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'U'YIflVltlt1 

v v. 

tll1 D 'U ~iJ eJ'U 6lJeJ~~ ~ 1ff~ iC}f~C}feJ {t'U eJl1111 ~llJ 11 tl ~n~ ~'U1 ~~ ~tl~ ~ 1~lVleJ'11111 ~lJ ;:i~tl'U 111 1 1);)Wcl'l 
~ 

j,J. I " 

tll 1 D 'W!iJ eJ 'U 'tJ eJ ~ ~ ~ 1ff ~ i C}f ~ C}f eJ {~~11 'U tl ~ r1D 1 ~ tl tl 11 'tJ eJ ~ D~ ~ ~ 'U 'j tl-:J r-J 11 ~ 11 ~1 'U tl1111 1 D 1 ~!fl 'Vl Vl iJ 'W 1ifhi t11 'U 
v 

eJ -:J r1D 1 ~ tl eJ 11 '1 ~neJ 1,r!n ~ 1] l.1J 111 tll1 D 'U!iJ tl 'U t'W tll111 1 -ei -:J tl eJ tl6lJ tl-:J 1'Vl tI 1'W 1] 1)1) 'jj'U fl1 1 ~ 1ti'1] tlJ 111 ~ 1111 'U ~V-:J t ~ 
u ~ u 

• v 

1~ tll 11~ fl 1 1 ~ ,1Yi tl tl ~eJ ~ U~ ~ t t li 'U ih -:J 1'U i ~tI U1~Wtll 1 fl fl 'til fl ~ i fl fll 1 ilJ ttl 1 'Vl6lJ tl-:J ~~ 1 ff ~1 C}f! 9f eJ { 4 G)1 iJ ~ fl tl 
'U 

U~ eJ fl ; i ~ c;C}f VtI U'W tl tlrJ ~ '1 ~1 eJ ~ cH ~ 'U 1 ~ 1J 1 V1 ~ tC}f 1J 1 1 fl ~ 1! ~ ~ i ~ i fl 1 C}f 1 'U iJ ~ 19f 1 fl ~ t~ f) tC}f 'U i ~ fll { 'U fl fl; t~ ~ 
", JI • 

1'U eJ 1111 1 D 1 ~tfl 'Vl U1ifwVl iffllJ fl11 D'U til fl'U ~ 1fl~ ~ 1ff~ lCJ1!CJ1tl{~ ~ fl11tl1111 1 D1 ~ 1fl 'YlU'W ~ 1~wu1I'U ~ l~tl-:) 
. " . 

~~ fl1'j fffl1:J 1~'U ';h1] ro ~rJVl iJ ~~~Vtl1 1 llJ 1tl'j 'Vli'U fi fl n~1 flU! l1fliJ fl'j ~1I1'U fll1 ~1 ~1 rotl{1 'j lCJ1iU u~ ~Yi'U Vl 
q '" 

i11H~'ff fl11 1lJttl'j 'Vl'tJ V~~~l ff~1CJ1!CJ1V{tnfl ~'U 1 ~~1 rJU ~~ 'j 1flt~1 D~ lJ1W 6lJfl-:J~~ 1ff~1C}ftCJ1tl{~ llJ!fl'jVl~.:J1'U 

~1tt 'Vl 'U fll1111 ttD1;:i'U ~llJ'j ~ rJ~ t1~1~~1ttVI 'U V1111'j fflJ r:ifftl 11 D~ tOu i'W ~ fflJ r:iff~ lJ If)~'U ro ~ -ei.:J ~~ t Mtnflfll 1 

~ J ~ V ~ dt Q d J 'jJ I IIJ QQQ.I Q Q 
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'U q 'U 'U 

~1I11D~lJ1Wfll'jD'Wt~V'U11"-:)fl11~1'fft~flfbtCJ1i'U~tlWl1fliJ 100 DC 'U1'U 1 i11lJ.:JijD~lJ1Wfl.:J~
q 'U 

fI 



'" '" fl\Pl\Plfl)")"lJ 1J )~fl1f1 ..................................................................................................... .. ........................... . 


1J'Vlf1!flutJ ......... ........................................................................................................................................ . 


bY1)"Uty......................................................................................... .. .......................................................... ..:) 


)"lVfl1)"~1)"1..:]1J)"~fltJlJ............................................................................................................................. ~ 


)lVfl1)!1Jfl1~1J)~fltJlJ........................................................................................................................... 'Q 


o '" "".., cI 0' d, ~ """" 
fl1tJll1J1VbYtyftflEJ ruUft~f11t1tl'Vl "151'U ":]1'U 'HW ........................................................................................ . 


1J 0 .., ~ "'" 

1J'VlbY~ bY111)1J~1J)111) ......................................................................................................................... . 


~ 0 

U'Vl'Vl 1 lJ'VJ'W1 .......................................................................................................................................... . 


d ~ 
1J'Vl'Vl 2 'VlqEJt)........................................................................................................................................... 5 


d Cl 11]'" QII] cI,), ~ 0 

U'Vl'Vl 3 fl1)"ft'flEJ1 ~1Jm)"15'W'tJtl..:]~ft1bY\Pl ~9HC}ftJ) ~~V "15U1JlJ~l~tl.:) ........................................................ . 13 


1J'Vl~ 4 tJf)u)lvtm~bY)UN~fl1)'Vl~fttJ..:] ................................................................................................. . 20 

'I 

~ "'" 
LtJ flbY1) tJ1':) tl..:] ................................................................................ .. .............................. ... ...................... . 21 


fl1fl~'Ulfl........................................................................................................ .. . . ............................... . ..... 43 


.... 1 Q.I~ ~ClJ 

lJ)~l\Plflru~ll\)V .................................................... ................................................................ .................. . 48 




tI
d I QJ ~ c::::. c::::. tI.c::::. I

~nl-:J'Vl 1 f11{ylJlh~{y'Vl1i Ap '\Jil-:J'YHnHlJil'lG)ft.J~~l-:J'l............................................................................ 7 


d ~ I Q.I d1 ~9 Cl "I 
~l'jl-:J'Vl 2 lJ'j~lfl'Vlill'111'jUfl~~lU'Vl'-JillYll'j'Vl G)f b'-Jfll'jf1fl'l:Jlfll'j blHfl'j'Vl............................................ 13 


d d Q.J "" o'~ I d ~ "" r:'J 1 1 ~I0 

~1'.l1-:J'Vl 3 {Yflld~Vlll1lJl~fflJffll1·nJfll'.lltfl';il~l1lJ~lf)lJ~lm'Vlfl'-JfHmff bfl'.llJl !'Vlf1'llYL................... 20 


48 iJflil!lJ\Pl'.lt!fl~ 63 iJflil!lJ~'.l ............................................................................................................... . 27 


d "" tI " "" r:'J 1 1 ~I
\Pll'jl-3'Vl 5 {Yfll1~fll''jltfl'jl~11 ESBO ~lml'lflt.J'flUf1ff bfl';ilJl bl'lfl'jll1 ................................................. . 28 


d c> tI "" "I til d ~ "" r:'J 
~l'.ll-:JVl 6 fffll1~fll'lltfl'.l1~11'Wfllff\Pl bCJftCJfil'i bfltflfJfl!r;'lfl (monomeric plasticizers) ~lm'Vlflt.JflUflff 

lf1'ilJl!'Vlfl'.llYJ ....................................................................................................................................... . 31 


d """I til dI 

\Pll'jl~'Vl 7 'fll m/z '\Jil~'Wfllff\Pl bCJftCJfil'i blJ!r;'lfJ~Hflf) {monomeric plasticizers) ........................................ . 32 


TAC, DBS !l'j;'l~ DINCH.......................................................................................................................... 33 


48 !!'j;'l~ 63 iJ'j;'lil!lJ~'j ................................................................................................................................ 35 


48 !!fl~ 63 iJflil!'.IJ~'i ............................................................. ~.................................................................. 36 




'J/
'VI'Ul 

"" 'J/ 0 5'1 IV Q.I I All "" "" 
eJW'MfllJlH)~ (30 C) !lJ'Urnn 30 l'U ~lfl~leJfJl~li'll !~VI~6ij'Wl~ 48 U(;1~ 63 lJ(;1~LlJ~'J......................... 38 


q 'IJ . 

"" "" lJ~~LlJ~'J .................................................................................................................................................. 39 




'jI 

l1'Ul 

d ' ''''''' _I ' ''''' 0'
f1 l'VfYl 2 f111 ~rrn1J 1 ~ltu f1'1'U ~tllJ "j ~ f1'1'U "j ~1111~'Wtl'HlJ tl1-f1'n 'tl~ 'tlltltll111"j ..... ........... ....... ............ ... 5 


10 


cS .<!!.<!! .., "'" _.I lIJ lIJ ..,
f11'WYI 4 Lfl'jtl-:JlJtJ~"jlttl1~1.)1'U~lY'f"lJ ~{)tJtJ ~UlGJ$I.)1'U .................................................. ..•..••...........•.•.•....... 10 


~ 0'_1 "'" 
f11'WYI 5 tJ~fl1J"j~f)tJlJ'lJtJ~ ion source u,,~ mass analyzer 'lfUll quadrupole analyzer ........................... . 12 


~ .., d lIJ.., ""'IIJ cf',)" 1'JI 0 


fll'WYI 6 UV-lU~Hf11"jfl'f)lJl ~lJ!f)"jG)fU'lJtl-:J~'tllf1'~ ~GJ$LGJ$tJ'j ~lltl &)1U1J1Jttll'tltJ-:J ........................................... . 14 


cf''''''~1 .., . 
H'tl~ YI 1lUlfl f1'l YI tJ "j 'j TIl fll.)1'U .................................................................................................................... . 21 


0'''''~1 Q.I

Ht'l ~YI11'U LtJbYl 'VI tl "j "j ¥i Lfl G)fU ••.•.....•...•.••.•••.•...•.••••.•....•... ........................................................................... 23 


0''''''~1 Q.I

H'tl ~'VI"j l'W!'O bY!'VI'O"j"j 11 bfl G)fU •........ ............................................................................................................ 24 


0''''''~1 Q.I

H1J1J direct analysis U'tl~'Vl11'UmbYL'Vl{)"j"j¥i!flG)f'U ........................... " ...................................................... . 25 




p 

11'U1 


d".::.~ '" 
UDD direct analysis H"~'Yl'jl'U!eHH'YlU'j'jrHfl'l1'U ................... .................................... ............................ . 26 


fll'W~ 13 lfl'nJl1'YHtfl'j1J6ijU~ftl'j1Jl~'jll'U ESBO u,,~ internal standard............................. ................ 29 


fll'W~ 14 lfl'j1Jl1'VHtfl'j1J6ijU~ftl'j"~"lt1lJl~'jll'U TAC, DBS !m~ DINCH........................................ . 32 


QJ d", QJ Q.I 11 d d .::.p 0 
~1U'Vl'Utlll11'j'Vl'ff1J~ftflD ~tfl'U'Vl~rul1.fJlJl1U~ (30 C)....................................................................... . 34 


o QJ "i ~ I "i Q.I' .::. "" 

100 C 'U 1'W 1 'l11 ~1J~ 1l1flHl ~"11~~1Utll-:)6ij'Wl~ 48 1J"~HlJ~'j .......................................... .. ................. . 37 




CI 

acPG 

ATBC 

Cl2 

Cl6:0 

C18:0 

Cl8:IE 

Cl8:2E 

C18:3E 

C18:1ME 

Cl8:2ME 

C18:3ME 

C20:2E 

C20:2ME 

CHAA 

DBS 

DEA 

DEHA 

DEHP 

acetylated partial glycerides 

acetyl-tri-butyl citrate 

glycerol monolaurate 

parmitate 

stearate 

epoxyoleate 

epoxylinoleate 

epoxylonilenate 

epoxyoleate methyl ester 

epoxylinoleate methyl ester 

epoxylonilenate methyl ester 

epoxyeicosanodienolate 

epoxyeicosanodienolate methyl ester 

cyclohexyl acetic acid 

chemical ionization 

diffusion coefficient 

dibutyl sebacate 

diethyl adipate 

di-(2-ethylhexyl) adipate 

di-(2-ethylhexyl) phthalate 



DEP diethyl phthalate 

DES diethyl sebacate 

DIDP diisodecyl phthalate 

DINCH diisononyl cyclohexanedicarboxylate 

DINP diisononyl phthalate 

DMP dimethyl pimelate 

EA erucamide 

EFSA European Food Safety Authority 

2-EHA 2-ethylhexanoic acid 

Ehol 2-ethylhexyl alcohol 

16-Ehol 2-ethylhexyl palmitate 

18-Ehol 2-ethylhexyl stearate 

El electron ionization 

ELO epoxidized linseed oil 

EN ethylnaphthalene 

ESBO epoxidized soybean oil 

EU European Union 

FID flame ionization detector 

GC gas chromatography 

HDPE high density polyethylenen 

INECH isononyl ethyl cyclohexane dicarboxylate 

I.S. internal standard 

'ilU~lut)l1l.JlhnnhtJ~ 3 ~utJ("(lJ\!'iru 1WHfl1'i~ 1.3 m'i~n(\Jeyj' qj 



LOPE low density polyethylene 

MTSE methyl-tert-butyl ether 

MS mass spectrometry 

OA oleamide 

9-01 isononyl alcohol 

10-01 isodecyl alcohol 

OML overall migration limit 

pA peak area 

PAs polyadipates 

PET polyethylene terephthalate 

PP polypropylene 

PVC polyvinyl chloride 

RASFF rapid alert for food and feed system 

SML specific migration limit 

T 
g 

glass transition temperature 

tR retention time 

TAC triacetin 

THF tetrahydrofuran 



lJ'Yl'YI'" 1 

lJ'Ynh 

lJ'j 'j ~nwcyffl111 n ij 11,.y1~ 11"f) 1U f) 1'j LOU off)1:l1fl1111 'j LU;:l ~ iJfl-:J n\,1 f) 1 'j lhH~ flU ~fl 'Hlll11) \11 flih,ytl 

fl1tlU fl f) L'lfUiJ fl-:J tlU f)1'j L U~ f.l1-HL Ufl-:JYlH f) 1tlfl1VHL fl~'Vl1-:JLfllj~fl1\1 nflLM1fl~~flL~hJ~ fl'q'U .f)1'W~ fl-:J~lJ~1 fl fll t{ 
dd d ~I ~ d c::. 9 'jJ ~I tV" ~.d od IV 1 1 'jJ
'Yn9f (polyvinyl chloride: PVC) LlJU'Wfl1ff~f)'VlUmJ LG)HlJUU'j'j~flWCVIfl111n·lrU~11'U-:J lJflf)1:lW~ ft' ft'llJUtl 11 

lflJ1Ufl~fll fl1rl'~lJ ~lU It{l1fl ft'lJfll'j ff1 111 'j tliJfl-:JtlU fl~UUfl~ljfl11lJ'Vl'U ~flJ1U'U "l-:J ~lfld1-:JU'j 'j ~nru cvlU111 U 

~Vll\11 f)ltHJl1195 1 ~u ti f)"fl-:J 1ffU 'j 'j ~fl1111 'j u~uYhflJl1U~lJfl111 n (cling film) Hfl~U~ Inu 'j U-:J ~11 ill1~ 

(gasket) I~U~U 

~l95lflurvw{llJ'Wfllff~ f) (thennoplastic) ~~ii~lllf)f)'j~U1U f)1'j'Wflil1lJfl{,Jb 19fiUIlUU1~lJ (addition 

polymerization) 'Ufl-:J1 TWflflflU 1 'jll'lJflUflllJfl{ (vinyl chloride monomer) 'W'U1i~~)j~1'j~l1'"h-:Jfl1{Uil'U tl1Jflflfl~'W 
(C-CI ) l'11'M~1~lj"f)1:lW~L1~-:J lJJu~l1~'U~tJWl1!JijMfl-:J ~-:J~111:lU~fl-:J~fflJffl)1~lJll~-:J (additive) fl-:J1U1~fl 

v v ~ 

UofUft'lJ1J~'U fl-:J 111 cu 1M111lJ 1~ fflJ~fl f)1 'j ~ 'U 'j U111 'U ~ii ~nwcyf ft'1 'j l~ lJ ll~ -:JU II ~ I~ lJfl-:J 1U;J'U ~ flU f)1 'j ~ ft~ llJ~ 
'II 

'U1~llnl~ lj ~1t1~1 fll1 ~ II ~ iJ ltH'U 'W fl1 ff~ f)'j U1-:Jlt111U ff'Ul1 'j fl-:J fld~1'U1U 'Ufl-:J ~11 fll1 ~ (fl1l1~ 1) llHU 
'II 'II 

l1 fl T"'~ flci'ij"f)1:lW~e)flU~ lJ 1fl'j -:Jff~l-:Jflc\'lVvJfl-:JJ1 l5 Vfll1U ~10U ~-:JVl1lJ1 \11 f)'W fl1ff~9fflfl (plastisol) ~-:J1flu 
_I dod d d d _I~ ~ ~ ~ ~11J" c!I 1

ft'1'j lJ'j ~ flflUl119fYllJlJ'j lJ1tu 'Ufl-:J ft'1 'j Iff'j lJff fl1'W'Wfl1ft'~ fll1 'j fll1fl1ft'~ L9H9ffl'J (plasticizers) 'Q -:JfN 35 - 45% 1W 
., 

1111111f) [I] 



lim1ff~'19f19f0{~iJVlJ1~1U,j~ lnu~19i '1 ~u ri 

1. 	 rt'1'.i fI~lJ~h~ofl~ 1~'U ~'Vw flcM'1~c;9l'ouu'Uooucl (epoxidized soybean oil: ESBO), ij'VWflcM'1~c;~Uffll 

OOtlcl (epoxidized linseed oil: ELO) I~U9l'U 

2. 	 rt'1'.i 1u QcilJ'WVl1 m~ (phthalates) liu '1111OYiClI~flciCl'WVl11ft~ (di-(2-ethylhexyI) phthalate: DEHP), '1~ ltl 

19l' h..liJCl'WVl11ft~ (diisononyl phthalate: DINP), ltl 19l'1~flciCl'WVl11ft~ (diisodecyl phthalate: DIDP) 11I'U 

'JJ 
~14 

3. 	 rt'1'.ih..lQftlJl9fiJ1Ifl~ (sebacates) 1'lf'U '1~,j1YiCll9l'1Jllf11l (dibutyl sebacate: DBS) 1~'U~'U 

4. 	 rt'1'.i 1'U fl~lJtl~l'WVI (adipates) l~14 l~wYiCl1~flciCltl~I'VfYl (di-(2-ethylhexyl) adipate: DEHA), i WftO~I'WVI 
~I 	 'JJ

(polyadipates: PAs) lu'U~U 

5. 	 rt'1'.i'UQftlJ~l'Yl'.i~ (citrate) l~l1ri tl~cMVirl'1l1)ihYiClcill1'.ill (acetyl-tri-butyl citrate: ATBC) 

6. 	 rt'1'.i1'UfI~lJrl14'l'i14 11l'jllJCl~11I~ (trimellitate), 11l'jtl~cMYi'U (triacetin: TAC) 1""~'lIitll9f1'UiJrl'19l'ifirl 
l~fH9l''Ui~f11{iJOfl;m~ (diisononyl-cyc1ohexane dicarboxylate: DINCH) 11lU1i'U 


" ,

d 	 'JJ '" el co . 'JJ ..". • 'JJ

'U 0 fill 1fl'U UCl1 V-:J lJ fl 1 'j 111lJ ffU fI -:J rt'.fl1 'W f111lJ 'j 0'U (heat stabi lizer) l'WlJfl11lJ Vl'U l'l1'U 11 flfl11lJ) flU'tI fl-:J 
". 	 SJ 

'Wrl1rt'~f1"lHll~~U'j,j 111U~1i,jl'UfI'j~U114fll'j~'U'jtl)jflU"1fl1llJ~fl'Ulh~lJlfll 200°C IllUl1ft1 1 ulVi [2]
~ 	 ~ 

..". 0 '" 	 ..". C'lI i 0' J 'el'JJ 	 el~u!111JlJ~\lll~V11hf'W'U1i~ C-CI Ullf)flflf)UCl~lflll11f1rt''1~lll'jlll'UflClfl l~ (hydrogen chloride)"lJ'U l11q!fl'Wtlfl9l' 

(epoxy group) "lJfl-:Jij'WO flcM'1l1c;9fflVU140fl611~:UiJ nu'~111'j Ill'Ufirlfl i l~ (H-CI) iJh11sUl 'Ul'hunn~tJ1nuYll; 
SJ " ,

<:9 ~I el OJ el "",.,!j • ,. d 0' el 0'i 	 i
"lJU!~"lJ'U~u [3] 'UtlfH)1f)'UV-:JlJflUll1lJrt'l'.irl'U (slip agent) (6)f'U LflrlW lJlI (oleamide: OA) llrl~fl~f11 lJll 

(erucamide: EA) 1v1 fll ~ lJfl11lJ ff1lJ 1) 0' 'U flll '111 Cl"lJ fl-:J 'W Cllff~ fl IICl ~ rl1l11 1 \JlffUll Vl1'U) ~ 11 i1 \J'W Cll rt'~ f1nu 

lfl ~0-:J:Uf)'.iijfl~1V ff1'.i l~lJU~-:J ll1 cilif1l~lsU1 '1 UU'Vl) n111flth~1,d1-:JfflU i 9f~lq$lllviJi~lfillflll ff!l\1~U 1i~ lfllnl1 ~ 
" . " 

~ 	

" 
~uU~Oth\J1~ l:Utl~U'WCllff~ f1fflJ HffnUfl111U~\ltl111)j fll'.i ilJlf)lVl (migration) 'UO\Jffl)l~lIl1~\lm~l'WOflflll1 f) 

