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1
Table 1  Boiling point and the concentration of the standard solution of the polycyclic aromatic hydrocarbons( PAHs)
Boili int Concentration of the standard solution ( pg/L)
No. Compounds ot (m% )pom 1 2 3 4 5
Level 1 Level 2 Level 3 Level 4 Level 5
1 Acenaphthylene 275 0.2006 2.006 10. 03 20.06 200.6
2 Acenaphthene 279 0.1012 1.012 5.06 10.12 101.2
3 Fluorene 295 0.02012 0.2012 1.006 2.012 20.12
4 Phenanthrene 340 0.01009 0. 1009 0.5045 1.009 10.09
5 Anthracene 342 0.0101 0.101 0.505 1.01 10.1
6 Fluoranthene 367 0.0202 0.202 1.01 2.02 20.2
7 Pyrene 404 0.01044 0. 1044 0.522 1.044 10.44
8 a Benzo a anthracene 438 0.00997 0.0997 0.4985 0.997 9.97
9 nlj Chrysene 448 0.01018 0.1018 0.509 1.018 10.18
10 b Benzo b fluoranthene 481 0.0201 0.201 1.005 2.01 20.1
11 k Benzo k fluoranthene 480 0.01032 0.1032 0.516 1.032 10.32
12 a Benzo a pyrene 495 0.00976 0.0976 0.488 0.976 9.76
12 3=<d
13 Indeno 1 2 3-cd pyrene 536 0.01056 0.1056 0.528 1.056 10.56
14 ah Dibenz a h anthracene 524 0.01999 0.1999 0.9995 1.999 19.99
15 ghi Benzo g h i perylene 542 0.02075 0.2075 1.0375 2.075 20.75
.-
2.3 LEERE
1 Purge gas
° ~ ~ ~ 2
-
o FE b AR r=
Sample-heated 1 1‘__13
40 ~ 90 °C s c&
. I Fy 4 il 8% B A5
5 ~ 90 kPa 20 min Pressure T V‘dCII.l:.m"I ].;me
. controller
100 mL/min 10 mL,
85 um ( PA) 1
340 °C 10 min. Fig.1 Equipment of reduced-pressure purge and trap
1. ( Purge gas inlet) ; 2. ( Purge
gas outlet) o
2.4 /
DB-5MS (30 m x0.25 mm x250 pm) ; ( 99.999%) : :1.0 mL/min;
1340 C; 1320 C; 14
. . 10
40 °C 2 min 6 °C /min Hl3
320 °C 5 min; (EI): \/ \'5
9
170 eV; 1280 C; 1 150 K /
12
C;EM :Atune ; SIM ‘m/z 6 \
152 153 166 178 202 228 252 276 278, 1 4 5 |,
3 lz \./
3
|
10 15 20 25 30 35 40 45
3.1 5 t/min
2.4 15 2
2 Fig. 2 Gas chromatogram of the polycyclic aromatic
hydrocarbons
3.2 . .
1~15 1( Peak number is same as in Table 1)
Level 4 (D 10 mL
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Fig.3 Purge and trap result of the different pressure and temperature
1. ( Acenaphthylene) ; 2. ( Acenaphthene) ; 3. ( Fluorene) ; 4. ( Anthracene) ; 5. ( Phenan—
threne) ; 6. ( Fluoranthene) ;7. ( Pyrene) ;8. a  (Benzo a anthracene) ;9. njjj( Chrysene) ; 10.
a  (Benzo a pyrene);11. b ( Benzo b fluoranthene) ; 12. k ( Benzo k flu—
oranthene) ; 13. gh i (Benzo g h i perylene); 14. 12 3-<d (Indeno 1 2 3-ed py-

rene) ; 15. ah (Dibenz a h anthracene) .
3 15 . 4
90.5% ~111.8% o 4
40 C 90 kPa; 40 C 80 kPa; 80 C 20 kPa; 90 C 5 kPa.
3.3
Level 4 (1 10 mL o
3.2 2.3 &
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Fig.4 Result of the reduced-pressure purge () & trap and the normal-pressure purge and trap ( H)

