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Hepiinyn

Ymv moapovoa gpyacio, mpayparomombnke 1 ovvheon Kol O YUPOKTNPIGHOS dvO VEWV
POONTIK®OV VAKAOV NG 1- Kol K- KOPAYEVVAVNG, TO OTOio. TPOTOTOMONKOV LE 1GOKVAVIKES
OpdoEG. TN oLVEKELN, HEAETNONKE M €QOPUOYT] TOVS MG POPNTIKA VAIKA GTNV €KYOLAION
otepedg @aong pe owomopd (Dispersive Solid Phase Extraction -DSPE) yiwa tov
npocdlopopd tov carbamazepine (CBZ) ko diclofenac (DCF) oe mepiBailovtikd
vrootpopota. [Mo  tov  mpocsdopiopd TtV evdcewv  ypnowwomombnke M Yypn
Xpopatoypoeio oe cuvovacpo pe ™ Pacpatopetpio Malov (LC-DAD-ESI/MS). H doun, n
popeoloyio Kot Ot 1010TNTEG TOV TOPACKELAGHEVTOV VAMKOV YopokTnpioTnKay e
eoopatookomio vaépuBpov pe petacynuatiopd Fourier (FT-IR), mepibhaon axtivov X
(XRD), O¢gpuikn Bapopetpikrp Avdivon (TGA) ko Hiektpovikn Mikpookomioo Xapwong
(SEM). H péywotm yopnrikdétrta poéenong tov vAkav (Qmax) mpocdlopictnke pHeE TO
povtého Langmuir-Freundlich kot mopovoiooe Tpég yua ™ -kapayevvavn (iICAR) and 7,44
¢m¢ 8,51 mg/g yio 1o CBZ won 23,41 €wg 35,78 mg/g yuu to DCF kot ylo tnv K-Kapoyevvavn
(kCAR) and 7,07 éwg 13,78 mg/g yia 10 CBZ wo1 22,66 ¢wg 49,29 mg/g v 1o DCF. Ot
Tapayovieg mov ennpedlovv v andooon g D-SPE, 6nwc o ypdvog exydhong, n pala tov
POENTIKOD VAIKOV KOl 0 OYKOG TOV O1aADTH £€KA0VoNG HeAeTONKaAY Ko BEATIGTOTOMONKAY [UE
™ ¥PNON TOL TEPAUOTIKOD oyedlacpod Kevipikng ovvheong (CCD) kot ™ pebodoroyia g
emoeoavelokng omokpiong (RSM). Eeopupolovrag tic Péitioteg ovvOnkeg, m pébodog
napovcioce VYNAN evarcinoia, pe yaunid 6pa aviyvevong (LODs) (0,042 péypt 0,090 pg/L)
kot mocotikomoinong (LOQs) (0,137-0,298 pg/L). H emovoaAnyuyotnta Kot 1
AVOTOPOYLOTNTA, EKQPACOIEV MG M OXETIKN TVTIKN amdkAon (n = 3) xopdavOnke and 2,8
¢wc 17,5%. TlpaypatomomOnke n epapupoyn g pebddov ce mpoyuoTikd TEPPAALOVTIKA
VIOCTPOHOTO Kol voAoyiotnke 1N afefardtmra. Ot avaktioelg g Hebddov Kupavonkay
peta&y tov 70% €mg ko 108%, vrodeikvoovtag TV KATaAANAOTTO TG HeBOdoL Yoo TV
avdivon tov CBZ kot DCF o¢ emeaveiaxkd vepd (Aipvn, ot 6dAacca) Kot vypd Adpota.

AéCeig-rAe1oid:  exydlion oOTEPEGAS QOGNS UE OlOOTOPT, 1-KOPOYEVVAVE, K-KOPOYEVVAVT,
carbamazepine, diclofenac



