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1

Pb Cu

Tablk 1 The descriptive statstics of ©0ilPb and Cu i 2001 and 2005

2)

) Ttems Sanplk M ean M i M ax B ackground
C. V. Kurbss Skewness
number (mgkg ") valies(mg kg™ ')
Pb-01 43 38.73 13.79 64. 85 0. 33 -0.71 0. 10 25. 61
Cu-01 43 31. 20 14. 47 58.32 0. 31 -0.10 0. 45 17. 76
Pb- 05 74 46. 14 19. 60 87.32 0. 36 -0.39 0. 40 25. 61
Cu-05 74 36. 56 14. 30 77. 60 0. 38 0. 59 0. 77 17. 76
1) 01 05 2001 2005 01 is the symbol for200L and 05 fr 2005
2) The background value is the mean concentration of each heavy metal in the second soil
survey of Zhejiang provin ce
2
[5]
, Pb CU. ’
Pb  Cu 0.31~ 0.38 2 Pb  Cu
2005 Cu , 0.38 , 2 , Pb
2001 Cu , 0. 31 2001 Cu Levene’ s ,
2005 Pb 0.33 0. 36, 0. 134 0.076 R
0.31 0. 38 t R Hy 2001
, , 2005 Pb  Cu
2 2001 2005 Pb Cu Levene s t
Tablk 2 Levené s test and ¢ test of s0ilPb and Cu between 2001 and 2005
Leven€ s t
Levene’ s test for equality of variances T-test for equality ofmeans
Elanents and assmed conditions - ( )
t
Significan ce Signiicance (2-tailed)
Pb
2.282 0. 134 - 2492 0. 014
Equal varinces assum ed
-2.671 0. 009
Equal varinces not assum ed
Cu
3.213 0. 076 - 2204 0. 030
Equal variances assum ed
- 2418 0. 017
Equal varinces not asum ed
2.2 : 2001 Pb  0.05
3500m, Cu 3300 m 2005 , Pb 2 700
[3 8]
Moran’ s 1 m Cu 2800m, Pb Cu
Pb  Cu (2 ,
2 , 2001 2005 Pb  Cu
2 b 2
, , 2001 Pb
, ) , Cu , 2005 ,
2 2 2
4
' , 2005
Pb  Cu Pb  Cu
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Fig 2 Spatil comrebgran of s0ilPb and Cu n 2001 and 2005 ( standardized M oran’ s I)

2.3 s Shap iroW ik s
) Box-Cox ,
s 1ol R Box-Cox
Box-Cox , Spap iro- Krigng
W ik , 3 , h
3, 2001 Pb Cu r(h), ,
Shap ireW il (SW ), 2005 (R*) M SS
, 2005 Box-Cox , ( 4
3 2001 2005 Pb Cu
Tablk 3 Skevness kurtoss and significance level of Shap o'W ik test for omality (SW p) of the rav, bg transfomed andBox-Cox transfomed data sets
Box-Cox
Original dat Logarithn ic tran sfom ation Box-Cox transfom ation D
Iten s
Skevness Kurtos s “We Skewness Kuntosis ¥ Sk evn ess Kuntosis W
Ph-01 0.10 -0.71 0. 68 1. 52 2.76 0. 00 -0.07 -0.70 0.74 0.74
Cu-01 0.45 -0.10 0. 44 -0.24 -0.53 0. 79 -0.02 -0.55 0.91 0.32
Pb-05 0.40 -0.39 0. 04 - 0.30 - 0.74 0. 05 -0.04 -0.75 0.15 0.38
Cu-05 0.77 0. 59 0. 01 - 022 - 0.32 0. 38 -0.01 - 0.30 0.59 0.22
1) A Box-C ox A 5 the transfom ndex during the process of Box-Cox transfom ation
4 2001 2005 Pb Cu
Tablk 4 Best fitted samivarbgran model and hetr fractal dmension of ©ilPb and Cu n 2001 and 2005
/
H eavy M odel! Nugget Sill Nugget/Sill Range Delem ined Fractal Corelated
metls Cy C+C,y Cy/(C+ Cy) (km) coefficient R? din ens ion coefficient r
Pb-01 Spherical 33. 00 376.9 0.088 13. 10 0. 958 1. 698 0. 24
Cu 01 Spherical 27. 30 137. 1 0.199 7. 060 0. 958 1. 759 0. 930
Pb-05 Gauss ian 0. 70 3.8 0. 180 5. 663 0. 968 1. 660 0. 957
Cu-05 Gauss in 0. 20 0.9 0.213 4. 036 0. 751 1. 74 0. 784

