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Ji(PAEs) #4769 7 ik, R B A TR BB G EMHF PAEs 954, FBSANERT BT RAEMNE BT R
A E Rt ERCRE A A8 st PAEs EBG R 9 Foh, 4R AW, vA 30 ul 1-F K -3 9 kel o5 BAERR 2
([CMIM ][ PF, 1) # 285, /£ 25 Cla B KRS % 5 min, RAeA NaCl 69448 T ERAR RAE, ERALEH T, %
4 UPLC M 2 T i AR BAKAH L 69 ZAY PAEs, £ R 277, Z4F PAEs £ 2~100 pg/mL R ECE A& R4 0% 2K
R >0.999, 7 ik 94 IR 4 0.3~0.92 pg/mL(S/N =3), £ 10.20.30 pg/mL = AR & K F T 44 e Az =ik & DMP
37.42% ~43.50% ; DBzP % 65.04% ~76.90% ; DBP # 67.22% ~79.88% ; DCHP % 77.60% ~89.82% ; DOP # 81.07% ~
87.62% , AR5+ 47 4 Z (RSD) 4 0.01% ~6.66% (n=3) , #ZFH kEE MR ik THERAERR ERNTLSBHOEM
B P AR 2K = BR B 5 89 AT AR
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Ionic liquid—-based single—drop microextraction coupled
with ultra-high performance liquid chromatography for determination of
five phthalate esters in food plastic packaging materials
LONG Ze-rong' ,PENG Yu-mei'” ,LIU Yong'’ ,LIU Li' ,LAN Wei*"

(1.Xinjiang Uygur Autonomous Region Product Quality Supervision and Inspection Institute , Urumqi 830011, China;
2.School of Chinese Pharmacy , Xinjiang Medical University , Urumqi 830011, China)

Abstract ; Ionic liquid single—drop microextraction coupled with ultra—high performance liquid chromatography ( IL- SDME -
UPLC) was developed for extraction and determination of five phthalate esters ( PAEs) from food plastic packaging materials.
Several important influencing factors on IL—SDME extraction efficiency were investigated, such as the type of ionic liquid,
amounts of extraction solvent, extraction time and temperature and salt solution concentration. The results indicated that the
optimal experimental conditions were reached under 30 L 1-octyl-3—methylimidazolium hexafluorophosphates ([ Cg MIM ]
[ PF, ] ) as extraction solvent without adding salt after oscillation 5 minutes at 25 °C.The above—mentioned optimal method was
successfully applied to the detection of the five PAEs in oilcan and beverage bottle. The results showed excellent linearity at
2~100 pg/mL concentration rang for the five PAEs. The coefficients of correlation were no less than 0.999 and the limits of
detection ranged from 0.3 pg/mL to 0.92 pg/mL(S/N =3).The recovery rates of five PAEs at three different spiked levels of
10,20,30 pg/mL were up to 37.42% ~43.50% of DMP,65.04% ~76.90% of DBzP,67.22% ~79.88% of DBP,77.60% ~
89.82% of DCHP and 81.07% ~87.62% of DOP with RSD in the range of 0.01% ~6.66% (n =3) ,respectively.The method was
suitable to determine PAEs in food plastic packaging materials with environment—friendly characterization, convince , rapid and
high operability.
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R FE B, w2l AT REAN E K
WAL R P E TP N R 5, S5 B FE A H A
P T LA N7 AT 2 A S B AR I Tk ok A A AR 22
Sty OB, UM A (GO | WA 3 vk
(LCHP A e FH ¥ (GC - MS)™ | & J5it 196 FH %
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Fe—3— I ELBR e S SR £ ([ C,MIM ] [ PF( ]) (1-C
-3 A BEBR koS Ui e £ ([ C,MIM ] [ PFg ] ) (1-2¢7
F-3— P LR S IR £ ([ CMIM ] [ PF, ]) 46
JE =99% , ¥t HhRBE 22 M A4 FRUE 5T T W i F
B (CH,OH)  4pr4li, 5N 99.5% |, 7 24k 2435
J7 S AREN(NaCl) sl 4R =99.5% , R EL
ARG A IR A A M (CAN) - Sr#ral, 45 K
99.5% , R E THEAML TAHRAH ; LB ke,
2iJE Ry 99.9% , FEE KR T = 5 BR S H; R AR
7K SEE MILi-Q 47K REEHI & Al Al ik ke
THATAE & BBMJCRHIL SR VR TR i 2 S R 55 24 hib
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ACQUITY UPLCH — CLASS #B &5 & W AH {0 %
10 26 [E R 45 12 B ; Waters ACQITY UPLC @ HSS
T3 4 (2.1 mm x 150 mm,1.8 um) ZEEKEFHAAT;
SHZ-82 [HiR/KIGIRF AW HE ARINAR) 50.22 um
WALUERR R E Pall 2AH],
1.2 XWH*E
1.2.1  WEAH 3% & AR 5 pl; faE
0.2 mL/min; A3 25 °C K5 3 S 240 nm; FiR 3l
ARV oy 2 Voo MR RFHESEVEIFR )T :0~4 min,
85% B:15% C;4~6 min, B [ 85% Z8{k & 100% ,
C i1 15% A544. %8 0% ;6~12 min, 100% B;12~14 min,
B HH100% A5 4L & 85% ,C H 0% 28 fb & 15% ;14 ~
15 min,85%B:15% C,
122 BEIRHEMEAEWECE 53 508 855 FREL
DMP .DBzP .DBP .DCHP .DOP 4 0.1 g, F 100 mL (1
KT, I EAR B2 ISR 1.0 mg/mL
PR G PR HEME S W o SLBG BT, AR RINVE W R IR &
R At 25 W B B A5 3], 45l A 2.5.10,40,60
100 wg/mL $% 1.2.1 W& AH (15 45 14, 45 Fh PAEs 0945
HETAHEMZR TR DMP: Y =3.16 x 10°x—1.56 x 10’
(R =0.9999) ;DBzP:Y =2.09 x 10°x +4.68 x 10° (R’
=0.9999) ; DBP: Y =2.16 x 10°x +4.42 x 10° (R* =
0.9998) ; DCHP: Y =194 x 10°x-3.37 x 10° (R* =
0.9999) ; DOP: Y = 1.55 x 10*x + 1.57 x 10° (R* =
0.9998) ; Jr T Y U AR, x ML, we/mL,
1.2.3  EFARSRE HEE BRI SE IS R
B 100 pL B G Ar#EMEA T 10 mL L4 b, inzg
YK 2 mL B, LA S8 T AR S W, AR RE 1 1
B, M4 b 7 VR A

