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Economic, Environmental, and Management Perspectives on Soil Pollution and Sustainable Remediation Strategies


ABSTRACT 
Background: Soil pollution reflects a significant environmental challenge that impacts human health, ecosystems, and agricultural productivity. Confronting this challenge requires a comprehensive strategy that integrates economic, environmental, and management perspectives. This paper examines soil pollution from economic, environmental, and management perspectives, emphasizing the challenges and procedures in implementing sustainable remediation strategies.

Objective: The aim of this study is to assess and identify economical, sustainable remediation techniques that reduce financial impacts and improve contaminated soil. Create management plans for soils that efficiently lower pollutant levels and integrate several remediation methods suited to particular contaminants and situations. This article provides a comprehensive examination of soil pollutants in addition to potential solutions, including Phytoremediation and Bioremediation. 

Key Findings: Implementing cost-effective soil management strategies, treating wastewater, utilising bio-based biodegradable mulching, and employing hydroxyapatite (Hap) or combining various environmentally friendly remediation techniques can effectively reduce agricultural risks and minimise the costs associated with the contaminated soil treatment process. 

Conclusion: addressing soil pollution requires a comprehensive strategy that mixes economic feasibility, environmental responsibility, and efficient management practices. Strategies for sustainable remediation provide to reduce pollution while simultaneously fostering a healthier ecosystem and promoting financial sustainability. By emphasising these viewpoints, parties involved can strive for a sustainable future. 
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1. INTRODUCTION 
[bookmark: _Hlk194881262][bookmark: _Hlk194838242][bookmark: _Hlk194834906][bookmark: _Hlk194837875]One of the most vital components of human life is soil. Soil research is, therefore, one of our most crucial current and future duties. Due to human activity, soil is under threat each year, 9 million hectares of forests and 7 million hectares of agricultural land lost globally (Körschens, 2006). Soil is an important part of the ecosystem as its basis for biochemical cycle and growth of vegetation, hence, it is vital for food, feed, timber, and fiber production. Soil is a mixture of minerals that are inorganic materials and organic matter. Moreover, it is a habitat of much biodiversity, a gram of soil containing 6000 different bacteria, a wide range of nematodes, protests, mites, enchytraeids, and meters of fungal hyphae (Trap et al., 2016). The health of soil is the function capacity of soil as a crucial living system.  It assists plants and animals’ sustainable production, sustains or improves the quality of air and water, and enhances the health of plants and animals. Human activities (anthropogenic) influence soil health, quality, and components of soil, which, as a result, lead to polluting the soil (Doran and Zeiss, 2000). Soil pollution is a vital environmental issue, which can be defined as a decline in its production because of the presence of soil pollutants. These can have impacts on chemical, biological, and physical properties of soil that in turn reduce its production. Pollutants include different types of solid waste and chemical substances organic or inorganic  (Mishra et al., 2016). Agriculture, deforestation, urbanization, industrialization and mining activities can also cause soil pollution directly or indirectly (Yaqub, 2024). The zero-pollution target that set by the European Union's soil strategy for 2030 states that pollution must be reduced in case of protection human health by 2050; therefore, prevention pollution is a priority (European Environment Agency, 2022). As demonstrated by Ruzevicius (2009) maintained that environmental protection has become a crucial issue globally, for instance, protecting ecosystems, natural resources, plants and animals, human life, air, and water (Mohammed et al., 2020). Therefore, coordination and combination efforts of all international organizations and countries are needed instead of solving environmental problems by ecological activities of just some countries. Sustainability and environmental friendly soil management is becoming critical as global warming and climate change become more of a concern (Sirwan et al., 2025). Even though the whole world is commonly on a warming trend, there is a huge change in weather patterns. Thus, the idea of sustaining is to be able to maintain or sustain an activity and the environment that surrounds the activity. Moreover, the main principle of sustainable development (SD). This is making social and economic development without serious impacts on environment (Khansa et al., 2022; Harun et al., 2018; Salih et al., 2018), as according to the world commission which known as Brundtland Commission (1987) who define SD as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (Hameed, 2024; Burton, 1987). In addition, SD has been transformed from a sociopolitical into a principally economic concept and becomes incorporated into environmental management (Hameed et al., 2025; Neima et al., 2023; Williams, 2001). The definition of sustainability in terms of managing land should involve environmental, physical, and socioeconomic aspects (Palaniet et al., 2025). To be sustainable, it needs to be economically viable for society generally and farmers especially, but without causing environmental degradation; therefore, to produce healthy food, it would require fertile soil (Hameed et al., 2024; Hudhud et al., 2015; Salih et al., 2019; Johnston et al., 2009). Due to increasing population, the demand for agriculture, manufacturing and urbanization are increasing (Neima et al., 2023; Salih et al., 2021). In addition, the inhibition of degradation of the environment is important to move toward sustainable practices (Piñeiro et al., 2020; Abdulrahman et al., 2025). Hence, sustainable agriculture is the application of adequate environmental management (Sirwan et al., 2019). Sustainable agriculture is a type of production system that assists and conserves natural resources such as soil and creates the best utilization of non-renewable resources (Harun et al., 2025; NAL, 2023). It is vital to protect the soil, as it is a crucial part of producing healthy and nutritional food. This article aims to illustrate the main reasons for soil pollution and suggest some possible solutions (Salih et al., 2019). 
2.  Economic Perspectives on Soil Pollution
Costs of Soil Degradation
Soil pollution leads to significant economic losses, including contaminated soils, loss of agricultural productivity, affecting food security and farmer incomes (FAO, 2021). Studies estimate that crop yields can fall by as much as 50% when soils are contaminated, which has resulted in millions of economic losses to farmers." Due to exposure to toxic pollutants such as heavy metals, there was a significant increase in medical expenses due to chronic diseases and increased health care expenses (WHO, 2022). In addition, the health impacts resulting from the contaminants in soil and the costs associated with the same places a heavy burden on public health systems. Soil remediations methods (e.g., excavation, bioremediation, chemical treatment) are costly, and the global remediation costs are estimated in billions annually (Khalid et al., 2021). Overall, there is a strong economic argument that we should be investing in sustainable remediation to address soil pollution (Yaqub, 2024). It lowers both direct and indirect costs, enhances economic development, and is consistent with global sustainability objectives like SDG 15 (Life on Land) and SDG 3 (Good Health and Well-being).

