £41.4 12.3-754.2 52.2 34.8-69.6 18.8 £12.5 8.7-301.8
> PCBs* 52459 Nd-17.6 10.2 10.0-10.4 13.7+18.1 Nd-44.7

#Percentile range.

®Nd - not detected.
°Sum of PCB 99, 118, 138, 149, 153, 170 and 180.
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(>85%) with a relative standard deviation of less than
12%. Detection limits were calculated for each target
analyte and ranged between 0.3 and 2 ng/g hair (Covaci
and Schepens, 2001). A good agreement between orga-
nochlorine concentrations from powdered and cut hair
was observed and thus, cut hair (with less laborious
sample preparation) was preferred for routine analysis.
Reagent blanks were run for interference check and no
significant peak (higher than detection limit) was found
at retention time of target compounds. Blank human
hair was not available because of obvious internal ex-
posure. The method is very simple, miniaturised (up to
15 ml of organic solvent) and efficient (up to 50 samples/
analyst can be achieved in one day).

4. Comparison of profiles and concentrations of selected
POPs in different European countries

The assessment of contamination with organochlo-
rine compounds in samples from different European
countries (Belgium, Greece and Romania) was done by
analysis of scalp hair samples. For PCB 28, 101 and
0,p'-DDD all measurements were under the detection
limit. For PCB 52, 99, 118, 149, 156 and 187, HCB, o-
HCH, B-HCH, o,p'-DDE, o,p'-DDT and p,p-DDD,
some measurements were above the detection limit. For
calculation of means, concentrations under the detection
limit were set to 0.

It can be seen that DDTs (sum of DDT isomers) were
the major chlorinated contaminants in human hair
(Table 1). DDTs and HCHs (sum of a-, B-and y-HCH)
values were higher in Greek specimens, probably due to
a more recent restriction on pesticide usage, while PCBs
concentrations were higher in Belgian specimens, due to
a higher degree of industrialisation (Table 1). The or-
ganochlorine load of Greek hair specimens was mainly
composed of pesticides (>95%), while Belgium hair
specimens contained 29% PCBs (Fig. 1). Interestingly,
the HCHs percentages were almost similar in all three

| BHCHs ODDTs §PCBs |

100%

75% -

50% -

25% -

0%

Greece Romania Belgium

Fig. 1. Relative contribution of PCBs, HCHs and DDTs to the
total organochlorine load in the three countries.
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Fig. 2. Relative contribution of p, p’-DDT, p, p’-DDE, y-HCH
and PCB 153 to the total sum of DDTs, HCHs and PCBs.
(*n = 30 for PCBs from Greece.)

countries (28%, 34% and 31% for Greek, Romanian and
Belgian hair samples, respectively).

Mean p,p’-DDT/p,p'-DDE ratio was higher in
Greece than in other countries (Fig. 2). This can be
explained by possibly recent use of technical DDT
(containing p,p’- and o,p'-DDT). This hypothesis is
supported by the presence in some Greek samples of
concentrations up to 453 ng/g hair of o,p’-DDE, a me-
tabolite of o, p’-DDT, with shorter lifetime than the p, p'-
isomer. Higher p, p’-DDE/sum DDTs ratios (up to 0.71
in Romanian hair) suggest past exposure to DDT.

Lindane (y-HCH) was the major HCH isomer pre-
sent in hair samples (up to 82% of total HCHs for the
Greek specimens). The y-HCH/sum HCHs ratio gives an
idea of the exposure time and of the HCH mixtures
used. Thus, the high ratio in Greek specimens can be
explained by a recent usage of pure lindane, while lower
ratios (as found in Romanian and Belgian samples) in-
dicate past exposures and use of technical lindane (with
high percentage of the less persistent isomer, a-HCH).
Additionally, B-HCH, the most persistent HCH isomer,
indicates the exposure time to HCHs. A high B-HCH/
sum HCHs ratio (0.4 and 0.3 for Romanian and Belgian

‘ —— Greece - Belgium —4— Romania ‘

40

301

201

% PCB

0 T T T T T T 1
PCB99 PCB149 PCB118 PCB153 PCB138 PCB180 PCB170

Fig. 3. Profiles of PCB congeners in hair samples from the three
European countries.
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Table 2

Concentrations of organochlorine pollutants (ng/g hair) and statistical comparison for hair treatment and exposure to pesticides in

Greek specimens®

PCBs HCHs DDTs

(ng/g hair) (ng/g hair) (ng/g hair)
Coloured hair (n = 15) 4.9 40.6 101.5
Non-coloured hair (n = 15) 9.2 52.3 149.1
P-value 0.513 0.053 0.314
Exposed (n = 30) 7.1 46.6 125.9
Non-exposed (n = 5) n.a. 11.6 80.4
P-value n.a. 0.02 0.212

2
Age-dependency 0.01 0.33 0.07

@ Significant at P < 0.05; n.a. — not available.

specimens, respectively) indicates past exposure to tech-
nical lindane.

The similar PCB 153/sum PCBs ratios in all 3
countries (Fig. 2) indicated the same pattern and source
of pollution with PCBs (mainly dietary exposure).
However, the lower ratio for Belgian samples (0.19 vs
0.26 in Greek specimens) was due the quantification of a
higher number of congeners following the presence of
higher PCB concentrations in the samples (Table 1). It
can be observed (Fig. 3) that PCB profiles for Belgian
and Romanian specimens are almost similar, but slightly
different from the profile in Greek samples. Differences
are more pronounced for PCB 118 and 149 because of
some measurements under the detection limit in the
Greek samples.

4.1. Samples from Greece

Hair treatment was evaluated for samples from
Greece (obtained from persons occupationally exposed
to pesticides) for which information on hair colour was
available. Concentrations of investigated compounds
in specimens of artificially coloured hair were lower
(though not significantly) for all compounds (Table 2),
suggesting that the structural integrity of hair is altered
due to treatment. Adsorptive properties of hair are re-
duced by the treatment and compounds cannot be ad-
sorbed or, when adsorbed, are easily released from the
matrix. It might be possible that some compounds are
degradated during hair colouring process (which in
general involves oxidation with hydrogen peroxide in
basic medium).

In the same samples, HCHs were found to be sig-
nificantly higher (P < 0.05) in persons exposed to pes-
ticides when compared with non-exposed persons. No
significant difference between the two groups was found
for DDTs. No correlation between occupational expo-
sure time and concentrations of HCHs or DDTs was
found for the same group. However, no information was

available upon which types of pesticides have been used.
No correlation was found between concentrations of
DDTs or HCHs in hair of Greek women and cancer (4
specimens out of 30).

The correlation between age and concentration of
contaminants was very weak (Table 2). The highest
correlation coefficient was found for HCHs (0.33). This
is probably due to the fact that, when analyzing hair, the
sum of internal and external exposure is measured.
Thus, correlation cannot be as strong as in the case of,
for example, serum analysis, which only gives a measure
of internal exposure. In case of hair analysis, one should
take in account the eventually high contribution of ex-
ternal exposure from diffuse sources.

