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ABSTRAKT

Mat er i §!| yotravhamptReldis tsavuj 2 zdr avotgnkodliizviikno
kt er®nisceh mohou uvolMeaviatt ydnigranldtarket?o mat i c k ®
uhl ov dialgH y a,l bifenply, f ot oi ni ci §tory tiskaRskIch
sloul#namgven2 vgech tnchto | 8tek mShe blt
vsoulasn® dobn <chyb? uni ver zRtl o npspPpaketilat el n ®
vyvinout metody pre o u  satsa®oven2 mi gr anskginzmat eagiv€ h z m?2
stykugppotravi nami antaulb®glze h ppetravi n8ch.

Vpap2rovlich virobc2ch pyltencsit&ldrogvaimoociced |
kapalino® chromatografiea pl ynov® c¢c hrstandkemoeg@uafhmot nost n?2
Vgechny aondaal Ryiztloyb csvea tp smmd diis nimkeppdya @®E Ch ERSO .\
validal n2 studii ptRatatmémnoda vptaoloaslta a op:
anal loSe pohybovaly ¥ 0 z me®@200y /.8aqali1x2&a re&8l nlch pap
virop&tSvr di It ®mw@Resktlyutd ovani ch anyal mn &hdyktpR®t
vk omp | e x mihav k o 5 one sa2fr adodFleg. h

Celkem 41potenci 8l nBgho g&kbedtlovgmo v tul nlch
kapalinov® chr ocemavogr ahfmod n el tanen 8 & efsekkacl 40 v ®
chromat oguv&®koet amiof&ci mobi | n2 Pod & Reel monvkdteem 1
zoptimalizovat nhRehPk gt eve®n tnEmndjich rrogjadddn e |
jepouhit? Rddkal ofmoybAhakytfy§zeyly =z tul nlch
nem2sitelnlm rozpougtndl em. Pro odtulnnn2 e
zoptimali zov8na tech@GPRaVepbrdhig2oh éeéxpewui f
vlisledky konfrontov8ny s nd a&lh? min n $tavextly®d a pnk e
jednoduchou, nen8kl adnou @PBE.r oWalait &d Inm2 ¥d ti mdh
vnt gi nayleastaroveg vy hovuj 2c2 vitnhnostdzmedpakaya:
4209/ kg . PRG O arneadllUrklad hc h byoider taiviiink 3 v &mal yt S
koncentracenai 83 mg/kg.

Kl 2T ov:inas eowv 8l ypotvagnamit ytkud ns® potr av,mgyanty, pap?2r
kapalinov8 chromatografie, pl ynoyveitrakcehmao mat o
t uh o UQUECBERS, lipigyo k| es ci t | methangimi zpSsobenl



ABSTRAQT

Food contact materials pose a fiskhuman healttiue toa variety of contaminantshich
they can releasento food. Theseompoundsnigrantsinclude aromatic hydrocarbons, didlk
phthalates, bisphenolgrinting ink photoinitiatorsand perfluoroalkyl compounds. The
determination of all these substances cameXgensiveand timeconsuminginceuniversally
applicable analytical approachesre not availablenowadays This work a&mpted to develop
methods for the simultanealeterminatiorof migrants from all of thenentionedgroups in
paper-basedfood contact materialand fatty food.

A total of 68 contaminantaere studied in paper products using liquid chromatography
and gas chromatographgoupledwith tandem massgpectromey detection All analytes were
isolated simultaneouslysing the modified "QUEChERS" metftud. method demonstrated
acceptable recoverand repeatability for most analytas the validation study; LOQs ranged
from1.3t02200g/ kg. Analysis of 132 real paper proc
all studied analytes, which were often present in complex mixtures aodcantrationsp to
628 mg/kg.

A total of 41 potential contaminantsvere monitored in fatty foods by liquid
chromatography with tandem mass detectidontamination of the mobile phase by some
analytes represents tmeain drawback of liquid chromatography. Hoeg\seeral preventive
measureto eliminate this problemere developed of which the use dfie precolumn (mobile
phase filter) was the most importafhe analytes were extracted from fatty fooasingthe
immiscible solvengolid phase extraction (SPE) tegme was successfully optimized for
defatting the extractduring the first experimentén later experiments, these results were
confronted with othgaurificationmethods, some of which represented a simple, inexpensive and
comparatively effective altertiae to SPE hevalidation study showed thatostanalytes were
determined with satisfactory recovery, repeatability, and s@Qhe range of 1.64 2 Og/ k g .
During the analysi 60 real fatty foods, 17 analytes were identified abncentrationsp to
33 mg/kg.

Keywords. food contact materials, fatty food, paper and cardboard, migrants, liquid
chromatography, gas chromatography, mass spectrometry, solid phase extraction, QUEChERS,
lipids, methanedssociated sensitivity loss



1EVOD

Termadmner i §| potravieamdzylali us e mat er ikS&leyr @G jpsRoeud n
prostyk p ot ravi nami potrayinamijsou mebosdod komktaktu otravirami mohou
pRiViprtaxi se jedn§& o ¢giSrzamKkau crhalmdatck ISmanteduroifi Sl mS
n a rkéhtejnery pro transport potraviechnikup ot r avi n8 Rsk®m pr Smys| u,
ng§dobNaavdgechny tyto mat endio$Sltyted nw®Wztsd.labji ¢ i p
Zmateri 81'S se do potowaati n ol seRbkn®hy bfpit v t (n
| i dsk ® p9g @lvizt, nepRijatel nou z nitrjejichs evnez osrli ochke®n
vilashostiEv r o p s k1  p a r2004)nTentotdokament 8 deadinujecelkem 17 skupin
materi §1 S, pok It ®mp&ifickhoiheoqii snipathiavGrafré4 oblasti tyto
specifick® pRedpkegkms®Runrerbbhei eeiisfuphtel ige
EvropskECBO)mMi sree,g e ner oCa007M, keramieyRadh Eveopy 984)

a plasty (EC2011a). Ostat# skupig mat er i 81 $, haknongzov@ounegishedjpa?
Yar ovn(id8EW jen nehar monohoupodh ®Bagmblvh et md8Lt V) vic
'l ensklch st8tech EU.

Principe vr opegulacBs pol 2 v 8§ vpeo zsichhsepaar@saravin k't er ® mo h ¢
blt poubitvy edbhot!| imdtcehrut8WEIHN | Sn &lyo sebmsi )
nez §mnrprRI2msad8m (napRjsoupRioR®z éa X ia mh &li puohshhi mi t y
v mat eebdSEIU¢pecific®mi gr al )pfop Reé mygma € ¢ doip8tiavity p R
pl §novan®kovimRiemizt 8Mhhsoldoyu hge t zv. migraln2 zko

vystaven kontaktupgsot r avi nou nebo potravinovlim si mul e
ng&sl ednou paat &vi NnSMUBEGR1MPr ovnsg s

RozI|ligujeme tzv. pR®mIawi nnoeup.R 2 Miksi e k m REAt rek@rn
obsahea®ewi §8l u mohou do potraviny vyluhovat
potravinjgndpRe ahh @4 np Rp & d 8@ migrBciKkEyt ek mShe doc
i usamthd@ma® er i §l u. T2mto zpSs®Redoh shbodregaPHRa | 2k «
zvnnj ¢ obasdob ah patra&iny.P Ril r onam ero§huwh hr odisku nebez
nebo jzipS@p&@msau | goekgtznn® stranyap®. vmat Bn?
s k1 adov a n(/@arivio ar Etizalec201p Pokudj e pot Reba magenic ! U §
omezitp ou h8etzaffdnkl' n2 bari ®&r yn.i hlyed & opacd noS# Ru
kter® patdmawijdu od pr ob|(kigembhaunckol®005).8 st i mat er

O viznamu pr oblbeenzaptei hkayd e3tvd sBdvgpa thizav i n a mi S\
ccalée0 0 z 8§ zHasMPAMWRY str®ynt hl ®ho var ov gmA)odpakwo potr
2002 v souvislostimi gr ac? | §t(@Ekr % hevip b ¢yrva Sylkunpotravinami
jako typ22010r wtBkzse asnySs)t ® mu R ArSa&pF RdoShvj aechvuttjor? ®
znal en2, chueSalhatnn ic &k dr@igrace!l § tjeek n e j fypemtnashagly m
slegislatvouEx i stuje tak® hypot ®za, he Rada virob



nebezpeln® | 8tky do potravin zd$utABVE rkeoex irotl
s pecilegidlatvgkBFSAEVvr ops k]l %Rad pr aokbneez petipoowhe pot |
pr 8vimarnreoni zovan®pawtrera 8l gpenrka, | aky a mat
“upravu, tiskaRsk® inkoustkt era® hpRd dant2diof Bjt Kk yy |
zdravot? hriasika EFSAR012a).Na Evr opsk® Yr ovni existuj?2 ko
| 8t ky nmiQzmuljchc 2t yfRGS2010)ayteesmahy§ E S neobej dou bez 1
analyticklch metod.

2002
2003
2004 4 o
2005 -
2006 -
2007 -
2008 -
2009

1

]

1

]

1

1

]

1

]

ObriszPklet z8znamS@EvV nmeywsta@mu chleSrh F(kphacthe rl B& ke&k
ve styku s potravinami (typ produftu) (RASFF 201

1.1C2 | pr 8ce

Existig mnohol 8t ek s c hop(nrhicthrsdamitxgprkaoccleogi ckam pot
modern2 analytich®t meuopydmRed st Tomj §smej i ¢ h
vnnuj eekem8dlizunamnl ovpaphabyri6hl enah pppraviopamsat y k s
vtulnl ch pHltavawvims8gcvhylveimobyl canal yti ck® metoc
ngsl eduj 2 cl2. puonhi avdearvzk8yl i gm0l usht ilki@ezlsd arsit vpracst no
n2zk® | imity kvantifikace, miesipm8Iviys olkds @8& h
4. pRi kiady.el n® n §

Prvn2 ,prapg2rri caesel apé g pboaul he2nv2 potmak@eov®i |t
filtry) m @ pphe. p2ecl2e R @ap(othye) zat2m neexi stuje h
|l egi sl ativa prgepapittn®a makegqratnXlldyl edi ska che
bezpe.lzZmo slseblpgrinl ot n2 ch adat mwh nv8l srke jtgaki ordd 2i hvoi ns
vpap2rovl chylondt® obav®@ht novou.Paondad bynt§ crkeotuo dee t :
vodbor n® | i tparroattoohBe¢ stydie$p btyklez a b ] poazest anovenz m
nnkohonmamhedpd pddebndinkgHemi ckl mi vlIastnost mi



Existuje, pReda o khbwglada?nkyS svIim | i poigrovetn2 m v |
zr Sznl ¢ h domaatriecsv | Bh &mnI m obslam@ mpdturkaivi ny se tu
obl ast?2 z§,j mRr dt®dtheeo puic hdenza | ystudiec kkdt pro®r by al y
g i spéktummi g r,a njteSchord & loasts pot en cvil8/ oejm anpoavblycthi ¢ k1 ¢
metod No®metody mohous | ouhit nejen kmipgR2agm@tSo ambnBetbr i
t ak ®ulpalbyougen2z mapeti avEnotvy knemi snui ant emoD2 |
dle EC(2011a).
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2TEORETI CK¢E¢ LCEST

2.1Migranty

Existuje velmi mno®t e k , kt eu vRo |s@maneothrd 8 | Potravimams t y k u
PRedstavu o poltuzmploa®thav I§dpbskytajdsezodinkg$oaon t S
povol enl (EG2014a). Proov i wl r o hewl Ppavpléno asBOOr Sznl ch sur o
(MZ 20R1).Bossuyakol. (201§ uv§d2, he potigtnnl pap?2r a
6000r Sz rkdmpdment, m i ¢ h% dosud nebylo toxikologicky zhodnocenoCe | kovi po
chemickl cvhneihrad imoind w20 veahsé rceh zn&ak feard idlzritdhv n2 ¢
seznamS v [ | eadsaduje nahcca8@0@ (SimandakdE 2016).