Figure 1. showing the distribution of global plastic use by sector. The largest chunk made up of packaging at 36%, which is the biggest driver of plastic waste. Next is building and construction with 16%, and textiles at 14%. Consumer and institution products account for 10%, transport 7%, and electrical/electronic products 4%. The remaining 12% are classified as other uses. Commenting on the post, the caption read: "With over 400 million tonnes of plastic produced every year, it is packaging plastics, particularly plastic designed for single use such as a bottle of water, that are at the root of plastic pollution."
[image: Economic cost of plastic pollution: Can ...]
Fig.1. Distribution of Plastic Usage by Industry
Based on four scenarios, the estimated global direct costs of municipal solid waste management (in US$ billions, 2020 value) would reach 2050 as shown in fi9gure 4, for details please see (Hoornweg et al., 2013). In 2020 the overall figure was $252.3 billion, including collection ($149.1B), landfill ($34.6B), waste-to-energy ($31.5B), recycling ($20.1B), and dumping ($17B). Under business as usual (2050 “Waste Management as Usual”) costs have soared to $417.3 billion, primarily as a result of the increased cost of collection ($243B) and inflation across all categories (with the exception of recycling which remains low). Under the “Waste Under Control” scenario, costs fall a bit to $394.0 billion. Collection costs are down to $230.7B, but recycling and landfill investments are up. The “Circular Economy” model presents another outcome. With less waste generation and more recycling, total costs fall to $254.6 billion near the 2020 baseline. For example, recycling shots up to $49.9B, collection falls to $154.4B and dumping disappea s. Key takeaways: A circular economy can reduce waste management costs and environmental impact by lessening waste generation and increasing recycling.
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Fig.2. Global direct costs of municipal solid waste management in 2050 under the three scenarios (USS 2020).
 Economic Benefits of Sustainable Remediation
While sustainable remediation strategies lack commercial value upfront, they can prevent long-term economic costs and promote public health and ecosystem services (Omar et al., 2025). This increases markets for green technologies and services in soil remediation, and so creating jobs and stimulating economic growth. These sustainable remediation approaches (e.g. phytoremediation, biochar application) can save the costs in the longer run, thus better investment (Rahman et al., 2021). According to recent findings Ali et al. (2020) lower operational costs compared to conventional methods. Increased land value post-remediation granting a boon to real estate and the agriculture sector (Salih et al., 2025).

