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FEE. WS AR H e PAHSs ¥ BE 2 A AR A5 KUK, T 2008 AR AE 55 I 1 T 36 J2 4 498 33 A (o skt 7 77 2K B
A ( ASE300) AT 2L, 2l e, i A AT (- Bl B A (GC-MS) M. S5 AR E R H IR v PAHs 15235
Ik 24.92 ~1014.61 ng-g™' (FTHE) ,¥M{EHR 192. 83 ng-g~' (THE). 16 M IEE EPA M LI E, RAEIIF(1,2,3-¢d)
(IedP) FIZ2EIf (a,h) B (DahA) KT 1. PAHs FHLL 2 ~4 30 5, Horh 2 3751 3 BRI & Ll 42. 6% 5 4 ¥
ZWTFRA AR R 42. 2% 5 5 ~6 REZIH IR N 15. 7% . {5 I HE BE oA B0 5 , 32 B U5 0 A vl 8 LA KB R AR £ 1 48k
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Distribution and Ecological Risk Assessment of Polycyclic Aromatic

Hydrocarbons in Agricultural Soil of the Chongming Island in Shanghai

LU Jin-gang, BI Chun-juan, CHEN Zhen-lou, ZHOU Jie-cheng, HAN Jing-chao

(Key Laboratory of Geo-information Science, Ministry of Education, School of Resources and Environmental Science, East China
Normal University, Shanghai 200062, China)

Abstract: The concentration and ecological risk of Polycyclic aromatic hydrocarbons ( PAHs) were investigated in thirty-three surface
soil samples collected from cultivated land in Chongming Island in July 2008. Those samples were exiracted using an accelerated
solvent extractor (ASE) and determined by GC-MS. Results showed that the concentrations of PAHs ranged between 24. 92-1014. 61

1

ng+g~" (dry weight) , with a mean value of 192. 83 ng-g~'. The sixteen priority PAHs with exception of Indeno(1,2,3-cd) pyrene
(TIedP) and Dibenzo(a,h) anthracene ( DahA) were all detected in all the samples. The dominant compounds were 2-3ring and 4 ring
PAHs, which accounted for 42. 6% and 42.2% , respectively, while the 5-6 ring PAHs accounted for 15. 7% . PAHs in soil were
mainly derived from the fossil oil and the combustion of wood and coal, as determined by the concentration ratio method. The non-
industrial combustion and automobile exhaust emissions in Chongming Island may be two of the important sources of PAHs in farmland
soil. The analysis of ecological risk showed that the agricultural soil of Chongming Island had low ecological risk.

Key words : Chongming Island; agriculture soils; polycyclic aromatic hydrocarbons; ecological risk
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Fig. 1 Map of the sampling sites
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T HERE AR TR TR B A SR AR R
J , BOGE A i AT A AL I 5 FE oy
WFES Je i 60 H 90, T 2 30548 (PAHs ) il &

W20 g 2o 0 A6 A, 8 R o i R AR OAY
ASE300( DIONEX 23 Al 36 [ ) AT A 0. 2 HUH i
PRI AN e (1 1 RFR L) . ZRERA . AR
U 7810 342. 14 kPa, #SH638 3 W, IR K
100°C , I FIRE PhPERE SR R 60% , B
WA IO E [A] 4 60 s.

FHPIER AN — 50 P B2y 3 RIS I, & )T %
Bof. #HH DryVap 4= A 8l s 4510 ( LabTech 2y
ﬁ?,%lﬁl)ﬂ&?ﬁ,ﬂ&éﬁiz ~3 mL,jJ[I/\ 15 mL IF & %8
PTG, AReie s % 2 ~3 mL 5, (ARG
AR E T,

ETAEE A e TR, A L ET
WUCRTCKBRER 8 . e S . RERS . A 3D,
DEEEAR s 2 M AR Ak R AR AR A R R L Ry 21 1.
i H 70 mL PRI ( 5 e IEC ke, AR 3:7)
XTEATAESEA T ol gk s TRk AR MM A 2 )5, B 5
i 15 mL 1ECBEkvE, SO R, 85 A 70
mL VR, WA VR, 7 A A VR GV AT L 2 A
FrJZ WA 001 B R T OC K B ER A, I R R TE 2
mL-min "' £ 45 .