Tytoodhadys t § | e b hYep@unsp?r omaotheer i §1 S se mShe,uvol Oc
ktera® pozitivmesol eslenBn sshddcdhe z g mmnr nn pRi,dan® s
me z i ktree ®nlpi2 R? oprokuktavdinceh b 8t ek nebo m@hery i §l
nel iwg toah guno¥in apodKostera kol.2015).Z8 k| adn2? m kr it ®r i em pr
je molekul BRSA h(md@ 0 & & toxikplogiclkarhiuz ¢ k§a inBlekusovou
hmot padsl@0®Da, neboS se nepsRedpgkl Snsg clgbBy by
vtir §vi c.ANmk t e a ®tgparkStcoe hy p ot ®Bjarnasom koc1896)b Ouj 2 (

Me z i typi ck® zdigomay,tjid eBytsNlaA S apatdt R2m pol t em
jednotek, k evz@a jj 2ak o vedl ej g2 pr oodkiadkem polymerdchopmstr ac e n
migrace byla potvrzenan a puRcyklick cda | i aheligomeBethylent e r e f ZzPET §t u
ol yet hyl e oykliekrcetime & § t u yhaifeSna2h h e § bisfamd A
diglicydyletheru 2 p o x i doar wisckigbddimeSa trimeSstyrenu (Hoppe kol. 2016).

Dal g2 r ozkljasdu® rperparagddGl kb yloy mi | o ualneini nkt er ®
mohou migrovat PET(Nawrockia kol.2002). Vr ecy k|l ovan®m pap mSh eamel ¢
setkatg ez i dui t i sk aRsamiscphe chi aSrl env?, ¢ hk lot§ytpdoSn rapnat p 20 ru th 2
pro zpracoapBoaod. pabteu® jsou voeR3tomnH d pakovi
recykl ovanl c hnech @ipdermana la cGhob(201B) §dentifikovalivr e 81 n 1 ¢ h
vzorc2ch nepotigtnn®ho >2&®y kol rogvhant &lcktl ocgmhralp & v u
migraceAut oRi upoz @®3hi§fiekt @ak® s@ BHepodaRilo ide
hmot nopgektm¥%hna hbedaost upnost hmotnostn2ch spek:
pRedstavuje k¥l admz i wisZkaanlia2l Tkzvya nt thilhtdst d $4& » d u
pravdnpodobnaga tmheozhno® mMlkA S r T ¢ hv gpaRp Rrinadse gt ce k

stoxi kol ogickIm poéere®@®cs &8l empodaRil o idkaziujfi ko
invitrometody(B e n g t askol.2FLéh

N8 s | e dushrau@?| zt neaskapig®migrang kte®by |l y vy bm@&adeg!l gva® o
c21] ov® elx8tekryi npert@t & | mr2 8§ d & s t
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21.1JAr omati ck® uhl ovod?ky

V. materi 8l epbt rvaevigstayni u sl swd k8kwysmine sf or
petrogenn?2 hos ep Sovzondauhiun lé oldjel a®kFoy t eetypiakysskil 8daj 2 z
| i nehgr w A tcatl@ng alkyl-substituovdn cciikloalkarg aromatick cuhh | o $(d da2skt o
r ov n n fsubstitudvdn) Ama® hpo d$ 4&N-substi t uov akKédmplexnosth | o v o
t nc ht obvyklemedo¥olujea n i modern2m anaby tichkd enc hhmeat o o
chemi ck §. Oid i a iriter@urait au d sduvislestimi ner §1 7 miniMOBH e | i
(nasycen® wuhl ov o d&a2MOMH (nairnenrad li nc2kc®h udll eojv®)d 2 k y
kt er ®prepamatei v n 2 chr omat og@rdafnjhkd khosunp  nh eatadk8tloeel
charakterizovain a ppRodmtat o mS vumbléktldFakci MOAH e v nreoJv rea §
pozornosobpsanhewjoeS t oxi kol AU Pl y y cpyrkolbil cekm@a t iac k
uhl ovod?2 k yyl-subatita jv @ koigerery 2d kt oM@AeIm 2 mi ner 8l n2 m o
pohybuje mezi5 a 35 % (EFSAR012b).

Vollmera kol. (2011) a Lorenzina kol. (2010) upozornilinan 8 | emk mer 81 n2 c h
sobsahem 1628 % MOAHvk ar t - nov Il ¢ h osbaanioetonhll ophot c Av.pat i av
PRedpokl §d§8 se, he hl abyyzinskaRsjag@ijchréezi@mo sk gnt
viecykl ovan®m p aMoreta koM(1®97) ideatifikevalT::8d3MMOSH i MOAH

vr T hi, T okol §d¥tomtopjRe dplaldonh scel € je2dcnpau toopvgitckh8 n t a
kdese miner 8w mpt egnpoiuh\plrrodm& yok§dc M.l ev® d 2 |
pro styk gpotravinami napR. , | bbzwSrkrarhaveyy sv® ar omati ck®

Uematsua kol. (2016) vk omer I nn dost upnl c hpottavnami iMOAFH t e ¢ h
neralezli. Wozomilivgak na v I snknyoth s M® AbHv &unbrikareéhr e §1 nn
pouh?2 poaniraWmh§RskuohbysvndIlpiax do kohtakk spatravioh e v

ne wMHRd§zyhowmajf & SME hemoSllenj2em pot r asvei nt &afksek @ Skhwea
setkatw ol i pR2datn® ,Kt8e¢ kS pavadl 2 istl @mi &£ 9Dt5anovens§
EvropskI par20@8meyly ale pao prs&uhRy? pialdsykny tnweho ldiers 2

obsahem MOAWp ot r avi ngpR. s | u nadJkragim (Bedem®anradsiob | i

2009).

MOSHIiMOAH y k azuj 2 n2 z.koZiateMOBH sm2e ptRexdipoiktl 8 d§
toxickl ami efp®Rkt S hr &M@AHcak ®z eq MypBozah c D b s gsbue n ® P £
z 0dp o vwandunt® ggeenmct a x Kk @ k ® ivali 0 @RSKRO12b). B/ r ops k8 k o mi
(EC2002) definovalaseznaml 5 t oxi kol ogi c k¥ esqe® isotrailtyn 2 ke dPm
regulace w ot r a viCR0®&).h (me z e n 2 PAU ani MOAH v m a
spotravi nami na s¥rud varsin ®E W orbinc m&rerx ivst uj 2 .

212Ft al 8ty

Diestery kyselisow ntfeakcov®n (pt shEiskpejni cvhyh
chemickou strukiun v §@B r § 2.eMezin e j b n frs 1t ¢ugpact diethyd, diethyt,
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di-n-butyk, diisobutyl, benzytbutyt a bis(2ethylhexylf t aVgaxi.ser oveph k § v § me
si zomer i ckIl mi-f tsanimBstisfy csd namkylr ozvnt vemlGyni prin
kter ® se s ouhr disonony resp.disodecydf t m@&¢sanEla).

Obr&Zz€kemick8 struktura ftal 8t S

Ftal §ty se poufzsmn|l 2 vnanekj l se@wagohjviaylctdoridu)
Zt ohot o matbhdsiy8lbobemSh&ada vIr olykuSpotraknane,r ® p R
napmhidie, t nsnshci®t |.d edé mai dal g2 oz drawji e §fctha Ip&tt R2v
a ti skaRE&aROL0).Hddicczsh ¥ [ eRV@®hroletnr ansportu [erstyv
vml ®k § mohd&uddn| ®dvanitf t & ha&to n ¢ e nvtRr§adghing/ky (Fenga kol.
2005). Th s nwm2nlzmk k I e n ®hvoo |PQ/UG he8 pdikk o n z e r voorm&alnd ke,h p e st
apotravin nabkbhe fFa®fauséiotia Grob2006).P r o t tohlesSltfoyu h 2
t a Ka®o aditivalepidel a t i s k a Rs k TAurkla ai kal.K1®90kzt | Si, s tz lepidel, he
pap2ircchg$nkSfeea nor m&l n2 ch pdood nb2an eeknniEgkektbcduokar Bun 2
74% obs ah e n.lReziduaépidel 4t§itsSk aRskl ch inkoustS jsou
vl skyt rfetcaylk8ltoSy auM®mpr p a p 2rfeticaylk§ tpapAt olmldoh obal
potravinby | a pops§&8na napR. aliateh2009)bPirco tnoah ep i pzoztur al vBiomn
sv® vIirobn? asktlraadmsvgortu pRicm&ze,mel 6§V igdyku s
podpRdk8zat shoanvksypomiammeaz BB ez e nakdl.(261B)§t S. B
napR. soud?2, he ke Kamtid®iihnSazc?2i zoeljinm®@nva® hton heel
skhdov8n?, zat2mco spot RebiviveNlSd le@y olh ailayh E B | &
potravingch, | ®e&raraakalpR®l) , | eid &kBI.R01) a hasoGlo a
kol. 2010 j sou pomnrnn [ ast ®.

Do soul asnosti byl ozilOlv&fthkeynBjtt8d2g hiR@ z e ha v
dSs | pjatkrue pr oduk latrte btoo xvilca sttyno st 2 naruguj 2c?2cl
2018).Endo k r i mun 3dpiod Aenxnpyo z i C i nnkterlilm ftal 8tSm p
napR.ak# (2018)TDI (bl er ovat el nbevd&@wnwingl pR2ij emd konk
skupinn obyyvrad 2he PCBHHPUR g t nl e/den ®leudariakioln o s t |
2007). Nn kol i k jejichd Iz®tm®r a JecviEUs posv2 | e nop lparsot owll ©cdk
mat emrio 8tykFp ot r avi nami a maj 2 def i:dibuyf tlal §peci
(0,30mg/kg), benzybutytf t a | 8rig/kg), Bif{2ethylhexyhf t a | 8§mg/kgl, Hiallgt
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fta(lngetd et e kaodialkytfetlan Fead syy cseaz wmint venl mi y@rihmgr n?2
Ci1 (9 mg/kg) EC2011a).Obsahf t &l pyat r avi n8ch zat2m na Yarovn

213Bi sfenoly a jejich epoxydetiv§gt

Bi sf enol y chensiokau stiul@utd@ly r 8s8a.MNej zn8&8mnj g2 a pr !
nej pouh?2vanmjt®? slki@siekomlyD2dkey pRi bl vaj2c2m z§Kk
bisfenolu A \EU sed | ou h pRemmp ok | §d §, fee nkathd erzwkvt§hren nv 2
pR2buznl &da ll 2t nkia@henakdl.2002).1 y

@ ©

oo, o
HO OH OV/\O o/ﬁo
Obr&z€kemick8§ struktura P&Ykbadfyebdahs8lah(b) s
(R C(Gh B (RC(QRH), R CHGH= (RCHI, S (RS9

BisfenoA af osgen jsou vichoz2 | 8§tlywopRBRi mateob8
Vyrgbh2 rSzn® typygi ngidode mS e ah @zvylaavato v an i
Koncentrace 687 1 0 Og/ kg bliys freanpoR.up oM tbaye Engv ®m si mu l
kyselinn octov®) po ko n$pagkuole kas 2047p ISgntllaneeb on 8t o
kol. (2013) zdokumentovali migraci bisfenolu pal ykar bon8&8t ovIich koj en
dntsk® vIihivy a potravinovich simulantS za r
viednot k8ch mg/ kg potraviny nebo simulantu.

Bisfenoly hrajted@oehskouy &l phot pRbpPRPvaj?
“ul't enek a o tchnolodidiskep csweh 2 v § . Bt atbhol amBhkaw?c
jednot ky % h mo akol2s0tli5 )p. a pk2 rew p(o¥la tcei n ebki svfgeanko InSemn
pouze nd?ercneSsttaoku®r zael epot ravi ny. PR2tomnost Ylt
kvl skytu ilgfodbrc@lcHk ze v an @dér-Palapiasapkdlr2ul0 12, kter
d8l e kontaminuj? potraviny.

V kopolymerech bisfenoluepichlorhydrinem, tj. epoxidv I ¢ h ma seedr8il8l ec h,
s et k § ¢ ®isfenoldiglycidykethery ©Obr § B®.kVve vodn®m prost Red?
potravinovIiemosi daws nedalbeekmS Bydrblyzovatza vzniku
dal pr ol Vep®xi dovich mat &mih8i encdiglysidyletteredd y s
asoci ov 8hal Mmandkio Inpi R rbBupzongicdhov® materi §8ly se v
pouh2vaj?2 jako vnitRn2 n8§tnry kovovlich konze
pr8wmnwzervovanl ch alolt(2085yupoz@nilima § Faty obiesf enol
bisfenolA- a bisfenol Fdiglicidyletherw koncentraci98187 Og / kkgonzer vovanl ch r
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BisfenoA mni®tw studii nejvygg?2 frekveakda(@012)I] skyt u
monitorovalibisfenolA-, bisfenolFdi gl i ci dyl et her a kty erjSzcnhl chy d-
konzervovanlch potravingchg/ kogdPiolvebigleadAnej vy ¢
diglicidyletheru.

