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Determination of Phthalate Esters in White Spirits by Dispersive Liquid-Liquid Microextraction Combined with
High Performance Liquid Chromatography
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Abstract: A novel method for the determination of diisobutyl phthalate (DIBP), dibutyl phthalate (DBP) and butyl benzyl
phthalate (BBP) in white spirits has been developed by using dispersive liquid-liquid microextraction (DLLME) coupled
with high performance liquid chromatography with a DAD detector. Key DLLME experimental parameters including the
type and volume of extractant and disperser solvent, the amount of added salt, extraction time and temperature were examined
and optimized. The optimized extraction conditions were as follows: 2 mL of sample diluted with 7 mL of 0.26 g/mL NaCl solution
and then mixed with a pre-mixed solution consisting of 60 pL of carbon tetrachloride (extractant) and the same volume of
acetonitrile (disperser solvent) by gently shaking for 5 min at room temperature. After centrifugation, the precipitate phase
of carbon tetrachloride was taken and diluted with the same methanol before being injected into the analytical column
for analysis. The method revealed an excellent linearity over the concentration range of 1-500 ng/mL with correlation
coefficient (r) > 0.99. The detection limits were in the range of 0.3-0.8 ng/mL. The enrichment factors varied from 92 to
102. Intra-day and inter-day repeatability values expressed as relative standard deviation were in the range of 1.3%—2.8%,
and 2.0%—4.7% (n = 6), respectively. The developed method was applied to the determination of the phthalate esters in 31
white spirits, and 17 out of the detected samples exceeded the legal limit of DBP. The average recovery rates ranged from
92.5%-111.2%. Compared to previous methods, the new procedure is characteristics of simple sample preparation, less
organic solvent consumption and higher sensitivity.
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Fig.1  Effect of extraction solvent type on the recovery of PAEs
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Fig.2  Effect of disperser solvent type and volume on the recovery of PAEs

2.1.3  FEHUGRIAR IR

SN L T DY Sk B A AR 40~ 150l A% 1k i AL HY
FCE 2 . W3RN, PSR 40 ~60pL
AR, KR BG ) AR H R UScR 2 0 B s, fE
60~ 150pLAE AN, 25 BRI X 25 B AU 22 3504 BH 5 1Y)
S, BT AR SEEG R B AE BRI AR B S 60uL .

100 (] DIBP
[ DBP
& 80 H BBP
60
=
= 40
20
0 1 1 1 1
40 60 90 120 150
FHGAAR/PL

3 ERGAGRRER EW AN
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DBP  y=3900.2x—23286 0.9965 0.4 1.33 15 47 97
BBP y=3873.7x—12280 0.9994 0.8 2.67 1.3 20 102

MFLFR, ERARISEIKMGT, LM
[l 91~500ng/mL(r>0.99); MR 50.3~0.8ng/mL
(Rey=3); EHEMEN2~102M%; EEMRLY, HAKLH
8] (IRSD 73 5N 1.3%~2.8%, 2.0%~4.7%(n=6).
22 SEBRFERhI AT

£ B B ] /min

a B AR ARIBUS b AR S AU ;
c.PEELS9% IR 1.DIBP: 2.DBP; 3.BBP.
S5 &P, FESTXEES KR
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Table2  Analytical results for PAEs in real samples

BRERTE & &/ (ug/mL) BKIERRG 5 e/ (ng/mL)

- %0
o —5gp DBP s || " ome DBP BBP

S 0.02£0.00 0.69£0.07 nd S17 04220.06 0.11+0.00 nd
S20.01£0.00 0.04£0.00 nd SI8  1.64+0.00 0.33£0.00 nd
S30.55£0.04 0.34£0.00 nd S19  0.84+0.00 0.28+0.00 nd
S4 0.85+0.06 4.72£0.15 nd $20 2.07x0.08 0.34%0.01 nd

S5 0.05£0.00 0.05£0.00 nd $21  0.14x0.00 0.38%0.01 nd
S6  5.35£0.00 1.72+0.03 nd $22° 0.03+0.00 0.03+0.00 nd
S7 0.66£0.03 1.02+0.03 nd $23  0.05+0.00 091+0.06 0.01£0.00
S8 1.95%0.02 2.38%0.06 nd $24  140x0.01 7.60=0.06 0.02%0.00

S9 0.25+0.01 023%£0.00 0.02£0.01|| S25 0.13£0.00 0.28%0.01 nd
S10 0.03£0.00 0.08+0.00 0.01£0.00| S26 0.16=0.00 0.41£0.01 nd
Sl 0.56£0.01 1.05£0.00 0.07£0.01| S27 0.02£0.00 0.01£0.00 nd
S12 0.43£0.01 1.38+0.03 nd $28  0.20+0.00 0.17+0.00 nd
S130.69£0.03 0.26+0.01 nd $29 0.05+0.00 0.04+0.00 0.02£0.00
S140.50£0.01 0.07£0.00 0.03£0.00 ([ S30 0.15£0.00 045£0.01 nd
S15 0.77£0.00 0.99£0.01 0.02£0.00 || S31  0.48+0.01 0.31£0.00 nd
S16 0.58£0.03 1.08+0.02 nd

T R AR £ ARERZE” (n=3); nd. KA.

£3  kRERcE
Table3  Recovery rates of PAEs from three spiked samples
DIBP DBP BBP

i z]u;mL SN PR RSDI% M THE RSDI  SCMEY A RSDI%
(g/ml) /% (n=3)  (ngml) WCR%  (n=3)  (ugmLl) WK% (n=3)

025 048 940 44 046 933 0.1 027 985 36
89 050 073 9.1 29 071 9%.1 5.6 051 983 13
100 126 1000 09 125 1016 06 107 1054 29

0.25 102 9.6 0.7 127 1112 04 027 982 04
SI5 050 130 1068 42 152 1054 03 053 1000 01
100 181 1040 12 207 1083 19 108 1059 10

025 031 1041 24 L4 925 35 026 94 05
$23 050 055 1009 08 146 109.1 32 050 988 17
1.00 100 948 17 185 937 15 099 983 28
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