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Detection of phthalate acid esters in rice wine by microemulsion
capillary electrokinetic chromatography
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Abstract: A microemulsion electrokinetic chromatographic ( MEEKC) method was developed to
separate and detect 12 phthalate acid esters (PAEs) in rice wine. A variety of factors were examined,
including pH values, and mass concentration of buffer solution, sodium dodecyl sulfate (SDS)
surfactant, co-surfactant, volume fraction of acetonitrile, in order to optimize their effects on the
separations of 12 PAEs. The results indicated that an optimal MEEKC separation method was achieved

by using a microemulsion solution of pH 9. 0 containing 33. 1 mg/ml (w/v)SDS, 66. 1 mg/mL (w/v)
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1-butanol, 8.1 mg/ml (w/v)octane, 12% (v/v)acetonitrile and 77. 3% (v/v)6 mmol/L phosphate-
borax buffer solution. The 12 PAEs were baseline separated within 20 min at 20 kV and 20 °C, when
the detection wavelength being 230 nm. Under the optimized experimental conditions, the average
recoveries and precision rates of 12 PAEs were in the ranges of 85.3% ~96.9% and 3. 4% ~6. 8%,
respectively. The lowest limit of detection (LOD) was 0. 5(ug/mL). The MEEKC method, simple in
operation, high in sensitivity and reliable in result, has been successfully applied for the analysis of 12
PAEs in rice wine with satisfactory results.

Keywords: microemulsion capillary electrokinetic chromatography; phthalate acid esters; rice wine
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W BN A F 5 19 Oasis HLB Glass £ # il i # 1 mL/min, A 5 mL 5 %0 B K 3 W0k Ok - 735 K U8
T H S mL RO FERVEME VR, AR T, SIS TMAZENER. €42 1.0 mL. &
0.45 pmyg B 8  FF HERE AT
1.3 KA *

B HT 430 0.5 mol/L NaOH /K FIZZ th % WK th P B AN 5 min, 2 WS A7 Z 4% bR &5 5 vh
VE. AFBOHLIE 20 KV, JEREI ] 6 s, 3 BEFE A 5. 0 kPay AT 20 °C i3 K 230 nm.
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£ 2~10 mmol/L i [l N . B & W IR £ 7 A1 2 %‘i:\ i / " .
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7—BBP;8—DBEP; 9— DBP; 10— DHXP; 11— DEHP; 12— DNOP,
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=, pH fE°7 9.0 B}, 12 F PAEs ¥ RE 3R 159 5% Fig. 1 Effect of pH values on separation

U ME B > BS I E] . 25 B IR B LR
R R I L) L DA S ) L B pHL{ECA 9. 0,

2.1.3 SDS =R E 15.01

SDS XY MEGE— W MEL R R m.
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- ' ° : ? 2 ZIEPRERSBout 4 i PAESs 43 85 B 5 1

DBEP 1 DBP, #xfin & 1 J& 77 W1 o 2% oy B . Hh Fig.2 Effect of acetonitrile volume fraction on

2 Rl AN 6] 2R B4 B0 (4 26 .8 %6 .12 %6 .16 %6) separation of 4 PAEs
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T A% PR 2 %, e A B BCELAR R Ok TR R 33, 1 mg/mL ) SDS.66. 1 mg/mL iy iE
T8, 1 mg/mL [ IEFERE ARFUECH 122600 O 77 3% 11 6 mmol /L # iR £ - 70 28 vh il (pH {E N
9.0), JPEHIE 20 KV BRI 20 C MK 230 nm., fEIZE@IE &M T .12 # PAEs AR IR A WM
A EYN4E B %4 B LR UL IR 3, &8 M4 B 19 DIBP . BBP.DBEP 1 DBP ik 8| 548 40 5 . 25 (4 3% 115 4
A FE 12 Fp PAEs () H W (8] 58 18 JC T4 . 46t PAEs (1) 500G RE 5 151 0L 1R 4,

5} E)/min

1—DMP; 2—DMEP;3—DEEP;4—DEP;5—DAP; 6—DIBP;
7—BBP;8—DBEP;9—DBP;10—DHXP;11-—DEHP;12—DNOP,
B3 12 fh PAEs fRifliR & W 09 5 B
Fig.3 Electropherogram of 12 PAEs by MEEKC
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B8] /min
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Fig. 4 Electropherogram of PAEs in rice wine sample by MEEKC
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BN O X PAESs RO IR PR RS 75 250 R TR i rP RS 3 &, 0 B 35 o v 9 2 R 45 T
Yo . A58 R SCHRC 12 ] 0% 11 AH B OR300 00 i 2 B e, ARSI s A 5 X 12 Ff PAESs 64
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KON E S, 45 2] 12 F PAEs (9 2 vk [l )3 J7 #2 finka: i B (LOD, S/N=3), 45 L L& 1, GB
9685—2008( £ i 25 % A0 A4 RE FH ¥ A0 700 4o FH s v ) U A £ 25 A A0 25 A4 RE RO S ) of L, DBP i 7 £
PR K EAS B 0.3 mg/kg. DEHP 8 2 & 5 h i i KR 1.5 mg/kg™™ . 43 46 24
F 1.5 pg/mL F1 7.5 pg/mL, q FIZ 07 B K H B o B 92 0y 96 i A2 3 1 10 A4 3 o £ 5 L £ S 5
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Table 1 Calibration curve, linear range and LOD

