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Abstract 
Nanomaterials offer promising solutions for environmental remediation due to their unique properties at the nanoscale. One prevalent technology involves the use of nanoparticles for the removal of pollutants from air, water, and soil. Different nanoparticles such as  carbon nanotube, grapheme, titanium dioxide etc. enabling the degradation of organic pollutants under ultraviolet light. This photocatalysis process offers a sustainable method for wastewater treatment. Additionally, nano-enabled membranes have been developed for water purification, utilizing nanomaterials like zeolites or metal-organic frameworks to selectively filter out contaminants while allowing water molecules to pass through. Despite their efficacy, challenges such as potential toxicity and environmental impact need to be carefully addressed. Nevertheless, nanomaterial-based remediation technologies hold significant promise for addressing environmental pollution due to their high efficiency, selectivity, and versatility in tackling various types of contaminants. 
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1. Introduction 
Nanomaterials are materials that have unique properties and behavior due to their nanoscale dimensions. They are typically composed of nanoparticles, which are particles with sizes ranging
from 1 to 100 nanometers [1]. The field of nanomaterials has gained significant attention in recent years due to their wide range of applications and potential impacts on various industries. Many materials, such as metals, metal oxides, carbon-based mat erials, polymers, and ceramics, can be combined to create nanomaterials. Every substance gives the produced nanoparticles certain properties. Due to the quick speed of industrialization and the byproducts it produces, the environment has been impacted by the release of toxic gas fumes, smoke, and hazardous waste. Adsorption, biological oxidation, chemical oxidation, and incineration are the conventional methods used to treat various forms of organic and hazardous waste [2]. A method called super-critical water oxidation (SCWO) has been proposed as a means of eliminating a variety of organic hazardous waste. It has been receiving attention due to its ability.to destroy a large variety of high-risk wastes resulting from munitions demilitarization and complex industrial chemicals processing. The quality of water and air in the natural environment is significantly impacted by nanomaterials in their many sizes, morphologies, and forms. The ability of magnetic nano adsorbents to be readily retained and separated from treated water makes them very appealing [3] possess distinct patterns of disordered surface areas and reactive surface sites. Furthermore, it has been demonstrated that some synthetic and natural nanomaterials, such as carbon nanotubes (CNTs), silver nanoparticles (nAg), photocatalytic TiO2, and chitosan, possess potent antibacterial qualities. The detection of pesticides and heavy metals (such as cadmium, copper, lead, mercury, arsenic, etc.) is another application of nanotechnology. Additionally, the redox and photocatalytic characteristics of nanomaterials are improved. Mechanical alloying, grinding, and milling processes, physical or chemical vapor deposition or vacuum evaporation, sol-gel chemical synthesis techniques, gas-phase synthesis techniques, including electro explosion, plasma synthesis, pyrolysis, and laser ablasion; and  microwave or combustion methods can all be used to fabricate nanomaterials or delamination (the regulated crystallization of amorphous predecessors) of layered materials [4]. Therefore, in order to get beyond the restrictions of NPs, hybrid nano-composites have been created by coating or impregnating the tiny particles onto larger solid particles. Because of the interaction between the nanoparticles and the matrix, the resulting polymer-based nanocomposite (PNC) maintains the intrinsic qualities of the nanoparticles while offering increased stability, processability, and enhancements. A variety of pollutants and pathogens may be prevented from passing through the membrane by the potential size grading caused by the integrated nanoporous materials . Additionally, nanofibers have the capacity to capture considerably smaller pollutants and offer better filtration with a much smaller porosity. Compared to typical filter materials, nanofibers have substantially larger interior surface areas. An overview of nanomaterial applications in environmental remediation, pollutant sensing and detection, cleaner production, and related topics is given in this study. Nanomaterials can be used to purify air and water that have been contaminated by harmful metal ions, organic and