Bisfenolu A sou pRi Snz®vVv §oynakR Y ddaikbaboick crhoz v o j
poruch hepatotoxicitaneurotoxicitaa imunotoxicita (Michalowicz 2014)ztohod Svodu by |
zaRazen na seznam | 8tek vzbuz dplisfénolthA byli mo R §
stanovennady/ kg tnl esn ®EFEMIAS).NedEvh8@BoOREkevEsE a k
2016) odhalilaendokm nRt avi t u u 14 st r ukRranmignati bidienddin al og $
zpl astovlich mat er infgkgdECPO&1la)s t a n omre@nenrl iv8Mi u k0g j6e n
| ahe2 pouhiA 2z dk &4 SEOROLIG) Limitynpro(fifenol A diglycydylether a
z 8k az \bifesokyat novolacdiglycidyletheu ve v gech typestyk mat et
spotravinamitanovuje a R 2EC(@005).

214Faii ni ci 8bacevy ti skaRskIch

Fotopolymerae j e dnj , pRiinktceéema®in ¢ od YR eknalm 2
Kompozice vytvrmovsan®heamavealrgtkiedopoi ab8bopce
z § Rieicilde polymerizad a| g2 c.Aentsdinsjlagle! sv® vyglvatzrak$§?n2pR
|l epidel, tmelS a mj.sepoht vpiRk @ Pokli stk ui mad gt S
spotravinami(Lagoa kol.2015). Fot oi ni ci §vtoirsyk aoRbsskal Brbhn @xtperkv § ¢ h
mohou migrovat do potravinmR e d s tbaevzopvealtnost n2 ri zi ko.

Prvn2 zm2nky o mohnosti mi gr acreceX0@5tvoi ni ci
syst®mu RASPBF.zmb@y end st ah olvduotiavinktdn RASHEF nov a
2019, Aparicioa Hizalde2 0 1 5) . Fotoini ci §taopr2yr osve clha sotboa | veyc

Koivikkoa kol. 2010) identifikovali benzofenon (5% pozi ti vn2zch vzorkS) &
derivg8ty v potigtnnlch pap2rovich obal ech.
nepoti gtnnrecybhbatan®ha pom2riue rco®hi dswan dff ¢t
zti skaRsklch barev pRi pepykbal aBhmvibEboesh.
(2013) upozornili nakoncentracebenzofenonu 3@&,6mg/kg vc er e 81 n a e h n §coht.
Anallza kart-novich obal S tnchtorpame®¢i 250d
500mg/ kg, coh odp%2 pSvoRehiosu midohaebalwdo benzc
potraviny. Biedermarmkol.(2013) a GallartAyala a kol. (2011) identifikoglivk ar t - nov 1 ¢ h
obal ech potravin, resp. potrawvichdh bealzlod mn
vyznaloval nejvygg?2 frekvenc? viskytu a z8ro
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Obr&z®R2 k loaidnyi chi nght nofedlr  §(e@ah) o b Riz@OdbéntoplisfeRd e r i v
(R=fenyl), (methbenzdyle n z o Hapropyltfiaxgnton,2 (df dthyime t hy 1?aGH), no ) b e
2ethylhebd{ di met hy I=CHH@GEICH.enz 08t (R

Benzofenonvy kazuj e h ap an eoft roxkti cXki® k ® Yl i nky, g
prok8z8mDhepyb. tuto | 8tkng/ kgl teal @aso®emmoano;
2009). U 2-isopropylthioxantonu a-8thylhexy4-( di met hy | a mébylap) mek gz & Hitau
genotoxicitaa d2 ky nedostatku toxi kologicklch dat
(EFSR005).Nnkt er ® studi eendoizm2adhujef ektiStzmEsobenl
(Morizane a kol. 2015)J e | i k o hREUz anteemx ivst uj e harmoni zovan:
inkoust$S ani, pfapttaiuniacil 8tpba@amyp yemntdt thvergd maj Wi t y

2.1.5Poha pdluoraliylv ® s(PFAB)I eni ny

MolekulyPFASo bsahuj 2 fl uorovanou al NAkRtPEAS®OU [
vzni kaj?2 jako vedlejg2 prodakdy potSmysi ov®e
] ako envikonmaminaaty t Nl kitkeywp@vrcdo®aktiv t n a schopnosti
vodu i olej(polyf | u o r sorfaldamt®n a c h 8 z 2 juwkloatinnmpnr2egnace t ext

kShe, jako soul 8§st abasekti ti dBF8AQ0LZDp RigrpD atv RS ¢
kol . (2011) podmutsibloiu kanvpslifi@rovan c durfaktang kde
identifikovali vz cehemd g k plLEltbR2 ¢ SehT cdo tnch

polyfluoralkylfosbrg t ye,t h o x yal k& tyyl-aghingkyseliny;s ul f ona mi dhfoosf 8§ty
kyselinyObr 82wew8d?2 repr ezemMRAS,i vknt2e rz@ sbt@ipyc est §dio v
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Obr 8z eFkPFASI fady perfluoroktanov§ kbiskeH2HAH ( PF
perfluorokodfsg. t

Schaider a kol(2017) Zabaleta a kol.(2016) i dent i fi kowmeltier R BA & c\h
prosykspotravinami . Stlmkoh@@l3paptok8palyflsebopwans
| 8§t ek mipgarpvweoty @ho mnbsaham s kKmidprva@&mio. atShze t
roveaméap2rovich s§I Je®p Rap pmipadr covvl npe@eya kolo u b n
(2008).Ry by, mo Rs k ®p @ HIREF$A2042bka s j likenhnhami novanl m
potravin Na po z i t i vn2o nd88leez yu pbaypvBl ®iCapdotti a kol. 2013),

ml ® n1 c h Still A kole®18)2nebbrof i nn ®m @lka.2015). ( Yang

O

Perfluorot anov@erd | uor dek anov U pkoyvsaehloivn§an y j szoau |
perzistentn?2 a toxiaceKECGHA2018c pbephbdbsD?¥ okt anbk v
bylavepi demi ol ogi ¢ kT drhviveptr nki§2zd&m aa Radadit2oxh ¢ k1
hepatotoxicita,e pr odu k|l n2 t oxi ci(ERA2@5Nmk tcda rn® gsetnuincdi é4lp
tak®xi ck® ( Ti cénboknan % o( COrtgda Ko 20E8, Shalulkarni a
kol. 2016)%l i nky d.al §2ch PFAS

2.2AnalytRk chemi e migrant$S

2.2.1Separace a detetekce

V aml l deskut ovanll&tha&jsk umiomi nanGCnfp | ypnoosvt8a v e
chromatografipa HPLC Wy sok o %l non 8 kapalslogdajfiej text

mohnosti separace a detmdkmaec? edm?rndnlivd ke he lsrkal
technik
Mi ner §lne?poaludjen8 strategie anallggojmeéma®r §

pr ep arHPLGsanalytickou koncovkoGCOFID GC sp | a meinomrnvinz al n?2 det
Vzhledemkv el k ®mu mnohstv2 potenci §l d&bybavénamt er f e
Radmamocmriecphar ati vn2 ch met od Tat® preblematika klae a Ho e
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znal n® n8roky na pR2strojopy® Sidmmgpr degBlor at o
t ®t o pr8ce zredukov8§na na stanoven? PAU

PAU Vt ®t o pr $diud doiBemalé PAU od naftaleru (CioHs) po
benzofhilperylen (GzHi2) a jejich1l alkyks ub st i t u o v .aMeZianalytyd e r iRwm8tasS
i z o me nich ze ] m®aenaofluoranthgnjsoup ov a iyawa §mo b | e mhladiska k ®
separaceBor daj andi a kol . (pOmm&mdpti yt8o nadn&kloytoynyr
st Rednn pol §rn27.R$aAamri ow§IGE BHPLCE dpidBIEzoan®
pro sepail C i PAU, kter® se prod8vagPAHO®DUINn &boanea E LR
Zat? oboaegti G®™S B mo p spektbmedigj ako vIihradn2 zpSs.
VHPLG e mwlbaingziMS aFLDf(| uor e s c & RUDn®s kdyett iejkec 2ni h g2 | i
pro vnt gi nuc na@nakltyetrSR) a noddzwi thy r grta jjjfludraethen, o [
indeno[1,2,3cdlpyren) acklopentagd] pyr en v Sb e ¢tollosedvdnzl 208 18MSk u j e (
naproti tomu nab2z2ymPAbosDbuh aa fegatodechmiar v § € ¢ |
robustnnj g2z vSIli matrkdmpimyixmt elBf et eHPECZ mc @ RF
mShe blt dos aARR #toionitaeeczbantinkoosuf @rliackku®h oz a- pouhi
k ol o nloiv, i.dh & Iptduen (Shia kol. 2015) nebo anisol Hollosi a Wenz{2011).
Takinoa kol (2001) popsalimo h n®tsd n cPAle teéhnikollPLBGMS/MS s oni z ac 2
elektrosprejm(ESIy p R2 tdaumrn d sitain yakosposiRob om®lv@®ho [ i ni dl a

FtalGelkejm4f al &t 1 zomer nifsousbtih spoviotlael n8yt upr o
pl astovl ch v porravibaki{EC2p1na), sntiyckno®nlnapsvbbd $ kbvan® st
se zablvajz2vmoaht D0 i lh@lX8atk& 2004, Sun a kol. 2012, Fan a
kol. 2012. Kana ltinzceht obV §k b & sy GCaMS2a HPLEMIIMSi kni ¢ m®n n
e x i ¢ tauvg@kace G@FID (Yana kol. 2011) nebo HPLADAD HPLC s detektorem
di odov ®Kieakpl.2014) ¥ al o h eak@mzknaan c e na m @ lpwira a |l .1 z o u
Me z i ftal 8§tyi zoximem Qu-pRityladiiisabltyif K a |l §t snoktyleab o d i
big2-ethylhexyhf t al §t, kter® se usmebhoj rméatdhB2r péch
jako napR95 5% % if metylhyl pol ysil oxan meboCl&C ( na|
pro HPLC (napRJ iXuo nee rkne?lc.h- axfidodeddf tda li Stoun ojney | s |
opal n§: chromatografickI mi met odami nen? mao
i z o mketr &Sr, ® u jkéaitifilo v § dolyromadyZa p o d sepanaeek a p i GAMS 2
izomerwytsBRBk [ S§steiligns8§k@enr®Weovgmkze nnkol ik
(nap®kol.201B).wd Svadods ahen? petekidtgapn kvandfikaci zomer n2 c h
smns? poowudr 22V @jt2d v nn n@izakkol2008),mptote ma fyd analyty
zpr avi dDB@n evhy §ogs?t a(teragetritib & koll DIy ent o probl &m odp
pouhi BMS, kidy® m@emeBSv yt v 8§ R2 | e d&n gkilmijtiftkhcis $ iosyehl 8d k tai v n 2
ad o st aitretl enioy[M+Hh (Rina kol.2003).A1 t er nati vn2 pR2stup za
sumy ftal8t$S po tr ansaesStter i Kdeé&aodpad8 dp rmehklf
vyvinuiOst rovskl a kol . (2011).
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Fot oi nyitciisSktaoR's kil zceh amalewz o v &GCIMB (GitMergea at e ¢ h n |
kol. 2007), HPLBMS(Shen a kol. 2009HPLGDAD nebo HPIBELD(Jung a kol. 2010)yea d a
analytS me z i kt en ®p Bpnaofehoh, isopropylthioxant a 2ethylhexy4-
(dimethylaminb e n zjogd u k o mp ata M2 d maethniksimVew ggeemie denl ¢ h
publ ifkiagclkrcug ©? a & io ¢ @ FFTFenyt 35 22dimethylpolysiloxan (GC) nebo
C18 (HPLCallart-Ayalaa kol.(2011))popsal i soul asnou anallzu 1:
HPLBMS/MS n a kol onn Di scokKrmrirtyi c KB u Fsblpbahaua ¢ ip
4-i sopropyl thioxanthonu hr §leq 2 heplpdjads@iCa? mh ot
|l zomery methyl benzofenonGCijGCkmmpn®hsesepiavo¥a
chromatografien a k o | envBSc H/7M\& (Bugeya kol.2013).

Bisfenoly Kp R2 m® anal | z e elviegfzenrt o IHP LGFemer bdRelt e kt o r
2011), FLD(Grumetto a kol. 2013pebo UV(ReyedsGallardo a kol. 201§. Po moc 2 HPL C
mohn® analyzovat -Hiesfa §be§yi cvh ertonknfEdgtepeiarkdlc h p r ¢
2015, Zou a kol.2012). Naproti tomu GBMS vp R2 padn Ybd asjiremepd 2 |
chromatografick® rozhife WS ha& §micéngderivatizae e k [ n 2
analpyRted a (Ballesters® u mea kol.2009).Zp o z n studikSRiart a kol. (2005)
pl yne, he LODpRbi ss§eandwe NS s opmoderivatizaG C
fenyltrimethyl ammo®80 na00H ygdvleaidkd lolgedmn $ nd @2 i zat i
i ni dhapPRat K& €aoakol2918)rVinas kol.(2010) popsalautomatizovanou
metoduizola@ bi sf enol So@xmoaRcemi ka taujbiohm 886§ Burdn ( SF
derivatizag paramibis(trimethylsilytyifluoroacetamidu

PFAS sou obvykl e aHPa@MEZabaleSan kol.2p16,r@onarAns a kol.

