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W E:. B8 HEEYIMNA X R E 2K (polyvinyl chloride, PVC)H 348 K % il (epoxidized soybean oil,
ESBO)ER MM, A3k MM ENE-FIGHK L% PVC # ESBO A [FIFE 1M o B9 il 1 3R AE
GER Iy BT FSE ORI AR E Y, JE AT XF 5~100 mg/kg Vi Bl 4 ESBO HEAT R & B, S48 10
BN 99.3%~103%, FHXTHRUEM 2K 0.23%~6.58% . ERIXIELE R B, ESBO FEA[RIAEY M T B fa 44
AL, RESA 43R i (B ], S e B S R T B (1 i 3 0 5 3B AL TR AR RIS, 3RS ok B 4 SR RS B ] 7
BTN HE T I8 B AT RS S UME ok, ESBO FEMSHE i v (3T B BE A F-Ih /0, AR E oK
PO . SEAFRAR G P AR . R B TR IR A (R Ah, R AT ESBO MR A
FEEGL, LU0 o & B 9 R BE 58 4403 ESBO 7E LAYt v 132 #%

R ARSI, A, AOM EE- T

Study on the influence of vegetable oil species on the migration of epoxy
soybean oil in PVC

GAO Ya-Ting, YIN Li-Yan, LIU Gui-Hua®

(Changzhou Safety Testing Center For Enter-exit Industrial And Consumable Products, Changzhou 231000, China)

ABSTRACT: Objective To investigate the effect of vegetable oil species on the migration of epoxy soybean oil
(ESBO) in polyvinyl chloride (PVC). Methods The migration of ESBO to different vegetable oils in PVC was
characterized by gas chromatography-mass spectrometry. Results This test method was applicable to all vegetable
oils studied and could accurately quantify ESBO in the concentration range of 5~100 mg/kg. The average recoveries
were 99.3%-103%, and the relative standard deviations were 0.23%-6.58%. The migration test results showed that the
migration trend of ESBO in different vegetable oils was similar, when the migration time was the same, the migration
amount increased with the increase of the migration temperature. With the same migration temperature, the amount of
migration increases first and then reaches equilibrium with the increase of migration time. From the point of view of
migration value, the migration capacity of ESBO in olive oil was smaller than that in coconut oil, but was equivalent
to that in corn oil, sesame oil, rapeseed oil and soybean oil. Conclusion In addition to the temperature and time of
the migration test, the type of vegetable oil also has an important influence on the migration of ESBO. Using olive oil
as a food simulant does not fully represent the migration of ESBO in other vegetable oils.
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R LN (polyvinyl chloride, PVC)TE R dh 4 il b4 e} o
HETZHRH, Plafson . a5 m i LE
JEUR)Z . AT HETR PVC MOBHRRTEEM:, BA 25%~45%
IRALT, B RSB SRR — IR MR S . X e I 4R A
T HERRER R Bon, HEA EUR . B FIBOR F
BEPELA DR, MIRERR . ARARHE IR R SR Y £
TR BN, B, B2 — T Fh(acetyl tributyl
citrate, ATBC) , . 8 —(2-Z3& " 3L)iE(diadipate (2-ethylhexyl)
Ester, DEHA). C 8 /5 (dioctyl adipate, DOA), 2§
7% — T Ti5(dibutyl sebacate, DBS)FIFF 4 K . iH(ESBO)&EE!,
H T ESBO favE@ My . B/ 5 PVC MM AT S5 4 a5,
JRLA, ¥B4k5) ESBO J{Z W T PVC A =il A L BRIk Z A1,
ESBO 7£ PVC 1K R Hif o] IR PVC 7En#Ask & & kit
FE PR 19 HCL, NI T PVC ¥ A ALt 7,
FEAE R E R RCR

ESBO K il 43 A AL i #4535, S H il = ER iR
AY, EWHRCA: 55%AIMER(18:2 2E), 23%IRA M
B2 (18:1 E), 8% — 4 W FRER(18:3 3E), 11 %A= ERFN 4%
JEER . ESR ESBO BPEALAK, X ESBO M#EMERISRE W,
ST R BRI I A Bl A ). % ESBO #£ PVC HiiY
TTR R, MR X LT T 2B . B No
10/2011 JBRIEM M E ESBO i@ i #% & BR 12 (specific
migration limits, SML)} 60 mg/kg, 2432224l L& Shif
SML 4 30 mg/kg!®., & [ GB 9685-2016 { £ 2¢ 4> 8 % bx
e BB lR AL B i 8 RS s il BR o ) UMK ESBO I
BT 324, HiREHRE N 60 mg/kg.