1) s 7 000 m During the process ofmodeling the maxm al lag d stan ces for all elan ents are 7 000 m
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[ 17]

Pb

3 2001~ 2005
Fig 3 Change n ©0ilPb and Cubetween 2001 and 2005

5 2001~ 2005

Table5 Area and percentage o fsoilsw ith increased Pb and Cu contens to a varying extent frm 2001 © 2005

Pb

Cu

Pb

Pb  Cu

Cu

[18 19]

Pl
Legend
(mgkg™")

<20
20~25
| 25~30
B 30-35
. 35-40
B 40-45
B 45-50
B 50-55
B 55-60

B 60

Pl 1
Legend
(%)

<0

0~10
B 10~20
Bl 20-30
B 30-40
B 40-50
B 50-60
B 60-70
B >0

Cu

D ifferent categories of content ncrease (% )

E lam ents A rea and percen tage <0 0~ 20 20~ 40 40~ 60 > 60
Pb Area (km?) 1. 80 18. 84 12. 31 2. 35 0.27
5. 06 52.97 34. 62 6. 59 0.75
Percentage (% )
Cu Area (km?) 2. 89 17.62 10. 38 3. 89 0.81
8. 11 49.53 29. 15 10. 92 2.27
Percentage (% )
2
5 2001 2005 , s 33.77 km Pb
2
Pb Cu 4 94. 9% , 2.62 km
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Cu 32. 68 km’
, 4.70 km’
, 13. 19%

76. Do

, 1995 32(1): 50~ 57 Zhang

CS TaoS Yuan G P, etal Spatialautocomelation analysis of
40% trace elan ent contents of soil in T ianjin P lin area ( In Chinese).
ActaPedologica Sinica 1995, 32(1): 50~ 57
2001 2005 , [5] , , ,

Pb Cu , 1985(9): 10~20. LeiZD, YangSX XuZR
etal Prelm nary mvestigation of the spatil varability of soil
properties ( In Chmese).
1985( 9): 10~ 20

[ 6] s s . .

3 : , 2003 Jiang Y, LingD ]
WenD Z Middle andM icro elments n Cultivated Soik of She

nyang Suburbs ( In Chinese).

ence and Tedno bgy P ress 2003

[7] ) ;

Joumal of Hydraulic Engneering

Beijing China Agricultural Ser

1) 2001 2005 Pb
Cu 38.73 31.20mg kg '
46. 14 36.56 mg kg |, 7.41  5.36
mg kg ; , 2001 2005
Pb Cu , quantificaton ( In Chinese). Chiese Joumal of Applied E colo
g 1998 9(6): 651~ 657

[ 8] , , ,
, 2006 35(1):

, 1998 9(6): 651~ 657. LiH B Wang Z
Q WangQ C Theory and methodology of spatial heterogeneity

2) Box-Cox ,
Shap iro'W ilk ) )

Box-Cox s

1~5 XaXQ, Chen
J LioQ L etal Spatial satstics for cadn im, merairy and
kad contents i topsoil of Nanjing ( In Chinese). Geochin ica
2006 35(1): 1~5
3) [9] s . . :

2005 WeiY G Chen SZ Theory and M ethod of G eography

’ 2001 2005 M odeling ( In Chinese). Beijng Science Press 2005
Pb Cu R

B

[ 10]
1999 Wang Z Q. Application of G eostatstics in E cology
1999

, ,
(In Chinese). Beijing Science Press
[11] ) ,
, 1998 35(1): 10~ 15 GongY §
4) Pb Cu LuoCZ LiB G Spatial varability and fractal dmension for
P soilwater content and buk density ( hh Chinese). A cta Pedobgt
ca Sinicg 1998 35(1): 10~ 15
(21, , ,
, 2004 36(1): 61~ 64 Jing Y,
ZhangY G, LiangW ] etal Spatial varabiliy of exchangeable
manganese content n cultivated soils of Shenyang suburbs ( In
Chmese). Soils 2004, 36( 1): 61~ 64
[ 1] ChenT B WongJW C ZhouHY, etal Asesmentof trace [13] HuK 1, ZhangFR, LiH, etal Spatial Pattems of soil heavy
metal dstrbution and contam mation n surface soils of Hong
Kong Envionmental Polluton 1997 96 61~ 638