PEME A DryVap #4542 2 ~3 mL, il A 15 mL
1E OB T ) e e I Ak e 4 ME E B £ 0.9
mL. JILA 100 nL AR, f§ EALST.

g T B A ALER (R EC ke,
H e ) 389 A 5% 9, WA Merck 28 ) (B ; 49

W, JoKEREREN . A LRI A E LR, IFES
I LR 450°C KBS 4 by RERE (EIZ54EH]) 7E 130°C
T 16 hy BEESAR MR TR, W A CNW 2], 7E
i drep 22 350°C FA%E 8 h.
1.3 FEa

FEAE @A CTC [ 3k ke 2% 1 < R B
FIAY GC-MS( Agilent 7890AGC/5975CMS, ). {4
TEFEPESE HP-5SMS (30 m x0.25 mm x0.25 wm) f1
YRGS AR R 1
pL; HEFRE R 300°C 5 &5 FIRIREE 150°C ; 1540
A EE R 280°C. FHil U7 1. 80°C A KF 1 min;
10°C +min ' FHE Z 235°C ,1%%50 min; 4°C ~min ' 7}
2% 300°C , fR4%F 4 min. fifi ] SCAN #1:E 4, SIM
B .

FrFE4UFE 18 Fl' PAHs (Supeleo, 2£ ) | Hirbr 4
& EPA e W A 16 F PAHs (25 (Nap) . J&
(Acy) . —&JE (Ace), % (Flo), 3E (Phe) . B
(Ant) | ¢B(Fla) ., € (Pyr) . KIf[a] B (BaA)
H(Chr) . ZKIF[b] 28 (BbF) . HKJF[ k] %K
(BkF) . #Jf[a] B (BaP) | EiJf[1,2,3-cd]
(TedP) | —#Jf[a,h] B (DahA) . HIf[ g, h,i]dk
(BghiP) Fl 1-F1 5 25 (IMNap ) DA Bz 2-H % 2%
(2MNap) , ¥ H A 1 16 L PAHs #E17TE &

PURAC PAHs( Z5-d8 |, JE-d10, FE-d10, $E-d12,
H-d12) VERIBCRIE = W), TR BORAE S AR, ik
(IR IR A 0. 01 ~0. 23 ng-g ™", BE & B hFR [ i %
H64.2% ~89.5%.

2 HR5ITE

2.1 AEEAIAH I 23T (PAHS ) B9 & SRR

FERAERI S0 33 A I 3eRe S rh , 23005
$2 (PAHs) & DL R 45 A R B & BEKSF-an sk 1
R, 16 Fh EPA (RIEMZA TR (D PAHs ) F il
Bl 24.92 ~ 1014.61 ng-g™', ¥ {8 M 192.83
ngee . A HUR IR R R, HA IR
(1,2,3-cd) € (TedP) A1 7K 3f (a, h) & (DahA) &
A, HAPhP Oy BA mBURER AT (a) B
(BaP) i &= &k ihh, & S H & 0.74 ~ 84.28
ng-g ' I 11.52 ng-g ™' B FIERIKZ IR TR
AR St B, WNZE (Nap) RIS 5 R B 1K 286%
FEI B B .

H Al FE 6 A 54T PAHSs 5 1 Y 358 5 b
HE XSS o 2 R B2 @S T — B LT EZHTF5
FEPEUANA B0 bR o, B8 T TS YL i L 8 b PAHS



4272 2N 5%

Bt 2% 33 %

N 20 ~ 50 ng-g ™' MR MLARMESE B B4 H L
Herh PAHs & & fx o 8 o AR E Y 20 A%
Maliszewska %“O]ﬂ%ﬁélﬂgﬂﬂki%,q%i%
PAHs 75 4% 73 4 Bk ¥, B JE¥5 4 (< 200
ng'g'l) L B a5 4 (200 ~ 600 ng-g_1 ). ARG L
(600 ~ 1000 ng-g~') Ml ™ &5 4 ( >1000
ng-g '), SMIZARMES SR H 3R R 1A

FEinJE T PAHs P Ei5 44 T 90. 1% 1Y + 5 & T
TG g R S G AR A R 4

H5EWNSE (% 2) ML, 520 5 A B 15
o PAHs & 2 T b4 KIG W sk . 70 8
SZAIES A WP N W v e o | SIS = i 1o BN ]
TRV T A A A g R BORAR M T AR
2.

