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Abstract: Soil samples in industrial areas residential areas commercial areas traffic greenbelts parks squares and campuses of Beijing were collected
to assess the accumulation of heavy metals. The concentration ranges of heavy metals in urban soils were As: 2.98 ~28.0; Cd: 0.115 ~0.649; Cu:
13.7 ~741; Ni: 15.4 ~214; Pb: 15.0 ~429 and Zn 34.8 ~891 mgkg~'. There were no significant differences in As and Ni concentrations between
urban soils and the background in Beijing while Cd Cu Pb and Zn were higher than the background concentrations in Beijing. The level of heavy
metals in soils was affected partly by the usage of soils. The soils in industrial areas had the highest concentrations of Cd Cu Ni Pb and Zn and the
pollution indexes of Cu Pb and Zn were higher than 1. Soil concentration of As is the highest in parks while the pollution index of As was lower than
1. The survey revealed that soils in industrial areas were polluted lightly with the composite pollution indexes in the order of industrialized areas > parks >
areas > campus > residential areas > squares > traffic greenbelts. The level of heavy metal accumulation in urban soil was relatively light compared with
some other cities in China.
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Fig. 1 Soil sample sites in Beijing
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6.0) Cu.Pb.Zn.Ni ; -
( AFS2202) P - C, (2)
As X ICP-MS ( Perkin Elmer SCIEX ELAN CG
DRC-e) Cd . P, G,
(GSS4) G
2.3 i 6 ( As.Cd+Cu+Ni.Pb
SPSS K-8 Py Zn) P 1
>0.05
SPSS . P +P
As.Cd CuNi.Ph  Zn P = 2
Box-Cox Minitab P, P,
Box-Cox Box-Cox .Py>0.7.0.7<Py<1 Py>1
Box-Cox .
Z= W (1) 3 ( Results)
Z  Box-Cox y  Box-Cox
A 3.1
As.Cd Cu.
Ni.Pb  Zn Box-Cox
; . As
; (p=0.288) .Ni( p =0.418) ;
Box-Cox Cd.Cu.Pb  Zn (p =0.000)
Box—Cox 53.6% 86.2% 64.2%
85.4%( 1). Cd. Cu.Pb
( 2005h) in
1
Table 1 Heavy metal concentrations of city soil in Beijing
/(mg-kg ')
( 2004)
As 2.98 ~28.0 7.23 7.25% 7.09 51.2%
Cd 0.115 ~0.649 0.206 0.215* 0.199 53.6%
Cu 13.7 ~741 24.3 25.1° 18.7 86.2%
Ni 17.7 ~297 25.9 25.8" 26.8 42.3%
Pb 15.0 ~429 27.5 28.2° 24.6 64.2%
Zn 34.8 ~891 74.2 77.2° 57.5 85.4%
a , b. Box-Cox
3.2 ; Ni
Cu
Cu.Ni As.Pb ; Cd.Cu.Pb Zn4
As As Cd.Cu.Pb  Zn N
N ; Cd.Cu-Pb
; Ni Ni 7Zn ( 2.
Ni 7
N ; Ni Cd.Cu-Ni.Pb  Zn
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Fig.2 The heavy metal level in different soil types in Beijing
3.3 P.. Py, Py 1
As.Cd.Cu-NiPb. CuPb  Zn As.Cd
Zn 1 Ni 6 As.Cd,
6 Cu.Ni-Pb  Zn 1 2)
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Table 2 The pollution index of heavy metal in different soil types in Beijing
(P)
: (Py)
As Cd Cu Ni Pb Zn
0.51 0.47 0.58 0.59 0.63 0.65 0.63
0.46 0.52 0.66 0.52 0.80 0.78 0.75
0.52 0.56 0.79 0.53 0.72 0.91 0.87
0.50 0.77 1.19 0.69 1.32 1.37 1.62
0.55 0.58 0.75 0.56 0.79 0.79 0.81
0.50 0.50 0.67 0.52 0.65 0.74 0.69
0.56 0.61 0.81 0.56 0.96 0.89 0.95
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(P,) 4.2
6 0.71
. As.Cd-Cu-Ni.Pb,
Zn ; > : Pb Pb
> > > > > Pb ( Mielke et al.