inorganic solutes, bacteria, viruses, and greenhouse gases [5].Nanomaterials are also used in the detection, treatment, and prevention of new environmental pollutants. They can be employed as a "super adsorbent" for numerous substances or to chemically alter pollutants in order to treat a variety of polluted media. Additionally, they are essential and prospective contributors to the creation of quick and accurate environmental sensors that may be used to both inactivate dangerous germs and identify pollutants at the molecular level. Nanoparticles, with their vast surface area, are an excellent way to change environmental toxins that are not conducive to detoxification, thus solving the problem of remediating soil and groundwater. But there are technological issues that need to be resolved, such as getting the particles to their intended location. Furthermore, it is concerning when significant amounts of artificial nanoparticles are released into the soil before undergoing comprehensive testing for toxicity to humans and ecosystems [6]. As of right now, the only commercially effective use of nanomaterials in soil and groundwater remediation is nano-zero-valent iron (nZVI). Nanomaterials are also used in the detection, treatment, and prevention of new environmental pollutants. They can be employed as a "super adsorbent" for numerous substances or to chemically alter pollutants in order to treat a variety of polluted media. Additionally, they are essential and prospective contributors to the creation of quick and accurate environmental sensors that may be used to both inactivate dangerous germs and identify pollutants at the molecular level. Whether or not this is an effective regulatory approach, local environmental and public health agencies will probably have substantial difficulties handling nanotechnology risk issues. Data shortages pose a difficulty for downstream federal statutes, including the CWA, CAA, and RCRA. States and municipalities will probably be responding to any future environmental issues relating to nanotechnology [7].




2. Types of Nanomaterials
 2.1 Nanoparticle 
Nanoparticles, also known as nanoscale particles, are tiny structures with dimensions ranging from 1 to 100 nanometers. Because of their small size and high surface-to-volume ratio, they display unique physical and chemical properties. A wide range of materials, including metals, metal oxides, polymers, and compounds made from carbon, can be used to produce nanoparticles. Because of their exceptional qualities, nanoparticles have drawn a lot of interest from a variety of sectors. Due to their small size, they have the ability to interact molecularly with other substances, resulting in them being extremely reactive and able to exhibit special optical, electrical, magnetic, thermal, and catalytic capabilities. Because of these characteristics, nanoparticles are perfect for a wide range of uses, such as sensing technologies, energy storage devices, imaging of biology and treatments, electronics, and cleanup of the environment. The enormous surface area-to-volume ratio of nanoparticles is one of their main advantages. Effective adsorption or interaction with target molecules or environmental pollutants is made possible by this property [8].  For example, nanoparticles can be employed as adsorbents or catalysts to remove pollutats in environmental remediation applications like water treatment or air purification systems. This is because their vast surface area offers pollutant molecules lots of places to bind or react. The particular application needs to dictate which material to use for nanoparticles. Because of their exceptional durability and catalytic activity, metal-based nanoparticles such as titanium dioxide (TiO2), iron (Fe), silver (Ag), and gold (Au) have been extensively studied for environmental remediation applications. For instance, by releasing antimicrobial silver ions into the water matrix, silver nanoparticles have been employed to disinfect water. The unique qualities of nanoparticles make them great instruments for a range of environmental remediation tasks, such as the decomposition of organic pollutants and the removal of heavy metals. Their strong reactivity and wide surface area-to-volume ratio enhance their ability to interact with or capture specific pollutants that are found in water or soil sources. The special properties of nanoparticles make them excellent tools for many kinds of environmental remediation applications, including the removal of heavy metals and the breakdown of organic contaminants. Their capacity to interact with or absorb particular contaminants found in water or soil sources has been enhanced by their strong reactivity and substantial surface area-to-volume ratio [9].