I " 	 " • 

NCl '11 'U l:UvVi Hl'U lJ 1)j f11 '.i 11 '.i 111 'W iJ fl1 '.i tI 'U 1UO 'U 'tI 0 \I'W rl 1ff~ '1 9l'19l'fl {1'Utl1111 '.i 11Cl~ Ufl VfI i'\JVi U~ 1J ltu fl 1'.i 

,jlHnfl'U)j~llfi'U~ll~lnllfll'.ii1Jlf)'jVl (specific migration limit: SML) 1I1lJ~flnll1'U1l'tlfl-:Jffl1.fl1'W~l)u (European 
SJ SJ • 	 " 

Union: EU) f)1'j'.i1V\J1'Ufl1'.ilhHUi)'UnlJW1\lU~ilfl.ff. 1998 Vill'.i111'W1Jfll'.itlUIUt)'U"lJi)-:J ESBO 1U'Oll1Uff111i'U 

" 
'VlU fI [I] luilfl. ff. 2005 NCl'tlt) \I fin ffl'.i111'.i ~~1J fll'.i U'UI1J'014'tI'O\J'WCllff~l9l'l9l'tl{114,j'.i~ lVlfH,.illl9l''O{l!Cl'U~ 

" . " 	 " 
'W 1J fin U14 111 i) 14 114'01111 '.i 158 111 t) UN Vi)j ll1lJ''U 11 Cl ~, '\J iJ'Ulll'U 'O\l fiu '.i ~ fltl1J 111 vfln U14l1JeH..I n~ 11 flU flil 

~1I~lnllfl1'.i L'l) 1f)'jVl'.i11J (overall migration limit: OML) UCl~ SML ~fhl1'U~1l' 'W ftlff~i9l'19H){~1l'.i111'W1J '~1tri 
~I 	 'JJ

ESBO, DINP, DEHP, DIDP, DEHA, ATBC, OA, EA, 16-Ehol, 18-Ehol, DBS, acPG 1lC'1~ DINCH lu'UlIU [4-7] 

Ufl~ i14Ufl .ff. 2008 lh~tVlff1 V1U~':)ltl14 l1d.:)1'\...! lh~lVlffNri -:JrrUlll'Ol111'J ,j'.i~I.fl'Vllfl ~i)-:JU'J\I'J rt'ffll~ll'.i,j~1J'.i '.i 111 'U. 
4J 	 It"cu 

"lJ11lUf)1ij~11l1l1tl'U1Cll1 ~ 11J V-!l'ffl1 f)1'W~1),j L~-riJ fll '.i u~.:J 1~B1-J 1'U ';j ~1J1Jfll'.i Ll~\ll~'O'U iY'Uflltl1111'Hm~fll111'.i 

«~l (Rapid Alert for Food and Feed System: RASFF) 11lflfl~lJ,j'.i~L'Vlffrt'11f)1'W~1'Jui1)jfl1'J~'.i111'W1Jfll'j 

UUlnVU"lJV\l DINP 1'U iYurl'11fl~t)\lUf)\J"lJv-:J1V1V~ri\l1U"lJ1VV.:JU'J ~1V1ff1U'O'j lJU l'11 'l1"lJru~if~NiilliJ'.i'jllnru cyfl1n~
... q 

Nri -:JO'Ofli)1111'jlh..llJ1111f111lJffU ,,,tlui1ru111if nUvV1\Jll ~ .:J:U-:JlJlf1~'U ll1um~l~1Utll111'.i~ijJllJ'uuCl~1"lJ lJ'14 
~ . 	 u 

2 
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" llJtfl'j'Vl'lJe)-:JYHnff~195t9Hl{ n~-:JU [8] 

l. 	 G)fU~'lJe)~YW~ tlJe){ Jl11Ufl llJnHJ"'Ue)-:JY4e)~tlJe){U"~fll1lJl.u1ti''W i~ (compatibility) 'lJe)-:JY4tl~UJ'f){o'U 

Y4"lff~19519ftl{ 

2. 	 G)fU ~ ll" ~ u1' lJ ltU 'tI tl-:J 'W" 1ff~19519fe) { 1G)$'W Jl 11 Ufl ilJl" fl"'UU -:J'W" 1ff~i9519fU{ fl11lJl ~'U~.:J nll! ffl'lJ 1 

d 	 :; d .: d Q.I • Q ~tv 
(branching) fl11lJ111'U'tI1 (polarity) 1l"~fl11lJltl'WllWl~HJlfl'W (homogeneity) 'j~1111.:J'W"lff~19f19fe))flU 

'W"lff~fl 

3. 	 fl11~'Utl-:Jfl1) 'Vl~ffUU fll'i ilJlfl'j 'Vl 1G)$'U "fl1:JtU~'Ue)-:Jfll) ffUr:Tff '.i ~tI~n"l ~tU l1lJU 1~'U ~'W 

. 	 " " 1'U tl-:J ro 1fl fll '.i i lJlfl'j 'Vl'U tl-:J'W" lff~i 9f195e){~'W e)dti'u 11 ro ,)tll1 Clltl'ln1 ~ 'U U flro1flU 'U11c1'1f1tU fflJU~'YI1.:Jlf1 ij
'II 	 • 

~ ,~ 	 ~ 

U"~~1:J1'Y1U1'Ue).:J ff1) 1l",hil ~l'U 11~ 1rJ'U ffl) fi nYi1:J ff .:)f)1'j 
'II 

tJtH~ e)U~.:Jff,:) H" lfftl~tl ~U~1 flfl ~.:J U'W f)n fYf)1:J 1 
'II 

fl11lJ ffllJ 1'j O'Uij\l fl1) i lJ 1fl) 'YI'Uij.:)Y4" 1ff~i9f19fe) { G)fU~~l':)'l ~.:) ~ll~U i'U f)1) U) ~liJU fll1lJl~tI.:)~ij1 \lln~~Ulln 
" ~u1'l flfl tl\lrlr111lJfll1 uti~ 11~ 'W -,hrd'Ufl) ~'U1U fl1'j ViVlJ'W 1tJ f 'UU~':)U '.i 'j ~nw~11"~ fl1'.i It)e) f) ff fl11~'Utl.:J f)n ~ii91 

. . 	 ". 
Vi 111 lJ1~ fflJ 111 e) .:)\11 flU1111) nt)':)rl U) ~ fle)U 9Tu~e)'W.:) 1U1,)uti~.:) i ~lt)e) f)fff)1:J 111 \I,)ufiri.:) H" ~ij f)1'j LlJlf)'j 'Vl'Utl':) 

'W"lff~l9f19fij{itWl111'j l~tlll1J'U~l"fN simulation 1~tli'Ufl1'jfffl1:lli~1,*~lU'VlUe)1111'.i (food simulants) l1'Y1U 

tll11l'i ro~ ':)1~e)"~lfh')~#\l'j 1Jfll'W f)1'l 11fl'l 1~'"ro1fl1lJ'YI~ f)ct11Ue)1111'.i ~l11'Y1Ue) 1111'j~' '*1U f)1'l fff)1:J1f)ll ilJlfl'l'Vl 

n4G)fU~ i~l1n 

l. 	 simulant A ~t) J1flcrU : i,*1~uil11'VlUe)1111)tJ'l~1flYl~ijJ1li1Ue)\lrlU'.i~f)e)U (aqueous food) l1,,~nfh 
pH lJ1flfl11 4 .5 

• 9J I <!t I tv 

fl1 pH 'We)tlfl1111'le)l'YI1fl'U 4.5 

3. 	 simulant C ~e) ff1'l"~"1t1mYl1Uij"fl11lJl.ulJ,j''W 10%: i~11l'U~lU'YItWl111'.iU'l~lflYl1m"fltHWcl 

4. 	 simulant D ~e) J1lJ'WlJ~fle)fl: i~1'1I'Wi111'Y1'Ue)111l'i1h~lflYl~ijJ1iJUl1je)i'UlJ'Wll1ue)\lfitJ'l~fle)'U 
" 	 . " 

fl1'lUU111 e)'U'Ue).:)'W" 1ff~ i 9f19fe){1 'We)1111 'l ff1'W i 11 t)jlJfl'WU 1U e)1111) tJ 'l ~ lflYlll nll1lJ'Ul~'Utl':)rl,j) ~ f)tl1J 

" 	 " " 11"~tll111)1h ~1fl 'YIU 11 tllJU) 'j roe) ci1 
'II 

'W'W"lff~ fl1h ~ 1fl 'YI~1;1'W) l~n fflJU~'YIU ~e)U llJUff.:)
'II 

~':)U'W i'U fln fff)1:J1
• 

.1] \I,)tI~ ri -:J V4"~e) f) 1 'j llJ 1fl 'j Yi'U f) -:JY4" 1ff~19f19ff) {1'We)1111'l;-:J It)f) flfffl1:J1 f) 1)1lJ 1fl'.i 'YI't1 t).:J'W "1 ff~l95 19ff){ ro 1flU ~1f)'U 

'je)\l~l i "11 :;;"\l~i11tY1'Ue)1111'j ~CJJliJ'U lJ~ flCJfl 
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'jJ I • " 

'l1U ~flU Vi 1 fl1',) ~lnfl~ fl1'.) 'lJlfl',) 'YH~'U fl1 ',) ~fl1:J 1 fll ',) 'lJlfl',) l'l'\l{)~'VH'll ff~'G)flG)fflfYi ln~~'U~11H)~~ fll fJ l~ 

fffl11::~ nll1U~~U 1~ Uff fl11::~vl1fll ',)~fl1:J 1'~llnflW 11 fl iJ fl11lJ~{)u ~ ,~\) lflO',) ::tJ1U fl1',) ~lffl ~fl',)l ',) lG)fi''U 
~ OJ 

JUifWU~ 2 fl1'.)11fl',)1::rfYlnlff~'G)flG)ffl{~1ml'lfli!flllnfflf1',)1J11l'lo',)lYJ (gas chromatography: GC) 1u 

JU~flulfl~U01',)111'lfi!~lln::1I~lJ1W'\Ifl~~nlff~'G)flG)ffl{1~fJll,j~fl{)mllu 2 ffTU fif) ff1'U~ 1 ll1UOl'l'l::1J 

fl~r111 ',):: f)fllJ'\I fl~ 11::1 flU ~,~1 'UlltJ tJ~ lnfl ~~1 Ull'lfl i! fill n ff 1 fI ',) lJl1l'l fl',) lYJYI ~fl1l lfl~fl~~ 'll\)i~1rJnlJ' flf)f) , u 
w I ~ d "" .lQ Q 

lG)f'lfU (gas chromatography - flame ionization detector: GC-FID) lln::ff1'Ul'l 2 l'U'Ufl1'.)11fl',)1::l1l'lf~'1hlJ1W 

QIiJ "1..... co 1 1 ~I ~ I 1 ~31 r:'J'Ufl~~"lff~ 19HC)ffl'j U~lUl'lUf)lMl',)~1ml'lflUflllOff fI',)lJl l'lfl',)1-nU1Iffffl1J0 l'l',)llJl'l',) (gas chromatography 

mass spectrometry: GC-MS) 

unff if)',) lJll 'Ylfl'llYJ1~Ull'lfli!fI~1 ti'U 01'.) lWOff1'.) HfflJ~ffllJl'j(l',) ::llWOcnmll'Ulfll~~~W 11 f.JiJM'd~1 

lOf)ffl'l HfflJ\lmtl~uull1'fl~iui{)fllf111nff (gas phase) 'il::~hUl;rl' tll'U flflcrlJ,r~tJ'l'l~~':wi{)fllf1f1~~ (stationary 

phase) 1~oni{)fllf11fl~fl'U (mobile phase) 11~tJllnff~1~1 (carrier gas) tllffl'lHfflJl,jl~flflcrlJ,r flnlOfll',)llUfl 

fllffV11 ~fl fll'l 0',):: ~10~l~~h~ nU'\Ifl~ff1'.)'U1{) fllf1 vf~fffl~ 1~ UvY1 '1 DYln 1 ff~lC)flC)}'fl{lllu ffn 1I'j:: flflUtl',) ::lfl'Yl 

Ifl ffll'lfl{~ ffllJ1 ',) f.)',) ::111 0 On1Ull1'U '1 fl '1 ~ lt1fl~'il1fl~n1ff~'1 C)}'1G)ffl {tJ1~'lfU~ll1u ff1 ',) tI ',):: fl{)tJ '1 ~ 'j OftlC)ffl '1 'j ~~1j 

hJl"fJ"il1qj 11~fll11'UffnHfflJl1n1U'lfu~ihfnnrflllJtnfJnlJ10 fl"'lUlllUlfl'1~Ul0 lG)$U ESBO, ELO, PAs 
d 31 .:9. d 31 I d 31 ~ '" ,,~~ d d IiJ I co .I
lU'U~I'U 1)-:)u 111h.J ~fl~ll1ln ~ffl',) Il1 nlU1111'U'Uf)'U 

~ 
YI 'U 'Ii l'llJ'\I'U l~m fln~lln::ffllJl',)f.)',)::1l1 UlllU 1fl Ofl'U 01'.) 11fl'l1::11 

1~0 GC 

i l.Jfll'.i flO1:J 1 fl1'.)'lJ Ifl',) l'l'\lf)~~ nl ff~' C)}' lC)}'f){'il:: vll fl1 ',) 11I'j UtJ lYimJtI~ lJ1W Ylnl ff~'C)}'1 C)}'f) efi 'UtJ::lflU nlJ 

tI~ lJ 1W ~'WtJ1'U ~11ll'l'Uf) 1111 'l It1f)~ 'ill otl~ 11 lW '\If) -:]YI" 1ff~ '1 9flG)ff) {~111 'U fl-:] tltJ 'l:: OfltJ tJ cii 'U tJ::ln'U ihn flU ~ 
" . OJ 

35-45% 1~ 01.1111 11fl i~ ffl11l'j f.) i ~lfl1 fl-:] :UtJ~ ',) 1'il 1~'lfU ~lrJnlJ '1 f)f)f) '1 'U lG)fi'U l'U 01'l ~ ',) 1~ 1~ 1 y)' fflU lu 

fl',) ru flfl1:JTtl~ lJ1W flU '1lJlO'lYll'U~111l'l'Ufl1111',) ti'U 1I~lJ1W'Wn1ff~1C)flC)}'fl{~'Wllnl~U-:]I~hl1j'flU ; ~~ l111'U~ ll::~fl~ 
, ~n1fli! flfll',) ~',) 1\)1~~Ufl11lJ '1lJ -:) Oil FID ~-:]J'U ~-:] lftf)fll tlfl~tJ~~ ',) 1\)1~ lUJfffflU flll'l ',) llJl'l~ iuon M 1 

U~lJ1W'Wnlff~'1C)f19ffl{l 'U ~111'YlUfl1111',) 1~U\):: fl~11()~l1crOO1'.) lln::11iol'l11fl',)1::rf1'UtJl'l~ 2 lln:: 3 ~tJ'lI 
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.o::t 

U'YI'YI 2 

~ llJ~1J{tlrll1lJ1Uftr.r:h 1u tl'j ~U1U tll'j H~~U'j 'j ~DUJ ~u 'j~U1'VlVHnff~ tlJu~ll'tlu~tl-lHff1Jffl'j lflij~U'l 
n-:] i UI~tlufUffJJ'lJ~Un~1 fl'j -lfffl-:]'Ufl-:] ff1t1VWilllJfJ{1 111~u1U~ 11Jfl11lJ~tl-:Jtll'j 1~-:J1U ff1'j lfl ij llf~lifl1 'Yl'j tl'P11 

tlQ1U (y1 tlVW ~ IlJtli' tl1'j fflJ a (Y'j ~ rt 11-:JU 'j 'j ~nw qf'Wn 1ff~ tllln ~tll 11 l'j ~-lfJ 1,H)fJ111'lf1'flU DfflJ'Wu1i'Vll-:J tl1 un 1'W 

<::I"" 1I)31~I""'QI QI" • 	 QI'" "131 ~I "131' 
Un~'YlNlfllJtllJfJ1rt1'j ~'fl ufJffU'ViU1i'j~rt11-:Jfl1rtl'jU'fl~lJ'j'j~nUJCVI ll1J-:JfJfJtl ~'fl4 u'j~ln'Yl ~'flUtl 

II) "" ~ ~ 31 <::1..:9 ~I ,,~ I 1 QI" 31 •
1. 	 ~lHtl'jGJ5'U (migration) flfl tl'j~U1Utl1'jlf)nfl'Utl1t1'Ufl-lff1'j lfllJC)$-:JllJUfJ-lf)u'j~tlfl1J U1J'j'j~nUJCVll'U1~ 

" • I 	 • 

tl1rt l'j tl'j ~lJ 1'U tll'j Uyh111'ffll'fl~ tl~'U 'Ufl-ltl1111'j 1,j~tI'U1U 111 f)l~]J (off flavor) tll'j lflfttJ1-J ~lt1'UfJ-lffl'j 
~ 	 ~. 

Il1 ft1Ul~tI-ll~ tlUfJ tll1~ff -:] HC'1lfftl~fl ~u~1 n fl l'UfJ-l 11 1 tl ~lJ~1f1flfl111 i'lJU'j ~ 'Vl1'U ff1'j Il1 ft1UI"li1 1U'VifflUOU 
'1.1 .. 

I JI, , 

fllrt l'j 1'fl til ~'W1~tHh-lU-lfl1rt 1'j 11 'j ~U1'YlU 1iT'U rt! fJ i 'U lJ'UlljflfflJa'CH1Ur'lC'11ff~ tll1~111rtUl'nflft1UOU'P11 

Y11 C'1 ~ C'11 tI 1U fftl'fl 1 l1fl-:]rlU'j ~ tlflU'U fl-:] Vi C'11 ff~ tl C'1~n1Uf)fl tllJ"1 1'U U~ lJ 1UJ ~ 111 tl~U -llU 1,yuif~-:J111'f)11lJ 
. 	 ~ 

(y'U 1l1fftl1:J 1 Nnlllf1'fl111tl i111tl'j ~UlllJUU 
QI ~ .<!f ~ 31 	 31. QI" .: • 

2. 	 ~f) C'1u -l (scalping) flfl tl'j ~ U1U tl1 'j Ifl nflU tIlU'Utl-:Jff1'j 111 tlfJ1rt 1 'j l'U1~lJ'j 'j ~ nUJ CVI tl'j ~ 1J1'U tll'jU ff -l~n 

, 11'tl~'UUC'1~'j ffGJ51'fl'Ufl-:]fl1rt1'j 1~m)1-:]C'1-l111m~lJ 
<::I ......::t 	 .<!f ~ 31 ....~I II)~IQIQI

3. 	 flltl'jffl'Wfl'jlJlfJGJ5'U (egress permeation) fltl tl'j~lJl'UtlnlflC'1tl'Utl1t1fl-lflu'j~tlflU'Ufl-:Jfl1rtnflfltl luU-l 

~ -:]U1'flfttllJfl1t1'Ufl tlU'j 'j ~DWqf 1'lf'U tl1'j ~tylfftlfl11lJ4'UUC'1~UOff11 1tln 1Ul'UlJ'j 'j~ DWqfflfltl i U111tllJ'j 'j ~ 

"'" ......::t QI ~ ~ 31 	 .... 31 •QI 

4. 	 fl 'U ltl'j ffl'Wfl 'J lJlflGJ5U (ingress permeation) flfl tl'J ~lJ1'U tl1'j Ifl C'1tllW1t1'UfJ-:Jffl'j n1t1'UfltlU'j 'j ~ nwCVI l'U1~ 
~QI'" .s. ~ "" 

.. 
"'" 31 31. 1C'}I

tl1rt1'j f11t1 1'U1J'J'j~nwCVI 1'l$'U tl1'jC}flJ~1'U'Ufl-lfll1lJGJ5'U Utlff llC'1~tlnU111tlff~U1'flC'1flUl'U1~fl1rt1'j U 

tl1'J ilJltl'J 'Vl ff1lJ1'j Ofl~U1Ui ~1ul~-:]'Utl-:]tl'j:;lJ 1U tln l1'Wi (diffusion process) lllf1'flllU~nW rl1'U~fl 

U'j~(yl'U (interface) 'j~,wj1-llJ'j'j~DwqfOUfllrt1'ju~nUJ~fflJHff ~-:Jllff'fl-l1lJfl1'W~ 2 

0 	 0
0 0 0 

0 0
0 00 

0 0 0 
0 

0 0 
0 	 0 

0 	 00 	 0 
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, 
].1 	 i,um1"Hll'JHl'f:i (Diffusion equation modeling) 

i lJ 1 f) 'j i U 1~V1 .u fl-:J n11 fl 'j ~ U 11-1 fl1 'j l! 'W ~ 'U fl-:J ff 1 'j '!J 'j ~ fl flU til flU 'j 'l .~ ilwcn" 11 iJ~ fl1111 'j fl1 'l , lJ 1 fl 'j 'Yl 

1~vJ1IhJffllJnrlfliulVhl~llJfltlfl1'jHY4~'Ufl.:JYJfHf (Fick's law) 't1fl~ 1 U'fl~ 2 ~-:JfflJfll'j(9] 

(SCp )Fick's lSI law 	 ....... (1)
F= -D-
(Sx) 

Fick's 2Dd law 	 ....... (2) 