®1 SRR RETEED PAHs SEFHITHHE

Table 1  Statistical characteristics of the concentrations of PAHs in agriculture soils of Chongming Island
Z 545 (PAHs) B F-HME R K R
2R A /ng-g_] /ng-g'l /% /%
% Nap 2 2.81 ~320.46 18.99 286 100
JEM Acy 3 0.36 ~5.11 1.26 72 100
& Ace 3 0.31 ~7.04 1.38 96 100
% Flo 3 1.08 ~19. 86 4.85 76 100
4E Phe 3 6.12 ~151.33 28.92 94 100
 Ant 3 0.44 ~58.10 6.92 171 100
P Fla 4 4.43 ~238.93 34.62 142 100
£ Pyr 4 3.53 ~228.63 30.01 152 100
29 (a) 4 BaA 4 0.79 ~81.27 11.97 159 100
#i Chr 4 1.01 ~80. 56 13. 47 142 100
#53F(b) 9 B BbF 5 0.43 ~56.95 8.25 169 100
I (k) 9¢ B BKF 5 0.64 ~35.77 6.45 140 100
#3F (a) € BaP 5 0.74 ~84.28 11.52 169 100
Bigf(1,2,3-cd) 2 ledP 5 ND ~32.51 3.94 196 97.0
T 43 (a,h) B DahA 5 ND ~9. 92 1.11 195 9.8
%It (g,h,i) JE BghiP 6 0.70 ~60. 89 9.17 162 100
> PAHs — 24.92 ~1014. 61 192. 83 — —
x2 EAARE#RKELTESR PAHs 28 /ng-g ™!
Table 2 Comparison of PAHs in agriculture soils from different regions/ng+g ™!
ek 5 PAHs Fi2 > PAHs SCHik
BUIHRB X A I -1 16 507.21 ~781.44(675.26) [11]
TN A e 16 42 ~43 077 [12]
M T A FH 16 100.2 ~1215.1(522.7) [13]
ZEE AR H 15 15 70.4 ~325.1(189.8) [14]
TG4 R AT SR H - 4 16 54.2 ~3231.6(405.1) [15]
DAkl H 4 1 16 673.6 ~2286.8(1370.3) [16]
ST H 1 16 219.5 ~1628.6(801.1) [16]
H 6T 4 16 93.0 ~266.5(210. 8) [16]
M LTS B XA H 13 16 45.6 ~210.9(126.7) [16]

2.2 S EAH LD PAHs Z5MRRIE DL K
TOC )&%

SEH B A B 3 rh Z 300548 (PAHSs) A 2 45
I 2 frs. 7SRRI 33 AN H AR S h
PAHs MUZHALLL 2 ~4 3R, Hi 2 30/ 3 A Z 3
FFIE BT I 15. 6% ~65.0% (F1442.6% ) ; 4
RELHRIFFRMLH R 27.8% ~ 64.7% (F
42.2% ) ; 5 WH 6 R Z IR I IR LUl h 4.9% ~
33.4% (SF¥15.7% ). X5 M A& LT
B HTFAH BB — 2 T PAHS
A AR o Y B K M, DR 7R AR 2 B 5T b A BILRR

(TOC) My A RIS M. 7EREEN 33 P4
Bl A H 88, TOC B & 88 0.37% ~3.3% ,3
fH82.02% . (BYEADESEH, 13 TOC 5 PAHs Jf
A AT A AR S, TT RE DR PR R SR AR Y AR
HH 398, 1 % H 4398 52 A B4 S50 sl i i S 3K
TOC & H W22 1.
2.3 SR H 3 PAHS JIE T

Edwards %' if 57 0, #R1 Y +3 /p PAHs N
I8 F 2k [ T AW Y 53 55 F 2R KK 55 PAHs 1Y
SHEUEEN 1 ~10 ng-g™'. 7TERME 33 N2+
BRE S AR T AN B, DO AT SR
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+ Pyr) Fil Ant/ ( Ant + Phe) Ry « .y Bill, XJ 52 B 52 4 HH
T3 PAHs ST HIE AT, S5 RGN R 3 R, 1E
KA 33 A AL T PAHs BOSR TR 35/ A
PSR GE IR PR | L R b U T2 02 DUARE RN A 1 R
Be. SEH R HbAL AR ML X, & Z IR R BRORR S5 0T g 2
PAHs FEE R IR Z —, 5 MBS S B 405 &
J'& KA R AR s AR 5 — A 52
HH B4 FH - 438 PAHSs AR VR,

0 0.3

0.6

0.9

2+ 3FR

B2 SEARKELTES PAHs BRI
Fig. 2 Structural features of PAHs in agriculture

soils of Chongming Island

AR ) PAHs FE R ORI EL B AN TR, ind5 &
PEAE (1) 25 (Nap ) 55 3 B0 JrURE A0 LI 10k e 1 7=
L7191 ; Phe, Ant, Fla ) Pyr 8 R K R
SEIRBE R 20 DR g TP R R L ik
Xt PAHs #5475,