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Figure 1: TiO2 nanoparticle[n]
2.2 Nanostructured material 
Materials with a specified structure at the nanoscale are commonly referred to as nanostructured materials. Their small size and high surface-to-volume ratio provide them with exceptional mechanical, chemical, and physical features. In this post, we shall examine many kinds of nanostructured materials and their uses. Nanoparticles are one kind of nanostructured material. Solid particles having sizes between one and one hundred nanometers are called nanoparticles. Molecules such as metals, metal oxides, polymers, and carbon-based compounds can all be used to create them. Applications for nanoparticles are numerous and include environmental remediation, electronics, energy storage, and medicine [10]. One type of nanostructured material is nanoparticles. Nanoparticles are solid particles with dimensions ranging from 1 to 100 nanometres. They can be made from various materials such as metals, metal oxides, polymers, and carbon-based materials. Nanoparticles have diverse applications in fields like medicine, electronics, energy storage, and environmental remediation. Semiconductor nanostructures are another class of nanostructured materials with interesting electrical and optical properties. Quantum dots (QDs) are semiconductor nanoparticles with size-tunable emission colors and high photostability. QDs find applications in optoelectronic devices like light-emitting diodes (LEDs), solar cells, biological imaging agents, and sensor platforms. In addition to QDs, Nanowires exhibit unique electronic, optical, and thermal properties, making them attractive for applications in nanoelectronic devices, sensors, catalysis, and energy storage. Among the carbon-based nanostructures are graphene sheets, graphene oxide (GO), and carbon nanotubes (CNTs)[11]. Graphene is a two dimensional material with a high surface area and excellent electrical conductivity that finds use in gas sensing platforms, catalytic reactions, and electronics. CNTs possess exceptional mechanical strength and electrical conductivity, making them suitable for applications in electronics, aerospace engineering, and energy storage devices such as supercapacitors or batteries. When compared to their bulk counterparts, polymeric nanostructures, which are made up of polymer chains arranged at the nanoscale, offer unique mechanical and chemical properties. Methods like template synthesis or self-assembly can be used to construct these structures. Numerous applications, including drug delivery systems, scaffolds for tissue engineering, sensor platforms, catalysis, etc., use polymeric nanostructures. 
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Figure 2:   Nanostructure material
Polymeric nanostructures that integrate self-assembling polymer particles facilitate effective medication administration to certain tissues, augmenting therapeutic outcomes while mitigating adverse effects. Inorganic-organic hybrids have a variety of physical-chemical properties that make them useful for gas adsorption, catalysis, and sensor platforms

2.3  Nanocomposite
Composite materials that combine nanoparticles or nanoscale components with a matrix material are called nanocomposites. Because of their improved qualities and reactivity towards pollutants, these nanocomposites demonstrate considerable potential in environmental remediation. This article will cover the many kinds of nanocomposites and their references that are employed in environmental remediation [12].
2.3.1 Metal based nanocomposite
Metal nanoparticles, such as zero-valent iron (nZVI), have been extensively investigated for environmental remediation due to their strong reactivity and capacity to break down a wide range of organic pollutants. Metal-based nanocomposites are produced when these metal nanoparticles are mixed with a matrix material, such as polymers or porous materials. This higher efficacy in pollutant removal is a result of these nanocomposites' improved stability and dispersibility [13].
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Figure 3:  Magnesium based structural metal nanocomposite


2.3.2 Carbon based nanocomposite
Carbon-based nanomaterials, such as graphene oxide (GO) and carbon nanotubes (CNTs), are well-suited for environmental remediation applications due to their unique characteristics, namely their large surface area and adsorption capacity. The efficient adsorption of pollutants is rendered possible by the durability of these carbon-based nanomaterials when they are incorporated into polymer matrices or other support structures[14].
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Figure 4: Carbon based nanocomposite for waste water treatment
2.3.3 Clay based nanocomposite
Clay-based nanocomposites can be created by adding nanoparticles to the surfaces of clay minerals, like montmorillonite or halloysite. Because the integrated nanoparticles have a larger surface area, these clay-based nanocomposites show better adsorption capabilities for organic pollutants and heavy metals[15].
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Figure 5: Clay based nanocomposite

3. Characterization Technique for Nanomaterials 
Nanomaterial characterization methods are essential for understanding the structure, behaviour, and properties of these materials at the nanoscale. These methods give scientists the ability to work with and analyze materials that have sizes between one and one hundred nanometers. Researchers can enhance the properties of nanomaterials for a variety of uses, like electronics, medicine, energy storage, and catalysis, by characterizing them.
