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TS, KiELE, ERE, TR, T, XEIE, BURM, $hakk, B E
(AR AR SRR, N 510623)

WE RASRMMEE - $HAE (LC-MS/MS) HARE L T A HEARAM AP 20 F4A K —Wid L 4%
# I Ty ik, AR AR A B (EU) No.10 /2011 340 P 2 S AL BLIR i2 0, N i i3 ik A T 3470k — R F IR,
RIZ R AR R C g &34 (100 mm X 2.1 mm, 2.7 pm) 5~ &, A 0.1% WER A& — P BRIk AR 3h 48, 45 B e B,
KR % B 4% (MRM) B X AT 5474 . 20 FF 4R K = W 82 B RS R EAE 1~500 ng/mL JEE W5 &3%
MemAR RN R R, RIER 3% CHRARAERIZ IR 10% TR RAEIIZ IR 20% B R A BRI 50%
T B SR BAIZ ik AL A S AR 0k P O ik B TR %1 8 0.20~9.81 ng/mL,0.19~9.76 ng/mL,0.25~12.3
ng/mL,0.21~10.8 ng/mL,0.19~11.7 ng/mL,0.45~20.3 ng/mL. # & mAr =¥ F A 85.8%~111.3%(3% L%
M), 79.4%~123.6%( AL b iz 8L iR ), B AR IE R P T 45 R e AT AR AR £ R K T 8.48%(n=6). %77 ik A ik
AR BRSBTS S E A TR R S A AP AR W B BS K LA S e,

KEIA R BAEMAH AR WSS ; B4 S R ETE - IR

FESES: 06577 XRKFRIRED: A XEHE: 1008-6145(2015)06-0006-05

Simultaneous Determination of the Migration of 20 Phthalates
in Plastic Food Contact Materials by HPLC-MS-MS
Zhang Zihao, Zhang Haifeng, Mai Xiaoxia, Li Quanzhong, Li Dan, Liu Yingfeng, Yi Lezhou, Zhong Zhiguang, Zheng Jianguo
(Guangdong Entry—Exit Inspection and Quarantine Bureau, Guangzhou, 510623, China)

Abstract A high performance liquid chromatography—tandem mass spectrometry (HPLC-MS / MS) method was
developed for the determination of migration of 20 phthalates in food contact materials. Samples were soaked in different
kinds of food simulants according to (EU) No.10/2011, the extractants from water—based simulants were directly filtered,
while the extractant from olive oil simulant was extracted with acetonitrile. A C,53 column (100 mm x 2.1 mm,2.7 pm)
was used to separate the target ingredients, and a system of 0.1% formylic acid solution—methanol was used as the mobile
phases with a procedure of gradient elution. The phthalates were analyzed by multiple reaction monitoring mode. The linear
range was 1-500 ng / mL. The limits of quantification were 0.20-9.81 ng / mL in distilled water,0.19-9.76 ng / mL in
3% acetic acid, 0.25-12.3 ng/mL in 10% alcohol,0.21-10.8 ng/mL in 20% alcohol,0.19-11.7 ng/mL in 50% alcohol,
and 0.45-20.3 ng/mL in olive oil. The recoveries was 85.8%—111.3%(3% acetic acid) and 79.4%—123.6%(olive oil), and
the relative standard deviations (RSDs) were not more than 8.48%(n=6). This method was simple, sensitive, accurate and
precise, and appropriate for the determination of phthalates in food contact plastic materials.

