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Aiming at the problem of low accuracy of traditional prediction model of heavy metal pollution distribution in 

soil, a prediction model of heavy metal pollution distribution in agricultural soil based on network perspective is 

proposed. From the perspective of network, the distribution of heavy metal pollution in agricultural soils is 

predicted and selected according to three prediction types: pollution state prediction, rapid deterioration prediction 

and slow deterioration prediction. A prediction model of heavy metal pollution distribution in agricultural soils is 

established, and the degree of heavy metal pollution in agricultural soils is analyzed by using the prediction model 

of heavy metal pollution distribution in agricultural soils. The experimental results show that the designed model 

has high prediction accuracy. 
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1 INTRODUCTION 
With the acceleration of industrialization and urbanization, 90% of heavy metals from waste discharges enter 

the soil. Soil is one of the most basic natural resources for human survival. Heavy metal pollution in soil may 
affect the normal function of soil, cause food chain pollution, and threaten human and environment by enriching 
in human body (Bo et al. 2017, Shen et al. 2017). With the continuous development of modern industrial and 
agricultural production and urbanization, a large number of industrial wastes and municipal solid waste increase, 
and the unreasonable use of agricultural inputs such as agricultural fertilizers and agricultural film results in 
different degrees of heavy metal pollution of soil, seriously affecting human health and environmental safety. 
Therefore, it is of great significance to predict heavy metal pollution in soil. 

Zhang et al. (2019) published an article in the journal of Ekoloji on Issue 107, 2019, titled “Control System 
of Intelligent Monitoring and Warning Equipment for Marine Heavy Metal Pollution in Port”. In order to improve 
the monitoring performance of intelligent marine metal pollution in ports, the control system of intelligent 
monitoring and early warning device for heavy metal pollution in ports was designed. A control system of 
intelligent monitoring and early warning equipment for marine metal pollution in port based on DSP was 
proposed. Dual 16-bit fixed-point DSP, as an intelligent information processing chip, was used for intelligent 
monitoring of heavy metal pollution in ports and real-time sampling of heavy metal pollution in ports. The heavy 
metal pollutants in seawater of port was detected by visual analysis and chemical analysis. The hardware module 
of the system was mainly divided into information acquisition module of heavy metal pollutant sensing in harbor 
seawater, pollutant detection pattern recognition module, remote terminal communication transmission control 
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module and human-computer interaction module. MUX101 program control module was designed for intelligent 
control of heavy metal pollution in seawater of port, and the software development and design of pollution 
monitoring and early warning equipment control system were carried out under the embedded core. Finally, the 
experimental results showed that the system could monitor seawater pollution intelligently, accurately and in real 
time. The experimental results showed that the extraction accuracy of the model was high. 

Reference (Fanet al. 2018) proposed and designed a prediction and evaluation model of heavy metal 
concentration in soil around coal-fired power plant based on BP neural network. The prediction model was 
established by BP neural network. After learning and training, the prediction accuracy of Hg, As, Cd, Cr and Pb 
reached 98.52%, 98.22%, 91.86%, 90.70% and 88.31% respectively. It was predicted that the Hg and Cd 
concentrations in all monitoring sites exceeded the secondary standard of soil environmental quality after 5 years, 
and the concentrations of heavy metals continued to increase after 10 and 20 years. After 10 years, the Igeo value 
of Hg was moderately polluted, indicating that Hg was most seriously affected by the smoke and dust emissions 
from power plants. After 5 years, the PLI value of heavy metals increased gradually in the area of 1-2 km 
downwind direction of the chimney, while the upwind direction did not change much. Reference (Jia et al. 2017) 
presented and designed an optimization model for heavy metal pollution analysis in urban surface soil. Based on a 
large number of spatial distance data and heavy metal content data, Kriging interpolation method was used to 
draw the spatial distribution map of heavy metal elements and establish a spatial distribution model. Meanwhile, a 
mathematical model for evaluating the degree of heavy metal pollution in urban surface soil was established, and 
Nemerow comprehensive index method was used. Finally, through the analysis of the main characteristics of 
heavy metal contaminants in the process of transmission, the convection-dispersion-adsorption equation model of 
heavy metal contaminants in soil was established. To this end, in this paper, a prediction model of heavy metal 
pollution distribution in agricultural soils based on network perspective is proposed and designed. 

2 IDEA DESCRIPTION 
The network perspective is to identify the key provinces with strong network effect in the geographic 

network by using the network analysis method. Because the control behavior of heavy metal pollution in 
agricultural soil is strategic complementary, we can identify the key provinces in the network and improve the 
monitoring of heavy metal pollution in agricultural soil in order to improve the control investment of heavy metal 
pollution in the province, and then drive the investment of soil heavy metal pollution control in neighboring 
provinces, so as to effectively control soil heavy metal pollution under limited resource conditions (Praveena 
2018). 

