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Source-sink theory based distribution characters of soil heavy metals along an urban-rural
gradient in Pudong New District. FANG Shu-bo'*, CUI Qu', PANG Hui-huan', YIN Chun-
sheng', LUO Xing-zhang®* (' Key Laboratory of Exploration and Utilization of Aquatic Genetic
Resources of Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; > De-
partment of Environmental Science and Engineering , Fudan University, Shanghai 200433, Chi-
na).

Abstract ; By using the moving windows method, the mean concentration and range of soil heavy
metals including Cu, Cd and Pb in forest and built-up patches along an urban-rural gradient in
Pudong New District, Shanghai were analyzed based on the source-sink theory. The linear regres-
sion analysis and correlation analysis were applied to distinguish the major factors affecting the
spatial distribution of soil heavy metals concentrations. With the selected factors affecting the spa-
tial variation of heavy metals, the priority management areas associated with potential risks of
heavy metals were identified by raster layer computation. The results showed that the mean and
range values of heavy metals in the forest patches were higher than those in the built-up patches.
The mean concentrations of forest soil Cu and Cd decreased significantly at the distance of 27 km
from the urban center, while those of soil Pb had a peak value at the distance of 30 km from ur-
ban center. The linear regression analysis and the correlation analysis showed that road density,
built-up area percentage, and population change index that reflects the industrial development
process could significantly affect the spatial distribution of soil heavy metals. A multi-target forest
management strategy should be applied to respond to the identified potential priority areas for risk
management of heavy metals.

Key words: source-sink theory; population change index; heavy metal ; multivariable analysis;
priority management area.
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Fig.1 Study site and moving windows analysis
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Table 1 Comparison of heavy metal contents between the
built-up and forest landscapes within the moving windows
along the urban-rural gradient

cd Cu Pb
AF i RB 0.42 2.20 16.11
AR IR RF 0.52 2.60 17.35
Y1 MB 2.08 32.70 42.85
¥l MF 2.25 34.80 44.68
B (IS 2009) 0.17 27.12 22.51
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Fig.2 Spatial patterns of urbanization described by mean
heavy metal contents computed by 3 km moving windows u-
sing zonal statistics on the urbanization gradient
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Table 2 Linear regression between mean heavy metals val-
ue of the forests and the socioeconomic variables within the
moving windows along the urban-rural gradient

Hm AR R P i /AEN
Cd P 0.29 0.020 Y=18.99+0.075x

AP 0.26 0.031 Y=26.15-0.001x
Pb RD 0.27 0.028 Y=32.16+0.016x
Cu RD 0.25 0.035 Y=31.94+0.004x
IP 0.67 0.000 Y=29.13+0.123x
AP 0.24 0.038 Y=38.64-0.001x
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Fig.3 Cluster analysis of the heavy metal mean value of
the forest landscapes within the moving windows along the
urban-rural gradient
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Fig.5 The PCI variation along the urban-rural gradient
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Table 3 Correlation between PCI and landscape variables computed by moving window method

RD P AP PLAND PD PCI LSI
P 0.652* *
AP -0.741" " -0.521"
PLAND 0.665 " * 0.342 -0.741" "
PD 0.07 0.095 0.413* -0.19
PCI 0.395 0.738" " -0.238 0.041 0.262
LSI 0.24 0.28 0.189 -0.053 0.920" * 0.470"
LPI -0.263 -0.207 -0.07 -0.096 -0.677" " -0.483" -0.851" "
# ,P<0.05; = * ,P<0.01,
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Fig.6 The priority areas of urban forest selecting in re-
sponse to heavy metals potential environmental hazards
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