5. Conclusions

A simple method (using 3 N HCI as incubation re-
agent, liquid-liquid extraction with hexane and DCM,
alumina/acid silica clean-up and GC-ECD/GC-MS
analysis) was used for the analysis of real human hair
samples. Greek samples contained the highest load of
organochlorines and recent contamination with techni-
cal DDT and pure lindane was suggested. Hair analysis
can be used with success for the assessment of human
exposure to organochlorines.
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Hair analysis used to assess chronic
exposure to the organophosphate diazinon:
a model study with rabbits
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The main purpose of the present study was to determine
whether hair analysis would be a suitable method to
assess chronic exposure of rabbits to the pesticide
diazinon. A controlled study was designed, in which
white rabbits of the New Zealand variety were systemi-
cally exposed to two dosage levels (15 mg/kg per day and
8 mg/kg per day) of the pesticide, through their drinking
water, for a period of 4 months. Hair samples from the
back of the rabbits were removed before commencing the
experiment and at the end of the dosing period. Parallel
experiments with spiked hair were carried out in order to
design a simple and efficient method of extraction of
diazinon from hair. The hair was pulverized in a ball mill
homogenizer, incubated in methanol at 37°C overnight,

Introduction

Diazinon, first produced commercially in 1952, is
still a widely used organophosphate pesticide. It is
used to control a wide variety of suckling and leaf
eating insects. It is used on rice, fruit trees, sugar-
cane, corn, tobacco, potatoes, as well as horticul-
tural plants. It is also an ingredient in pet strips and
a domestic pest control agent. Finally, it is used to
control ectoparasites on livestock. Therefore, there
is the potential for exposure to a large proportion of
the population, with the most heavily exposed being
those working in agriculture® * and the chemical
industry.® Although there is a tendency for the use
of organophosphate pesticides in Europe to be
reduced, pesticide abuse is a serious problem in
Crete. Many cases of pesticide poisonings, due to
acute and subacute exposure, have been re-
ported.® ® Diazinon is one of the most popular
organophosphates in Crete, used to control insects
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liquid-liquid extracted with ethyl acetate and measured
by chromatography techniques (GC-NPD and GC-MS) for
confirmation. The concentration of the diazinon in the
hair of the exposed animals ranged from 0.11 to 0.26 ng/
mg hair. It was concluded that there is a relationship
between the administered dose and the detected pesticide
concentration in hair. Finally, it seems that hair analysis
may be used to investigate chronic exposure to the
pesticide. Human & Experimental Toxicology (2003) 00,
1-6

Key words: chronic exposure; diazinon; GC-NPD; GC-MS; hair

in cultivations, livestock and in houses. As a result,
quite a large number of people, not only farmers, are
exposed to it.

Diazinon exerts its action by the phosphorylation
of acetyl cholinesterase, resulting in inhibition of
the enzyme, acetylcholine accumulation and altered
cholinergic neurotransmission."® Although diazinon
itself is not a potent enzyme inhibitor, in animals
and humans it is metabolized by cytochrome P450,""
to form diazoxon, a compound that is a very strong
enzyme inhibitor."” The acute toxicity of diazinon is
not very high but chronic exposure to the com-
pound, even at very low levels, may cause a series of
adverse effects.">'* Several studies have indicated
that it may be mutagenic, or cause developmental
toxicity in various animal species."® All the above
indicate the necessity of an easy, non-invasive
method of assessing chronic exposure to the pesti-
cide.

Hair, unlike short-term indicators, e.g., body
fluids, retains an incorporated substance for long
periods since there is no active metabolism/excre-
tion to remove it once it is deposited. Segmental hair
analysis has been successfully used to assess
chronic exposure to various chemicals, such as

10.1191/0960327103ht3340a
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drugs of abuse,'® '® pharmaceuticals,'® *' heavy

metals and so on. Very recently it has been shown
that several environmental pollutants, such as orga-
nochlorine pesticides and PCBs, can be detected in
hair.?* A study has indicated that methomyl may
also be detected in hair.*® The aim of the present
work is to design and evaluate a simple method of
extraction and analysis of diazinon from hair, which
will assist in determining whether diazinon does
accumulate in hair in measurable quantities. Rabbits
were used as the animal model that would show
whether diazinon accumulates in hair.

Materials and methods

Animals

Three groups of white rabbits of the New Zealand
variety were used for the experiment. Each group
consisted of five rabbits. One was used as a control
and the others received two different dosages of the
pesticide in their water. The high dosage group
received approximately 15 mg/kg per day and the
low dosage group received 8 mg/kg per day, con-
tained in about 100 mL of water, for a period of 4
months. Before commencing the experiment they
were treated for internal and external parasites and
they received antihaemorrhagic vaccine. They were
kept in a 12-hour dark/light cycle and they were fed
with rabbit pellets ad libitum. The experimental
protocol was approved by the Veterinary Adminis-
tration Office of Heraklion, Ministry of Agriculture
and conformed to the National and EU directions for
the care and treatment of laboratory animals

Sample collection

At the end of the dosing period, hair was removed
from the back of the rabbits, rinsed in methanol,
dried and stored at room temperature until analysis.
Blood was collected from the ear veins into vacu-
tainer tubes using 1-mL syringes and, after centrifu-
gation, the serum was analysed immediately and
then stored at —20°C.

Reagents

All solvents used were of high-performance liquid
chromatography (HPLC) grade and were supplied by
Merck (New Jersey, USA). The pesticides diazinon
and fenthion were of analytical grade and a generous
donation of Ciba Geigy Hellas S.A. (Anthousa, 153
44 Greece).

Serum cholinesterase measurements

The activity of acetyl cholinesterase was determined
at the beginning and at the end of the dosing period,
using a kit from Roche (Basil, Switzerland). Blood
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samples were centrifuged immediately in order to
obtain serum and the instructions of the kit were
followed precisely. The activity was determined
spectrophotometrically at 405 nm (Jasco 7800
Model, UV/Visible spectrophotometer, Tokyo,
Japan). Reference values for humans range between
5300 and 12 900 U/I. Reference values for the rabbits
ranged between 404 and 500 U/I. Absorbance mea-
surements were performed against distilled water.
Student’s t-test was applied for the statistical ana-
lysis of the results. The results were considered as
significantly different when the P-value was smaller
than 0.05.

Diazinon extraction from hair
The efficiency of the extraction methods was tested
on fortified hair. Three methods were applied for the
extraction of diazinon from hair.?? Acidic and basic
hydrolysis proved to be very harsh for the pesticide
and as a result it could not be detected in any of the
chromatograms. Methanolic extraction of the pesti-
cide from hair proved to be the most suitable.
Initially, 100 mg of hair was weighed and pulver-
ized in a ball mill homogenizer. The powder was
transferred in a test tube with 2 mL of methanol
together with the internal standard (2 ng/mg final
concentration fenthion) and was incubated at 37°C
overnight. The supernatant was transferred to a
clean test tube and methanol was evaporated to
dryness under a gentle nitrogen stream. The residue
was resuspended in 2 mL of HPLC grade water and
liquid-liquid extraction followed with 3 mL of
ethyl acetate twice. The organic phase was trans-
ferred to a clean test tube and evaporated to dryness
under nitrogen. The residue was resuspended in
50 uL. of ethyl acetate and analysed by gas
chromatography—nitrogen = phosphorus detector
(GC-NPD) and gas chromatography—mass spectro-
metry (GC-MS).

