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Sources and Spatial Distribution of Typical Heavy Metal Pollutants in Soils in

Xihu Scenic Area

ZHANG Hai-zhen', TANG Yu-li', LU Jun®*, ZHOU Hong', XU Yun-gian®, CHEN Chuan®, ZHAO Yun', WANG
Mei-e’

(1. Lingyin Administration Department ( Hangzhou Flower Garden), Hangzhou Park and Cultural Relic Administration, Hangzhou
310012, China; 2. Hangzhou Botanical Garden, Hangzhou 310012, China; 3. State Key Laboratory of Urban and Regional Ecology,
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Due to the importance as a famous scenic area in China and its special geographical position, heavy metal pollution in soils
in Xihu Scenic Area has attracted great concerns. Typical heavy metals in surface soils (0-20 c¢m) in Xihu Scenic Area was
investigated using the grid sampling method and statistical analysis and Arcgis approaches. It was suggested that there were
anthropogenic accumulations of Cu, Zn and Pb in soils, and they were the main heavy metal pollutants in Xihu Scenic Area. The
contents of Cu, Zn, Pb in soils are in the ranges of 4. 6-197 mg-kg ™", 11. 1-885 mg-kg ™" and 11. 7-346 mg-kg ™", respectively. The
area with the highest 25% of Cu, Pb and Zn content located in the north-east part of the scenic area, which had lower ratios of green
land, dense traffic roads and was characterized with high urbanization. Results of multiple comparison among different land uses and
spatial cluster and outlier analysis revealed that those three main heavy metal pollutants Cu, Pb and Zn in Xihu Scenic Area were from
traffic emissions. The purpose of this study was to provide basic data and theoretical bases for the ecological risk assessment of heavy
metals in urban soils and environmental management of urban soils.

Key words :urban soil; heavy metal pollution; traffic emission; urban ecological risk; spatial distribution
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Fig. 1 Simplified map of Xihu Scenic Area

with soil sampling locations
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Gt ES T/ mg-kg ™!
Table 1 ~ Statistics distribution of soil elements contents

in Xihu Scenic Areas/mg-kg ™!

TR hvME SR RRfE P S D

Mn 18.3 368 1388 397 287
Cu 4. 60 19.7 197 250 22.1
Zn 11. 1 56. 6 885 82.4 91.0
Pb 11.7 43.1 346 54.6 45.5
Cr 8.33 27.4 300 32.1 28.6
Ni 7.93 21.7 99.6 23.2 11.3
Co 0. 47 8.48 18.1 8.17 4.09
15.5 39.8 133 44.3 19.7
P 88.7 502 2907 715 561

XM SRR 0 il 0 & kR
AR, HBCF o3 A 22 R AR B8 IEZS 404520 Sl T WAy
VU X TR B A I L, 5 20 Bl AT 2
TEGETH I, DPRLIH A Z500T I s K 48 9 B 238 23 A1 1 B0

PEAT M ko S Bt B o B e i B AT
T Lilliefors ‘i FVEREUE | 1X e HE TR S 8L M
K-S IEA K I 85 AN 2 s, P& X + 1
H4JE Cu, Zn, Pb, Cr, Ni &ML EEHER &2 1
TR, D 3 FTIE JE 2 B0HT 5 . T JR 4% 1 JL A T
Mn, Co, V I P (UL W] 5 LLAT 5 FoT R /D K-S p
ERER I R IER A I EZ S, 2 K-S p HK
T 0. 05 B, B 2 EAS S, /T 0,05 BFEREEIE
BorAn , AR 1 ATLAE L BR T Mn #il Co TTER LIS,
PO X 0 R & M R LG 1 K-S p [EARE
B T AR K AR IE A 5 R ™ 5 W R
Bl AT X U )5 B T Mn Al Co T E, HE T
FARIES AR R B B 2 00 e B R0 J3E 240
0 I PG, I #ar«0”  K-S p [E# T 0,05, i@ 1t
TIESKR. D L5 REH, B R X EEE Cu,
Zn, Pb, Cr, Ni,V Hl P &a2Z3 T ANHEZ TR,
SR, T AR B A XT3 /)N.