Abstract

In the present study, novel isocyanate-functionalized iota- (iCAR-TDI) and kappa- (kCAR-
TDI) carrageenans were successfully prepared. Their applications, as a sorbent material, were
studied in the dispersive solid phase extraction (D-SPE) methodology. The preconcentration
and determination of carbamazepine and diclofenac in agueous matrices were investigated
followed by liquid chromatography-mass spectrometry (LC/MS). The structure, morphology
and properties of the prepared material were characterized with Fourier transform infrared
spectroscopy (FT-IR), X-ray diffraction (XRD), Thermal Gravimetric Analysis (TGA) and
Scanning Electron Microscopy (SEM). The maximum adsorption capacity (Qmax) was
determined by Langmuir- Freundlich model and was ranged for iota- carrageenan (iCAR)
from 7.44 to 8.51 mg/g for CBZ and 23.41 to 35.78 mg/g for DCF and for kappa-carrageenan
(kCAR) from 7.07 to 13.78 mg/g for CBZ and 22.66 to 49.29 mg/g for DCF. The factors
affecting the performance of D-SPE, were investigated. The extraction time, sorbent mass and
eluent’s volume were studied and optimized with a central composite design (CCD) and
response surface methodology (RSM). Under the optimized conditions, good linear
relationships have been achieved with the correlation coefficient (r?) varying from 0.9901 to
0.995. The method was sensitive, with a low Limit of Detections (LODs) were ranging from
0.042-0.090 pg/L and 0.137-0.298 pg/L, respectively. Intra- and inter- day precision
expressed as relative standard deviation (n = 3) were ranged from 2.8 to 17.5%. The results of
the recoveries were obtained 70-108% for both analytes, which indicated that the method was
suitable for the analysis of both compounds in surface and wastewaters.

Keywords: carbamazepine, diclofenac, carrageenan, dispersive solid phase extraction,
aqueous samples

1. Ewayoym

H aviyvevon 1ov @oprOKELTIKOV dPACTIKMOY EVOCEMV £XEL TPOKAAEGEL OVICLYIEG OYETIKA LIE
TG evOEYOLEVEC BVOUEVEIG EMMTMGELS TOVG 610 vAdTvo eptPaiiov Verlicchi et al. (2012).
Meto&d avtav, cvumepiapfaveror n kopPopalenivny (CBZ), pio yvoot) avilemAnmTikn
évaoon kot 1 dwhopevaxn (DCF), éva kotvo un otepogldés OvVTIPAEYLOVMOIES Pappako. AOYw
NG CLVEXMS AVENVOUEVIC KATOVAAMONG, TNG AKOTAAANANG 0140£0Mg TOVG Kot TG EAAMTONG
OTOUAKPVVONG TOVG €fvarl 000 EVMGELS TOL €£YoLV aviyveLOEl TaYKOOUI®MG GE OLPOPETIKA
TEPPOALOVTIKE VTOGTPOUATE, ONMOC OTO EMPAVEWNKA vepd, o€ omdPfAnta amd TIg
Eykataotdoelg Emetepyoasiog Avpdtov (E.E.A.), oto0 moéowyo kot o6t0 vaodyelo vepod
Evgenidou et al. (2015).

[Tapoéro mov M emAnyio 0ev GLYKATOAEYETAL OTIC MO CLYVES aGOEVELES, Ol TOGOTNTEG TOV
CBZ mov koatavoAdvovtolr eTavouy tnv vynArn nuepnota d6on tov 1000 mg. To mocootd
aneAevfépwong tov CBZ extpdronl 6tt givon 30 tOvor emncimg Ko emopévmg to CBZ éxet
npotabel vo  etvor  Ogikng pumovong  ovOpwmoyevods  mpoélevong  oto  LOATIVAL
OIKOGLOTHLOTA. ZOUQOVO, UE APKETEC HEALTEC, Ol TEPIPAAAOVTIKEG GLUYKEVTPOGELS Tov CBZ
Ba pumopovioav va ennpedcoovy apvnTikd TV vopoPia Lm1 (dnradn ta Paxthpla, To dAyn, T
acmdvovAo kot Ta ywapio) Zhang et al. (2008).

To DCF, to omoio aviKel 6Ta U1 GTEPOEDN AVTIPAEYLOVMON PAPLOKO KoL ¥PNOLULOTOLEITOL
Y10 TNV AVTILETAOTIOT TOV TOVOL KOl SLPOP®V PAEYLOVOI®V OVTIOPAGE®V GTOVS AvOpDOTOLG,



aALG Kol ¢ eappako otny ktnviatpikny Zhang et al. (2008), npootébnke npodc@ata otov
KOTAAOYO EMTHPNONG TOV OLGLOV Yo TNV Tapakorlovnon oe eninedo Evpomaiknig Evoong
(E.E.) otov topéa g moMTIKNG TV vodtwv, (Amdgoon 2015/495). H maykdoua
katavdiwon tov DCF vroloyileton 6t givar 940 tdvol emoimg, pe cuvndn cuvietdpev
nuepnota 06on ta 100 mg. H ocvyvn eppdvion tov oto emeoavelokd vepd, oAAd kol M
ToEIKOTNTA TOV GTO Yaptla kot ota podte kabiotovv to DCF g avadvopevo opyavikd pHmo
Lonappan et al. (2016).