GC-NPD analysis

One microlitre of the test solution was injected in
the splitless mode, in a Carlo Erba GC 6000 Vega
Series 2 instrument (Milan, Italy), which was
coupled to an NPD and was equipped with a DB-1
30 m x 0.32 mm capillary column (J&«W Scientific,
Folsom, USA). The conditions of analysis were as
follows. Column temperature started at 180°C,
where it remained for 3 min. Then it increased up
to 230°C at a rate of 5°C/min, steady for 5 min and
finally it increased up to 265°C, at a rate of 10°C/
min, where it remained for 15 min. The injector
temperature was set at 250°C and the detector
temperature was set at 290°C. Helium with a flow
rate of 2.1 mL/min was used as a carrier gas. Under
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these conditions, diazinon eluted at time t=
25.49 min, and fenthion eluted at time ¢=
33.57 min. The diazinon hair concentrations were
compared by Student’s t-test. The difference was
significant when the P-value was smaller than 0.05.

GC-MS analysis

Electron ionization mass spectrometric analysis of
hair extracts was performed on a Finnigan Mat GCQ
system (Austin, USA) equipped with a AT-5 MS
(30 m x 0.25 mm x 0.25 pm) capillary column sup-
plied by Alltech (Deerfield, USA). Pure helium with
a velocity of 20 cm/s was used as a carrier gas. One
microlitre of the solution was injected into the
system in the splitless mode and was analysed
under the following conditions: the column tem-
perature was initially held at 180°C for 3 min, raised
to 230°C at 10°C/min, held for 2 min, and was
finally raised to 300°C, at 20°C/min, where it
remained stable for 2 min. The injector temperature
was 200°C. The transfer line temperature was set at
275°C. The mass spectrometer acquisition para-
meters were: ion source 200°C, electron impact
ionization at 70 eV and electron multiplier voltage
of 1200 V. The mass spectrometer was operated at
the selected ion-monitoring mode and programmed
for the detection of m/z 179 and 304 for diazinon,
and 278 for fenthion. Under these conditions diazi-
non eluted at time t=16.14 min, and fenthion
which was used as the internal standard eluted at
time ¢ = 18.63 min.

Recovery experiments

The recovery evaluation of the extraction method
was performed on spiked hair. It was experimentally
determined at two concentration levels. The pesti-
cide was added to 100 mg of blank hair, to the final
concentrations of 0.6 and 1 ng/mg hair. In the first
case the pesticide and the internal standard were
added at the beginning of the extraction procedure,
while in the second the hair was treated in an
identical manner to the first but the analytes were
added in the last step. The extracts were analysed by
GC-NPD analysis. The ratio of the area of the analyte
to that of the internal standard was calculated for
each concentration point of the two groups. Then
the ratio given for the first group was divided by that
of the corresponding concentration given by the
second group in order to determine the recovery
ratio, which was then multiplied by 100 in order to
find the percentage recovery.**

Quantification of the pesticide was done by GC-
NPD. GC-MS analysis was only performed on
selected samples for confirmation. An eight-level
calibration curve was prepared using methanolic
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y = 68559x - 903,88
R? = 0,9966

peak area

0,2 0,4 0,6 0,8 1 1,2

diazinon concenration (ng/mg)

Figure 1 Diazinon GC-NPD calibration curve

standard solutions in order to evaluate the method.
The curve was linear between the concentrations 0.1
and 1 ng/mg (Figure 1).

Results

The results depicted in Table 1 show that acetyl
cholinesterase activity was 468+118 /U in the
control group, 401+48 I/U in the low-dose treat-
ment group and 245+ 68 I/U in the high-dose treat-
ment group. The activity of the enzyme was
significantly decreased in both treated groups.

Hair analysis was performed using GC-NPD (Table
2, Figure 2) for quantification and GC-MS for
confirmation (Figure 3). Each sample was measured
in triplicate. Blank samples from the untreated
animals were run to ensure lack of interference.

The recovery of the target compounds with the
employed method was estimated as 69%. The
standard curve prepared for the sample quantifica-
tion was linear between the concentrations 0.1 and

Table 1 Blood acetyl cholinesterase measurements, performed at
the end of the dosing period

Rabbit t-test

P-value?

Group Blood acetyl

cholinesterase 1/U

Group mean
values

Untreated 490+2
501+6
445+5
404+3

500+£10

46018
388+7
333+4
427+6
39743

280+t2
430+£3
168 +4
220+£2
127 £5

468 +118

Low dose 401448 0.046

High dose 245468 0.04

Qb WN R U WN R T WN -

@ Significance levels estimated for high- and low-dose groups
compared with the untreated group; n = 5. The values given are
the mean of three measurements. The group values are the mean
of group measurements.
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Table 2 Diazinon hair concentrations, at the end of dosing
period, measured by GC-NPD

Rabbit Hair concentration  Group mean t-test
ng/mg hair+SD value+ SD P-value?

by GC-NPD

Untreated 1-5 0-0 0

Low dose 1 0.14+0.03

2 0.16 +0.04

3 0.2440.04 0.17+0.05

4 0.11+0.03 0.023

5 0.18+0.05

High dose 1 0.2140.02

2 0.23+0.05

3 0.26+0.04 0.234+0.02

4 0.24+0.03

5 0.22+0.02

# Significance levels estimated between the high and low dose
groups, n=5. The values given are the mean of three measure-
ments per sample.

2543
2357

S~ A

Figure 2 GC-NPD chromatogram of diazinon hair extract from
high dose treated animal 1 spiked with fenthion. Retention time
for diazinon was 25.45 min and for fenthion 33.57 min.

1 ng/mg, had a value of R*=0.9966 and the equa-
tion describing the line was y =68559x—903.88,
where y=diazinon peak areas and x = diazinon
concentration (Figure 1). The limit of quantification
was 0.05 ng/mg for the NPD measurements.

The concentration of diazinon in the hair of the
exposed rabbits, measured by GC-NPD, ranged
between 0.11 and 0.26 ng/mg hair. In the low-dose
treatment group, the mean concentration measured
was 0.17 +0.05 ng/mg hair, while in the high-dose
treatment group it was 0.23 +0.02 ng/mg hair.

Discussion

Diazinon exerts its pesticidal action mainly through
the inhibition of the enzyme acetylcholinesterase.
Blood acetylcholinesterase activity measurements
were an indication of the intoxication of the treated
animals. As indicated by the results, the activity of
the enzyme in both treatment groups was signifi-
cantly decreased and the decrease was related to the
administered dose. There is some indication that
apart from the effects on the target enzyme, chronic
exposure to low levels of diazinon may result in
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series of adverse effects such as reduced bone
formation.”® As a result a method that is suitable
to measure chronic exposure to the pesticide is
necessary.