,. »I , 

~ '" ~ d I~d C> 0' 


llJfl F 	 fl~1 1fll'Hfi 'flflU 'Vl (transport) ~flY4U 'Vl'Ufl-3Y4fl'flllJfl'j 

rllfflJ11'j ~~'VlifflJ~'Ylnfl1'j UY4~'Ufl-:J~1 'lJlfll'Yl (migrant) hrrm~ llJfl{ 

2 c> .::s 
(CJflJ. /1U1'Vl) 

f111lJl.ulJ.uU'Ufl-:J~1' lJlfl'j'VllU'Wfl~llJfl{ (iJ'fl~ flflJ/flllJ) 

x the space coordinate measured nonnal to the polymer - food interface 

(CJflJ.) 

f)fl n'fl1~r·hu 1-11 (lU1Vl) 

U fl f) 1l1flfflJ fl n 	 'U fl\lYJ fI ffll ~1U\lijfflJfl1 'j f1ru ~fll ff~{~U~ ~l~Yi1U1Vfl1'j 11vd 'U fl-3 ff1'j l~lJ ll~~' y)' !'liu 
" 

Crank '~l11U1VtJ~lJ1ru fln 'tllfl'j 'Vl'Ufl-3n'l'j 1~lJll~\l1l1fl'Wfl~!lJfl{'Ufl1Yil'fl~'flltl'i ~~i1 [9, 10] 

....... (3) 


~ 
llJfl 	 '!J~lJ1W~11lJlfl'j'Vl..f\ll1lJ~tllflrmftllJfl{ w n'flll1it~ (hJlvi) 


f111lJl.ulJ.uU'Ufl\lfl1' lJlfl'j 'Yl 1U'WflftllJV{ (iJ'flftflllJ/flllJ) 


, .,. 0' '" 3 p 	 f111lJ11U1UUU'Ufl-:JY4fl'f1llJfl'j (f)'llJ/CJflJ. ) 

rhfflJtJ 'j ~~'VlifflJ'W'Vlnfll'j UY4~'Ufl-:J~1 'lJl fl'j'VllUY4fl~llJfl{ 
2 

(CJflJ. /lU lVi) 


~tl packaging lifetime (lUl'Vl) 


rllfflJlh~ff'VlifflJ'W'Yl£fll'lll'W~ (Dp) lUn'lJfl1'j~ 3 111'~tl1flfl1'l'Vl~'f1fl-:Jl;-:J1l'f1Ufllff~{ 9t~~~Vlfl 

1~n'f1l'wl'W 1l'f1~~11~~lVff-:J 
'U 
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....... (4) 


~ 
llJU CF,t 

~ 

flU fl11lJl'l1lJcij1-l'tlU-.1~1 llJlf1'l'Vl (iJClft fli'lJ/fli'lJ) 

P 
~ 

fit> 
I . "'" .... 3 

fl11lJ'\11-l1H'W1-l'tlt>-.1~Cllff~fI (fI'llJ/9flJ. ) 

D p 

~ 

flU ~1~lJ1h~ff'Vli~lJ-w'Vl£fln H'Vfi'tltl'l~11lJlfI'l'VlhrVmftllJt){ 

(9flJ. 2/1 'WTVl) 

AimF 

~ 

flt) .: oJ"" .... '" 2
~1-l'Vl111't1t)'lU'l'l~flruCVI (9flJ. ) 

....... (5) 


"'" '" (diffusivity) 'tIu.:J'VmmlJtl'l 

~ 

MW fit) JnnrflllJmflCl'tltl'Hn'll~lJU~-.1 'H~tlffn1hHnt)'W
~ 

~ 

T flt> 

~ 

a flU correlation constant 'tIU'lJllfUfl1lJlClQClffl'l iJ~ll'Yhn1J 0.010 

~ 

b flt> 'Qru 'H fJiJYiii~.m~uViff'Vll.:Jfl1'l uvd (diffusion bearing) ii~ll'Yhn'lJ 10450 

Vl111'ln 1 fh~lJ1h~ff'VliAp 'tIU'l~UftllJtl{G)5Ull~l'l'l 

~lfflJ1h~ff'VliAp 

9 

5 

5 

~o 

-7 

-3 

-3 

LDPE 

HDPE 

PP 

non-polyolefins 

PVC (rigid) 

PC (T $;120°C) 

PET (T ~120°C) 
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~ 	 ~ 

fllJ ilJlfl':i 'Vl'Utl\lffl'H~ lJU~'1'l1 ~tlffl':itJUliltl'W\)l flUJ ':i ~nru Cli'Cl'l~tlll11'ltll'Hflll~lfl 3 ih,)'v [10] ll\lU 

I 1 "'" " 1.2.1 	 flJ::Ul'Wfll':iU'W':ifllV 'U'WtlClllJtl'J (diffusion within polymer) 

fll':i 1lJ Ifl':i 'Vllnll~l fl fl':i ~U l'U fll':i llYri"lltl \I ffl':i ~ n fll'HfI~tl'U ~ tl rh 'I1:.J 11J'W J ~ l'U VU 11 ~tl fll':i Ifl~tlU~ 

U'lJ'lJU':ill1titl'W (Brownian motion) ~l flu~nru ~nfll1lJl,rlJ,r'U,,! \11 tJu~nru ~nfll1lJl,rlJ,j'U~l ~llJfflJfll'HllJ 
r ~ 	 ~ • 

llWi'Utl'lYJflff,rtlVl I 'Wtlfl~ lfli1V~ J 1 fll 'j ilJlfl'j 'Vl'Utl\lffl':i tJUltltl'W ~l flff \lll1<f1iltllJn f111lJri'lJl1'U i nUtlru l1.f)ij nt':i 
-	 , " 

, 	 ,~ 

~ Id 	 .c!t 'JI 1 ..,. dd I 'JI I "" 'JI .oS 

llJfl tI'WIlWU 01 (glass transition temperature: Tg) VlVWfll ff~ fl'VllJfll Tg U tl Vfll1tJW 11 fJ lJl1tl\l~~ lJfll1lJffllJl'Hl 

''Wfll':i~lJ~1'l-.1 (permeability) i~lJlflfl1'lfl11'rH'llff~fl~nfll Tg ,,!\lwh 

1.2.2 	 fll'j95tlfllls}$'W~'U~l1ru"hl-.l~tltJ'J::fflUJ~l1il\l'lJ'j'j~nruCli'n'Utll'l11'j (salvation at the polymer-food 

interface) 

fll':i95tlflns}$'W'Utl\l'CY1':i l~lJU~\I1UYWfillJtl{lnll'llflff1'll~1JU~\lffllJ1'l ()fl~ flltl 1 lHll'l11'll~~n11h.rvitl 
• • 	 • 'JI " 

fi IlJ tl{~ \11'11 111'CY1) l~ lJ 11 ~ -:J 1fI ft tl 'U Vltl tl fl 'll flW tl fi I1Jtl {fl\l fftll111 'j Vl ri'lJ r:rff 1~~ 1 tI ~U lH) fl ~ 1 flU ffl 'j l~lJ ll~ \I 
" ~ 	 , 

Wfllff~flffll-.1111qJffllJ1J ()fl~flltl1~~1 'U1'UUU ll\lUlWll11'ltJ'j ~lfll'l' 'UUU (fatty foods) YiUJ J ~ luU'j'J ~nrucn 
~ 	 , ~ 

Wfllff~fl~\liJfl'l~WUi1ty'YIlfll'j u'Uliltl'U~ lflff1'll~1JU~\I i~lJlflfl11tll111'jVlnU111lu tl-:JrlU'j:: fltl'U (aqueous food) 

l.2.3 	 fll'jUwifl'j~~ltll~llU''Utlll11'l (dispersion into bulk food) 

llJlfl Qfl'U tl\lffn l~lJU~\I~lnVl95tlflni'W n'Utlll11'l'U 'U~ l1W ril'U ~tlU'j ~ ffl'W 'j ~1111\l'WtlfillJtl{nu 

tll111'J ~~lnll fll'j lLW i tltl fl' U rJ-:Jliftltll111J ~Cltl1)J ~tI~llfll~ri'lJ ~ff f111lJffl1Jl'j ()1'U fll 'J Cl~fll tI (solubility) · llfl~ 
ri'lJU':i::ffl'lifllJ llWiItlU i1~,)'tll1rlfl~f111JfJ lJU5lJ1W'Utl-:Jfll'J u'Wi fl'j~~ltlUfl~V~'j lfll'j llJlf1'j l'l'Utl\lff-n 111cll.n 
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~r-hlnJlih 1'U-:J1'U 01'.l~'.l 'H)~UOl'.i ll'ULnf)'U'Uf)-:J~"lff~'ClfLClffl{l1 ,,-ItIG}fU~ l'Ufl1111'.l Liu ESBO, DEHP, 

DINP, DIDP, PAs, DEHA l!n~ DINCH L~'U~'U '.l~~U01'.llllHnfl'U'Ufl-:J~"lff~iClfL9f{){~~'.l1UYlUflV1'Uil-:J
'U 

JI SI, JI 

5 - 2,358 iJ nft ojlJ/O 1n ojlJ [3,5] 0 1'.llhH11 fl'U 'Ufl -:J~"1ff~' 9f L9ffl{ffl'U 111 qj L0~~'U' 'U fl 111 1) Yl ihl111'U L ~U 

tin I '" "'" tI n I ~I" c>1IJ tlCfl iJ .:!t """'" "'" "'1 iJ '" "" rNfllJ '.l ~Ofl 'U11 n 0 01 '.l1 Lft'.ll ~11 01 '.llJ'U L lJf)U 'U fl -:J~ n 1 ff~ t Clf lClffl 'J U-:J~ fl -:J!Clfl 011i 01'.l11 fl '.l1~11 11 Ll1lJ 1~ fflJ OUG)f'U~ 

'Ufl-:J~ "lff~l9ftClff){cI{1V 1~V~1 i LljjU1n'U fl-:JLl)" ~i'Vlf1~1-:J'l u~ lJ~fl f1111'U ~cI{lUft11lJLl"f)~fiV'Y11-:Jf) 1111'.l ~1,*'u 
". j/ , I tJ 

OUft1UfllJtJllJ1W 01') tlulil f)'U Ylfl1 u In'f1~U' 'Ufl1111'.l 1~ tllll i tl1~Q'lh ~ ff -:Jft'\Jf) -:J 01'.llift'.l1~ 11'ff1'.lllUlilfl'U 1U 
., 

f)111l'.i lJ~\Ji1 [5, 9] 

I. 11'.1 ~liJU ft1ftl11H~'UYh:l'Ufl-:Jff1'.lllU1nflU lu fl111l'j~ff-:Jr-'H'I~f)~Ul1f1ft (toxicological potency) 

. " 
3. ') ~ '4 iJ\I,yVYllJ~ fl 01 ')ilJ1 O'J 'Vl 'Ufl-3ff1'J ll'Ull1flu 1 'U fll111'J 

" . 
4. tJ'.l ~liJUllllJlf.\J ff -:Jff~'Ufl-:Jff1'JtI'UlilflU1'Ufl1111'J .y}Hu~1f1ftu~ju'~

'U • 'U 

" ,~ . 
,j'UVlf)'U'Uf)-:J0l'.il1ft,)1~""1 ~tl111 itllJ~\Ji1 01'J l~j tllJ1l1flVH 01'J ffn~ on cleanup 01)" 1'W11ft11lJl,rlJ~U 

" 
(preconcentration) "n ~ 01) ~)" 1\11~ lli 01)" 11ft 'J 1~ M~U flVnUG)fU ~'\Jfl-:Jfl 'Hltb ~ Ofl 11 lu 11'J '.l \I fiw ~ll" ~ff1'J 

'U • 

tlulnflu1 U fll111)" lafl-:J\l10ff1)" 1l'U Infl'U ff1'U 111 qj~~ 11 1'U -W19111JU ff1'J 0~lJlf)ff1Ylfl{~-:JlJftl1lJff1lJ1'J (),'U 01)" 

Onltl111'U lfli~ ~-:JiiVlJ'~l'VlftUfl GC i'UflUl1ft'Jl~M 

llnff1 f1'llJ11 'Y1 o'nvh1J'Ul'VlftUft fll'HWOffn 1'f1von ltl~U'U ff1'J 1MOn1m1J'U i fl~flW 11 fI:Ul1'cr-:J ltc11111~fl 
• 'U 

" t ' • • 

'Ufl.:]ff1'.l1l1 cll'W'U~lUl.,j1' tJiJ-:JflflrllJUYlU)" 'J~~1myJffft-3Yl (stationary phase) 1~Vfl1ffU01'.l~1LU'Ufl-:J1yjff'fI~flUYl 

(mobile phase) 11~fl~lj tI 0111lnffll1'rf1 (carrier gas) fl-:Jfttl 'J ~ Ofl11'Ufl-:Jff1'.l~ lJfl11lJff1lJ1H) i 'U on 1f1~fl'U~un~ 

01') 0)" ~u1V1911 vh'Ul'Wffft-:J~~l-:Jn'U u~lWOflflO\ll 0 n'U fl.:)fttl 'J ~ Ofl1J~lJftl1lJ1O~lii1V-:J nu (affinity) ~fl1!)fl1ftfl-3~ 

\I~lftgf)'U~ ill'~~10';hfl-lrlU 'j ~Ofl'U ~ iUlJftl1lJi 0~lflV-:J111fJ im\'1ii1V-:Jn'UUflV~fl1!)fllflfl':]~ on lftfl01Gfl1fl 

ft-:J ~ ~'l1lJ 1~ ff lJ ~ -:J lJ ft11lJ ih ri'tlJ 11 1 0 ~ fl tI )" ~ ~ 'Vl ~ fl1 ~ 01 'j 11 tI 0 11 \I ,y tI ~ l-:J '1 ~ ff \l H n ~ fl 0 l'HltI 0 fl fl G)$ U~ 

fl\lrltl 'j ~ Ofl1J Un~VVl'j101)111 n'Ufl\l110ff1l1~1 flW 11 fI:Ulm~v~'J 101'.l1t1~tI'UU lln\lflf.\J 11 fI iJ 'Ufl-:JflflKlJU flW 11 fl:U 
ct q,r ~ " q 'U 
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Insuhtled 
Cdilldrieal 

A 

Gas 
Supply Olen 

sample 

Detector 

a v "'" ~.I ~ \II u 
!fl"HVlVl~1~1V11f'UVlhl(llJ nH)t) &'U!CU'VU ( Flame Ionization Detector: FID) 

6] "'" rI I Q "'" rid"", rI II) )' ~I rI~ I "'" iii ~ .d IIIft 

! 'U f111 1!fl1 1~lHn1lJ1~ f1tl1H1Ul'l'HJl'lllfll'HH)'UU"~ HI ! ~1! \11.,1 !lJU fl'JfllJ1~fH)UlHJlJ ! Iilflfl'Hl~~1 1~ 1~ 

G)fl1~HyJ"lJleJeJflll-HC)1iulJ1n~ft~ !Vi11~ijfl11lJ11ft-3lJ1fl~flft111h~flfl1J '1 ni~'j fl1{1JfltJn"~ft1lJ11 t)~111\)1~ 1~ 
~ 'II 

~l~.:j'j~~1J!vJlJ i~fli'lJ (femtogram: fg) 

eJeJ flc}f! I\) tJ nfltl fl!f-.l1 1l1lJ~fl11lJ~flU 'ff -31\)1.,1 tn~ f111 'ffru! irVV!~fl~ 'j flU fl 1 ~ U'ffV!~ tl~ 'j fl'U Iij~ !fI~ eJ'U ~,UrJ-:J 
cu 'II 'II tI 

~lUeJ1tJ~ ~ltJ1U'tJ~NUt~fl~'jflU~tn~~uul.h~ui~V~1-3n1J~lU1Ufl1{'UflUlf~l1lJ~~ ~,hu fleJfll\)lf1f1flftlJU fl1~ 
~ 4 uff~'JeJ-:Jfiu1~flel1J'tJV'JtflteJ'J~'j11\)1~'lfU~tyJnlJ ieJeJU '1 'U!C}fi'u 

r-:leclrodes 

Flume 

Elt"Cl.-iclllh 
bol.,h.. .J~·t"<1 

Insulntinn 

Air or Oxygen 
l\'lobile Phase from to SUPpOI)tt 
CapiILnry Column t Cmnbustiol1 

(t'.g.Hdium) 
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~ ..... 
Ifl'J f)-JVI'J1~1vnJ1" (Mass spectrometry: MS) 

1~11 ~f)f)l'Hl1'j ltJ~UlJ 'C\'l'j~Ttlth~111'1~'W liHH)lJ (ionization) lrlV'C\'l'j lfl~V'W~VVfHl1f)flVft1J'U\l:;~1'WL.,j1 

'1tJiJ~UlJ'C\'ffl'llf) l~nih~v{ (mass spectrometer: MS) ~~'C\'fl1:;11J'W~tyqpfl1f1' llJmf.l,,'Uu-:J'C\'l'j\l:;r-h'Wl~litJiJ-:J 

U'\1ci ':lfl11fi~ '1'tWU'W (jon source) ~-:Jl'l111U1~lVUV'W '1 'Wc;llJmf.l"~~1'Wl,j'llJ11Mfl"lU1lJ'W '1 VVU'W'Ulf) lUDlJ 

I ere:: C\ , ~ QJ ~ 
1'\1" 1'W f)\l:; 1~1.n11~ ~1'W lfl) V-:JfI~ l"V flU":; lWmW:; 'U'W l~lJl" (mass analyzer) 

. . 
I d ~ !ii' ~ 

f)VlJ 'VH):; 1~'W 'Vl1-l1'U 1 'C\'1 fI 'j D~ 
'U 

~'j 1\l1~ (detector) 1~VYi1f)l'j1\) 1\l111tJ~ lJ1Ul 

I, 	 Ionization source HU-lVVf)lll'W 2 l1U'Uf1V 

Ll Electron Ionization (EI) \l:;vhl,r'C\'l'jln~fl1)111\fWll1~ui~,hfl'~f)~'lV'W l~tlfllftfl~'jV'W\llfl :rhn 
~ .d!il 1!iI oJ' Cl!il d ~ .dd I QI" " 

llJ'W'Vl (filament) 'Vl) VlJ \l:; ~1'Wl1V~lJU":;~f)~~1'U111n lwm"v) (repeller) 'VllJfll1lJ~1-1fffHJ 70 11"~ 

~'Hl:; h1Wft-3-:JllJn'Ufllftfl~)V'W ff-:J(l~ 70 fll~fI~'jV'W 11"~ l'll il1' ffl'j ~fflJ~ci'U~v'W'Uv~ lflvfl'W'n~ 
'U 

",.:9 l!i1!i1.d QI)!iI lq~
fln U~fl9119f"ffllJl'jf) l1'UfllJ"lf)UlflU l fI'j ~ff'j1-1'Ufl~ffl'j 1~ 

1,2 	 Chemical Ionization (eI) 1~fl'j:;Ul'W fl1)'Vl1-11fl~rifl i11'ln~fll'jll~f)~l l~U~fflJffl'j~lfl~l~ l~lnU 
. 	 " 

unffYlvhtJBnjul (llnffUl'Vl'W) \l1f)UlJ~llJffl'l~fflJl,j'11111lJ ionization chamber l~uritl'Mln~fll'j 

2, 	 lfl~fl~fl~l~tlOll":;lWfllW:;'UlJl~lJl" (Mass Analyzer) ljl1"lUllUU1GJi'W Magnetic-sector analyzer, 

Electrostatic analyzer, Time-of-flight analyzer, Ion cyclotron resonance analyzer, Quadrupole mass 

~ 	 QI ~ ~~ • d <!I d I ~ 
spectrometer-Quadrupole Mass Spectrometer i 'lfl1"flO1) l1fl'j l:;l1~lUfflJ llJlllJllH\ f) flVlJl1l1"'I~"~ 

lflvfl'W 2 ffllJ ffllJU'jfl\l:;yhl11'~lV~l~o"lmlllJlvflfllJ U,,:;dl'W~ 2 Yilhrff1)lJl~'j511'WflCl1U1tllJ 
" . "" 

. l-f)Dfl'W (\1'1 flDV'W vl~ffV-:J\l:; f)f)U-:J flU 111'r·h'Wlfi jfl'lllUf) '1DDVlJ'lf~l~ tllnlJ ~-:JUlJ lVvv'W l1"l1lJ~\l:; l~rU 
'U 	 • 

3. 	 Detector ljl1"lU'lffi~ 1~u..tl'1tJirflfiUlJ1~ Faraday cup detector, Electron multiplier detector, 

Scintillation counter detector, Photographic plate detector 
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A 
f'. t..;. · I~ : • 

\ 
\1 

non-resonance tOn source slit 
(not defected) 

flll'1~ 5 (A) eJ~rllh~fleJ1J'UeJ~ ion source (8) eJ~rllh~fleJ1J'\JeJ~ mass analyzer (quadrupole analyzer) 
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fll'j ~hJlfl'j'Yl'tlfl~l"nnft~lC}f!C}ffl{\llfl'U'j 'j \lfiW~fll111'j !n~~hI l~~~fl~n~l fl~1 flfll'j LlJlfl'j 'Yl'UU-:I'W~ 1ft~ 
q 

1C}flC}ffl{~\I ffflll1l'j ~f11llJcir'U~fllJ ~'W Uf.hl'U1J \l ~fJl1 ~lfJfldl-:l ~~!i)~ ft -:I ~~~ fl,j~ lJ lW 'tI fl-:l'Vi "1 ft~1C}flC}ffl{1 'W fll111)
~ ~ 

" f11llJU~fl~l\lU~~ f11llJciru ~flhl 'tIfl-:l fl-:lrl,j 'j~ fluuhJ Ull1l'j Ul\l l1h Ufllh1 fl1'j llf1 'j 1~ l1~lfJ [11] ~,n!hi i hi 
. . " 

fll'jffflfJl llJ!fl'jilJ~-:lUfJlJ i ~u1I11~1~ U-:I (model) Vlij~1"U~fffl11~~l-:1'l 1 Mll1ljUhI f))~1I1Wf)1) ilJ!f))'YlYilfi~~'W 
. , " " 

\l ~ -:llJl fl Vlft~ rw U-:I\l 1flfll111) lj 11 ~ 1fJ,j) ~ lfl 'Yl ftl1 fl TV~ fJ 1 'j u~ -31 ~~-:I,j'U fil11 'W ~YllHI l'U ftl'H f lIfll 'j~f)fJ 1fll)
q q ... 

