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Abstract: To achieve accurate, fast and sensitive detection of phenolic endocrine disruptors in small

volume of environmental water samples, a method of dispersive liquid-liquid microextraction
(DLLME) coupled with fluorescent derivatization was developed for the determination of bisphenol
A, nonylphenol, octylphenol and 4-zerz-octylphenol in environmental water samples by high per-
formance liquid chromatography-fluorescence detection (HPLC-FLLD). The DLLME and derivatiza-
tion conditions were investigated, and the optimized DLLME conditions for small volume of envi-
ronmental water samples (pH 4. 0) at room temperature were as follows: 70 pL chloroform as ex-
traction solvent, 400 pL acetonitrile as dispersing solvent, vortex mixing for 3 min, and then high-
speed centrifugation for 2 min. Using 2 2-(7 H-dibenzo[ a , g Jcarbazol-7-yl)-ethoxy ] ethyl chloro-

formate (DBCEC-CD as precolumn derivatization reagent, the stable derivatives of the four phe-
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nolic endocrine disruptors were obtained in pH 10. 5 Na, CO;-NaHCO; buffer/acetonitrile at 50 C
for 3 min, and then separated within 10 min by HPLC-FLD. The limits of detection (LODs) were

in the range of 0. 9—1L 6 ng/L, and the limits of quantification (LOQs) were in the range of 3. 8

—7. 1 ng/L. This method had perfect linearity, precision and recovery results, and showed obvi-

ous advantages and practicality comparing to the previously reported methods. It is a convenient and

validated method for the routine analysis of phenolic endocrine disruptors in waste water of paper

mill, lake water, domestic wastewater, tap water, etc.

Key words: dispersive liquid-liquid microextraction (DLLME) ; derivatization; high performance

liquid chromatography (HPLC) ; fluorescence detection (FLD) ; phenols; endocrine disruptors; en-

vironmental water samples
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Fig. 1 Derivatization reaction between DBCEC-CI and phenolic endocrine disruptors
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Fig. 2 Effects of (a) molar ratio of derivatization reagent, (b) volume of Na,CO3-NaHCO; buffer, (c) derivatization

time, (d) derivatization temperature on the peak area of the four phenol derivatives

BPA: bisphenol A; NP: nonylphenol; OP: octylphenol; POP. 4-tert-octylphenol. Derivatization reagent: DBCEC-CI (1 mmol/L); buff-

er: 0. 1 mol/L Na;CO;-NaHCO; (pH 10. 5). Derivatization conditions were optimized using single factor experiments.
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Table 1 Linear regression equations, correlation coefficients (R), LODs, LOQs and precisions of
the four phenol derivatives (n=6)

. . ) RSDs/ %
Phenol derivative Linear regression equation R LOD/(ng/L) LOQ/(ng/L) - -
Retention time Peak area

POP Y=31.02X—4.31 0. 997 1.6 7.1 0.42 1.93

BPA Y=47.36 X+5.35 0.999 0.9 3.8 0. 30 1.77

OP Y =30.27X—5.57 0.998 1.4 5.7 0. 28 1. 24

NP Y=31.18X—5.23 0.998 1.6 6.6 0. 26 1.31

Y : peak area; X : injection amount, pmol.
2.3.3 s 6 s
b 1 b o
0,1.2.4.8.12.24 72 h 2.3.4
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4. 0%, 4 DBCEC-CI N . . (
o ) ( 2) . ,
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Table 2 Comparison of this method with the reported methods
Derivatization Temperature/ Time/ Detection Separation Sample LODs/(ng/L)
Method o K . X Ref.
reagent C min  wavelength/nm  time/min volume/ml. BPA OP NP POP
SPE-GC-MS MSTFA 75 90 — 35 500 1.1 1.2 2.4 — [5]
SPE-HPLC-FL.D EASC 60 5 Aw/Aem=262/430 20 500 0.3 0.5 0.7 — (6]
DLLME-HPLC-FLD PNBC 60 30 Aex/Aem=230/315 18 7.0 7 — - [9]
GC-MS BSTFA 65 20 — 21 100 140 30 [18]
SPE-HPLC-FL.D — — —  Aex/Aem=228/305 44 - 1200 1900 — [16]
SPE-DLLME-HPLC-FLD PNBC 40 25 Aex/Aem=230/315 15 210 3.3 — — [17]
DLLME-HPLC-UV — — — UV Amx=228 17 5.0 700 800 1600 — [10]
DLLME-HPLC-FLD DBCEC-CI 50 3 Aex/Aem=300/395 12 5.0 0.9 1.4 1.6 1.6 this
method

MSTFA: N-methyl-N—~(trimethylsilyD) trifluoroacetamide; EASC: 10-ethyl-acridone-3-sulfonyl chloride; PNBC: p-nitrobenzoyl chloride;
BSTFA: bis(trimethylsilyD) trifluoroacetamide. —: not reported.
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Table 3 Contents and spiked recoveries of the phenols in four environmental water samples (n=3)
Waste water of paper mill Lake water Domestic wastewater Tap water
Phenol Content/(ng/L) Recovery/% Content/(ng/L) Recovery/% Content/ (ng/L) Recovery/% Content/(ng/L) Recovery/ %
POP 13.5 87.5 ND 94.2 ND 91.4 ND 102. 3
BPA 69. 7 94. 0 15.1 94. 9 20. 4 98. 3 ND 91.6
OP 41.9 88.3 17.4 101.0 29.4 92.0 6.2 96. 2
NP 48.5 97.1 11.5 92.9 22.4 105. 6 ND 93.7
ND: not detected.
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