43 53% 30 L[ C,MIM ] [ PF( ] ([ CMIM ] [ PF ] |
[ C;MIM ] [ PF, ], 43 BN A BIRE L s W, 25 C oK
PR 5 min, LI %% 3 P s T IRAEXT PAEs ZEEURCR
A S

SR 10,20 30 .40 L[ C,MIM ] [ PF, ] Sk £ 1
FLEFEBURE S 25 °C, ZEHUET [E] 2 5 min 19 &1
T BEEARABIIG L CoMIM ] [ PF ] 61 5 7 W 1
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PAEs ZEBUSCR A 520

LA 30 pL[ C,MIM ] [ PF ], 7EZEBUREE 5353120 O
25.45.65 °C,ZEBUHT[E] 2 5 min @Y 4510 T, %%
[ CoMIM | [ PR ] £ A [F] 25 B BE T X6 46 S s v h
PAEs ZEBUSCR P 520

LA 30 pL[ C,MIM] [ PF, ], 7F 28 BUIR BE Ry 25 °C
FERLEF ] 435002 2 .5 .10 15 min (55T, B LA
A HASH [A] X RE IR O PAEs A FEHURCR A 5200

SrolER L H 100 pL IR S AR HEM A T 4 X
10 mL A&, 3500 A 2 mL 2818 7K .0.1.,0.2,
0.3 g/mL#) NaCl % , $R )5 43 32 Lb (45 i A 30
[ CsMIM | [ PF, ] ZEHRI , 422 BR3P0 Ak i 26 BRI B F
B IS4, 2548 T SR 280N X F6 BSR4 52 ]

IR FEBUS IRE SIS T 4 °C VKA N F S
2 h B /o HES S LZ2 oK )ZE 0, T /Em
BFW)ZEImA 2 mL H R BEfS , UPLC A3
1.2.4  SZPRFESBTALIE  HXZ5 0.2 mm x 0.2 mm K/
R BTIAT A2 ORDILAS 0.5 ¢ T 50 mL A48 i, 45
AINA 30 mL ZJiF, & 75 30 min, Jri5 855 4 °C
VAR A A A5 -
1.2.5  JnbmEDScsRse 6 S BRRE S WU 28 1 K
FEE) 0.1 mg/mL, B 1 mL, SR/ HIA 10 .20 30 L (i
G AR UEREFS UL, PAEs BYJIMARZKSFE 2 10 .20 .30 pg/mL
ZAMRE KT . FERAEME T A, F 4 °C UK FE #
LS REFWZE, & WM , UPLC &3,
1.3 HiEE