AOY®D TOV TOPUTAV®, VO LEYOAO TOGOGTO TMV EPELVAV £XEL GTPEYEL TO EVOLOPEPOV TNG OTN
HEAETN avTOV TV 0Vo evdcewv. Emmpocheta, sivar onuovtikd vo avortuybovv alldomoteg
TEYVIKEG Y10L TOV TTOLOTIKO KOl TOV TOGOTIKO TPOGOI0PIoUO TV €V AOY® EVOGEMYV GTO VOATIKA
detypota, mpokewévov va ektiunfel n mepiParroviikny €kbeon tov CBZ xor tov DCF,
avtiotoryo. H mocotikomoinon tov @opUaKELTIKOV EVOCEDY GLUVNOMG TPOYUATOTOEITOL e
YPOUATOYPOUPIKES TEYVIKEG UETA TNV EKYOAIOT TOVE OO LOATIKG Oeiypota pe KOTAAANAES
nebddovg mpokatepyaciag derypdtomv. Meta&d Tov SpopeTiKav HeBOd®V TPOoKATEPYUTING
delypdtv, o1 TEYVIKES KPOEKYVAoNG He Pdom ta poentikd VAKd (Sorptive microextraction
Extraction techniques-SuE) omwg 1 pikpoekyviion otepedc @aong (SPME), n exyviion
otepeds eaong pe Atacmopd (dSPE), k., ypnoionotodvtot yio TV IpocuYKEVIP®GOT Ko
ToV KaOOPIGHO TOV EVAOCEDV TPOCPEPOVTIOS VEEC OLVOTOTNTEG OTNV TMPOKATEPYOGIO, TOV
delypatog kot ep@aviCoviag GLYKPITIKO TAEOVEKTNUO £vavTl TV SLUBATIKOV HeBddmv
TPOKOTEPYAGIOG. LVVETMG, VEES HEOOOOL LKpOoEKOAoNG pe Bdon To poenTIKG VAIKE £xovv
apyicel Vo OvamTOGGOVTOL KO VO YPNOLUOTOIOVVTIOL Ylo. TNV EKYVAICT (QOPUIKEVTIKOV
EVOOEMY Kol GAA®V avadvouevov pomov omd ta véatikd Ostypoto, pHe EUQOoT OTo
KovoTtopa VAIKA pe a&roonueioteg womtes. Ta tedevtaio ypdvia, 1 €Qoproyn Kot xpnon
VE®V  POPNTIKAOV VAKOV EXEL TAPOLGLACEL TEPACTIO EVOLAPEPOV, KOOMG UTOpel va
dadpapatiost onuavtikd poho oTic dadikacieg mpocvykévipmong Herrero-Latorre et al.
(2015).

2t ovykekpluévn perétn, Ovo véa molvuepn koapayevdvng tpomomomuéva pe  2,4-
ducokvavikd toAovoio (TDI) mapackevdoTnKay Kol EPAPUOGTIKOY MG POPNTIKA VAIKE Yo
t0v mpocolopiopd tov CBZ kar tov DCF pe v teyvucn g dSPE oe mévte dapopetikd
TEPPOUALOVTIKA VITOCTPDLLATO.

2. Yika ko M£0odor

2.1. hvheon TOV KOPOaYEVAVOV LE IGOKVOVIKEG OPLAOES

Apywa, 15 gr. and v ICAR kar KCAR, avtictoyyo siofybnoav ce 300 Sl0QOPETIKESG
oQUIPIKEC PLOAEG, akolovOnoe N eloaywyn 50 ml duébvro covipoéeldiov Kat avadevon o€
Oepuokpacio. dmpatiov PEYPL TN OTLYUN TOV GYNUATICHOD EVOI®PNUOTOS. XTN CLVEXEL
npaypotonomdnke mpoodnkn 100 ml 2,4-ducokvovikod tolovodiov (TDI) ko €vrovn
avatdpaén otoug 50 °C yu 4 ®peg. AxorovOnce o oyNUATICHOS TNG YEANG, M omoia
tepayiotke kot eupoamtiotnke o odhvua 100 ml diyhopoueboaviov vrd cvvOnKeg
LOYVNTIKNG OVAOELONS Y. 2 (MPEG, OMOGKOTMVTIOG OTNV OTOUAKPLVOT Tov  dpuébuio
coVAPOEESTIoL Kot TG mocotnTag Tov TDI mov dev avtédpaoce. Ilepartépw kabapiopodg twv
VAMKAOV TPOYHOTOTOMONKE LE TNV €100YOYT TOVG G€ anectaypévo vepd otovg 80 °C ywa 3
opeg ko og aBavorn. Télog, akorovONnce 1 ENpavon TV LVAIKOV bITO KEVO KOt 1) KOGKIVIoN
®ote vo mopoAneBodv To TEMKA poeNTIKA VAKE okoévng peyéBovg 100 pum  ng
tpormonomuévng ICAR kat KCAR pe 100k0oviKEG OHLAdES.