LlJ!fl'j'Yl1lJ~111'YllJUll1l'jl~~llJ~)~u1h1 Directive 821711IEEC [11], Directive 85/5711EEC [12] tm~ Directive 
q 

" 2007119IEC [13] ~-:lU 

'lh~Ul't161l'l1'i 
<V 

Vl1UYlU61'H1'i 
~ , 
'l16U6 

(food type) 

Aqueous foods (pH> 4.5) 

(simulant) 
'II , 

Ulf)"lJ 

(abbreviation) 

simulant A 

Acidic foods (pH ~ 4.5) 3% (w/v) f))~UU~~fl simulant B 

Alcohol foods 

Fatty foods 

10% (v/v) tU'YlllJU~ 

" 
UliJhllJ~f)flfl 

simulant C 

simulant D 

Dry foods 

fll'lU\I : Directive 821711 EEC, Directive 851572IEEC Il[l:; Directive 2007/191EC [11-13] 

.. " 
~llJ Yi fl~111~u~11hi 'U Y1Vl 1 u~~ 2 1lf)1'j llJtfl)'Yl'tl U.:j'Vi~l ft~l9ft9ffl {~hIV rhi''Ul1 ~ lfJ1J \l~fJ flUlh nll 

" " . 
~ 

. 
1JWl1lfll'j tJ'W tilfl'W'tIfl~'W"lft~1C}flC}ftl{1U Ull1l) lh~tflYlU l:WUVlljftltl1 ~lJl\llf)l1~ trh-J) fl-:l ~11"M~ fllct-3 t~hI Vl u q 

""" .
'1~fUf11llJftlJ '\lfldihi 'UW~U ~-:I 11hi1U -:lllJ1~fJU~l~fJ~~ l~fffl1:Jlil\l ~fJVlft -:I ~,,~ flf)l) llJ lfl)Y1'UV-:I 'W~lft~l9f 

~ ~ 

lC}ffl{!i)lfltJ~lf)'W'jV-:I~ll ~M~~-:lft~l!!Y1UU1M l)tJ'j ~U)Yl~ljJll1'Wt~hI U-:lrll1)~f)u'U l~fJt~Uf) i ~J'll1'lJlJ~flUflt~U 
~ 

" JJ, , 

~lU'Ylhlflll1l'j i t.lfll'j~fl1:Jlf1f-:lU l~tJiI\l~fJVly'hflUfffl1:J1L~Url 'j~fJ~ 11~1 UUl11 fllJli-fflJ Nft fll'j 'Vi 1fft\lflfi 'j lC}f 
" , . q cu 

i'WU(l~'U'W l~'tIfl-:lYilJ Yi -fflJ Nft fll'ViVl 6 Uft~-:lU~lJ N-:lflUfffl1:J1 llJtfl'jihl 'tIU-:I'Vi~lft~l9ft9ffl{i 'W ~lU 'YllJ fllMU 
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r~fm1mni ESBO 1irm111l11:~rml~'1'lflWlWllInnl~, 

(~ 2.4) (~ lS) 

• SI 

1.1.1 ~lUY1lJUl111)Yi'~rill1i'u~fl1:Jlfln llJLtl)Y16ijU~"H'l1{Y~lC)ft9nJf ;)U Ul:UlJlJ~flUfl 

1.1.2 ~lelth~~11"11~~'~rill1i'U~fl1:Jlfll) 1lJtfl)'Vl'Utl~'Vftll{Y~1C)ft9nJflu~ln'YllJell111)ii 2 ~leldl~ l~Url 
" 

1.1.2.1 ~lUU1~~11"11~'U'UlfHff'U~1'Uff'lHrfl,n~ 48 iJ"illlJ~) lJll1Ufl 6.6 fli'lJ fllfJ'lJihJ~tnlJ~19}
'II 

" fll1~ 13 iJ"i1llJ~) Ull1UflU~lnlJ 0.99 fli'lJ/~l 'V4~ellJ'Ulfll!ti'l''t1' U~lJl~)1J))1J 115 
~ 

""" """""" ~'cI """ """ "'" "'" "0 QI OJ

lJ"""~) !{YlJ~llJff'lJtlfl"l~ 51.2 lJ""!lJ~) {Y~ 86.5 lJ""llJ~) lJll1lJfl 105 f))lJ 
'II 'II 

" 
1.1.2.2 ~lel~1~~11"11~'U'Ulfllff'U~·h'Uff'lJVfl"1~ 63 iJ"illlJ~) Ull1Ufl 11.0 fli'lJ fllfJ'lJihJ~tfi'W 

'II 

" -W1~fll1~ 13 iJ"i1tlJ~) Ull1UflU~lfi'W 0.99 fli'lJ/~l 'V4~ellJ'UlflUtll'ff ,j~lJl~)1J))1J 228.9 
~ 

""" ""''''''' ~'cI "'" "'" "" "" "0 Q.I Q.I

lJ"""~) l{Y'\.,!~l'Uff'lJfJfl"l~ 67.2 ]J""!lJ~) {Y~ 96lJ""tlJ~) lJll1lJfl 156 fl'jlJ 
'II 'II 

1.2.1.3 ~UU (oven and incubator)
'II 

, .::i ~ 
a. GC oven ~lJ 5890A fJl1tl Agilent Technologies 

~ 

b. ~elU (Incubator) 
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1.2.2 ft11tfliJ 
'j/ 

1.2.2.1 ':hlr'UlJ~fHlfl 

1.2.3 fl11t~j VlJ~rrtlrJ1,:nYT1,d\Jfl11 ~lfltl~ 1tHfl19f'U 

1.2.3.1 	 tl~~llfll1~t~ltllJ~l~Ufll l11~1~ttfllll~1~1'U incubator lMfll1lJ~tl'W~ 100 °c t~'Unfl1 

1.2.3.2 	 t'Vl~lH'Vl'Utll111'1 10 flflJ fl~~l~Htfll ll~H·hlMft'l1'Vl 

1.2.3.3 	 fI~l~l~Ufll~lJ 11 ll~lU'Vl'W tll1111 1 'U~tl'lJ GC fll'lJfllJeJW l1fllJ~ 30°C tlfl1 30 l'U t~eJ 
q 	 <u q q <u 

ftfl1:l1~fl~eJ-:jtlfll~iJ~ eJtJ~lJ 1W fl11 1lJtfl1'Vl ~eJ-:j'Wfllft~19ft9feJ{1'W~ltt 'Vl'U eJl1111 

1.2.3.4 	 ftfl1:l1 ~fl'Utl-:jfl1~'Ul'U fl11'Wl ftL 11 eJ {11 t9f9f'U ~iJ~eJfll1 1lJtfl1'Vl'UeJ.:Jl"lfllft~19ft9ftlfl'U~ltt'Vl'W 

eJll111 1~VU1'Ul~Ufll~lJ 1 1 ll~lU 'VllJ eJl1111 1 u~h'U fl1~lJl'U fll1l"llftt lleJ{1 1 t9f9f'U~
q 

, • iJ • 

eJWl1fl:lJ 100°C lJ1'U 1 9511lJ.:Jlu~fl1:lW~fll1 111f1u'Ull.:J1MtvucVieJWl1fllJ11eJ.:J UKJl111tJ 
q <u 	 q <u 

1.2.3.5 

1.2.3.6 	 trleJfl1lJ~llJ1~V~nfll~nTl1'U~ 1 ~ l11~1~Ufll~lJ111l~lU'Vl'Wtll111111.:J 1~lMtv'U~
q 

'j/ 'j/ 

tlWl1fl:lJMtl.:J 1l1flU'Wt"lJrJl~1~ttfl11UlJTth~lJ1W 10 flf~ 
q <u 

15 



2.1.1 6jJl~lH\J'lJ~lJW1'j (volumetric flask) '\J'Ul~ 10, 100, 250 iJ"iiii~) 

2.1.2 3J "'" "'" "'" "'" 6jJl~Ufllff'lfl'\J'Ul~ 20 lJ"""~'j 

2.1.3 ~fl~tl\luf1'fflfl'jlJl1Ylfl'jlYJ~u 7890A ~~tllJ~fl~tl\l~'jl\l1~~vJ"lJ'tltlU1U!9fi'U ~M'tl Agilent 

Technologies. 

2.1.4 tfl~tl\lttf1'fflfl'jlJl1'Ylfl'jlYJ~U 7890A ~~tllJtfl~tl\l~'jl\ll~lJ':m~u 5975C ~,rtl Agilent 

2.1 .5 

Technologies. 

~ ~ '1 '1 ~I • TM 3J.9 QI I TM 
tfl'jtl\lUflff !fl'jlJl !'Ylfl'jll1~hI Trace GC Ultra ~'jtllJtfl'jtl\l~'jl\ll~lJT"~U DQS II 

d 'JI 
tll1tl 

Thermo Scientific. 

2.1.6 
"" "'" .., ~ 

fl~~""l'jfltl"lJhI: 30 m. x 0.25 mm. i.d. x 0.25 Jlm film thickness, (5% phenyl)

2.1.7 

methylpolysiloxane, (DB-5) ~,rtl Agi-Ient Technologies . 

..,. "'" .., ~ 

fl~~""l'jfltl"lJU: 15 m. x 0.25 mm. i.d. x 0.2 Jlm film thickness, (90% biscyanopropyll 10% 

d3J 
phenylcyanopropyl polysiloxane), (Rtx-2330) tll1tl Restek. 

"'" "'" IV ~ 
2.1.8 	 fl~~""l'jfltl"lJhI: 15 m. x 0.25 mm. i.d. x 0.25 11m film thickness, (50% 

d3J 
phenylcyanopropyl polysiloxane), (Rtx-225) tll1tl Restek. 

"'" 0'
2.1.9 	 1Jfl!fltl'l (beaker) 

2.1.1 0 	 tl!'lJ~ (graduated pipette) '\JU1~ 1, 1 0 iJ"i1i1~'l 

2.1.11 	 llJlfl'jl9f~lJ~ (micro-syringe) 

2.1.12 	 llJ lfl'jihu~ (micro-pipette) 

"'" 2.2 'CYl1"!fllJ 

2.2.1 t~~'l~l~l~'j~'jllJ (tetrahydrofuran : THF) ~,rtl FJuka (Germany) 

biscyanopropyl/ 10% 

2.2.2 	 l~ 19ft~eJlJl~ l~'H\lUclh~'j~ (disodium hydrogen citrate sesquihydrate) ~M'tl Aldrich (Germany) 

2.2.3 	 !tlVi"!tlJvJ'Yll~'W (I-ethyl naphthalene: EN) ~,rtl Aldrich (Germany) 

2.2.4 	 f)'j~ 19flfl"Wf)clf"tl~clf~f) (cyclohexyl acetic acid: CHAA) ~M'tl Aldrich (U.S.A.) 

2.2.5 	 l~tlJYi"l1iJm~ (dimethyl pimelate: DMP) ~M'tl Aldrich (U.S.A.) 

d3J 
2.2.6 	 ttlYlllJtl" tll1tl Merck (Germany) 

..,. 0'"",..,. "'" 0' 	 d 3J 
2.2.7 	 tlJ'Yl"tYltl'jUl'Ylltl!'Yltl'.i (methyl-I-butyl ether: MTBE) tll1tl Lab-scan (Ireland) 

d3J 
2.2.8 	 Wfl!9f'U tll1tl Merck (Germany) 

"'" ""'IIJ 0' "'" 0' d 3J
2.2.9 	 tl~tlfl9f ~~9f9ftltlU'Wtltltl" (epoxidized soybean oil: ESBO) tl}1tl Fluka (Germany) 
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)" "" II] rI d !V
2.2.1 0 	 ~tl"W ~lJ~ (oleamide: OA) Vl1tl Sigma (U.S.A.) 


2.2.11 	 fl~fi11lJ~ (erucamide: EA) ~M'6 Aldrich (Germany) 


2.2.12 	 1~mYl"L3f1~"'VfVl1tr;Wl (di-(2-ethylhexyI) phthalate: DEHP) ~M'6 Aldrich (Germany) 


2.2.13 	 1~16lClf!~~"'W'VllL"~ (diisodecyl phthalate: DIDP) ~,rtl Fluka (Japan) 


2.2.14 	 1~16lClf llJu"'W'Vl1m~ (diisononyl phthalate: DINP) ~,rtl Aldrich (Germany) 


2.2.15 	 l'W~tl~L'W'Vl (polyadipates: PAs) 1l1f1 KLZK (Switzerland) 


2.2.16 	 1~!tlYl"t3f)~"tl~!'W'Vl (di-(2-ethylhexyI) adipate: DEHA) ~,rtl Aldrich (U.S.A.) 


2.2.17 	 tl~~~" 1~'jiJTVh~l~'j~ (acetyl-tri butyl citrate: ATBC) ~l1'tl Aldrich (U.S.A.) 


2.2.18 	 1~1tllClfluu" 1Clflfi"l3f)lClf'U 1~fi1{1Jt)f)9fm~ (diisononyl-cyclohexae-1,2-dicarboxylate: DINCH) 


111f) KLZK (Switzerland) . \ 


2.2.19 	 1~iJJYl"tClf1J1!f1'Vl (dibutyl sebacate: DBS) ~M'tl Sigma (Japan) 


"""" "" "" ~ rI2.2.20 	 tl~Clf'Vlm~'W1tGJftmf)"t9J'6'j t'j~ (acetylate partial glyceride: acPG) \11fl KLZK (Switzerland) 


2.2.21 	 1~'j6~9fYl'U (triacetin: TAC) \11fl KLZK (Switzerland) 


2.2.22 	 1~fl'Wtlf19$ !lJYl" 1tllfiClf11~flllJm~ (diepoxy methyl eicosadienoate: C20:2E) ~,rO Fluka 


(Germany) 


2.2.23 	 W,jt'VlU ~l1'tl Fluka (Germany) 


d !V 
2.2.24 	 !lJ'Vl1lJfl" tll1fl Merck (Germany) 


2.2.25 	 1"11~ lClft~tllJ (sodium metal) ~M'tl Aldrich (France) 


II] 	 d !V 
2.2.26 	 !~tl6m9flJ (l,4-dioxane) Vl1tl Carlo Erba (Germany) 


2.2.27 	 1~!3tJYl"'W'Vllm~ (diheptyl phthalate: DHP) ~Mtl Aldrich (United Kingdom) 


2.2.28 	 1~1Vi'j-w~H9f1J1!f1~ (dipropyl sebacate:DPS) \11fl KLZK (Switzerland) 


2.3.1 	 fll'jt~jtllJff1'j"~"lV internal standard l~lJ~'U 1000 ppm 'Ut~~'j~13111)'Vhl'U
co 

"~"lV internal standard 1Y>l'un DMP, EN u,,~ CHAA 1'Ut~~'j~131~'j~)1'UtJ~lJ1~'j 250 iJ[l~~~'j 

2.3.2 	 ffn "~"lV'W"lff~1Clft9fflfl-J1~)il1'U rlfflJ 1 'U ff1) "~"ltl internal standard (~fl 2.3. n 

2.3.2.1 	 ffl)"~"lt1lJl~)lllJrlfflJ 1 (standard mixture 1) "~"lV ESBO, DIDP GJfU~m~ 50 iJ"~fli'lJ 


OA, EA, DEHP GJfU~"~ 10 iJ-e\~f)~lJ''Uff1'j''~-e\1t1~tl (2.3.1) ,j~1JtJ~lJ1~'H~U 10 iJ,,~~~'j 


2.3 .2.2 	 ffl)"~"lVlJl~'jl1lJrlfflJ 2 (standard mixture 2) -e\~"1t1 DINCH 50 iJ"~fl~lJ DEHA, 


ATBC, DBS U-e\~ TAC flci1~"~ 1 0 iJ"~fl~lJ1lJff1)"~"lV~tl (2.3 .1) tJ-r1JtJ~lJ1~)!~'U 10 


iJ,,~~~'j 
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2.3.2.3 LY1'jft~ft1tllJ1~W~j1'U~HYlJ 3 (standard mixture 3) ft~ft1tl DINP 50 lJftilfli'lJ, acPG Hft~ PAs 

rJrh~ ft~ 10 lJftil fli' lJ i 'U LY1'jft~ ft1tl~tl (2.3.1) tJi' 'Ull~lJWl'j ~1l'U 1 0 lJftilil~'j 

V I 

2.3.3.1 fttlfli''U 11 ~~~'U 'U~nruYl'hJ-alJ rrLYtl1Jtll111'j lJ1t ~i 'U fl1'j 1~fl'j 1~"r 

2.3.3.2 i~1l~tn'U"nTfltJ'j~lJ1ru 50 lJftilni'lJ trift~i'U'\Il~unlihn 

2.3.3.4 
I v 

~~lJttl'Vl1'U tlft ~'\Ithtld1~U'j ~ 11~'1Yltlrul1.f)lJ11'tl~1)'U~~ntl'U~wn~'U
q 'II 

2.3.3.5 tn'Uff1'jft~ft1tlffllJ i ff~l'U 1J'Ulvttl'Vi1n1'j1~fl 'j1~M' lJ ~'U ~v1tJ 

2.3.3.6 f)1'j t~~ tllJ~ltld1~t.yltlf)1'j 1~fl'j1~"rU1J1J direct analysis 1 ~tJihtJ~ff1'jft~ft1tJffllJlft'~tl 
'jI -=1'" 'jI' 'jI d .J -=1 Q,I

(2.3.3.5) ft~i'U'\Il~ttnlLYG)f1~~lJ MTBE Uftl~'\ItJ1tl1~th.J~'Um~tlln'U 

2.3.3.7 f) 1'j t~~ tllJ ~ltld1~U1J iJ tJ 5 mtJl'VI 'j 1'UmLY~'Vl tl{~Vt ~fl i''U (transesterification) 1 ~ tJlhtJ ~ 

LY1'jft~ft1tJril'U'LY,j'tl (2.3.3.5) ft~''U'\Il~~tnlffG)f1 ~~lJ 150/0 m'Vltlf)'9f~ 'Vi11l5mtl1~ 
v 

tlrul1.f)lJt1'tl~ 'U1lJ 6 'U1Yl 1)lfl,rlJt~lJ MTBE / 40% hexane ~m~10% ,~19f~~tJlJ 
q 'II 

v V 

,~1~'j t'il'Uc}ft~'j~ ~'\Id1tl(h~u'j ~tnl'1Yi~L1'il'Uff1'jft~ft1mwni''U"nJ'U'jw
'II 

2.3.3.8 
o QJ 'jI .,. "'jI 

'U1ff1'jfffl~'\Itl (2.3.3.6) Uft~ (2.3.3.7) 1~fl'j1~11~1t1 GC-FID 

2.4 1TIn1'j1!fl'j1~M ESBO i 'U~l~t 'Vl'Utl1Yl1'j 

2.4.1 	 n1'jt~~ tJlJff1'jft~ft1tl internal standard t,j'lJ,j'1...1 1000 ppm ''U '~tltlnt9f'U 


ft~ft1tlff1'j lJ1~'j j 1'U C20:2 YlUf) 10 lJftilni'lJ i 1...1 1 ,4-'~tltlf)t9f'U 


2.4.2 	 n1'jt~~tllJff1'jft~ft1tllJ1~'j:;}1'U ESBO t,j'lJ,j''U 1000 ppm i'U'~tltlf)t9f'U 


ft~ft1tlff1'jlJ1~'jj1'U ESBO YlUf) 10 lJftilni'lJ''U 1,4-'~tltlf)t9f'U 


2.4.3 	 LY1'j ft~ft1tllJ 1~ 'j:;} 1'U ~fflJ 

2.4.3.l 	 ihtJ~ff1'jft~ft1tllJ1~'jj1'U,j'tl (2.4.1) ~tft~ ,j'tl (2.4.2) tld1~ft~ 100 LlJ lfl'j~~'j t~lJft~i'U 

'~tltlnt9f'UU~lJ1~'j 4 iJftilil~'j 
v v 

2.4.3.2 	 t~lJff1'jft~ft1tl 5% tlJ'Vltln '9f~1l~lJ1~'j 5 lJft~~~'j ~~Yi~L11 'U 1Yl 

2.4.3.3 	 t~lJ{y1'jft~ft1tl 15%) ,~ 19ft~tllJ'~1~'j~'ilUc}ft~'j'Vl Uft~wtJrvl'Utld1~ft~ 10 iJftilil~'j 
o QJ " 	 .::" 

~llJft1~1J 	 t'\ltl1tltl1~U 'j ~'il'Uff1'jft~ft1mttlf)G)fUfflJ\pru 

2.4.3.4 	 t-'h{y1'jft~ft1tlril'U i {y~1'U'U'U'1l1tfl'j1~M~lm'VlfliJfl GC-MS 
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d ClI 	 I 

2.4.4 	 flTH~ 'HHNll fl til~ 
.. 	 " 

2.4.4.1 	 i'~~lU'Vlh! tlll1l'JYlIiHYlJt,j'ln'W~Uftl1nrn 500 iJ"~ni'lJ"~6ij111un1iY'Ifl IijlncWh!l~lJ i~tltln 