4% ESBO Mk #di sl nl & H, HoAENRYIR,
U 1 S P R A IR A R AR G A ) SRR AN IBUR A 4R,
AT LLR BER M IS £ kv ESBO 1T i b 2 WA ),
W B A 5 AR PR TR R 45 (EU Food and Feed Rapid
Warning System, RASFF)XFF[E i 1 & 5 ESBO i i
ERARATIE SR, T 10 AR ARE W . R ET S s &
diH ESBO 15 BRI A28 SR W o FLAE 2015 4F J A A 1)
MoKRA S AAFER 13 2557 )ik 2L LE s
ESBO &t illf7ifidx, 7 &M H K1 ESBO, SH KM
B NO 10/2011 3L A 1945 BREESR, Firh 6 255 PR &= {H
(30 mg/kg), HAMEIEF] 55.3 me/kg. 2018 45, itesragi
XF 112 L& SR ESBO #HATIR, S5 E/R: FERNE
o ESBO % MR Rk 14.63%.

AR Al OREE 5 B B ok =2 T e A
Xt FLAE B RUBS: AT T, RAESEBR T R B, RIS
AR EES EREME, &R0 ESBO & &K

jilllg

, ERELH BB E, % GB 31604.1-2015 ( &k
LA ERARE B AR B S R i ) YU, S
FE AR I B A0 40 IO AR T 00 92 i £ 5 () 28 TR R A 1 4,
51 0 B 2 o B 2R TR A T B A, BRI A S AR
AR O oK . BT . #E T ESBO BRI
5 v R 2 B8O . SR, e BT B ih e
sty o5 P4 3ol s A TR 2 B, AR 2208 T 9 2 K S R ST
. 73 4h, Kampouris! W58 B9 A ALY 0% PVC w2 F4B
7K T IR I8 L) (48K — H iR — T ER(dibutyl phthalate,
DBP)FI4B7E — F iR — 3¢5 (dioctyl phthalate, DOP))iT#5
Wi {27, DBP 1 DOP BHF5E 11 4 Frith vh B8 K/NINF: K
ARSI T K> I . Biedermann ZEMAGHE ST R
7R PVC Hh ESBO FEFEMET-ih b (132 Bt S MR il v 1
2~3 f%. B LI 0 h B L R A RIS A ESBO
FEH AN RE D 0 R B IERS AT Ry, RS I B PVC
ESBO T 152 Wi f2& (B A A AR P

N T PSR R ESBO SRS RS, AHFSE
WL T BESBO FEAIRIEHIh A AOAIN vk, 1507k
1L, 14-Z3 5 e SR NAR, TTRATGER | HERH XA
L MR, TR, 2RI, SEFRmAIK SRR ESBO
FRETINEK, S ESBO RIS A BE B AR

2 MHEREE

2.1 UEESEHA

Agilent 7890B-5977 KA i%- iU (5 E Agilent 24
), CTC ARG+ CTC Analytics X # A B w));
Milli-Q 4l /K #% (34 E Millipore 23 )); XS205 B, T34k
(i AR -HE A 224 )); 3-15 BEOHL(PE R Sigma 22 F]);
DC-12 EWRAL( L 238 SR A A B A w)); FD-115
TE 146 (515 Binder 24 7])o

PR G IMFR R (0.997 g/mL)., 11,14- 3R — 1%z
M2 L TE(96%) . HIRE(ikal) . HREEN(25%) . I e —
RS EIK G W (G A ) (SRR A R A HD; &
B2 lg. (ECkE. SAE . B orpra, w0 KEL T
HIRATD; SEbi(rHral) . BRI (>99%) . oK ER 4N
(I BTty . AeE i (k22 2 (i 38 R B0 AT FRA 7 );
AL 2 Tk (>48%, dbaEUEH R BB RRA A, 2RI
FRUES(CDO165, T R bR EY BT A o), KREh . £k
AR AL, BT T R () AT BR S R]); SEkF e T4
e
22 ZWHE
221 #EARE L4