2014, Capriottiakol. 2013 Tout o0 met odou | w2c A1PFASS SanoUano
d®l kou fluorovan®ho alifati c@retadkol.Pogl) fitbce a
aut oRi pouhi ldbivliondn ofug7zsel ado ko Hu mathjak ionto® , i d raikz
neionto®PFASChr omat ogr afi ck® rozli gen2 a symetri.
stacifo8nz8§ir n(2C18) j e mpRr @ awdklzynbimmhadovawvdot mob
fZkt é4d®j nheraguj 2 se st aetektidtgHaljasokga kbl.2@4). a mnn
Pro stanoven?2 perHKyseinme an &ly2 X2ar alotxerl mastlicvha d e |
estery a &VSslaendan ® zGC ( Du f kokvtge®@a@n k plo] 82012 PFA
kter® patR2 napR. fyl Bdrjokongdeome®nanal kpbohy p
bez derivatizace ness t a c i oznp®lyethylenglyl®l (Dorman a Reiner 201P)r o o st at n:
SskupinPFASY g ak z Sst §v&tertdRdyC neelmddi Sow zn8&§my stabiln
GC (Reiner a kol. 2014

2.2.2%chnikyR2 pravy vzor ku

Optimalizapap®dPmRéplralvy virobkSamaltlwlenl gdmop
chromatografi ckTI cjedentzehd heaivin®ti ®tRoe dap tat@ &apitplae
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pojedn8vs8 o dosRrup nil zdl & workbsevskd&ydtheSs rz dRsadd i nab:
mo d e rtesthik h k t ma @ ®ueh r n npojmenmin & F b £.Dtor a Rt 2 skupi n
napR. mikroextrakce nrBaontomhiou fT8ztie o( SPPMD)9,) kp
ftal 8t S z paPRidsrakol. @b010Fehgakd. (R00BY Hol adov g8 a kol
proizolacif t £zj8eed | ®mce bl &jrea v s Kudharia kah (2@ izolaciPAU

zI o k o l'Ygndaykol. 2011) izobvalif t & z®k ® @ m detr&chlormethantechniku

di sperzn?2 mi kr-kapmabna (DbLMEYikrogkteakta lo z p @ u {ltoktathdl)e m
vdut ®m v | § Bamagi awkgl. (2018)rd extrakciPAU zml ® Kyt o mi kr oextr
technignab2 z2 Radu vihoprekakoepammineRzI & ksspktl Re
organicklich nokpeulct hdpihpeowdatizaceditav&® z dr oj e
ovgem pHukwaeajdu nkar i t i ckietwv®pmeamel v8j e meto
optimalizovat. Byl o obbyt 2 fin®v dhnag ?dto bmmk t vees!| ®rmi 2
zmi kr oext r a prb imdlacitha kk eGcihrna k®h o, jalop ek ®p &8 ain.al Jd IS¢
i zol al n2 tobatzvoldnaextipkcemrgan i c kI m rozpougtndl em.

Extrakcer 0 z p o u (ptt Bl Reedns nay bipdosjup pro i zol aci
vzorku Vz 8vi sl osti na skupenstv2 a slohen?2 vzork
pomoc? mechani ck®srhoanmoagwEehti redlcem v(zeGudk ua kol
2015)nebop Ssoben2m ultrazvuku ( Wang) .a TCucoh n2i0klad , z
pod zkratkou QUEChERSe zakl|l §d8§8 na t Rep§n? hydratovan
ng€sledn®m pR2davkdnsél ha o olneAnasmssiadesyakol.i c k o u

2003). Gallart-Ayala a kol. 011) popsal i jej 2 vyuhpap2rmpu,o Xwo
kol . (2014) stejnlmpaphSoamem kodl o 2I10i12)t &Ix§
zrost |l i nn®ho olzaj g vhgt hepibywad @ $hsaokove,n2 mi kr ov I nn
Existuj2 rovnnh automati zovan® instrument &l

(PLBASE), kter® nagly uplmam2nme @RRgp2RL2hoehop i z 0|
bi sfenolu A ze sugen®ho ml ®a (Ferrer a kol

P Rxtrakciv z or & Sp o u fpauknrdo rmm B nal ¢ w BoMgonentmatrice.
Tyto | 8tky mohou zp$Ssobovat matrilfn2z efekty,
negativn?2 dopad na stldipli atu?z anajloh@nrakty ®ho Isi
ztul nl ch PRedr a\hirm.mat ogr aféd xtkroauk tayn ad b vzyokul ep r port
Yapr avou, kter8 m8 za c¢c2I matriposdt Byt kye ebbm
pouh2vaj?2 pro pRedighnmét eatvirmkt S z

Gel ov8 permeal n? cjacbmama g otgdcaten idk@R C)kt er
mol ekuly na z8kl adn t zRr othyfde ohldydraond yrkarhioc klr

a |ipipp&kisdasto |ig2, GPC pRedstavuje pouhi
Vsoul asn® | iteratuRe pryoys pRADE®mmpmkoh (R01B)k a c e
ftal 8t S SumebaP FkAoS .Y a(n2g0 1a2 )k ol . (2015) v jedl]l

stuthiyl oh dosahemsa ascd paBiiweads SX.a8 z
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Extrakce na tuhou jégrepdrSathiavrnazl n2p Riee &htniok & 8§ z 2
kr ozdnl| eneZ tuhl 8st &kryb e n t kolonaepakapalmonu fv8zi (vz &t ek Bel
kol onk o uNaphuexisthigha 8l a s orr Shzennle g enimkchanisya Grumetto a
kol. (2013) a Cao a kol. (2015) popsali aplikaci S§& o r b e nt e oktadecylova@Ehzoi
silikagau (C18)pro z a ¢ h ybci esnf2g m @ 1 |50 uvgotkm sivl yas o loldsahem vody;
kel uci byl o poulviytyg 2 m o pm atdkd®@ md | Rorhikeymd e B h o j
vy uh? van ® adsorhenmt je 8orisil Fattare a kol. (2015)Sungur a kol. (2015 Li a
kol. (2013b)p o u feritdadsorbentproz k onc e tt IS&E D1 = feexntorkagklt BSI ¢ h
potravinvn e p omr8a mF oaligobkiad, fhexan); aalyty byly zkoloreke | uoy @Bmy 2
nhexanusthyla c et §t e m n eAdsorbenyc ent a0 nbeSnz.i paokut@apviaitizah o u h |
kol. (2013)aSt i I | a kol . (2013) pRI st ampyywzeSPE PFAS
eluowgggni ckl m rpR2pbavikennd | &@mo rsi ak u Moleknlp oct a
PFAS typi &ysetoupooh s8arn?j 2s kupi nu, dit tparkeBsla® nj e mo
anexu PFASzezt nc ht o Sélbatk a ppponmeskethanolup R2 davkem amoni
(ChungaLam2014), p R2fpaackrcni onovat n @FASoonmoocv2® raS mreli cohn t
Gebbink a kol. (2013)Vhepos!| edn?2 Ra doo ujlea sdiSPE, ta@oetzvm? ni t
molecularly imprinted polymers Jedn8 se o pol ymer n?2 sorbent
& emp Vv Bmdlekulkter®p o odstrannn? zza rsdarjaf@chiumzgs tpol yr
svysokou afinitou ke b&muktTurtmon t psandudtb@dsion is énd
dostupng§ napARLakpl.r2013)mebsPAEu@ kol. 2015)

Di sperzn?2 extr akgfsee nzaa ksugdoum @8 zii p  djS®PKE0o SP
jej?2 probveadendnojduggrbemMtuhde pRidBogk kev&kafpal
pr8&gkomg8sl ednn sePRiddhl z2eumbgeah@m@pyVy apamnma v iRm
sorbentS nebo | ePSA(uimaryksecombaryramipeGallartAyalp R kol.

2011, Xie a kol. 2014), PS&£18 (Xua kol 2014, Fasan@ kol. 2015), EnvCarb (Crimmins

kol. 2014), EnviCarb-C18 (Yanga kol 2015, Lacinaa kol 2011).Nnkt er ® pr 8ce p
synt ®z u k@& mp o ashot rnb?echbah8m F©,, kter ® je @ohB®eod
oddnimagneti ck®m pol i ( Figdllardo p kol 2086, Zkamda kol. 2 0 1 7
2017).

Extrakce r olzippiudy nslé e thonbeRoeo | r§a mp @whg tr2o zw o u ¢
pRedpokl adu, he c2lov® | §t kynodnme zreenpnpé Spoahdot
rozpougetinddianal i | iIFpildPpae sz&koku. (2017) p o
bisfenolu Al ®c e z al ohen o unhexaneoad tnusl'sn erBm@ Iziyrtrakl P mimo
dSPEBugey akol. (2013 xt r ahoval i c efr@at@deitroinciit&tidreym za r oz
ze z2skan®®ol edn n akhexam Egitard aikol.2015) spoijili tento postup
do jednoho k r o k bisfenoly caybfsfenalix gl sty dalliet her y z
dvouf 8zov®ho smhexan® mu acetoni tril
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Vymr aP&nh2 sn2hen2 teploty senskrtierdjceh toalg® n
rozpougtndlech natol ik, he se srd8mRela gusgas?
vpubli kovanlch maetod§ah §p Solgapdtritishackble2@l} & j 2 ¢ h
vpotravin8§ch (Bradley a kol przdM:23zm2hal® ext§
smns acetonitril u h@n tsetetsmtiludchloniethaneomu, ve dr u

223Probl emapokas$§l eplc

Vnt gialnyat &,n kterlI mi se zablvg tat@er@Bmgcd,u.|
Sl ouh?2 jakopvbchdaphsuploastngvich virobk$S, n§t
kter® nach8z?2 Isai®o ugthomRihmeZd emjs.naidnw doj 2t ke
vzorku bnheamnaemnahiaupkiidaSdaentzvi gen® n8§roky na |
prost Red?, pomScek a chemskgluatge WNefl@apeét 3d.
zdroj S, kt eobBahowath ma pfRt alo§tgyani ck § jreodzrpooru§yz opwd®
pl astov® opvoztdbuaghpr at oRe (Guo a Kannan 2012)
kontaminace i1identifikovat, jted akkwtviE® op@at Reak
kontaminaci c2lovIimi | 8tkami eliminuj?2 nebo

Lin a kol. (2003) wupoozgoarnniclkil cha rwizplowtgt f
vhexanu. Dvojngsabbrepw usie spdldaaRizZ| ¢ omloa @d nu ko
3n8sobnn. Podl e j-Not® sduGreb (EAAOKhawgeark Yl |
dost&kelpmReli gt mhezh hlexmmaintssREd2u GytoDULEDOBESM s e
podaRil o kont ami n20yi/ |s mp2ofniotc 2p cadd sholrapdcien.tk oOn't a r
Je vgak pravdnpodobn®, he tento postup nebud

Rozpougtndlanpvoukabromatograf i mohou rovnr
zmnklovadla jako kontaminaci. Vaclav2kov§8 a
analytick® kolony se stacion8rn2 f§§z2 C18 in

Tato kol ona zmdabihlurj2e ff&zad ,§t az ptoahkd ndhé c hoSpzr2o t ki |
stejnich | 8te&spRichg@zeiércRueh z

Komer I nn dost,upmna® Rat s d iolr gostkjbtnacl esfit ywgiGc 2 ¢ h
ktet®senepodaRi hoi 6dani v y@Guw hBanam202RES W& S AGo hn @
nebod o mnkorta@inacads or b e IBPESt alr ®ty nnkter® studie zc
extraktu pRed anpRipadnftal 8t §h wmatoikol. ¢Li a
(2014ymShe bl t pipolbal setnoavtli cniebloreek proSRE @b glrwt o t i t o
dopord uj 2 pouh?2t .k dNli @m®n n N&laeGkah 2@0%) edentifikovali
ftal 8t $znlch sklennnlch | abor ant osren2 €ihc epop&d
jednodége vy Regbmyt2m pReligtnnim organickIim rozp
400AC, avgak po urlit® dobn se pSvodntdmtoh!| adi n
p R 2 pdaodcnhk@ koaminaciz abor at or.n2ho ovzdug?
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St ejunt2osRmovilivl abor at or ndibumyt @ big(2einghexyhf t ad §t
koncentraci0,953,0 O g /2 m p r o &i§ejich schopnostbsorbovat sev e x ponovanl ch
organi ckl clech a o3 mablejptyanldst 0,1380,43 ng/cn?/ h, resp. 0,08
0,18 ng/cn?/h. Marega a kol . (2013) v kdneehtract d tad r8rt 2Sm
0,355220¢g B z | i stohbtd ddrojeddr @ h Bekdéntaminacjehly autosamplenGC.

