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Occurrence and Spatial Differentiation of Polycyclic Aromatic Hydrocarbons in

Surface Soils from Shenzhen, China

ZHANG Di', CAO Shan-ping', SUN Jian-lin', ZENG Hui'*

(1. School of Urban Planning and Design, Shenzhen Graduate School, Peking University, Shenzhen 518055, China; 2. Department of
Ecology, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: 188 surface soil samples were collected in Shenzhen of China to determine the occurrence and spatial differentiation of

polyeyclic aromatic hydrocarbons (PAHs) , based on which we studied the correlation between PAHs concentrations and urbanization
levels, as well as the PAHs ecological risk. The total concentrations of 28 PAHs ( Z 5 PAHs ), 16 EPA PAHs ( Z 16PAHs ) and
7 carcinogenic PAHs ( Z7CarPAHs) ranged from 5 to 7939 ng-g™', 2 to 6745 ng-g~' and not detected to 3 786 ng-g~',
respectively. 8 kinds of land use types according to z mPAHs average levels in descending order were: transportation lands,
commercial lands, industrial lands, agricultural lands, residential lands, urban green space, orchards and woodland. And z 16PAHS
of construction and non-construction lands samples were mainly derived from combustion of various fossil fuels with contribution of
75.1% and 68.2% , respectively. Significant positive correlation was also found between PAHs concentrations of high molecular weight

and urbanization levels. And PAHs pollution in the top soils of Shenzhen was at a low-end level of the world.

Key words :surface soils; PAHs; urbanization; ecological risk; Shenzhen
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YIE R 417 ng-g™'; 16 Fl 36 B A 5L AR 40 & L 4%
PAHs B & BTE 2 ~6 745 ng-g ™' Z I8, P21 Jy 290

ng-g”' AT D PAHs BRI 70% ; 7 B SO
PAHs B&BR7ERK ) ~ 3786 ng-g~' Z ], FI{H
H 143 ngeg™! Yk > PAHs SR 50% . 4 FRAN
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*1 RINTHRELE PAHs §8/ng-¢ !

Table 1 Concentrations of polycyclic aromatic hydrocarbons in surface soils from Shenzhen/ng-g ="

o] Y4 BT FoME RKME e FH{E CV/%
ES naphthalene NAP* ND? 90 5 10 139
2-HIELZE 2-methylnaphthalene 2-MNAP ND 411 9 22 192
1-H % 1-methylnaphthalene 1-MNAP ND 237 51 13 194
i EN biphenyl BP ND 50 2 4 160
2,6-Z I FEZE 2 ,6-dimethylnaphthalene 2,6-DNAP ND 532 8 27 222
T M acenaphthylene AC? ND 22 1 2 175
JiA acenaphthene ACE®* ND 11 1 1 132
23,5 I 2,3 ,5-trinaphthylene 2,3,5-TNAP ND 149 4 1 183
Vil fluorene FL* ND 62 3 6 159
3k phenanthrene PHE? 0.3 566 9 27 232
B anthracene ANT® ND 87 2 5 205

e 2-methylphenanthrene 2-MPHE ND 88 3 7 185
1-HFE4E 1-methylphenanthrene 1-MPHE ND 47 2 171
2,6- AR 2,6-dimethylphenanthrene 2,6-DMPHE ND 11 0.3 1 202
e fluoranthene FLU* 0.2 982 7 34 300
54 pyrene PYR* 0.2 626 5 27 284
11 & #3F[b]% 11H-benzo[ b] fluorene 11-BbF ND 202 1 6 413
FIf[a] B benzo[ a] anthracene BaA® ND 470 2 15 351
yii] chrysene CHR® ND 633 6 31 252
X)T[ b] B benzo[ b ] fluoranthene BbF# ND 1105 8 40 288
IRk benzol k ] fluoranthene BkF* ND 347 3 12 302
KIH[e] benzo[ e ] pyrene BeP ND 571 5 27 243
KI[altE benzo[ a] pyrene BaP® ND 445 2 15 302
dk perylene PER ND 131 1 5 261
9,10-Z R HE A 9, 10-diphenylanthracene 9,10-DPHA ND 21 ND .3 619
EiJf[1,2,3-cd] & indeno[ 1,2,3-cd ] pyrene LedP® ND 564 4 24 270
Z K F[a, h] & dibenzo[ a, h]anthracene DahA® ND 222 1 7 333
A, h, i]dE benzo[ g, h, i]perylene BghiP* ND 664 6 35 236