F2 I GB 31604.1-2015 (B i 2 4 E AR HE £ S 4% i
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FHRE R il st RS gE ) UL &% GB 5009.156-2016 (£
bR A E FARE B SRR R K ] S A RS A I A By
P ) I PVC RAREUHR I SL R . T PVC A
MEREN 0.62 mm, HUILEFLImTT, HAARRE &M
J9: B 1.0 cmx2.0 cm B PVC F#F, AR, Z9mA
5.0 mL VAR, JR& = B IR B 05, BT 20,
40 1 60 °C fEIRFE U TIERE LG
222 HSEAE

HERRFRER 0.1 gOR i = 0.1 me)iE BRI i 3L &
AU F 25 mL HFEBLOAE T, A S0 L AR IR
(50 mg/L), #EATH BRI AIRSCERATAE o BB R nA
5 mL 5% R4V, 2000 r/min 135E 2 min, 57 7HESIEI7
BRI RN, A S mLIECLEF 5 mL 10%#74
RE HNEW, JRGIRA, #4000 r/min N0 3 min,
AU 2R 808, BINAY 1 g KB,
1£ 4000 r/min FE.0 3 min, SIHFGPHE, AR T
Flo KIMA 2 mL F3¢ke . 1.5 mL FRLEFT 0.5 mL =K
Mzl E&4, #i% 30 s, A S mL 2 mol/L &AL
TRANTR, $24), 7F 4000 r/min F 5.0 3 min, ¥ FIEW
PEAAH (0% - TR A2 o
223 AAMEE-RIELMT

gk Agilent J&W HP-5MS(30 mx0.25 mm, 0.25 pm);
FEFETHE A 80 °C f£45F 2 min J5 Lk 20 °C/min BT} B
2 275 °C IFARHF 12 min; $EAE DR 250 °C; PURRAT
TREE: 150 °C; BF U5 EE(ED: 230 °C; BS(AR)ME:
35 cm/s; PEAERED 2 pL; ANTREERE; BRILER: 14 min;
H# R SIM, HFY: m/z 309GE & ET), miz 277; WAR
Y miz 3TTGE R ), miz 305, R WNIRIEE 5o
224 AR K HIME

1E 6 1~ 25 mL HERXE hEFAREL 0.1 ¢ (Hf 2R
0.01 g)WIMTIh, SR 5 2 51 5 A% B3R 4R K 5 I An 7
(50 mg/L)0. 10, 20, 50. 100, 200 pL TiX45H, 153
O IR SR BE 43 51 0. 5. 10, 25, 50,
100 mg/kg. T4 BIAA 50 uL (50 mg/kg) AR AT . TR
SIE MR 2.4.2 H 8 BRIEAT B R AL AR SR AT AE RN,

FHFI 2.4.3 g A @R - B A& R E I L ESBO
o D B AR R, b 0 S5 0 5 PN AR DA 1) BUAEL R DL AR A
ST FREIT 2

3 HZRED

3.1 TEEIEREE

0.1 g TFRIR, mILmA MR, FHHR 2.2.2 4
PIRTALF AL BT F R A o FH T PSR S S B I v
B A BARAL, DRI R T VB - b B bR 4 5 i R R 4 B
o S 7 s N, IR AR Y E AR BRI N B P T
IR ICHRATT A R g, HAA R R 1 R (LA R
Hah =Ee R il), ESBO BV K : 55%FF &L MR
(18:2 2E), 23%IR%IMAR(18:1 E), 8% — FF4 IV JFRER (18:3
3E), 1I%FFIHMRA 4%MENERR . LA A i BRI T R A
C AR e T, T 2.4.3 HISHE-TRIE A,
2% B R AL AN IR SR A= ) PR AT TR HE W B 18] 87 14.32 min
(18:2E1)F01 14.52 min(18:2E2), PR HUERTR] A 16.27 min
(20:2E1)F1 16.65 min(20:2E1). H b4 5 AN 5 B 635
LI 2,

A% 3 B AT B - e PR (I R FH R 309,
WhR: 3375 ABIBY. X FRRER 2 ARSI,
20:2E2 YIRS, 210 20:2E1 (1 1.44 %, R k#Rg
TARECR Y 20:2E2 R NFRE I, 18:2E1 F1 18:2E2 B A
AL e L, P DA SR AT AT — AN o e [ 25 2 )
W9 oA 7 LL 18:2E1 F1 18:2E2 43 BiAF g <& it 0 ity 3,
50, BRFRW e A IO B 25, AR AR
FETE, KPR AT 18:2E1 Mg T, R UL AR
LR 18:2E2 J e,