!C}fh! tJ~lJW1'J 4 iJ,,~~~'J 

2.4.4.2 	 l~lJ{1'l'J~~~ltl,j'tl (2.4. I) tJ~lJWl'J 30 llJ 1f1'J~~'J 

2.4.4.3 	 l~lJ{1'l'J~~~ltl 5% llJ'VlflfllC}f~tJ~lJl~'J 5 ii,,~~~'J VhtJBfl~tll 1 W1Yi ~~W111JiJ~fl~ 

2.4.4.4 	 l~lJ{1'l'J~~~ltl 15% l~ 1C}fl~tllJl~ 1~'J!Iij'Uci!1l'J'Vl !m:;l~tJrYlh!flrh~,,~ 10 ii~~~~'J 

"'" 	 " ""'IIJ "1 d GJ ClI2.5 l1f1'Jl~1111~l{1'll LC}flC}ftl'J ~lJl~fJ"l"n (monomeric plasticizers) ! 'W1l1U'VllHll111'J 

d 	 'j/ 'JJ 1
2.5.1 	 nl'J !~'JtllJ{1'l'J"~"ltllJl~'Jjl'U internal standard f111lJl6ijlj6ij'W 10000 ppm 'W MTBE"~~lt1 DHP 

100 ii,,~ni'lJ lH'tJ'lJ~lJl~'Jl~'U 10 iJ"~~ll) ~1t1 MTBE 

'j/ 'j/ 1 .
2.5.2 	 {1'l'J"~"ltllJl~'Jjl'Uf11llJl6ijlJ6ij'W 10000 ppm 'W MTBE 

"~"ltl DBS, DINCH lm~ TAC tlVl~"~ 100 iJ"~nflJ tJfUtJ~lJl~'Jl~'W 10 ii,,~~~'J ~1t1 MTBE 

d 

2.5.3 	 nl'J 111 'J tllJ {1'l'J "~"lmJl~'J jl'U ~{1'lJ 

2.5.3.1 	 {1'l'J~~"ltl~{1'lJ internal standard f111lJ1,j'lJ,j''W 1000 ppm i'U!~nlC}f'U 

ihtJ~{1'l'J"~"lt1,j'tl (2.5.I) tJ~lJ11l'J 100 ilJ1f1'Jilll'J n"~ 30% DPS tJ~lJ11l'J 33 

llJ 1f1'Jil~'J tJi'UtJ~lJ11l'Jl1J'W 10 iJ"il~~)~lm~nl9$lJ 
'JJ 'JJ i2.5.3.2 	 {y1'J~~"1t1lJ1~'J!1'W~{ylJf111lJl6ijlJ6ij'W 1 000 ppm lH~nl9$'W 

lIrrJ~{y1'J"~"lmJl~'J!1'U DBS, TAC tlV1~"~ 100 llJ 1f1'J~~'J lm~{y1'J~~"lt1lJl~'J! llJ 

DINCH tJ~lJ1~'J 500 ilJ1f1'Jilll'J i'W,j'tl (5.3.3) tJi'UtJ~lJl~'Jl~'W 10 ii"ftil~'J ~1m~nlC}fU 

. " 
2.5.4.1 	 i'~lhiJ'WlJ~nfln 200 ii,,~nflJ 1~lJ 20% MTBE i'W1~fHC}fU tJ~lJ11l'J 10 ii,,~il~'J Uft11~lJ 

{1'l'J"~"ltl,j'tl (2.5.3. I) tJ~lJ1~'J 20 llJ 1fl'J~~'J 

2.5.4.2 	 1I!tJ~{y1'J"~"1t1lJ1~'J!1'U,j'tl (2.5.3 .2) tJ~lJl~'.l 0.3 - 80 llJ 1f1'J~~'j tJfUtJ~lJl~cH1JU 
""" ="" 	 'j/ 'j/ 0 ClI " 1 lJ"""~'.l ~1t1{y1'.l"~"1t16ijtl (2.5.4.1) n~~11t1~'WllJ'WlJ~fltln111t1~ 

~ ClI .d 'j/ ClI d 'JJ "'" "" ClI "'" 'j/ "" 

2.5.5.1 	 'If ~1l1n 'Vl'W tl111 T.i 'Vl ~{1'lJl6ij1 fl'W ~U"l 1 00 lJ""n'.l lJ !~lJffl'J"~"ltl6ijtl (2.5.3.1) U~~1~lJ 

20% MTBE lh!l~fH9$'W tJ~lJ1~'j 5 ii~~~~'j 
<!t 	 IV t ~I 'j/ GJ 'j/ 0" ClI 

2.5.5.2 	 llijtl Iijl'l~ltltlVHlJh! 1: 1 0 ~1t1 20% MTBE ~ 'Wl~nlC}fU U"l11t1~UllJlJlJ~fltlfl 1 11 tI~ 

2.5.5.3 
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.:t 
'U't'l't'l 4 

tl.fhJ".i l£JU~~ tT".itJN~fll ".i 't'l~~tl.:J 
~ 

. ", . . 
'Ufl-:J'j~v~rnn BW'\1 lllJYlffll ~ff f)1'J'W lfft~flf1'H9f~lJ U~~'UlJ l~'\J~NVl'W Ylffll~ff ~1111TI f)1'J fff)1:l1Yltlft11 

q ClJ 

tIP' .,,; .d.d '" 9 d.., c> .,,; q.., ~ "'" 
n 1 'W UVl'Vl 3 1 ~mlh tI'Ut'VW'Ufl~fll.h ~f1fl'U ~ lJ u~m'W tl'Ut! 'J llltu 'VI'W'U ~ 'W ~lU 'VI 'W flll11'J t 'Wfl'J ~ \lu'J lllWtrn ~ 

" 
UlJ11Ulltll'J 1:lHtl'J'Yl'Ufl~'W~ lff~19ft9ffl{1 'W flll11'Jlh~tfl'Yl1l111lJ 

tll'j 1.1 'j ~liJlJ fl.:J rlt! 'j ~ tl fl 'U '\J tl~ 'W ~ 1ff~ iCJ1t9ftl{i 'W tl~ tfh.J ~1fldl~'\JlJ 1~ 48 iJ~ fttlJ~'j U~ ~ 63 

"" Q "i 9 31"'; 0'" "'" ""t! C> lfJ "'G\ I d 
ll~'Hll~'J t~ tI t 'lfffll 11~ 'Yl1l1111~ ffll ff1l1 'j'U tl1'j 1tfl 'j 1~ l1fl~ fl 'J ~tlfl1J'\J~N'W"lff~ l CJ119ftl'J ! 'W 

ft 

u~tf1lJ Uff~~ 

1~hJ~l'jl~~ 3 U~~fl1'W~ 7, 9 - 12 Uff~~1fl'jlJl1 'YlUf)'J lJ'\Jfl.:Jffl'j"~"lVlJl~'J ~ 1'W'W"lff~i9f19ffl1uft~ 

tl~tn'W~1tl{h~~'Wl~ 48 iJ"fttll~'Jtm~ 63 lJ~fttll~'j ~l11ih~'U 

Column 

Temperature program 

Mode 

Injection temperature 

Injection volume 

Carrier gas 

Detector 

30 m. x 0.25 mm. i.d. x 0.25 Jlm DB-5 

[(5%phenyl)-methylpolysiloxane capillary column] 

initial 60 °c for Imin, 15°C/min to 90 DC, 5°C/min to140 DC, 15°C/min to 

320°C 

spli t/spli tless 

270°C 

1 J.lL 

helium, 3mL/min 

FID 
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ftl'n"~riltJlJl~'J~llHHYlJ~ 1 'lh~fH)'U~';ltJ OA, DEHP, EA, DIDP H~~ ESBO ~lfl 
') ') q .:i GJ 'jJ d I ..,2 ~I c> lIJ <1'') d 
!f1'JlJl !'YlUfl'JlJ !'Wfll~'Yl 7 ~!ft~-l !lHl1'Wll OA, DEHP, EA U~~ DIDP CJf-l~u'W~~lff~ !C)ftCJft)'j !lJmfJ~mfl 

"" c(lIJ 3.13.1 c> Q,., I .:i ~I ""11) <1' 
tYllJl'Jtlltfl'Jl~l11~~ltJL'Ylfl'Wflfll'J~~'JtllI~'H)(J1-l~~U'U direct analysis 6ijru~'Yl ESBO lu'W~~lff~ !9HCJf~) 

6ijtJ1~ ll1tlj'l1ftllJl'Jtlllf1'Jl~l11~ ~~l11fll'J~vi~tllJfllP~''W£6ijfl-l ESBO ~ltJ1JBn~ (Jl'Yl'J l'Wlflftt'Ylfl{~Yllfli'W 
~ GJ 3.111) 'jJ ~ I <1' d ~ I <1'Q <:1 <1' Q

l~fl!'Yt !~LY1'Ju'J~flflU~flffl'Ylfl'J6ij'Wl~!~fl6ijfl-llJl)lJ~VI~ (palmitate: C16:0), ff~~tf'Jl'J~ (stearate: C18:0), fl 

l"lflfl9flfll~W~ (epoxyoleate: C18 :1E), flYH)fl9fl~ l'Wm!fl~ (epoxylinoleate: C18:2E), ll~~ ih~flfl9fltl 
') ..,2 ~ <1'~ I d IGJ ,,1 ..,2 ~I 
!~mtU ~ (epoxylinolenate:C 18:3E) CJf-ll1J U fl-lfllJ 'J ~ n fl'Ul'l fl~ ! 'W ESBO 'W ~n ~ In'U PAs C)f~ 1u 'W 

LYl'J lJ'J ~neJ'U ~~ eJ~l~'Yll1 ~ ltf~1~LYlJeJ~trleJl1111 Bn~ tfl'Yl 'J 1'W Wftl'Ylfl{~rhfli'W ll"l~~ln~ l~ tflYitleJ~l~Vl 
(diethyladipate: DEA) ~l1J'Wfl~fl'lJ'J~neJ'Ul1ftn6ijfl-l PAs 

A: direct mHllysis 

DEHP 
OA ~ 
8 .., 
t: 

~ 
~ ~18: 2E(J) 
u S
3 ~ 

C16:0 

r: 

~18:2E(2) 

ClS: 3E(1,2,3) 

,.-1-- ) ~I .-'...- .~----.------...~, .----..--
,I 

')j)z~ . 

fll'Vi~ 71f1'JlJll1'1l1n'JlJ6ijeJ~ffl'J~~~1(JlJl~'J~lU~fflJ 1 (A) lf1'JlJllY1un'JlI~lnnl'Jl~~(JlI~lfldl~U1J'U 

direct analysis l!~~ (B) lf1'JlIl1 'Yl!!fl'JlJ~lfll1Bn~(Jl'Yl'JltflfftYleJ{~Yl!f1i'u 

DEP 
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uBf)~£Jl'Vl'j ll-H'CHYt'Vl fl{~YJtfli'W t~t,I1J Bf)~tJ1tll'HU~V'W11 ~fl"il" (R, R') ~~htl11U~U"lV'\J B~11~ 
,,)Ol9J " GJ 'tfl'tYt'YIB'j ( ) ~1mtfl"tlB ~fl" (R"-OH) ~ 'Uff.f)11~~1~ 

R OR' 

o 0 

RAOR' + R"-OH -OH • RAOR" + R'-OH 


ill~~ 8 uB~£Jl'YI'j 1'W t flfft 'Vl {~YJ tfli'W 'j~ l'rh-:Jffl'jU'j ~tlfl1J tflfft'Vlfl{t t"~ t t fl" flfl ~flr;l1 'U ff.f)11~~1-:J 


~"ltY~1 9ft<']B{t ~ 'hi ff1 'j U'j ~ tl fl1J 1 ~tBfft 'Vl fl{11"-:J 'illtlVllU Bf)~Vl'Yl 'j 1'W AB ff1 'Vl fl {~YJtfli'U 'il~1~ 
" fl1f~~''W TI6ijfl-:Jl'm 1ff~19f1<']fl{U'hI flfltllJ l~-:JU ff~-:J1'U 1fl'j lJll 'VlU fl'j lJ'tJ ~n~V1'Yl'j 1'U tflfft'Ylfl{~rJ tfli'W t ~'W 

. " 
DBS t~ 'U fflJ 'tJ 'j ~ tl fllJ 1~t flfft 'Vl fl{Vi'tJ"lV6ijU-:J 11 ~!Ufft 'YIu{ih1 ~iJ1Yi" [-(CH2)3-CH3)] 11~ 2 ~ lU11 tl~ 

11"-:J 'illflVhU Bf)~ £J1'Vl'j 1'W tfl fft 'Yl fl{~rJ tfli'W 11ft1'il~ 1~1 ~tflYi" t9flJ1tfl~ (diethylsebacate: DES) ~~t~'hI 
fl~i'W TI6ijfl-:J DBS 'illfl'tJ'j1tl tl n1'j~~n~11ttff~-:J1M'tli'hll1U ~n~Ul'Vl'j 1'hi tflff{t'Vlfl{~YJtflil-J ffllJl'j\l 1~1 'hi 

4 ~~Q" 9J 
tll'j£J'hIJ:-mfll'j1tfl'jl~11'il1fl direct analysis t~Utl~1V 
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l 

d · ~I rvrl I ~I fl.IrI
9A Ur;'l~nlVfVl 9B U~~'l Ehol, 9-01 L1JlHJU'VfW1i'UV'l DEHP ~J'W DEA Ur;'l~ DES LuUV'W'W'W1itJ'tl'l DEHA 

q q 

Hr;'l~ DBS ~11Jih~1J tJru~~ INECH L~U'tlU~U,jtJV'l DINCH 
'I 

.-\: direct ~ln~llysis 
! 

100) 1 

DBS DEF.A 

! ~ 

"l(JV-

DlNeH 

B: 11 t.}ft1U n11lUHnnt)TIr1'ft'l71~ 
, 

~ 
~ 

~-~--------

ill'V"~ 91fl<DJ11'Vlun'jlJtJtl'lffl'jr;'l~"ltllJl~'jllU~fflJ 2 (A) lfl'jlJll\,lWl'jlJlijlnfll'jt~~tllJ~Jtldl'lUU1J 

direct analysis Ur;'l~ (B) lfl'jlJl1'VlUfl'jlJlllfltJfin~tll'YI'jlttl'H'Vltl{~vhfl~'W 
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_ __ __ 

~l'H'l~~lVlJl~<,j~llHHflJ~ 3 'lh~fH)U~'JtJ acPG U~~ DINP ~~U'ff~~''Wfll'W~ lOA ff1'Wfll'W-n 

9 31 G od .J ~ cv rI 
lOB U'ff~~ ~lHl1'WfHH9Hntl(llJtl'Wtl~m<,j~ (glycerol monolaurate: C12) 9f-:J~lJ'Wtl'4'W'W'fj'Utl~ acPG U(l~ 9-01, 

DEP rtJ'Wtl'WilJ1f'Utl-:J DEHP ~llJihll1J 
q 

A: direct an'llysis 

v 

DJ·1PlS 

~ 

~W~;:=::::=-..::=~~"'J· ~~::::::::::..~___~_~--.-~n_:~_~~___'''''---r- ._.
~ . __ "'_ ~ '' ~~._
___ ;.A, _ ......---..A---~----. , 

~ ~ ~ ~ ~ 

B: t1~MlIln1UtHn't1tlTIf1,.fl'l1H 

I [ 

Cl2(aci>G) 

\ §nn 

\ 
D~ls 

'" 
DEA(PAs) • 

..-.......-- ...-........~--------------..- ---....
. .... . 1t! .. ... ........iP . .. .~,~. ..... 


fll'W~ 10 1fl<,jlJ11'VlUfl<,jlJ'Utl~'ffl<,j(l~~lVlJl~<,j~1'WIAI'fflJ 3 (A) 1fl<,jlJl1'VuLf)'DHnflfll<,j!~~VlJ~1tlrh-:Juu1J 

direct analysis U~~ (B) 1fl<,jlJl1'VlUfl<,jlJ~lfltJBn~Ul'Vl'jl!tlfft'Vltl{~VJ~fl;r'W 
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Cl8:lE! § C18:2E(I) 
..: tl 

- , 
.s 

Cl&'O 
~ 
~ 
t 

~ 

~C18:1E(2)
!.: 

"" a'~ I c:l ClI I I ~ I c:l ~ ~ ~ ~ ~ I 'j) 

1)1f)f)1'J1Lfl'Jl~l1lJ~Lfl'W~JflrJl~'VfUJllJ~!f)'W'tI'Wl~ 43 lHHHlJ~'J u,,~ 63 lJ""LlJ~'J lJ"j~fH)lJ~JrJ 

TAC, DBS, DINCH u,,~ ESBO ~~u{,"(~-:)l'Wf)l'W~ 11 u,,~ 12 ~llJ"l~1J 

A: direct analysis 
, ~ i 

1 
et:.cJ i 
~1 

DES 
~ 
fl 

~----.---. 

----r-~--....... -~~--.--~-

~~ Xl______ 

ftl'W~ 11 1fl"j InlVl Uf) 'J lJ'tIfl-:)D ~ Lfl'W~"rfl dl~"'W 1~ 48 iJ ft il LlJ~"j (A) 1 fl 'J lJl1l'luf)"j lJlj) If)f)l'J L~~ tJlJ~JfJtJl-:) 

U1JD direct analysis u,,~ (B) lfl'JlJllVH!fl"jlJ1)lf)DBfl~rJl'Vl"jl'W!flbn'Vlflf~YJLfli''W 
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A: direct lHUllysis 

1(0) ~ I I 

I 
el)o ~ 

J 
J 	

ENts DBS 
S.. 	 2 

Dmcn:""Ll. 

(/' . .~ "'------.  1
.---..---- ·..-....---r--H
.--- ~ - - T ... -..,.. ~---,..--r__.--_-_.--41 

......__........ .._.._._..._..._.........!I.._......____...__._.._.__._........._JfL. ___...___.___.___..__.._.~~..__ ...__ _._ .........._.......__.__2!!_ __...__......_........_..._...__.c_.~ ...___ .._•••.. .•. ... ...__._ ......•...::lP........._........ ................_ 


Cl8:1E 

Cl6:0 ~ ~C18:2E(1) 
§ 

DEPrs DES:! 
~ ~ SC18:2E(.?) 

~ lJ"; _c~o . J_---.--..---..-.........--.--
o «.:::::.__«_.o<n_-..::...--..;::.:::::.-==---::-.::::::::::::::~.,...--~.--""_..-..,-..---.._Hi_......,...........::::...-.,..-____..,...--__...--.-.._..-._.,--.....__..__.-......... 


........................ .._............!L.........................._................._..J9....__._._........._.._.._................!~............_.'" ....._....__...__.._._."... ~..._._.__......____...._...._._.._..... __~..•...._....._._._...._....•__ ._ ._......~.._.. _..._._.................. 


ill~~ 121fl'jlJ1lVlHf1'jlJGtJtl~tJ~t~'W~';ltlrh~GtJlJ1~ 63 iJ~iltlJ~'j (A) lfl'jlJ11'Vl1tf1'jlJ~1f1f11'jt~1tJlJ~';ltlrh~ 

fl1 J 1tfI 'j 1~ r1tl~ f1'11 'j ~ fl tl U t1t1 ~tJ~ lJ 1ru GtJ tl~~ t11 'ff~ '191 tClftl{1 'U 11 ~ t~ lJ ~	ltl ~l~GtJ'U1~ 48 iJTI ii ~lJ ~ J 

" Ut1~ 63 iJt1il!JJ~'j ~1Ji111~t~'UGtJlJl~ 48 iJt1il~lJ~'j iJtJ~lJ1ru~t11'ff~'1Clf!9ftl{11~l1lJ~fi~!rJlJ 54.6 ± 1.4% 

" 1~tJtJl'l1Uf1tJ~t~lJtJJ~fltlU~1t1 TAC 12.3 ± 1.2%, DBS 4.5 ± 0.04%, DINCH 13.6 ± 0.2% Ut1~ ESBO 

24.2 ± 1.00/0 ril'Ulbtfh.JGtJlJ1~ 63 iJTIiitlJ~J iJ11~lJ1ru~t11'ff~'19f!9ftl{~~l1lJ~ 71.5 ± 8.1% l~tJSll1Uf1 
tJ~!~'W tJ'j~fltl1J~ltJ TAC 2l.8 ± 3.1 %, DBS 11.1 ± 1.4%, DINCH 14.9 ± 2.6% Ut1~ ESBO 23.8 ± 1.30/0 

~~U'ff~~1'W~1'j1~~ 4 
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54.4 

.J "'" "'" ""'1 <I'd cl <I' cl I "'" "'"Q.I~1'il~'t14 G}f'W~Uf1~11'JlJ1W'Vf~lLY~ 9HC}fel'J'VHlh"\el-::lfllh~nel'lJ1'Wlb~fl'W~JeltJl~6ij'Wl~ 48 lJf1f1~lJ~'j' (G48) 

Uf1~ 63 iJf1i1~lJ~'J (G63) 

VHn~~'C}f&C}ffill'UtJ~&fl'U (% lvlUJll1cUfl)
'lb&fl'U 

TAC DBS DINCH ESBO 'illJ 

G48 1 11.2 4.5 13.4 25.3 

G482 11.2 4.5 13.5 24.5 53.7 

G483 11.2 4.5 13.8 23.0 52.5 

G484 13.4 4.5 13.4 25.2 56.5 

G485 13.4 4.5 13.5 24.9 55.7 

G486 13.4 4.5 13.8 22.2 54.6 

G63 1 20.1 10.3 12.6 22.8 65.8 

G63 2 21.4 10.3 14.0 23.3 69.0 

G63 3 19.9 10.0 12.6 22.3 65.0 

G634 28.0 13.7 19.3 26.1 87.1 

G63 5 20.0 11.1 14.6 23.7 69.4 

063 6 21.2 11.1 16.2 24.3 72.8 
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fll 'J it fl 'J 1~ M~ el \I 'W ~ 1ft~i9ft9fel f, 'W ~11tYll,l ell '111 'J 1 ~1Yl fl Ufl Vll fll 'J i!fl 'J 1~M~1V1 'Vl flU fl1t flff 

