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As one of the natural environmental systems on which human beings depend, soil pollution is becoming more and

more prominent, especially heavy metal pollution. For this reason, the impact model of heavy metal pollution on

ecological environment is established. Sources of heavy metals in the soil were analyzed. Heavy metals sources such 

as industrial activities, transportation, coal combustion and waste accumulation were used to study the effects on

ecological environment. By establishing the impact model of heavy metal pollution in the soil on ecological 

environment, control strategies of combining prevention and control were adopted. 
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1 INTRODUCTION 

Soil heavy metal pollution refers to the phenomenon that human activities bring heavy metals to the soil, which 
causes the content of heavy metals in the soil to be significantly higher than the original content, and causes the
deterioration of the ecological environment quality (Cai and Li 2018, Grubisic-Cabo et al. 2018, de Menezes et al. 
2018). On the one hand, it has a significant impact on crops, agricultural products and groundwater, and endangers
human health through the food chain; on the other hand, because most heavy metals are relatively stable in the soil 
and difficult to move out of the soil, it has a significant adverse impact on soil physical and chemical properties, soil
biological characteristics (especially soil microorganisms) and microbial community structure, thus affecting the 
stability of soil ecological structure and function. Experts at home and abroad have used non-toxic amendment 
method, deep tillage method, dumping method, guest soil method and chemical washing method to solve the
problem of heavy metal pollution in soil. However, due to the limitations of the above methods, none of them has
become an ideal remedy for soil heavy metal pollution (Sarkar et al. 2017). 

Jianda Zhang, Xuhui Zhang, Zhifang Qiao, Bo Zhang, Zhaoguang Jin, Jingze Liu published an article entitled 
“Control System of Intelligent Monitoring and Warning Equipment for Marine Heavy Metal Pollution in Port” in 
Ekoloji (Issue 107, 2009). This paper designed a control system of intelligent metal pollution monitoring and early 
warning device based on DSP for improving the monitoring performance of intelligent metal pollution in ports. Dual
16-bit fixed-point DSP, as an intelligent information processing chip, was used for intelligent monitoring of heavy 
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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 a heavy metal pollutant sensing information acquisition module, a recognition module for
pollutant detection pattern, a control module for remote terminal communication and transmission and a
human-computer interaction module. A 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 can monitor seawater pollution intelligently, accurately and in real time (Meza-Lozano et al. 
2016, Tovar-Sanchez et al. 2016, Ramos-Jimenez and Jimenez-Barrios 2016). 

Literature proposed a method to study the impact of pollution of heavy metals in soil on organisms. Due to the 
intensification of urbanization in human society, the irrational discharge of “three wastes” in industrial production 
and the extensive use of various pesticides and fertilizers in modern agriculture, the content of heavy metals in soil 
has been increased dramatically, and the pollution problem is serious. Researches on aggregation and antibiotic 
resistance of heavy metals, such as cadmium, mercury and lead in organisms, have attracted increasing attention.
The research progress of heavy metal pollution in soil and its effects on organisms was summarized. Literature
reported a research method for the effects of ferromanganese bimetallic materials on passivation remediation and
ecological effects of As and heavy metal contaminated soil. The passivation remediation and ecological effects of
ferromanganese bimetallic materials (FMBO) on three As and heavy metal contaminated soils were studied through
indoor simulation culture experiments. For this reason, this paper proposes a modeling method for the impact of 
heavy metal pollution on the ecological environment. 

2 IDEA DESCRIPTION 

As an important component of urban ecosystem, urban soil is the growth medium and nutrient supplier of urban
green plants, the habitat and energy source of soil microorganisms, and the important source and sink of urban
pollutants, which directly affects the quality of urban ecological environment. In recent years, with the continuous
development of industrialization and the acceleration of urbanization in China, various human activities, such as
industry, commerce, transportation and so on, bring a large number of heavy metal pollutants into urban soil. As a 
persistent toxic substance, it is difficult to be degraded by microorganisms after entering the soil environment, but it
can be continuously enriched in organisms, and can directly or indirectly threaten human life and health through the 
atmosphere, water and food chain. 