1. ( Acenaphthylene) ;2. ( Acenaphthene) ;3.  ( Fluorene) ;4.  ( Anthracene) ;5.  ( Phenanthrene) ;

6. ( Fluoranthene) ;7. ( Pyrene) ; 8. a  (Benzo a anthracene) ;9. 1j( Chrysene) ; 10. a
(Benzo a pyrene) ; 11. b ( Benzo b fluoranthene) ; 12. k ( Benzo k fluoranthene) ;

13. ghi (Benzo g h i perylene);14. 12 3<ed (Indeno 1 2 3-ed pyrene);15.

a h  (Dibenz a h anthracene) o

4 ~N ~ ~N 5
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89.3% ~111.8% - NN a LMl a b . k N
ghi | 12 3=d ah 10
( ) o
500 °C ghi . 1 2 3-<d a h
2.5% 91.2% ~112.4% .
3.4 N . N N
2.4
15 N N o 6
( 1 Level 4 ) 2,
2 . . . . (n=6)

Table 2 Regression equation correlation coefficient ( r) linear range detection limits of method accuracy and precision in

samples and spiked samples (n =6)

Correlation N Detection Arllalyticql RSDs of Average
Regression L5 Linear range L value of
Compounds . coefficient limit : sample recovery of
equation ( pg/L) water sample . . )
(r) (ng/L) ( pe/L) analysis spiked sample
H (% n=6) (%)
Acenaphthylene Y =513332X 0.996 0.2 ~201 15.7 96.1
Acenaphthene Y =371857X 0.991 0.1~10.1 27.5 1.167 6.0 103.0
Fluorene Y =1094164X 0.998 0.02 ~20.0 6.9 99.8
Phenanthrene Y =2876461X 0.998 0.01 ~10.0 2.5 0.110 7.3 103.4
Anthracene Y =1679921X 0.998 0.01 ~10.0 3.8 0.246 6.5 112.5
Fluoranthene Y =2485038X 0.998 0.02 ~20.0 4.5 97.0
Pyrene Y =1749769X 0.997 0.01 ~10.0 3.5 113.3
a Y =3411693X 0.993 0.01 ~1.0 3.0 109.3
BenZO a dnthrdcene
n]} Chrysene Y =2071295X 0.998 0.01 ~10.0 4.1 101.0
a Benzo a pyrene Y =7856706X 0.997 0.01 ~1.0 1.1 95.0
b Y =1461490X 0.996 0.02~2.0 6.5 0.091 12.5 102.8
Benzo b fluoranthene
k Y =2126229X 0.992 0.02~1.0 5.4 0.059 12.7 108.5
Benzo k fluoranthene
ghi Y =462948X 0.994 0.05~20.0 17.3 85.7
Benzo g h i perylene
12 3cd Y=2428261X  0.999  0.01 ~1.0 4.1 101.0
Indeno 1 2 3-ed pyrene - ’ : : ’ ’
ah _
Dibenz a h anthracene Y =1022098X 0.995 0.04~2.0 10.8 116.1
15 0.01 ~201 pg/L 0.991 1.
1~27.5ng/l. . 1.167 pe/L. 0.110 g/l 0.246 p
g/L b 0.091 pg/L k 0.059 pg/L; 6 RSD  6.0% ~12.7%;
6 RSD  5.4% ~14.9%; 85.7% ~116.1%
References
1 ZHAN Shu-Cai ZHANG Wei WANG Kai-Yan HU Lian-Wu SHEN Ya-Ting WAN Chao YUE Da-Pan WANG Xue-Jun
( ) . Ecology and Environment( ) 2006 15

(6): 1165 ~1169
2 ZHANG Lian-¥eng ZHU Ming-Li LI Xiu-Juan LI Hai-Bing ZENG Zhao-Rui(

) . Acta Chimica Sinica ( ) 2008 66(12): 1465 ~1469



6 : - - 803

3 ZHANG Li¥ei HUANG Ye-Ru SHI ShuangXin ZHOU Li DONG Liang ZHANG Ting ZENG LiangZi MI Fang—Zuo
SHAO Ding-Ding( ) . Chinese Journal of Chroma—
tography ( ) 2010 28(5): 465 ~469

