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Determination of Polycyclic Aromatic Hydrocarbons in
Groundwater by Solid-Phase Embrane Extraction
and High Performance Liquid Chromatography

SONG Juan-mei' CHENG Guang® XU Hong=ia' HAN Wei'
(1. Zibo Environmental Monitoring Station Zibo Shandong 255040 China;
2. Zibo Building School Zibo Shandong 256400 China)

Abstract: High performance liquid chromatography equipped with fluorescence detector was applied to the
determination of 15 polycyclic aromatic hydrocarbons ( PAHs) in groundwater. The water samples were enriched
and purified by C,4 solid phase membrane with methylene chloride as elution solvent. Solid phase extraction con—
dition and liquid chromatography condition were optimized. Calibration curves were obtained at concentration
range of 1. 00 pg/L ~40.0 pg/L with correlation coefficient R* > 0. 999. The method quantification limits
ranged from 0.4 ng/L ~3.0 ng/L. The spiked recoveries of groundwater were from 75.7% ~96.7% . The rela—
tive standard deviations were 3.1% ~11.9% when 7 samples with known concentrations were determined.
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N 1 1.5 mL/min; 10 pL;
10
PAHs G ".6C-MS "
HPLC "% - 1
PAHs Table 1  Gradient elution procedure
PAHs o ¢/min o(A) 1% o(B) /%
0 87 13
2 87 13
1 7 97 3
1.1 FEMELHEKA 28 97 3
L.C =20A ( 29 87 13
35 87 13
RF - 20Axl )
/ G Horizon 1.5 % iem & &4
; 2 i RE -
52AA o
200 mg/L 15 PAHs 5
( Nap) . (Ace) . (Flu). (PhA). ’
( AnT) . (FluA) . ( Pyr) . a ( BaA) . 5
(Chr) b ( BbF) k Table 2 Fluorescence detector wavelength procedure
( BkF) . a (BaP) . a h (DbA) . — v T
g hi ( BghiP) . 1 23-cd 0 275 350
( InP) 2.0 ¢/L Supelco 6.80 260 420
. 7.80 270 440
' A A A A ( 11.0 260 420
); ( ) 14.0 290 430
1.2 pEK 25.8 250 498
Cis
o 10 mL 2
Cig « 10 mL 2.1 FEREMRA
1 mL 2.1.1
30 s ~60 s; 3 mm ~5 mm; N N N
10 mL - ( 1:1) N
50 mL/min ~ 100 mL/min o
1.3 #smab ( DFBP) 15 PAHs
1 000 mL DFBP 15 PAHs o
20 ¢
o 50 mL/min 10 mL 2.1.2
1 min 3 250 mL.500 mL.750 mL.1 000 mL-.
50 mL 1 250 mL 5.0 pg/L PAHs
0.5 mL 1.5 mL 1.3 o
1.0 mL 0.22 pm o 1 000 mL PAHs o
1.4 &350 2.1.3
 Venusil PAH (4.60 mm x
250 mm 5 pm) :
30 C; (A)  (B) s
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Fig. 1 Recoveries of PAHs under different flux
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2 15 PAHs (20.0 pg/L) HPLC
Fig.2 HPLC peaks for 15 kinds of PAHs standard(20.0 pg/L)
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2.4 AFEWEGLE 3
- ( 1:1) ; 7 20 pg/L
PAHs DFBP EPA RSD; 5 1 000 mL
1.00 pg/L.5. 00 pg/L.10.0 wg/L.20.0 pg/L. 3, 3

40.0 pg/L

0.4 ng/L ~3.0 ng/L

N 75.7% ~96.7% RSD  3.1% ~11.9%
R*>0.999. o
2.5 A dtFRARE AR
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Table 3  Precision detection limits and recovery tests of the method
1%
PAHs 2 RSD y
m/ng 1 2 3 4 5 /% /% p/(ngL7")
20.0 88.5 78.2 89.6 94.7 86.7 87.5 6.9 2.0
20.0 92.7 86.1 82.9 98.7 93.8 90.8 7.0 1.0
20.0 101 95.7 97.6 92.8 96.6 96.7 3.1 0.5
20.0 95.8 103 95.8 97.1 90.3 96.4 4.6 3.0
20.0 86.6 85.7 80.4 89.1 79.4 84.2 4.9 0.4
DFBP 20.0 90.3 88.6 83.4 87.2 91.3 88.2 3.5 3.0
20.0 96.2 9.5 86.1 90.4 90.6 91.6 4.3 0.5
20.0 87.2 90.2 102 79.3 83.2 88.4 9.8 0.5
a 20.0 80.2 78.4 95.7 76.4 82.9 82.7 9.2 0.5
20.0 79.4 83.6 80.4 76.3 69.3 77.8 7.0 1.0
b 20.0 76.4 78.6 69.2 65.4 88.7 75.7 11.9 0.5
20.0 101 78.4 86.3 80.4 76.4 84.5 11.8 0.6
a 20.0 77.2 69.4 86.2 84.4 65.3 76.5 11.9 0.5
ghi 20.0 85.8 80.2 75.6 67.7 87.9 79.4 10.2 0.5
a h 20.0 68.7 85.2 79.3 79.8 75.4 77.7 7.9 0.8
123-cd 20.0 76.4 78.1 88.7 65.4 70.3 75.8 11.6 1.0
2.6 T AHDME DFBP(1.0 mg/L) 1.3
DFBP N Al HPLC
o 4 3 4 DFBP 70% ~
(A1 A2.A3.A4) 1 000 mL 10 nL 120% 0
375
325 |-
275
= L
~ 225
) L
175 +
125 -
75 L
0 2.5 5.0 7.5 100 125 150 175 200 225 250 275 300 325

£/ min

1—2%; 2—dh; 3—dk; 4— 3 S— %M 6— Bl 7—H

3

(Al) HPLC
Fig.3 HPLC peaks for Zibo groundwater( Al)
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_ _ _ — 7 -
0.004 0.003 0.002  0.006 J . 2005 33( 10) : 1401
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0.002 — — 0.004 8 _ /
0.012 0.008 0.006  0.001 s 2004 26(1) 172 —74.
— — 0.001  0.002 9
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0.001 — 0.002 — I 201130
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_ _ _ — 10
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