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Abstract: A liquid chromatography with fluorescence detection( LC/FLD) combined with dispersive
liquid - liquid microextraction based on solidification of floating organic droplet was developed for the
simultaneous analysis of six hydroxylated polycyclic aromatic hydrocarbons( OH — PAHs) in human u-
rine. The important parameters affecting the extraction efficiency including the type and volume of
extraction and dispersive solvents urine pH value salt concentration and extraction time were opti—
mized. Under optimized conditions the urine sample was adjusted to pH 5.0 then enzymatically
hydrolyzed and added 20% NaCl to adjust the ion strength. 400 L dispersive solvent acetone and 40
L extraction solvent 1-undecanol were rapidly injected into the urine sample. After vortexed and
centrifuged at 3 000 r/min for 5 min the urine was kept in a —20 °C refrigerator for ten min untill
the floating organic droplets were solidified and could be easily collected with a spoon into a clean cell
bottle. The collected 1-undecanol was injected into LC for analysis after it melted. The results
showed that there existed a linear range of 2. 5 - 150. 0 pg/L for six targeted OH — PAHs in urine with
their correlation coefficients( r*) of 0. 999 1 —0.999 8. The extraction recoveries were in the range of
70.4% -129% with RSDs of 1. 7% —14.8% . The limits of detection and quantification were in the
ranges of 0.5 -1.0 pg/L and 1.5 -3.0 pg/L respectively. With the advantages of simplicity and

rapidness the developed method could satisfy the requirments for large sample analysis on actual hu-
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man urine.
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16 h 37 C 100 r/min. /
1.2.3 20% ( ) o
(40 pL ) (400 pL )
5 min( 3 000 r/min)
-20 C 10 min
1.2.4 Agilent Zorbax Eclipse Plus C;; (250 mm x 4.6 mm 5 um) o
(A) = (B) © 0~5min 60%A; 5~14 min 60%~78% A; 14 ~21 min 78% ~
85% A; 21 ~30 min 85%~100% A; 30 ~35 min 100% A; 35 ~39 min 100%~60% A; 39 ~45 min
60% A 0.6 mL/min 25 C 5 nLo (
/ ). 2-NAP (227/355 nm) . 2FLU (272/336 nm) . 2-PHE (254/369 nm) . 3-PHE
(250/358 nm) . 4PHE (246/371 nm) . 1-PYR (239/392 nm) .
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2-NAP 241U Fig. 1  Effect of the volume of extraction solvent
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Fig. 3 Effect of the pH value on peak areas of OH — PAHs
0 10. 50.
250 pg/L 70. 4% ~ 129% (RSD) 1.7%~14.8%
OH - PAHs ( 1) 5 2-NAP 10 pg/L
. 3 (LOD) 0.5~1.0
pg/L 10 ( LOQ) 1.5~3.0 pg/L 2.5~150.0 pg/L
(r")  0.9991~0.9998( 2).
OH - PAHs (n=6)
Table I Recoveries and RSDs of OH — PAHs in human urine spiked at different concentrations( n =6)
Analvies Spiked 10 pg/L Spiked 50 pg/L Spiked 250 pg/L
natyies Recovery ( %) RSD ( %) Recovery ( %) RSD (%) Recovery ( %) RSD (%)
2-NAP 121 14. 8 75.9 11.6 80.3 6.7
2FLU 129 1.7 87.2 9.8 89.3 4.6
2-PHE 81.6 4.1 80.6 9.5 90. 1 3.9
3-PHE 84.6 3.5 80. 6 9.5 90. 1 3.9
4-PHE 74.7 4.8 75.6 9.8 87.2 3.4
1-PYR 78. 1 4.0 70.4 11.5 86.3 2.1
2 DLLME - SFO OH - PAHs N N
Table 2 Analytical performance data for determination of OH — PAHs in urine by DLLME — SFO method
Analytes Linear range( pg/L) Calibration curve P RSD ( %) LOD( pg/L) LOQ( pg/L)
2-NAP 2.5~150.0 y =0.003 4x - 0. 008 7 0.999 3 11.6 0.5 1.5
2-FLU 2.5~150.0 y=0.006 6x —0.022 1 0.999 5 9.8 1.0 3.0
2-PHE 2.5~150.0 y=0.003 8x —-0.000 3 0.999 8 9.5 0.5 1.5
3-PHE 2.5~150.0 ¥ =0.003 4x -0.003 9 0.999 5 9.5 0.5 1.5
4-PHE 2.5~150.0 y =0.006 6x —0.005 0 0.999 4 9.8 0.6 1.9
1-PYR 2.5~150.0 y=0.001 8x -0.007 5 0.999 1 11.5 0.8 2.5

X represents the response area

y represents the quality of analyte
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Table 3  Comparison of various analytical methods for the detection of OH — PAHs in urine
. Analytical Extraction Recovery LOD
Preparation method Target analytes . Reference
method time (%) (pg/L)
Stir bar sorptive LC - MS/MS I-NAP 2NAP 2+FLU 34LU I1-PHE 2-PHE 3h 72 ~133 0.001 ~0.003 15
extraction 3-PHE 4-PHE 9-PHE 1-PYR and 6-Chr*
SPE with MS/MS 1-PYR <2 min 87~91 0.01 22
polyetheretherketone
tubing
Liquid - liquid HPLC - MS/MS 1-NAP 2-NAP 2¥LU 3-+LU 1-PHE 2-PHE 15 min  89~119 0.002~0.02 14
extraction 3-PHE 4-PHE O9-PHE and 1-PYR
SPE HPLC - MS/MS 1-NAP 2-NAP 2¥LU 1-PHE 2-PHE 3-PHE ~1.5h 71~94 0.002~0.01 23
4-PHE 9-PHE and 1-PYR
SPE LC -FLD 1-PYR ~1.5h 92~105 0. 44 24
DLLME - SFO LC - FLD 2-NAP 2FLU 2-PHE 3-PHE 4-PHE and <1 min 70~129 0.50~1.00 This study
1-PYR
a: 6-Chr represents 6-bydroxychrysene
2.4
17 10 mL
( 4. 4PHE 58% 809%
o 2-NAP 16. 78 pmol/mol o
OH-PAHs o
4 OH - PAHs
Table 4 Concentrations of OH — PAHs in human urine( n =17) ( pmol /mol )
Analyte Range Median Mean
2-NAP <LOD~16.78 3.42 5.10
2F¥LU <LOD~4.79 0.12 0.30
2-PHE 0.02~0.22 0. 08 0.09
3-PHE <LOD~0.38 0.09 0.13
4-PHE <LOD ~0. 40 0.01 0.05
1-PYR <LOD~0. 61 0.03 0.10
3
PAHs
/ ( LC/FLD) .
6 OH - PAHs o
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