The purpose of this article is to give an overview of the numerous characterization methods for nanomaterial research. The imaging techniques that here include transmission electron microscopy (TEM) and scanning electron microscopy (SEM), spectroscopic techniques like Raman spectroscopy and X-ray photoelectron spectroscopy (XPS), diffraction techniques like electron diffraction (ED) and XRD, thermal analysis techniques like thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC), and surface analysis techniques like atomic force microscopy (AFM) and X-ray reflectivity[16].

3.1 Scanning electron microscope
A scanning electron microscope is a powerful scientific instrument used to investigate the surface structure and topography of various materials at high magnification. It utilizes a beam of electrons instead of light to achieve much higher resolution and depth of field compared to traditional optical microscopes. Electron sources, electromagnetic lenses, scanning coils, detectors, and an image handling computer system comprise the fundamental components of a scanning electron microscope. A tungsten filament or a more advanced field emission gun  (FEG) are commonly used as the electron source because they both release electrons when heated by electricity.
High voltages in the SEM chamber accelerate the electrons that are released in the opposite direction of the sample surface. The electrons interact with the atoms in the sample material through a variety of interactions because of their high energy and wave-like properties. These interactions include elastic scattering, inelastic scattering (which generates X-rays), secondary electron emission (which produces an imaging signal), and backscattered electrons (which offer compositional information). Electromagnetic lenses are used to focus the primary beam onto a tiny area of the sample surface. Following that, in a raster pattern, the concentrated beam is moved across various spots on the sample by the scanning coils. Depending on how the incident electrons interact with every region on the surface, different signals are generated as this takes place. Secondary electron emission is the imaging signal that is most frequently used. When primary electrons undergo blasting into near-surface regions, these low-energy electrons are released. Fine qualities and topographical details about the surface can be shown in intricate images created by gathering these secondary electrons with specific detectors positioned above or below the sample.
Backscattered electrons can also be detected and used to provide additional compositional contrast in SEM images since they depend on atomic number differences between different materials within the sample.
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Figure 6:  Scanning electron microscope
Numerous fields, such as materials science, nanotechnology research, geology study, forensic analysis, biological research (using particular preparation techniques), semiconductor industry inspection/characterization, and a number of others, find application for scanning electron microscopes [17].
3.2 Transmission electron microscopy
Transmission Electron Microscopy (TEM) is another powerful imaging technique that allows scientists to visualize the internal structure of materials at atomic resolution. An ultra-thin sample goes through via an electron beam, which reacts with the material to form an image on a camera or fluorescent screen. TEM may employ energy-dispersive X-ray spectroscopy or spectroscopy of electron energy loss to offer knowledge about composition, grain boundaries, lattice defects, crystal structure, and nanoparticle size distribution.
An electron gun produces a high-energy electron beam in a transmission electron microscopy, which is then concentrated using electromagnetic lenses on the specimen. Usually, the thin specimen is created through the formation of a thin film on a support grid or by cutting it into extremely thin parts. The specimen's atoms interact with the electrons as they move through it, producing an array of scattering consequences [18].
After that, an imaging device known as an electron detector collects the sent electrons, magnifies the signal it receives, and records it. Detailed details about the sample's shape, composition, and internal structure are given by the generated image. Because TEM can achieve such excellent resolution, this allows researchers to see details at atomic scales. Many scientific domains, like materials science, biology, nanotechnology, and semiconductor research, can benefit by its applications. 
Furthermore, to learn more about the chemical composition or crystallographic structure, respectively, TEM can be used when combined with other methods such as energy-dispersive X-ray spectroscopy (EDS) or electron diffraction. the chemical composition or crystallographic structure, respectively, TEM can be used together with other methods such as energy-dispersive X-ray spectroscopy (EDS) or electron diffraction[19].
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Figure 7: Transmission electron microscope (tem)
Usually, the thin specimen is created through the formation of a thin film on a support grid or by cutting it into extremely thin parts. The specimen's atoms interact with the electrons as they move through it, producing an array of scattering impact. TEM can achieve such excellent resolution, this allows researchers to see details at atomic scales. Many scientific domains, like materials science, biology, nanotechnology, and semiconductor research, can benefit by its applications [19].