Kont ami nov agengrovaaio R%elz av ly k @ dnpSosvtRR8ligkpuhc glgd anal yt S.
Pouhit?2m teh@ikyPRiskmaV ®u pened/rmeBo jedokognt ami na
vhn§st Ri k ov ®me mpaligie dézVvgsn 2 h i0761,09pg. O ,

2.3Validamen al yt i ckl ch met od

Vhodnostanalytik ® met ody pse aowmRwe\ds§ weieildalkét o p
seexperi mentg§SagmMvnz parametry metodykr kt @r i®i |
pRijatelnosti. N8sleduj2c2 text shvaindigwe8§myeij v
bnhemperi m&mst 8l n®t o pr §ce.

2.3.1Pravdivost

Pravdi vost analytick® metody ch8peme jako

skutelnou hodnotou mnRen® veliliny,vetlji.l ipnryo s
obvykle nezng8§me, ale existuje Radad®tevp Rovac
dohodnut &8 refge)enlPra2t RRodsneont ana(pR. anallza (
materi 81 S, mezilaboratorn2 porovn8n2, srovns§

anallza vzorkS se zn&§mlm p®Re2dBraifowmkoa2089). yt u (
PRi tnchto ovnRovac?2 cystemptickeithybpskrzew T mBhe met vipk
odchylku:

vitnh rese
OdChyIka: (Xexp o] Xref)/X ref.

kdexexpjez mn Re n § tid o o/ ra o t®a. R e rh Gubléintneyt-test Ize testovat nulovou
hypotv®z m#hhoaesp odchylke 0. Pokud | e t abm? tagepdiig ®z a
signi fi kneenideq@xernpdi pZaldvag hu dva mohh® sd ey § Ret o
korigovat nasystematickou chyht zahrnaut tuto chybuwdo nejistoty metodyNn k't er ® nor m!
st anmowljt2n hina et nkp Brati@ora askol. (2009pr o anal l zu mat e
styku spotravinamiv. z 8vi sl ost i na h meetvooksW): MBoHM20% | o mk u
(wO 10 ng/g), 608110 % @W = 108100 ng/g), 808110% WO100ng/g). Za obecnn
pRi jajfpevenatul ze rezidu?2 aplesnh e 7G9120% hov § n
(EC2017) . St ejn§ nor mal tovhgrears tpeRlidny3adp pdkud jsou

vi sk kdnzistentn? (n2zk& jsennrdoda&ten §o bg dacsmynink :
ksystemati ck® odchylce dochg8z2.
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232PResnost

Za pResnou je mohn® povahovalkn&haomdaptb u met
par al el n2. ¢praxisptReenséneezti§yv i s2 na k o (Teompsonrakal.i ana
2002) a tutovlastnostheteroskedascitigvd at o v ® mms o detelovap o maScz2n Trc h
statisticikadpgR. nl8eHomiz @ kd. §1080pbjevii vk ont ext u anal
potr avi nvzaahmeziRSD(crkell at i v awodclsyliou a ford att malsntiem 2
analytu ¢v) , kterl vyjadRuje n8sleduj2c2 rovnice:

RSR(%) = 2(1805lgw) = 23p0,15,
Zt ®t o r o v mdscoeu [vapsbneogsmti p Ri | prowpaRne®s mkot$otRa® r i u m
HorRat= RSw/RSDH

kde RSBpj € RSD vepxpleréem®&ne §l1 nje didin od at pRe ROV Nz
Horwitzovou o v hiddo&/HorRat< 0,5indiku j 2 nn8hzokdizptyl, z a t 2HorRat> 2
mShzenamenat nehomogenitu zKkaoptalzacé mdiodnelmor k S,
g k o lpem = ooBritzua Albert 2006).T 2 ntéocetick mz § kémasde R2 k¥ it ®r i e
pRi j at eprnoo sa Ra&ysnnaot setr i § | Spotravenans (Bratknava askol. 2009).
Vnnkterlch obamaltlerd , r & gakdui2t @reisutm cpirdoS,p Re s nc
jako RSDO 20 % (EC2017).0vn Ren2 p Re sbwklestoiu I mpsrodn? dESR 20\ ¢ 2

z m2 n rpostupy kap. 2.3.1).

2.3.3Mez detekce (LOD) a mez kvantifikace (LOQ)

Jako LOD ch&peme nejnihg? koncentraci ana
nuly (Thompson a kol. @ABDRlteherbD paskbobeo® |
analytu (Bratinova akol. 20093 oh j i nTmi sl ovy znamen8§, he m
dSkaz analytu. LOQ je nejni hsgt2a nkoovnicte nktvraanctei ta:

Vanal yticklch metod8ch, kter® generuj? ne
metody) | ze LOD a LOQ stanovit na z8kladn po
Za LOD se povahuje t ak oposkytuje odeavieSiN 3, pral®©Qanal yt
anal ogi cky pl a%120.p obhxapdearvienke n/8N n2 zj i gtnn2 L
S/'N ve standardech se zn8mou n2zkou koncentr
doboduspohadovanim S/ NRoOBdattopbwvaoapketupu zah
hodnoty S/ N sl ep®ho pokusu. Desi moni a Br une
napR. probl ®m definice obllasti, &wmid,s8nekargiz
probl ®m mR¥p aaiscyemevt ri cklTch signgl S a tzv. vyl

Alternativnn je mohn® definovat LOD a LOC
Si gm&lyog vh8sl eduj2c?2m vztahu yka jshosgmrgrl cud as Ine®p
odchylcego):
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YLobYLoQ = Yo + KSo.
Odtud LOD a LOQ | ze Synps8dRiibzalpddmE8nkygl bbn
LOD, LOQ =¥ d a+ kso)/b

kdeaj e absol utn? kobkjfd csinremrtnilde.e &Ri2 2Boudrkcctem hfn
analytickl dsisgg8B8l adki @gipt®ho pokusu s 5% ri zi
stejnou pravdnpodobnostMilefaNVierg20l0).Zaegabunhzhdé
hodnotak=3 se pouh2v§ pro odhad LOD, z&tRmco vI
Promipomas® e stanovuj2 rSznl mi experiment 8l n2zm
sl ep®ho pokusu. Pokud slepl pokus n20@oskytu
doporulujesopaub2opdeéapderi ment§lnn zjittennou s
nejnihg2ho kalibraln2ho bodu. Zy expaBaodap ok | ad
zkal i br arl n 2y =paRAnaidgigky lzesolodhadnout k al i br ace jako sm
odchyl ku absols) (Batinbvea kkooelf.i c¢2 G0an)i.c mMB®Inmo lveyth ax
nnkol i k nez8ai stleldcyh nhnokdonoitk opakovanlch ana
pRedpokl adu nez8vislosti rozptylu odezvy na
mohn® pouh?2t st anegrase ) dro adhagdy (Milldr B Mile§ 20003. r
Krit®ria ppoRijla®R|l aodtOQ vzhledem ke specific
Tahulkal.

®ri a pvRigmlted tniosa n potpvimaBidtineRt sckoli PEASYS v
¢ B nejimtorgar aH OGP neny i psal haat d pvene?k | § OBy , k't
vemrgli et idred In®mMS mnohstv?2

Tablkél Krit
SMis peci fi
mi grovat

typ regulace mi ni m§l n opti m8I| n
SML ) LO® o5 SML L O GMB
skupinovl {ELO@ Blloos SMLL OQ  r S M

SMinedeteko LOD & LOS
s k u BsMinnoevd e t L O DOWED o}
*skupinovl Sbhaj gt St anoven pro s
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SEXPERI| MEKNOIVMEINNT@E oEE KT P L

Tato pr8ce se zablvg8 vIivojem metod pro st
vpap2rovlich virobc2ch (Studie 1 a 2) a tulnl
Yakol u byl y zvdbVSIM$ a HRLEESIMS/MSysohlédem na jejichtivost,

selektivitu a umiSwecriz $Sltruzdipeo uhiat €1 hgsty. avial y
pode pouhit® analPAUCck®t klofitpyvkfotoinjei §tory
bisfenoly a PFAS (HPLC). uWVgéchnypoanabvyngect
fotoinici8tory tiskaRsklch barev, bi sfenoly
HPLCPod m2 nky chromatografick®ho stanoven?2 wuv8§.

V ¢ e c lov®ynalytick® metod/ byly o vn Re vya | ol stddin@Wil t nhno st a
opakovatelnosbyly s t a n o v apakgvai®aRal zvworlSsumnl T m pR2davkem a
zn8m® ko@QEpakhevamou anallzou kalgdrbSmngrnig zs8mn rsr
b)asmnr godchyllm a bs ol utinihen tkuo elfi ne 8r),2 kktadri® rkay I
pouhvyys8#dReodn §OQeduj2c2 rovnice

LOQ=10s/b

3.1P o d méEdMSIMS G C

Pro stanovmaoclou &@VSIMBts$ o uyhsitl®ne hzpnlynov ®h o
chromatografu Trace 1310autosampler Triplus RSH @ mot nost n2 holSQspektr
Quantum XLS Ultra triptgiadrupole MS (Thermo Scientifif)jem vzokis Obyln ast Ri ko v §r
do injektoru PT\programmable temperature vaporiJes deakt iekowamhmml| s her
vyhR2vanim naRtpolodot udIlbdy | VALOrs&kst el nn odpaRen
40 ml/min Teplota injektoru byl § s | 2 n @ e 280A @,a p &ialytybytyfvr e h i mu
splittesp R eemyena kolonu R¥®AH (30m 7  &m25% 0, uldor hGonp)R i/ @6
s k o nspligeaperiody (2min) byla éplota kolonygradientem50A C/ mv h genaAG,a 150
d § I geadientem 10A C/ mma 1r210A C, dr&dierdem 20A C/ mma 1270A C, dgl e
gradientem 3A C/ ma 285AC, a gradierdiem20A C/ mateplotu325A(kt er §
byl a wdr hdoadi§n2 Separace prob2hala za konstan
Im/minAnal yty byl y det eklekirdhovyionzag {@EipTaulkaB5V MbB2 s e

seznam studovanlch anaényt S a paramatry jejic
TabulkaSeznbng t e k P at@e fumlivia®B cdle nt i f i rkgisd Chémichl Alstracts | §
ServicedlS8§t ka sl ouhila jako vnitRn2 standard.
analyt CAS MS/ MS p RelLOQ (ng/g)

PAU

1,dimethylnafthalen 5738 156>141, 115 3,7

1,4imethylnafthalen 5754 156>141, 115 3,9
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analyt CAS MS/ MS p RelLOQ (ng/g)
1,&limethylnafthalen 575120 156>141, 115 4.6
lmethylfluoren 17367 180>165, 178 3,4
lmethylnafthalen 90120 142>115, 141 7,5
2, &liisopropylnaftalen 241591 212>197, 155 6,3
2, &limethylnaftalen 58420 156>141, 115 3,8
2, Miisopropylnaftalen 4045838 212>197, 155 8,5
2methylantracen 61327 192>190, 165 6,1
2methylnaftalen 9157% 142>115, 141 8,7
9methylantracen 7T7D2 192>190, 165 4,6
acenaften 8B 153>126, 151 7,2
acenaftylen 20963 152>126, 102 4,0
antracen 12az 178>176, 152 5,7
antracely(1S) 171968 188>184, 160 o}
benzgantracen 56653 228>226, 202 4,2
benzgpyren 5@23 252>226, 250 7,0
benzbfluoranthen 2099 252>226, 250 51
benzgfiperylen 19242 276>274, 272 8,3
benzéfluoranthen 2008 252>226, 250 6,4
dibenzdpantracen 5373 278>276, 274 13
fenanthren 83018 178>176, 152 7,6
fluoranthen 206140 202>200, 176 5,3
fluoren 86737 165>163, 139 5,6
chrysen 21910 228>226, 202 6,0
indenc?Bcipyren 193% 276>274,272 9,3
naftalen h7{eC 128>102, 77 29
pyren 1290 202>200, 176 5,1
ftal 8ty

bis@thylhexylY a |l §t 118Y 149>65, 93 100
bis@thylhexylt -@ (IS8 t 93958722 153>97, 69 o}
diethyl t al 8§t 846&2 149>65, 93 31
diheptylt al 8§t 364313 265>149; 149>93 | 2,3
diisobufylt a | §'t 846% 149>65, 93 10
diisodetyt al 8§t 2676400 307>149, 167 19
diisonofiyk a | §t 2855B0 293>149, 167 200
dimetHylt al 8t 13113 163>77, 135 6,5
dirbutyf t a |l 8§t 84742 149>65, 93 190
dinoktyt t al 8t 11840 149>65, 93 11
dipentylt al 8§t 13480 149>65, 93 1,8
fotoinici8tory

