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Spatial Distribution of Soil Heavy Metals and Regional Control Strategles 1n China at
Province Level

= e

i

SHI Hang-yuan' , WANG Peng' * | ZHENG Jia- tong XIAO Rong bo', DENG Yi-rong” ZHUANC Chang wel ._‘.‘--"' J
(1. School of Environmental Smence and Engineering, Guangdnng Lnnersny of Technology Guangzhou 510006 Chlna 2. Guangdnng Provincial Academy, of En-nmnmemal
Science, Guangzhou 5100(.)6 Chlnd) F,- = { 8 A V. .

Abstl:act It is 1mp011ant to.understand the spatial distribution c.harac rlsn‘gs “and health risks of soil heavy meta s for the 1mpjementauon of soil pollution control measureq'm ]
different levels and reglens " Based on the data of 70.core,studlies Tn the- ldsl 20 years, the spatial dlstnbunon characteristics, accumulation degree, and health risks of Bl
heavy metals in Chirta wete andlyzed at the provincial*Jevel. The results shoyed that the soil hed\y metals haf obvigus Spdtla]l differences on the provincial.scale, “withvan
overall jrend of “high in the South and low in the northand ifgh'in the east jand low in the west. ” The content of heayy metals in the soil of agricultural land and congirtiction
land was high 7 and the raté76f exceeding the standard [was higher than that'of other Jand'types. Soil heavy metal corcentrations in mast areas of China were higher than the
reglonﬂ‘, background values and wereshighly cumulative, The accumuldtlon mdlcg.s werf: +Cd(1.80) >Ph(0.23) >Cu(0.17) >Zn(=0.05) >As( -0.56) >Cr( -0.69),
with mgre than-85% of the provincial soils reaching moderatelevels of Cd po]lutlon-" 'Nnn ferrous metal resource-based provinces such as Yunnan, Guizhou, Guangxi, Hunan,
and Jiangxi generally had higher soil heavy metal levels than those in other provinces, and local children faced higher cancer risks. Soil pollution in coastal areas such as
Fujian, Zhejiang, Jiangsu, and Tianjin mainly originated from industrial production and urbanization construction. High intensity agricultural utilization was an important cause
of soil heavy metal accumulation in Henan, Shandong, and Anhui.

Key words: soil heavy metals; distribution characteristic; pollution assessment; human health; risk control
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Fig. 1 Spatial distribution of soil heavy metals in China
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Table 1  Definition and reference values of health risk assessment parameters of heavy metals in soil
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Table 3 Descriptive statistics of heavy metal concentrations in soil
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Cu 1899 5.87 20.97 30.27 48.1 125. 41 44.79 22.60 17
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Fig. 2 Average arable land soil heavy metal concentrations in China
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Table 4 Heavy metal content and exceeding standard rate in soils of different land types in China
A F P E/ mg kg ™! ‘ HBRE/ % ‘

L s Hrith K Fh s Hrit i
Cd 0.58 0.62 0.73 0.72 37. 84 40.27 46. 68 48.27
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As 10. 81 11.31 11. 81 11.21 2.35 2.72 5.08 4.55
Cr 56. 87 53.00 63.78 59.24 1.72 1.72 2.04 2.20
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Table 5 Levels of soil heavy metal concentrations«in Chlna (=)

br| cd 7 pb 7n Cu ..Aé =r
LH 2887 0.58 1046 0.64 /20, 08 -0.95
dm 178 -073 1107 -0.24 (-0.98 < L6l
ER 150 0.22y -063 -0.83  —0.29 42129
w278 @057, 021 022 -0.00 £0li6.
P 166 L 098% 020 023 #0.95—= 1024
Hir 2 ? 1042 70053 0.96 -0u18 0. 6
] 145! 11590 1 0.05  0.23  -1.03% -0:70
B 052 2019 -0.27 011 -0.80 =1.00
l6357] 1.08  0.03 0426 -0.24 -0.29 -0.92
L 1.33  0.18 -0.01 040 -1.22 -0.62
R 2,56 0.64 0.69 0.34 -1.14 -0.79
mopr 2.81 0.51 0.03  0.38 -0.95 -0.44
it 1.35 0.90 -1.35 -1.03 -0.81 -1.03
1] 312 0.10  0.29 0.74 -0.21 -0.57
WAk 1.87 -0.06 0.11  0.13 -0.53 -0.44
I 1.96 -0.44 0.16 0.00 =-0.57 -0.85
bawiii} 2,42 -0.05 =-0.07 1.86 -0.39 -0.32
ur 1.93  0.48 0.33 0.72 -0.42 -0.88
MW 2,49 0.37 -0.15  0.04 0.04 -0.23
TH 0.35 .11  -0.47 0.87 -0.78 -0.42
HiF 1.13 -2.03 -0.10 -0.13 -1.11 -0.81
g 2. 14 0.22 0.13 0.08 -0.72 -0.78
AR 2,06  0.41 -0.04 -0.12 -0.43 -0.47
Lt 1.61 0.96 0.85 0.66 -0.41 -0.59
B g 2,00 0.39 -0.02 0.26 -0.22 -0.52
Iy 0.52  0.44 -0.59 -0.75 -0.46 -0.51
Kigt 3.34 0.23 0.01 0.02 -0.05 -0.99
B .32 -0.32 0.17 0.01 -0.21 -0.05
DU 0.87 0.11 =-0.58 -1.26 -0.72 -1.20
=M 0.81 0.08 -0.96 0.33 -0.35 -0.48
Wi 305 0.59 0.24 0.58 -0.99 -0.19
TFHME 1.8 0.23 -0.05 0.17 -0.56 =-0.69
LS 2,00 0.11 -0.44 0.15 -0.64 -0.69
M 209 0.29 -0.50 -0.04 -0.57 -0.79
L 2,33 0.31 -0.02 0.30 -0.51 =-0.52
WM 2.31 0 0.37 -0.17  0.41  -0.58 -0.63
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Fig. 3 Spatial distribution of soil heavy metal concentrations in China
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Table 6 Health risk assessment of different exposure routes of heavy metals in Chinese soil

5iH 2R LTI 28 Bk R
) L3 RN L3 A L3 A L3 LN
cd 9. 49E - 04 1.52E - 04 1. 62E - 07 8.49E -08 1.22E - 04 2.31E-04 1.07E -03 3.83E-04
Pb 2. 10E -02 3.36E -03 3.57E-06 1.87E -06 1. 80E - 04 3.42E - 04 2.12E -02 3.71E -03
Zn 5.51E - 04 8.81E -05 9. 40E - 08 4.93E -08 3.53E-06 6.71E - 06 5.55E - 04 9.49E -05
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Fig. 4 Health risk assessment of soil heavy metals in China
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Fig. 5 Correlations of heavy metal concentrations in urban soils

of administrative region in China with economic indicators
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