4 MAO Ting LU Yong JIANG Jie WU Ying FENG Li-Ping ZHANG Wei-Min YUAN Meng(

) . Chinese J. Anal. Chem. ( ) 2010 38(10): 1439 ~1444

5 RAO Zhu LI Song HE Miao SU Jin( ). Chinese J. Anal. Chem. ( ) 2007

35(7): 954 ~958

6 Jonker M T Koelmsns A A. Environ. Sci. Technol. 2002 36(19): 4107 ~4113
7 Busetti F Heitz A Cuomo M Badoer S Traverso P. J. Chromatogr. A 2006 1102(12): 104 ~115
8 Oliferova L Statkus M Tsysin G Shpigun O Zolotov Y. Anal. Chim. Acta 2005 538(12): 35~40
9 ZOU Shi-Chun SHUAT Shuai LUAN Tian-Gang ZHANG He-Qing SHEN Qian( ).
Chinese J. Anal. Chem. ( ) 2006 34(6): 889 ~893
10 TONG Ling ZHOU RuiZe WU Shu-Qi ZHANG Ling-Jin( ) . Chinese J. Anal. Chem.
( ) 2010 38(3): 357 ~362

11 Kolb B. J. Chromatogr. A 1999 842 (12): 163 ~205

12 RuizBevia F Fernandez-Torres M J Blasco-Alemany M P. Anal. Chim. Acta 2009 632(2): 304 ~314

13 U.S. Environmental Protection Agency Method 502.2 Cincinnati OH 1995

14 U.S. Environmental Protection Agency Method 524.2 Cincinnati OH 1995

15 SL 3932007. Determination of Volatile Organic Compounds in Water by Purge and Trap-gas Chromatography/Mass Spec—

trometry( GC/MS) ( - ( GCMS) ) . The Standards of Water
Resources Industry of the People’s Republic of China( )
16 ZHANG Yu YANG Ping CHENG Xiao—Yan( ) . Pant 201010247565.1. 2010-08-09

Determination of Polycyclic Aromatic Hydrocarbons in Waters by
Reduced-Pressure Purge and Trap Coupled with
Gas Chromatography/Mass Spectrometry

ZHANG Yu'? ZHANG Xin-Shen” ' YANG Ping® ZHANG Dan’® WANG Li'
"( National Engineering Laboratory for Clean Technology of Leather Manufacture
Sichuan University Chengdu 610065)

*( The Environmental Monitoring ~Center of Sichuan Province Chengdu 610041)

Abstract A method was established to determine the 15 kinds of polycyclic aromatic hydrocarbons( PAHs) in
waters by reduced—pressure purge and trap coupled with gas chromatography/mass spectrometry. The water
samples were purged in the states of 5 —90 kPa reduced—pressure and 40 —90 °C sample-heated temperature
and trapped at room temperature. The trap was the 85 im polyacrylate solid-phase microextraction( SPME) fi—
ber. The volume of water sample was 10 mL.  the purging time was 20 min the temperature and time of ther—
mal desorption were 340 °C and 10 min respectively. After the process of reduced-pressure purge and trap
ending gas chromatography/mass spectrometry was used for quantitative and confirmatory analysis of the poly—
cyclic aromatic hydrocarbons in the trap and the inlet of gas chromatography as thermal desorption device. The
method linearity range of the 15 kinds of PAHs was 0. 01 — 201 ug/L. The correlation coefficients of the
15 kinds of PAHs were not less than 0.991. The detection limit of the PAHs was 1.1 —27.5 ng/L. The RSD for
the analysis of the actual water samples and spiked samples was 6.0% -12.7% and 5.4% -14.9% respec—
tively. The average recovery of the spiked samples was 85.7% -116.1%.

Keywords Reduced-pressure purge and trap; Gas chromatography; Polycyclic aromatic hydrocarbons; Water
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