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Abstract: Ultrasound-assisted dispersive liquiddiquid microextraction coupled with high performance liq—
uid chromatography( UA-DLLME-HPLC) was developed for the determination of four typical phthalate es—
ters ( PAEs) . The analyzed PAEs included dimethyl phthalate( DMP)  diethyl phthalate( DEP)  dibutyl
phthalate( DBP) and di-n-octyl phthalate( DnOP) . The UA-DLLME parameters such as types/volumes of
extraction /dispersion solvents ultrasonic time ionic strength and extraction time were investigated. En—
richment factor ( EF) was employed to evaluate the extraction efficiency. The conditions were finally cho—
sen: CCl,(40 L) /acetonitrile ( 1.0 mL) as extraction/dispersion solvents; 30 g/L NaCl; ultrasound/
centrifugation of 5 min. Under the optimized extraction conditions UA-DLLME exhibited strong enrich—
ment ability for the four PAEs. The EFs for DMP DEP DBP and DnOP obtained were 71 144 169
and 159 respectively. The limits of detection were 3.78 1.77 3.07 and 3.30 pg/L for DMP DEP

DBP and DnOP respectively. The satisfactory recoveries for three water samples at three spiked levels
ranged from 82.99% —114. 47% with the relative standard deviations of 1. 93% -8.31%. It is a con—

venient speedy environmentally benign method for the routine analysis of PAEs in water samples.
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enrichment factors of the four PAEs
2.1 DLLME Extraction conditions: sample volume 5.0 mL; extraction solvent
DLLME CCly; volume of extraction solvent 40 pL; volume of dispersion sol—
vent 1.0 mL; ultrasonic time 5 min; ionic strength 30 g/L NaCl.
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Fig. 2 Effects of ( a) extraction solvent volume ( b) dispersion solvent volume ( ¢) ultrasonic time and
(d) ionic strength on the enrichment factors of the four PAEs
Extraction conditions: sample volume 5.0 mL. a. dispersion solvent ACN 1.0 mL; ultrasonic time 5 min; ionic strength 30 g/L NaCl. b. ex-
traction solvent CCl, 40 pL; ultrasonic time 5 min; ionic strength 30 g/L NaCl. c. extraction solvent CCl, 40 pL; dispersion solvent ACN

1.0 mL; ionic strength 30 g/L NaCl. d. extraction solvent CCl, 40 pL; dispersion solvent ACN 1.0 mL; ultrasonic time 5 min.
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Fig. 3 Chromatogram of a mixed standard solution
of the four PAEs
Mobile phases: A: methanol, B: water. Gradient elution: 0 -3
min 85%A; 3 -10 min 85% A to 100% A; 10 =20 min 100% A.

DMP 1.8 pg/L-DEP 0. 88 wg/l.  DBP 0. 64 pg/L;
Ma ° SPE

HPLC-MS DMP
3.68 pg/L  DEP 0.43 pg/L.

Flow rate: 1.0 mL/min. Injected volume: 10 pwL. Wavelength: 225 4 PAEs N o
nm. 28
Peaks: 1: DMP; 2: DEP; 3. DBP; 4: DnOP.
HPLCUV DMP.DEP  DnOP
2.2.2 0.2 e/l
1.5 4  PAEs 4 PAEs
DMP.DEP.DBP  DnOP
. 0.9995. 0.9999. 0.999 6 ( 23 )
0.9999. o { »
DEP 300 pg/L
2.2.3 . . PAEs 8 ng/L.
1.5 o PAEs
( LOD) (1L0Q) o
1 4 PAEs RSD.LOD.LOQ
Table 1 Linear equations correlation coefficients linear ranges relative standard deviation ( RSD) of slope
limits of detection ( LOD) limits of quantitation ( LOQ) and enrichment factors of the four PAEs
. . Correlation Linear range/ RSD? / LOD/ LOQ/ Enrichment
PAE Linear equation .
coefficient (pg/L) % (pg/L) (mg/L) factor

DMP AP =63056C) +15529 0.9953 50 - 10000 3.71 3.78 12.60 71

DEP A =142272C +11143 0.9935 5 -10000 6.98 1.77 5.90 144

DBP A =210451C -922.21 0.9998 20 - 10000 5.49 3.07 10.23 169

DnOP A =127169C +698. 38 0.9986 20 - 10000 7.52 3.30 11.00 159

a) relative standard deviation n =3. b) peak area. c¢) mass concentration mg/L.
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Table 2 Precisions of migration time and peak area of
the four PAEs (2 mg/L) (RSD n=6) % £/ min
Intra-day Inter-day
PAE
Migration time  Peak area Migration time Peak area I
DMP 0.28 4.71 1.12 6.53
DEP 0.26 2.68 0.41 2.97
DBP 0.55 3.84 0.85 3.97
DnOP 0.11 4.25 0.37 6.88
2.3 .
t/ min
’ 4 (1 (1) (1m)
50.200 500 e /L Fig. 4 Chrome%tograms of (I) tap water from laboratory
(1) mineral water and (I0) lake water samples
RSD 3 ° 3 a. blank sample without pretreatment; b. blank sample treated with
82.999, 114. 47% RSD 1.93% UA-DLLME; c. blank sample spiked with standards at 200. 0 pg/L
for each without pretreatment; d. blank sample spiked with standards
8.31% ° at 200. 0 pg/L for each treated with UA-DLLME.
UA-DLLME 4, Mobile phases: A. methanol, B. water. Gradient elution: 0 -3
min 85% A; 3 -10 min 85% A to 100% A; 10 —20 min 100% A.
3 Flow rate: 1.0 mL/min. Injected volume: 10 pwL. Wavelength: 225
nm.
UA-DLILME-HPLC-UV Peaks: 1. DMP; 2. DEP; 3. DBP; 4. DnOP.
PAEs o X A
3 4 PAEs (n=3)
Table 3 Recoveries and their precisions ( RSDs) of the four PAEs spiked in real water samples (n =3)
PAE Spiked/ Tap water Mineral water Lake water
(pg/L)  Found/( mg/L) Recovery ( RSD) /% Found/( wg/L) Recovery ( RSD) /% Found/( wg/L)  Recovery ( RSD) /%
DMP 0 nd nd nd
50 49.06 98.12(3.55) 51.00 102.00( 3.61) 46.12 92.24(5.55)
200 186.01 93.00(5.21) 185.90 92.95(7.09) 200. 86 100.43(4.71)
500 450.55 90.11(6.13) 488.79 97.76(8.31) 499.04 99.81(4.15)
DEP 0 nd nd nd
50 45.48 90.97(6.09) 47.91 95.82(6.28) 57.24 114.47(2.85)
200 176.28 88.14(2.96) 201.61 100. 80( 2. 82) 212.83 106.42( 3. 15)
500 417.17 83.43(7.12) 463.77 92.75(5.55) 514.91 102.98(3.78)
DBP 0 nd nd nd
50 55.78 111.56(7.09) 48.06 96.12(6.27) 47.25 94.50( 6.50)
200 201.78 100. 89( 7.98) 194.17 97.08(6.67) 202.25 101.12( 1.93)
500 428.09 85.62(6.10) 467.14 93.43(1.95) 512.43 102.49(5.02)
DnOP 0 nd nd nd
50 55.83 111.66( 2. 87) 54.40 108. 80( 2. 68) 50.97 101.93( 2. 82)
200 165.99 82.99(5.74) 199.97 99.99(4.25) 199.43 99.71(4.85)
500 447.38 89.48(5.60) 514.19 102.84(4.07) 493.05 98.61(5.60)

nd:

not detected.
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