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Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in

Riparian Soils Along Urban Rivers of Wenzhou City
ZHOU Jie-cheng' , BI Chun-juan', CHEN Zhen-lou', WANG Lu', XU Shi-yuan', PAN Qi’

(1. Key laboratory of Geo-information Science, Ministry of Education, School of Resources and Environmental Science, East China
Normal University, Shanghai 200241, China; 2. Shanghai Installation Engineering Co. , Lid. , Shanghai 200080, China)
Abstract : Twenty one riparian soil samples along Jiushanwai River and Shanxia River of Wenzhou city were collected in August 2010 to

investigate the pollution characteristics of polycyclic aromatic hydrocarbons ( PAHs). The samples were extracted by an accelerated
solvent extractor ( ASE) , purified by a purification column and determined by GC-MS. Results showed that the total concentrations of

PAHs in the riparian soils ranged from 60. 7 ng+g ™' t0 3 871.3 ng-g™', and the concentrations of Z PAHs in soils along the Shanxia
River were significantly lower than the levels along Jiushanwai River. The dominant compounds were 2 to 3 rings in the riparian soils
along both rivers, which in average accounted for 62.47% -72.51% in Z PAHs . Compared with the PAHs concentrations in soils of

other areas in the world, the riparian soils of the studied rivers were moderately polluted by PAHs, but the concentrations of BaP in
three soil samples were much higher than the soil standard value of the former Soviet Union, which should be paid more attention.
Based on the ratios of Ant/( Ant + Phe) and Fla/(Fla + Pyr) and principal component analysis results, PAHs in riparian soils of the
studied rivers were mainly derived from both the petroleum and combustion.
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Fig. 1 Sampling sites of rapirian soils along Jiushanwai River and Shanxia River
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SR ARIE S 56 5 P YR PR ORS A S 4
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PAHs 1ERISCREE R Y, + SR I NbR. 57 A
FEREIN—AS S8 = 2 R — AT 1. 3R
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Table 1  Concentrations of PAHs in riparian soils in urban rivers of Wenzhou city/ng-g~! (dry weight)

e TS 1 L 1 WL VT

ol P ot T it A
Nap 30. 55 ~264. 18 95.99 ND ~81. 11 26.93 4.89 ~57.95 24.53
2MNap 94.88 ~707. 18 285.12 ND ~233.58 111.00 70.01 ~125.82 94.24
1MNap 40. 08 ~292. 44 120. 07 2.72 ~98.87 46. 98 28. 80 ~53.05 41.15
Acy ND ~9.75 3.40 ND ~1. 64 0.23 ND ~2.21 0.56
Ace ND ~19.17 6.11 ND ~3.32 1. 31 ND ~3.57 0.83
Flo 2.24 ~51.53 16. 46 ND ~8. 61 3.56 ND ~7.54 3.64
Phe 6.00 ~451. 34 136. 23 2.35 ~54.60 18.70 3.88 ~20. 81 11. 67
Ant 5.33 ~46.46 23.51 ND ~14.02 5.27 3.80 ~19.94 11.21
Fla 3.83 ~586.96 174. 63 1.48 ~83.86 25.49 4.00 ~17.47 10. 42
Pyr 2.49 ~442.39 131. 28 0.94 ~64.13 18.97 3.32~13.54 7.70
BaA ND ~131. 82 44.89 ND ~22.97 5.97 0.66 ~2.45 1.53
Chr 2.47 ~115.36 47.30 ND ~29. 88 9.34 0.88 ~6. 15 3.62
BbF 3.60 ~172.18 54.33 ND ~42.47 12. 81 3.13~5.84 4.28
BkF 3.40 ~153.21 48. 34 ND ~37.78 11.48 3.00 ~5.38 4.01
BaP 6.32 ~233.07 74.48 ND ~35.32 14.79 ND ~12. 82 8. 14
ledP ND ~65. 44 15.23 ND ~42.62 11.91 ND ~4.77 0. 80
DahA ND ~18.78 6.63 ND ~5.89 2.98 ND ND
BghiP 4.38 ~333.23 96. 06 ND ~46.47 15.78 4.55~8.23 6. 68
PAHs 207. 14 ~3871.26 1 380. 09 60.71 ~894.76 343. 64 169.29 ~346. 11 234.99

1)ND. ek

M T AN [R] PR PAHs ZH Rz A an 5] 2
Fis. JUL MBI R 8 PAHs AL 2, 3 FRAY
IR, 2, 3 HELHIFE 39.35% ~88. 14% 2 [6],
¥ PAHs MY 62.47% ,4 G 3.67% ~
33.76% ,5 . 6 AL 5. 02% ~26.59% ,4 156

OB 34 5 PAHs 1Y 20. 19% 1 17.34% . 1L
T A 1 HE PAHs LA 2 3 AR A E 2. 3
RHLBITE 9. 23% ~95.99% 2 [a], -1 5 PAHs & &
[ 72. 51% ,4 A F15 . 6 FRo3 4415 PAHs B8 1
12.16% H115.33% .
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Fig. 2 Composition of PAHs in riparian soils
2.2 {fRA L PAHS 154K FEI] B Al £ b PAHs & BN 60. 71 ~

43 rp iR G Y PR PAHs JE I E 1 ~10 3871.26 ng-g ' FIHME N 707. 44 ng-g ™' HEN
ng-g ' EMTIBER AR 05 A A AR U HMHAAE 5 M IX £ 5 PAHs S Ml (L2 2),
ABFFEIT B FE e 13 b PAHs WY& e T8 MR RE R A 13 PAHs & & 5 ACLh T
SOE, BT IR Z RO AR By, #F S5 G0KF

*2 AMRSHMMX TS PAHs @23Ftk/ng-g !