In recent years hair has been a matrix that is
extensively studied in order to assess chronic
exposure to various chemicals, the best studied
being drugs of abuse. A literature research has
revealed that apart from a study about methomyl
disposition in rabbit hair performed in our lab,** the
disposition of organophosphate or carbamate pesti-
cides in hair of subjects systemically exposed has
not been studied at all. On the other hand a lot of
work has been done to measure the concentration of
heavy metals like mercury*°and pesticides such as
lindane®” or environmental pollutants like PCBs*?
in hair.

The main aim of the present work was to deter-
mine whether diazinon can be detected in the hair
after chronic exposure and if there is a relationship
between the diazinon dose administered for a
certain time period and the pesticide concentration
measured in hair. Since a literature search revealed
no analytical method to measure the pesticide in
hair, it was necessary to establish and evaluate a
simple method by which diazinon may be extracted
from hair and measured reliably. Hair samples were
removed from the back of the rabbits and analysed
as a total. Three methods were applied for the
extraction of diazinon in hair. The pesticide proved
to be unstable in acidic and alkaline hair hydrolysis.
As a result no peak was detected in the chromato-
grams. Also prolonged incubation at 40°C or more
decreased the recovery of the analytes of interest.
The described method of extraction proved to be
easy and reliable enough, giving a mean recovery of
69%. It takes advantage of the great solubility of
diazinon in organic solvents such as methanol and
ethylacetate. Methanol is very efficient to extract the
compounds of interest from the hair matrix without
destroying them. During the liquid-liquid extrac-
tion step, most of it moves from the aqueous phase
to the ethylacetate phase. It has to be pointed out
though that due to the lack of reference material, it
could not be verified whether we had an efficient
extraction of the trapped compound from the hair or
just a method that does not destroy the compounds
of interest once present in solution.

Quantitative analysis was facilitated by the use of
GC-NPD, a very selective detector of compounds
that contain nitrogen and phosphorus; as a result the
chromatograms were almost free of interference
peaks.

As can be seen from the results, diazinon can be
detected in hair samples of the exposed animals.
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Figure 3 GC-MS chromatogram (full scan and SIM mode) of the diazinon hair extract from high dose treated animal 1, spiked with

fenthion

Also the results indicate that the concentration in
hair is related to the administered dose. In this
experiment white animals were used. The generally
low concentrations of the trapped pesticide in hair
could be attributed to the absence of melanin.
Melanin of the hair is known to be a binding site
for the trapped drugs. Therefore, it would be very
interesting to examine the effect that hair colour
may exert on the concentration of the measured
compound, since previous studies with other com-
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Pesticide Hair Analysis: Development of a GC-NCI-MS
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The present study aimed to improve the gas chromatography-mass
spectrometry (GC-MS) method, already developed in our
laboratory, for trace analysis of diazinon in hair. Furthermore it
aimed to compare the disposition of the pesticide in the hair of
two different animal species, one susceptible to diazinon toxicity
and one resistant, under identical experimental conditions.
Sprague Dawley rats were systemically exposed to two dose levels
(6 mg/kg/day and 3 mg/kg/day) of the pesticide, through their
drinking water, for a period of one and a half months. Hair samples
from the back of the rats were removed before commencing the
experiment and at the end of the dosing period. Diazinon was
selectively isolated from pulverized hair, sample or spiked, by
stepwise consequent extractions with methanol and ethyl acetate
and quantified by gas chromatography-negative chemical
ionisation-mass spectrometry. It was found that the concentration
of diazinon in the hair of exposed animals was dose dependent and
was found to be 0.24 + 0.01 ng/mg (n=5) and 0.53 £ 0.05 ng/mg
(n = 5) for the low and high dosage, respectively. The
concentration in both dose groups was much higher than the
corresponding rabbit hair (rabbits were exposed to the pesticide
under similar experimental conditions) as previously reported. Our
results strongly point to the possibility of using hair analysis for
low-level exposure monitoring to diazinon.

Introduction

Diazinon is still a widely used organophosphate pesticide
and one of the most popular ones in Crete. It is classified in tox-
icity class II, moderately toxic (1). Diazinon is used to control
cockroaches, silverfish, ants, and fleas in residential and non-
food service buildings. It is also used on home gardens and
farms to control a wide variety of suckling and leaf-eating in-
sects. There is the potential of exposure to a large proportion
of the population, the most prone to exposure being those
working in the agriculture and chemical industry (2-5).

Diazinon exerts its action by the phosphorylation of acetyl
cholinesterase (resulting in inhibition of the enzyme), acetyl-

* Author to whom correspondence should be addressed. E-mail: aris@med.uoc.gr.

choline accumulation, and altered cholinergic neurotrans-
mission (6). Although it is not a potent enzyme inhibitor itself,
in animals, including humans, it is biotransformed by cy-
tochrome P450 (7) to diazoxon, a very strong enzyme in-
hibitor (8). The acute toxicity of diazinon is not very high, but
chronic exposure to the compound (even at very low levels)
may cause a series of adverse effects (9,10). Studies have in-
dicated that it may be mutagenic, or cause developmental
toxicity in various animal species (11) The enzyme paraox-
onase I is thought to play a protective role against low levels
chronic exposure to organophosphates, including diazinon,
by hydrolyzing diazoxon (12,13). All the above indicate the
necessity of an easy, non-invasive method of assessing chronic
exposure to the pesticide.

Segmental hair analysis has been successfully used to assess
chronic exposure to various chemicals such as drugs of abuse
(14), pharmaceuticals (15), heavy metals (16), etc. It has been
shown that several environmental pollutants such as
organochlorine pesticides and polychlorinated biphenyls can be
detected in hair (17). A study has indicated that methomyl
may also be detected in hair (18). There were two main goals
of the present study. The first was to improve the gas chro-
matography-mass spectrometry (GC-MS) analytical method
already developed in this laboratory for the trace analysis of di-
azinon in hair. The second was to compare the disposition of
the pesticide in hair of two different animal species, one sus-
ceptible to diazinon toxicity (19) and one resistant, under iden-
tical experimental conditions. Sprague Dawley rats were used
as the pesticide resistant animal model.

Experimental

Animals

Three groups of Sprague Dawley rats were used for the
experiment. Each group consisted of 5 rats. One was used as a
control, and the others received two different doses of the
pesticide in their water. The high-dose group received approx-
imately 6 mg/kg/day and the low-dose group received 3
mg/kg/day, contained in approximately 20 mL water, for a pe-
riod of 45 days. The selected doses were at least 10 times less
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than the literature reported LDs,. The animals were kept in a
12-h dark/light cycle and were fed with food pellets ad libitum.

The experimental protocol was approved by the Veterinary
Administration Office of Heraklion, Ministry of Agriculture
and conformed to the National and E.U. directions for the care
and treatment of laboratory animals.

Sample collection

Hair was removed from the back of the rats at the beginning
of the dosing period and at the end of it, rinsed in water and
methanol (to exclude external contamination), dried at 40°C
for 30 min (in order to remove the solvent residues), and
stored in sealed plastic containers at room temperature until
analysis.

