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Fig. I Map of sampling sites

FREL 20 g HIEFE S ORISR gt i) +
ZICHIIER T, 75 250 ml “FREEESE T I 200 ml
TEEE, 2 g WAL E R R SRR G, A
K b A2 TG HE L 48 ho PEEGHE B IR HR7E 46°C,
AHER UL 10°C, bl nFE A 5~ 6
W/he PERGHEAE e 78 A ERGEE) 1 ml J5, A
10 ml IE OV, RERIR4E 4 1 ~2 ml, RERERR/AAAE

(2:1) J2MrkE, @Al 1 em WARIKRE D Z A,
KAIE CReiiERett, MW FZ EHPEERR 12 cm,
EAES 6 cm, T/KAREREN 1 ecm, 70 ml & H e/ IF
Okt (3:7) WPEH PAHs. WPERZ IE Chediiisn
J&i > F R4l Ny AR 0.2 ml, I BRI T i T -

fERE (80~ 100 HO+ FfbE (100 ~200 H):
JERTHL G335 20 I7E 180 °C 250 'C RiGfk 12 h,
REHEFIN 3 %M LB 1K, PG TG
. TOKBRIREN (dralD, T 450 CL g
J%e 6 hy, VENes o SIG AT & be s AR 43
Mrali, KRB EMALG KW, HEEs
B0 ToA0E; 1E bt FEE A DIKMA 72w 7 (HPLC

PAHs ##FE H Chem Service A7), WFE: 2%
(Nap). J& (Ace)w —&JE (Acy) % (Fle). T
(Phe). # (Ant). @& (Fla). ¥ (Pyr). Jii (Chr).
ZRH[a]B (Baa). RIF[b]HE B (Bbf). KIF[k]HE &
(Bkf). ZKIf[a]tt (Bap). EfiFf[l, 2, 3]tE (lp).
TR Jf[ah] (Daad. ZJF[ghildE (Bpe) 3t 16 Fi
wEY.

S HTIRAA A AERHTIE ] HP (6890/5973)
MR-, SIM FEa; @ikl : HP-5MS
(30 m x 0.25 mm) BAEH, A, SO
HLE 300°C, SRAA MRS, HFERE 1 ul; R
Jy T, PIGGERE 70 °C, £RFF 0.1 min, 2RJ5LL 3 C
/ min HETFA 200 C, FFLL S5 C/min HE T2 285
C, 45 12 min. {78988 1200 V, B 7R EE 230 °C,
R 50 ~ 550, EI &1, 70eV.
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2.1 TEPPAHs IRE

ARICHER A ARFENTHT 64 AN I 16 Ff
PAHs &84T T4k tr, a2k W& 1. RE
T AR RS ETE, BRI E R OO
i~ RIF[b)E . . ARFENT L4 16 ' PAHs
(St il 4079 ne/kg, TERARAE N 29 re/kg,
R 413 nglkge KIF[a]tE(Bap)fE I 1)
BN 27.7 ng/kge HAZR BT 240 G F 2
FH23 #4 55 1) Bap £ &40 514 410 ng/g, 150 ng/g™;
i H AU T A5 Bap S EEH N 13.5 ~ 175
ng/g®; HACILHEIE T Bap & RIUMHLE S ~ 50 ng/g
Z AN BRA T AN, H AU R 3 A T -
t Bap VG NTARGENT . IR 1 hIRAT AT L
R, REETH L8R 16 Bh PAHs 4150 e KMH 5 5
MBI ELAEYEY 11.7 ~ 408.3, e KAE -5 50 /ME M)
FLAEHEZ T4 : Bbf>Baa>Bap>Bpe>Daa>I1p
>Pyr>Bkf>Fla>Acy>Phe>Fle>Nap>Ant>Ace
>Chr, AR ) B KA S M EE A BOR 22 57
S A R SR B ] PAHSs 75 32 AR K. e
Takashil "{3H8, 28 ETE AR LIEH 1 16 F
PAHSs )5 R AR/ B IMEARAGTE IR 5.9 ~20; 5%
B ILTTAREL, SRR AT N
XT3 PAHSs 5 54 T BRI
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F 1 ZHREMLIEP PAHs (ug/ke)
Table 1 PAHS in surface soil of Dongguan