3.3 X-ray diffraction 
X-ray diffraction is based on the principle of wave-particle duality, where X-rays behave as both electromagnetic waves and particles called photons. When a beam of X-rays encounters a crystalline sample, it interacts with the regular arrangement of atoms within the crystal lattice. The interaction between X-rays and the crystal lattice leads to constructive interference if certain conditions are met. According to Bragg's law (proposed by father-son duo William 
Henry Bragg and William Lawrence Bragg), when X-rays strike a crystal lattice at an angle that satisfies the equation: 
  nλ    = 2dsinθ
[image: ]where n is an integer (representing different orders of reflection), λ is the wavelength of incident X-rays, d is the spacing between planes in the crystal lattice (also known as interplanar spacing), and θ is the angle between incident X-rays and reflecting planes; then constructive interference occurs.



 


 Figure 8: X-ray diffraction
A detector screen behind the crystal exhibits a pattern of bright spots known as diffraction patterns or diffraction peaks as a result of this occurrence. Interplanar spacing (d) can be determined using Bragg's rule by measuring these angles (θ) at which constructive interference occurs for various values of n (e.g., n = 1 for first-order reflection).
A detector screen behind the crystal shows a pattern of bright spots known as diffraction patterns or diffraction peaks as a result of this occurrence. Interplanar spacing (d) can be determined using Bragg's rule by measuring these angles (θ) at which constructive interference occurs for various values of n (e.g., n = 1 for first-order reflection). By carefully examining these diffraction patterns and applying mathematical techniques such as Fourier transformation or direct methods, researchers are able to determine crucial details about the atomic arrangements within crystals, such as bond lengths, bond angles, packing arrangements, unit cell dimensions, and symmetry elements[20].
X-ray diffraction experiments can be performed using various types of instruments such as powder diffractometers or single-crystal diffractometers depending on whether powdered samples or single crystals are being investigated respectively. In powder diffractometry experiments, finely powdered samples are used so that all possible orientations contribute to obtain overall structural information. Conversely, single-crystal diffractometry entails the attachment of individual crystals to goniometer heads, enabling accurate rotation alignment for the acquisition of data from particular locations within single crystals.
X-ray sources commonly used include rotating-anode generators or synchrotrons which provide intense beams with high photon fluxes over broad energy ranges enabling detailed analysis for small samples with low scattering power [21].
4. Traditional methods of removing pollutants and their side effects
Traditional methods like coagulation, adsorption, and advanced oxidation processes combined with electrochemical and biological processes have been used before the revelation of Nano biotechnology.
Adsorption is a fundamental process that plays a crucial role in removing pollutants from water and air. Unlike coagulation and flocculation, which involve the aggregation of particles to form larger masses for easier removal, adsorption works on the principle of molecules adhering to the surface of a solid substance. This process is widely used in various industries and environmental remediation efforts due to its effectiveness in removing a wide range of pollutants. Imagine you have a sponge. When you dip the sponge in water, it absorbs the liquid, trapping it within its pores. Similarly, adsorption involves the trapping of pollutants onto the surface of a solid material, often referred to as an adsorbent [22]. This adsorbent can be a natural material like activated carbon derived from coconut shells or synthetic materials like zeolites. The mechanism behind adsorption is based on the attractive forces between the molecules of the pollutant and the surface of the adsorbent. These forces can be physical (Van der Waals forces) or chemical (electrostatic interactions, hydrogen bonding, etc.). When the pollutant molecules come into contact with the surface of the adsorbent, they adhere to it, effectively removing them from the surrounding medium. One of the key advantages of adsorption is its versatility. It can effectively remove both organic and inorganic pollutants from water and air. Organic pollutants such as pesticides, dyes, and pharmaceuticals can be adsorbed onto the surface of activated carbon, while heavy metals like lead, cadmium, and arsenic can be removed using specific adsorbents designed to target these contaminants [23].