Keywords food contact materials; phthalates; migration; HPLC-MS-MS
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LRI RS | e

H OG0 28— R TR 2 185 923 50) A0 A T s o
EENSA I - Bk o sk, o
Rl — FRiEE . AR, B WA (il — FRI T
TEH AR A PR i R R B T Atk
A AL R R R AR P R
), FRAE PRI 2 2 Bl o X TR S il
AL SR8 — R TR 1Y i AL BRAT V2 R I L TE O e
R IR ATy e T R Ak R TR v R
(Eu) No.10 /2011 j™A& ¥ il i i 7 Fh &R — R
T 59 3K [ DA BRSNS s il v e iy 17 Fhal
R W R AS I A R A

SN TR A A — ER IR BT R AR &
A bR e 20 FRAT K I IR R AT AL I A I 2
T, ik A UE & AER TR 0T R b
B AR I RERR LS T R 15T .
1 IERS
1.1 EZMEL5RXA

WA (351X . Agilent 1200 &1, Bt A G1312B —
TUIRE IR, EEZERPHL AT

—H DU ER RS : Agilent 6410 BY, il A
HH, 5% 5% 25 1~ (ESI) 1 MassHunter %% {44 %4 5 4b #
ARG, K ELECRH AR

W EYR % : IKAMS2 Minishaker %I, 7[5 IKA
ACIE

FEAl7KAL : Milli-Q %Y, 5[ Millipore 23 7 ;

AR IR — I fig (DMP,99.0%), 2B — /I iR
— .1 (DEP,99.5%), 484 — R — % N5 (DAP,
98.0%), <B4 —HIL — T i (DBP,99.0%), 4F 4 !
iz — 5 T I (DIBP,98.0 %), 3P4 W R — (2- H4A
3 ) ZTiE (DMEP,98.0%), 487 —H R — (2- L5 3 )
Z. M5 (DEEP, 99.4%) , 484 — H iR — 4K (DPhP,99.5
%), SBHE " FER L T 3L (BBP, 99.5%), 4K
R~ (2- T4 ) ZTE (DBEP, 85.0%), 454 — H1 2
—JKHE (DPP, 98.0%), 48K —H ik ¥\ fig (DCHP,
99.5%), 484 —HIR — (4- F 3L -2- 133 ) s (BMPP,
99.3%), 48 7 — H iR — & B (DHXP, 98.0%), 4l 7
T H® (2- £ ) [iE (DEHP,98.0%), 4P 4K
F R — i (DNOP,99.5%), 887K — F iR — V- i
(DIOP,99.4%), 48 K — W iz — Tl (DNP,99.0 %),
A2 iR ST (DINP,99.0%), 287K —HIiR —
5t %% ik (DIDP,99.0%) : DPP, DCHP, DNP, BMPP

W 5% [ xstandard 22 A, HE W A 2 E DrE A
Al

i, 2 5. 4 3% 4li, TEDIA company Inc,
USA ;

S i I B R 2k i 4l

e RS ot 5

SEE K R AlioK o
1.2 ARz & B

PR B 45 41 R — R 156 B 1 i 0.0125 g, FH
VS A T 22 28 25 25 mL, 45 B TE 1) i o 2 Tk B
500 wg/mL ER2R — H IREE il A T . FEIAS SRR
BRI £ 2.0 mL 2] 100 mL 25, FH H
FEZS, BCHI AR 10 g/ mL B4R — IR
Bt TR A s v F )9

K LB BRI M bR v T A T R TR A B
I AROR T H R R TR A A v T, 20 Sl FH A B G
3k FH A K B SRR (2518 7K 3% SRR
10% BRI \20% SRR . 50% BRI ) /E45
e B AH R A Jo R A2 — B R R S MR B Ak 1,
10,20,50,100,200, 500 ng / mL FOFRIHE T AR

HOASE o JEE AR v TRV B 2.0 mL MO 70
F 7 ARE b, A L EARZE T RER IR A
o o R TRD I, T ) ST A 3k 8 430k 1,10, 20, 50,
100,200,500 ng / mL [94R8 2% — H R Fig br vf T AE
W 7ELLE 7 AREPIA 2.0 mL 2N, BERTRA
#HIRAT S min J5 #HE Y2 TS SRR E 2R O E
W, 2t 18 e EALI .
1.3 H&maw