PAHSs X SD B/ME IooNI| SRR/ /IME
%% (Nap) 3.6 4.2 0.5 19.5 39.0
& (Ace) 0.4 12 0.5 9.0 18.0
ZHUE (Acy) 2.0 4.8 0.5 35.0 70.0
%j (Fle) 4.0 3.6 0.5 27.5 55.0
i (Phe) 80.1 111.2 14.0 822.5 58.8
& (Ant) 33 11.4 2.5 71.5 31.0
I (Fla) 57.1 69.5 4.0 495.5 123.9
® (Pyp) 43.0 60.8 3.0 427.0 1423
Ji (Chr) 45.6 78.7 45.0 526.5 11.7
#I[a] B (Baa) 253 68.7 1.5 461.5 307.7
ZKIE[b] W (BbD 452 94.5 1.5 612.5 408.3
ZKIF[k] HHE (BkD 232 49.5 2.0 255.0 127.5
#If[a] t (Bap) 27.7 77.1 1.5 4435 295.7
#Jf[ghi] 4 (Bpe) 20.3 48.1 2.0 353.0 176.5
% Jf[a, h] B (Daa) 5.6 153 0.5 87.0 174.0
EiIf[1,2,3] & lp) 27.0 67.6 2.5 386.5 154.6

2.2 tIEh PAHs BIR T

REET LT PAHs S EIEHN 29 ~ 4079 ¥f PAHSs ,M.E'ﬁ 16 T2l 73 53 I BEAT T AH OG5 HT s
Hg/kg, L) 16 PR S REAHZEMRA (R D, B KIHE. HIF[a]E. RIF[b]HEE . Rk, oK
JEWBLEZ 7y g PAHs RS &, AL Jf[a]td. BJF[L, 2, 318 Z2KJF[a,h] 5 7 Frdl
AR Y, DU PAHS ()RR HK . It 5 PAHs WM& B2 AR 17 (1 2), AR R
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4000 [ Y4273 17248 * 4500 | y=9.4782x + 173.49
R? =0.9643
3500 ' 4000 | R?=0.9603 .
< 3000 o 3500 |
=] =
= 2500 B 000k
- 2000 % 2500 L
~ T 2000 |
1500 = 1500 |
1000 1000 |
e
500 500 f
0 0
0 20 40 60 80 100 0 100 200 300 400 500
2 [a, N (Rg/kg) FIF[a]E (Me/kg)
4500
4000 y=9.4377x+158.83 *
3500 R2=0.9216 m N
£ 3000 2 FREmRELIRES PAHs BiRE5EH
on PURY s
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Ny 2 N N e \ o L 2 NN
R B 0.9000, X 7 Fh4L7r 0 L PAHs 5 B EAEILENT UK £ 5 5l 3 AN X HA R
TR BN, LR 7 BMAAME N RSET T EER, Y. BE R RUK £ 5 R e

b PAHs R mIREY), [FIRFIX 7 Fhal oA+
Herp ) Er /MR THER PAHs B, M
fb 41 735 5 PAHSs [P S A OCHE I B T1X 7 Fh
A4y, BHAKWRFiR: B Y =453.49X+242.5, R*=
0.721; JE: Y = 4.8995 X+20.984, R*=0.6722; &
H[ghildk: Y =10.745 X+195.3, R*=0.6046; i¥:
Y =6.3874 X+138.58, R*=0.3423; #{ & Y =5.5406
X+96.975, R*=0.3357.
2.3 A [EHbig L 1E P PAHs & E4FE