Moreover, adsorption is a highly efficient process that can achieve high pollutant removal rates even at low concentrations. This makes it particularly suitable for treating water and air streams with low pollutant levels, where other methods like coagulation and flocculation may not be as effective.Another advantage of adsorption is its ability to selectively target specific pollutants. By choosing the appropriate adsorbent material and optimizing operating conditions such as pH and temperature, it is possible to tailor the adsorption process to remove specific contaminants of concern while leaving other substances unaffected[24].
Heterogeneous photocatalysis is a method that uses special materials like titanium dioxide, zinc oxide, and others to clean up pollution usin g sunlight. These materials break down pollutants into harmless compounds and even remove things like inorganic chemicals and halide ions that can be harmful. Ozonation is another way to clean up pollution, especially pesticides. It works by using ozone to break down harmful chemicals, reducing their impact on the environment. This process is great at removing pollutants and making the water safer.Electrochemical processes are traditional methods for cleaning up pollution, too. Electrocoagulation uses a special metal anode to treat water, which helps remove pollutants without making the water too salty. It's easy to use, produces less sludge, and requires fewer chemicals. Electrochemical Advanced Oxidation Processes take it a step further by completely breaking down pollutants using electricity and special catalysts. This method is environmentally friendly and can be automated for large-scale use. Electrokinetic remediation is a technique used to clean up areas contaminated with pollutants. It helps separate and remove both organic and inorganic pollutants from the soil or water, making the environment cleaner and safer for everyone [25].
Direct oxidation processes, which involve directly breaking down pollutants, aren't commonly used because they're not very effective at getting rid of organic pollutants. However, they do produce powerful oxidizing agents that can be used in other processes to clean up pollution indirectly.Biological methods are a popular choice for removing pollutants because they're affordable and environmentally friendly. They've been around for a while, so we know a lot about how they work, and they can be adapted to fit the needs of different communities. These biological methods can also be combined with other techniques, like wet air oxidation or ozonation, to make them even more effective at removing pollutants that are especially toxic or hard to break down. This combination approach increases efficiency and ensures better removal of harmful substances from the environment. So, while direct oxidation processes might not be the best option on their own, they can still play a role in helping to clean up pollution indirectly. And biological methods, with their low cost and green nature, remain a reliable and widely used approach for tackling pollution problems [26].
 

5. [bookmark: _Hlk163294061]Environmental and health consequences of pollutants
In recent decades, with the development of advanced technology, trace contaminants have been identified and examined. Pollutants like plastics and chemicals that are dumped onto land without permission pose serious risks to the natural world and its inhabitants. These pollutants, which include plasticizers and aromatic hydrocarbons, are dangerous because they can alter living things and potentially have a role in the onset of cancer. Additionally, they upset the delicate soil balance, which hinders plant growth and ultimately reduces food harvests. It is necessary to look more closely at the contaminants involved, their effects on the ecosystem, and potential mitigating techniques in order to fully understand the repercussions of illegal dumping. Aromatic hydrocarbons are organic compounds containing benzene rings, commonly found in petroleum products and industrial processes. Plasticizers, on the other hand, are additives used to increase the flexibility and durability of plastics. While both substances serve various industrial purposes, their disposal without proper regulation can have dire consequences. When these pollutants are dumped onto land, they can leach into the soil and groundwater, contaminating essential resources for both humans and wildlife [27].
 Aromatic hydrocarbons, for example, are known to persist in the environment for long periods, posing a threat to ecosystems and human health. Exposure to these chemicals can result in harmful effects such as DNA damage, reproductive problems, and neurological disorders.