3. Environmental Impacts of Soil Pollution
The percentage of soil pollutants varies widely depending on the region, type of pollution, and land use.  Soil pollution affects 20-25% of agricultural soils globally, with heavy metals, pesticides, and industrial chemicals contributing to 30-40% of contamination cases. Heavy metals, pesticides, and petroleum hydrocarbons account for 15-20% of contamination. Plastics and microplastics are growing concerns, and other pollutants are 5-10%. In some heavily industrialized regions, contamination can exceed 50% (e.g., near mining areas, chemical plants, or untreated waste disposal sites). Table.1. sows the main sources of soil pollution (Yaqub, 2025).


Table.1. Main sources of soil pollution and their approximate contributions.
	Source of Pollution
	Estimated Contribution
	Common Pollutants
	Primary Impact Areas

	Industrial Waste
	~30%
	Heavy metals (Pb, Cd, Hg), chemicals, solvents
	Factories, manufacturing zones, dumping sites

	Agricultural Chemicals
	~35%
	Pesticides, herbicides, fertilizers (nitrates)
	Farmlands, irrigation regions

	Mining & Smelting
	~20%
	Arsenic, lead, sulfur, radioactive waste
	Mining regions, ore processing areas

	Urban Waste & Landfills
	~15%
	Plastics, micro plastics, heavy metals, e-waste
	Cities, informal dumps, sewage sludge sites





Agriculture as a Source of Soil Pollution
Overuse of pesticides, fertilizers, hormones, and antibiotics and using untreated wastewater for irrigation led to soil pollution. Toxic substances disrupt soil microbiota and harm plant/animal species (Rodríguez-Eugenio et al., 2018).




Using Chemical fertilizers and pesticides
Agriculture practice is known to contribute to soil pollution via firstly applying chemical fertilizers and pesticides which are known as point source pollution, secondly diffuse pollution for instance atmospheric deposition and flood. Land pollution is closely related to air pollution and surface and groundwater pollution (FAO). Therefore, the sources for land pollution related to agriculture are wastewater for irrigation, pesticides and fertilizers, plastic materials (for example, polyethylene for mulching and greenhouse purposes, and empty packaging (FAO) As illustrated in Figure 1.
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Fig.3. global use of inorganic fertilizer in agriculture. Source: (FAOSTAT, 2020).

As it is clear from the figure 3. a great number of chemical fertilizers is used in some countries and region which leads to the saturation of soil with nutrients and some of them runoff with rain water or water of irrigation which causes pollution of surface water and cause eutrophication, and some leaching and cause groundwater pollution. Furthermore, farmers use chemical fertilizers efficiently in developed countries, however, they are utilized in huge amounts in developing countries because of a lack of training (Ismaeel et al., 2019; Rahman and Zhang 2018). This would go with the study that was achieved by Raheem et al. (2020), which illustrates that 93% and 99% of farmers use pesticides and chemical fertilizers, respectively, on their lands in Sulaimani.