2.2. Xpopoatoypoeiky avaivon

To ovompa g Yypne Xpopoatoypapiog Gacuatoperpiog Malag (LC-MS) amotelodvrov
amd Evav owtopato derypatoinqmen SIL 20A, 6mov emléyxOnke 6ykog Eyyvong to 20 pl kot pio
avtdioo LC-20AB g etopiog Shimadzu (Japan). O ypouatoypo@ikoOg Olo®PIGHOG
enetevyOn pe omAn Athena C18 (150 mm*4.6 mm, 5 mm) g etaupiog CNW Technologies.
H avéivon mpaypatomomdnke otov 0etikd oviiopo yio 1o CBZ kot 6tov apvntikd 1oviiopo
v to DCF. Xpnowomomtnke piypa stodvtov A (vepd LC-MS pe 0.1% @oppikd o&d) ko B
(nebavorn LC-MS) pe wookpatiky ékhovon (10%A: 90%B). H tayvtrta porg pvOuiotnke
ota 0.4 ml/min kot n Ogppokpacio Tov ovpvov ctovg 40°C. I'a tov Tpocdiopioud tov CBZ
kot DCF emiléybnke n nébodog tov emreypévav woviov (SIM) ([M+H], m/z: 237 yuw. to CBZ
kot [M-H], m/z: 294 yiwo. to DCF).

2.3. lleypapatikn dwwdikacio g poPNoNS

Yta mepdpoata g pogenong tov CBZ ypnowomombnke 1 g/L vikov. Tvykekpiuéva, to
delypata  enednoav oe  mpokabopiopéva  ypovikd  Olaothipato kKot - omnmOnOnkav
ypnopomolwvtog eidtpa 45 pm. Ot 1660gpueg Aednkav pe 1 deEaywyn TV TEPAUATOV
poeNoNg o€ dapopa cuykevipmacelg (CO = 0-100 mg/L) otig Oeppoxpaoiss (20, 30, 40°C) yo
24 mpeg (xpovog emaeng) oe PH = 2 ko 10. Xy mepintoon tov mepapdtov poenong Tov
DCEF, ypnoipomomdnkav 0,5 g/L. Ot 1660gpueg deEnydnoov oto pH =6 o T = 20, 30,40 ° C
v 24 opeg (xpovog emapng) yio petaforropeveg apyikés cvykevipaoels DCF and 0 émg 70
mg/L (ITivakog 2).

[Mivakag 1: Tapdpetpot g poenong tov CBZ ko DCF.

Popntiké 'Evoon  pH T Qnmax KLe b R?
Yo °C (mg/g)  ((L/mg)*®)
20 7.59 0.064 0.888 0.999
2 30 1.72 0.010 0.585 0.995
ICAR- CBZ 40 8.39 0.015 0.883 0.991
TDI 20 7.44 0.062 0.862 0.995
10 30 7.89 0.019 0.775 0.994
40 8.51 0.005 0.640 0.994
20 9.87 0.054 0.898 0.995
2 30 10.99 0.026 0.755 0.998
kCAR- CBZ 40 11.12 0.011 0.631 0.999
TDI 20 7.07 0.045 1.061 0.998
10 30 9.27 0.022 0.826 0.998
40 13.78 0.006 0.593 0.998
iCAR- 20 23.41 0.095 1.485 0.998
DI DCF 6 30 27.97 0.111 0.835 0.991
40 37.58 0.115 0.908 0.986
KCAR- 20 22.66 0.083 0.628 0.996
TDI DCF 6 30 35.81 0.128 0.928 0.994

40 49.29 0.266 1.153 0.994




2.4. Exyvion Xrepeac @daong pe Aloomopa

INo mv dwdkasio g Exyoiiong Ttepedg Pdong pe Aworopd (ASPE) Quyiotnkav 15 mg
VAoV Ko slofynkav og 15 ml dwodvpatoc. To pH tov dradduatog pvbuiotnke oto 10 ko
o010 6 yia o CBZ xou DCF, avtiotoyya. Xt cuvéyeta, 1o didivpa avadedtnke yo 15 min.
otic 1000 rpm, akorovOnoe @uyokévrpnon ya 10 min. otig 5000 rpm. Metd v exydAon,
amopakphvinke m vypn @don ko mpootédnke 1 ml opyavikod dwAvtn. H expodenon
npaypoatoromOnke ywu 10 Aentd oe Aovtpd vrepnywv. Eneita o dtahdtng culriéydnke kot
eCatpiomke, pe ™ SwPifoaon pedpotog aldtov péxpt Enpov. Télog, mpaypotomombnke
enavadldivon og 50 pl e kvntg daong kot elcaywyn oto cvotnua LC-MS.