ARG P AGEHFE MR LL (S/N) 19 3 454 5 2 PAEs
AR R . 1.2.2 1.2.3 Fl 1.2.5 £5 2 SC 5 3547
Hileg 3 4, W B s LRI E R OR . B ¥R
Origin 8.5 44034
2 HRE5LGH
21 FEEREHHIERE
2.1.1 BTN EEE &AL PF, ] MK L
FREAE 0 IR s Y 2 R A S o B8 T A8 e w—w SR B
AR X R W 2L S A 2 3 05 IR sk S AL
AR BRI R E T, AEBUSCR G, SRk Y . PAEs
AR RS 4~15 AR B B e, B —
A A D5 IR ke BB, T LA S0 St B E A
[PF, ]~ MR e 46809 [ C,MIM ] [ PR, ] | [ C,MIM |
[ PF, ] FA[ CoMIM ] [ PF, ] B8 1 M 44 Sy 2 HL PAEs (19
FEEXTE, AR ANE 1 R, [ CMIM] [ PR ] X DMP |
DBzP .DBP  DCHP . DOP {4 %< BU & 4t T [ C,MIM |
[PF, J#1[ CoMIM ] [ PF, ], 3X 52 1 5 [ CMIM ] [ PF ]
B T B be B4 , 7R 7K T B R TR AR, S 5R T B
XTEK MY BT PAEs (435 F1 07 5 HAD P Fh 25+
ALbE, [ CMIM | [ PEg | X PAEs % & G230 R f ol
2, Rk [ CoMIM ] [ PR, AR R ZEBGA#E4T F — 2
B LB TE o
212 BEFWMAEHEEMmZEE WE 2 R,
[ C,MIM ] [ PF, ] f& M 10 pL 3] 30 L B % B SR
ZAE R, R E)EL 40 wL i, ZRBCSOCR SO A T R
R, 3002 R 2 24 B R A i 2D B, X PAESs 2 HY
ANFEGY, ZEBUR R 22, TR, W R s i i i &,
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Fig.1 Effect of three ionic liquids on the extraction of PAEs
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30 wL[ CsMIM | [ PF, ] Sy A4S S50 e A AR HUAR
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Fig2 Effect of the volume of [ C;MIM ][ PF, ]

on the extraction of PAEs
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B 5 0 °C i AH LU BH S 42 v, Bl 25 TR B Ak 22 T
PGSR ASALAS K, DMP A Rk, Xh T
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P P25, AT 88 i A6 RO . (R, TR 3 i
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Fig.3 Effect of temperature on the extraction of PAEs
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Fifi 5 A< U 8] 9 S, 2 A TE A Al 7 9 v B 3%
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Fig4 Effect of vibration time on the extraction of PAEs
2.1.5 B TIREEXFALPOSCR 2 LI WLEE,
N RV W I B YR 2R VA R KA LS A b T AN i R
TR ZEBLAH VS IR I V8 I B B . 48 UPLC &l J= &
BRI R U A B T AR ML X LR PAEs 1 5 4
BORIR T A INERE W A HEH . 3X 2 i1 T NaCl
T CI7 5[ CMIM | [ PF, ] A [ CoMIM ] &5 45 742 il
IREEPESR A [ CoMIM ] CL, AR T [ CoMIM | [ PF ] B9 {4
BT A PAEs B985 7 WA S BRI S , 45 5
Z 1 PAEs J3 BT 7K A, T AN V8 1 928 Db 5 R, AT
REEARR T B8 T AR BGOSR o MO 5256 R AN I AR
T
2.2 SCRRAFaR il RE B ANAR E 4 3L 58

TEPCACSE I A5 F T, w A2 A0 22 1 il A A Ok
#irp A9 DMP DBzP DBP DCHP DOP, iZJ7¥: P
Filt PAEs [UZRPEFLIEI 1 2~100 pg/mL, AHOC R EL R

