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10 mg/L 1.
2 1 20
1 mg/L 2,
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2.3
0.45 pm .
1 2 5 pg/Le
2 10 pg/L
0.05 pg/Lo
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( Online SPE) : Acclaim PA2( 50 mm X 4.6 mm 3 pum
) 1 mL; 1.
Hypersil Green PAH( 150 mm X 3 mm 3 pm )
: 0.8 mL/min; 1; 30 oC; UV 254 nm;
2,
1
Table 1 ~ Gradient programs for online SPE and separation
Online SPE Separation
Mobile phase Mobile phase
Time Flow rate Acetonitil Time Flow rate Acetonitril
mi I L/ 1 3 o7 cetoniirile mi L/ 1 7. o cetoniirile
(min)  (olfwin)  Waer () Ao (i) Coblmin) W () A
0 0.6 95 5 0 0.8 60 40
4.0 0.6 95 5 5 0.8 60 40
4.5 0.4 0 100 30 0.8 0 100
25 0.4 0 100 30.5 0.8 60 40
25.5 0.6 95 5 35 0.8 60 40
35 0.6 95 5 - - - -
2.5 Di l—é)r(jd%l)e%t? p imp
Thermo UltiMate 3000%2 I%r%ﬂi*feé‘g%% For s/e]i)ﬁation

R IEE FLD detector

Online SPE-HPLC 1 o 2 TR
12 | mL SPE Aﬁtosja]ﬁ i JEHH Waste
= m :
C) 16  SPE
Sk T
° Analytical SEAME IS
column | UV Detector
12 SPE ()
R Waste
° e
ul
1 —
3.1 Online SPE-HPLC Fig.1 Flow schematic of online SPE-HPLC

Acclaim PA2
(5% ) ( )
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(90% ) SPE o, Hypersil Green PAH
2 20 2.4
100
80
60 - 7
]
E 40 -
20
0 0 .
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0 S 10 15 20 25 30 35
¢ (min)
2 50 pg/L 20 online SPE-HPLC ( uv
254 nm)
Fig.2 Online SPE-HPLC chromatogram of 20 polycyclic aromatic hydrocarbons ( PAHs) ( 50 pg/L) at
UV 254 nm
2. ;30 1= ;42— 5. ;6. ;7. ;8 ;9. ; 10, 11, (a) ;
12. i 13. (3) ; 14, (e) ; 15. (b) ; 16. (k) ; 17, (a) ; 18. (a
h) ; 19. (g h; i) ;20 (123=<d .
Peaks: 1. Naphthalene; 2. Acenaphthylene; 3. 1-Methylnaphthalene; 4. 2-Methylnaphthalene; 5. Acenaphthene;
6. Luorene; 7. Phenanthrene; 8. Nanthracene; 9. Fluoranthene; 10. Pyrene; 11. Benzo( a) anthracene; 12. Chrysene;
13. Benzo( j) fluranthene; 14. Benzo( e) pyrene) ; 15. Benzo( b) fluoranthene; 16. Benzo( a) pyrene; 17. Benzo( k) flu—
oranthene; 18. Dibenz( a h) anthracene; 19. Benzo( g h i) perylene; 20. Indeno( 1 2 3-ed) pyrene.
3.2
( 2 1) ( 2 2)
o /
(DAD)  200~850 nm 220
240 280 nm; 220 240 280 nm ( Emission
scans) T 2,
2 /
Table 2 The maximum excitation wavelength and maximum emission wavelength for each PAH and switching time
/
Switching time The maximum
g Detection channel Ex/Em wavelengths PAHs Peak No.
(- min) ( nm)
0.00 No. 1 219/330 Naphthalene 1
No. 1 225/333 1- 1-Methylnaphthalene 3
13.45 2- 2-Methylnaphthalene 4
’ No. 2 235/332 Acenaphthene 5
No. 3 263/310 Fluorene 6
15.50 No. 1 247/364 Phenanthrene 7
' No. 2 247/401 Anthracene 8
17.80 No. 1 281/453 Fluoranthene 9
' No. 2 236/389 Pyrene 10
20.50 No. 1 281/391 (a)  Benzo( a) anthracene 11
’ No. 2 264/381 J# Chrysene 12
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4

2( Continued to Table 2)

/
Time The maximum
; Detection channel Ex/Em wavelengths PAHs Peak No.
( min) ( nm)
No. 1 240/510 (9 Benzo( j) fluranthene 13
23.50 No. 2 283/394 (e) Benzo( e) pyrene 14
No. 3 249/443 (b) Benzo( b) fluoranthene 15
25.40 No. 1 243/412 (k) Benzo( k) fluoranthene 16
' No. 2 260/408 (a)  Benzo( a) pyrene 17
27.50 No. 1 290/398 (a h)  Dibenz( a h) anthracene 18
28.70 No. 1 292/415 (g h i) Benzo(g h i) perylene 19
’ No. 2 246/503 (12 3<d) Indeno(1l 2 3-ed) pyrene 20
20
/ ( 20 ) o Ulti-
Mate FLD-3400RS 3 ( Detection channel)
3 3
/ o
o 2 N
3 3
6
E
3
5]
@)
=
%
=]
[
b
a
L 1 1
0 5 10
3 50 wg/L 20 (a) No. 1 (b)No.2 (¢)

