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Distribution and Sources of PAHs in Soil from Liaohe Estuarine Wetland
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Abstract: 16 polycyclic aromatic hydrocarbons ( PAHs) were measured by GC-FID 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 ng-g~'with a mean of 851.5 ng-g~'. 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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BFELIX (LH14 ~ LH16) JlJFIX %5 H (LH26 ~ LH28)
5 Fp I, it 31 Al 47 s, A T B e B R RE Al
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Fig.1 Sampling stations in Liaohe estuarine wetland
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(2 mol/LERTE Uk 5 78 /K Uk 2 vh v, 1 HF v
UV KR T I RABLAR ) % &, B8 A A2 1 20 min J5
FE 0.5 h A ISR 2 IR N, 5 A
2G0T BN, R e 5 25 R AR A 2 1 mL A2
AR VR A5 WA TC K B R A AP AR | R RS AT A
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F(FID). GC &M . MERE 116 2 250°C 5 F: 47 4R T
80°C ,f%:4F 1 min, Lk 15 C/min & )J¥ THiR & 255°C
A7 1 min, SR 5 LA 1 C/min B F THIR 3 265°C , 4
£ 1 min, L4 2.5 C/min 2 J# IR = 295°C , 15 5
min. XN AR/ ER,MEN 1.1 mL/min. N7
HERE  UERE R 1 wl. B YIS HE . SPB-5 (Supelco 2
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Table 1 PAHs concentrations in surface soil from Liaohe estuarine wetland/ng-g "

PAH. 2008 4 10 JJ 2009 45 1 2009 4F 8 H
Fien| A o AR 22 RN T8 o AR 22 38 T AR 2
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
D 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 /8 R ; PAHs #H0 ZF N NaP: 25, Acy: 58, Ace:J& ,Fle: %j ,Phe: JE, Ant; B, Fla: ¢ , Pyr: £, BaA : % Jf (a) B, Chr: jii , BbF:

o

I (b) B¢, BRF: HIF (k) %, BaP % IF (a) 86, IND: EiJf (1,2,3) ¥, DBahA: % JF (a) B, BghiP: %I (g,h,i) &
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Fig.2 PAHs concentrations in surface soil from different areas
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Fig.3 Distribution of PAHs rings in surface soil from Liaohe estuarine wetland
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Az Wy Jo A LR ARG o L AR R AR S8 A R b T AIR
B PAHs MK 2 08 F A 2 7= 5 i AL Soclo
el SRR /B IR (L/H) < 1 B, % 0] PAHs
FEPE T BRBEU M M L/H > 1 B, 878 PAHs &
woke {mZEis e, i 2 AIA1,2009 4E 5 A F1 8 H
() L/H S E Y KT 1, 388 R 4 is e 08,
2008 4F 10 A B L/H <1, £ HA B H PAHs 1Y

PAHs [A] 73 5 48 44 (%) 43 41 BE & R I8 A LT 4
AR A8 Uk B 1) o3 A2 T el A2 R ) 4 S A AR ) L
B 7] LA BT PAHSs B9 IR Ant/ ( Ant + Phe) 55
Fla/(Fla + Pyr) /& 2 % MR 46 78 PAHs ¥5 4 R 4
M HIWTE. BR T L3R 2 Fl LG AE, A7 28 2 3 38 B X #R
TR R R B A S YL YR 7 AR ) PAHSs RRAE#EAT
THIEWE5E, 48 R [F R BaA/(BaA + Chy) ,
IND/ (IND + BghiP ) % 45 fiF 45 %m0 78 4k 3t B 0>
(WLZ&2).