2.5. Emxipmon g perétng/ Awao@aiton wrorotnroc/ 'Eleyyog morotnrog

H enucvpoon g pebddov mpaypatorombnke copemva pe to £yypapo SANTE/11945/2015
Commission (2015). Ot kaumdAeg Pabuovounone meprypdenkay pe TN ypopukn pébodo
TPOGAPUOYNC EAAYIGTMOV TETPOYOVOV IE TO CVUVTEAEGTH cuoyéTiong (%) va sivar LYNMAOTEPOC
aro 0.990. O tipég Tov LOQ oplomkav o¢ 1 €Adylotn cLyKEVIPMOOTN TOV GVAADTN TOL
umopel va. mocotikoron0el pe omodektn avaktnon (otnv meproyn 70-120%) ko akpifeia
(RSD<20%). Ta LOD vrmohoyiotnkav o€ OAEG TIC TEPUITAOOCELS, HE KPUTNPOL OvaAoyiog
ofuotog mpog 06pvPo (LOD =3 S/ N). H axpifeia e pneboddov eréyybnke pe t Pondeia
TEPOPATOV ovakTnong o€ €&l emavorlnyelg TVEA®V detypdtov oto 1, 10 kot 100 pg/L. Ot
OVOKTAOELS KL 1 GYETIKN TUTIKY| amdkAton (RSD) vmoloyiotnke og tpio dS0POPETIKA EMimeda
ovykevipooewv. H emavoinyipotta, RSDr mpoékvye amd v enavoiapfovopevn oviioon
(n=6) euPolocuévov deiypatog v 0l Muépa Kot 1 ovamapoyoyomto, RSDr yo
Swpopetikés pépec. Ov afePordtnreg exktundnkav pe Pdon 1o otoyyeion €0MOTEPIKNG
emkvpwong ovupwvo pe o (EURACHEM/ CITAC EURACHEM 20073, b, 2012), (Eurolab
Eurolab 2002, (2007) xou tnv odnyio. «Expression of Uncertainty in Measurement» GUM
(2008) ISO (2008), ot tpia eminedo GLYKEVIPMOOEWY, OTMG TEPIYPUPNKE GE TPONYOVUEVES
epyaoieg (Kyzas et al. 2015, Terzopoulou et al. 2016). Ot afefardtreg a&oroyndnkay yio
OLLPOPETIKA VOATIKO VTOGTPOUATO GE TPES OPOPETIKEG GLYKEVTPMOOELS. H dtevpuopévn
afepardmra (U) vmoloyiotnke pe T xpnon tov cvvieleotn kdivynmg k = 2, og eninedo
eumetoovuvng 95%.

2.6. Xyedwaopog Kevrpukiig Lovleong (Central Composite Design)

I'a ) Bertictomoinom TtV cLVONKAOV EKYVAIONG YPNCLOTOMONKE O GYEOUGUOC KEVIPIKNG
obvbeong (CCD) (a = 1,681) tpuwv mopaydviov (xpovog ekyviiong (A), n pdlo tov
poontikod (B) kot o 0ykog éxkhovong (C)) kot yia T dVo evdcelc-6toyovs. O oyedacdg
neplapuPave 17 dokuég pe 3 emavoalyel; 610 Kevipikd omnueio. Ov efaptnuéveg kot
aveapmteg petaPintég emAéyOnkav pe Pdaon ta PPrloypoeucd  dedopévo Kot ToL
TPOKATOPKTIKA TTelpapato. Xpnoiporomnke n Avédivon Atacnopds (ANOVA) ue eninedo
eumotoovvng 95%, wote vo a&toAoynfovv ot Mo ONUAVTIKEG EMOPACELS CAAL KOl Ot
aAANAemidpdoelg Tov Tapayoviov mov peretnonkay (Ilivakag 4 ko 5).

[Mivakag 2: Avdivon Atacmopdg ANOVA o to CBZ pe 1o CCD.