No. 3 online SPE-HPLC

Fig.3 Online SPE-HPLC chromatogram of 20 PAHs ( 50 pg/L each) obtained by fluorescence detection

using programmed wavelength switching in three parallel channels: (a) No. 1 (b) No.2 (¢) No.3

2( The peak numbers are the same as in Fig.2)

3.3 N
7 1 pg/L ; 7 10 pg/L
o (RSD) <= 0.2% RSD < 1.3%. 9
(0.01 0.05 0.1 0.5 1.0 50 10 50 100 pg/L) 3
o S/N=3
o 3.
3.4
4 o

0 pg/L) 57% ~140%  85% ~116%

(0.05
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No. 3 online SPE-HPLC
Fig.4 Online SPE-HPLC chromatogram of ( a) a tap water sample ( b) the same sample spiked with 0.05 pg/L for
each PAH and ( ¢) reagent water obtained by fluorescence detection using programmed wavelength switching in three
parallel channels: (A) No. 1 (B) No.2 and (C) No.3

2( The peak numbers are the same as in Fig.2)

3 N
Table 3  Calibration data and MDLs for 20 PAHs

N ) . . Cone.la.tion Linearity range LOD
o. PAHs Method Regression equation coefficient
(R?) (pg/L) (ne/L)

1 Naphthalene A=0.0025¢+0.0136 0.9970 1.5~100 0.47
2 Acenaphthylene uv A=0.0034¢+0.0062 0.9989 1.5~100 0.72
3 1- 1-Methylnaphthalene A=7492.48¢ 0.9910 0.10~50 0.031
4 2- 2-Methylnaphthalene A=10516.8¢ 0.9982 0.10~50 0.031
5 Acenaphthene A=110163¢ 0.9972 0.05~50 0.028
6 Luorene A=266343¢ 0.9966 0.05~50 0.016
7 Phenanthrene A=138211c¢ 0.9966 0.05~50 0.011
8 Nanthracene A=237397¢ 0.9973 0.05~50 0.010
9 Fluoranthene A=32560.4c 0.9971 0.05~50 0.017
10 Pyrene A=148615¢ 0.9965 0.05~50 0.012
11 (a)  Benzo( a) anthracene Fluorescence A=100842¢ 0.9980 0.10~50 0.020
12 J# Chrysene A=174195.7¢ 0.9986 0.10~50 0.024
13 (n Benzo( j) fluranthene A=2405.81c 0.9992 0.5~100 0.156
14 (€e)  Benzo( €) pyrene A=13930.5¢ 0.9996 0.5~100 0.161
15 (b) Benzo( b) fluoranthene A=33121.4¢ 0.9954 0.1~50 0.034
16 (k) Benzo( a) pyrene A=213065¢ 0.9962 0.1~50 0.023
17 (a)  Benzo( k) fluoranthene A=122278c 0.9969 0.1~50 0.035
18 (a h)  Dibenz( a h) anthracene A=54922.1¢ 0.9997 0.1~50 0.048
19 (g hi) Benzo(g h i) perylene A=22558.1¢ 0.9998 0.5~ 100 0.137
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Sensitive Determination of Polycyclic Aromatic Hydrocarbons
in Water by Online Solid Phase Extraction Coupled with
High Performance Liquid Chromatography

CHEN Jing' DAI Zhen-Yu> XU Qun" > ZHANG Xiang-Min" '
'( Department of Chemistry FudanUniversity ~Shanghai 200433  China)
*( ThermoFisher Scientific China Shanghai 201203  China)

Abstract A method was developed for the determination of polycyclic aromatic hydrocarbons ( PAHs) in
water by HPLC coupled with online solid phase extraction ( online SPE) . After filtered 1 mL of a water
sample was injected directly and then trapped on the SPE column ( Acclaim PA Il 50 mm x 4.6 mm
3 wm) for extraction and purification; finally the trapped analytes were transferred to the analytical column
( Hypersil Green PAH 150 mm X 3 mm 3 pm) for the separation using valve-switching technique. The
mobile phase used for online SPE was water/acetonitrile at different flow rate ( 0.4 and 0.6 mL/min) in
gradient elution mode; and that used for the separation was water/acetonitrile at 0.8 mL/min flow rate. UV
wavelength was set at 254 nm for the determination of naphthalene and acenaphthylene with no/very weak
fluorescent response; fluorescence detection using programmed wavelength switching in three parallel channels
was used for the other PAHs. The whole analysis process including online SPE and separation was completed
within 32 min. The relative standard deviation ( RSD) of 20 PAHs were all less than 0.16% for retention time
and less than 1.3% for peak area ( n=7) . The peak area had a good linearity with the sample concentration in
three orders of magnitude with correlation coefficients of above 0.9910. The recoveries for 0.05 wg/L of each
analyte in tap water were in the range of 57%—-140% and for 5.0 wg/L of each analyte were in the range of
85%—116%. The limits of detection of the method were less than 0.05 pg/L (S/N=3) for most PAHs.
Keywords Online solid phase extraction; Polycyclic aromatic hydrocarbons; High performance liquid

chromatography; Water analysis
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