®2 AHMERIBETRSERESHHESERE K-S p RBER

Table 2 Shape parameters and results of kolmogorove

smirnov test after Lilliefors significance correction

(K-S p) for element concentrations in soils in Xihu Scenic Areas

P Y€ POpIE R

i £ W i K-S p i £ U K-S p
Cu 4.55 30.9 0. 00 0. 420 0.673 0.941
Zn 6.00 50.0 0. 00 0. 569 0. 851 0.528
Pb 3.52 16. 4 0. 00 0.720 1. 14 0.427
Cr 7.17 64.8 0. 00 1.23 4.99 0.122
Ni 2.92 16.3 0. 00 0. 189 0. 822 0. 818
Mn 1.17 1.77 0.242 -0.713 0. 058 0. 029
Co 0. 201 -0.369 0. 674 -1.54 2.80 0. 001
% 2.20 5.94 0. 001 0. 646 1.42 0.317
p 1.66 3.05 0. 004 0.021 -0.422 0. 855

2.2 P RX B E £ )8 Cu, Zn, Pb, Cr, Ni
FEARGE B M R

T ESETRE AR HIE P ES E T
R BRI R i5 g nim B AR s, ansk 3 FoR , vE i) 5
X +IEFE4SE Cu, Zn, Pb A9V {E FAR i 22 01
5T 1985 4E 5 2002 4EAY T FHEKET or LR
PN SRR T 5 E1, W N TR &R 51 S EAM
fol. 55 2002 4575 5 e e BRAE A9 L 4 SR & 3, 78
WX R E L Cu T8 S E i R A &
MEER B E W 13.8% . Zn N 10.6% . Pb K
56.9% . Cr N 1.6% . Ni N 5.69%. — LA FHIFE
S Ph B i I S 0 SR BRAE, Ui BBV | Ph
FEPG ) 5 X - g bk PR . RIS 2 058 45 R it
kT X R A el 35 Ph S B A S
AUy, A6 R A rh & B FE -3 P

E AT MR 28 g b o, O BB IR IX
(1) 13 Ph 2 i ORI Xy X BEGR A AR 1 SR Rl e
SERATE 20 42 90 ARACZ T & H A I I AR (1
R B | A e ) XSk - 4 Y Ph B A,
bE& F Al LS R P (9 RERE S
TR AER S AR HE RO 1238 Ph 15 YL Rk £
FFEEILAHAE. Cr R NG i T i g BR AR i B8 A
A, Cr FA AN RE i i T di e BRAEL, (79 T i
SATHRE S 4 Cr 13K 300 mg-kg ™', L L
IR T AR E R bR 150 mg-kg_1 (pH <
6.5) , XHZMHATINE AL B, 5HRME
PG S X 3 4 )8 Cu, Zn, Pb AHIE R
AR S C 2R 25 YK, Cr RN A Ak
TARE FELE, A% LA A R
M.
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5 U ST T Ty 4 75 IR B
[ IE o1 7 (3R 4) AR ST AE AR T
(Z0E) B3R Ph A1 Zn JTCR M RKME . /ME
K~V SRR 94 22 0 L SCHBR A 5, 17 Cu, Cr Al
Ni F58 P B A 25 R AR, X p A DX 4 o 25

Lha R, AR i A X3 5 M &R TR %
AR L SCHR B AR, P IE, B T AR H b i Ph Rl
Zn LIS, P9 DX AR b Ml (5% el ) R £ DX 4 g
HeR A E SN H B XU A TR AR
K.

*3 HAHEXITESLETE Cu, Zn, Pb, Cr, NiRESMMN T LIELTRELKRLER (mean £S.D. )

Table 3 Comparison of Cu, Zn, Pb, Cr and Ni content in soils in Xihu Scenic Area with the

respective background values in Hangzhou City( mean +8S. D. )