Reagents

All solvents used were of high-performance liquid chro-
matography (HPLC) grade and were supplied by Merck. The
pesticides diazinon and fenthion were of analytical grade and
a generous donation of Ciba Geigy Hellas S.A. (Anthousa,
Greece) and Bayer Hellas (Akakion 54A, Polydroso, Attiki,
Greece).

Methods

Diazinon extraction from hair

Initially, 50 mg of hair was weighed out and pulverized in a
ball mill homogeniser (Bioblock Scientific). The powder was
transferred in a test-tube with 2 mL of methanol together with
the internal standard (10 ng/mg final concentration fenthion)
and was sonicated in an ultrasonic bath for 6 h. The samples
were then centrifuged, and the supernatant was transferred to
a clean test-tube through a sartorius filter. Methanol was evap-
orated to dryness under a gentle nitrogen stream. The residue
was resuspended in 2 mL of HPLC-grade water, liquid-liquid
extraction followed, with 3 mL of ethyl acetate twice. The com-
bined organic phases were transferred to a clean test-tube,
evaporated to a final of volume of 50 pL and analyzed by
GC-MS.

GC-negative chemical ionization (NCI)-MS analysis
GC-NCI-MS analysis of hair extracts was performed on a

Finnigan Matt GCQ ion trap system equipped with a DB-5

MSITD (30 m x 0.25 mm x 0.25 pm) capillary column. Pure
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quisition parameters were: ion source 200°C, electron impact
(EI) ionization at 70 eV, and electron multiplier voltage of
1200 V. The MS was operated at the selected-ion monitoring
(SIM) mode and programmed for the detection of m/z 169 for
diazinon and 263 for fenthion. The total cycle time was ap-
proximately 30 min. Methane was used as the ionizing gas.
Under these conditions, diazinon eluted at time t = 16.12 +
0.02 min, and fenthion, which was used as the internal stan-
dard, eluted at time t = 18.57 £ 0.04 min.

Method Validation

Extraction Recovery. The recovery evaluation of the extrac-
tion method was performed on spiked hair. It was experimen-
tally determined at two concentration levels. The pesticide
was added to 50 mg of blank hair to the final concentrations of
0.60 and 1.00 ng/mg hair. In the first case, the pesticide and the
internal standard were added at the beginning of the extraction
procedure, while in the second the hair was treated in an iden-
tical manner to the first but the analytes were added in the last
step. The ratio of the area of the analyte to that of the internal
standard was calculated for each concentration point of the two
groups. Then the ratio given for the first group was divided by
the corresponding one of the second group in order to deter-
mine the recovery ratio, which was then multiplied by 100 in
order to find the percentage recovery.

Linearify. A 6 level calibration curve was prepared using
hair samples spiked with known concentrations of diazinon and
internal standard. The curve was linear between the concen-
trations 0.0 and 1.0 ng/mg (Figure 1).

Method stability evaluation. Sensitivity and reproducibility
were evaluated in the SIM mode in spiked hair samples, at
two concentration levels, 0.6 ng/mg and 1 ng/mg hair. Within-
day and between-days standard deviations are presented in
Table 1. Within-day variation was estimated by injecting the

600
500
400
300
200
100

Peak area

0 0.2 0.4 0.6 0.8 1
Concentration (ng/mg hair)

Figure 1. Diazinon calibration curve.

helium with a velocity of 20 cm/sec was

used as a carrier gas. One microliter of | Table I. Extraction and GC-NCI-MS Analysis Method Validation Parameters

the solution was injected into the system
in the splitless mode and was analysed
under the following conditions: the

column temperature was initially held at Concentration  Recovery  Quantitation limit

110°C for 4 min, raised to 200°C at (ng/mg)

Accuracy and precision
Mean concentration
(ng/mg) + SD* (conc.) n =4

10°C/min, held for 3 min, and was finally
raised to 300°C at 20°C/min, where it re- 1.0
mained stable for 2 min. The injector

(%) ng/mg R? coefficient ~ Within-day  Between-day
73 0.1 0.9976 1.0£0.14 0.95+0.12
0.6 65 0.1 0.9976 0.6 £0.09 0.50 +0.09

temperature was 200°C. The transfer line

* SD = standard deviation.

temperature was set at 275°C. The MS ac-
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same sample four times during one working day. Between-day
variation was estimated using the same sample during four
consecutive days.

Results

Each sample was measured in triplicate, and the concentra-
tions reported are the mean values of three measurements +
the standard deviation. Blank samples from the untreated an-
imals were run to ensure lack of interference.

The recovery of the target compounds with the employed
method was 69.0 £ 4.0 %. The standard curve prepared for the
sample quantification was linear between the concentrations
0.00 to 1.00 ng/mg and approached an excellent fitting (R? =
0.9976) (Figure 1). The limit of quantification (LOQ) was 0.1
ng/mg

A picture of the analytical results is presented in Figures 2
and 3. Figure 2 exhibits the chromatogram obtained from the
hair sample of low dose animal 1, in NCI mode. Figure 3 ex-
hibits the results from the analysis of the same hair sample in
EI mode.

The concentration of diazinon in the hair of the exposed
rats ranged between 0.23-0.61 ng/mg hair. In the low-dose

treatment group, the mean concentration measured was 0.24
£ 0.01 ng/mg hair, while in the high-dose treatment group it
was 0.53 + 0.05 ng/mg hair (Table II).

Difference of pesticide concentrations between the high-
and low-dose groups was estimated using an independent
sample t-test (2-sided). The estimated difference was statisti-
cally significant [t = -12,01, degrees of freedom (df) = 8, p <
0.001]. One-sample t-test was also used to compare the con-
centrations of low-dose exposure rats versus controls. Results
showed that there is a statistically significant difference (t =
66,68, df = 4, p < 0.001).

This verified that diazinon concentration in hair was dose re-
lated. Consequently diazinon quantification in hair can be em-
ployed for exposure assessment.

Discussion

Diazinon is a very effective and widely used pesticide. It ex-
erts its pesticidal action mainly through the inhibition of the
enzyme acetyl cholinesterase and is reported to induce inter-
mediate syndrome in humans (6). There is strong indication
that several other important enzymes such as fatty acid amide
hydrolase, an enzyme regulating the activity of endogenous
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Figure 2. GC-MS chromatogram of real hair sample coming from low dose rat 2 in NCI mode.




compounds involved in sleep induction and analgesia, is
affected by diazinon and other organophosphates (20).

Chronic exposure to low levels of diazinon may result in a se-
ries of other adverse effects such as reduced bone formation
(21) or alterations in the immune system (22). These findings
indicate the necessity of low level chronic diazinon exposure
monitoring. Hair is a matrix that has been excessively studied
for the assessment of chronic exposure to several substances
(23,24).

The main objectives of the present study were to develop a
sensitive and selective method for the analysis of diazinon in
hair and to compare the results obtained in this experiment to
those obtained from a previous study in rabbits (19). This
should give an indication of the effect of metabolic species dif-
ferences on the concentration of the pesticide detected in hair.
In both experiments white animals were used.

No segmental analysis was performed because of the way hair
grows in rats. When the rats were shaved, the hair did not
grow back in the normal way. Long hair appeared that con-
densed gradually. They were shaved again when the hair grew
back to normal.