2.1Source Analysis of Heavy Metals in Soil 

2.1.1Industrial activities 

Mineral metallurgy, electroplating, plastics, batteries, chemical industry and other industries are the main sources of 
heavy metals emissions. On the one hand, the emitted heavy metals are in the gaseous or aerosol state, and then 
deposited into the soil through dry and wet deposition after entering the atmosphere. On the other hand, the waste
slag produced by industrial activities is an important carrier of heavy metals, especially in some metal smelters. The
heavy metal content in the waste slag is very high and there is no treatment. The accumulation of heavy metals in 
soil can also be caused by dumping the waste. Therefore, in urban soils, heavy metal pollution in soil around mining



Ekoloji 28(108): 825-830 (2019) 

827 

industry is generally more significant. 

2.1.2Transportation 

Urban transportation is another important source of heavy metals in urban soils. Vehicle exhaust emissions, wear
and tear of tires and gold-plated parts of vehicles or burning of lubricating oil will release a large amount of harmful
gases and dust containing Pb, Cd, Cu and Zn. This has been proved by many studies that dry and wet deposition of
the atmosphere affects the content of heavy metals in roadside soils. With the rapid development of China's
economy and the improvement of urban infrastructure, car ownership will continue to increase, which is bound to 
further increase the pressure of urban environment. 

2.1.3Coal combustion 

Coal contains many trace elements, especially some potential toxic elements, such as Hg, Se, Pb, Cd, As, Zn, Sb, Ti, 
etc. The results show that these elements are volatile and semi-volatile at high temperature, i.e. they are gaseous or 
adsorbed on fine particles in the flue gas during coal combustion and can be released into the atmosphere through
various flue gas pollution control facilities. Although the content of these elements in coal is very low, coal
combustion has become the main pollution source of these potentially toxic elements in the atmospheric
environment due to the combustion of a large number of coals. 

2.1.4Waste accumulation 

Accumulation of untreated heavy metal wastes can also cause heavy metal pollution in urban soils, and different
types of wastes have different hazards and pollution levels. The pollution range is generally spread around the waste
heap. Relevant studies have also shown that toxic elements are released into the soil by rubbish leached by
rainwater, and the main part released into the soil is its effective state. Metal elements in the form of effective state
can hardly be transformed into residual state under supergene conditions, which will lead to the increase of heavy
metal migration ability in the soil and pollute groundwater. 

How to identify the sources of heavy metals in urban soil is an important part of urban environmental geochemistry 
research, and is also the key to the study of the source control technology of heavy metals in soil. At present, GIS 
technology combined with multivariate statistical method and enrichment coefficient method is a common method
to distinguish man-made or natural sources of heavy metals, which can be used to identify sources of heavy metals
in urban soils more effectively. In addition, isotope geochemical tracing technology can effectively trace the sources
of urban environmental pollutants, especially lead isotope tracing plays a unique role in the study of heavy metal 
sources in urban soils. 

2.2 Effect of Heavy Metal Pollution on Ecological Environment in Soil 

2.2.1 Effect of Heavy Metal Pollution in Soil on Human Health 

Heavy metal pollution in urban soils can produce a series of ecological and environmental effects. In addition to
affecting the ecological function of soil, it may also cause harm to organisms, mainly reflected in the impact on
human health, and the impact on urban landscape vegetation is still rare. Heavy metals in urban soils enter the
atmosphere through dust, and eventually enter the human body through breathing, thus directly affecting human
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health. The fingerprint characteristics of atmospheric particulate matter were studied by the nuclear probe. The 
results showed that about 31% of the atmospheric particulate matter in Shanghai came from soil dust. Dust emission
from polluted urban soils is an important factor affecting human health, especially the relative enrichment of Pb in 
fine particles, which may be an important reason for the increase of blood Pb content in children, because
fine-grained soils are easier to be absorbed by breathing. 

2.2.2 Effect of Heavy Metal Pollution on Soil Microorganisms 

Heavy metal pollution in urban soils can lead to significant changes in soil microbial characteristics. Low
concentrations of heavy metals can stimulate microbial growth and increase microbial biomass carbon, while high
concentrations of heavy metals can lead to a significant decline in microbial biomass carbon. Compared with rural
soils, the structure of microbial communities in urban soils had significant differences. The basal respiration of
microorganisms increased significantly, while the biomass decreased significantly. The values of physiological and 
ecological parameters Cm ic/C org and qCO2 increased significantly. Biologic data showed that the consumption of 
energy carbon by urban soil microorganisms increased significantly. Principal component analysis showed that the 
accumulation of heavy metals in soil, especially the accumulation of available Pb, was the main reason for this 
difference. 

