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Abstract: With the acceleration of urbanization, urban expansion has led to soil pollution, 

particularly the accumulation of organic pollutants, which has become an important factor 

affecting urban environmental and ecological safety. This paper delves into the 

accumulation characteristics of soil organic pollutants under urban expansion, the main 

problems present, and the optimization strategies for prevention and control. The paper 

analyzes the impact of urbanization on soil organic pollutants and elaborates on the types, 

characteristics, and spatial distribution of soil organic pollutants. It points out issues such 

as the incomplete soil pollution monitoring system, weak soil pollution management, and 

immature organic pollutant treatment technologies. It proposes three optimization 

strategies: improving soil pollution monitoring and assessment systems, strengthening 

soil pollution prevention and control management and policy support, and promoting 

technological innovation and application in soil pollution treatment. 

1. Introduction 

Urbanization is a key trend in modern societal development, but the resulting soil pollution, 

especially the accumulation of organic pollutants, has become a major constraint on urban 

sustainable development. As cities expand, the environmental pressures increase, and soil, as an 

important ecological carrier, directly affects ecological safety, agricultural product quality, and 

human health. The complexity and long-term nature of soil pollution make its management difficult, 

particularly in the accumulation of organic pollutants, which presents many technical and 

managerial challenges. Soil pollution not only involves a decline in environmental quality but also 

has profound impacts on water resources, air quality, and human health. Studying the accumulation 

characteristics of soil organic pollutants and prevention strategies under urban expansion has 

become a crucial area of environmental science research. 

2. Characteristics of Soil Organic Pollutant Accumulation under Urban Expansion 

2.1 Impact of Urbanization on Soil Organic Pollutants 

Urbanization is a process accompanied by intensive industrial activities, increased traffic, and 
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changes in lifestyle. Industrial, agricultural, and residential activities are the main sources of 

pollution. Urban expansion, which includes large-scale industrial production and energy 

consumption, especially in high-pollution industries such as chemicals, metallurgy, and petroleum, 

leads to the emission of large amounts of organic pollutants into the soil[1]. These pollutants are not 

only diverse but are often difficult to remove through natural degradation or physical and chemical 

methods. The expansion of urban traffic networks, with automobile exhaust containing organic 

compounds, lead, nitrogen dioxide, and other harmful substances, further contributes to soil 

pollution through atmospheric deposition or rainfall runoff. Urban expansion is also accompanied 

by large-scale construction, land development, and renovation, which release a significant amount 

of construction waste and debris, increasing the organic pollution burden on the soil. The reduction 

of green ecological space during urbanization is another contributing factor. A large amount of 

farmland and green space is converted into urban construction land, and the excessive use of 

pesticides, fertilizers, and improper waste disposal directly increase the soil's organic pollutant load. 

When farmland is converted into industrial or residential land, insufficient soil remediation and 

pollution treatment often leave the accumulation of organic pollutants as an overlooked issue. The 

continuous increase in pollution sources during urbanization, coupled with the reduction of green 

ecological space, makes organic pollution of urban soil an increasingly serious problem. 

2.2 Types and Characteristics of Soil Organic Pollutants 

Soil organic pollutants are diverse and have a wide range of sources, including industrial 

activities, agricultural production, urban waste, and traffic emissions[2]. Based on their chemical 

properties and sources, organic pollutants in the soil can be broadly categorized into hydrocarbons, 

pesticides, plastic additives, volatile organic compounds, and industrial harmful substances. 

Hydrocarbons, such as solvent hydrocarbons, gasoline, and diesel, are common organic pollutants 

in soil, often entering the soil through oil spills, chemical plants, and gas stations. These substances 

have strong hydrophilicity and persistence, making them difficult to degrade in soil. They are highly 

volatile, leading to air and water contamination, and negatively affecting soil microbial 

communities. Pesticides are another significant source of organic pollutants, particularly in 

agricultural areas near urban regions. Overuse and improper application of pesticides lead to 

harmful chemicals such as organophosphates and organochlorines entering the soil. These toxic 

substances harm soil biota, plants, and microorganisms, and even affect food safety. Most organic 

pollutants in the soil have strong toxicity, persistence, and accumulation potential. These pollutants 

not only impact the ecological environment of the soil but can also enter the human body through 

the food chain, posing a potential threat to public health. 