FE A Ak BE F BB (Eu) No.10 /2011 ) 5K,
6 dm’® £ SR 1 L & SR A TR

X F K AR (3% LRV . 10% £ %
I 20% LA 50% LBV ) - HIEBUR
e, 1022 pm #F Xt pEgR 2L U 5 | LC-MS/MS
3T

Xof TG TH R 0 T - B 2 mL O S IR M T
BT, 2 mL 2B, IRHEDRS 5 min, #E 2
BIa B2 BB 022 wom £ g gt g
Ji | LC-MS /MS Z3#r .

g R FEM S A T ST, s
F AR IR (25 MO T B UL R 28 0k A2 L
JE M CHE IR ), 4 022 pm £H2id pE e g k-
LC-MS /MS 43#7
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1.4 RAREE — BB KA
141 &A%

4, 3% . PoroShell 120 EC—C ¢ {8, % 4% (100
mm x 2.1 mm,2.7 um, 3 FEZEERRHLA A ) 5 A
M40 °Cs W AH: AN 0.1% H MR % W, B A H
P W5 B B R M A % : 0~ 1 min 40% B, 1~4 min
50% B,4 ~ 5 min 60% B,5 ~ 7 min 70%B,7 ~ 9 min
50%B,9 ~10 min 90% B, 10~ 11 min 40% B, 11~ 14
min 50% B, 14~ 15 min 60% B,15~16 min 70% B,
16~25 min 100% B,25~30 min 40% B ; ¥ #: 0.3
mL /min ; FFEAAFL. 2 WL,

142 Jrig4&t

FHL 55 25 U5 (EST), 22 b7 Wl 1F 2 7B
TR : 350°C; AP HEE: 10 L/ min ; 5 1b48
J£ 77+ 0.34 MPa(50 psi) ; B 414 HLE: 4000 V ;5 Al
fHBEE : 1~51 eV ; JEREAYTE] : 30 ms,

2 HBREITE
2.1 Sk

PR PR R AR E S MAE EST IE &5 F T
AT — IS, G5 R 20 PP LA P om g
RUEST F B U ML, R #E [ M+1 ] Bk
e O LI I < O =~ B 554 o e = A = e 1118
Ry S S W v & N ) VAL = e v 2/ O
R EFRE R E R EEE X b TR R
R, 23 B0 8 M i B X R Al g
WESEH T IULERSEOLE 1,

F1 20 HOE - PRETE. ST SRR ENEEE

R H BEET TEF AL R fiE i/
[l (m/z) (m/z) /v eV
DMP 195 77,163 60,60 3,35
DEP 223 177,149 65,65 2,13
DAP 247 189,149 72,72 1,15
DBP 279 205,149 70,70 1,10
DIBP 279 205,149 75,75 1,9
DMEP 283 207,59 70,70 1,9
DEEP 311 221,73 70,70 1,7
DPhP 319 225,77 70,70 4,41
BBP 313 149,91 90,90 7,25
DBEP 367 249,101 90,90 1,6
DPP 307 219,149 80,80 2,9
DCHP 331 249,149 80,80 3,23
BMPP 335 251,149 75,75 2,20
DHXP 335 233,149 85,85 1,10
DEHP 391 279,169,149 90,90,90 3,3,15
DNOP 391 149,121 95,95 9,51
DIOP 391 149,121 95,95 9,51
DNP 419 275,149 95,95 3,10
DINP 419 149,71 104,104 13,21
DIDP 447 149,85 104,104 13,21