Table 2 Comparison of PAHs in soils of other reported regions/ng-g ~!

5T X 3k PAHs Ffi2 fop= FHME SCHR
T B L E 18 60.71 ~3 871.26 707. 44 AR5
BERCIN/ %) 16 285 ~ 8 347 2292 [17]
TG T 16 54.2 ~3231.6 405. 1 [18]
KA 16 199 ~5190 839 [19]
ik £ 5 RR X 16 22.1~1256.9 317.3 [20]
LT HLX 15 192 ~4 259 1000 [21]
BRIT =4 16 31.5~791.6 279. 1 [22]
Jemtk X 16 467 ~5 470 1637 [23]
Em B 16 16 ~3 884 464 [24]
KA =S 15 9 ~3 881 397 [25]
Fits 16 7 ~410 55 [26]
it 16 50 ~619 225 [27]
[ ZEG AR 14 450 ~5 650 2510 [28]
3% New Orleans J§IX 16 647 ~40 692 i 3 731 [29]
LR HTHLUR R 16 906 ~7 290 2930 [30]
LKERLX 16 527 ~3753 H1i 731 [30]
REER 20 12 ~380 130 [31]
E | 14 40 ~ 14 100 976 [32]
H 7 Tokushima 13 81 ~1640 479 [33]
P4 Uberlandia 20 7 ~390 118 [34]

HAT, E PR B8 NS —0 PAHs 13RS nge-g ' (TE)™. EEWHE T 13 FIEE PAHS
FREARAE. AR MLAE BaP 78 HAE AR AR USRI 1 KU R Aol (I3 3) 1
WE N 20 ng-g ™' R EE KN E +HE PAHs 1) 55 E 4 ¢ PAHs KBS RN FRifEA L (% 3)
FOVFHREE U RLE A V5 U b PAHs (1) BaP fie MR A 1 58 R BaA R BbF i K (E 4 5 R
(IZF & B N3 000 ng-g ' (GB 4284-84)* I 131.82 ng-g~' 1 172.18 ng-g~', BKF i K{H N
R Tl Al AR 723 shid il B S Qe fe E AT 153,21 ngeg™', ¥ I F b o b S AR A R
B PPN B XU DA FE v ). 2200 PAHs JGHRANIIE  PAHs XU, SRTINBARMEM L, ABF 58 P 7
WrbnEd 563 , W€ 1 10 Fhiids PAHs /Y HHEWK > 3ERE S D BaP & f B i, B 3 S FE i
SERRUENS) ME TEV5 Y 1 HERY PAHs (55 20 ~50 1 BaP HKJEIL K T 20 ng-g ™', ik FIFRIER 6 ~ 8 £,
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NBIEEEEMN. S22 Jei5 Y+ b PAHs B4R
HEMEAH H , A WF 5T + 5EFE H PAHs Y45, PAHs 1
JME AL IAF] 60. 71 ng-g ™", PEHAAHEZY X 48k + 1 E
I RTACE A

#3 EEEHH T PAHs BUE MRS KA /ng-g !

Table 3 Risk criteria of PAHs in part of soil in USA/ng-g !

PAHs JE A Tl FH A4
BaA 870 3900
BbF 870 3900
BkF 8700 39 000

2.3 A LT PAHs fRIE

PAHs EZ0k H RARIEM AR, KREF 2
SERRMRFNE R RO K& | AR Y A
G, e SEAE A NG B A R KL Bl R
A PAHs T E EZW 7. A RESRA Tk A ™
AU T g s | e S A AR il 9 A = | TR A L
ARG R AN 531855 ) | DL KA HLY AN 52 4R
BeaE e, 5 ASRUEA L, A YRS PAHs By 22
FEAEUR. PAHs BUSRRIE S AT R 4Ry 3 B
TR L IR R R R AR R R o i A
TRIAGEIE E 2 PAHs ACHTE, ATRAECA Y PAHs 5
AT YT R 7 0 it s T EROR A O T AR R S AR

HRRIE—3 AR PAHs DL 2| 3 SRR
A TE PAHs S 7 2] 50% DL T R iR
(K% PAHs Dk 4 ~6 g 35 3 | [AAE7E PAHS
M 8] 509% LAE, BB AE A BRI B 1
Bhbest A v = AR g

H A% T 385t PAHs SR IR AR 3G R £ 07
B, T A R N —F ok (W 4).
FABFFE T Ant, Phe ., Fla 1 Pyr K RIS H 261
B, RERE ] Ant/ ( Ant + Phe) il Fla/( Fla + Pyr)
2 Pl LB PAHs SRUEFEATIIN 31X 2 ol LU (R A5 3
T TR i Ko iR 3 28 PAHSs T3 LR 4.
Mk 4 fros, R Ant/(Ant + Phe) < 0.1 F1 Fla/
(Fla +Pyr) <0. 4, UiB] PAHs =222 AR , 0k
Ant/( Ant + Phe) >0. 1 Il Fla/(Fla + Pyr) >0.4, )i
B PAHs FZEMREERTE. 1EIRBPERIEA) PAHs 1,
W Fla/ (Fla + Pyr) (AN F 0.4 ~0.5 Z (0], 3
B PAHs FZORUE T A M AR E ;s 2R Fla/(Fla +
Pyr) A > 0.5, W UL PAHs 3 Bk I T B HUA 41
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