1fl1lJl1Yl'Jfl'J1VJlJlft!'tJfl1~'J1lJYl~ (GC-MS) ~\I~fl~111l,1'U'Vl~ 1,2 H~~ 3 ~~~lflfll'Jitfl'Jl~MtJ~lJlru 

'W~ lff~L9ft9felf1 'W ~1U 'Vll,l ellr11'J'W'Ull'W ~ lft~i9ft9felf~ i:um 'J 'Vl~\I1l,I~1BYll,l ellr11'J i~Uti ESBO, TAC, 

DBS tt~~ DINCH 

fll'J itfl 'J l~M ESBO ellffmYlfl Ufl fll'J t~~VlJ ~1el Vl \11 ~Vfll 'JVllel'4 'W'trfi~1VtJ i)n~Vl'Vl'Jll,l ~telff 

tYlelf~YJtfli'l,I L~el\l ~lfl ESBO t'tJl,I'W~lft~i9ft9fel{~iJllJt~fl~1r1tU ~~t~el~ ft \I ~\lVll1l1'J~tr1 vfl~lmll'W 
q u q ~ 

cI II) 'jJ I d d') "'" cI d 

telfttYlel'J~el\l ESBO !~Ufl el'Welfl9f telt~tel~tlJYl~telfttYlel'J (epoxyoleate methyl ester: CI8:1ME), ~'Welfl 

CUL~ ll,1mtel~t:uYi~t~ftt'Vlelf (epoxylinoleate methyl ester: CI8:2ME) U~~~'Welflcui~ l'Wt~tl,l~tlJi1tHelff 

tYlelf (epoxylinolenate methyl ester: C18:3ME) ftfl11~~tr1lJl~ftlJrllr1i''Uf)1'Jitfl'Jl~M ESBO 1'W~1UYl'U 

ellr11'JUft~\l1l,1~1'Jl\l~ 5 tt~~fll'W~ 13 tt'ff~\llfl'J:Ul1'VlHfl'J:U~el\lftl'J:Ul~'J~ll,1 ESBO U~~ internal 

standard ~llJ~l~'U 

Column 15 m. x 0.25 ffiffi. i.d. x 0.20 J.1m Rtx-2330 

[90% biscyanopropyl / 10% phenylcyanopropyl polysiloxane capillary column] 

Carrier gas helium, 3mL/min 

Injection volume 

Injection temperature 

Injection mode splitlsplitless 

Temperature program initial 110°C for Imin, 20°C/min to 200°C, 8°C/min to 260°C for 2min 

Detector mass spectrometer (MS) 

SIM mode (rnIz 155 for ESBO and mJz 183 for internal standard, C20:2E) 

Auxiliary temperature 
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C 18:2l\JE(1) 
6.805

50000 A C18:2l\;IE(2)
40000 7.Q98 
30000 
20000 

miz 15510000 

60000 
50000 
40000 
30000 
20000 
10000 

6.70 6.80 6.90 7.00 7.10 7.20 7.3D 7.40 7.50 7.60 7.70 7.80 7.90 

C20:21vlE(l )
7.286 ' 

B 

C20:2!vfE(2)
7.566 

, ' , , , , ' , ' , , •••• ! ' ••• , • , ~r~, . ~ , , .... , .A.. ,,,.... ,."~/~ ~~:.,
6.70 6.80 6.90 7.00 7.10 7.20 7.30 7040 7.50 7.60 7.70 7.80 7.90 

ci
ftlffYl 13 lfl'nJllVl'jUf)'j'lJ'UeNffl'jlJl~'jll'W (A) ESBO ~m~ (B) internal standard~llJih~1J 

""" '"~ I""" L31"""d 1 d d d d 1 1 ~ d 1
fll'jl~fl'jl~'\1lJ'jlJlru'Utl~ ESBO 'lf11i internal standard method !~tllJtl'Wtlf)9ftl !fl9fl A'W !1HJ A'W 

""" " ~ ~ 'JJ': dW~~lJ'YIiHtlff~'Vltl'j (epoxyeicosanodienoate methyl ester: C20:2ME) tlJ'W internal standard 1l1fl'W'WL'lf'W'W'Vl 

1~~fl'Utl~ C18:1ME Hf1~ C18:2ME 1'Wfll'jrll'W1rutl~lJl'j'Utl~ ESBO trltl':)1l1fl!1J'Wtl.:)fitl'j~fltlU'\1"fl~ij 
l.l~lJltu'jJlJntJlJlf)~'t!~':u ESBO (78%) 1'W ESBO) 
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f1lJrin..!ltu response factor 'tIel'l ESBO 

p..~s X mESBO
Response Factor of ESBO = ----

11lJS X pAss-lBO 

,., , 
~ .::11 V.::I 

pAESBO 'V'fW'Vl {9lYlfl'tleN CI8: IME n"~ C18:2ME 
,., , 
~ .::I1 v .::I
Yl'W'Vl {9lYlfliijtl'l C20:2ME 

,., 

lhlnTf)iijtl'l ESBO (ii"~f1~lJ) 
,., , 

'WTHtTf)'tIel'l internal standard (ii(1~f)~lJi 

'illf1f)l'Hf~f)l'Hlll..!lrufh response factor 'il~'~il ESBO ijfh response factor (RF) rvhti'1J 1.11 

pAIS X pARSEc X RFESBO
Concentrat-ion of ESBO = . . A . X 10E


111 St omlant X P IS 

response factor iijel'l ESBORFESBO ,., 
'W l'H tTf)'tItl'l~ltlfh'ltll111'j (iJ"iltl1lJ) 

iI 

'Wll1tTf)'tItl'l internal standard (ii(1~f)~lJ) 
,., , 
~ .::19 V.::I 

Yll..!'Vl ~{9l'Wfltftl'l C20:2ME 
,., , 
~ .::19 Vd 

Yll..!'Vl ~{9lYlfltfel'ltfV'l CI8:1ME lm~ CI8:2ME 
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f111i~~Yn~r1t111J1ruvHn""~'9ft9ftl{llJ!r:tfHH~fl l~wi TAC, DBS U(l~ DINCH 'U~':Ht'Vl'Wtll1111 
q 

'JJ.c:. 0 ~ 0 <V .c:. ,,: <V 

WHH'Ylfl'WfI PTV GC-MS Uf1~'Yl1fll1 backflush rWtlnl~~HlJ'Vl1n9fUllJ'W~H)fHl1n1~'UU'Vl1~ split outlet 

lf1':i lJ 11'Vlttfl':ilJ'U'f).:J'ff11 (l~(lltJlJWl1l1'W TAC, DBS tt(l~ DINCH 

ci ",,".c:.1I] tIl d 'JJ "" a 1 
V11"jl~'YI 6 ""flll~f11':iltfl':i1~l1Vf(l1'ff~ !9H9f'f)':i !lJt(lfJ(l!r:tfl (monomeric plasticizers) 1l1tJt'VlfllHHlfl'ff !fI'J 

tlll'Vl f) 'j lYJ 

Column pre-column: 0.5 m. x 0.25 mm. i.d. x 0.1 ~m. DB-l [100% dimethyl polysiloxane] 

T -piece: universal press-fit T -piece, 13 cm. x 0.25 mm. i.d. x 0.25~m fused silica tubing 

separation column: 15 m. x 0.25 mm. i.d.x 0.25 ~m. Rtx-225 

[50% cyanopropyl / 50% phenylmethylpolysiloxane] 

Carrier gas helium,3mL/min 

Injection volume 

Injection temperature 

Injection mode PTV, splitlsplitless 

PTV injector Liner: 2 mm. i.d. glass liner, plug of glass wool at 6 cm. 

Temperature program: initial 60°C for 0.2 min, 14.5 DC/min to 250°C, 14.5 DC/min 

to 350°C for 5 min 

Pressure: 180kPa 

Temperature program initial 90°C for 4 min, 25°C/min to 190°C, 15°C/min to 250°C for 10 min 

Detector mass spectrometer (MS), SIM mode 

Auxiliary temperature 300°C 
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~l~H~ 7 f11 mJz sut)~'VHnbY~19$t9H){1lJmfJ~H~tl (monomeric plasticizers) 

plasticizers mlz 

TAC 145 

DHP (internal standard) 149 

DINCH 155 

DPS (internal standard) 185 

DBS 185 

.fll~~ 14 1fl'HJllVHttlJlJ'tlV~bYl'Hl~?11tllJl~J~1'U TAC, DBS, DINCH, DHP Uf:1~ DPS 
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= ,,~ ,= GJ ~=d ~~.1 1 d 
f)11"Hfl11~'\1U1111W'lltl~ TAC, DBS n"~ DINCH t'if11inl1'ff11~n11nlJl~1jl'U ~tllJ 

1~!~l1Vl"'W'YI1!(;1~ (diheptyl phthalate: DHP) t1J'U internal standard ltfl11~MU~lJ1W'lItl~ TAC, DINCH 

u,,~,~ 1~ 1'V'11cW"tCJ$'Ultfl~ (dipropyl sebacate: DPS) t1J'U internal standard itfl11~"rtJ~lJ1W'lItl~ DBS 

, y, 

!jjtlUl'Yl'WYihlJ~fl'lltl~ff11"~"lfJlJl~1l1'W TAC, DBS tm~ DINCH lJl'ff!1~fl11lJ~lJvr'W£1~l111~ 
.J d ~d ~ V d . Q.I 0' d ~I Q.I 

'W'W 'Yl ,~'W flU"~fl11lJ t'lIlJ'lI'U'W'U11lJfl11lJ fflJ'V'I'U 1i tU'U!'ff'U~1~~ llJ'fflJf)l'J 

y mx+c 

y 

standard 

x fl111.H'U'lJ,j' 'U 'lI eN 'ffl 'J"~" ltllJWl1! 1 'U (ij"ilnflJ/nl" flflJ) 

n11yJlJl~ 1 i11'U r1!1~1 ~l111~fl11lJ!~lJ~'U 'lItl~'ff11lJ 1~1ill'U' 'U 'lh~ 0 - 400 ij"ilnflJ/nl"nflJ
d d 

d I Q.I ~I d Q.I Q.I 0' "" V 2 I I Q.I 'JI GJ ~ 0'= 
U"~lJfllr1lJlJ1~'ff'Yl1iffl1r1lJ'W'U1itG)$~!'ff'U (R) ,,!~n11 0.9980 fll~~~~Uf)'W Y (y-intercept) 1'l1~1 tf)tlfJUfJUtl~ 

I C1I d I GJ 'JI d Q.I q V d I Ii} "" 0' "" o'd • q V d 

fllfl11lJG)$'UlJfll tntltrW~fl'U U'ff~~ tl1tl1'U11fl11lJ n1!fl11~11 (sensitivity) 'lItl'lfl111!fl11~l1lJfll tf)"tfltl'l 

fl'U n11~'J1lijl~ 11hn~ bias ~ln"11t'Vl'Ui'U (retention time: tR) tttl~fhfflJ'lh~~'Vli'ffl1i1lJcWu£t<jf~nY'U (R2) 

'lItl~n111tfl11~M TAC, DBS tm~ DINCH ~-3U'ff~-3''U~111~~ 8 

Vll~l'l~ 8 Uff~-3fh tR, ~~~~Ufl'U y, ~lfl11lJi'U H"~~lfflJll'j~~'Vli'ffl1~lJ~'U£t~~!ff'W'lItl~ TAC, DBS 

ntl~ DINCH 

, i 
IV IV ... tR fllfl111J11U 'llVlVlVlUtlU Y flUrlJ'lh~u"iU't1lflJVlU»,i'l'tTU 

~, r! IV d

'run tTVI G}f 'G}f B'j fI~-3't1 

(min) (slope) (y-intercept) (R2) 

TAC 6.24 0.0006 0.0103 0.9986 

2 6.39 0.0071 0.4430 0.9983 

3 6.32 0.0098 0.0425 0.9999 

DBS 9.26 0.3071 -2.3371 0.9996 

2 9.38 0.1309 -0.3119 0.9997 

3 9.32 0.1642 0.1769 0.9998 

DINCH 11.23 0.1941 -0.0200 0.9977 

2 11.41 0.0681 -0.0961 0.9998 

3 11.32 0.1643 0.1027 0.9998 
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1l1f1f11'.i 11fl'.i 1~,1111111W 6tJ f)~'VHn{1~1C)ftC)ff){1 'W ~Jlt 'VllJ f)1111'.i~'Uil'VHn~~1 C)flC)ff){U~ ~~'lfij~ 'il~ 

'fl'111 1'.i fll1J lf1'.i 'Vl ~.:J -ff~J 11 'YllJ f) 1111'.i 1 ~n~ f1~ 1.:J ti'W 1 ~w 1] 'il i t'~ 1~' lJ fll'j ffflfJ 1fll'j ilJ lf1 '.i 'Vl6tJ f) ~'rfn 1LY~1 C)f
'II 

f11'.i fff11:J l~n6tJ f)~1Jn1~ij ~ f)f)1'.i ilJ If)'.i'YI6tJf)~'V'l~l{1~iC)flC)ff){1 lJ ~1tt 'VllJ tl1111 '.i fff)1:J 11~ (If)1'.i ~lnfl~ 

111'~Jtt'Vl'Wfl1M1'jfflJ~~n'U11~tnlJ~nf)~'j~tI~tJ~1~.:JU~ 6 iJ llJ~'illJ().:J 30 1lJ~f)Wl1flij,rt).:J (30 DC) 
. " 

q <u . 
H~f11'.i'V1~nfl~'V'l'lJi1 1l1lJ1W6tJt)~ TAC, DBS, DINCH U~~ ESBO rWlJ~lJ~nlJ'j~tI~tJnlVi~JU'YI'Wt)l111'j 

ftllHfftl'lJ11~tnlJ ~~ULY~~1lJfl1~~ 15 

I ~O-;---:~:in::;~1I:'JU1~1 :8 un~IIl:----
I~ '2:; .00 

I 
(~
f3
'fro 20.00 

• 0 
I G>
1& 
!~ l~ . OO 

I (G 

! ~ 6 10.00 
i? 

~ 
(~ 5.00 
-;J 

0.00 

-s-DBS 

~I)rnCH 

~ESBO 

I o 10 15 20 30 

j .) ~; (J:n ') tllr) lJ !:fllf('llh: L~ 'H (}U) 
L .. 

fll'rf~ 15 f11'.i 111tf)'j'Vl6tJf)~ ESBO, T AC, DBS U~~ DINCH 'il1fl~11nl1~6tJlJ1~ 48 iJniitlJ~'j 1lJ~';HrnlJ 

fl1M1'.i~ftll~LYtl'lJl.J~tn'W~ntl~tJ~1 W tlWMfliJ,rf)~ (30
D
C)

q 'II 

. . " 
iJ~~lLlJ~'.i'V'l'lJi1 ESBO tf)~f)l'j'l1lf1'.i'Vl'~LY~ff~ 1~tJf11'.i'l.Hf)'j'Vl6tJf)~ ESBO l1t1n1 30 1'Wt.wll~lJ'il1f)f11'j

'II q 

.J 'j/ l.::i "" lJt ct d 'j/ lsJ
llJlf1'.i'VltlH)~~'W 31 t'Vll 'UW~ 'Vl T AC, DBS, DINCH tfWI f11'.i !lJtf)'j 'V1t~U~t~ fllJ tltl U~~f)l'j tlltf)'j'V1\1 \l~~ 

If)~~'W~ 30 1'W ~~t~lJ~'W'il1f)fll'.i ilJtf)'.i'Vltdtl~~lJlb~111ru 2 - 4 1'\,11 ~llJih~'U -ffJ'Wf11'j11Jtf)'.i'Vl6tJfl~ 
'V'l~lff~lC)ftC)ffl{'il1f)~11nl1 ~6tJlJ 1~ 63 iJniltlJ~'jYl'lJi1i~'W 1 111lJ YhlJtl~t~fnn'W 1~Wf11'j1lJ if)'j 'V16tJf)~ ESBO 
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. ". 
fll 'll:U ~fl'l 'YJEU u-:Jvnn ~~191~91tl {l~ lJ~'W ~ 'W dj tl ~ fll 'l ~lJ ~ffn'W 'j ~1111-:J U~ !~'U n1J ~1Ul'l 'U tll111'j 

""'III d'c!.o. .J "'" Q.I ~ c! d ~I Q.I 

VH'll ~~ ~ 91~91tl'jYl1J 'j nru 'VrtH·rJ'l1lH)~ t) fl fffl~ 1~ V~1U1'l'W tll111'j U "~tfl" tlhl l'l tltlfllll flU~tf)'U ~"l.Ill U"~,,1V 
'II 

t) ~1 'U ~1 ~t 'Y1 'W tlll11 J ~~ tlll"1~l hi 1 U Vf" 1ff~ 191tCJ1tl {1'W 'l.J ~ t~ 'U II ~ ~fl ~ tl'U ~1Vtl tlf)lJl~-:J1J~ ~ lW Nl~1lJ ~vtlJ 
'II 

'jI • " 

lJlfl~l-H ~"~1lJ mJYI"-:J ci~lUY1'U tlll11J rYi lJ lJ If)~'W ~lJ'W ih~1J 
'II 

t~tHU~V1JrnmJfll'l 1lJm'jYl"l.ltl-:JVf"lff~'CJ1tCJ1tl{111fH,h1 "l1~"l.I'Wl~ 48 iJ"il~lJ~'l n1J~11"'\1 ~1tJ'Wl~ 
63 iJ"~tlJ~J Vf1Jl1fllJ1lJtflJYI~tfl~~'U~ln~11"'\1~ItJ'Ul~ 63 iJ"iltlJ~'llJlflf)11~11"l1~6Uhll~ 48 

,. , sJ 

lj" ~tlJ~'l 2 rvh ~-:J U~~-:J1'U~lJ l-:J-n 9 U" ~'\11fl~:ijtlV4ll1J ru lfllJ 1lJtfl'l 'Y1Yitn~;j'W i hi u~"~'lh-:Jn"lVf1Jl1 

rAe (MW. 218) tn~fllJ1lJmJ'Yll~lJlflf)11 DBS u,,~ DINCH (MW. 314 tm~ 424) ~llJih~1J 

tdtl~ lJ 11l1flVf" 1 ff~' 91~CJ1tl{~~ llJ t" fl" 1tJ'W l~t~ flll ~ ~ n ~ fll J ~fl ~ tl'U ~ i 'l.J ~~ 1J~nw ~b~1lJ ,~~ lVfll1U"~
q 

~rn-l~ 9 U~lJlrultJtl~Vf"lff~'CJ1~CJ1tl{1h1~lU'Y1'Wtll111'l~J~v~n"1 30 1'W lllfl~1tldl~ l"l1~ItJ'Ul~ 48 u,,~ 
63 iJ"fttlJ~J ~llJih~1J 

m ~, r!~' lev I~lJ1W,.tl-lVHlli;TVI 9HC)ftl~'Y1 1Jm"lf1~.:)\lVl1U'YI'Utll'YI1~ w n~lVll':)' 

IV I 

~lflUl':) 
"'\, r!'run i;TVI C)f tC)f 6 ~ 

"'\ "'\ ev 
(lJ~~fl~lJ) . 
6 ~11lJ':) 51'U 

cv 
101'U 

ev 
151'U 

ev 
30l'U 

TAC 0.88 ± 0.36 0.97 ± 0.29 1.06 ± 0.27 1.24 ± 0.18 1.55 ± 0.52 

Hll'fll1~"l.I'Wl~ DBS 0.17 ± 0.05 0.32 ± 0.15 0.49 ± 0.11 0.63 ± 0.11 0.74 ± 0.10 

"'" "" 48 lJ""llJ~J DINCH 0.08 ± 0.01 0.13 ± 0.00 0.19±0.12 0.26 ± 0.06 0.33 ± 0.05 

ESBO 0.87 ± 0.01 11.24 ± 2.88 15.69 ± 0.15 18.92 ± 6.34 26.84 ± 0.78 

TAC 1.11 ±0.14 1.28 ± 0.13 1.37±0.14 1.53 ± 0.23 1.86 ± 0.09 

Hll"l1~"l.I'Wl~ DBS 0.93 ± 0.05 1.40 ± 0.12 1.84 ± 0.08 2.73 ± 0.05 3.09 ± 0.24 

63 iJ"ftllJ~'l DINCH 0.14 ± 0.03 0.21 ± 0.05 0.26 ± 0.05 0.33 ± 0.03 0.46 ± 0.03 

ESBO 1.37 ± 0.24 15.98 ± 1.06 24.60 ± 1.73 41.48 ± 4.37 55.03 ± 7.01 
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~1f1B~1t1~lU'VllJtlll1l'HYlJ~ffn'UU~t~lJ~f1tl1H'H'l1~'QtlnHJiJ 30, 40 tm~ 60 °c t1J'U'l~rJ~nf11U1U 10 1'U 

• " I " 

~f1fll'j'Yl~f1tl~~U';h 11~lJ1W'lJtl~ TAC, DBS, DINCH Uf1~ ESBO rVhJ~'U~llJtJWl1niJViff":)~'U ll~Uft~~''U 
q '\I 'II 

d 
~l'jl":)'Vl 10 

~l'n~~ 10 11~lJ1W ~B":)~f11ff~'9f!9fB{llJ~lU'YllJBl111'l~'QWll fJiJ~h..:)~ 'Ul'U 10 1'U lijlfl~ltldl~~,h ii:ll1~ 