. ABpospo BaOuO} Méoa F p-Value Significa
Hopapetpor . EXlevBepiog ,
TETPAYDVOV df TETPAYDVOV Value B Prob>E" nt

Movtéro 10049.37 9 1116.60 15.34 0.0008 Yes



, Babpoi . = p-Value A
Hapdpetpor Tgez oona EXevBepiog qua Slg:Itﬂca
poydvVeOV dfe TETPAYDOVAV  \/glye P Prob>F"
A- 1povos 2886.44 1 2886.44 39.64 0.0004
ekyOAoNG
B-Mata 1089.03 1 1089.03 14.96 0.0062
POPNTIKOV
C- Oykoc 894.06 1 894.06 12.28 0.0099
AB 861.13 1 861.13 11.83 0.0109
AC 210.13 1 210.13 2.89 0.1332
BC 21.12 1 21.12 0.29 0.6068
A2 2518.01 1 2518.01 34.58 0.0006
B2 2228.98 1 2228.98 30.61 0.0009
c? 1703.76 1 1703.76 23.40 0.0019
Yrorepo 509.68 7 72.81
EMeym 497.02 5 99.40 15.70 0.0610 no
mposappoy
Kabaps 12.67 12 6.33
oQOAua
Awophopucvo 10559.06 16
ocOvoro ’
[Mivakag 3: Avaivon Atacmopdg ANOVA yo to DCF pe 1o CCD.
, Babpoi . F p-Value
IMapauetpot Adp OLoHa EX\evOepiog Msc’a Significant
TETPAYDVOV dfe TETPAYOVOV  V/glue®  Prob>Fc
Movtéo 9114.50 9 1012.72 5555  <0.0001 Yes
A- xpbvog 3539.57 1 353957 19415  <0.0001
EKYOAMONG
B- MdGa 1386.19 1 1386.19 76.03  <0.0001
POPNTIKOV
C- Oykoc 638.88 1 638.88 35.04 0.0006
AB 288.00 1 288.00 15.80 0.0054
AC 32.00 1 32.00 1.76 0.2268
BC 0.00 1 0.00 0.00 1.0000
A2 2160.21 1 2160.21 11849  <0.0001
B? 1548.86 1 1548.86 84.95  <0.0001
2 1367.62 1 1367.62 75.01  <0.0001
Yrohetpo 127.62 7 18.23
Erewm 122.95 5 2459 1054  0.0889 no
mposappoy
Kabapd 4.67 12 2.33
GOALLO
Aropbapsvo 9242.12 16
cOVOLO '

a: Babuoi erevbepiog, B: Aokiun yio T cOYKPLoN TNG SIOKVUOVONG HOVTELOV LE TO DIOAELUUO TOV COAALOTOG,
c: [TBavotnta eppdviong g tiung F, edv n undevikn vrobeomn eivor oAndc.



H onpocio kd0e cvvteleot kot 1 aAdnAemiopaon peto&d kdbe aveEdptnng petafAntg
alohoynOnke ovpewva pe v T p oto eminedo onuavikodtrog 5%. H emdpxea tov
HOVTELOL  EMOANOEVTNKE  YPNGLLOTOIOVTAS TOV GUVIEAEOTH mpocdopiopod R2,  tov
S10pBmUEVOL GVVTELESTH TPOoGdopLopod R kot TV EAAEWYT SOKING TPOGAPHOYIG.

3. Amoteréopata

3.1. XapoKTnpiopos TmvV VAMKOV
H popporoyio TV TopackeLachEivImv VAKOV EEETACTNKE LE TNV NAEKTPOVIKY KPOCKOTIOL
obpwonc- SEM. Bpébnke o011 to KCAR xou 10 1ICAR £€yovv opodréc emopdveleg ywpic
ovykekpuévo oynua (Ewova la, B). Evd, n tpororoinon pe to TDI apokdiece mo akaumtn
Kot oxAnpn| emoedvela (Ewova 1y, 8), petd to tepoyiopd 6tov KOTTKO HOAO, T0 COUATIOW
JTNPNCAV TO OKOVOVIGTO GYNLO TOVG UE TIC oyUNpES akpec. Avtod amotelel Evoelén Ot
avtidpaon EraPe yopa.

20kV  X1,000 10pm 0006 1063 SEI
20kV  X1,000 10pm 0004 1063 SEI

20kV  X1,000 10pm 0015 1063 SEI

X1,000 10pm 0012 1063 SEI

I'paonuoa 1: SEM pkpoypagies yio to a) KCAR, B) iCAR, y) KCAR-TDI kot 6) iCAR-TDI.