PAEs AT R LR/ (pg » mL™H) r LOD/(pg + mL ™)
DMP Y=220.92X+676. 3 1~500 0.999 1 0.5
DMEP Y=271.43X+578. 6 1~500 0.998 7 0.6

DEEP Y=261.46X+782. 1 1~500 0.998 2 0.5
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® 18D
PAEs A NNE by LMV E/ (pg e mL D) r LOD/(pg * mL™")
DEP Y=371.38X+1014.6 1~500 0.997 7 0.8
DAP Y=341.53X+979. 3 1~500 0.998 0 0.5
DIBP Y=281.46X+686. 9 1~500 0.997 9 0.5
BBP Y=501.33X+1 709. 6 3~500 0.995 9 1.0
DBEP Y=254.37X+1 200. 3 1~500 0.998 6 0.5
DBP Y=279.03X+486. 9 1~500 0.999 0 0.5
DHXP Y=501.33X+1 709.8 1~500 0.997 8 0.6
DEHP Y=294.52X+761. 3 1~500 0.998 1 0.5
DNOP Y=491.25X+986. 9 1~500 0.996 7 0.5

2.4 EHH
PAEs IR G b #EE (100 pg/mL) B9 H A FD H [R]DR %5 8 I 2 45 2R W3& 2,12 R PAEs 81T i ] 1
U TR AR B M R AT
2 HEEAEG=6)

Table 2 Reproducibility(n=6) %
PAES A B[] VA THT R
H P RSD H 8 RSD H K RSD H 8] RSD

DMP 2.1 2.9 2.7 3.9
DMEP 2. 3.1 3.3 4.6
DEEP 2.8 3.7 3.5 4.7
DEP 2.5 4.9 2.7 3.8
DAP 2.7 3.9 3.0 4.2
DIBP 2.6 3.0 2.5 3.6
BBP 3.4 4.7 4.7 6.8
DBEP 2.6 3.2 3.3 4.7
DBP 1.9 2.8 2.4 3.9
DHXP 2.7 3.7 3.7 4.4
DEHP 2.7 4.0 3.1 4.0
DNOP 2.9 3.8 4.4 5.7

2.5 niRE Y =RKE
XA Fr PAEs FBRE S I 5 HAMBI7E 10,200 pg/ mb AERARZKE T BRI 5, 25 5L L3¢ 3,
3 R AR % B (n=6)

Table 3 Recovery and precision rates(n=56) %

AL 10 pg/mlL 200 pg/ml

Il i RSD Ii] g % RSD
DMP 95.1 4.7 96. 4 3.4
DMEP 93.2 4.9 94.9 4.6
DEEP 90. 6 5.3 93.1 4.8
DEP 89. 3 6.3 91.5 5.7
DAP 91.9 4.4 92.7 4.5
DIBP 94.1 4.3 95.9 4.9
BBP 85.3 7.4 88.5 5.9
DBEP 90. 6 5.4 93.4 4.7
DBP 96. 1 4.6 96.9 4.2
DHXP 88.7 6.1 89. 8 5.5
DEHP 89.6 5.6 90. 2 5.1
DNOP 87.8 6.8 89.3 5.6
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XPTiY b 10 Fof v i o B OB b s R 6 D) M . A 1 A B AR A Y DMP L DEP ., DIBP, DBP #il
DEHP 5 flt PAEs, A 1 4~ e S K 1 DMP.DBP fil DEHP % 3 ff PAEs, 5 2 A5 MRE 5K 4 DIBP
1 DEHP % 2 ff PAEs, H4y & b & # H PAEs,

3 &

AW FEAE T N LB A4 A B s R FLIR R PRI I AT 2 B PAEs IkBIZEL 8 . 150
FA AR 5 T3 K 36 i R PR 0 A 4 . ARS8 B i S ) MEEKC J5 2 BE A I 830 P i 12 F PAESs,
JIIER I BRAR 2 0.5 pg/mL K 5% BE FIVERH BE R 45 BEW A2 S04 b i WL PAEs B9 BRI 20K .
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