R2 BELLEER"

Table 2 Summary of diagnostic indicators

FEAE A L/H!'8 Fla/( Fla + Pyr) (2] Ant/(Phe + Ant) ') IND/(BghiP + IND) **) BaA/( Chr + BaA) [
TG Y >1.00 <0.40 <0.10 <0.20 <0.20
S 1 — 0.26 £0. 16 0.09 £0. 05 0.40 0. 18 0.35 +0.24
JE 3 Tk Y — 0.22 +0.07 0.07 0.09 0.12 +0.06
WRBHIR b <1.00 >0. 40 >0.10 >0.20 >0.35
KR — — >0. 10 — —
TR A — 0.40 ~0. 50 0.11 0.09 ~0.22 0.33 ~0.38
SR e — 0.20 ~0.58 0.11 £0.05 0.25~0.45 0.18 ~0. 69
pLs — 0.48 ~0.85 0.31 ~0.36 0.48 ~0.57 0.36 ~0.50
B — 0.58 0.18 0.53 0.54
N — 0.41 ~0. 67 0.14 ~0.29 0.57 ~0.71 0.40 ~0.52
2008 4F 10 H 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)
2009 4E5 A 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 4 8 A 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) 55 N R AIE LU (R 36

X HAHE T 62 3 PAHs 5 A [R] 75 4 5k W 1
PAHs & FEAEFE R, W] #I W7 ih 2008 4F 10 ] F %
T8 T BRBE R TR (SRR B 55 R B ) 52009 4F 5
JIHA8 LU AE 8 #5 4 AH AT, BaA/ (BaA + Chy)
A1 IND/ (IND + BghiP) 4 HC (B 33 38 7% h B B ok V8,
i Fla/ (Fla + Pyr) Al Ant/ ( Ant + Phe) L {EF8 R T

A TG G FUR B RIR A R R, IR 5 H A8 H PAHSs
18 Sk 5 R BB Ry A TS G AR B IR TR A R IR T
AFF 5 X 3B 30 A 39T 9 20 A, 465 5 A QR AR He (.
SEEL WA TS Y S BRI R A AR 0 D i i
T 35 LY

R LU AR R T M A2 s B vk ] UKL
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fifp A% 3 R I A A0 R B R AT 3 A R A S
(R EL. A WFITE TR Ant 7825 < 1 6 ffe o )3
ZLLE Phe R, PRIy T AT A B0 A8 — B0, AT 5
F5 YR Ant/ (Ant + Phe) HAE 5 TR S £ 50
KR AN SE A R] 3% fE — 5 R B3 1 H &8
S AN 2

Rt T R M+ PAHSs Yk UG B,
K H AT 5 T/ 2 o0 2R Il A3 ok o o A B R
J5. tH T DBahA 7€ 2009 4F 5 H A1 8 JALA Al
BEAG Wk % 15 F PAHs #4720 5. 4 B 625
22 W KA AL 5 AR B 30 AT 1 M 3 YRR FE Y PAHSs
AT ST SRR AEAR > 1 3 IR
KAL) 52 ) 2R 1107 22 0 0k 74. 8% \79. 6% Fil
80. 1% , F WL /3 Hr 45 B W5k 3.
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Table 3 Factor loadings for PAHs in topsoil on principle component analysis with varimax rotation
PAH. 2008 4F 10 JJ 2009 4F 5 J 2009 4F 8 J
B ) EWIY 3 FEW 1 FEW T2 FEW Y3 ERWIF 1 ERIY 2 B

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
2t/ %  54.6 66. 8 74.8 57.5 70. 1 79.6 60. 9 71.8 80. 1

2008 4 10 A, 4453 1 1 Ace BghiP Fle  Pyr
S 4 AT 2 5. BghiP S VR BE 1 HE W, Pyr
I Fle $5 A BABES PR 2202 Rk A4 1 AT AN
& AL IE G Y AR TR 5 U5 IND A BKF 7R 32 47
2 b AR d o, A R el A sl LR i Y 4 s
Pyt B E I R 2 AR T A TS Y
B4y 3 b Chr B9 287 B2 5, Pyr  Fla F1 Ant 2 f IR 35
Yot v A R BE Y 3R AT, FE s R R SR TR

2009 4E5 A, F M4 1 K NaP Acy.Ace IND
F1 BghiP 2H 53 48 far ¢ e, A1 7H1 5507 28 A0 5C W It HE il
) PAHs %2 Dl b 3 Ak 2 36 05 18 SR 73 7 & PAHSs
(1 NaP Acy . Ace %) Ry £ 1l IND F1 BghiP 43
S S & Sh MLHE TIOR8 R W, TRk
B 1 AR B AN TS G 5 A8 T TG d TR AR R E
BLSr 2 b BaP MR, A WESE R B BaP S AR
Befy B RLAR R W Y Eh I Ry 2 S BRI
U ER S 3 & BbE B #AT e m, HAR 44 1Y 2
HAH X FAK , BbF 487K B A AL B A2 HECTS By, R i
BN KN E PSS URCE S