Agricultural plastic waste 
Recently, using plastic in agriculture has been increasingly adopted, such as using plastic for small tunnels, irrigation pipes and drippers, mulching films, fertilizers, and pesticide bags or containers. According to Briassoulis and Giannoulis (2018), using polyethylene mulching to maintain soil moisture, maintain soil temperature, decline in land compaction, and weed control is essential for reducing inputs of water, energy, and chemical substance, which in turn it assists to gain sustainable agriculture production. However, this plastic mulching is a non-biodegradable product that is a vital source of land pollution and has negative impacts on the environment and economy, as these plastics are required to be removed by farmers after each crop harvesting (Merino et al., 2019). Hence, this mulching is left on the land or burned; in other words, it is not disposed of properly (Vox et al., 2016). The research of Chae and an (2018); Lwanga et al. (2017), and Astner et al. (2019) demonstrate that microplastic (MPs) and nano-plastics (NPs) from polyethene mulch have negative effects on environmental and it can enter the food chain and cause to explore health disease.
 Wastewater for Irrigation 
Urbanization, increasing population, economic development, and enhancement of the quality of life led to a rise in the volume of wastewater that was produced by commercial, industrial, and domestic sources (Qadir et al., 2010). Many farmers in developing countries are using untreated wastewater for the irrigation of their crops, particularly in areas close to the cities (Faruqui et al., 2004; Qadir et al., 2010; and Zia et al., 2017). Wastewater has environmental and health consequences; for instance, irrigation with wastewater has the potential of accumulating organic contaminants and trace elements, it also causes the transmission of deadly pathogens. Such crops including vegetable crops are known to hold trace elements from untreated waste water and consumption of these crops can lead to serious human health problems (Zia et al., 2017). Additionally, it may impact adversely the physical characteristics of soil. A second research conducted by Zwolak et al. (2019) that vegetables seriously polluted by heavy metals are grown around industrial-oriented area or adjacent to crowded roadway. Vegetables cultivated on lands irrigated with wastewater become highly plantations that are irrigated within these fields getting contaminated with heavy metals that actually accumulate in edible parts of these vegetables. We should not stop using the above due to the intentions we made for the buildup of heavy metals in the plants since but fertilization and plant protection agents also result in heavy metals buildup in the plants. Leafy and root vegetables should not be grown in contaminated soil, as they absorb heavy metals more easily than other vegetables.

Solid Waste 
Waste generation is now a significant environmental challenge and a key contributor to various pollution sources, including health hazards, environmental degradation and ecosystem damage. According to Rashid et al. (2018), environmental, health, and aesthetic risks are substantially increased by municipal solid waste management methods, including open dumping, landfills, incinerations, recycling, and compaction. Poor management risks degrading soil, water, and air quality, and threatening the health of humans and animals. Solid waste is a major source of pollution, contributing to global warming. Solid waste is a major cause of ecological harm, health risks, and environmental deterioration (Hamasalih et al., 2025). It creates land pollution, water pollution, marine pollution, groundwater pollution, air pollution, health risks, wildlife destruction, habitat loss, and aesthetic and economic consequences. Improperly operated landfills pollute soil with hazardous chemicals; leachate from rotting garbage seeps into the earth. Uncollected garbage draws insects and emits poisons that lead to cancer and neurological diseases (Ali et al., 2024). Destruction of habitat threatens biodiversity; wildlife suffers from eating and entanglement. Among the ways to cut solid waste pollution are cutting, reusing, recycling, appropriate trash disposal, composting, encouraging biodegradable items, and increasing public awareness.
Oil and its derivatives 
According to Yanxun et al., (2011) and Pinedo et al. (2013), oil such as diesel, heavy oil, and gasoline is a main source of energy in modern society. With an increased population, the energy demand rises significantly (Neima et al., 2021). Nonetheless, oil can lead to soil and groundwater pollution through different leakage of oil. Moreover, it is becoming a main source of soil pollution, especially oil spillage in places of oil production, and areas in which equipment is serviced such as oil stations, transportation, and storage (tank). It can go down to the depth through the soil, and pollution will be more expensive and difficult to treat (Agbogidi et al., 2005; Janipour, 2017; Pashkevich and Bykova, 2022). Furthermore, this kind of pollution has massive effects on water movement in the soil leading to a decrease in supply capacities and water infiltration (Salih et al., 2019). In addition, oil pollution influences the chemical and physical characteristics of soil, which results in polluting soil and causes negative effects on plant growth (MARINESCU et al., 2011). A common environmental problem is crude oil contamination, which can come from both natural and man-made sources. Refineries, heating oil storage tanks, motor fuel stations, and unintentional spills are common sources (Saeed, 2025). The complex combination of hydrocarbons that makes up crude oil includes asphaltenes, resins, and aliphatic and aromatic hydrocarbons. A case study conducted in Perisoru, Braila County, examined the effects of contamination from crude oil on the physical and chemical characteristics of soil. The quantities of potassium, mobile phosphorous, C/N ratios, and organic carbon varied, according to the results. High pollution levels impede the development of crops. Petroleum compounds become more poisonous as their molecular weights fall (MARINESCU et al., 2011). As shown in Figure 4.
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Fig.4. Human exposure to pollution from oil extraction activities.
Moreover, a major health danger is posed by heavy metal contamination in the environment and human body. An investigation of the presence of metals, particularly heavy metals, in the blood of workers producing crude oil was conducted in the Kurdistan Region in northern Iraq (KRI). The exposed group had at least a one-fold increase in metal concentrations compared to the control group, with a strong connection seen between the two groups values. Nonetheless, it is still necessary to evaluate the ecotoxicological and environmental significance of heavy metals in industrial settings (Sirwan, 2024; MARINESCU et al., 2011). 

