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Distribution and Sources of PAHs in Soil from Liaohe Estuarine Wetland
LIAO Shudin' > LANG Yin-hai' > WANG Yan-song’

(1. Key Laboratory of Marine Environmental Science and Ecology Ministry of Education Ocean University of China Qingdao
266100 China; 2. College of Environmental Science and Engineering Ocean University of China Qingdao 266100 China; 3.
Liaoning Academy of Environmental Sciences Shenyang 110031 China)

Abstract:16 polycyclic aromatic hydrocarbons (PAHs) were measured by GCFID for 31surface soil samples collected from Liaohe
estuary wetland in October of 2008 and May and August of 2009. The results showed that the total concentrations of PAHs in surface
soil ranged from 293.4 ng*g ™' to 1 936.9 ngeg 'with a mean of 851.5 ngeg~'. The contents of PAHs were the highest in the oilwell
reed field and the lowest in the beach. The total concentrations of PAHs and proportion of median and high molecular weight of samples
collected in October was higher than those collected in May and August. The relative abundance of different benzene rings and the ratio
analysis illustrated that pyrolysis was the main source in October and the mixed pollution of pyrogenic and oil spill was the dominant
source in May and August. The principle component analysis-multiple linear regression analysis (PCA-MLR) indicated that the major
source in October was coal/vehicular emission (accounted for 45.5% ) and the mixture of vehicular exhaust and oil spill was the
major source in May and August (accounted for 75.2% and 42.2% respectively).
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Fig. 1

Sampling stations in Liaohe estuarine wetland
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LH26 PAHs.
LH3 2 PAHs PAHs 614.6 ng*g”'
PAHs 1717.5 PAHs
-1
ngeg PAHs
PAHs
PAHs Elizabeth River Sunderban 1o
PAHs
1 D /ngeg!
Table I PAHs concentrations in surface soil from Liaohe estuarine wetland/ng*g ™'
PAH 2008 10 2009 5 2009 8
s
NaP 80.4 ~340.0 167.6 66.8 132.3 ~458.7 219.0 81.4 21.1~403.4 137.9 101.3
Acy 2.1~169.9 55.9 39.7 47.3 ~272.2 90.8 60.3 30.7 ~193.5 74.5 45.1
Ace 16.8 ~189.1 66.1 39.9 21.2 ~187.9 65.7 42.9 16.4 ~193.5 39.0 23.5
Fle 14.7 ~134.1 56.1 24.9 14.7 ~216.7 57.6 52.2 ND ~154.5 48.4 46.7
Phe 24.8 ~143.2 74.8 23.9 21.8 ~142.2 98.1 34.7 11.1~195.3 69.1 45.8
Ant 44.5 ~135.0 72.0 19.6 6.1~85.4 23.6 22.1 4.5~34.1 15.9 9.8
Fla 44.1 ~160.9 86.0 24.8 17.1 ~352.5 59.3 70.8 3.6 ~97.5 34.0 26.3
Pyr 55.2 ~143.5 79.4 20.0 34.4 ~152.4 62.7 32.8 12.2 ~154.3 53.4 41.0
BaA 13.5~73.2 42.5 14.6 10.2 ~40.2 17.6 7.8 ND ~81.9 37.3 22.6
Chr 43.7 ~78.4 56.7 8.2 12.7 ~59.2 32.9 11.6 7.3~99.5 29.5 21.2
BbF 42.4 ~93.4 65.3 14.5 31.3~53.4 41.7 7.3 ND ~97.5 36.6 29.5
BkF 36.2 ~58.4 45.7 5.4 10.0 ~59.4 28.1 13.5 ND ~158.4 32.7 31.9
BaP 28.3 ~52.4 37.7 6.3 ND ~44.2 15.0 12.8 ND ~77.2 14.5 17.8
IND 31.2 ~48.8 38.4 5.1 14.1~77.5 26.5 17.1 ND ~54.3 20.8 16.0
DBahA ND ~9.1 4.8 1.9 ND ~25.7 1.6 6.3 ND ND
BghiP 41.3~62.5 52.9 5.6 23.6 ~59.7 36.8 9.9 ND ~88.2 31.9 27.1
E PAHs 704.7 ~1804.5 1001.9 251.5 509.7 ~1936.9 877.1 374.9 293.4 ~1735.9 675.4 404.7
1)ND ;PAHs NaP: Acy Ace: Fle: Phe: Ant: Fla: Pyr: BaA: (a) Chr: g BbF:
(b) BkF: (k) BaP: (a) IND (12 3) DBahA: (a) BghiP: (g h i)
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Fig.2 PAHs concentrations in surface soil from different areas > 2009 3 8
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Fig.3 Distribution of PAHs rings in surface soil from Liaohe estuarine wetland
2.2 PAHs
PAHs PAHs N
PAHs N
PAHs " Ant/(Ant + Phe)
PAHs 7. Soclo Fla/(Fla + Pyr) 2 PAHs
8 / (L/H) <1 PAHs ) 2
; L/H>1 PAHs N N PAHs
2 2009 5 8 BaA/(BaA + Chy)
L/H 1 IND/(IND + BghiP) 0o
2008 10 L/H<1 PAHs ( 2).
2 D
Table 2 Summary of diagnostic indicators
L/H ' Fla/(Fla + Pyr) % Ant/(Phe + Ant) ' IND/(BghiP + IND) * BaA/(Chr + BaA) #
>1.00 <0.40 <0.10 <0.20 <0.20
— 0.26 0. 16 0.09 £0.05 0.40 +0. 18 0.35+0.24
— 0.22 £0.07 0.07 0.09 0.12 £0.06
<1.00 >0.40 >0.10 >0.20 >0.35
— — >0.10 — —
— 0.40 ~0. 50 0.11 0.09 ~0.22 0.33 ~0.38
— 0.20 ~0.58 0.11 £0.05 0.25 ~0.45 0.18 ~0.69
— 0.48 ~0. 85 0.31 ~0.36 0.48 ~0.57 0.36 ~0.50
— 0.58 0.18 0.53 0.54
— 0.41 ~0.67 0.14 ~0.29 0.57 ~0.71 0.40 ~0.52
2008 10 0.95(0.66 ~1.60) 0.52(0.44 ~0.62)  0.49(0.39 ~0.76)  0.42(0.35 ~0.52) 0.42(0.20 ~0.61)
2000 5 1.74(1.16 ~2.42) 0.42(0.26 ~0.73)  0.20(0.06 ~0.76)  0.40(0.37 ~0. 60) 0.35(0. 22 ~0. 60)
2009 8 1.36(0.70 ~2.26) 0.41(0.04 ~0.66)  0.21(0.06 ~0.53)  0.42(0.22 ~0.67) 0.58(0. 16 ~0. 87)
1)
PAHs 5 8 PAHs
PAHs 2008 10
( N ) ;2009 5
8 BaA/(BaA + Chy)