2009 4F 8 A, EAi4r 1 I BkF Phe Acy . Ace %
éﬂﬁ‘ﬁﬁﬁ%,BkF i’g‘ﬁﬁiﬁ‘]’%%,Phe\Acy\Ace 2
o3 AT TS Y iy SRR R T A 3
o3 1A A TS e 5 2830 15 G 1R AR TR 5 32 o
2 " BaA [IND \BghiP 45 /& P8 41 43 28 17 8, 8 5
A5G F WA 3 LAY Chr Al BaP A i, &
BB SR IR 9 F8 /R W, H e B IR 3 A 3 AR TR

DAARHEAL o 15 20 A8 1o 3R B AR vE AL Y
15 F PAHs iy HAE & 17 2 e gt Il =3 53 At
BOE #EAZ 51 (10 1 357K 72 0..05, D 72 v 5l B 72
YR KT 0. 10, B I ERAS 5 FE 09 A5 oE 4R 0113
FHONT S 2% 2 DR B AR 6 T kR HL AR Y [l 09 2
R 4.

H 2 4 AT, 2008 4 10 F 22 38 15 G AR IR
Aok R 2 T L R R B R TR Y BTk 3 4 0 R
45.5% 31.3% 1 23.2% ;2009 4E 5 H 47 3 A1 42 8@
PR BTG e VR R 22 T8 TS g 1Y BT R R 4 i o
75.2% 19.9% F1 4. 9% ;2009 4F 8 H £ I F1 52 38 1y
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Table 4 Multiple linear regression analysis using factor scores for PAHs

2008 4 10 A 2009 “E5 H 2009 4 8 J
ZH 323 5 Yy i s A5 st d] A5 il o,

TR B V5 e VG Y V5 Y 3 5 YL 5 Y

LAY E B i 0.755 0.520 0.385 0. 963 0.255 0. 063 0. 708 0.582 0. 387
SRR 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
AHOC R BT J7 0.988 0. 996 0. 988
TR/ % 45.5 31.3 23.2 75.2 19.9 4.9 42.2 34.7 23.1

RAT5 QI8 2838 75 4o R Y 5T ok 5 2 il R
42.2% 34.7% 1 23.1% .2008 4= 10 7 PAHs 5 4%
DURR B A IR (32 38 B0 AR5 ) O 3£,2009 4F 5 H
F18 J1 PAHSs #BJ& LA A i 5 Y FUA be i TR A& R I -0
F 35X 5 A RS AT A e A AT A Y b R R
S5 A8 v Y AL (A SRR R G PAHs 1Y HE 2Ok
5, 109 b b A S TRT 3 FH R X B v Y & A
FE2R A AT SEE S0 M T 75 A 9 TS G X PAHs R IR 1Y
A S

O T AL IA] 0 M 3 U ) b PAHs B B SR AR
X B MW SE 2 0 AR TP AR R A R AL A B 5
A% T B9 R B R AL A3 8 2 DAL R PAHSs
(1 3 B2 R R A R B VR R A8 T Y R Y R
KA IR 2 DU Y b PAHs 208 B A A
VB RARE A8 AR X ARG H —E
25 5] AR HE i D] o R R Y X B Y 22 5 R4
Mr/Z2 e gk 1 Il )3 2 VE Jy — e & ¢ A 07 ¥, X
PAHs Y5853 1% 0 M08 1 /0, AT LS 26 7 fige B i A
T AR . (A EENE, Y~ £
MR ER YN IR B A B 28 B 0 15 G U5, N
2352 B —E B BRI, 3% 15 AW 50 10 o i 45 R AEAE
B WA E Y, A 5 R T i — B IR AR

3 #ig

(1) 3L FPg iR 2 5 16 Fi PAHs 19 & &
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