1) EAR“a”fric 16 28 HIMLE LI PAHs, FAR“b" FRic 7 FhEUE PAHs; 2) “ND” FR“ KA H "

ZZSPAHS MR 9.5% , H R AR I BghiP
(8.4%), FLU (8.1%), CHR (7.4%). PHE
(6.5%) . PYR(6.4% )%,

AR 5 Z 80 coefficient of variation, CV) B /A
DAFRAE L HErh PAHs SRS 25, Rk 1]
I B AR 34 SR R G 25 1) AR SR (CV >
100% ) , HE4r T PAHs (fU35 4. 5. 6 ) Ay CV
ek i A T PAHs (BL35 2 3RF13 31). X &
BATEIITE 32 b () PAHS 83245 Bl =58 A8 F A
SRR MALA 52, 25 (8] 70 500 42, (B Hh LR (1) g
itk X 135 PAHs 75 YL 451E.

AR AT > PAHSs 15 G
K2 ~6745 ng-g™' FIME K 290 ng-g ', LTI
SLUSTBRIT = AN R EE = AT 5 kR
bR TR TR e A RSN, b R
FECY PR O L A X L R A RS
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Mol > PAHSs F ke i, HUCGR Toll i Aol
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Fig. 2 Concentrations of polycyclic aromatic hydrocarbons from

surface soils of different land use types
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*2 AEEXRSMXKELTES PAHs F2LbE /ng-¢ !
Table 2 Comparison of PAHs levels from surface soils of different countries or areas/ng-g '

HF 7 X 32k PAHs %tz e S FHH SCHik
I 16 2~6745 290 ENTIE
Uk 16 - 169 [18]
sk 16 22 ~1257 317 [15]
b 16 467 ~5 470 1637 [20]
Kt 16 69 ~5992 1148 [21]
] 16 1310 ~254 080 23250 [22]
IFRBIX 16 204 ~ 6754 1173 [23]
BRIT =4 16 58 ~3077 315 [16]
HE = A 16 181 ~2 176 360 [17]
i i 16 38 ~2244 707 [24]
i [ 16 70 ~1175 394 [25]
5 (HA) 13 — 611 [26]
24 (FE) 20 12 ~380 129 [19]
B E g T 12 — 4240 [27]
BRI (L) 16 647 ~40 692 3730 [28]

1) =" FR 3k B A R Kl

M T S ) ) R ERAR, H2E RAK.

(EAFEERAORE, IR T4y > PAHs kb
SREEAE(EHE D) PAHs Ml > CarPAHSs W%
TR GE AR, FR TS A T B R 1 B
AEH X, N _ESRAE R R AT B s F L 7R 1) a5 R e
PR Canfinyerssly | Br3 AR Be T & oL AE) | B IR T
SR CL 2 B A RIS S s N 5 R R A Y
HA.
2.2 133 PAHs SRR

12 FHEREOA 6 3 B R0 32 B 4043 M7/ 22 6 26 [
VAR T TR T )2 13 > PAHs # R IR
PAHs Y FEICHX 3 B T LA ok 52 B id 2
WMATS YL, W2 T PAHs BRI T AR
Rl IRREE TR /> T PAHs WSE I T £ih 25
P R5EHREE . Soclo PRI, MK/ T B
55y PAHs R U R <1 B, B PAHs &
FLETIRBEIR, Y HME R > 1 I, 6B PAHs T %
VTS e ARBEST 188 ALY D PAHSs
LR <1 B BEE 61.2% R > 1 [ & B S
B 38. 8% . i b T LA A5 4 DU, BRI T A3 p
> JPAHs EZOR AL AR IR BE , ok A A
MGG,

Stk — 25 A W OR [EON T B 5R R X
D PAHSs HIIER, K 8 Fi Lt Il FHI S B 4 45 Sy
B (BL4E Tolk . Bl B3 A AT 4 ] 2
) FAR A (AL ST | MRHb | BT S RN A