3.2. Behtwotomoinon g pebodoroyiag dSPE pe CCD.
211c ddkaoieg ekyvAlong, To Prpa g Pertiotomoinong eivar moAD ONUAVTIKO Yol TNV
avénon ¢ amodoTIKOTNTOS TNG EKYOAIONG. XNV Tapovoa perétn, to PH kol 1 Oeppokpacia
T0V SwAvpatog €yovv peletnBel kodd amd To mEpdpato g poenons. Ot daAdteg
expoOPNoNG emAEXOINKaV Katd KOpLo AOYO ¥pNOYOTOIDOVTAS Hio pHeTaPAnt kdbe @opd, evd
Y TIG GAAEG METOPANTEG epapuooTnKe o pebodoroyio empavelokng andkpions (RSM)
YPNOUOTOIOVTOS TO oYedopd kevipikng ovvleong (CCD) yw v avalnmmon tov
BEATIOTOV TTEPOUATIKOV GLVONK®OV Kot Yo Tovg dvo avaivtes. To RSM ypnotponoteiton yio



Vv g0peon Tov PEATIOTOV cuvONK®V pe Tov gAdyloto apldud mepapdtov. Me Baon v
VYNAOTEPN  KOVOTNTO POPNONG KOl Yy TIC Ovo evooelg, Tto LAMk6 kCAR-TDI
YPNOUOTOONKE Yoo TNV avamtuén kat ™ PeAtiotomoinon tng uebodoroyiag dSPE.

3.2.1. Emidpaocn Tov o1oA0TY EKPOPNONS

Mo va AneBodv afdmioto Kol ETOVOANYNUO OTOTEAECUOTO HE VLYNAO GLVIEAESTN
EUTAOVLTIOUOD, O SLOAVTNG EKAOVONG TIPEMEL VO £XEL LYNAOTEPT GLYYEVELD LLE TOVG OVOAVTEG
amd 1O TPOCPOPNTIKO LAKO yia T dtadikacio tng dSPE. e avth ™ pelétn, dokyudotnKoy
TPES  OPOPETIKOL  O10AVTEG  €KAovomng, ovumepiapPavopéveoy g  uebovoing, Tov
AKETOVITPIAIOL Kot NG akeTovng Yo v ekpoenon tov DCF kot tov CBZ and to vAkd.
Amopevydnke 1 ypNon aAOYOVOUEV®VY SLOALTMV Y10 VO akoAovONBovV ot apyEg TG TPActviG
yuetag. Otav pelemdnke n tpocsbnkn 1 ML and tovg daAdteg ekpoENoNG, TapatnpnonKe
OTL M HeBavOAN Kat TO OKETOVITPIAO TOPOVGIAGHV VYNAOTEPES AVAKTIGELS OO TV OKETOVT).
Tehkd, m  pebavoln emedéyn g OAdteg  €khovong Ady® TG KOAOTEPNG
AmoTEAECHATIKOTNTOS TNG ekYVAIONG (avénon 5-10% oe cvykpion pe to ACN), younidtepn
To&KOTNTA KOl KOGTOG.

3.2.2. Xyedwopiog Kevrpikiig XovOeong (CCD)

A@oV mpocdlopicTNKay Ol CMUOVTIKOL Tapdyovieg Kot ot aAiniemdpdoelg pe to CCD
akoAovOnoe 1 epapuoyn g Mebodoroyiag Andkpiong Empdavelng (RSM), pe otoxo v
ghpeon TV PEATICTOV cLVONKAOV Yoo TNV KAADTEPT ATOJOCT TNG EKYVAIONG. LUVETMOG, Ol
BéATioteg cLVONKeg Yo TV emitevén ¢ KoAvTEPNG amdSoong TG EKYOAONG VITOAOYIGTNKOV
¢ €€Ng: 1 mL yia Tov 6yKo Tov opyavikod dteAvTn, 15 mg yo v mocdtnTa Tov POENTIKOV
VAoV, kot 15 min. o xpovog g exydionc. o va emPePormbei n endprela Tov LOVTELOL
vy TV TpOPAEYN TG HEYIGTNG OMOTEAECUATIKOTNTOG TNG EKYVAIONG, TPOYULATOTOMONKOY
Tpelc 0100y IKES OOKIUEG pHe TIG PEATIoTEG cLVONKES. ATO TO TEWPOAUOTIKE OTOTEAECUOTOL
vIoAoyioTKe 1 péon TN tov avaktioeny yio to DCF (97 £ 5,0%) kot yuo. to CBZ (92 +
8,0%), xoTadelkvhovtog TV KATOAANAOTNTO TOV TPOCUPUOGUEVOD HOVTEAOL EMLOOVELNKTG
mOKPLOTG.