KR ARSET 64 AL 3ERE S fcth sk k) 4 Ay
JEH. BB KDL 4 AR, I aE TS
Wi, KILALES 5K 2 16 Fit PAHs )95 & 12 &
T 3 ANX R (K 2). L K IF[ghi]dE. WAL
Hi~ OR[N, 2, 318 FE i DAR 0 B 1L XA,
v RIE[a] B KIF[altE. RIF[b]HE B RIF[K]
B, CHIf[ah)EL BEBLUK S BE
Xl . IX—WFFTE5 SR PAHs [IT5 YA/ i
BZILIX 57K 2 FUE R4 X R T R iy, 1 e
FARTILIP K2 . ZEERL R YR, HIFf(a]
BLORIEb]EE R, e —ORJF[ah) B, B[, 2, 3]

B o

XAK 2 EUFRy X 2 8 70 A W3 72 5, AJF
(k) B S ALK 2 5K 9 LR IX 2
[EA W 2, W BRI K 2 5
Frfg X 2z (i BA B2 % .
2.4 tiEh PAHs BYSRIR

PAHSs Bk AR R Ab, 2k B NG LL A RE
BRI L AT 2mee™ Yk PAHs (1]
FEoRUE. EIRCKUEN PAHs BB R M Ak
Ik, — & PAHs B[R KA R4 T+
BER s I KA AVAADIRSAEAE Y PAHs Bl T
IKHEN T3 B Wity DA OR M AN 58 R e
Rer ERE L, T, Ahsah. e ARG WS
KM AEY . HRATE MRS Py k)i
(1) PAHs W7 B 5 I EAAEZER . J7RHRIE
(21 Sty F- 4848k (¥) PAHS ' Fla/Pyr>1.4, Fla/Pyr=1
AR AR ARE, kIR T A PAHs fi NI
Fla/Pyr<<l. AWFFCHRFET TIERES Y Fla/Pyr {H
J50.73 ~2.21, HMEHK 1.33. JEGHT 57 % 1R,
i) Fla/Pyr {H>1.4, K n] DL KIXER 5 1
PAHs FZRYE TR, B Bt A bexs - age
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%2 A [REhig L1E PAHs 2R
Table 2 PAHs contents in agriculture soil in different areas (Hg/kg)
L (n=18) s (n=20) K% (n=10) HiE (n=16)
%% (Nap) 61 0.5~19.5 0~10.5 0.5~9.0 0~12
SR EARAEZE 6.03 =537 2.225+2.72° 2.15+2.94° 3.78 £ 417"
J& (Ace) Ju 0~9 0~0.5 0~0.5 0~1.0
SRR 0.89+2.28 0.125+0.22 0.05+0.16 0.312+0.4
ZA5UE (Acy) penie| 0~35 0~13.5 0.5~10 0.5~3.5
SRR AEZE 3.61£8.16 1.325+2.92 1.8+£2.98 1.09 +0.88
%j (Fle) v Hil 1~27.5 0.5~6.5 1.0~6.0 2~9.5
SRR 6.17+5.68° 2275+ 1.49° 3.45+1.79° 4.06 +2.08"
JF (Phe) [ 42.5~822.5 14 ~ 440 20.5~ 129 19.5~128
SRR AEZE 130.67 + 177.05 56.425+93.17 60.45 + 38.08 62.44 +28.44
# (An) v Hil 0~77.5 0~17.5 0~12.5 0~9
SRR AERE 8.69 +20.3 134397 1.9+425 0.72£2.29
¥ (Fla) FEn | 0~495.5 0~65.5 12~135.5 13~125
S E e 2 96.78 + 113.76" 25225 +20.18° 53.35 +42.99% 50.91 +27.57
T (Pyr) bR 0~427 0~55 8.5~138.5 9~115
SRR 733 £ 100.14 17.98 + 15.53 44 +50.24 38.75+253
it (Chr) [ 13 ~526.5 2~174.5 7.5~445 10.5~52.5
SR EARAEZE 96.06 % 133.52° 24.25+36.58" 20.95+10.47° 30.19 + 12.6°
#Jf[a] # (Baa) 15 3.5~461.5 0~102 2~30.5 2.5~345
SRR 63.06 + 122.61° 10.78 +21.94° 8.7+8.36" 11.84 +8.14°
A9 [b] #E (BbD Y 10.50 ~ 612.5 1.5~ 1845 55~375 6.5~37.5
SR EARAEZE 105.14 = 162.69* 22.45+38.95" 17.05 + 8.65° 23.88 +10.42°
HIF[K] #E (BkD) i 0~ 255 0~ 147 0~355 0~30
SRR 48.64 + 83.68" 14.85 +31.66® 9.3+10.48" 13.56 + 8.49™
49 [a] th (Bap) Y 0~443.5 0~198.5 0~35 0~28.5
SRR AEZE 67.78 £ 133.49° 15.98 +43.22° 8.05 £ 10.125 10.47 £ 8.22°
Eigf[1, 2,31 1 dip) Flense| 5.5 ~386.5 0~26 2.5~43 3.0~29
SRR 67.58 + 120.69" 8.65 + 6.62° 10.95+11.72° 14.47 + 8.46°
Z2% 9 [a,h] B (Daa) G I 1~87 0~21.5 0.5~4.5 0.5~4.5
TR 2 1475 +27° 2,425+ 4.64° 1.4+1.15° 2.19+1.36°
23 [ghi] JE (Bpe) 15 0~353 0~24 2~45 2.5~30.5
SRR 443 + 87.42° 8.125+6.2° 11.25 + 12.63° 14.18 + 8.46"