'lJlJl~ 48 !!f1~ 63 iJi:l~!lJ~'j ~llJihll1J 

QJ , 
m'lJ1W~f)-3Vi~ltr~'9f&9f64~''lJun'YIt1-3«Vl1U't1U61'tn'l (ilt1~fl~'lJ)

~ 0 
~1f)l'J1-3 ~W'H.fJ'lJ ( C) 

TAC DBS DINCH ESBO 

30 1.06 ± 0.27 0.49 ± 0.11 0.19 ± 0.12 15.69 ± 0.15 
~h li:l11~'\JlJl~ 

40 1.19 ± 0.00 0.74 ± 0.11 0.24 ± 0.02 29.60 ± 8.57 
48 iJf1~!:U~'j 

60 1.83 ± 0.53 1.03 ± 0.23 0.29 ± 0.02 49.22 ± 0.00 

30 1.37 ± 0.14 1.84 ± 0.08 0.26 ± 0.05 24.60 ± 1.73 
~11i:l11~'\JlJl~ 

40 1.68 ± 0.12 2.36 ± 0.45 0.31 ± 0.01 36.28 ± 3.03 
63 iJf1~!:U~'j 

60 2.15 ± 0.26 3.43 ± 0.22 0.43 ± 0.02 70.54 ± 0.95 

fll'j '1:U!fl'jVl'lJtl~ TAC, DBS, DINCH Ui:l~ ESBO lijlfl~ll"l1~'lJ'Wl~ 48 iii:l~!lJ~'l ~'QWl1fJiJl1'tl":) 

(30 DC) ~~l!vhn'U 1.06,0.49, 0.19 Uo~ 15.69 iJf1~fli'lJ ~llJihll'U !rltll1~tn'UfflJ~ffn'U~1UVl'WB1111'l~ 
"" ,.f ~ dO' liI ""'liI tI';',.f ') II)

'Qtu'l1fJlJ\!-:J'lJ'UfltJ'Yl 40, 60 C ~1Jl1f11'j ~lJtfl'j'Yl'lJtl~~i:llff~ ~9H9ffl'llij~!~lJ'lJ'U ~~v ESBO lij~ ~lJWI'l'Vl 

.;. .J 'd ° .;. .J 'd ° d .;. .J , d 
!~:U~lJ 1.9 t'Yll'Yl 40 C Ui:l~!~lJ'lJ'U 3. 1 !'Yll'Vl 60 C 'lJW~'Vl T AC, DBS Uo~ DINCH t~lJ'lJ'U 1.3 !'Yll'Vl 

40 °c Ui:l~ 1.8 rvh~ 60 °c Ui:l~fll'j'1lJ!f1'j'Yl'\Jtl":)~i:llff~i9f!9ftl{lijlfl~llo11~'lJ'Ul~ 63 iii:l~tlJ~'l!1l'U'1111u 
o .::! Q.I 

'Vll 'U t)..:) t~ rJlfllJ 

"'" d.J 'JI 'JI "" II) tI ~ .:t II] 'JId,.f Q.I ~ .,.~ d 
Btu 11 fllJ'Vlff ":)~'W lij~ fl'j ~~t,l1111lJ!ftflft~fl":)l'li:llff~ t9f!9fB'l tflofl'W 'Vl ~~~~'W ~~'U'Ufltu 11 nlJlij..:)!llu 
~ 'II 'IJ q ~ q 'II 

t]lij;ijrJ11 ~~~il~!~ -:J 1l1'~ol~~i 9f!9ffl{tfl~fl'U ~ '1 tl iJ~1J~11W ~1~ 11J Ui:l~!f)~fll'l ilJ tfl'l'Vli:l~ri~lU'Yl'U fll111'l 
. . 'II 
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fll J fYflfj 1f:H'j6ijfl-:J f) 1J~ l~H~ fl {1 <j !9l'i'W ~lJ~ fltl1 'j 1lJ m'j 'Yl6ij fl-:J'YHnff~ 1 9$!9$fl{1 'U il1U 'VI'U fll1111 

~f)fjll~Wf)lJUlil1U'Vl'Ufll'Ml'j~1'Wf)1~'U1'Utl11~lffl~fl~lH9$i''W~flUn1fliJ 100 °c l~'Wn'l1 1 ~11lJ-:J 
'l 'U 

V 	 , 

~1f)u'Uhr~1U'Yl'UV1'Ml'jr111~ffti1JtI~1~'W~ftfl~H1~1~flru'Mf1iJ,rV-:J (30 °C) !t1'W1~V~nftl'Wl'U 301'W H~ 
'l 'U 

fl1J'VI~ftV-:J~U11 t1~lJlru6ijV-:J TAC, DBS, DINCH U~~ ESBO !~lJ~'U~l1lJflruMfliJ~l~lJ~'W ~'H!ff~'I1'W 
'l 'U 

~l'jl'1~ 11 

r···..·-·----..---- ---··--·--·-·-·--·--·----.....---......·--.-..--.-..--..--.--.---.----.-- --.-- ..---.----.---------.--...-.-..-..----- 

ESBO 
30.00 	 -+-ESBO, pasteluizatioll 

i 25,00i 

~ 	

.-. 
~~ 

[ ,~ 
I 	r.: 20.00 
i 
,-
C 

I 
I 0 
I 	 ~ 
! 	 ~ 15.00 
~ 

I 	-
~I 	
~ 

10.00 
~ ...I ,,,,.." I ~ 5.00i 

I 
I 

0,00 

0 5 10 15 20 25 30 
, 

~ ;r.fJ;-:;nfllnmHr" (l'll) 

\/ltlfll~~ 16 ~'Ul1tl11 ilJm1'V16ijfl'l~~1(;1'~1C}f!9$fl{Mrr'l,.,ltl~1'W tl1 ~'U1'W f)11~1(;1'!"'e)'jt1 !9$i''W lJ 

~f)fjru ~~ ll~f)~ 1 'I ~ If)f)l'j fl11 ilJ !tl1 'VI 1 hi (;1'fl11~~hI ~ tl1'j ilJ!f)1 'Yl6ij 'O-3~ ~lff~19l't9$'O{fll Vl1 ~'Itl1'j~1(;1' 

1\/V11) 19l'i''W ~~iJfi1(;1' 'I fll1fl1'j ilJ!f) 'j 'Yl~ 1lJ~1 hi tl1 J ~ 1(;1'1~ 'Oft1 !9$i''W !rlV! 1~ 1~1h1 i tI tl1) 11Htl 'j'Yl ~lil~,., ~ 
'U 

~V'U~l~fl'l~ 111'W1~flVl~i'~!~'W~lfltll<jl1Htl1'Vl6ijfl'l ESBO ~n~l 6 i11lJ'I tI~lJ1ru6ij'O~ ESBO~1lJm)'VI 

nlVM~~f)l'J~l(;1'!~V~) lC}fi'hI (;1' 'I tll1tl1) 1lJ ltl) 'Vl~ 1lJ~1'U fl1J~l(;1'!~'Ofl) !9$i'hI1h~ lJlru 6.9 1'vh lrlV n~l 
'U 	

, " , 
~1'U 1 tJf)l) ilJ!fl'J 'Yl ~~~~~'I!fifl.wvvu~~ ilJlJtll'J llJm)'Vl !.wlJ~'WVfl ~'Wli!1nlt1'j ~lJ1tu 30 1'W tll'j llJm'J'Y1 

6jJV~ ESBO ~~1'W f)'J~'U1'U tllJ~1(;1'!~'Ofl·H9l'i'WlJ~1U'VVf)11fl11 1lJm1'Y1~1lJ ~1h1 tl1 ~'U1'W fll'j ~lfft~'O{11 

!9l'i''Wlh~lJlru 4.2 !'Vh nTYHl ff~'I fll'.i 1lJ!tl1'Yl6ijfl,:j~nlff~19$!C}ffl{"lfiJ~g'W~ !!ff~~1hlnl~~'W 1tln1~~ 1 - 8 
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t • )I. , , 

fll) lJJ!fI) 'Vl Vi L~JJ~lJ tltil-lJJ lfl'lf'Nt~ JJ ~lJ rUlJ ~~JJl111flfll1lJ-rt)'W l11~f lHljtl~lU 'YllJtll111'j ff:U Nff 

nlJ'lJ~!n'U 11~1ULj ~ 111~ ~lTI'~l9ft9ftl{tfl~tllJ~tltlfllJliJ-lU~nW~l~ llJ U~~1lJtfI) 'YH1-l 1 tJiJ~~lU 'YllJfllMl'j 

~ J IIJ d ~ J 9 'JI ~ :: J d "'" ~,ck .o::S0 

L'WJJJJlfl'tllJ fll)! JJ!fI) 'Vl 'VH~ JJJJ 1 fI'tIlJ 11 ~ 'Vll t lHfI~'lf'U "fl-l de-plasticized "'U 'VliJ 'H lW r-/'J':i llJ 9f~ ~~1 tI fl~ 
" 'tIJ1~fll) lJJtfl'J 'Vl"tl-:)~~ lTI'~19ft9fv{1 t1iJ-l~Jtt'VllJ fll111) fl~tTlJfl1) 1lJtfl'j 'Vl~-:)tn~ 1~ueJtJlJl fll1~fl111 lfl~ 

~~'tIfl~fll) lJJtfl)'Vl~tn~ 111fl~11 ~11 ~'tIlJl~ 63 iJ~~ LlJ~'j ttllJ 1 tJ1lJYlllJ fl~ L~tnn\,If)Ufll'j 1lJlfl'j'Vl 

'tIeJ~ 'W~lff~19ft9feJ{111fl~1"'Ul~ 48 iJ~~tlJ~'j 1~tJfll'jllJtfl'j'Yl~tn~111fl~11~11~"lJl~ 63 iJ~iitlJ~'jij 

U~JJ1Wff~frh~11~11~"'Ul~ 48 iJ~~tlJ~'jtl'j~lJ1W 2 t'Vh fl~Uff~~1lJ~1'jl~~ 11 
<u 

Vll"ll~~ 11 U~lJ1W 'tIt)~'W~lff~19ft9ffl{i'U~ltt'VllJ tllMl'j~~llJ fI'j~iJllJfll'j'Wlfft~fl{l 'j t9filJtt~~tnu1i~ 

flWl1fllJ 30
D
C !t1'U'j~tJ~n"l 30 1'\.,1 ~lfl~Jflth~ l~l1~"'Ul~ 48 iJ~iltlJ~'Hm~ 63 iJ~iltlJ~'j ~llJih~iJ 

q <u 

mlJ1W"tl~'VfflltJ~'C)f&C)f~l;MlJ!tl"lnfl~\i~1un'U~1'Yil"l W r:Jil1~h~, 
v- I ~, ~ ~ ~ v
Vl1tltll~ 'VfilltJVI C)f&C)f tl '1 (lHlflfl"llJ) 

IV v- QJ QJ 

6 ~11lJ~ 51'U 101'U 151'U 301'U 

TAC 1.09 ± 0.42 1.01 ± 0.39 0.92 ± 0.38 0.95 ± 0.30 0.89 ± 0.31 

~ll~l1~"'Ul~ DBS 0.26 ± 0.03 0.21 ± 0.02 0.25 ± 0.03 0.28 ± 0.04 0.38 ± 0.09 

48 iJ~~tlJ~'j DINCH 0.09 ± 0.02 0.07 ± 0.03 0.07 ± 0.03 0.08 ± 0.03 0.06 ± 0.03 

ESBO 6.00 ± 1.30 6.20 ± 1.50 5.67 ± 0.15 5.87 ± 1.11 6.38 ± 0.33 

TAC 0.98 ± 0.06 1.00 ± 0.09 1.07 ± 0.07 1.27 ± 0.07 1.32 ± 0.17 

~11~11~"'U1~ DBS 0.73±0.19 0.80 ± 0.13 1.16 ± 0.16 2.04 ± 0.13 2.30 ± 0.11 

63 iJ~~!lJ~'j DINCH 0.10 ± 0.03 0.10 ± 0.02 0.10 ± 0.04 0.13 ± 0.04 0.14 ± 0.02 

ESBO 8.50 ± 0.90 9.10 ± 0.90 9.50 ± 4.76 12.50 ± 8.22 14.90 ± 0.98 
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" , 
4. '\JU1~YtU ~bYlJ HbY~ f) fll) llJ1f)) 'Vl'\Jf)~l'Hnn~'9ft9ff){ 

, , v 
~ IIJ d , 'j) 'j) IIJ 'j)d ~ IIJ d "'" ~ _I ') 

~ lfl vH'l fll) f1'fl1:j 1f11) ~ lJ ~fI) 'V1 'Vl ~1U lJ 1'\Jl~ ~U ~ 11 lJfl 1 ) flfl fI 1) ~lJ ~fI'j 'Vl 'Vltflll'\J'W 'ill fI H1 ~"11 ~ '\J'W 111 
,V )I v 

48 H"~ 63 ~"~llJ~'j ~1111f11) llJlfl)'VlVitnll~'W'illf1~lf)£h~l1~ 2 ~UllUijfll1lJbYf)llfl~f)~1~U 11l''WVil'Wf)~ 
, iI • I 

t~£J10U t)jf)~\11tu 1.w1..J Vi bYlJ~ff'\Jf)~ N11 "11 ~tl11'\JU 11l'\Jf)~U ~ In'W 11..J ffl'W VibYlJ HbYtl1J~lU'Vl'W f)1111'j~ 1111 

Nl1"11~'\J'U11l 48 ~,,~tlJ~) iju~lJ1tu'\Jf)~,j~~nudl'-A~bYlJHnf)1111)~'Vhtl11 115 iJ"ftfli'lJ fill~i1'W~u~ 
t1lJHff 2.71 ~l'jl~t9f'W~tlJ~) dlUN11"11~'\J'Wlll 63 iJ"fttlJ~'j ijll~lJlru'U1)~,j~tn'WdlU~bYlJ~nf)1111'j 

v , 

t'Vh011 230 iJ"ilfli'lJ iillt ~ uYl'W ~fflJ HbY 3.51 ~l'jl~ ~9f'W~tlJ~'j ~"fll'j11Jtfl'j 'Vl'j llJ'\Jf)~ ~ "ln~l9ft9fu{ 

~lH'VIUf)1111'jt~'W~~~1)1~~ 12 

Vll"ll.:J~ 12 ,j~1Jltu~"lbY~'19ft9ff){)llJ~llJtf))'Vl1l1fl~1f)dl~Nl1rll1~'lJ'W11l 48 Hrl~ 63 iJrliltlJ~'j 

~llJ~l~11 

m ~, J";, 'v 
"l'lJ1W'VH1UJVI 9U9ffi"j'l1'lJ'YI 'lJ&f)"l'YIt1-:J~Vl1U'YI'U 

tll'Hl'l~lfl~1t)[h-:J~hlt1'Yi~ (ijt1~f)~lJ) 

48 'lJ'lJ. 63 till. 

6 il1lJ~ 

51'W 

101U 

151'W 

30 -)'W 

2.00 

12.66 

17.43 

21.05 

29.46 

3.55 

18.87 

28.07 

46.07 

60.44 

6 il1lJ~ 7.68 10.31 

-Yl~lUfn~t11U f11'j 51U 7.70 11.00 

~1n!llu{1 'j ~C)$i'W 101'W 7.12 11.83 

(1oooe U1U p~11lJ~) 15 -)U 7.18 15.94 

301U 7.71 18.66 

30°C 17.43 28.07 

40°C 31.77 40.73 

60°C 52.37 76.55 

• v, • iI iI ,. 

iJ"~tlJ~) U'j ~lJ 1tu 2 t'vh t,j f)~ \11 flYlU -Yl bYlJ HnVi lJ 1fl~U ~~Vi11 M'iJYlu ~ Vi~"1bY~1 9f~9ff) {~~fflJ r:Tnt111 
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. ~ 

~1~!'Vl'W fJ11111Yi1J~nW~"HYlJHft-i 1lJ t~JJ10~'U U~JJ1W 011 tlJ1f)'j'Vl'UtHvHnff~tC)fl9fu{l 'U ~1UY1'U fJ1111'j;~ 

, " . . 
U'U'U ~1" fJ~ 01'j 11Hfl'j'VlYi l~ij fll'j fl 111 'lH1 ftfi 11~~'W 1V1flffOlJ l~-:JiI ~ ~£rViij~" ~flfll'j tlJ!fl'j'Vl'U fl ~ ~ "lff~19f 

"'9 ." lJ] Y , ""'!II C1'lIJ QI .x .d 
~9ffl 1 ~ 'W ~1H'Yl'W U1111 'j 1~ Ufl 'j ~ V~n"1 Qru 11.Q lJ fl11 JJ 'j fJ hi ~Tfl fl'j ~111'W fl1'j ~1ft1 ~ fl 'j t'j 19f'lfU u,,~ 'W'U'Vl 

."." "'" '" "'" lJ] tI.d .?I tI~ I q ~ I d Y "'" C'J '1 '1 ~I ' 
fflJ ~ ft fl1'j 11fl 'j 1 ~ 11 'Vi" 1ft~ 19H9ffl'j 'Vllu 'W U~ fl u 'j ~ fl flU ~ 'W u ~ lfl 'U ~1Vl'Vl fl 'U flU flff 1fl 1 lJ 1 ~ 'Vl fl'j 111 'WU 11 

u~ln'W~1~1'U~l'Ul~tJQU'j~flfl11 "U~ltJ'W"lft~t9flC)ffl{ 4 GJfiJ~ t~ufi fl'Wflfl~l~9f'9ffltJU'W UfltJ~ (ESBO), 

l~'jfJ~9f~'W (T AC) 1~,j1Yi"19f'U11fl~ (DBS) u,,~ t~ ilJ19fluiJ~19f 1 fl~13fH9f'W i~fl1{11flfl9f!ft~ (DINCH) 

1m~ ~~ ~lflfl1'jllfl'j l~MU~JJ1ru 'W"1 ft~t9f19fu{1 'U ~lU 'Vl'U Ul111'j Uff~~1Mtl1'W ':hU~lJ1Wn1'j llJlfl'j'Vl'U fl-:J 

~ . . 
fl1'j llJ1f1'j'Vl'llfl~'Vi"lft~i9fl9fu{ln~~'Wtijuijn1'j i1lJ ~ftn'W 'j ~1111\JU~lfh,l tl'U~lU 'Yl'W fl1111'j l!ft~ dj U 

~ <lI." !II J "'" ""'lJ] tI.dllJ ~ .1 Y cl 
l'WlJ 'j ~ tJ~11ft1fl1'j ftJJ ~ft"l1 'U 1'W 'U 'U U'jlJ 1ru 'U u~'W "lff~ 1 9fl9fU'j 'Vl llJ lfl'j 'Vl ~ ~ l'Vi lJ 'U 'U ~ltJ ESBO ~11 'W'W ~ TtY 

~i9f19fU{~iju~lJ1run1'j ilnfl'j'Ylft~n1l'Vftl1ft~i9f19ffl{gu'1 u~~n1'j 'lHn'j'Vl'Ufl~ T AC DBS U~~ DINCH 
'U 


1 jJ • • 


~~ijrl1 !'YilJ~'U~llJ,h~'U UW 11 fliiYi l~~'U'j ~ 1111~Vlljn1'j i111 Hffnu 'UU~U~1nu n'U~lU 'VlU U1111'j-ft ~ ~"tl~ fl 
~ 'U 

~I"'" II) ""'lrJ rI.d Y lrJ~I' 'Ii} !II ""'lrJ tI "'" 
u'jlJ1ru01111Hn'j'Yl'Ufl\J'W~lft~ 19f19fU1 l'UU~~lnfl11]J'jflU~~ luGJf1Vl'j,:,'l 1'11'W"tl1ft~ lC)f~9fU11n~n1'j 

• t JI , 

lfltlfJU VllJ1V,:,'l11~t1w~hi1lJ~ft~llJ i~l~lU~~ llJlf11'Vl~,:,'I 1 11 V\J~lU'Yl'UU1111'j i~lJ1n~U~ltJ 'U W~l1fl11]J 

!UU ~100'j~'UTunTj'Vi1ftl~ufl'j19fiu~~GJf1-:Jd -:J 1..r'W"lff~i 9flC}fU{lfl~U'U~lJ1V\J~1~llJ 1~lJ1fl~'U u~ ~~Yh 
9 !II <:> ~ .1 .d "'" """ Y .& IrJ II) .d, III lIJ!l1!fl~GJf'U de-plasticized 'U'W'Vl11'jnW~1'j1lJ~ltJ9f,:,'l~~ lUGJf~flfl1'j llJ!f1'j'VlU~~llJUn~l~lhl lUfl1'j tlJlf11Y1 . 
'UU-:J'W~ 1r:t'~i9fl9fU{~~"~",:,'I'I1~UU1~ ~hhf)~n1'j i lJ1f)'j 'Vll 'YilJ ~ 

~ 

hi fln Uci1,:,'l i 'j n~llJ fl1 'j llJlfl'j 'Vl 'UU,:,'I'W" 1ft~1 C}f 
~ ~ ~. 