3.2.3. Amddoon TG avarlvTiKNG pebodoroyiog
H omoédoon ¢ avolvtiknig upebodoroyiag ASPE pe v €Qoppoyn TPOTOTOUUEVOV
TOAVUEPIKDOV POPNTIKMOV DVAKAOV KOpayevavng aEloAoyndnke yio v TPOcLYKEVIPMOOT TOV
DCF kot CBZ og dwopopetikd vrootpodpata. Ta ototyeio e emkdpwons e pedosov
dtvovron otov Iivaxa 6 Ko 7.

IMivaxag 4: Anddoon g avorvtikng uebodoroyiag dSPE yio 1o CBZ og dragopetikd vrootpduata.

Eninedo
gpuPolocpon DW LW SwW RW WwIl  WWE
(ng/L)
LOD (pg/L) - 0.042 0.046 0.043 0.047 0.062 0.047
LOQ (pg/L) - 0.137 0.151 0.142 0.154 0.205 0.154

RSD: (%)
(n=5) 1 7.2 112 13.1 96 121 112




10 51 9.1 10.9 7.7 11.2 938

100 3.7 8.8 9.2 7.5 10.7 9.0
RSDr (%)
1 10.2 15.3 16.1 141 175 170
(n=5) 10 9.8 13.7 14.8 128 152 149
100 9.1 10.2 14.1 114 140 123
U (%) 1 3392 332 3341 3486 39.91 37.19
(k = 2, confidence level 10 1596  16.68 17.24  17.03 19.88 18.56
95%) 100 9.91 10.84 1217  11.28 13.62 12.22

IMivaxag 5: Anddoon g avorvtikng uebodoroyiag dSPE yio 1o DCF og dtapopetikd vrostpduata.

Emninedo

gpporlacon DW LW SW RW WWI WWE

(ng/L)
LOD (ug/L) - 0.060 0.067 0.063 0.068 0.090 0.068
LOQ (ng/L) - 0.199 0.220 0.207 0.225 0.298 0.225
RSD; (%)

1 5.1 11.5 12.8 8.0 9.7 10.5
(n=5) 10 3.9 8.9 10.5 7.1 10.2 9.3

100 2.8 8.1 10.0 6.8 9.5 8.8
RSDr (%)

1 9.6 14.6 15.9 134 156 14.1
(n=5) 10 8.5 12.4 13.9 118 136 12.9

100 9.5 114 12.7 102 129 11.8
U (%) 1 24.51 27.49 23.05 25.28 36.57 28.42
(k = 2, confidence level 10 11.67 14.04 13.08 12.94 18.09 14.68
95%) 100 8.06 10.0 1025 899 1244 1051

H ofefordmra e avorvtikng pebodov extiundnke emiong Pdost 6edopévav £0OTEPIKOD
eléyyov ovppawva pe tov 0dnyd EURACHEM / CITAC xor GUM «at yuo T 000 EVAOCELS G
dvo emineda, Omwg peketOnke oe mponyoduevn pelétn. H oyetikn dievpopévn afefordmra
nrav pikpotepmn amd 40% kot yio T 000 EVOGELS GE OAOL TOL VTOGTPDLOLTOL.

H a&omotio g pebddov dSPE ce cuvovaoud pe 1o LC-MS gréybnke pe v exydiion
TPAYHaTIKOV detypdtov. [lévte katnyopieg vypav detypdtov oavardinkav (vepd Alpuvng
(LW), vepd motapov (RW), Boracowvd vepd (SW), avenelépyaota amdfinta (WWI) ko
enelepyoouévo andpintoa (WWE)). Ot avaxktioeig ¢ pebodoroyiog dSPE wkvpdavOnkov
petald 70% wor 108% vy Ok ta mePPAAAOVTIKG VTOCTPOUATO, eMPEPotdvVOVTAg TNV
KATOAANAOTNTO TNG TpOTEWVOUEVIG LEBodOAOYIOC.



4. Xopmepaocpato

Ymv mapovoa UEAETN, mpaypatomombnke mn eeappoyn g upebodoroyiag dSPE e
TPOTOTONIEVO TTOAVUEPIKA POPNTIKE DAIKA KOPAYEVAVG Y0 TV TPOSVYKEVTIPp®Sn tov CBZ
kot DCF. T v Peitiotonoinon oAAd kot tnv €0Opecn TV KATOAANA®V GuVONKOV
ypnoonomdnke o oyedoopdc kevipikng ovvleong (CCD). H mpotewvouevn pebodoroyia
OVOUEVETOL VO OTOTEAEGEL 0L SLVOLKT] TPOGEYYIoT) Yo TOV Tpocdlopiopd tov CBZ ko DCF
oT0 TEPPAALOVTIKE VTTOGTPOLOTAL.
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