W FATANR R R R AN A X 8, PAHS P& B2 A7 7E B3 725 (p<0.05).

PAHSs DTk 5 K; 5515 34 %FFE A IF Fla/Pyr {H 9 1.0 ~
1.4, X5 3K PAHs 47 ) LRPORIE, 17 HJL
P kU5 7] PAHs TTHRAH 45 7348 3 A 131 Fla/Pyr
<1, X 3 T3 PAHs A AERE T4 ik PAHs
PN

P RHRIE, KPRt iE s ok
(R SURLA) () HE /AR 25 IR TR 3 ~ 4 A8 10 ~
301, X RN B S TR AR RN . A
g SR/ B 3.31 ~ 25.14, ¥J{i 24.44, JEAL
80 %) 133/ B A Bk . X B -3 ) PAHSs £

TERIE T2 K BE BT S5 1R R SORURL ) 1R I T
B, HoA i BOGH r DR AR 2 N . 5 2 ML,
PR X 2 2 - b SE B A I P A K, A0 A
JGEA 5.42 ~ 50.90, EH N 23.41, ZR5E. KEEMW
/B REE " AR SCERRE, iR A
PAHs UL 4. 5. 6 3 4, AWfseix 3 Kb s
YIRS N S PAHs I H 0 A 4 36 44 %, 5
14.6 %. 6 3 4.9 %, X 3 B EW RGBSR
PAHs [T 43 EE ol 64 %o DRSS RS R 4.
5. 6 R[] PAHs /55 PAHs &4 77 %45 B —E
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22 50O EH AR R PR U AE P PAHS SR
A AU,
2.5 ZIEH 1T PAHs i5HKFE

AREENIRN - 16 M PAHs A7 12 Ffr CF
FE[b)E B, BT, 2, 3186 2RI [a,h] B 2RI [ghi]
JEBRAN) I RAR TR vy T (A g, ]
RS R Lb iR, AR V5 K RERE, 2 il
F ML XAB S 3 kmo B[, 2, 3180 A FF[a,h] .
A HF[ghildE 3 Pl PAHs 75 R P4 ] 138 b Rk
MAEZRSET I A b . AR IE[b) i 5 A
T ORHEP 4. AR5ETT LI PAHs M EALT
VY [T 458, PR 1) 413 ng/kg A1 1083 bg/kg.
HRAMX S — i £ PAHs SR (6248
Hg/kg) HHLL, ARZETH 13 PAHs V5 4 B Mf, A
R BRI AE] 0.5 km, A M 24 H0w= 17
YR, RS MBI T, T AR VG KR
RH.