2.2 &L

g 9 % %% Agilent SB-C4(100 mm x 3.0 mm,
1.8 pm), Poroshell 120 EC-C (100 mm x 2.1 mm,
2.7 um) Fl EclipseXDB C-18(150 mm x 4.6 mm, 3.5
um) 3 FP S A H GGG AT, R R i BT R R
200 ng/mL. Z55F W, H SB-C, ikt il , B
AERER R R IR 4> B R 2 s FH EclipseXDB
C-18 8 i # 1 43 29 250 R o 3% K 4f, {5 DMP,
DMEP, DEP, DEEP, DIBP, DBP, DBP, DBEP f{{%,
T 7 B R ANEE ; FH Poroshell 120 EC-C g a4+
i, 2 B RO AR, 7E 25 min N 20 Fh4RZE — FH iR g
ARG A5, 20 FhARZR — H RR IR IR S AR 1A )
MRM A5 E UL 1,

i

1—DMP ; 2—DMEP ; 3—DEP ; 4—DEEP ; 5—DAP ; 6—DPhP ;
7—DIBP ; 8—BBP ; 9—DBP ; 10—DBEP ; 11—DPP ; 12—DCHP ;
13—BMPP ; 14—DHXP ; 15—DEHP ; 16—DIOP ; 17—DNOP ;
18—DINP ; 19—DNP ; 20—DIDP

[E 1 Poroshell120 EC—C {a it A AYARIE — B iR T 22 [ 7 W 2 {3 &

43 50 R H B —0.1% H R 7K %5 T HR 1B 10
mmoL ZFRE KW (I 0.1% HIER ) F i — 7K
LM — KR ZAE N 3 sl Al X B v R 28 500
ng/ mL MIFRUEF TN E . 455K, 2 0F — K
& % v, DMP 5 DMEP, DEP 5 DEEP 4} & i
Ao DLl 4 B shAR R g, B AR5 i L A
NG — KR ZR 59, R - KRR, HEE -0.1%
PR VA TR 2 5 P % —10 mmoL ZMREIA (N
0.1% HR ) IR R dreim HAR Y. DL g5 AL (9 s A ]
e RF A B 5K v 7 s 1 [ M+ ] AR R
F-IEAT RN, B PR T S AR 25 T 1R A T & % BT 1)
PREE YEOR T REES TIPSR e PR 1 4 HL
it T (5 A R B 0. 1% HP BRI AE i sh A
2.3 ML IR R P ARK = BR By B BUE A 6G ik

#

SRR E KA D.ZE-KA:1). 4
J Y DO o 4 B85 51 X6 RO TP A H DL P 1) 20 Fhels
AR HERER AT AR BUALS, 5 R 2, K2 45H
R, O NERAT 2 B, 120 550 I S o



SKT5E A SR 3 — SRR A (] I MR B b bR R 20 FRABIE T IRIERIT RS 1 9

JEARH T, (SR f 5 T PP - O TR
Ja I3 JEAN B, B P A IR A [ LA
JUPAL AT RESE AT A — FT AR S & T IR P o, X 7K Al
FY e Ao o SV BT 7R ) SR A 2 AR I T 45
R TE I I BIEMASERRE i 4R — TR
Pig P A HGH]

&2 HBLMENY S DEHP ZEEUR RN R
FRE/ BICRE/ RSD/

A ””*’J‘f/ Wit /g 0 s RSD
10 5.14,4.87,4.76 492 49.2 3.97
E'a(ﬁ?fl)/k 100 49.6,453,48.1 477 47.7 4.58
’ 500 239,259,248 249 49.7 4.03
_ 10 581,546,592  5.73 573 4.19
/“(Hlﬁfl)’k 100 51.3,52.5,557 532 532 428
' 500 272,277,280 276 553 146
10 742,701,722 722 722 2.84
NG 100 77.1,76.8,78.6 7.5 71.5 1.24
500 331,356,344 344 68.7 3.64

2.4 ZmEMEAMXZEEZER

Ph 3% < PRASEADL R IR Tl ASE 400 15 1 1 1.2
OV B A BRAE T AR IR, DABT VR B R R AL, 4R
IR R TR ) o i e T BN A AR il Ao TAE R
2,20 FPABAR B BREE7E 1~500 ng/ mL 75 BBl £k 1
BT, A R ECH 0.9955~0.999 4, L) 107551 1 (S
/ NY VE R e (I B, 45 e 6 Pl v i
o BRI 3.

