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Abstract: Two convenient effective and reproducible methods using microemulsion electrokinetic

chromatography ( MEEKC) -normal stacking mode ( NSM) and reversed electrode polarity stacking
mode ( REPSM) were developed for the on-ine sample stacking of phthalate esters ( PAEs) .

REPSM coupled with MEEKC increased the sensitivity of 937. 5 to 7 143 times for four PAEs com—
pared to the conventional MEEKC. The separating conditions in the MEEKC method were studied

and many factors influencing the two sample stacking processes were investigated in detail. The opti—
mum sample matrices for the two stacking methods were as follows: 30 mmol/L sodium cholate ( SC)

and 30. 0 mmol/L borate ( pH 8.5) . Additionally sample injections as large as 3. 45 kPa x40 s
and 3. 45 kPa x90 s were applied for NSM-MEEKC and REPSM-MEEKC respectively. The linear
relationship and reproducibility were also examined. Under the optimum conditions the detection
limits ( S/N =3) of the PAEs were in the ranges of 0. 021 = 0. 33 mg/L and 0. 7 =4 wg/L for NSM-
MEEKC and REPSM-MEEKC respectively. The proposed REPSM-MEEKC has been successfully

applied to determine PAEs in plasticpackaging bags and the spiked recoveries were in the range of
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89.1% -105. 6% with satisfactory results.

Key words: microemulsion electrokinetic chromatography; normal stacking mode; reversed electrode po—

larity stacking mode; phthalate esters; plasticpackaging bags

N N . ( MEEKC)
( PAEs) PAEs,
- ( CEUV)
( DMP) . .
( DEP) . ( DBP) . CEUV
( BBP) . ( DOP) =%, Huang "
(2- ) ( DEHP) ( 1) ( normal stacking mode NSM) 6
'? . PAEs 12 . Hu ™ ( reversed
(GC) *° electrode polarity stacking mode REPSM)
(HPLC) 7°° PAEs . 2.4 ~5.0 pg/Lo
( CE) . . . Liu ” REPSM 2
CE 20 100
PAEs o PAEs o
Takeda " ( SDS) NSM  REPSM
( MEKC) PAEs. Guo "
(SC) MEKC 5 o
PAEs o Lin PAEs
\O o -/ § 0 J:>ﬁ /o 0
{ { 0 o N0
Sl e OTeD s ;
— © \—LQ ~o~0 e N N
Dimethyl Dicthyl &
phthalate phthalate Dibutyl phthalate  Benzyl butyl phthalate  Bis(2-cthylhexyl) phthalate Dioetyl phthalate
(DMP) (DEP) (DBP) (BBP) (DEHP) (DOP)
1 6
Fig. 1 Chemical structures of six phthalate esters ( PAEs)
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Fig. 2 Electropherogram of PAEs by MEEKC

Sample matrix: 30 mmol/L borate ( pH 8.5) ; 30 mmol/L SC; the
concentration of all the PAEs 10.0 mg/L. MEEKC conditions: mi—
croemulsion 105.0 mmol/L SC  30.0 mmol/L borate ( pH 8.5)
6.0% ( v/v) n-butyl alcohol and 0. 5% ( v/v) n-octane; capillary col—
umn uncoated quartz capillary (60 cm ( available length 50 ¢cm) x50
wm) ; detection wavelength 214 nm; separation voltage 18 kV;
separation temperature 25 °C; injection 3.45 kPa x5 s.

Peak identifications: 1. DMP; 2. DEP; 3. DBP; 4. BBP; 5.

DEHP; 6. DOP.
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Fig. 3 Effect of SC concentration in the sample
matrix on peak heights and shapes of six
PAEs
Sample matrix: 10 mmol /L borate ( pH 8. 5) ; different concentra—
tions of SC; the concentration of all the PAEs 5.0 mg/L. NSM ex—
perimental conditions: sample injection 3.45 kPa x 20 s; stacking
voltage 18 kV. MEEKC separation conditions and peak identifica—

tions were the same as in Fig. 2.
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o 5 DBP.BBP.DEHP  DOP.
DBP.BBP.DEHP  DOP
o -9 kV 0.727.0.727.0.436  0.594 pg/go
REPSM o REPSM-MEEKC DBP. BBP.DE-
2.3.3 REPSM-MEEKC . N HP  DOP 2, 6
REPSM-MEEKC
0.1 mg/LL. 4 PAEs o
4 2 4  PAEs
RSD(n =5) 1.37% ~ 2. 65% (n=5)
4.85% ~ 5. 17%- 0.005 ~1.0 Table 2 Mass concentrations and spiked recoveries of
mg/l. 4 PAEs N four PAEs in food-packaging bags (n =5)
1. DBP.BBP.DEHP Original/  Spiked/  Found/  Recovery/ RSD/
Dop (S/N=3) 0.7 ~4 pg/Lo o (mg/L)  (mg/L)  (mg/L) % %
~ (GCAMS) DBP 0. 006 0.05 0.058 103.5 6.3
BBP 0. 006 0.05 0.051 91.1 5.7
- DMP.BBP.DEHP.DBP. DEHP 0.003 0.05 0.056 105.6 5.6
( DCHP) ( DAP) DOP 0.005 0.05 0.049 89.1 7.7
2 ~8 pg/L 3 HPLC I 0.0003 AU
DMP.DBP.DOP  DCHP 0.7 ~ .
3.7 we/L7; HPLC DMP. B
DBP  DEP 1.2 ~2.2 pg/L*® . <
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#/min
REPSM 4 PAEs 6 (a) PAEs (b) PAEs
937.5 ~ 7 143 ( 1), 4 PAEs REPSM-MEEKC
REPSM uv Fig. 6 Electropherograms of PAEs of (a) a food-
. packaging bag and (b) standard phthalate
esters by REPSM-MEEKC
1 REPSM-MEEKC 4 PAEs

Regression equations correlation coefficients
detection limits and enrichment factors of four
PAEs by REPSM-MEEKC

Table 1

PAE Regression Correlation DT_leL_‘Il/Un Enrichment
equation”) coefficient ( 1m1/ 1) factor?
g
DBP Y =25134X +2247.5 0.9960 4 937.5
BBP Y =31625X +2474.0 0.9967 4 937.5
DEHP Y =39959X +4652.8 0.9994 0.9 5555
DOP Y =48481X +7109.3 0.9980 0.7 7143

1) Y: peak area; X: mass concentration mg/L. 2) enrichment
factor: ratio of detection limits obtained separately by conventional

MEEKC and REPSM-MEEKC.
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Sample matrix: 30 mmol/L borate ( pH 8.5) ; 30 mmol/L SC; the
concentration of all PAEs 0.02 mg/L. REPSM conditions: sample
injection 3.45 kPa x90 s; stacking voltage -9 kV. MEEKC sepa—

ration conditions and peak identifications were the same as in Fig. 2.
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