4. Environmental Management in the Prevention of Soil Pollution 
According to Živković (2016), environmental management is a new scientific approach established in the ecology field at the end of the 20th century, which aimed to minimize the technological and technical effects on biotic and abiotic components of the environment. In addition, environmental management encompasses all human beings; some anthropogenic activities cause serious environmental impacts. in other words, some people are involved in utilizing resources, whilst others pay attention to pollution prevention and resource development (Sirwan and Harun, 2024; Živković and Veljković, 2020). Furthermore, there are different environmental management tools such as the Environmental Management System (EMS), Carbon footprint, Ecolabels, and Life cycle Analysis (LCA). These have advantages in sustainability and prevention of pollution in its different forms, for instance, soil pollution, water pollution, and air pollution.  EMS provides a standard framework that can be used by an organization to improve its environmental performance (Hameed and Sirwan, 2019). This research, which was done by Mohammad pour et al. (2018), illustrates an adequate solution to decline the negative impacts of construction on the environment through EMS. The construction of an airplane has environmental impacts such as increased consumption of energy, expanding the residential areas, and increase in waste generation. Moreover, contamination of land, water, and air, and destroy of biodiversity, and cause noise pollution. For this reason, it is essential to bring under control with EMS (Environmental Management System) practices (Şen, 2022).  A famous model of EMS is ISO the International Standard Organization (ISO), which is “continuous improvement,” a process of enhancing the EMS for improving environmental performance in agreement with the organization’s environmental policy (Živković and Veljković, 2020). The main aim of ISO 14001 (ISO, 2015) is to balance the protection of the environment and pollution prevention to the socio-economic needs (Rino and Salvador, 2017).  Moreover, many researches demonstrate the benefits of applying an EMS depending on ISO 14001 for customers and companies, it delivers advantages market, operational, strategic, economic and environmental companies, and utilizing ISO certification as tool of marketing (Rino, 2017).


5. Sustainable Remediation Strategies
Emerging eco-friendly technologies include phytoremediation, bioremediation, nanoremediation, composting, , regenerative agriculture.