2.3Construction of the Eco-environmental Effect Model 

When heavy metal pollutants enter the soil environment, complex chemical reactions occur with the surface of
various solid substances in the soil, and the forms of heavy metals change, thus affecting their migration and
accumulation in the ecosystem, and changing their bioavailability and biological toxicity. Soil heavy metal pollution
is more serious in the ecological environment. In order to study the impact of soil heavy metal pollution on the

ecological environment, it is necessary to establish an ecological environment effect model. Assuming that s  is a

health impact factor, i  is the rate of microbial change, and   is the rate of health terminal events. The health

information of the population was extracted, and the expression is as follows: 

s iy




……………………………………………………….. (1)

The health information of the population was combined with the soil heavy metals. a was the health information of

the people in the a -th row,   was the soil pollutant index of the heavy metals in the a -th row, and   was

the response coefficient of the pollutant concentration on the health. When there is a linear relationship between the 
pollutant index and health effects, there are interactions among pollutants. Therefore, the following formula is used
to give the model expression of the impact of heavy metal pollution on ecological environment: 

yE
a
  ………………………………………………….. (2)

3Control Strategy 
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Heavy metals are not easily degraded and migrated by microorganisms in soil. When pollutants enter the soil, the 
virtuous cycle of various substances will be destroyed, which will lead to the decline of agricultural production
capacity and the quality of agricultural products. Therefore, the control strategy of combining prevention and control
should be adopted for the soil pollution caused by heavy metals. 

3.1Pollution Source Control 

In the process of global industrialization, the input of human activities, including land irrigation of sewage, use of
sludgeland, application of various wastes and fertilizers, and dry and wet deposition from the atmosphere, have 
reached a certain degree, resulting in heavy metal pollution in soil. Therefore, we should develop clean technology
and strictly control the “three wastes”, especially the recovery and comprehensive utilization of heavy metals in 
waste gas, waste residue and sludge, as well as the prevention of secondary pollution of soil environment. We
should strictly implement the application standard for the quality of sewage and sludge used for irrigation, and 
strictly control the content and application amount of heavy metals in farmland sewage and sludgeused for 
irrigation. 

3.2Bioremediation of Heavy Metal Pollution 

Bioremediation of heavy metal contaminated soil can be divided into microbial remediation and phytoremediation. 
Microbial remediation utilizes the affinity adsorption or conversion to transform heavy metals into low toxic 
products on the basis of microbial bioactivity, which can reduce the pollution of heavy metals. It mainly includes
biosorption and biological redox. 

3.3Control MeasuresAgriculture 

The heavy metal pollution of farmland soil has its special urgency and seriousness compared with that of common
land. The pollution of farmland will directly affect the growth and development of crops, lead to the decline of crop 
quality, endanger people's health, and is a major issue related to food safety. Controlling heavy metal pollution in
farmland soil can adopt certain agricultural control measures to fundamentally reverse the current situation of
agricultural pollution caused by agricultural production. Regulation measures to control heavy metal pollution in 
farmland soil are mainly embodied in three aspects: control of sewage irrigation, regulation of production input and
adjustment of planting structure. Firstly, sewage irrigation should be strictly controlled, especially in water-deficient 
areas. Secondly, we should adjust the means of agricultural production, choose fertilizers with low heavy metal
content, biopesticides with low residues and agricultural films with easy degradation, so as to reduce heavy metal 
pollution in agricultural production. For the areas where farmland has been polluted by heavy metals, the planting
structure can also be adjusted. The ecological construction with forest and grass production as the main planting 
structure can also be planted with mulberry, geranium and other heavy metal-resistant plants. 

4 CONCLUSIONS 

With the acceleration of urbanization and industrialization, the urban soil, as one of the natural environmental 
systems on which human beings depend, is increasingly polluted, especially by heavy metals. At present, the
research on heavy metals in urban soil mainly focuses on the content, spatial distribution and evaluation, while the 
research is relatively weak on the migration and transformation mechanism of heavy metals in urban ecosystem, the
impact of heavy metals on urban residents'health and landscape vegetation, heavy metals traceability and pollution
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warning. 
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