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Table 1 The standard values and background values of soil environmental quality mg/kg
845 Indicators Cd Hg As Cu Pb Cr Zn Ni Mn Co \Y% Ag TI Sh
N pH<6.5 0.3 0.3 40 50 250 150 200 40 1500 40°* 130"* 20°° 1** 2077
PR
Standard 6.5<pH<7.5 0.3 0.5 30 100 300 200 250 50
values pH>7.5 0.6 1.0 25 100 350 250 300 60
Ryl

0.22  0.075 13.2 41.3 32.1 89.7 90.4 31.9 712 15.4 110.2 0.179 0.58 1.65
Background value

¥ Note: brfE{E 7] Ae AR SR E 28 b5 v 3R 88 i B bR GB 156181995 The standard value refers to the soil environmen-
tal quality standard GB 15618 —1995; FRUE{E™ « 75| FH IR K F| WA P £ 38 J2 b R K A The standard value labeled “ * ” refers
to the survey values of conservation soil and groundwater, Australian; FRUE(E“ * % 75| F IS K 4 39 R85 5 40 Ay fE A FH b b ofE 1
The standard value labeled “ * * ” refers to the soil environmental quality standard value of agricultural soil,Canada; & 5 {65

Fr[E 3 50 £ B 558 The background value refers to the background value of Chinese soil elements.

x2 MRAERHNESESFTIRITRFEER

Table 2 The statistical characteristics and standard values of test indicators mg/kg

$8 45 Indicators pH OM CEC Cd Hg As Cu Pb Cr Zn Ni
#i/IME Minimun 3.4 0.6 3.2 0.01 0.006 1.0 5.0 11.4 10.5 17.6 4.2
i KA{H Maximun 8.9 466.0 34.9 46.83 1.160 1756.0 2689.5 27497.1 411.0 1 058.1 112.3
FIIME Average 7.0 20.6 13.9 0.82 0.096 24.8 55.3 169.2 81.4 107.2 33.5
i Mild 7.4 16.9 12.9 0.29 0.060 12.3 30.2 32.9 80.6 86.6 32.6

o

b 22 L 1.2 27.5 5.9 3.70 0.100 107.3 177.8 1630.1 36.9 94.4 14.1
Standard deviation
7|‘r [=4

A RM 0.2 1.3 0.4 4.50 1.400 4.3 3.2 9.6 0.5 0.9 0.4

Variable coefficient

4 pH H B F R BN, Note: The soil pH and coefficient of variation are dimensionless.
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Table 3 The predicted results of heavy mentals mg/kg
$8 45 Indicators Mn Co \% Ag Tl Sb
#%/MHE Minimun 118.00 2.00 22.00 0.01 0.28 0.18
i KAH Maximun 4190.00 95.70 227.00 31.11 14.35 420.17
F-HI{EH Average 810.00 15.80 101.00 0.72 0.69 3.14
LA Mild 756.00 15.00 101.00 0.25 0.62 1.07
Frif2% Standard deviation 450.00 7.60 28.00 2.50 0.80 24.62
A5 5 ZBU Variable coefficient 0.556 0.484 0.279 3.447 1.149 7.853
F4 ENEEFHOMHUEZUHER
Table 4 The statistical results of factor analysis for measured values
847 Indicators Pb Cd Hg Cr Ni Zn Cu As
F, #%f F; load 0.916 0.822 0.735 0.046 0.013 0.048 —0.028 0.230
Fo38faf F load —0.075 —0.055 0.201 0.925 0.901 0.074 0.024 0.051
Fs M5 F; load —0.001 0.247 0.036 —0.024 0.169 0.846 0.745 0.522
Comriziiﬁ}ifj{%ammc F1:26.408 F;:21.584 F3:20.423 F;+F,+F;=68.414
x5 HMNERFLIMBERITER
Table 5 The statistical results of factor analysis for predicted values
845 Indicators Pb Sb Cd Hg Cr \' Ni Zn Tl As Cu Co Mn Ag
Fy #faf (Fp load) 0.963 0.962 0.795 0.671 0.041 0.045 0.011 0.019 0.095 0.190 0.037 —0.048 —0.043 —0.017
Fo 8 i (F» load)  —0.057 —0.047 —0.009 0.165 0.874 0.849 0.848 0.061 —0.028 0.074 0.015 0.452 0.338 0.393
F3 84 (F5 load) 0.040 0.044 0.246 0.070 —0.038 0.007 0.131 0.849 0.787 0.467 0.357 0.421 —0.079 0.166
F #fif (Fy load)  —0.021 —0.010 0.037 —0.018 0.064 0.141 0.122 0.279 0.072 —0.068 0.724 0.705 0.625 —0.450
T 2 TIERE/ %
Contribution rate F1:21.352 F2:19.419 F;3:14.169 F,:12.449 F,+F,+F;+F,=67.390

of variance
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BP neural network based prediction and evaluation of heavy metal pollution

in soil around the enterprises in key areas of Hubei Province

FAN Junnan' ZHANG Yu* HE Xiaomin' GUO Li' SHI Minfang' CHEN Hao’

1.Hubei Environmental Monitoring Center Station sWuhan 430072 ,China ;
2.Hubei Institute of Measurement and Testing Technology sWuhan 430223 ,China ;
3.College of Science , Huazhong Agricultural University ,Wuhan 430070,China

Abstract The physical and chemical indicators and heavy metal content in the soil around the enter-
prises in key areas of Hubei Province were monitored. The monitoring data were used to establish a 3-
layer BP neural network model with 13 inputs,1 hidden layer and 6 outputs.The content of Mn,Co,V,
Ag,TIl,Sb in the monitoring area were predicted. The Nemerow index based on the monitoring and pre-
diction results of heavy metals was used to evaluate the pollution of the area studied. The results showed
that there were different levels of exceeding standard of heavy metals in the area studied. The maximum
over-standard range was 1.8-156.1 times. The relative error between the prediction results of six heavy
metals including Mn, Co, V, Ag, Tl and Sb and the actually tested results was ranged from 0.3% to
19.9%. Mn,V,Ag, Tl,and Sb were significantly correlated with the confidence of 99% (P<C0.01,n=
11).Co was significantly correlated with confidence of 95% (P <C0.05,n=11). The BP neural network
prediction model constructed had good accuracy. Based on the BP neural network model, the Nemerow
pollution index not exceeding the warning limit took over a proportion of 77.3% ,with the proportion of
light pollution of 17.4% and the ratio of moderate to severe pollution of 4.0% each.

Keywords soil; heavy metals pollution; BP neural network; Nemerow pollution index; artificial

neural nets; pollution prediction; soil evaluation
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