At the end of the dosing period, which coincided with the
time needed for the hair to fully grow back, hair was removed
again and analyzed as described.

GC-NCI-MS analysis in the SIM mode (Figure 2) proved to

Journal of Analytical Toxicology, Vol. 29, November/December 2005

be much more sensitive than GC-EI-MS analysis in the SIM
mode (Figure 3). Both figures show the chromatogram ob-

Table II. Diazinon Concentration in the Hair of the
Exposed Rats
Diazinon concentration Group Mean ng/mg

Sample ng/mg Hair Hair + SD*
Control group 0 ot
Low dose rat 1 0.24
Rat 2 0.25
Rat 3 0.25 0.24 +0.01*
Rat 4 0.24
Rat 5 0.23
High dose 1 0.61
Rat 2 0.53
Rat 3 0.47 0.53 £0.05
Rat 4 0.50
Rat 5 0.55
* SD = standard deviation.
t p<0.001. p-Value estimated by comparing low dose rat group to control

rat group, using an one sample t-test.
+ p<0.001. p-Value estimated by comparing low and high dose group rats using

an independent sample t-test.

RT. 0.00-31.37

100 RT: 16.02 diaznon

MA: 1156

50 ~ SN:t

0 »
100

50

o LI N B S SR B St B S B B S B B §

Time (min)
RT: 16.02 AV: 1 NL:2.85E2
F:+ ¢ SiMms [ 136.00-138.00. 178.00-180.00, 303.00-
100 179.2
80 diazinon
60 J4137.0
40
304.1
20
0 L2 LI L L L L e S B e o e SRR R R SR S
140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 280
m/z
RT: 18.50 AV: 1 NL: 1.34E2
F:+ ¢ SIMms [ 277.00-
100 2780 fenthion
80
60
40
20
0 278.6
L2 L L 00 N L A L, N N M L e s e e e ey e e R R R
2773 2774 277.6 271.7 2778 277.9 278.0 278.1 278.2 278.3 2784 278.5 278.6 278.7
m/z
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tained from hair sample of low-dose animal 1. The difference
probably arises because of the higher fractionation that occurs
in the EI mode and although it may not be so impressive, it is
critical when quantification close to LOQ. is required. The
problem we faced here was that no libraries exist for this mode
of analysis. This was overcome by running high concentrations
(png/mL) of standard solutions in full scan. The masses obtained
from each peak were used in the SIM mode.

The concentrations detected in the hair of the treated ani-
mals ranged from 0.23 to 0.25 ng/mg (mean value 0.24 ng/mg
hair) for the low-dose group, and 0.47-0.61 (mean value 0.53
ng/mg hair) for the high-dose group. When those values were
compared to those obtained in a similar study that used rabbits,
it was evident that much higher concentrations of the pesticide
were measured in the hair of the rats, although they received
only one third of the rabbit dose. Rabbits received 15 and 8
mg/kg body weight of the pesticide daily. The mean concen-
tration for the low group in the study of rabbits was 0.17 ng/mg
hair while for the high dose group it was 0.23 ng/mg hair. Be-
cause white animals were used in both studies, this difference
may be attributed to the interspecies variation in the pesticide
metabolizing enzymes. Rabbits are known to be more effective
than rats at biotransforming diazinon to diazoxon. As a re-
sult, rats are quite resistant to diazinon (LDsy = 300 mg/kg
body weight) while rabbits are more susceptible (LD, = 130
mg/kg body weight).

In conclusion, our results strongly point to the possibility of
using hair analysis for low-level exposure monitoring to di-
azinon. Before extrapolating the results to other species and
humans, factors such as metabolic differences and the effect
that hair color may have on the concentration of the detected
pesticide in hair need to be studied.
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Abstract

The present paper reviews the work that has been done in the field of pesticide and persistent organic pollutants (POPs) hair
analysis during the last 15 years. It summarizes the compounds of interest, the methods of analyte extraction from the hair
matrix, the analytical techniques employed and the results obtained. The most widely studied POPs are the polychlorinated
dibenzodioxins (PCDDs), the dibenzofurans (PCDFs) the co-planar biphenyls (co-PCBs) and total biphenyls (PCBs). The most
widely studied pesticides are the organochlorine ones, like the hexachlorocyclohexanes and the DDTs, which nowadays are only
found as environmental pollutants, some organophosphates, selected pyrethroids and the carbamate methomyl. The most widely
applied technique was gas chromatography (GC) coupled to mass spectrometry (MS). Other detectors like the ECD in the case of
organochlorine analysis and the NPD in the case of organophosphate analysis were also used. The presented data concern human
and animal studies. The levels of DDTs detected in hair were between 19 and 400 ng/g, of co-PCBs 0.27 and 0.45 ng/g, of total
PCBs 5-13 ng/g of PCDDs and PCDFs 0.1-10 pg/g of lindane 20—400 ng/g of HCHs 14—40 ng/g of diazinon 110-520 ng/g and
of methomyl 900-1800 ng/g. These results strongly support the possibility of using hair as a suitable indicator for the assessment

of long-term exposure to POPs and pesticides.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Hair analysis has been successfully used to assess chronic
exposure to various chemicals. Some of the classes of
chemicals that hair analysis has already given valuable
information concerning exposure evaluation include drugs
of abuse, medicines and environmental pollutants like heavy
metals.

Quite recently the idea of using hair analysis for assessing
exposure to persistent organic pollutants (POPs) like dioxins
[1,2], organochlorine pesticides and PCBs [3-6] and cur-
rently used pesticides [7-10] is being explored. The earliest
studies were devoted to dioxins and PCBs [11-14]. Progress
in the gas chromatography—mass spectrometry (GC-MS)

* Corresponding author. Tel.: +30 2810 394679;
fax: +30 2810 542098.
E-mail addresses: aris@med.uoc.gr, tsatsaka@uoc.gr
(A. Tsatsakis).

analysis has contributed a great deal to analyse trace
amounts of chemicals in a complex matrix like hair.

All researchers agree that despite the difficulties faced in
analysis, hair is a very convenient to obtain biological
specimen. It can be collected from people over wide ranges
of age, sex, residential area, eating habits and working
environments. Moreover, there is no need of special appa-
ratus for sampling of human hair.

2. Analysed compounds

A search in the literature has revealed that the most
studied compounds are organochlorine pollutants and pes-
ticides belonging to the families of organophosphates, car-
bamates and pyrethroids. More specifically, work has been
done on polychlorinated dibenzo-p-dioxins, (PCDDs), poly-
chlorinated dibenzofurans (PCDFs), co-planar polychlori-
nated biphenyls (co-PCBs), total PCBs, lindane, DDTs,

0379-0738/$ — see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
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diazinon, aldrin, chlorpyrifos, malathion, dieldrin, perme-
thrin, cyhalothrin and methomyl. All these compounds are a
cause of concern due to their high persistence in the envir-
onment in the food chain and in human tissues. Most
researchers have concentrated on developing analytical
methods and conducting simple pilot studies, in this way
examining some of the parameters that may affect the
concentration of the studied compounds in hair.