W5 Fla/ (Fla + Pyr) Fll Ant/( Ant +
Phe) %I PAHs >k JE#E47 HIHr. Fla/(Fla + Pyr) <
0.4, UM AT BEZ A M ; 0.4 < Fla/(Fla + Pyr) <
0.5, UiHART AE 2k B T Al #Lbe; Fla/(Fla + Pyr)
>0. 5, MIa A 32 B R T FUAR B 1k Tl
¥ Ant/ (Ant + Phe) <0. 1, BB A7 ihJE ; Ant/ (Ant
+Phe) >0. 1, LA RIRLEIR . AWF5E L) Fla/ (Fla

i i3]
0.70
0.65
=s HRA
060
o= g3
-
£ 0.55 . .
T 050 a8y =
2 ' il
E 0.45 |- Wi
040
035 il
0.30 1 | 1 |
0 0.1 0.2 0.3 04 0.5
Ant/(Ant + Phe)

B3 SREARKHELTEES PAHs SRIESHT
Fig. 3 Source apportionment of PAHs in agriculture

soils of Chongming Island

2.4 SEWIE AR I LR S KR

T 5 T S A 2 KU D 9 0T 5 3 AR R A
A — R 4T i PAHs T EBUR R & T
5. Long 55 HFSOK RV P BLTS
e AT A 2 AR , 4 A 285 AU 280 4] S A ]
AR ASNE DX ). 4N 3 Bz IR T ERL BB AR )

%3 SRARRELTED PAHs £HERBITEHN
Table 3 Ecological risk assessment of PAHs in agricultural soil of the Chongming Island

5K KB /ngag ! <ERL AYRE A A4 ERL ~ ERM £0] _>ERM £
ERL ERM /A RSB A A AS
Nap 160 2 100 32 1 0
Acy 44 640 33 0 0
Ace 16 500 33 0 0
Flo 19 540 32 1 0
Phe 240 1500 33 0 0
Ant 85.3 1100 33 0 0
Fla 600 5100 33 0 0
Pyr 665 2 600 33 0 0
BaA 261 1600 33 0 0
Chr 384 2 800 33 0 0
BbF — —
BkF — —
BaP 430 1600 33 0 0
IedP — —
DahA 63. 4 260 33 0 0
BghiP — —
> PAHs 4022 44792 33 0 0
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F

2% 33 %

AEILE <10% , WD 7= B A SN, & T
ERM Ut EYA F LS T 50% , &% I Ak
BEN ; 78 ERL A ERM 22 8] W 3 7R 8 /R & A& f i
SN . BTE Long % WF 58 & 3K BbF | BKF |
ledP Fl1 BghiP 194z 25 XUFS 1 A7 eI Y e {8, B
BUNEE 2= e fE E MR .

FEABEGE Y, 520 B A -3 PAHs F H
WA FE 5B T ERL ~ ERM 22 Ja], {H 38 43 % &
PAHs & & YK T ERL, U B3 4% 9 % 4« B £ 3
PAHs A=A/, [AlE) BbF, BKF 1 BghiP 7 Jir
A RE G P AR A K TedP 3502048 HY (R HE R Oy
97.0% ) , AT RE Sy A f T AR AR BN, PR A 5% B 5
A HH -3 PAHs HA — 7 B e AR S XURS.

3 it

(1) FEREM S B 1 3 PAHs 19 & &
$124.92 ~1014.61 ng-g ™" H{EH A 192. 83 ng-g .
PAHs 25~k th e, A EIF(1,2,3-ed)
EE (TedP) 12K JF (a,h) B (DahA ) R2FKH  IF
FEI R BRI B .

(2) 55 I A4 H -5 T PAHs F 41 4548 3 22
Ph2 ~4 3 PAHs B3, 5 S A PR EA B B0
FHOCHE.

(3) S A H -4 h PAHs 2R UGN A0
FUBRGEIR , PR be i =20k A T REFIAR A BESE ;
S5 Ml X A= TR R L BOIR 2R A B AR HE IR AT B 52
B 4 T 398 PAHs () EE 2R .

(4) S8 A I 8 rp i A S KU /N 16 Fif
PAHs 71 HA BbF, BKF Fl BghiP HA — & A HAE X
W , LAY PAHs W 7E A S XU /)N,

SE
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