3.2 ZMSEE. KRUERFEEMR

HHie B ARe S 5 e b Joe BERAE, 1207 IATE T It Ry
6 Ay P AR H BRI S PR S ATk 3 1 mg/kg A1 S mgrkg.
VIUSING) ESBO MMk B ARR AR PR, HFRY BTG-S 9 BRI Y
Lo A bR S AR 2, W&l 3 s 1% )7 57 ESBO
WEE N 5~100 mg/kg B2tk RAF, JLrPopC RE0Ch 0.9988,

\Oj.‘\/\/\/\/&/&/\/
PRI
(0]

1 BRI R TR BRI L B A AL S
Fig.1 Methylation and derivatization of epoxy glyceride
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9000 1 33 EIBHABERITIE
8000 GB 31604.1-2015 { frih 24 FGkRE frahiiefibhkt
7000 Kl T B e ) Yy P o E X PSR ek T E AT
%I 6000 4730 d PA_EBs, AR A FHE NS5 s T e, H
£ 5000 F TR I S 4% 2 AT 164 20 °C, 10 d. 40 °C, 10 d. 50 °C,
4000 10 d #1160 °C, 10 do [RIFF, A P B0 BOs ah hy di g 22
3000 FETE F IS B A R e, ARSCHE SERFSE T 20,
2000 l ) \ 40 F1 60 °C 3 FCR[AERLIREE T, ESBO ZEMIE I H (WS
14 15 ! 16 17 170 UnE 4 Frzs, ESBO FERSAS i A 19 i 5 1 Bl o 1R 1)

It ] /min

B2 BRI ER T AR AE 7 ) ik I
Fig.2 Chromatogram of epoxy linoleic acid and internal standard
derivatives

3k
Y=0.0281X+0.0313
R*=0.9988
2+
1k
0 = 1 1 1 1

0 20 40 60 80 100
JbRYR B2 /(mg/L)

3 ESBO HybifEIZL
Fig.3 Standard curve of ESBO

AR IIESE RS TR 1 h, EEWECY 3.
PR, TEAIMZIET PRI mg/ke B ESBO ~FH IR
TE 99.3%~103% = [f], HH XF 45 It fi 2 (relative standard
deviation, RSD)H 0.23%~6.58%, 13 B 78 4&- 11 i Jiit /g mf
R e .

g . MER TR AEE L, 60 °C T ESBO MR
254 40 °C B 2 7%, FFET 20 °C RHTERS R 4 5. Bk
Z b, MIRE—ER, ESBO KIS it bl % T B i 8] A 4%
SR A B . (AR R, PVC H ESBO A
JHITFL 20 °C, 10 d. 40 °C, 10 d 1 60 °C, 10 d i, TR &K
RIKFEAG . NIRRT IEE T, ESBO T #& ik B - firs
B B[]t AS RAH H], 20 °C Al 40 °C FFREE 15 d, 1fi 60 °C
B2 20 do REER AR, ST TR WEE
% 60 °C>40 °C>20 °C H#: . Hanusova 2555} 3 HEA A
¥ PVC 55§ ESBO [t 1 i E B U I R R,
TE 20 °C. 40 °C 1 60 °C iEBIRET, BFNERF-H 1B
) 2= /T 20 do

ESBO fEABFit A i A%t 5 S b i Ae ], T
Bl S AHRIERS IS R] T, TER% i B A 10 A% T B 100 8 o i 4
AHFEERIRE T, TR T ] S5 15 207 45,
HAE 20 °C 1 40 °C F kB P 15 d, 60 °C T ik E P
7 20 do (RN EB B EE &, ESBO M Tl it
TR TP A9 K . Biedermann ZEUBFSY TR FIAONE
WXt PVC H ESBO i #8152, SEIR 25 SAMH 5T H i 45
R—5, I ATE PVC A ESBO [t iR T R,
TP R AR IR H MBS E AR PVC H, BTl A
FERRITR HMEREA PVC R T iag, I,

Fz1 6 FEYMPHEIESER@=3)

Table 1 Validation results in 6 kinds of vegetable oils (n=3)
[EIc vk B2 /(mg/kg) )

B s JInAR IR B /(mg/kg) 1 ; ; S ENSCR Y% RSD/%
5 5.3 4.7 5.1 100.9 6.58
LG 25 25.5 25.6 25.6 102.2 0.23
100 98.2 98.6 107.3 101.4 5.14
BBl 5 5.2 4.9 4.8 99.3 4.16
TR 5 5.3 5.1 5.1 103 2.31
ZRR 5 4.8 4.9 5.2 99.3 4.16
Sk 5 5 5.1 5.1 101 1.15
KA 5 4.9 5.3 52 103 4.16
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Fig.4 Migration of ESBO in olive oil at different temperatures
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Fig.5 Migration of ESBO in coconut oil at different temperatures
BZ M iR HHmBR Y #E A3 PVC % ESBO HA#m
ML BT . O T BT HERR 2 M, 4406 GB 5009.168-2016