3. Extraction methods and recovery studies (Table 1)

A variety of extraction methods have been applied. These
include acidic hydrolysis, soxhlet extraction, extraction
under reflux and solvent extraction of the analytes from
the solid matrix.

Schramm [1], in one of his works concerning organo-
chlorine disposition in hair, studied external exposure of hair
to the mixture of dioxins Clophen A 40. Initially Soxhlet
extraction with toluene for 24 h was employed. The raw
extract was further purified by a multicolumn chromatogra-
phy method, including silica, activated alumina, sulphuric
acid coated silica gel and lastly deactivated florisil.

Nakao et al. [2] used quite a complicated method to
analyse PCDDs, PCDFs, and co-PCBs. They also examined
a number of parameters, washing frequency with a com-
mercial shampoo, various alkaline hair degradation condi-
tions, extraction time, and presence of impurities Initially
hair was extracted with 200 ml toluene for 4 h under reflux.
The extract was further purified on a multilayer column
containing Na,SO,, acidified silica and basic silica. The
eluate was separated to three fractions by HPLC and the third
fraction was analysed by GC-MS.

Neuber et al. [3] analysed the substances DDT and lindane
coming from a wood preservative, in hair of preschool
children. The hair was dissolved by sulphuric acid
(7.1 M) at 80 °C for 1 h. The analytes of interest were then
isolated by liquid-liquid extraction (LLE), using cyclohex-
ane and the sample was analysed by GC-MS.

Liu and Pleil [4] developed a method for analysing 34
different pesticides in hair. These included organochlorines,
organophosphates and pyrethroids. These were found in dirt
and dog hair. The method of choice for the extraction of the
analytes from the matrix was liquid-liquid extraction either
with hexane alone or with hexane: ethyl acetate (4:1,v/v).

Covaci and Schepens [5] after trying several methods of
extraction concluded that the simplest and most efficient one
was acidic (3 N HCI) dissolution of hair matrix at 40 °C,
overnight. Further cleanup included LLE with hexane:di-
chloromethane (4:1, v/v) and passing through acidified
silica. In this work the hair content of DDTs, PCBs and
HCHs in samples coming from three countries was exam-
ined [6].

Cirimele et al. [7] used a very simple extraction method to
measure pesticides in hair of people working in vineyards.
The method employed consisted of methanolic extraction of

hair, evaporation of solvent, resolution of the residue in
methanol and analysis.

Tutudaki and co-workers used a relatively simple metha-
nolic extraction method for isolation of the organophosphate
diazinon [8,9], and the carbamate methomyl [10]. The
method included incubation of powdered hair in methanol
at 40 °C for 6 h in an ultrasonic bath. When the sample was
analysed by GC, it was further purified by liquid-liquid
extraction with ethyl acetate. In the case of methomyl,
methanol was evaporated; the residue was resuspended in
water and analysed either by HPLC or ELISA.

Recovery efficiency studies of extraction method are
mentioned in selected articles. Most of the methods claim
to have a recovery between 35 and 120% (Table 1). Recov-
ery depended on the lipophilicity of each compound, the
type of extraction and the extraction time, as Nakao and co-
workers and Liu and Pleil concluded.

4. Analytical methods (Table 2)

The method of choice for the analysis of such complicated
samples seems to be gas chromatography coupled either to
mass spectrometer or electron capture detector (ECD). The
ECD detector offers great sensitivity and selectivity in the
analysis of organochlorine compounds. For the detection of
organophosphates nitrogen phosphorus detector (NPD) may
also be utilized (Table 2).

The columns used are very critical for the efficient
separation of the compounds of interest. Most researchers
used a 30 m long column. The analytical methods had to be
efficient enough to detect the analytes at the pg/g level
(Table 2). The sample was injected in the splittless mode,
and in one paper cold on large volume injection was used in
order to improve sensitivity [4].

The injector temperature was between 200 and 250 °C,
while Helium was used as the carrier gas. In one case the
NPD detector was a very sensitive and selective detector, for
a compound like diazinon that has two nitrogens and one
phosphorus atom in the molecule [8]. Carbamates are ther-
mally labile molecules hence gas chromatography was not a
suitable analytical method. Instead ELISA and HPLC with
UV detector were employed [10].

5. Results (Table 3)

Some of the studies used human hair samples and some
were conducted on experimental animals. Liu and Pleil [4]
used dog hair for the pesticide studies. Tutudaki and co-
workers [8—10] used rats and rabbits to study the disposition
of diazinon in hair when the animals were exposed to the
compound through their drinking water. The analyte levels
detected in the various hair samples are summarized in
Table 3. The levels of DDTs detected in hair were between
19 and 400 ng/g, of PCBS 5 and 13 ng/g of PCDDs and
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Table 1

Analytes of interest, sample preparation method and recovery

Compounds

Sample preparation method

Recovery (%)

Author-reference

PCBs (clophen) PCDDs, PCDFs co-PCBs

PCDDs, PCDFs, and co-PCBs

DDT, lindane

PCBs, DDTs, Diazinon, permethrin,

chlorpyriphos, Malathion
PCBs, DDTs HCHs
PCBs, DDTs HCHs
Pesticides
Diazinon

Diazinon

Methomyl

Soxhlet extraction,
multicolumn cleaning

Reflux with toluene, multilayer
silica gel column cleaning,
further cleanup by HPLC

Acid Hydrolysis, LLE

LLE with hexane or hexane:ethyl
acetate (4:1, v/v)

Various extraction methods
Acid hydrolysis

Methanolic extraction
Methanolic extraction,

LLE with ethyl acetate
Methanolic extraction,

LLE with ethyl acetate
Methanolic extraction

35-128
depending on cpd.
>85
>85

69

71

Schramm and
co-workers [1,11]
Nakao et al. [2]

Neuber et a. [3]

Liu and Pleil [4]

Covaci and Schepens [5]
Covaci et al. [6]

Cirimele et al. [7]
Tutudaki et al. [8]
Tutudaki and Tsatsakis [9]

Tsatsakis et al. [10]

PCDFs 0.1-10 pg/g of lindane 120-400 ng/g of HCHs 14—
40 ng/g of diazinon 110-520 ng/g and of methomyl 900-
1800 ng/g. With the exception of the studies concerning
PCDDs and PCDFs, in which the reported analyte levels are
in pg/g range, the rest of the analytes of interest were
detected in the ng/g range.

6. Discussion

Human and environmental monitoring of organic chemi-
cals has become increasingly important for exposure and
risk assessment. Body fluids and tissues are commonly used
to evaluate human exposure. Hair is increasingly used as a
suitable indicator for long and short-term exposure to var-
ious chemicals.

Pesticide levels in hair were also measured in cases of
acute poisonings of greenhouse sprayers [15].

Quantitative extraction of the analytes from the hair
matrix is maybe the most important step in the hair analysis
procedure. This is a difficult task since hair is rich in
lipophilic substances that interfere with analysis. Many
extraction and purification methods have been tried, some
of which were quite elaborate and time consuming.