2.3 Spatial Distribution Characteristics of Organic Pollutants in Urban Soil 

The spatial distribution of organic pollutants in urban soils shows obvious regional 

characteristics. The spatial distribution of soil pollution is influenced by various factors, including 

the distribution of pollution sources, soil types, topography, and climate conditions[3]. The 

distribution of pollution sources in urban areas directly affects the spatial characteristics of soil 

pollution. Areas such as industrial zones, traffic hubs, and landfills, where pollution sources are 

concentrated, generally exhibit higher soil pollutant concentrations and extensive pollution coverage. 

Although residential and commercial areas have fewer pollution sources, the lack of effective soil 

management, especially during rapid urbanization, can lead to potential soil pollutant accumulation. 

Agricultural areas and green spaces surrounding cities often become "receptive areas" for soil 

pollution. Long-term pesticide and fertilizer use in agricultural areas increases the level of organic 

pollution in the soil. Especially with urban expansion, when agricultural land is gradually converted 
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into industrial or commercial land, areas that have not undergone proper soil remediation often 

bring in more pollutants. Within the city, particularly along busy roads, soil pollutant concentrations 

are generally higher than in other areas. Traffic emissions, including automobile exhaust, heavy 

metals, and organic pollutants, tend to accumulate in these regions, especially during windy or 

heavy rainfall conditions, which further spreads pollutants to surrounding areas. 

3. Problems in Soil Organic Pollutant Accumulation under Urban Expansion 

3.1 Incomplete Soil Pollution Monitoring System 

China's soil pollution monitoring system is still in its initial stages. Monitoring frequency is low, 

and most efforts are concentrated in specific regions or pollution hotspots. Although some regions 

have begun soil pollution source surveys, the widespread and complex distribution of pollution 

sources, along with the lagging and concealed nature of soil pollution, makes it difficult for the 

existing monitoring system to comprehensively and promptly cover all potential polluted areas. The 

lack of monitoring equipment and technology makes it challenging to accurately detect certain 

pollutants, particularly trace organic pollutants, resulting in an inability to identify pollution sources 

in time. The slow pace of data updates in soil pollution monitoring often leads to a lag in the 

assessment of pollution, leaving the system unable to respond quickly to dynamic pollution changes. 

Incomplete and delayed monitoring data also lack the scientific foundation necessary for 

implementing soil pollution prevention and control measures, thereby affecting the effectiveness of 

mitigation efforts. 

3.2 Weak Urban Soil Pollution Prevention and Control Management 

The management system and legal framework for urban soil pollution prevention and control are 

relatively outdated. The coordination mechanisms among relevant departments and agencies are 

imperfect, leading to insufficient support and resources for soil pollution prevention and control in 

practice[4]. While national and local governments have formulated soil pollution prevention policies, 

the implementation of these policies is inadequate. In economically fast-developing regions, soil 

pollution control often takes a back seat, leading to serious accumulated pollution problems. 

Insufficient funding and weak technical support for soil pollution prevention make it difficult for 

many soil pollution mitigation projects to progress smoothly. In some regions, soil pollution 

remediation technologies are not widely applied, and the lack of technical personnel and facilities 

impedes effective remediation. 

3.3 Immature Soil Organic Pollutant Treatment Technologies 

Although significant progress has been made in soil pollution treatment technologies in recent 

years, many challenges remain in treating organic pollutants. Commonly used treatment methods 

such as physical, chemical, and biological remediation still face limitations in practical application. 

Physical remediation, although relatively fast, often requires considerable resource input and carries 

the risk of secondary pollution. Chemical remediation can effectively degrade organic pollutants, 

but it has a lower degradation efficiency for certain substances and may cause other pollution issues. 

Biological remediation has good environmental benefits but is slow in its degradation process and is 

only suitable for certain types of pollutants. The treatment technologies for soil organic pollutants 

urgently need innovation, with new technologies like nanotechnology, phytoremediation, and 

microbial degradation still at the experimental stage and not yet widely applied in practical soil 

pollution management. 
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4. Optimization Strategies for Prevention and Control of Soil Organic Pollutants under 

Urban Expansion 

4.1 Improve Soil Pollution Monitoring and Assessment Systems 

To effectively address soil pollution, a comprehensive, accurate, and efficient soil pollution 

monitoring and assessment system must be established. Traditional soil pollution monitoring 

methods, relying on manual sampling and laboratory analysis, have limitations in real-world 

applications due to the diversification of pollution sources and the complexity of pollution forms. 