CE bz E e B IR IR A & )X g6 rh il
ORI ARSI A T, XS a5 RS T 00, Sr Bl
RN 20 WFRAPBAE TR, BB S, Bl 32
B HEER (REEEL n)<12 MARKEERRIDIIR, M o
Z R RKEENRIITR . I, RV M A 4L AT G270 ESBO
AR BRI Z—

F2 WF. AR ANSOR S o 80 BE R ER LA AR (%)

Table 2  Fatty acid composition of coconut oil, olive oil, and
canola oil (%)

4, S LGl

S5 1 1T T2 (n<6) 0.8905 1.4689
ThEENRNIR(6<n<12) 65.6703 0

KA NG iR (12<n< 16) 20.5505 17.0104

KA N8 iR (16<n<20) 12.8213 80.5735

KAENE TR (20<n <24) 0.0673 0.9472

Wi i 4 A [T B W BE FES (], ESBO FEAR—F- i1 AL
oI R R A T AT, SR TE 6 H. WiE 6
JIEoR, BRI b RS S MO v P A RS e 22 (L S A
IR BERIBS R A 3. FEXERSIIEE 1.d, 20, 40 il 60 °C IR

T, IR Uk I 2 I A I R R B AR K, B A
12 44 F1 224 mg/kg. BRibZ 4h, FEEBIEEEAIRET, ESBO
TE 2 FRAP I b (4 3R RS VR B 25 AR 1 A 5 B A 1 RS I 1]
SR IF N SR R i) O Pr | R IR £ 2714
FEXEPATE, 20, 40 F1 60 °C FHUTRUEE 2405 H
(190+21) mg/kg(n=4). (195+10) mg/kg(n=4)F1(368+8) mg/kg
(n=3)o HGITEURAE 6 vJH, KFE VM5 60 °C T IWiE
R 225 K, 20 °C 1 40 °C F AT

400+ —5g

o 40
A 60

5 300r &

2

*ﬁ 200 |- o]

iy o

® 00t

0 L 1 1 1 1 1 1 1 1
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SSEEA T

0 5

Kl 6 ESBO MBI MBI b A IE RS e B2 22 REITRL N ] 1922 1
Fig.6 Changes of migration concentration difference of ESBO in
coconut oil and olive oil with migration time

B 7 HOS I AT il 2 8k, ABFSTE R ESBO 1 £ K
. ZRRI . SRR K G 4 FheR L AAE A R
TR A TRSE o 455 /R, ESBO 16 ik 4 R ip i 74 7
Sy R B RO Tk D T P A AR, L 60 °C SRyl
ESBO 7EMUiial . il . FRIh . ZRRa . SEkHm AR
L AR R R R AR A TR 7 v iR 7RI
B T sh, ESBO 1E At 5 Mot 4y ih 10T R B AH I . 1T
FEIELE M 20 °C F1 40 °C BHAYLEIE S 60 °C —3K.

2000 - BRI

ERIRLEE: 60 °C

—A— LK o] o)
S1s00 Lo S
21001 7,
g | A=
J&( / *
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il TR ik B ] A A e
Fig.7 Trend of ESBO migration over time in olive oil, coconut oil,
corn oil, sesame oil, rapeseed oil and soybean oil
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FHA M G- B 1L % PVC H ESBO [ A [ A1 Hy il 2
R AR I T AT . 45 R R, A I 3 T 00 ol 2%
ESBO (Wi 4G 2 HE5E M, X AT fE 2 S5 R i v i i i
B e LA UL BT, LI IM A ikt &
R ASELL P DA LR A Sl . ORI . BRI . SRR
FRZIMA PVC 7l T AT, ()22 PVC 44
R b BB s, RO TR A S B SR A TS R
PESEAN ARG, BHh, LL60°C, 10 d A RMIR PVC
o ESBO TR ok k. R, AEHETTIEAS IR0 B
FEBUCR A 5 5 A TR B9 B e B A A i A
FE BRI, F Rl G T RS TR, BN, 20 d, Skik
FIR T R TR A
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