Keemifolk ) PAHs SEIEEN 29 ~
4079 ngkg, PR 413 ngkg, KT AR
HEPIR) PAHs T (Y 38 ~ 2244 ng/kg, T
S 707 pe/ke) M w T RIEIEE LM (SR
23.3 ~ 2834 g/kg, VBT 270 ng/kg) FIFEH (75
L 38.3 ~ 1057 Hg/kg, PRI 209 hg/kg)
gErp PAHs M. 5EWRT Sk I+ PAHSs
SEAY (FEIEHE 233 ~ 770 Hg/kg, AR 454
He/kg), [FII IS T2 v0 Jé Wk T - 3% 7 PAHs % it
CHEJEH 2200 ~ 12390 bg/kg, “FH&H 7817
Ho/kg) P, 5HEH &4} 458 (187 ng/kg) HILL, PAHS
e, SOEETT R (4239 ne/kg) AHLE,
PAHs MR, P E M L (S
il 11.7 ~376.2 ng/kg, P& 129.2 ng/kg) 22,

3 ZHig

(1) AR5E 14 16 Fi PAHs P35 413
Hg/kg, FrEdm e AR, RIS )
iy AFE[b]EE R .

(2) i~ ZRIHH[a]R, RIF[b]HE . Ik
AIF[altl EIF[L, 2, 3]H 2RI [a,h] B 7 Fpdl
535 PAHs & &2 (M A SCHEAR GF, JLAHOC R AL
R 41 0.9000.

(3) db#FJ5E/K 2 /) PAHs V5 4H] B e TR
R KD EUERY X LA S i s

(4) HZEW L3P PAHs T ZORIE T4 R

BRI ) R, SkUE T A Y PAHS
i N A N

(5) Atk 54 12 Bl PAHs MK TR
FEVG T DTG g Aol 3, BIF[L, 2, 3]0 ARIF
[a,h] 3 #5H [ghi]dE 3 Pl PAHs {E 4R 5E T L b & &
TR, TR T T R I OREEAR
. HEANET L PAHS SR, AR
%, [FIEFE TS24 4.
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CONCENTRATION, INDICATORS, AND ORIGIN OF POLYCYCLIC AROMATIC
HYDROCARBONS IN THE SURFACE SOIL IN DONGGUAN

ZHANG Tian-bin'?  YANG Guo-yi> WAN Hong-fu> RAO Yong®> GAO Yuan-xue® XIA Yun-sheng’
( 1 South China Institute of Botany, the Chinese Academy of Sciences, Guangzhou 510650; 2 Guangdong Institute of Eco-Environmental

and Soil Sciences, Guangdong Key Laboratory of Agro-Environment Integrated Control, Guangzhou 510650 )

Abstract  Surface soil samples (0~20 cm) were collected from Dongguan in October ~ December 2002 and
analyzed with GC/MS for 16 kinds of polycyclic aromatic hydrocarbons (PAHs) listed for priority control. The average
concentration of the 16 in samples was 413 Hg/kg. Among the 16, phenanthrene, fluoranthene, chrysene,
benzo(b)fluoranthene and pyrene were relatively higher in concentration in the soil, and seven (chrysene,
Benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluorathene, indeno(1, 2, 3-cd)pyre, benzo[a]pyrene,and dibenzo (a,
h) anthrace) showed a better linear relationship with the total amount of PAHs thus being the indicators of PAHs
pollution of soils. The PAHs pollution was obviously more serious of the plain area in the North than the hilly region in
the South, transitional region in the Central area and the nature reserve in the upper streams of the Watery region. The
PAHs in the surface soil of Dongguan came mainly from burning of fossil fuel in the form of atmospheric deposition
over long distances. The contents of PAHs in Dongguan agricultural soils were obviously lower than in the agricultural
soils of heavily polluted Tianjin.

Key words  Dongguan, Soil, PAHs