19fU{~ ~!fl~ ~'W i~fl f1fl~,:,'I'I1 ~,:,'I ~l fll1ij fl1'j i1lJ Hffn'U i 11:U'j ~ 1111,:,'1 11~ lflhl n1J~l ~l 'Vl'W U1111'j 'Utln ~ lnufl1'j 
" " , . . " , 

i lJl fl1 'Yl 'UU,:,'I 'Vi" 1ft~19f19ffJ{5~~'U ucinlJ 'U U 1~ 'U u~VI'W Vl i1lJ ~r:t''U U\JU ~ lnu n'U ~111'Vlhl U 1111'j fl1'j l 'YilJVI'W Vl 
<U 

i1lJ Hft~,:,'Ittl'U fl11 l~lJ1 Ufl1r:t'fl1'j llJ!f1'j'Vl'Uu\J'W" 1ft~19fl9fU{"~1U 5,:,'1~lU 'VlU Ul1111 U~ lJ lW 'W" 1ff~i9fl9fU{ 

~ 

'i) 1fl~l'U l~tJi1~~U1~ 1~ Ut1 'W 1'Vl1~1hi fl1 'j 11 -ruu 'j ~ 1t ft ~vrWJ'W 11~ fl1'j 11" ~ 01 ~ 111'U fl1'j 1hi fl11 'lJ'j'j ~ 
q . ~ 

I I jI • ,'j/ 

nW9'i'tJ 1'111 'j tVl Ui1tJi 'U fll 'j ft ~ fl11lJ t ff tJ\J V'W ~ ~ lfl~ ~hi n lJ ~lJ~1fl fll1 i ~~11 ff1 'j lflij Vi U hlliJ U'W U U fllJ 111 1fl 
. <U 

~ 

'U 1 'j 'i) nWcvltl1'1111 tl"~"~fl11lJ ~fftl'l11 tJVl~~ tf)~ flU ~~~~ 111f1 U~lJ 1W fll'j 11 'UliJtl'W 1 'W tl1111'j tl fl~ 1 1 ~'W 1J 
q <U <U 

40 



l. 	 Epoxidized soybean oil (ESBO) migrating from the gaskets of lids into food packed in glass jars. 

Fankhauser-Noti. A., Fiselier. K., Biedermann-Brem. S., Biedennann. M., Grob. K., Annellini. F., Rieger. 

K., Skjeveak. I. Eur. Food Technol. 2005 (221) 416 - 422. 

2. 	 Compositional GC-FID analysis of the additives to PVC, focusing on the gaskets of lids for glass jars. 

Biedermann-Brem. S., Biedermann.M., Fiselier. K., and Grob. K. Food Addit. and Contam. 2005 (22) 

1274 - 1284. 

3. 	 PVC plasticizers/additives migrating from the gasket of metal closure into oily food: Swiss market survey 

June 2005. Fankhauser-Noti. A., Biedennann-Brem. S. and Grob. K. Eur. Food Technol. 2006 (223) 

447 - 453. 

4. 	 Migration of monomeric and polymeric PVC plasticizers. Hakkarainen. M. Adv. Polym Sci. 2008 (211) 

159-185. 

5. 	 Analytical screening of polyadipates and other plasticizers in poly(vinyl chloride) gasket seals and in fatty 

food by gas chromatography-mass spectrometry. Ezerkis. Z., Morkunas. V., Suman. M., and Simoneau. C. 

Anal Chim Acta. 2007 (604) 29 - 38. 

6. 	 Migration of plasticizers from PVC gaskets of lids for glass jars into oily foods: Amount of gasket material 

in food contact, proportion of plasticizer migrating into food and compliance testing by simulation. 

Fankhauser-Noti. A., Grob. K. Trends in Food Science and Technology. 2006 (I7) 105 - 112. 

7 . . Migrability of PVC plasticizers. Marcilla. A., Garcia. S. and Garcia-Quesada. Polymer Testing. 2008 (27) 

221 - 233. 

8. 	 Migration of substances from food packaging material to foods. Arvanitoyannis, I.S. and Bosnea, L. Critical 

Reviews in Food Science and Nutrition. 2004 (44) 63 -·75. 

9. 	 Contamination in food from packaging material. Lau, O. W., Wong, S.K. Review: Journal ofChromatogr A. 

2000 (882) 255 - 270. 

10. 	 Evaluation of migration models that might be used in support of regulations for food-contact plastic. Begly. 

T, Castle. L., et at. Food AddU. and Contaminants. 2005 (22) 73 - 90. 

11. 	 Commission of the European Communities, Directive 821711IEEC Laying down the basic rules of necessary 

for testing migration of the constituents of plastic material and articles· intended to come into contact with 

foodstuffs, 18 October 1982. 
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12. 	 Commission of the European Communities, Directive 85/572IEEC Laying down the basic rules of necessary 

for testing migration of the constituents of plastic material and articles intended to come into contact with 

foodstuffs, 19 December 1985. 

13. Commission of the European Communities, Directive 8217111EEC Amending Directive 20021701EC relating 

to plastic materials and articles intended to come into contact with food and Council Directive 85/572IEEC 

laying down the list of stimulants to be used for testing migration of constituents of plastic materials and 

articles intended to come into contact with foodstuffs, 30 March 2007. 
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Assistant Professor M.L. Siripastr Jayanta 

31 
lH)~ 1228/1 eJlfll':ilJ11111fJ!l 


t:l'WUYHUll'Ylll'YllJ1U f)'l~l'Yl'W<1 10330 

u • • 

1'Yl':irlYn1 (02) 2187610 1'Yl'H11'l (02) 6712288 


E-mail: siripastr.ja@chula.aclth 


3 1009000182095 

<:t 
flTH1f1'H1 

old 0' ~ QI 

2526 1'Y1.i1 . (LfllJ) ~Wl~~f)·HUlJ1111'YlVl'H.J 


2529 M.Sc. (Analytical Chemistry) California Polytechnic State University at San Obispo, California, U.S.A . 


2534 M.Sc. (Physical Chemistry) State of University of New York at Stony Brook, New York, U.S.A. 


• f)l':ilWf)ffnH~:; lfl'j'lJl iVlf)'j'lYJ (Separation and Chromatography) 

• f)1'j'~VlJ'\.n11jf)1'j'1lfl'j'1:;-Hhnju~:;nl'j'11'j':;llJUfl11lJl~eJ()eJ '~'\IeJ~1if)1'j'1lfl'j'1:;-H (Method development and validation) . 

• f)1':i1h:;llJU stability 1l~:; shelf-life '\IeJ~Vl~llJ.,j'eJfil'}1Ufl NDA - ANDA 

• 'j':;i1'UfJrufll'W~~ffll1f)'j''j'lJ (Quality system) 

• f) nth:; qn~'Yll~ lflljrvleJfl11lJ~~vu (Green Chemistry) 'Yll~ ~~""111 f)'j' 'j'lJUc):;fl11lJllc)eJ flnVVll.:Jlfllj 

. . 	 ., 
'l.h ~ ~'LJ011 w-rilntl1 ,j'e:l-l O'LJ fll1U~ 'Yi 11~ l'Ui.uuil-lfl1tl1OW U~~fllt1'W e:l f)'I,h::: lYlff 

-:Jl'Ui.ijtl~vhlil'Wf)l'J'l1m\'1: 
f)1':i'WVJJUli1jilfl':il~r1-W1~U-W1fl~leJ l'Yl~lu l~l1eJmlJu l'YlUiflm'Ylfl-Wfl GPC 

OECF U~:;1flH""rl~f)l':i 1~ uu f)n""eJ'Wl~eJri .:Jl""~lJll':i:;""1Jf)l':iru f1ru:;1'YlVf11",,~1 ~W1C)~n';i rulJl11i'YlVlc1tJ 

, 
f)l':ilfH.Hl'W';i : • 	 Phocharoen, S. Jayanta, O. Chailapakul, T. Shiri . GPC Method Development for Detennination Purine 

NucIeotides in Thai Sea Urchin Rose . Poster, International Conference & Exhibition on Pure and 

Applied Chemistry 2002 (PACCON), Bangkok, Thailand . . 
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tI 	 ~ cv d ~QJ Q.I 

~Wll;1\1n':i UUJl111'VlmI;1VUCl~ne:J\I'VJ'Wrwelnl'.i luVUCl~Yi~'Wl~~TI'll1 f)'.i'.ilJnl'.i tm:l~'.i - ~mnl1n'.i'.ilJelll11'.i 'Ue:J.:J 

• 	 Sirikulchayanont, P. Pradeprasena, S. Jayanta. Production of Fat Replacer for Oil in Water Emulsion 

From Mungbean Pretein. Poster, International Conference & Exhibition on Pure and Applied 

Chemistry 2002 (PACCON), Bangkok, Thailand. 

• 	 P. Sirikulchayanont, S. Jayanta. , P. Pradeprasena. Characteristics of Microparticulated particles from 

Mung Bean Protein, International Journal of Food Properties, Volume 10,3 July 2007, pages 621-630 . 

. 
nl'H~WH'Yi':i: • 	 N. Leepipatpiboon, W. Somboonsup, 0 Khow, S. Pungboonlue, N. Kulkaew, Cintamination of 

Coatings in Canned Foods Manufactured in Thailand: Determination by HPLC, Full manuscript 

presented at Thaifex & Halfex 2004, the 6
111 

Argo-Industry Conference, Food Safety: Thai Strategies 

Towards the World's Kitchen, May 28-29, 2004, Impact, Muang Thong Thani, Bangkok, Thailand. 

• 	 N. Leepipatpiboon, S. Jayanta, O. Khow, W. Somboonsup. Determination of Bisphenol-A-Diglycidyl 

Ether, BisphenoI-F-Diglycidyl Ether and Certain Derivatives in Oil-based Foods, Oral Presentation, 

29
111 

Congress on Science and Technology of Thailand, Khom Kean, Thailand, October 2003. 

f)1'.i~':il1)l11f)nt1'Wlrlm.J'Ue:J.:JTI'T:iihYJ'W elCl-w-l~ '1f)Cl9$~"~!ne:J11jTI'YJUelCl-telvl-'~'flCl9$~,,~hlie:J1 UCl~rrl'l 
e:J'4Yru i1'W elrrl11':i fl'.i~ilel.:J'lh~1.f)'VJll1~rrlJJll1''WuCl ~'th~t.f)'VlJl~Hi\~1'W'th ~1'Ylf1' 'YlU 

Ul1ft.:J'VJ'W: uW1Cl\l f)'.i rulJl111'Vl Vlcr VUCl~nel\l'Yl'W i'"lf~lilttJflrrlJ1.f)"lf. 	 . 
f)l'H~tJltYi~ : • 	 N. Leepipatpiboon, W. Somboonsup, 0 Khow, S. Jayanta. Isolation and Characterization of 

Bisphenol-F-Diglycidyl Ether Derivatives. Poster, 29
th 

Congress on Science and Technology of 

Thailand, Khom Kean, Thailand, October 2003. 

• 	 N. Leepipatpiboon, S. Jayanta, W. Somboonsup, 0 Khow. Determination of Bisphenol-A-Diglycidyl 

111
Ether, Bisphenol-F-Diglycidyl Ether and Their Hydroxy and Chlorohydroxy Derivatives. Poster, 29

Congress on Science and Technology of Thailand, Khom Kean, Thailand, October 2003. 

• 	 N. Leepipatpiboon, O. Khow and S. Jayanta. Simultaneous Determination of BADGE, BFDGE, and 

Their Derivatives in Oil-In-Water and Aqueous-Based Canned Foods by HPLC with Flurescence 

Detection, J. Chromatogr A, 1073 (2005) 331-339. 

\ll'U1~tI~~11il'Uf)lj't1m\'1: 


l~el\l~ J f)l'.iltfl'.il~r1hh~'W n':i~el~iJl'W 'Vlelf)9$'Wu'U~rrl':iv\l8\11.f)"lf'Wlfn'.i''WYhlntJ91':if)nlJ'Uel\l~.:Jl11ml1'W 
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t~eJ.:JYi 2 fll'j (1'fl~Ll(l~fln~~u'lh1'th~'U ~ln~'lflfllJ~)fl'j'jlJ~eJ~')~l1i~'l11'Ul~eJ 't,*1'U'lh~ 1tJ'lfUl~-3~~ffll1fl))lJ 

HrHi.:J't'J'U 'Yl'U eJ~l1'U'W~l'Wl')U~lfH~'W~1J'th ~lJ1rull~'W~'W "W1(l.:Jf)'l rulJ1111'YlU1"U tJ 2548-2550
4 ~ q 	 , 

f)l'j iL rl'll~r1"lfU~ LL(l~'lH lllru fl'l ~eJ ~in 'U 1'U eJ 1111'l1 ~t1f)1':i l'i1eJ'4~'WTIll1J1J rleJ'WloUlrleJcllJUO'lJ 6

aminoquinoloine-N-hydroxy-succinimyl carbamate ~rWl'YlrlUfl~neJ{m~ff1rl':ilJl1 'Ylf)'llYJ 

':)'U'lh~lJlruu~'W~'W1'W"lf~1rlHfl1':il,)m~eJ~(PlJ'U 1eJ~ffll1 flnlJtfllJ~'l-eJ~ff111 f)'l'llJeJl111'l tJ 2544-2546. 	 . . 

f)l) ffl':i 1" f)l)U'UtrleJ'W ~1ff1trl ftB'lJfl'l ~ilB':)1'W eJ1111) fl':i ~il eJ-3~ ~lVl'l11tl1'U'lh~t'Y1f1'1 'YlU l~m'Yl rlUrl HPLC

FLO, ATR-FTIR UCl~ LC-MS 

1fl) ~ f)l'l f)1) L~ tJ'W f)1) fft.l'Wt~t.lri-3lff1lJ'lh ~ff1Jf)l'l ru rlru~i'YlV1f11ff~{ ~W1Cl~fl'l rulJ1111YlUl"V 

. . " 
f)T~iffm:l11h,)uYiijrl(l~eJf)~'WLt(l~)ffhnh'WlJ lrl 

. 
Ul1ft.:J'Vl'U -31J'lh~lJ1ruu~'W~'W 

fl1)Lf-HJU'W~: • 	 U. Koesukwiwat, S. Jayanta, and N. Leepipatpiboon. Simultaneous Extraction and Determination of 

Sulfonamides, Tetracyclines and Pyrimethamine in Cow Milk by LC-MS. Poster, ISC 2006, 

Copenhagen, Denmark, 21-25 August 2006. 

• 	 U. Koesukwiwat, S. Jayanta, and N. Leepipatpiboon. Validation ofa Liquid Chromatography- Mass 

apectrometry Multi-residue Method for the simultaneous Determination of Sulfonamides, 

Tetracyclines and Pyrimethamine in Milk. J. Chromatogr A, 1140 (2007) 147-156. 

• 	 U. Koesukwiwat, S. Jayanta, and N. Leepipatpiboon. Validation of a Liquid Chromatography- Mass 

apectrometry Multi-residue Method for the simultaneous Determination of Sulfonamides, 

Tetracyclines and Pyrimethamine in Bovine's Milk. 1. Chromatogr A, 1140 (2007) 102-111 . 

tA 	 .d d 'it)eJ.:J'Yl 6 f)THrl .dftf)'WtJ1U'Ut.l-3'WCl91 1ff~ ""'''''' 19H9$eJ) ~lfllJ~Lf)'W'l_I f).:)~.1 ,n l Cll1 ~'\Jt.l-3'\J1~un1~t.l1111'l91 • 

Ltl1ri.:J'Vl'U ~W1Cl-:jn)rulJ1111'YlV1"vil2550 

~ 	 d 
!)eJ.:J'Yl 7 fl1)~roJ'W11TI1Lrl'l l~r1L~Btl) ~tiJ'U f)1) U'ULrlB'W" 1fl1J)) ~i1ru~B1111) 
HVlri.:J'Vl'U ,:)'UU'j~lJlruLL~'W~'WtJ 2550-2551 Uft~ ~W1Cl.:jfl'jrulJ1111'Yltl1"V 
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Assistant Professor Dr. Natchanun Leepipatpiboon 

Contact Information: 

Department of Chemistry, Faculty of Science 

Chulalongkom University 

Phayathai Road, Patumwan 

Bangkok 10330, THAILAND 

Office: · Mahamakut Building 

Tel: 02-2187608 

Fax: 02-2187598 

E-mail: Natchanun .l@chula.ac.th 

Teaching / Research Field: 

Analytical Chemistry 

Research Unit: 

Chromatography and Separation Research Unit 

Education: 


1981 B.Sc. (Chemistry), Mahidol University, THAILAND 


Current Research Topics: 

• Hyphenated Techniques 

• Separation Sciences 

• Trace analysis 

• Sample preparation 

1984 M.Sc. (Analytical Chemistry) Chulalongkom University, THAILAND 

1987 Dr.rer.nat (Analytical Chemistry) University ofInnsbruck, AUSTRIA 

Scholarship and Awards: 

Aug - Sep 2006 Fellowship under Thailand-Japan Technology Transfer Project (TJTTP-JBIC): Bioremediation Research 

"Chemical Analysis ofTransgenic Ipomoea aquatica harbouring serine acetyltransferase and cysteine 

synthese genes grown under stress conditions." at Nara Institute of Science and Technology, Nara, Japan 

Jun - Aug 2005 Fellowship under Thailand-Japan Technology Transfer Project (TJTTP-JBIC): Bioremediation Research 

"Sulfate Phytoremediation through Transgenic Ipomoea Aquatica" at Nara Institute of Science and 

Technology, Nara, Japan 
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12 Sep-7 Oct 2005 Participant Fellowship from Human Resources Development and Nuclear Technology in FAOflAEA 

Oct - Dec 2000 

Jan - Dec 1999 

May - June 1990 

28 Feb-l Mar, 2005 

2004 

March 01-04,2004 

2004 

2001 

11-13 Dec 2001 

17-19 Nov, 1999 

1999 

1988 

1987 

Training Workshop "Introduction to Quality Assurance / Quality Control Measures in PeslicideResidue 

Analytical Laboratories" at SiebensdorfLaboratory and Vienna, AUSTRIA 

Fellowship under Thailand-Japan Technology Transfer Project (TJTTP-JBIC): "Technique on Food and 

Drug Analysis." at Tokyo Metropolitans research laboratory of Public Health, Tokyo, Japan 

Research fellowship on "Reference Material and Isotope Dilution Mass Spectrometry" at Swiss Federal 

Laboratory Testing and Research, St.Gallen Switzerland 

Research fellowship on "Chromatographic Techniques", University of Massachusetts Lowell, Lowell, 

USA 

Training course on "Estimation of Measurement Uncertainty in Routine Analysis." National 

Measurement Institute, Australia and Internal Institute of Metrology (Thailand) 

Training Course on "Radio Protection Course Level I", Office of Atoms for Peace, Ministry of Science 

and Technology, 

Training Course on advance LC-MS techniques at Raleigh North Carolina, USA 

Practical Training on "Dioxin and Furan Analysis" at Pace Analytical (EPA's Dioxin Contact Laboratory 

Program and UNEP's Global Laboratory Network), Minneapolis, Minnesota, USA 

Training course on Advance HPLC Research and Development, Atlanta, USA 

Training Course on Method Validation at LGC, Laboratory of Government Chemist, United Kingdom, 

Training course on "Measurement Uncertainty" Swiss Federal Laboratory Testing and Research, 

St.Gallen, Switzerland, 

Training on "Dioxin Analysis" at Swiss Federal Laboratory Testing and Research at Duebendorf, 

Switzerland 

Special Course on "Chemical Industry" at BASF Ludwighafen, Germany 

Training on "Electro analytical Chemistry", at Metrohm Company Ltd., Herisau, Switzerland 

Special Position & Extra Works: 

18 Sep-6 Oct 2006 Invited Lecturer on "Liquid Chromatography/Mass Spectrometry" both Lecture and Practical in 

FAO/IAEA Training Workshop "Introduction to Quality Assurance / Quality Control Measures in 

Pesticide Residue Analytical Laboratories" at Siebensdorf Laboratory and Vienna, AUSTRlA 

2003-present Co-instructor on "Environmental Analysis" course, Doctor of Philosophy Program on Environmental 

Management 

1998-present Sub-committee in Interdepartmental Program of Master of Science Program in environmental Science 

2002-2006 Guest Lecturer on " Analytical Method in Food Toxicology" Department of Food and Nutrition 

Toxicology, Institute of Nutrition, Mahidol University. 

2003-present Sub-committee on Food and Nutrition of National Agency Atoms for Peace, Office of Atoms for Peace, 

Ministry of Science and Technology 
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2003-present Special Lecturer on "Professional Chemical Analysis" Department of Science Service, Ministry of 

Science and Technology. 

200S-present Special Lecturer on "Professional Chemical Analysis on Chromatography" Department of Science 

Service, Ministry of Science and Technology. 

2001-2004 Special Lecturer under Worldbank Training Project on "Instrumental Analysis: GC, HPLC, GC-MS, 

LC-MS." 

2003 Technical Consultant in subcommittee of Method Development and National Testing Method, 

Department of Medical Science, Ministry of Public Health. 

2002 Special Lecturer on "Training ofTrainers Workshop on Pesticide Laws" organized by UN ESCAP at 

Rangoon, Myanmar 

Publications: 

1) 	 Montra Piriyapittaya, Siripastr Jayanta, Somenath Mitra, Natchanun Leepipatpiboon* "Micro-scale membrane 

extraction of glyphosate and aminomethylphophonic. acid.in water followed by high-performance liquid chromatography 

and post-column derivatization with fluorescence detector" 2008 lChromatogr.A, 1189,219-225. 

2) 	 Parichart Moontongchoon, Supachitra Chadchawan, Natchanun Leepipatpiboon, Ancharida Akaracharanya, Atsuhiko 

Shinmyo, Hiroshi Sano, "Cadmium-tolerance of transgenic Ipomoea aquatica expressing serine acetyltransferease and 

cysteine synthase." 2008, Plant Biotechnology 25, 201-203. 

3) 	 Kieatsuda Poouthree, Warura Soonthorotantikul, Natchanun Leepipatpiboon, Amoro Petsom, Thumnoon Nhujak*, " 

Comparison of resolution in microemulsion electrokinetic chromatography and micellar electrokinetic chromatography 
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