1 3% 3 AIHI, 25 ) B AE 25 TR /K B IR Hh O vk
H R4 0.20~9.81 ng/mL ;3% Z R £ = I
IrEERIR N 0.19~9.76 ng/mL ; 10% L FEE SR
W P 7 2 & B 0.25~12.3 ng/mL ;20% £
R R ke PR 0.21~10.8 ng/mL ;
50% L SR W Oy o PR 0.19~11.7
ng/mL; MMM E M BWEE P ke & RN
0.45~20.3 ng/mL,

F£3 20 WX _PERERTE 6 MIERIR AR PHEER
iy St FERME/ (ng - mL)
HIRME 25087k 3% £ 10% LM 20% LM 50% £ F Mk
DMP 042  0.44 0.39 0.37 0.41 3,40

DMEP 0.42 0.46 0.45 0.44 0.41 2.99
DEP 0.44 0.46 0.45 0.43 0.51 3.44
DEEP  0.26 0.27 0.31 0.33 0.29 2.10
DAP 0.42 0.30 0.44 0.36 0.42 1.33
DPhP  0.26 0.19 0.25 0.26 0.25 0.46
DIBP  0.69 0.57 0.55 0.58 0.59 1.91
BBP 0.54 0.47 0.49 0.51 0.51 3.26
DBP 0.59 0.47 0.51 0.48 0.55 1.64
DBEP  0.47 0.41 0.47 0.45 0.45 1.92
DPP 0.31 0.24 0.29 0.32 0.31 0.45
DCHP  0.20 0.19 0.25 0.21 0.21 0.58
BMPP  0.20 0.19 0.27 0.21 0.19 0.57
DHXP  0.22 0.19 0.25 0.24 0.19 0.57
DEHP  0.37 0.33 0.36 0.38 0.38 1.36
DIOP  0.36 0.33 0.36 0.37 0.39 1.35
DNOP  0.42 0.41 0.42 0.41 0.42 1.37
DINP  9.28 8.43 11.6 9.54 10.4 20.1
DNP 0.45 0.44 0.41 0.51 0.53 1.65
DIDP  9.81 9.76 12.3 10.8 11.7 203

2.5 PRI LA E R

539 LA 3% TR B i IR 0 VRN AORSS SR
S ), B B AN A1 R R A R 5 3%
TR SR IR, A5 3 3% 2 R FITREOA v 5 I 23
Flo SRJ5 430 1) b g B s 2 AR ) K SF- 19 48
R PR BRSS TR G bn T W, 15 B Fe 2OV B O3 )
2710 ng/mL F1 100 ng / mL 1) 3& J5T AR %5 % -
AT 6 WK, 25 R L% 4. 4]
1,20 Fp AR K — W R R 7F 3% £ R 55 5 in bs ¥
[T R A 85.8% ~ 111.3%, 0 % &% 5K A9 AH X6 o 74
7% RSD < 6.24% ; 78 M i 56 53 in A W b [l i
BN T79.4% ~123.6%, W 5 25 S 19 A0 XA o f 25
RSD < 8.48%, il /L s s /28K

R4 3% ZERFEHHEFNREKIRE SHEZEIRRLER (=6)