By integrating modern technologies such as remote sensing, Internet of Things (IoT), and big data 

analytics, more efficient pollution monitoring and data processing can be achieved. Remote sensing 

can capture large-scale soil pollution data through satellites or drones, providing real-time dynamic 

information. IoT technology can set up smart monitoring devices in various urban areas for 

continuous, real-time monitoring, enabling timely detection of changes in soil pollution. Wireless 

sensor networks and IoT can provide real-time, precise monitoring of soil pollution, significantly 

improving the breadth and depth of monitoring. Big data can help analyze monitoring data, 

revealing the spatial distribution, trends, and relationships of pollution sources, aiding in the 

development of more precise remediation measures. The integration of data analysis also helps 

predict future pollution trends based on historical data, providing a basis for emergency response. 

The soil pollution assessment system should not only cover pollutant types, concentrations, and 

sources but also consider their potential harm to the environment and human health. By 

scientifically evaluating the impact of different pollutants on soil microbial communities and plant 

growth, as well as their transfer effects in the food chain, effective remediation measures can be 

developed. This information provides scientific support for designing pollution remediation policies 

and assessing the effectiveness of these measures. 

4.2 Strengthen Soil Pollution Prevention and Control Management and Policy Support 

Government policies and laws are fundamental to the prevention and control of soil pollution. 

The government must strengthen the formulation of regulations and standards regarding soil 

pollution, improve the legal framework, and implement comprehensive soil pollution prevention 

policies. Currently, soil pollution laws in many regions are not perfect, and pollution management is 

fragmented across different sectors. The lack of unified regulations and guidelines for organic 

pollutants in urban soils hinders comprehensive management. Clearer legal definitions of urban soil 

pollution and the formulation of specific standards and norms for organic pollutant discharge can 

help control pollution sources. In particular, policies should target industrial, agricultural, and urban 

waste management. Strict standards for the discharge of organic pollutants in industries and 

agriculture must be established, and pollutant treatment and disposal systems should be improved. 

For industries with heavy organic pollution discharge, advanced emission reduction technologies 

should be encouraged, and corporate responsibility should be emphasized. At the same time, 

government departments need to enhance coordination and improve soil pollution prevention 

management systems, establishing a robust multi-level and multi-sector management mechanism. In 

particular, key areas should be prioritized for intervention, and timely management should be 

implemented to prevent the expansion of soil organic pollution. Urban development and land use 

must consider soil pollution remediation and recovery, ensuring that all urban expansion activities 

take the environmental protection of soil as a fundamental principle. 
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4.3 Promote Technological Innovation and Application in Soil Pollution Treatment 

The core solution to soil organic pollution lies in the development and application of new and 

effective treatment technologies. It is essential to accelerate research on soil pollution treatment 

methods and to promote the application of advanced technologies. While traditional remediation 

technologies can achieve certain results, their effectiveness is limited by factors such as cost, speed, 

and environmental impact. Therefore, there is a need to encourage the research and development of 

green, efficient, and low-cost technologies. Nanotechnology has demonstrated considerable 

potential in the remediation of soil organic pollutants due to its strong adsorptive properties and 

high surface activity. Using nano-scale materials to degrade pollutants in soil is a promising future 

direction. Phytoremediation, as an eco-friendly method, involves planting specific plants that can 

absorb and degrade organic pollutants. This technology is sustainable and effective but requires 

more research and development to improve the rate of pollutant removal. Microbial remediation 

technology uses specialized microorganisms to break down pollutants. It is relatively cost-effective 

and environmentally friendly, but its application is still limited to specific types of pollutants. 

Moreover, new microbial species and their application in remediation should be further researched. 

Advanced treatment methods such as electrokinetic remediation and bioremediation also show great 

promise. These methods can speed up pollutant degradation and reduce harmful by-products, and 

their application in urban soils can be a key area for future development. Through technological 

innovation, we can significantly improve the efficiency of organic pollutant degradation and 

accelerate the cleanup of polluted soils. 

5. Conclusion 

With the continuous expansion of urban areas, soil organic pollutants have become a crucial 

issue in environmental management. The accumulation of these pollutants presents significant 

challenges, not only for ecological safety but also for human health and urban development. The 

problem stems from the complex nature of the pollution and the deficiency of existing monitoring, 

management, and treatment systems. This paper proposes a series of optimization strategies, 

including strengthening soil pollution monitoring, improving policy support, and promoting 

technological innovation. To achieve a sustainable urban environment, it is essential to integrate 

comprehensive prevention and control strategies for soil organic pollution. Only through systemic 

efforts can we prevent the adverse effects of soil pollution and build a green, sustainable urban 

future. 
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