2ethylhexdlimethylarpiren z o § t | 2124%G23 277>165, 148 51
2isopropylthioxanthon 549841 254>239, 196 9,5
4isopropylthioxanthon 838480 254>239, 196 5,0
4methylbenzofenon 13849 196>181, 119 7,7
benzofenon 11%19 182>105, 77 15
benzofewl(lS) 225831 192>110, 82 o}
ethydHdimethylabiron z o § t 102833 193>165, 148 4,1
ostatn?

anthrachinon 84651 208>180, 152 18
bis@thylhexgld i p 8§t 10231 147>129, 111 220
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3.2P 0 d m2aESMS/MBP L C

Stanovens mea®d®/uMS PpaCorba hsays tmRkmapal bohewn®h
chromatografu Agilent 1290 a wymbawes®hdhbDoByp
zdroemESI Agi |l ent TechnologjedhomPbdthy Blalyulkest anov
3. Pro zachycen? a m@oihldm2n E8m&der s@ midn & n t3S az
analytick®ho syst®mu (Oba i§meetkablllav &ive8 d D Resckk mlaa
studovanlch e@mal yjte§ ia hpasrtaamovan?2.

Tabulka P o d dBSMEB/ME eHdPL.«Ct | m¥dmo b i met ofil8§cle .

Studie 1 a 2 Studie 3 Studie 4
pRedkol on|od Kinetex C3.6n Kinetex C3.6n
(50 1 2,%¥(50 1T 2,1
anal yti ck|PoroshelCE2,7m | Kinetex Phieeyy! Kinetex Phleexyy?,6m
(150mm) 3,26m (15mMm) [(150mm) 2, 1
m.fA voda voda voda
m.fH methanol methanol methanol
aditiva *oct ammalMf* oct amt€mmalMf * o c t a2mmalino
pr St ok m.|0,40 0,35 gradient
gradiemt.f. 0 min, 2B 0 min, 2B Omin, 268 0,3%l/min
2min, G0B 1 min, B 3min, 8G8B, 0,3d/min
10min, 106B 4 min, B 10min, B6B, 0,30/min
12min, 106B 5 min, 7B 11min, 96B, 0,30/min
8 min, 78 14.99in, 96B, 0,45/min
11 min,%8 15min, 106B, 0,48//min
13 min,%8 18min, 106B, 0,48/min
14 min,%8
17 mihQOG6B
terpadlo predkolona injektor analytickd kolona

Obr@8z&kh®ma syst @ms aopdenmacen®d bC | md alf 8zu . | §
Tabuda Seznam Ip®thelkSyesiiAs d@wna n If ¢ tkgstfuICRemitatsbitro | §

ServicedIS§t ka sl ouhila jako vnitRn2 standard.
analyt CAS MS/ MS p Re c|LOQ (nghgstudi

la2 (3 4
ftal 8ty
bis@thylhexyl a |l §t 11BY7 (+) 391>149, 121,93 | & 10 (34
butybenzflt al §t 85687 (+) 313>91, 149 0 55 13,3
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analyt CAS MS/ MS p Re c|LOQ (nghpstudi
la2 |3 4
diethylt al 8§t 846&2 (+) 223>149, 121,65 | o 13 |44
diethyl t -@(ISB t 9395P2% | (+) 227>153, 125,97 | & o o}
diisobufylt a | §t 846% (+) 279>205, 149, 121| o 11 (84
diisodetyt al §'t 2676400 | (+) 447>85,149,71 | o 14 |12
diisonofiyt a |l 8t 2855820 | (+) 419>149,85,71 |0 59 |23
dirbutyfl t a |l 8§t 84742 (+) 279>205, 149, 121| 6 24 |16
dinoktyf t al 8§t 11840 (+) 391>149, 121,93 | o 72 |0
bisfenoly
bisfenal 86057 ©)227>212, 133 59 o} 9,8
bisfenati«(IS) 962187 | (0)241>223, 142 ) 5 |o
bisfenaF 14781 | ©)335>265, 225, 197 | & o} 1,4
bisfenaP 157151 | (©)289>274, 273,195 |0 o} 2,0
bisfenBP 184915 | 0)351>274, 273,258 | & o 2,3
bisfen@l 797 ©0)255>147, 239, 107 | o o) 42
bisfenal 86091 ©)213>198, 197,119 | o o} 11
bisfensl 62028 ©)199>93, 105 70 o 37
bisfenBL 323813 | (0)349>256 o} o) 3,3
bisfenal 12548 ©)311>295, 175 o} o 20
bisfenil 135980 | (©)345>251, 329,133 |0 o) 2,7
bisfensl 216%13 | (©)345>315, 330,133 | & o 19
bisfensl 86091 ©0)249>108, 156,92 | 4,2 0 6,8
bisfendl 84350 0)267>173, 223, 145 | & 0 2,9
fotoinici8tory
2ethylhexdlimethylarbire n z | 2124823 | (+) 278>166, 150, 134| & o) 14
2isopropylthioxanthon 549841 | (+) 255>184, 213 o} o} 51
4benzoylbifenyl 212830 | (+) 259>105, 181 o} o) 7,6
4hydroxybenzofenon 113424 | (+) 215>121,93,65 |0 o} 1,7
4methylbenzofenon 134849 (+)197>105, 119,91 |0 o) 2,3
benzofenon 11%19 (+) 183>105, 77 o} o} 6,4
ethyHdimethylatbiren z o 8 t 102&33 | (+) 194>166, 179, 150| o) 2,1
methdb enz oy | ben z 6028 (+) 241>209, 152 o} o) 1,0
PFAS
(1H,1H,2dez2ffiordecyibgosf o} ©)543>97 100 |o o}
(1H,1H,2dezftbioroktyliy®gf o} ©)443>97 1® o} o}
bis(1H,1H,ér2Hordecyibosf | O ©)989>97 19 o) o}
bis(1H,1H,2¢/2Horoktyly®gf | ©)789>443 7,9 o} o}
perfl uorbut and37224 ©0)213>119, 169 5,3 o) o}
perfl uorbut ang379% 0)299>80, 99 1,3 o} 1,6
perfluordekaor$f o} ©0)599>79 46 o} o}
perfl uor dekand335& ©0)513>469; 469>219 | 3,1 o} 1,7
perfl uor dodekg3065 0)613>569, 169 3,2 o} 2,1
perfluor hept an378% ©0)363>319; 319>119 | 3,8 o} 2,7
perfluorhexao$f o} ©0)399>79 31 o} o}
perfl uor hexand3024 ©0)313>269; 269>119 | 3,5 o} 1,4
perfl uor hexang38M% |(©)399>80, 99 3,0 o} 1,8
perfluoylgulfonamid 754916 ©)498>78, 48 2,7 o} 1,9
perfl uornonand3795 0)463>419; 419>169, | 4,7 o} 2,4
perfluoroktaaf®df o} ©)499>79 38 o} o}
perfl uor okt and33%4 ©0)369>169; 413>369 | 3,1 o} 1,5
perfl uor 6Kl8andao ©)415>370 o) 0 o)
perfl uoroktang17633 | (©)499>80, 99 5,6 o} 1,7
perfl uor pent arn27088B |(@©)219>69;263>219 |52 o} o}
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analyt CAS MS/ MS p Re c|LOQ (nghpstudi
la2 |3 4
perfluorukadey o v 8 Kk y s (205848 | (0)563>519; 519>269 | 3,4 0 1,7
ostatn?

anthrachinon 84651 (+) 209>152, 77 18 o} 1.4
ethyle t hoxy benzo|23674897 |(+)167>95,6 121,77 |0 o) 6,6

33Pod mZOMSY HR

TechnikaHROFMS byl a pouhita pro identifikaci a

| 8t ekkt waktech. MnRen2 pob2halo na hmotnost
Technol ogies). \WzRrdeoyEBYI| ydd&jy & op &matografu k a p a |
Agilent 1290 b e z I nstal ovan® c¢ hprrcSnmhaddeadmira methatol® Kk o | ¢

s2mmol /I oct aneémhempronkammhaly sbnr pln® spektr &
mz=10001700za soul asn® online r ekaoltinborsa cne hhomoktan o
(m' z = 121,0509; 922,0098).
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AVT SLEDKKONERNT &&HSEKE PU

4.1P 0 d BEEAMSIMS

Technika G&GMS/MS by | a pprudi tsmul asnou anallzu ft
ti skaRskPAUUA pajewoh al kyl avahwyptap)2dervilvet Svi(rdo
Vprvn2 f8zi experimentS bytghamal yiEbpelday| s ®h
za Yl el em vihbhnmat evfhsokdincihc i ont S. Zvol en® ma
fragmenkoV § zwy2sy § e thednotdiBkolz n 2 e nkerrogci2eeWvl H mt &
ZzpSs slee pozbptiRalizom2MS/ MS pRechody (pabuka2k ahdl ana

Ve zvolen®m vibnru kareal® tvy hjaed uR &@d a hir zoomaet roS
p Ri I etmdzinisha at R2PAUZe Diho dSvodu bexpeameptecthzvaleRa pr v
kapil §r n2PAkHg | oproamoRxXi n2h se podaRilo uspokoj
2lminanal.9pwraci neprobl emat i IOtbrjs§®2ekh p8&r S ana

26DiPN
14 27iPN 1 um
417X
0/8 7 0,8 -
0,6 - 0,6 -
0/4 T 0,4 n
0,2 - k 0,2 |
0 T I D T T
8,2 8,4 8,6 14,0 14,2 14,4
10 I BKF
Ant 08 A
S 0,6
g 04 -
= J 02 -
= T T 0 T T
| 10,0 10,2 10,4 18,0 18,2 18,4
retentni Cas (min)

ObrBzekepar aca(logty D mlan | -RARRG @DiPR2EA 2, ARisopropylnaftalen,
2-a4IT& 2 adisopropylthioxdrité@ienantren,darithracen aBdiBbenzéfa Kfluoranthen.

PRi anallze re8lnich vzorkS byly TlTasto po
izomery analyt$S), kter® pomnrem intenzity MS
t ak® vrdtopiReou chromatograficky oddn-l any . N

2,7-diisopropylnaftalenu v e 81 nl ch pap2rovlich virobc2ch by
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oddnlenlch od zm2nnnlch dvou analyt$S na z8k
zvol en® s reaRxiPAHNpBrdandu apliBacZ vl gen2 m obj e®G n§st |
vyl epgi tt ochiot |diSwoosdtu. bZy| pOibksvod&mt Rak DODPP
las odpaRovg&§n2 rozpoumht hmil ma ABRiPtydl0eax ptea li ime
zopti manlai a8w8reduj 2c2 hodnot y:-pr@anb6lPa0mimn (acet
(aceton) . Za optim8ln2 Dbyl povahovg&n mini m§
symetri e Sssil grd&luS pwR eohzl pcoeung?t nkdol | eomn y

4.2P 0 d HPBESMS/MS

Technikou HP8MS/MS byly i Sznl ch etap8ch t®to prsgce
fotoinici8&8tory tiskaR®PRASKehhdh argerdl yhoBEd 2aoi y
poskytovalvz § vi s | o st ion[M+a]} newoI[MHE t ni ¢ m@mk tR2iddac h  p
(perfluorallylkarboxylor ® Kk vy byylziazywla me a8 ® y i06OOHY, tj. fragimenty
pravdnpordobjkimhia ont ov@gmenztdarc®jnma.nemRisdnd k@l vz n?2
celeMSan § s 1 ehdand rkmo2lm z n 2vkib c 2 0 &Ylylpd @2t i mal i zov&ny mi
2MS/ MS pRechody pro kahdTalkgfostarg v kde fragfmerjtaie mk u  t v
iontu[M&HP poskytug pouzej e d i n 1 nff 2=a7§ [Mabulkiad).