A FHH 4 FFMBST)  XEE S PAHS BT &
503 o VT SO A o /G R P - A Sl (11
(eigenvalues) > 0.9, JiE ¥ 77 i b # K 22 ¥
(varimax) , FRZJERE A AR BIE 3 . 452k
s B T AR A AR 2T SR 2 A TR
or (WA 3), R 22515 0 88.8% M1 85.7% . 2
FEXIA T 1 EEINATE 9 Fhs or 7 &
PAHs (PYR, BaA, CHR, BbF, BkF, BaP. IcdP,
DahA Fl1 BghiP) . DAEMBFSE R PRI 58 2%

®3 FMARKAEZSBINRELED PAHs B

E AR EFHETEE
Table 3  Rotated component matrix of PAHs in surface

soils by a varimax with kaiser normalization

e U AR
Fior 1 F o2 T ESr2

NAP -0.016 0. 883 0.159 0. 807
AC 0. 499 0.824 0. 027 0. 940
ACE 0.299 0. 855 0.275 0.918
FL 0.494 0.791 -0. 040 0.912
PHE 0.918" 0.328 0.730 0. 597
ANT 0.827 0. 388 0. 481 0.458
FLU 0. 958 0.232 0. 894 0.278
PYR 0. 849 0.357 0. 885 0.235
BaA 0. 866 0. 308 0. 959 0.142
CHR 0. 850 0.413 0.938 0.241
BbF 0.944 0.211 0. 961 0.143
BkF 0. 945 0.211 0.938 0.174
BaP 0. 964 0. 160 0. 930 0. 063
IedP 0.932 0.227 0.953 0. 080
DahA 0. 887 0.232 0.948 0.010
BghiP 0. 896 0.287 0. 962 0.071
R 2/% 65.0 88.8 60. 3 85.7

1) R R T FRX T AR RS Y T35 >0. 8 19 s
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besx B BbF, BKF, CHR, BghiP %5 ¥ "' ;
TedP 46BN 1R beid B2 A E B 45 "9 5 BaA |
BaP ., BKF & K2R MR be Fl K 2 2 AT 1 B 246 R
P R R 1 R R (LR A
L S SRR AR ) BORARE. 2 DAY
432 BEFIMKELT NAP, AC., ACE Hl FL X 4 Fp{i
43 FHR PAHs, A] U A7 i a2 > 0,

A3 SILA LR BRI AL 3 B 15 AR e FdR e AL S

iy > PAHs B HEAE [ SRR AL B AT 2
JCLEPE TR 43T, DT A5 310 7T DA 4% =5 140 IR 7
(BRI AR BT U5 2R B50RN 45 S LR A A G BT mkoR. ik
4 AT, AT B R AL T ) > PAHS
Yy BRI T4 Fh b A AR BR 8 (TR 4 3N
75. 1% F1 68. 2% ) , H YRR T4 il 5ih 269 it 1
Bl HERSF R X5 PB4
WA

R4 D PAH BEBSERHEFAHTRSTAUEALR

Table 4 Multiple linear regression of principle component scores against Z 16PAHS

2% s daihi A 4
- AT RRRHIR B VaR(i IR lIES AR PR Rl ESY
i AT EES 0.948 0.315 0. 904 0. 421
TR/ % 75.1 24.9 68.2 31.8

TR AN ] L o A S A B4t 2 2 515 2
i A AT A2 MR PAHs T3k R E RS HE
s FEL FH LY PAHSs DI 32 50 22 3 15 Yo Al i 2% 3 &
R NEIHERER P R BE A R A SRR S s Tl
M) PAHs IR B /D 28 38 V5 YL Ab , i AL 45 45 Fi A7
BUE AL RHEE iz i A0 o R v i B L R HE ik
A Al P M b i+ 3 PAHS I5 YL AT N A0 45 it
JIE | 5 KR AT | e A1 R 5 b DX ) A 0y o R 7 3% B
PR AR Z IR, XS, oAt DU H
Z bk EE R B /N, HE PAHs 5 EL AT fE
Z 5 R TRDIRE  AEEH RS A G
2.3 WkTifk/K 5 PAHs 19X &R

A3 HTAS TR 3 T A K S X 38 4 18 PAHSs 15 3%, 7]
DA A Mg 7~ AR T 225 0] 4 S % PAHs. dEAc
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