Organochlorine pesticides are quite stable and thus can
withstand drastic extraction procedures like acidic or alka-
line hydrolysis. Other, more labile pesticides like organo-
phosphates, carbamates and pyrethroids, which decompose
in the aforementioned conditions were extracted from hair
by methanolic or other solvent extraction.

Many parameters may affect the extraction efficiency.
These include time of incubation in the extraction medium,

Table 2

Analytical conditions

Compounds Analysis method Column used Injection mode  Reference

PCDD and PCDF, PCBs HRGC-HRMS, EI or NCI Rt —2330 (60 x 0.25 x 0.25), Splitless [1]
DBS5 MS (60 x 0.25 x 0.1)

4 and 6 chlorPCDD/Fs HRGC-HRMS SP2331 (60 x 0.32 x 0.20) Splitless [2]

7 and 8 chlorPCDDs/Fs J&W DBS5 (30 x 0.32 x 0.25)

Lindane and DDTs EI GC-MS CP SIL 5CB (30 x 0.25 x 0.25) Splitless [3]

PCBs, OCPs, OPPs, Pyrethroids EI GC-MS (SIM mode) pre column: (10 x 0.53), Large volume [4]
Rt, —CLpest. (30 x 0.25 x 0.25) injection

PCBs, HCHs, DDTs EI GC-MS and GC-ECD DBI1 (25 x 0.25 x 0.25)s, Splittless [5,6]
HT8 (25 x 0.22 x 0.25)

15 pesticides EI GC-MS and NCI GC-MS Splittless [7]

Diazinon EI GC-MS and GC-NPD AT 5 MS (30 x 0.25 x 0.25), Splittless [8]
DB1 (30 x 0.32 x 0.25)

Diazinon NCI GC-MS AT 5 MS (30 x 0.25 x 0.25) Splittless [9]

Methomyl ELISA and HPLC-UV LC8 column - [10,15]
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Table 3

Limits of detections (LODs) and compound levels in actual hair samples

Compounds Levels LOD Reference
PDDDs and PCDFs 0.1-10 pg/g - [1]
PCDDs 0.481-1.95 pg/g 0.088-0.12 pg/g [2]
PCDFs 0.403-1.51 pg/g 0.088-0.12 pg/g [2]
co-PCBs 0.25-0.38 pg/g 0.25 pg/g [2]
DDT 50400 ng/g 50 ng/g [3]
Lindane 120-400 ng/g 120 ng/g [3]
Diazinon 20 ng/g 25-50 pg [4]
Permethrin 100 ng/g [4]
Chlorpyriphos 33-700 ng/g [4]
Malathion 7-24 ng/g [4]
PCBs 5.2-13.7 ng/g 0.5 ng/g [5.6]
DDTs 18.8 1 ng/g [5]
HCHs 14 1 ng/g [5]
Diazinon 110-260 ng/g 50 ng/g [8]
Diazinon 240-520 ng/g 50 ng/g [9]
Methomyl 900-1800 ng/g - [10,15]

washing the sample before the beginning of the extraction
procedure, or pH of the extraction system [1,2,5].

Further purification of the sample was achieved either by
passing the extract on multilayer SPE cartridges or by LLE
extraction. In one paper [7] no further cleaning of the sample
is done at all, for the fear of loosing the volatile analytes.

The method of choice for the analysis in most of the
reviewed articles is GC-MS in either EI or NCI detecting
mode. Selected ion monitoring (SIM) mode was used for the
quantitative determination of the analytes of interest. In the
case of organochlorine compounds the use of ECD detector
increased sensitivity, something that was also true for the
case of organophosphates and the use of an NPD detector.

One of the problems researchers faced was the co elution
of several compounds and this was specifically true for some
PCBs. The choice of the column used for separation was
another critical parameter for the success of the analytical
method. Six different columns were tried by Covaci and
Schepens [5] to reach the conclusion that at least two
different columns of different polarity are needed to separate
these compounds efficiently. It was also concluded that the
least coelutions were offered by the DB-1 column and not by
the DB-5, which is most widely used in most labs. Analysis
time and temperature program was another crucial para-
meter that had to be optimized for a successful analysis.
Most of the analyses were about 30 min or more.

Finally even though most researchers injected one micro-
liter of sample in the splittless mode, cold on large volume
injection was also used in an attempt to increase sensitivity
[4].

The difficulties that researchers faced in the development
of such analytical methods may be easily demonstrated if the
levels of drugs and other compounds that are routinely
detected in hair are compared to the levels of pesticides
reported (Table 3).

As already pointed out, most researchers concentrated on
developing the analytical methods and conducted pilot
studies to in order to reach some first conclusions that give
clues about the importance of hair in human risk assessment.

Interestingly enough most of the researchers that have
worked on PCDDs, PSDFs and co-PCBs reach to the
conclusion that hair analysis for the above compounds is
very useful for risk assessment. The concentration of some
of studied compounds reflected the total body burden [1,2].
Also it was concluded that PCDD, PCDF, and nco-PCBs
levels in hair reflected those in the environment. Schramm
suggests that future work should focus on the partition
between blood, tissues and hair for different exposure
scenarios to characterize cohorts epidemiologically
[1,11]. He points out that experiments and results from
different types of hair will rule out intra and inter-species
relationships. Finally hair monitoring will provide an ethi-
cally acceptable cheap and easily applicable monitoring
system for human and animal samples, especially for pro-
tected animals [1].

Hair analysis was also useful for monitoring indoor air
pollution by lindane and DDT content from wood preser-
vatives, according to Neuber et al. [3]. Lindane and DDT
were detected in several hair samples and the possible
pollution sources were either wood preservatives used in
timbered roofs or furniture imported from the developing
countries.

Covaci et al. [6] compared the organochlorine content of
hair samples from Greece, Romania and Belgium. They
concluded that hair samples from Greece contained the
highest load of organochlorines and there was indication
of relatively recent contamination with DDT and pure
lindane. Interestingly enough the levels of PCBs were much
higher in the Belgian samples than those from Greece or
Romania, while the Greek samples contained more DDTs.
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Cirimele et al. [7] probably detected some failure to
maintain safety measures during the spraying of vineyards.
Pesticides were identified and some were quantified in the
hair samples of sprayers.

Finally in some work conducted in the Center of Tox-
icological Sciences and Research of the University of Crete
the disposition of diazinon, methomyl and other pesticides
[unpublished results] in hair of rats and rabbits was exam-
ined, when the animals were exposed to these chemicals
through their drinking water [8—10]. It was concluded that
the concentration was related to the dose administered. Also
there were some indications on effect of the metabolic
profile of the animal on the detected pesticide hair concen-
tration. Of course several other parameters like the fact that
some animals sweat and some do not may have also played a
role in the detected concentration.

Active ingredients of pesticide formulations were identi-
fied in hair samples of women exposed to currently used
pesticide during their work in greenhouses [16,17].

Overall all researchers agree that hair analysis may be a
very helpful tool for human and environmental risk assess-
ment, provided several parameters are standardized. This of
course implies lots of work and co-operation of all the
researchers in the field so that databases that may be
accessible from anyone interested in the topic are created.
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