Studie 1 se zabl vadias fszorudk a3 n PEAIZIEanl@ll zyd S )
vpap2rovli chD2Wklyr oaitosteSaddmtov I hurbry |l o dosaheno vy
chromatograficR separae j i hr vghReixperimenech se 150mm kolonou C18
Chr omat ogr gf2ilhdpilloralkylfosidgit IS by | vgak zanalncrht o
asyme,t rti «dcképimalizacés gnnh R kezall eapjgjichsyretieBn hexper i ment S
bylyt est o Sy®&2ni ck ® komp omethamblpadmomii §t mi2|l ¥ §a e5
aditiv (bez aditiva, kysel ioca amr aavaominil @ jan ®
chromt ografick® kolonn C18.

PR2davek mr awan laammoun na® h o cilte@metdiwz nmr @l leepnyat i c |
anal@brSg§dekzat2mco pR2davek kyselin ani vol b
nemnAdati vum molbi 4 nA gvalogwaldc@ tOl i vost stanovens?
studowa&mnulpdm Nernalryatn@.t i 't nf gazirtordd8i gn&l S byl
bi sfenolp$j mEOde?2 aditivum (octan amonnl) pos
mr avengihy2s otBFAB®u vI sl edky vIiraznn indekulel y poc
Vmobi |l né ¢ I§8adi@methanolbylo mohn® popsat n8§sleduj?2c
nejintenzivnnj g2 $iegn®R2 dhaykypR ipdoiughimma § h g
z hlediska intenzityse n a ¢ h 8kyselilmanr aveab®d oct avi j a nréobaol .
pravidlat v o pduzenyongerfluoralkylfosbr§ y, kdek y s el i na mravenl 2 pos
intenzitu.Sohledem na ta oz jbyl gwlenm t an ,amop®&e D s tvahwujnd
kompromis mezi symegech Bhadbdg evgoz afltiypiusSl snizg mieltu
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150mm kol onn -CIBoproonsohgetl ilnma ECz ovan®hemethgmoladi ent
spR2davkem octivaanlimim monn®h o

1200 -
1000 -
800 -
< 600 A
— —. (
400 J L (b)
(0
200 - (d)
A e
0 T T T T T T ( )
2 4 6 8 10 12 14

retentni Cas (min)

Obr&ze/M iv aditsil odethadld ivioidgan § Bpemduorokey/igsfHy .1 H( @)H, |
aditiva,p)s el i na, mf a)V e B3 e(l0d )i &nr@avheivisa n ,@mplA.oktt an

Pokus opouhi t 2 stejn®ho ¢ h d5®mma tkadogar @18 m.€ k ® h o
voda/ methanol) prohmecdl dvo komplBi SBaoehalil po

i z 0 me inButyld dliisobutyl, di-noktyl a big2-ethylhexybf t al 8t ) , 2. pr
skontami nac? sys t(Shudie3)\¢2v codvr2mif § z8it k@ Refrd @Gne nt
analnazet omt poIpsoO®BUMY intenzivn2 sign8ly cel

at o vlietnn anallz betzengstRi knchiheeimi gh8i Bi &
kol ony pRedhanwgldii®a®Re nkonthaemitma memopba ol mM&z efl §az
Po instalacb 0 mm p Rermde&mil olher padl o mo B®bt 6 B)e kdSoz¢el oa kiel
zpohdmharsnigmig!l S.

Vacl av2kov8§roemfRoURPKR2048t ®m pzpRbogkehdna
zpohflanin®m8biz | n2nif Ge@na svpowdiaiRi $® separovat i z
ftal 8Twto vI sol ekddkmgp | sevxmdol's2t i probl ®&mu, kdy ct
oddnl it nejen anal ytiydennataznc8klgarhS akmelvizbh ® ub &g
N8sl| eduj 2 cprotoeamnp er izrme rct2y  avapit t e § 6§ Oov@MU s@pou
Byl y t ejadhakavrn8anlyy t i ¢ k ® k oslt oancyimol n88bi @18 rieny}hexgl @
bifenyl, j ednak pRe)dkseslkomsy a€chb0n §r nhRerylCelkeftedy mi C1lE¢&
byl o testovg8§no 6 r Saémiadhy tki ocBGkbS dkieoel BotnpaRmad kol © h
pro kahdou analytickou kol cenwco ptvigneaclhi zaornaginy
17 min.

33



ZedvoupouhpRedhon doecfheSkzteilvonnki §2 r st @amdéionlgo mt
f §8lsZanal yticklch kolon nejl| ®pd 8a&nil jblidwedeimt i
ret ence nan 4 |®y tbyakaioliks m phrs@vn nkt er T ¢ h(dighiR2 grm d e ¢ h
butyt a diisobuty a di-n-oktyHf t ah8alhyty pRédlkgmisyal ykongami nac

fenyl-hexylovouf §iz2pRes ni hg?2 selektivitu pro izomery
linii d2ggdevead®nnanahygt Sr ep e atdioobidn ksfRrepchkd 1So n
kontaminaceN§ znaky separace kritickI chpatrp® m& i S i

anal yti €4 ®, k auvsopaokk okjlisvi@nibknt 0 syst ®mu by pravd
nutn® zdicemtitagpraod!| Ophi m§lapranatn®@tyzehdh al
separaln2z Y0Obhm§ sk $KWUBS §pudegdknomladenyyh e x y | ov ®
anal ytic@®mmMovt @amyudi e 4 bylsYs gmdlpd s ootV & m
spolelnou anallzat ditmil GtRddrSb afFaSHd G al it S
celkemlPouhi t2m opti mali zovan®ho gradientu mobi |
vgech i z opnBerruS bvM sePtemio@&8nin.

| DEHP DEHP* - DiDP
0.8 -
DnOP
0.6 -
0.4 -
0.2 -
) VU
1 12 13 14
T . DiBP*-+DnBP*
0.8
§ 0.6 -
S 04 - DnBP
= DiBP
5 DEP* 0.2 -
T 0 L L 1
]_". 5 6 7 8 9 10 1

retendni as (min)

Obr®zSkpar ace nymbaketarhmabdz fltna2l §t8§z e 1(0*0) na pRe
kol onn  Kéxyl eDEddBis@tt/hexytpnOF dirokty] DIDB diisodecyDEPB diethyl
DiB®diisobutglDnBEisbutl t al 8§t .

Tyto vIisl edkyprdiemoinpsu rjug &no chuec Wl m opat Ren?2
dSsl edky kontami nace mmoubliolvi®m fn§8zset.Ri Xkiug nsSel yp of
separ aci kontaminace na p&edabl oepodaRhioys
eliminovat. U ditbutyl a bis(2ethylhexyhf t al 8§t u se podaRilo prok§g.
nul ov®ho n&8§eptBckouksesi ghBjod5)&ont ami nace (
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Zt ohot o pozorov§hk®ntmlmi me cfe§§zveprosael B8 podobnr
omezeR@an§§g2 do n§st Ri k Neh § pdBSess! 2epdeukh ji téo? maptiRoe @ ke
demonstrovaha dinoktyl a bis(2ethylhexyBf t al 8t u. Jedn8 se o0 izol
vpodobn®m r et e ndjian2kvantifikezisse quah 2 k § stejnl MS/ MS
[M+H} > 149, t u dz2 h p Re d p woknat§lmbaittivost detekcePRé ® se LOQ pr v
anal yt u Ogdwmgg |D@dr r2urhaalytojel1100g/ @apulkad). e nt o r oz d?2 |
propor coidopnoSvicmdn8 ko nwennamecReml ch pRi anallze
medetekovg§®ogl/)kgesp. 5,7

Kont ami nace analygyoni8s n Hlrookzae at el nistwahicdaena L
“wlelem dal §2ho sn2hen? si gtww&lo3 kkSo rptraomierdacen
preveWdrifilndba kHRIECYlI er padl|l a mbryethgnolp.eomy y yi &R 1
syst®m vlIietnn obou kodbauta nkgg.IKa m@A byhpyomyt et h a n o |
vodn® sl ohk4.s yetb@ihmiewlikg§ 4e poloy¥tEal vn2 m szZeohen?

43Nesthir ozpougtndel

Vzhledem poznat k Sm kay 42yl mvwkongn pokus snz2h
viednotlivich slomkgRédd moéiji i cChb np &u i hikaym nvo bH A
HPLGeordickkmo h o u 0 b s a jekokamtamifadGaola &danya2012)p Red pouhi t 2
dekontaminovaliemineralizovanouodup o mextrdke n-hexanemVt ®t o pr 8 ci byl
anal ogi ckl |povsotdinp® sk doyh kly mobi | n2ninhédanepoHPL C |
dobulh. Pouhit?2m takto pReligtHRLGnwdodrz® olud ok
ngst Ri ku s n?2 htejn® ly efelatubyleeddonsoat tkéye @& n PSmv o d n1® s | o h k
adsorbentu ENMGarb po dobu 1h Methanol kvality L&MS by | p opuRheidt 2 m p Rel
dvojng8§sobnou destil ac?, -nboyif tvad Elt s akis(259n2 h e |
ethylhexyBf t a | § ®6UT yot 09 Ovrl &3 e ckdyreg & ni c k §d osnhi onjpaknat 2nhi §
na cel kov® kontaminaci

Al kol i je mohn® orgadeéskilsat@d? md m§t npdlooc esF
ngrol nli a | aJeho bpakowm® rj d We dhengenerovatnopak ov at el n ®
visledky. Teoreticky evxyissvinptilee n#el oni ppohov §
kontaminace | aboratorn?2ho ov22@uSudie 4nse prato de st i
pokusila identifikovat methanad® z k T mi  hI8ah@Sizm a kmio metr § nn d.ost upn
Cel kem byl yr StzenRly metiGambykk ¢ a| DMSma 1 €al kaalvi t n pr «
gradientovouelucR o u hi t # mz p petjidgdomahick®s | vy hkwobg§bePy zji gtn
odezvwynul on ®h ok daj 2 c2 koncentkradd2bm a(f & rf aupnokl c:
0,31 ng/ml (diethyd t a | @®4Ong/ml Qutytbenzyf t a |l § ©1)6,ng/mD (dildbuty
ftal 8dlBng/mliO(diebutytf t al 8t §3,7ng/ml Ibjs@ethylhexy}f t al 8t ) . Me
rozpougtndly existovaly d21l7T?2 rozdz21lyvy, pouz
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statisticky kohcentramwemn n k tvgrglad BBiSgn 8§ |-f tdailbgstodecy
identi fdvduboZmow@t ndl e8mg/im a podrngabd ®od 32

PRI peshiovanpehbgtndel pro anal I @Wngnhnsn®ho
sen ap2oad aRi | oodealyaa lailsgme3hie j ednot | i vI mil znmannka mi
4Tyt o roizdPRil yo st i bydly pluemirmvénlyowReéviyet §t e |
bisfbpbl $0ozd2| me z i mi nivp&ISmtnra dmMERIEMBIGART
Podobrg variabilita citlivostp Ri  pouhi t2 r Sznl crhi ewlad £tki med har
n a ppRRai n ad ITI& (A&nnesley 2007)Aut or pRedpokl §8d§8, he sn2h
nez®8apo®Nnelystoizpougiioniddcevin sowplne sz dM® Bmn h edR L C
studiedbylo zm2nnnlch 5 znalek met handSu apmadr alee n
c 2 |lidenifikovat nezn®m®ani ck & ozeliuthdtdyl t nchto ana
det ekeodiEml jpodgwRtidndy ktmeRddcvhoz2m experi ment
nejni hs?2 odPBFAY y nailGifae§®Od kS a

znatka methanol: m5 @3 O2? @3+TMB* O4 @I

—
[—4
[—]

(==
[—]
1

£
(—]
1

relativni plocha signdlu (%)
o~
[—3]

N>
[—]
1

o
1

ftaldty bisfenoly  fotoinicidtory PFAS

Obr®zerkkel ativn2 odezvy anal yt S nsothainldna?r dfu§ z(il1l.0 (
trimethplo vBeé tuhanol u znal ky 3. Chybov® Wsel ky rep
bnhreewz @8vi sl l ch stanoven?2.