RaghunathR, TripathiR M, KumarA, etal Assessnentof Ph,

metals in uban-mmal transition zone of Beijing Pedosphere
2006 16(6): 690~ 698
Lu XM, Xu JM, ZhangM K etal Application ofgeostatistics

[ 2] [14]

[ 3]

Cd Cu, and Zn exposures of 6 to 10-Y earrO Id Children inM um-
bai Envionmenta|Research 1999 80(3): 215~ 221

s s

198,
53(1): 8~96. ZhangC § ZhangS H e JB. Spatial dstrbuw
tion characteristics ofheavy metak in the sedin ents of C hangjiang
River systan — Spatial autocorrelation and fractal metods ( In

Chinese). A ctaGeographica Sinica 1998 53(1): 87~ 96

[15]

[16]

and GIS technique to daracterize patil varnbilities of bvava it
abl m icronutrients mn paddy soils Envioonmenial Geology
2004 46 189~ 194

Nicholson F A, Snih SR, AlbwayB ] etal An nventory of
heavy metals mputs to agriailtural soils in Englind and W ales
The Science of the Total Envioment 2003, 311(1/3): 205~

219



615

[17]

[ 18]

. , 2006, 39(8): 1589~
1597. ChenT B, SongB, ZhengY M, etal A suwvey of lead
concentrations in vegetabls and soik i Beijing and ther healh
riks ( In Chinese). Scientia Agriculura Sinica 2006 39(8):
1589~ 1 57

, 2004,

3 41~42 ChenW. New fuel and eng e for general aviation
( b Chinese). Intemational Aviation, 2004 5 41~ 42

s ’ ’

, 2005, 11(6):

[19]

822~ 829 Zhang SQ, ZhangF D, LuXM, etal Delemina
tion and analysis on main hamful canpositon in excranent of
scale livestodk and poultry feedbts ( In Chinese). PlantNu trition
and Fentilizng Science 2005, 11(6): 822~ 829
. , 2006 25( ):

37~40 ShenG X, XieZ QianX Y, etal Investigaton and
analys s of heavymetal accun ulaition in the soil of vegetab ke cropr
land in Shanghai ( In Chinese).
Science 2006, 25(Suppl ): 37~ 40

Joumal of AgrrEnvironm ent

SPATIAL-TEM PORAL VARIABILITY OF LEAD AND COPPER CONTENTS IN
VEGETABLE SOIL IN THE PER IFlURBAN AREA OF HANGZHOU CITY

Chen Tao  ShiJachun LiuX ngnei Wu Jianjm Xu Jianm ing'

(Institute of Soil and Water R esource and E nvironm enialS cience, Zhejiang Unwersiyy, H angzhou

310029 China)

Abstract The study on spatio-temporal varation of soil heavy m etals is of m portant s gnificance n sustainable utilr

zation of the soil and protection of the eco-envirorment Soil san plesw ere collected frum vegetable fields (0~ 20 an) n
the pre rurban areas ofH angzhou City 43 n 2001 and 74 n 2003 detem ned for totalPb and total Cy and analyzed
w ith the Moran’ s I Geostatistics and the Fractalm ethods for their spatb-temporal variatbn of soil heavy metals. Results
show that them ean content of s0il Pb and Cu ncreased fom 38.73 mg kg ' and 31. 20mg kg ' in 2001 t046. 14mgkg '
and 36.56mg kg ' i 2003 respectively danonstrating a signifcant ncrease. The antocorrelated distance of soilPb and
Cu at the 0. 05 significance level decreased fran 3500 m to 2 700m and fran 3 300 m to 2 800m, respectively show ng

a decreasing trend n spatial distrbution of soil Pb and Cu fram w est to east across the sudy area. The acamulation of soil

heavy metals might be attrbuted to ntensified hun an activites

Key words U than-wral transitbnal areg Soil heavy meta] Spatal-tenporal variability Spatial autocorrelat bry

G eostatistics Fractal