IND/(IND + BghiP)
Fla/(Fla + Pyr)

Ant/(Ant + Phe)
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PAHs
N N N /
“ 7 . DBahA 2009 5 8
* Ant 15 PAHs
Phe 3 PAHs
Ant/(Ant + Phe) >1 3
74.8% 19. 6%
80. 1% 3.
3
Table 3 Factor loadings for PAHs in topsoil on principle component analysis with varimax rotation
2008 10 2009 5 2009 8
PAHs
1 2 3 1 2 3 1 2 3
NaP 0. 675 0. 626 0.035 0.915 0.361 0.112 0. 644 0. 486 0. 409
Acy 0.464 0. 454 0. 496 0. 965 0.204 0. 060 0.702 0.579 0.395
Ace 0.816 0.112 0. 404 0. 831 0.204 0.344 0.697 0.588 0.390
Fle 0.779 0. 107 0.331 0.751 0.016 -0.234 0.530 0.570 0. 040
Phe 0.587 0.474 0. 147 0.121 0. 621 0.587 0.811 0. 166 0.225
Ant 0. 647 0.502 0. 490 0.579 0. 042 -0.614 0.728 0. 480 0.207
Fla 0.595 0. 456 0. 485 0. 841 -0.159 -0.097 0.778 0. 450 0.312
Pyr 0.752 0.518 0.397 0.925 0. 096 0.093 0.572 0. 642 0.354
BaA 0.472 0.331 0. 477 0.961 0.263 0. 066 0.116 0.916 0.217
Chr 0. 026 -0.119 0. 807 0.416 0.477 -0.331 0. 154 0.077 0.935
BbF 0.329 0. 653 0.364 0.399 -0.046 0.738 0. 487 0.380 0. 405
BkF -0.028 0.783 -0.237 0. 468 0.577 -0.043 0.922 -0.030 -0.213
BaP 0.705 0. 540 -0.060 -0.086 0. 900 0.019 0.073 0.240 0.792
IND 0. 057 0. 842 0.213 0.963 0.210 0. 057 0.211 0.877 0.038
BghiP 0.795 -0.288 -0.116 0. 846 0.377 0.243 0.217 0.674 0.252
1%  54.6 66.8 74.8 57.5 70. 1 79.6 60.9 71.8 80. 1
2008 10 1 Ace. BghiP.Fle. Pyr 2009 8 1 BkF.Phe.Acy.Ace
. BghiP Pyr BkF Phe.Acy. Ace
Fle 59 2425 1 59 26
;IND BkF 1 ;
2 2 BaA.IND.BghiP
e 2 ; ; 3 Chr  BaP
3 Chr Pyr.Fla  Ant 3
25
2009 5 1 NaP.Acy.Ace.IND
BghiP 15 PAHs
PAHs PAHs 0.05
(  NaP.Acy.Ace ) > IND  BghiP 0.10
1 ; 4.
2  BaP BaP 4 2008 10
" 2 . \
; 3 BbF 45.5% 31.3%  23.2% ;2009 5
BbF N N

3 . 75.2% \19.9%  4.99% ;2009 8
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Table 4  Multiple linear regression analysis using factor scores for PAHs
2008 10 2009 5 2009 8
0.755 0.520 0.385 0.963 0. 255 0. 063 0.708 0.582 0. 387
0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
0.988 0. 996 0.988
1% 45.5 31.3 23.2 75.2 19.9 4.9 42.2 34.7 23.1
N N 2008 10 PAHs
42.2% 34.7%  23.1% .2008 10 PAHs 45.5% ; 2009 5
( N ) 2009 5 8 PAHs 75.2%
8  PAHs 42.2% .
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