Tento sign§gl byl na ZK&klhaoadvmoshdNdySTMS depée
trimethyb o r §t a jeho kKamovena ma 9@ g/eml b yrheat odou st an
pR2davku. Rbaet®kutoi menbgme¢etrmanolow, Ogt/emll vp
neli stotu neobsahoval (znal ka 3), sn2hi l 0 d e
znaWBkaT2mto poRkusoenp osdep opRa ct a kbyopro§tt® zj ue, zhoed ptorvin
sn2hen2 citlivosti
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4.4Mm almlaz &kiolexz okt S

PReli gtnn?2 extam&ltyt ipckeRins t morutj lepuv d Sl ehi t
ochrgnit analytickIl slyStemiicgBRée mmahgbyieicé ki c
metodvt ®t o pr §ci se vyskytl &l ippndetbadoppeknl oh
pRel, gltininiz j ej i c hextakiuma p ml 08ttkeyouthsd s anien2z byl o
prov ® s t ourndgntifikdcia semi kvantitativn?2 spRalivgnd n Intah
nepRel iexyaktean.l c h

Vr § nschimpri | oan 2 oh sd ohen? Saudié Iboyvll cvhy kvol nr§onb kpSc
identifikovatn e z n & mt®r a h d VBapgkerhm&@t ®a noayt GCBMS Par amet ry t ®t
anal 1l zy s ek vsahnotdiotvé@iSistanovetmmiGEr dap.4.Ho ¢ gerne h i mu
akvizicgp | N ® s pe kt rsgahh ®anoar fl @ eowedrakei apetonitrilepodrobeno
celkem15n § hodnn ypywpramwmivd k\hjedvomz @ bk Byd WS i dent i fi k
alifatickbu h | ow@48Csejicths i gn §1 y v yrhuaskhodwsa bpgktemkm bk a n S
vkni hovnaet &h Bah kt emichse $hodovalge standardyra | k aG) 520,

22, 24, 26, 28, 30, 32a34 anal yzozvaandtméj nl.cFmkpodnenepkap?r
obsahovat alifatimk@rghinédtdd2ekywiBayR.bnznn z
Lorenzini a kol. 2010)

Bhhem vIiIvojper omeatnoadlyl z u (Stuelid I3)se b RiosltecuSpi | o
sl edbvpWwptrSaxi se ke st anotvje.n2hltapraz s lgdhykeye cloih
HPLGMS (Turtygin a kol. 2033, ntSohfe b1t sozm afi@mo E wit e calkit gl S
byly vit 0 paraliyzmpR2Zmgy nmrdRe dpobniRouHRTOFMS pRi I emh
kapalinovi chrpomekdi@gkaiv §aP owiziol k ut odkoe ni oma boivl@r
f § ZZZ&s kaaindobsRlbvals pekt r 81 h? i an ¥ by y8dddr 00 )S, (al e t a
me®nn intenzivn2 shl ukz=mAWd680k@b1i §ilklovanlch sig

x10 5
6,
5.5/
5_
4.5
4_
3.5
3,
2.5
2,
1.5

1
638.5698
0.5 l
O Abol. Py anh. .

2000 400 Q0Rts v WBss-tohidlge () 1400 1600

Obr®z ePkRM&K | sapde KHtRr a j ed| ®ho ol ej e (|

902.8148
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Kal achov§ a kol mnRe®aMShA R dby Beknjokigedmat o
fragmenty triacy]l gnliyccne§iagnio 3 .dvryjvart 8o relmyespi bgen®@sz | ay
m z = 5708680 poskytovalyp RseparaciSPEo d | i yhm2 epr of i | Qdedn& i acy
setud2h o odlign8§ chemi diac§lglycerolg.iOdezyt vead,n o rl d wd rT
hmotdiit r i acy lvgkhzpvayd ri ;mleF B r n 2alikw®ma nsd loysztovsan ®h o r 0 S
olele vomezen®m (1830@8gahupr ot o byl o mo hn ® tuto
ksemi kvanpot av n §m3 mpaextssgaedetu

AS5MR2 pr adpa p®zor ku

V. pap2rovich virobc268pobghoi §I mAhayySembd grcan
vyznalivujokTm rozpmShmdpmbasi t pv pafiohexamB®.v ®n a
kyselgkewx<?2 (Skr ot t o va8djisod@c@flt3a),llag Kow > 8 (Staples a kol.

1997). Nab2 z2 sedajoe § m@mbor@& znor odo u ze kzarkuizatovat | §t e k
soul.Bxgernmme y popns8asni®& dvuj 2 c?2 m textu se pokusily

Bnhem pmprxwreadment S bybky pWR2 daankakl eym &p 2erxut r a h
3r Sznl mi r acetpnitril, gpropadd| y acdtony a p Ssoben¥l tud i mastviu
anal ytS se pohy®&l80wa |l yA Imkeozliio zjseachruotd i v I mi roz
zaznamen8ny jlzejan 8saall ®d ovwrzw2dgRadit od pr Smnrn
po nejw g g 2 : a Zpeopamoal, | aceton.Z8,s a d n 2 b 2 chhlopt iv extr ak
pozorovs8&ny mezi | ednheijlvi2vcemip pikiubpalkyifaiof ¢ @ al y
nebylyb nhem t nchtde teekp@adi@pmeSasiEsa a kol.(2011) se pro izolaci
polyfluoralkylfosfoB $ z i st2rensklch kal $ j ev? j ako
rozpoudgtndbg SylViowd@obn@r §ci otestovat smnsi
svodou a exrdkiy analgz@atp o mo cMS/MBCoh vyl uluje pR2tor
extrakl n2pRd@ptSsp beyn QUECKERS (Anastassadey a kol. 2003)g
vzorku byl e x t r a BOomI € minrso z p o usyddoudvp amnr uv/v)lz:al p(Ssoben?
ultrazvuku2.p R2 d a v k @ emNaligd§ Okoozdn | extraktu navodrou a organickou
f §8organi ck 8p ReS@aen ablyllzao u d o s u gseRieaa kpcoem obce?z vMQdSE
MgSQsvodou byl a nat oipkk&p R2xpoaidesjdnim 2k & eetwvonu, cC
ki eho vytlroculteon2e x@p-promamolSu pouhidbivipotSeonno tuo
km2 r n®mu z h o¥zdaet P¢m &8I poaedbnitriiss ¢ v Tvtnnt hgknya wy te$ n n
polyfluoralkylfosfoB t Sv I gi |y maelak®epobadwnot y. BdBéem exr
zkoum8n Yl iw&k, pkif e ul (WNGadk oproti pSvodn2 mu |
anal yyysSelsou funkln2 skupinou.

Pa pduw® vV Inrochlokuy obsahovat &dpi4fd)a PR ocpka® ow halnd®vmo
ng§suaRiiki aththkiidHPUCSo chkrzgati vn2 m | evnS8m, Ssjtako
zpnt n®hlwlorytd atkar § e ndtelnastir &ekt e n I n Kaemtar al kal.s 2p14)
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Zpreventivn2dc plcSsvtowdpSu bzyd Ra,z ekt enr§8ls I mrdluj 2 @ 2 ¢ X
alifaticka@xubhlakt aid keiyaktley &t&dni€illbyloz a sn2 hen® t e
pRi d&§no elnwihwa lyvé nltensddh ¢ nbigustaostu h | o vao di ¢ & Ifgich k
precipitaci Poo d s t Rnelylyaiifatickbu h | o wveextrakkechv S bdeteko ny o mo ¢ 2
GCOMS.Ob r § ¥2eldstrujef i n § | n dptipelo d o b gostRf@ o
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Obr®zekch®ma pR2pravy Vvzorddallpapdy dnl €l fe&z 3
sol 2, (3a) Vvys udglebn? neadRRarwaikitzu vpoodnoouc.2 MEgCINO

Pracovn?2 charakteristiky via®tiadatio?¢® smetdo dy
pap2ru umnl e f or t ikdniektrace(e0B, 102t 1maohk gt y Od a k ah
koncentraceby | o pRi pravenopaa aaeahyrcbov Prok u6 S. VIt
pohybovala v 0 z medidB %,4z6ho 92% hodnot \intervalu 7@120 % Ob r 8§ 3% k
Vitnhnost i 8120%nos emevzyes k7y0t oval y pRev&hnn na ne|j
by u stejnlch analyt$S byly poowy @dply&Emlye mptordod
Jedinou vijimhkwopRedxyt dwsjf ® ngwelr,tf nkht |68 ed natbey | | z
vgech koncentraln2ch hlading8ch. Rel 2t% v n?2 s
(HorRaD1, 3) ukazuje na do®Q oulalfpiERasdnost met ody.
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Obr8zebki stri buce pracovn?2ch @raeglaaineitwrg? memrmordoyc

4.6P R2 pr &tvwabomag@ng r k u

S ulcuigalcic 21l dhvekis e znal nn r o zcdneel nmilcnkil nfiy zvilkaSslt
pap2rov® matrice je mohn® r ea postapakag #.5. p 0 mo c 2
Ponnkud kompllzelod e & BpvR 3 aven ttualk wiSe h mabdte mdwmiz rc h
| §tJe !l T ®l pRev § fipiy) zntivadkdriacylglycerolyby 'y i dent i fi k
p 0 mo c-FOFM$BRkap. 4.4). PRi e xltmrak s ti | dleje p ® madant methanoju
acetonitrily 2-propanoli, resp. acetonp Recth @ z &2 xt r ak t mn onhfssttve2d U jp 2 ¢ h
| 8§t 8% 4,6, 120, resp. 170mg/ml (g r avi metnroivelp&ku pba odpaRen?
r oz p o u §echopribsizalgvat lipof | n2setedytk y est ovanl evi denpoung
| i Znkediska extrakce i psetataS/lastnost ejakén e h §doucpr, o niam@lakci | i |
anal ytS (ndpR,lo§hiub 8 E®det yni  pd2t|Reend limEe nétoda
jetud2 h thak @a®pr pmoidsnikntkeyr, ® zaji st2 pokud mohn
|l i pofiln2ch analytS a z8roveO budou co nejv?2

Jakometodap r vn2prvm | oRel i dtyn m2 t eSBEnmoea8danrsza18. f §z 2
Ponareseriextrakiu j ed | ®h o ol en & p30@raAgSoméntdkyll osnlkeud csv 8 n €
profil (1810 ml vk r o ¢ 2 anhdiigpaecyfl t a Idi§a tiacylglyceros§ p RAirtam 1 ¢ h
el ulnzch [ imethaticdul acetokitolwpRrro®@tannno | u, a c e-mathanol a s mn
1:1, 1:2a 1:3 (Vv). Vechesaovwan8 rozpougtkmdipd elubmatha s c |
diisodecyif t aMe8 tul n2 m ol j2propanolpatetoB) po &l (acetonitril). Kluci
triacylglycerol S -pbpanoluSaretana PR s ipeailzadoé Hti¢m 2
ostatn2ch sl abgglcyhceonalpyuz$ s baohkyihlgpanepel eathn nd
el ul n2 ho mooVpjRe npaiadylyl/cerofby |l a pozorovgna vntgino
svij i mkone tptoaurhd It 2 ( | ®etonieill( k® mepll leden)? a et ence)
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Zuvedenlich visledkS vypllvsg, he |l-f¢ep &rt auc e
pRedsbpavahel awiopodd®bnn b gphnipyluch i maé fimnj@kocjed jo n i
eluln2ho ,roalpeufbondlaa cenu V.IPrazm@&lko di aRed mgn
pRedstavuj?2 jen minkapi48)n2e sflionhgkl un tipustmediocdhn osl
pohadavku | eliminach 2xkraktmp IpeRinf2e mh maj oritn2 tria
separovat snadndXo extrakcil mlvzorkubyly p o u Bimkr yo z p oaiog t snldatétam n 2
methanol 1:2 V), zek t Bas@® o nanes en? lipidy, pSFPiElasaigikdlonpauu j 2
procBb8z2k ov® mn dzeauowtp o m@ mlingthar®IfOb r § ¥4p k

Obr®zeskech®ma pR2pravy enztorr&kkuc ezossohul GHnathafioi€od) oal ceej
Rrachycen&l uicpi afymnh&oS&@&iEhmanphd phst vz analyt $S.
Popsanim postupea bei aoypeghyakrcel|¥% meesphi |l y o
> 99 %. Pracovn? par amet Re ny ®diatkg-fnt8a o&dtyS ali{yd iye t ch
diisodecyif t al 8§t ) na vzorc2ch jedl ®ho ol enogkg. s pR2.
Extrakln2 %l innogmed®%ga@HEgbovak® vitnhnost.i

zodpovndnl extdmahlBzz krolzdhdeyn2 analytu mez
extrakl n?2 rozpou@mmudlioo.vy¥xhtéeem k dobr® o
smnrodat n®dl6hr hyé kmoRn® povahovat i n2zk® vI:

HIl avn?2 ekedd®dtoathnov® metody ovgem spol 2v§
n8rol nosti zpracovsgn? vzor k$S. Je mohn® SPE
techni kou? N8sl eduj 2c? odstavce popisuj? p Q
technikamitker ® | ze souhrnnn oznalit za jednoduchQ @

pro pReligtnn2 extraktu v -metteno2iilflel:d(y., met h
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