N . 1999) ; Pb
. ; (Lee et al. 2006)
Pb (
4 ( Discussion) 197)
4.1 S
( 2008) . Cu.
Cu.Pb  Zn Pb.Zn 2
N . Cu.Pb.Zn
( Imperato et al. 2003) ; 37.8.13 14
Cu-Pb.Zn Ni :
Pb ( Yang et al. 2006) ;
Pb.Cd ( 2003) ;
Cu. Pb ( .
2005) . 7 As
As 76% As Cd.
( Cu-Pb  Zn
2008: 2005) . ( 2). Cd. Cu.Ph
(
- )
Cu.Pb.Zn As.Cu Pb ( 3)
. 660.164 3743 Pb
Cu.Pb.Zn Zn 198
Py 0.96
3
(Py 1) Table 3 The heavy metal levels in building materials of an ancient park
; (P, =0.95) of Beijing
. /(mgkg™")
_ As Cu Ph
6’ 5.06~6.21  20.8~23.7  17.8~19.8

6.04 ~16.5 36.9 ~53.7 42.4 ~4888.0
23.5 ~4790 23.5 ~3069 1540 ~92087
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Pb+Zn.Cu ( 2005) .
Pb 34.8 mgekg™' Pb
(p<0.05) ( 20054) . ( 1990)
Ph ( )
25.6 mgekg ™'
4
. As
Cd.Pb
( 2009) . - Ni .
Pb 6
Cu<Zn 4
Cu+Zn
4.3
CuZn
. ( Manta et al.
2002; 2008; 2008)
Table 4  Comparison of the accumulation of heavy metals in different cities
. ( )
As Cd Cu Ni Pb Zn
0~20 28 2.1 3 2.4 1.7 2005
0~15 48 0.95 1.36 2.28 2.29 2006
48 N 1.15 7.00 1.08 0.69 1.39 1.24 2006
0~20 17 ( 10.6 0.69 2.05 1.39 2001
1~20 163 ~169 1.12 1.19 1.50 0.67 1.21 1.15 2008
35 1.83 3.91 2.63 2006
0-~5 10 1.65 1.18 1.61 1.8 1.18 Chen et al. 1997
0~5 123 1.02 1.08 1.34 0.96 1.15 1.34
a.
4.4 NN ( 5).
44
As. Cd\ Ni 7
: Ph . ( 2006)
 Zn . cd 30% (
 Cu 2007). 5 5
4 Cu Cu
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i Pb Zn . Pb ( Chen et al. 2005) .
2001 Cd.Ni Cu.
Zn Ni Cu Pb  7Zn
5
Table 5 Comparison of accumulation of heavy metals in different soil types of different cities
( / )
/em As Cd Cu Ni Pb Zn
0~20 5 1.71 3.09 2.55 1.45 2005
0-~15 12 0.97 1.96 3.84 4.31 2006
1.25 8.21 1.00 0.70 1.57 1.49 2006
0-~10 9 2.04 4.38 2.76 2006
0-~5 1.83 1.64 2.6l 1.75 1.26 Chen et al. 1997
0-~5 15 1.02 1.52 2.37 1.12 2.16 2.31
0~20 7 2.84 3.21 3.18 2.15 2005
0~20 8 1.30 1.00 1.64 2.92 2001
0-~5 44 1.57 2.17 2.30 2006
0-~2 6 1.74 2.46 2.27 2006
0~20 25 7.42 0.94 1.64 0.90 2007
0-~5 30 3.20 0.83 2.30 1.43 Chen et al. 2005
0-~5 18 1.10 1.31 1.6 0.92 1.60 1.40
0~20 7 1.82 2.40 1.95 2.26 2005
0-~15 12 0.89 1.12 1.32 1.25 2006
1.38 8.57 1.70 0.90 1.67 1.45 2006
0-~10 50 21.17 1.71 1.02 1.59 1.97 2005
8 1.00 1.05 0.73 2006
0-~5 21 0.93 1.10 1.31 0.84 1.31 1.32
(1963—)
As. Cd. Cu. Ni. Pb Zn
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