T H Cu Zn Ph Cr Ni
SEME/mg - kg ™! 25.0£22.1 82.4+91.0 54.6 +45.5 32.1£28.6 23.2+11.3
T F{E (1985)/mg-kg ™! 18.6 9. 68 76.8 £70.2 20.7 £10.7 58.1+29.5 20.8 +9.3
o ERR(2002) /mg-kg ™! 40. 8 110 38.2 92.1 41.1
n > 155l % 13.8 10.6 56.9 1. 60 5. 69

x4 AMSRRUAMEFEERXLTEF Cu, Pb, Zn, Cr MINi TEEESHMTHEXRIBESERILE

Table 4  Comparison of Cu, Pb, Zn, Cr and Ni contents in soils in agricultural and residential areas

in Xihu Scenic Area with those reported in other areas in Hangzhou City

TR ISR TiH Cu ENIE Pb EN T Cr ENIE 7n EN T Ni EN T
[EON 48.3 46.9 53.5 71.5 60.9 29.6 220 257 — 24.6
gl b 24.2 13.7 11.7 22.2 37 18.6 75 30. 4 — 9.1
/mg-kg™! Ty 33.4 23.0 36.4 45.4 49,0 26.3 141 79.8 227 18.2
SD 7.38 12.10 12. 4 17. 1 16.9 4.2 48.2 88. 1 — 5.7
Ak 154 86.3 752 241.7 60.3 44.2 301 202 31.5 31.5
FERX 2N 34.4 10.7 13.3 12.7 39.9 23.1 76. 8 48.7 228 11.6
/mg-kg ™! Ty 80. 8 31.4 313 65.1 47 31.0 176 89.9 27.0 24.8
SD 62.0 24.2 390 74.8 8.3 7.8 96.5 48. 4 4.8 7.4
2.3 VHimX TR LI I T 06 F
2 U SMT 7 V5 RS TR DL 19 - 6T 3% o
AT 28 P 5 X +3E 0% Cu, Zn, Pb, Cr, 041 op ° IgPb
ay g °
Ni. Mn, P, V. Co & B INEGIEAT Z4ERIEMT | ] IsCu
(FE2) R AT LIS N 4 455 —4.P TR, 6 S;
T4 .Cu. Zn FI Pb JTE; =4, Mn Fl Co T, oo
H5PU4 . Cr, Ni AV JGE. X9 FlOCE A9 F 44 o2l IgMn JECT
N N N — Q . lgNi
ZEHLULER 5 | —JET LRI 3 AN R4, i 9 AT IgCo AN
%’%ﬂuﬁyg3 éﬂ:%_‘gﬂicu\ Zn\ Pb\ P; %:gﬂ: 04 1 1 1 1 1
Cr. Ni I V5 85=41; Mn il Co BIRIJ R IR T 7 T L

P TR MR LS, 45 R IEA — 3. 72 24 R 7 bt
1P IJLEM Cu, Zn, PbiX 3 FOCE NI T, (HELE
FHA X 4 FoTE IHE T35 SR, B
A A3 Bl Al A L B AR 6 B CHE R AR
AR PILRE L, KNI £ M55 89 Cu, Zn, Ph
X3 FESRE P LR IAE TR RN A
BN HEARFE. 55— 5, 248 RBEHras R
PICE M —4 X RN P RIEE SRR, Hik
VR S ERAL AT S A BT R AR, S
HHAELIEPR OGS ELBICRN DG ES. 1L

B2 AHSXIETENSERESN
Fig. 2 Multidimensional scaling analysis of elements

in soils in Xihu Scenic Area

Hh, NZ e RBE 53 BT B 45 SRl vl RLE ) Mn Fl Co
X2 PR Z B LA S Cr, Ni flV X 3 FhonE 2 (1]
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Table 5 Principal component analysis of soil

elements in Xihu Scenic Area

JLHR ES | %) F i3
Mn 0.251 0.211 0. 891
Cu 0. 950 0. 092 0. 089
Zn 0. 886 0. 083 0. 044
Pb 0. 853 0.023 0.112
Cr 0. 045 0.957 -0.008
Ni 0.129 0. 894 0.235
Co 0.114 0. 206 0.924
v -0.128 0. 825 0.349
p 0.751 -0.120 0.230
AR 3.73 2.59 1.18
FTEHH/ % 41.5 28.8 13.1

2.4 AR EHF IR X FIEE SRS
Yel) Cu, Pb Al Zn R

X PG I8 55 XA [) - b 2 78 - g o 4 e T
Yy Cu, Pb Al Zn YTy 2250 A A2 8 LA SR A
6 R, A TIETIX 3 MRS S SRS fh
A 2R A sy bR 3 b B i I, R E
BEKF-(P<0.05). Cu JTCRLE 5 Ff £ 1 F FH 2 Y
TR E R NKRT N A B > AF 5 XSk >
FEX M > 25 > ML, Zn TCE A B A/MNYIRT
RN > S IX AR > T X Ak > ZR TR > R
Pb S K/INA AN > AFEE X SR > St IX Sk
> bRl > Z5bel. DL S5 REHT P95 X 4 T g
Y Pb . Zn, Cu FERIF T2 HEHERL.