3 PREDICTION MODEL OF HEAVY METAL POLLUTION DISTRIBUTION IN AGRICULTURAL 
SOIL 
3.1 Selection of prediction types based on network perspective 

Prediction of heavy metals in soils refers to the prediction, analysis and evaluation of heavy metals pollution 
in soils in a certain period of time, to determine the trend and speed of changes in soil quality and the time to 
reach a certain change limit, and timely give various warning information and corresponding countermeasures for 
changes and deterioration (Santosfrancés et al. 2017). It can be seen that the prediction of heavy metal pollution 
in soil is a multi-objective system, which includes not only the alarm of a certain time point, but also the alarm of 
the changing trend of a certain period of time, so there are many types of prediction. Through comparison, this 
study selects the following three prediction types: 
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(1) Prediction of pollution status 
The prediction of soil deterioration can be further divided into early warning of light pollution state and 

heavy pollution state prediction. 
(2) Rapid deterioration prediction 
It is possible to predict the deterioration of soils in a short period of time due to the rapid deterioration of 

soils from good or better conditions. 
(3) Prediction of slow deterioration 
The environmental conditions that have not reached the deterioration level but will gradually change to the 

deterioration direction without taking measures will be made prediction. 
3.2 Modeling 

The main factors affecting the content of heavy metals include the flow pattern of liquid fluids in soil (Chen 
et al. 2017). The diffusion mode of pollutants in soil and the adsorption mode of pollutants are affected by the 
solid skeleton in soil. Therefore, a mathematical model can be established based on the principle of differential 
equation to seek solutions to improve the quality of soil environment. 
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In the formula, iP  represents the single value of soil pollutants, max iP  represents the single maximum 
value of soil pollutants, and NP  represents the comprehensive index of the prediction model of soil heavy metal 
pollution distribution. Table 1 is the evaluation criteria of soil heavy metal pollution index. 

Table 1 Evaluation criteria of heavy metal pollution index in soil 

Grade Pollution index Class of pollution 

1 NP  ≤ 0.7 Clean (safe) 

2 0.7＜ NP  ≤ 1.0 Almost clean (Warning Line) 

3 1.0 < NP  ≤ 2.0 Light pollution 

4 2.0 < NP  ≤ 3.0 Medium-scale pollution 

5 NP  > 3.0 Heavy pollution 

4. ANALYSIS OF HEAVY METAL POLLUTION IN SOIL
According to the comprehensive index NP  of prediction model for heavy metal pollution in soil, the order 

of degree of heavy metal pollution is industrial area > main road area > park greenbelt area > living area > 
mountainous area. According to the evaluation table of heavy metal pollution at each measuring point, the content 
of heavy metal in urban soil of industrial area is the highest, followed by main road area, park greenbelt area, 
living area and mountainous area, successively. 
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5 RESULTS 
In order to verify the predictive performance of the model, a test is needed. The algorithm is tested by 

MATLAB 7.0 software. The operating system is Windows XP, and the memory is 244 B. In the test, 1000 real 
data sets of ecological environment are randomly selected, including the comprehensive index of pollution 
distribution, the degree of pollution and other information. 

The traditional model is a better prediction model in the existing research and obtains better research results. 
The prediction accuracy of the model in this paper is compared with that of the traditional model, and the results 
are shown in Figure 1: 

(a) Prediction accuracy of traditional models 

(b) Prediction accuracy of the model in this paper 
Figure 1 Comparison of prediction accuracy of different methods 

The higher the prediction accuracy, the better the prediction performance. As can be seen from Figure 1, 
compared with the traditional model, the prediction accuracy of the model in this paper is significantly higher, up 
to 97%. It shows that the prediction accuracy of the model in this paper is higher than that of the traditional 
model. 

6 CONCLUSION 
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The model can select different early warning indicators according to different soil types in different regions 
to generate a prediction model suitable for local conditions. It can also further improve the trend early warning 
method in the process of verifying more actual regions to make the model more practical. However, the 
prediction model is only applicable to agricultural areas where the content of heavy metals in soil changes 
steadily and has not been affected by human-induced major sudden pollution accidents. For those areas where 
there have been major sudden pollution accidents of heavy metals, further modification and study of the model 
are needed.  

ACKNOWLEDGEMENT 
This study is supported by Key research and development program of Shaanxi Province in 2019 

“Identification and Early Warning of Agricultural Pests and Diseases Based on Deep Learning” (No. 
2019NY-055). 

REFERENCES 
Bo EL, Zheng HD, Liu XG, et al. (2017) Evaluation of heavy metal pollution and risk assessment of dietary 

intake of pollutants in Chinese mitten crab (eriocheir sinensis) in main aquaculture areas of northeast china. 

Applied Ecology and Environmental Research 15(1):181-188. 
Chen M, Lu W, Hou Z, et al. (2017) Heavy metal pollution in soil associated with a large-scale cyanidation gold 

mining region in southeast of Jilin, China. Environmental Science & Pollution Research 24(3):3084-3096. 
Fan N, Cui YX, Peng Y, et al. (2018) Prediction and evaluation of heavy metal concentration in soil around 

coal-fired power plant based on BP neural network. Environmental Technology 31(2):52-56. 
Jia Y, Li ZW, Wang DQ, et al. (2017) Optimum model of heavy metal pollution analysis in urban surface soil. 

Journal of Dalian University of Technology 57(2):202-206. 
Praveena SM (2018) Spatial eco-risk assessment and prediction of heavy metal pollution in surface soil: a 

preliminary assessment of an urban area from a developing country. Toxin Reviews (1):1-8. 
Santosfrancés F, Martinezgraña A, Alonso RP, et al. (2017) Geochemical background and baseline values 

determination and spatial distribution of heavy metal pollution in soils of the Andes mountain range 
(Cajamarca-Huancavelica, Peru). International Journal of Environmental Research & Public Health 
14(8):859. 

Shen Y, Zhao N, Xia M, et al. (2017) A deep q-learning network for ship stowage planning problem. Polish 

Maritime Research 24(SI):102-109. 
Zhang J, Zhang X, Qiao Z, et al. (2019) Control system of intelligent monitoring and warning equipment for 

marine heavy metal pollution in port. Ekoloji 28(UNSP e107208107):1807-1813. 