L5 S IR/ K45 9, / (ng - mL™) RSD/ % ISR/ %
R T (ng-mL") 3% L%k I 3% IR LG 3% LR LGl
DMP 10,100 9.74,94.9 8.29,94.3 4.60,4.67 6.46,6.87 97.4,94.9 82.9,94.3
DMEP 10,100 8.79,90.8 8.42,94.9 424,453 5.98,5.51 87.9,90.8 84.2,94.9
DEP 10,100 10.2,94.7 8.33,101.7 3.86,4.07 7.14,6.10 101.6,94.7 83.3,101.7
DEEP 10,100 8.58,94.2 8.59,94.3 4.30,4.62 8.08,6.19 85.8,94.2 85.9,94.3
DAP 10,100 9.66,95.0 8.37,94.8 4.07,3.87 7.77,6.46 96.6,95.0 83.7,94.8
DPhP 10,100 9.93,89.1 8.41,94.5 4.23,3.98 6.71,5.66 99.3,89.1 84.1,94.5
DIBP 10,100 8.86,91.1 7.97,95.9 4.76,4.51 7.87,6.10 88.6,91.1 79.7,95.9
BBP 10,100 8.94,90.2 8.09,94.2 4.70,4.24 5.17,7.19 89.4,90.2 80.9,94.2
DBP 10,100 9.59,92.0 8.20,104.3 4.68,3.51 8.48,6.18 95.9,92.0 82.0,104.3
DBEP 10,100 8.57,94.1 8.18,94.1 5.78.,4.82 5.91,6.93 85.7,94.1 81.8,94.1
DPP 10,100 10.5,92.0 8.07,103.5 3.37.3.72 5.15,5.83 104.6,92.0 80.7,103.5
DCHP 10,100 10.1,92.1 8.04,96.2 4.45,4.64 5.55,8.10 100.7,92.1 80.4,96.2
BMPP 10,100 8.93,95.5 8.26,93.7 4.28,4.06 6.27,5.93 89.3,95.5 82.6,93.7
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gk 4

A — T/ K25 9 / (ng - mL ™) RSD /% I / %

HI i (ng-mL") 3% 2. g 3% Lk MM i 3% 2 ki
DHXP 10,100 9.88,95.2 8.10,102.6 4.72,4.35 6.60,5.81 98.8,95.2 81.0,102.6
DEHP 10,100 9.92,92.6 8.19,93.4 - 5.02,4.67 8.26,6.42 B 99.2,92.6 81.9,93.4
DIOP 10,100 9.92,92.6 8.19,93.5 5.07,4.63 8.20,6.41 99.2,92.6 81.9,93.5
DNOP 10,100 9.77,95.3 8.01,95.9 4.70,3.92 6.22,5.80 97.7,95.3 80.1,95.9
DINP 10,100 11.13,92.0 7.94,114.3 4.29,441 6.60,5.60 111.3,92.0 79.4,114.3
DNP 10,100 9.56,93.4 8.20,104.7 3.45,4.51 6.94,6.47 95.6,93.4 82.0,104.7
DIDP 10,100 10.9,91.9 8.60,123.6 6.24,4.66 8.05,6.21 109.4,91.9 86.0,123.6

2.6 SEERARS MG

43 %1% PE, CPP/DPP, PS, PVC %541 JFi ) 24
AN S A R S R AT DU, 25 A 3 A4S PVC
FE 5 TP A Y DBP Fll DEHP, 75 3% & BRI B 41
TR Y DBP 248 b 253~763 ng/mL ., DEHP &
86.7~542 ng/mL ; TEMME AR Th A ) DBP iy
216~635 ng/mL, DEHP & 73.2~468 ng/mL ; H:
AR I ARKL AR W R AR . K PVC FE
3% PR AR T 2 v I ) €1 1] 430 DL ] 2 ]

3
DBP
DEHP
AN J\.
8 10 12 14 16 18 20 22 24

t / min

K2 PVC R @I (3% LRUKBHI )

DBP
DEHP
2 14 16 18 20 22 24

¢/ min
B3 B PVC RER i (CHBE S )

3 HiE

R FH 5 RO (3 — HB IR 5 1% 5 [R] g 5 £
a2 b R 20 AR T H R IR R i, %Ik AT
AR ST BRI E AR, 7R A R B RN
U, REAE T 2 SRLRE Jo0 B i 22 bR rp QA — R

I A% B 1Y) S PRl 75 22
S & Xk
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