®6 BAHERARLMAMRLBIESEEITE Cu, Zn, Pb TEZBHLELER (mean £S.D. )

Table 6  Contents of Cu, Zn and Pb in soils of different land uses in Xihu Scenic Area

T o 2SR Cu Zn Ph

Z5Fe/mg-kg ™! 22.9+12.1b 79.8 +88. 1b 45.4 +17. 1ab

FX 4/ mg-kg ™! 28.1%9.9ab 104 +62.9ab 57.0 +23.2ab

MH/ mg-kg ! 18.0 +11.4b 51.8 £31.6b 46.3 +31.3b

PN/ mg kg ™! 41.6 +35.7a 157 +155a 76.0 +67.2a

EEX G/ mg-kg ™! 30.0 +23.0ab 87.5 +45.9h 60.9 +71. 1ab
g°Kg

2.5 VOISR THEESIRIGYY) Ca, Pb, Zn 75
[i] 23 A A

JEPE S X L E S RIS YY) Cu, Pb, Zn %
I A 3 A, A AR T 25% B AR
25% ~T75% Z A& it & T 75% W &, ARG i
73830 50 AR A, 45 R ULIED 3. Cu & BRIk 25%
1) DX IAE PH AL, 2 XA 2 L —7 , ST AL R
AR, JCHE SR A E B R T AR AU ER A P e A LA
Ah B RER A XA Cu & HETE 25% ~T75% 22 1.
Pb Fl Zn 5 5 AR 25% W9 XA REAS 76 530 v 5L
s A (L P 8 0 R 1 BT o R L BB R RN
e 25% A IX 384 A A | 4 P 7E AR L3RIk T Ak 5%
R DX, 9 HL Zn BT TR LE Ph R LT ESE T
AR AR IE B3 4 X del. AT W, Cu, Pb, Zn
B 25% 1Y DX I ERAE S X AR L FR Ik T AL AR B
A2 v W DX 3, S LA DX sl o b T RRL L 1 /DN, 52
300 T % K. 5 A [ A b ) 2 R 2 T A 4 4
BT R, 3 v LA A A 1) 45 SR 2% W1 22 8 HE ik
ETEH S X T Cu, Pb, Zn 3% 3 Fh i 4 @5 Y
(1) = ZR .

3G e A rh g gl R N B Bl AE
L5 TR BRI A5 i e W o 3 v s IR P R A,
RS YL e DX R X A MG L e

FEAFAEANIR], 15 G 0 A 0 P R s e Hr
W% 5 g & i S R R A R TS ek IR
Bl o BB, R I Y5 e s oSy
TG B B FEER S, i XM e
CHR T — RN TR G Y TS TG G RS —
e fLERTE G R X PE St X Cu, Pb, Zn iX 3 Ff
HE BTGP« PR AT as R an sl 4 PR,

Cu FY DX 7 A 4 A, 2 T RUELLL R
S ERNAFET KA, AFNEEWETR A
EEACTT, X Cu B35 38 v EAK S (R I v] L& 3R
DI S FEARALT Cu SR 25% I X
BN, VR P 3k S DX M g A A AT R R I
AN X3 A A A B R AR B AR Cu Ak ST
AT 2 AN, A IR R IR A RN G B 5 1 i
BT SRS A R L RE LA, Cu B o B
A MR PR R R AR T e Y X, A4
i Cu 1 REATRER A TR EHEK.

Ph I DXCEUPE“ i " e % — 3 17 MRS, L
PR TS T VG B — R T R, R T
308 o LR A (L 1T 1) % 1 A 1 25 % X3 Ph A ST
PG 2 A4S, 43 R R A R X B R
S — EL DO A A8 1 B PRI b A S L Xk

Zn [ DRI AR 3 A 5 Ph L, — 30 12
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Cu, Pb and Zn in soils in Xihu Scenic Area
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