Phytoremediation of Soil
Recently the technique of phytoremediation considered sustainable, environmentally friendly, novel, cost-effective, promising, and solar-driven to eliminate heavy metals from the environment, depending on the plant's capacity to extract heavy metals from soil and water and accumulate them in different plant’s parts (fruit, stem, leaves, flowers, and root) without negative impacts on biological activities, soil fertility and structure (Gavrilescu, 2022; Kumar et al. 2022). The research done by Giordani et al. (2005) used some crops to absorb nickel. Therefore, beans appeared to be the most effective in nickel accumulation followed by barely, sorghum, and tomato. According to Moosavi and Seghatoleslami (2013) some 400 plant species from at least 45 plant families hyperaccumulate metals. Brassicaceae, Fabaceae, Euphorbiaceae, Asteraceae, Lamiaceae, and Scrophulariaceae are a few of the families. Very high bioaccumulation potential for Cd/Zn, Cu, Co, Se, and Ni is present in crops such as alpine pennycress (Thlaspi caerulescens), Haumaniastrum robertii, Ipomea alpine, Sebertia acuminate and Astragalus racemosus. Furthermore, Plante soil with Bassia scoparia (L.) demonstrates a great decline in the level of sulfur. It has the potential to remedy sulfur and petroleum hydrocarbons; hence it can be a helpful tool for remedying arid soil polluted by crude oil (Moubasher et al., 2015). The current research that was done by Chen et al., (2000) leads to the following conclusions: Chemical amendments such as calcium carbonate, steel sludge, and furnace slag may lower the amount of Cd present in wheat, Chinese cabbage, and brown rice. According to a combined analysis of the impact on plant yields and Cd concentration in plants, furnace slag is the most efficient (Zia et al., 2025).  According to preliminary findings, vetiver grass has a comparatively higher capacity to extract zinc, lead, and copper from soil; nevertheless, more research is required to determine the best way to handle the obtained materials. The problem of soil heavy metal pollution may be solved by integrating chemical treatment with phytoremediation. In addition, the paper descriptively mentioned the latest technologies of phytoremediation soil contaminated with metals thriving on phytoextraction and phytostabilization in detail. Even with its disadvantages, these soils can be dealt with using innovative, new methods. This is not only profitable but also an ecosystem restorative approach owing to its association with the sustainable site management strategy of phytomanagement (Burges et al., 2018). According to recent findings examined the principle of phyto-remediation of corn as a major crop to remediate lead and cadmium contaminated soiland it is a best plant for the accumulator type of plant in phytoremediation (Mojiri, 2011). Moreover, the study investigated the potential of nine common wild herbs (Cynodon dactylon, Silbyum mariaunum, Xanthium strumarium, Juncus effuses, Centaurea iberica, Echinops ritro, Onopordum acanthium, Akkoub guideline and Papyrus reeds) for their potential as phytoremediators in removing heavy metals from soil contaminated with Kwashe landfill leachate in the Kurdistan Region of Iraq (KRI). The results indicated that the Bioaccumulation Factor (BAF) outperformed the Bioconcentration Factor (BCF) in predicting the plants' efficacy. Although the highest value of BAF was obtained for Xanthium strumarium (Papyrus reeds), all plants were effective at bioaccumulating Chromium, Nickel, Cu, and Iron. Based on Liu et al., (2018) ornamental plants are gaining more and more popularity and are even capable of phytoremediation for contaminated ground soils in urban areas. The ability of their resist organic pollutants and heavy metals adds their ecological and economic value. Phytoremediation provides an economical solution for soil remediation and elemental recovery (Riaz et al., 2022). Moreover, the research that has been achieved by  Lewandowski  et al (2006) indicates that the phytoremediation process yields economic advantages for farmers; however, the extent of these benefits is significantly influenced by the prospective revenue from the rehabilitated land, the duration of crop cultivation following soil remediation, and the time required for soil restoration. Furthermore, Phytoremediation is often regarded as a cost-efficient and sustainable method because to its minimal direct expenses related to supplies, equipment, labor, and energy ( Wang  and Delavar  ,2023).  