>0.999, # H B (S/N =3) 2 0.3~0.92 pg/mL, 7E

bR g

10.20 .30 pg/mL iR ¥ B 7K S F [\ g 32 DMP 2y
37.42% ~43.50% ; DBzP Jy 65.04% ~76.90% ; DBP Jy
67.22% ~79.88% ; DCHP k1 77.60% ~89.82% ; DOP
81.07% ~87.62% , 1 X ki iy 22 (RSD ) & 0.01% ~
6.66% (n=3), Wz 1 i, DMP [ [=]1)5g 2 B 2 1K
FHALPUFP PAEs /9 I, X5 FHFP PAEs 4544
5%, DMP 4% 558, H & A WA 3, K VE 4
55, HiREi /KA CoMIM ] [ PF, ] B WA A AR X %3¢
55 ; DBzP . DBP DCHP .DOP H. 5 £ R H B K 1
Joe JEEE , B KAV i, 5 s b 7K B [ C,MIM | [ PF, ]
B W AR AR s, ik DMP B B e 3 8 A, T
DBzP .DBP .DCHP .DOP [0 22 AH % 45 755 o
2.3 BTFREmMEN PAEs 5EMA XA

W 2 frs , A 9256 R 19 B8 T AR PR A A
Bt PAEs (197 % 5 HAM AR B 7 s AH Eb B b ] LU Y,
VR AR U P B i BB R 4% P (1% PAES, R AH
STARUEA 25 58/ AB H AL BRI A B2 R PLIS 7, 5L
TR, FEIUN TS, A B B s Y s BRI AN A
ST B Om vp 23 2T 4 [ A A AR B AR T AR
FRRBRAREL 1 PAEs , B SRFEIE R 0] LA 2 FI A,
{RFEAE VR I M, 0 8 790 FH B 8 T, R T A 7 i 22 4K
R, IR Bt A AR ZE RS TR] S, 25 BT 8 A H X 43¢ ey 45 it
FET S =G R e AT TR B R AR IO Y L I L
H ) PAEs (9775, AR BRI &R/, (B3 R A L
P 20 5 AR J7 5 A% B0 B A5 L A% U (a] 4 L 7
T8 BA S0 BRAE AR, X LA A5 2 H A 7 L JC AT LB Y o
3 i

ARG FENT T B TS R R B R A A
T RECTR AR 2 i T DL  B AEAGI T £ e 2 A k)
A AP PAEs . %07 W NN FE BRI R Ay R
/N VB fR(E , %7 DBzP .DBP . DCHP .DOP #HXHE ) K

F 15 FhARAE W RRTEE W) TLE B0 ol SEURLEL R P ) SF S s [T A3 A A o i 22

Table 1  Relative recovery( RR)and RSD values of PAEs studied in real samples
_ i s
pARs MR me () EA4 PHRECR(%)
(pg/mL) . RSD(% ) = RSD(% )
(pg/mL) (n=3) (pg/mL) (n=3)

10 40.74 0.48 43.32 345
DMP 20 ND* 43.50 1.32 ND" 37.42 3.76
30 39.26 2.22 37.52 1.28
10 66.83 0.01 65.04 3.11
DBzP 20 ND* 73.03 0.81 ND" 72.35 6.31
30 76.90 5.50 73.35 4.80
10 78.99 3.28 67.22 4.95
DBP 20 0.747 79.88 1.92 0.717 70.85 3.22
30 74.37 3.54 74.96 5.93
10 89.82 3.10 79.69 3.80
DCHP 20 0.391 85.46 2.55 0.591 83.49 6.66
30 79.98 2.30 77.60 5.53
10 82.09 4.37 83.25 4.98
DOP 20 1.266 82.37 2.35 0.603 87.62 6.35
30 81.07 2.75 82.97 4.12
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Table 2 Comparison of the proposed method with other previously reported methods for the extraction of PAEs

s b HEHR VA HEUURE] EBGRIE  AIXT AR G2
BT RERE  ER A KT (min) () (%)
[P A 4 i 2¢ £ 49 mL PR IE O k% - - 1.78~2.77
WO AT B P B A s 2 ¢ SBEMUAEAE 20 mL FEEARRE O A 40 55 0.13~2.56
SRERRANK/ — A AT Wit 21, ) B
WRhos A RCERGE ™ T o 300 ul. Z.Ak 30 40 484817
BATT M B - LTINS 3 pL =4 B 10 - 2.4~73
NN 150 mL — 40 F 5 ~ B B
TR A Bk 1L K 207, 29~5.0
ATJ5 05¢g YORHHL, IR 30 wL[ C;MIM ] [ PF ] 5 25 0.01~6.66

by, HA A T AL G LA BGR] i A vh 5 1 5y
PRI TG G I it R A5 T A5 )T, Sy R e RN AS:
T YR 2 A RE R ) PAESs B fIE T — Fh &k (o )
Jriike
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