Bioremediation of Soil
Bioremediation is defined as the reduction, removal, transformation or degradation of pollutants or contaminants to less harmful compounds by the action of micro-organisms. Bioremediation is now accepted as a low-cost and environmentally friendly method for cleaning up contaminated land (Lynch and Moffat, 2005; Calvo et al., 2009). In addition, Bioremediation is an eco-friendly, low-cost, and multiple-purpose technology to reclaim polluted soils. It minimizes health risks and maintains biodiversity. Costlier, ex-situ bioremediation approaches like bioaugmentation and biostimulation enable controlled treatment. But the expense of remediation is not the only consideration. Bioremediation as a solution is dependent on ranging factors such as the location of the contaminated area, bioremediation goals, effectiveness, cost, and public acceptance. Using a combination of techniques can augment effectiveness and negate individual weaknesses. When it comes to choosing the one method that suits your process the best, studies and planning are indispensable. In order to guide the development of suitable bioremediation methods and conserve the long-term stability of the terrestrial ecosystem, it is important to understand the diversity of microorganisms and metabolites with ability to decontaminate the environment (Sales da Silva et al., 2020). According to a study by Ali et al., (2020), oil-bioremediation in undiluted heaps was almost as successful as diluted ones when applied to desert soil that had been saturated with crude oil. Six months later, 53-63% of the oil was gone, while 14–24% remained. The primary contributors to the hydrocarbonoclastic bacterial populations in the wastes were Gordonia, Pseudomonas, Arthrobacter, Microbacterium, Micrococcus, Nocardioides, and Dietzia. D. papillomatosis demonstrated the highest tolerance, with the majority of isolates tolerating up to 20% oil. Moreover, a recently developed sustainable, affordable, and diverse feedstock-mediated carbon-rich by-product, known as "biochar," is a unique and multifunctional sorbent that can play a crucial role in the bioremediation of several highly hazardous petroleum refinery wastes containing various types of aliphatic, aromatic, and other complex hydrocarbons, as well as heavy metals, in contaminated soils. Because of its large surface area and micropores, which allow pollutants to be adsorbed on the surface, biochar is currently used as a carrier sorbent for a variety of microorganisms. These microorganisms stimulate the in-situ bioremediation of several hazardous polycyclic aromatic hydrocarbon (PAH) compounds and heavy metals. Biochar can be used both independently and in conjunction with manure compost to remove numerous dangerous contaminants from polluted soils.  In addition, the research of Sharma et al., (2020) reports that there is a clear relationship exists between agricultural soil fertility and heavy metal contamination. Because heavy metals are tenacious, they can be kept in the environment for a very long time, making their removal from soil extremely challenging. Heavy metal removal from the environment is accomplished by the employment of several in-situ bioremediation techniques. Among such, in-situ biochar application is a well-known heavy metal remediation technique that is successful in lowering the mobility of heavy metals in soils. In addition to reducing bioavailability and toxin-induced stress on the biotic component of soil, biochar efficiently absorbs heavy metals. Moreover, the application of biochar in soil remediation has recently emerged as a compelling subject of interest. Biochar, a carbon-rich substance derived from the pyrolysis of organic waste, possesses the capacity to mitigate climate change through carbon sequestration while simultaneously improving soil quality and increasing crop yields (Nguyen et al., 2023). The study that has been done by (Guo et al., 2020) demonstrates that biochar amendment can efficiently immobilize heavy metals and organic contaminants in soil, potentially alleviating soil pollution. The quality of biochar is contingent upon the feedstock materials and the conditions of pyrolysis. Biochar products derived from different sources show varying abilities to stabilize soil pollutants. Soil-incorporated biochar stabilized metals such as Cd, Cu, Ni, Pb, and Zn, diminishing their bioavailability via improved sorption and chemical precipitation. It may also promote the mineralization of organic contaminants by augmenting soil microbial activities.


Other Methods for Treatment Polluted Soil
· It is very important to implement comprehensive management methods including policies, treatment, regulation, institutional dialogues financial arrangements and enhance awareness of the public generally and farmers particularly (Qadir et al., 2010a). Therefore, it would decrease the agricultural risks. According to Qadir et al. (2010b) The reuse of water can have significant advantages if managed with environmental management and resource planning. As recommended by the study of Galib et al. (2018) that found that it is vital to treat wastewater before putting it in the canals or used for irrigation. 
· Another solution for agricultural sources of soil pollution is Utilizing mulching film made of bio-based biodegradable that is eco-friendly, it assists in achieving sustainable practice. The study by Briassoulis and Giannoulis (2018) found that bio-based mulching has the same efficiency as non-biodegradable one, besides it does not release inadequate particles. Furthermore, it is essential to afford greater agricultural sustainability (Menossi et al., 2021).
· As well as hydroxyapatite (Hap) can be another way to solve soil pollution. Hydroxyapatite (Hap) is a calcium phosphate biomaterial (Ca10(PO4)6(OH)2) and is called a biomaterial. It has a great advantage in the environmental management field, as it assists in the cleanup of water, air, and land.  It has great capacities in ion exchange and adsorption, as well as base-acid adjustability (Ibrahim et al., 2020). Furthermore, the study that has been completed by (Jia et al., 2022) explores the potential of nano-hydroxyapatite (NA-HA) as a nanofertilizer in sustainable agriculture. The study revealed that nano-HA enhanced soil bioavailable phosphorus, electrical conductivity, and soil organic matter, stabilized soil pH, and modified the soil metabolite profile, resulting in a higher concentration of advantageous low molecular weight molecules. The study revealed that nano-HA did not affect the biodiversity of soil microbial communities, but it did enhance the population of beneficial bacteria associated with phosphorus solubilization. This indicates that nano-HA positively influences soil quality. Hence, nano-hydroxyapatite (NHAP) may serve as a suitable phosphorus fertilizer for the immobilization of cadmium in soil utilizing wollastonite (Huang et al., 2023).
· Nanoremediation or Nanoparticles (e.g., zero-valent iron) for targeted pollutant removal (Kumar et al., 2021).

6. DISCUSSION
The integration of economic and environmental perspectives is crucial for addressing soil pollution. Policymakers must consider the long-term economic benefits of investing in sustainable remediation strategies. Additionally, public awareness and community involvement are essential for successful implementation. 
Implications for Policy
Policies should incentivize sustainable practices in agriculture and industry, promoting the use of less harmful substances and encouraging the adoption of remediation technologies. Economic instruments, such as pollution taxes or subsidies for sustainable practices, can drive change. Effective soil management requires robust policies that enforce regulations on pollutants and promote sustainable practices.

Stakeholder Engagement
 Involving local communities, businesses, and governments in decision-making ensures that remediation strategies are context-specific and widely supported.
Monitoring and Assessment
Ongoing assessment of soil quality and remediation effectiveness is essential for adaptive management, allowing for timely interventions and policy adjustments.
Future Directions
Future research should focus on developing innovative remediation technologies and assessing their economic viability. Long-term studies on the ecological impacts of various remediation strategies are also needed to inform best practices. Sustainable soil remediation requires a balance between economic feasibility, environmental protection, and effective governance. Future research should focus on:
· Cost-benefit analysis of emerging remediation technologies.
· Public-private partnerships for large-scale remediation projects.
· AI and remote sensing for real-time soil pollution monitoring.
Adopting integrated strategies will ensure long-term soil health, supporting global sustainability goals (SDG 15: Life on Land).

Recommendations for Sustainable Remediation Approaches
· Establishing Comprehensive Policies
Inspire policies that promote sustainable land use practices. Enhance liability legislation to ensure industry accountability.
· Sponsoring Research and Development
Participate in Research and Development for innovative green remediation technologies. Financially support Research and Development for renewable, cost-effective, scalable remediation technologies
· Improving Public Awareness
Campaigns to educate and rise the public awareness on soil contamination. Engage local stakeholders in the decision-making process.
· Encouraging Sustainable Agricultural Practices
Support for organic farming and agroecology. Prioritize low-energy, low-emission techniques.
· Promoting Sustainable Agricultural Practices 
Advocacy for organic agriculture and agroecological practices. Emphasise low-energy, low-emission techniques.
· Monitoring and Assessment
Implementing systematic soil health evaluations and monitoring initiatives. Standardise soil criteria and disseminate exemplary methods

7. CONCLUSION 
For human existence, food, feed, and the creation of fiber, soil is essential. Its qualities may be harmed by pollution resulting from human endeavors like mining, deforestation, and agriculture. The 2030 soil policy of the European Union seeks to cut pollution by 2050. Global environmental protection is a concern, and sustainable development includes social and economic growth without negatively affecting the environment. Food security is ensured by sustainable agriculture, which protects natural resources like soil. As a result, environmental management a scientific strategy to reduce the environmental effect of human activity can help accomplish it. Agriculture is one of the human activities that contributes to soil and air pollution. Developed nations use chemical fertilizers and pesticides efficiently, whereas poor countries use them excessively because of inadequate training. Additionally, mulching with polyethylene in agriculture lowers the amount of water, energy, and chemicals used, but it also pollutes land and has a detrimental influence on the ecosystem, which harms earthworms and the food chain. Additionally, untreated wastewater used to irrigate crops in underdeveloped nations has negative effects on the environment and human health. In addition, another human activity that can pollute soil and groundwater is the use of oil, a significant energy source. This can have an impact on plant development, water flow, supply capacity, and treatment costs. Among the options for resolution is the ecologically safe and sustainable method of removing heavy metals from the environment called phytoremediation. It depends on the plant's capacity to take up and remove metals without interfering with biological processes or soil fertility.  Using biochar as part of bioremediation is an affordable and ecologically beneficial way to repair polluted soils, lower health risks, and protect biodiversity. Ultimately, reducing agricultural hazards and promoting sustainability may be achieved using hydroxyapatite (Hap), bio-based biodegradable mulching, wastewater treatment for irrigation, and complete management strategies. Therefore, phytoremediation represents a viable, suitable and sustainable solution for our country, given its potential to mitigate soil contamination and contribute to the expansion of green spaces.
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Figure 24: Global direct costs of municipal solid waste management in 2050 under the three scenarios (US$ 2020).
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