When these pollutants are dumped onto land, they can leach into the soil and groundwater, contaminating essential resources for both humans and wildlife. Aromatic hydrocarbons, for example, are known to persist in the environment for long periods, posing a threat to ecosystems and human health. Exposure to these chemicals can result in harmful effects such as DNA damage, reproductive problems, and neurological disorders. Plasticizers, likewise, can have detrimental effects on the environment. As plastics degrade, they release toxic additives into the soil and water, posing risks to aquatic life and ecosystems. Moreover, microplastics tiny plastic particles that result from the breakdown of larger plastic items can accumulate in soil and water, leading to widespread pollution and potential harm to wildlife. One of the most significant impacts of unauthorized dumping is its effect on soil quality and fertility. Soil serves as the foundation for agriculture, providing essential nutrients and support for plant growth. When contaminated with pollutants, however, soil loses its ability to sustain healthy plant life. Aromatic hydrocarbons and plasticizers can alter soil pH, nutrient levels, and microbial activity, inhibiting seed germination and root development [39].Additionally, these pollutants can interfere with essential biological processes in plants, such as photosynthesis and nutrient uptake, further compromising their growth and productivity. As a result, crop yields may decline, leading to food shortages, economic losses, and social instability. To address the challenges posed by unauthorized dumping, proactive measures must be taken at various levels. Strict regulations and enforcement mechanisms are needed to prevent the illegal disposal of pollutants and hold perpetrators accountable for their actions. Public awareness campaigns can also play a crucial role in educating communities about the importance of proper waste management and environmental stewardship [29].
Furthermore, investment in sustainable practices and technologies is essential to minimize the generation of hazardous waste and promote the adoption of cleaner alternatives. This includes investing in recycling infrastructure, developing eco-friendly alternatives to conventional plastics, and supporting research into innovative remediation techniques for contaminated sites.The presence of mutagenic and carcinogenic pollutants like heavy metals (zinc, cadmium, lead), chemical pesticides, and fertilizers in terrestrial ecosystems decreases agricultural productivity by affecting seed dormancy and overall plant health. Municipal sewage and intensive farm fertilization exacerbate this issue, leading to increased levels of pollutants in groundwater through leaching. This contamination not only poses risks to human health but also affects the quality of water resources. Nutrient runoff from land areas contributes to water nutrient enrichment, leading to eutrophication, which disrupts aquatic ecosystems. Furthermore, areas contaminated with radioactive pollutants face heightened risks of forest fires due to the altered ecosystem dynamics caused by pollution. These interconnected environmental challenges underscore the urgent need for comprehensive management strategies to mitigate pollution's impacts on terrestrial ecosystems, safeguard water resources, and reduce the risk of ecological disasters like forest fires [30].
New pollutants entering aquatic bodies, like pesticides, synthetic fertilizers, sdyes, detergents, and heavy metals, pose risks to human health. When water becomes eutrophic, meaning it's overly rich in nutrients like nitrogen, it can cause skin and eye irritation, stomach inflammation, and vomiting. High nitrogen levels can even lead to "Blue Baby Syndrome," which reduces the oxygen-carrying capacity of infants' blood, posing serious health risks.Heavy metals found in drinking water, such as arsenic, lead, mercury, and phthalates, can disrupt the body's hormonal balance, leading to neurological or reproductive issues. These pollutants can mimic, block, or interfere with natural hormones, causing adverse health effects [31].
Another concerning pollutant is PFAS (per- and polyfluoroalkyl substances), which has been linked to infertility, thyroid problems, cancer, and obesity. These substances can accumulate in the body and cause long-term health issues. Contaminated water can also spread diseases like diarrhea, cholera, typhoid, malaria, and even cause congenital problems in newborns. It's crucial to address these pollutants to protect both the environment and human health. Measures such as proper waste management, reducing the use of harmful chemicals, and investing in water treatment technologies are essential to mitigate these risks and ensure clean and safe water for everyone. This contamination not only poses risks to human health but also affects the quality of water resources. Nutrient runoff from land areas contributes to water nutrient enrichment, leading to eutrophication, which disrupts aquatic ecosystems.
 Furthermore, areas contaminated with radioactive pollutants face heightened risks of forest fires due to the altered ecosystem dynamics caused by pollution. These interconnected environmental challenges underscore the urgent need for comprehensive management strategies to mitigate pollution's impacts on terrestrial ecosystems, safeguard water resources, and reduce the risk of ecological disasters like forest fires. Another concerning pollutant is PFAS (per- and polyfluoroalkyl substances), which has been linked to infertility, thyroid problems, cancer, and obesity. These substances can accumulate in the body and cause long-term health issues Additionally, they upset the delicate soil balance, which hinders plant growth and ultimately reduces food harvests [32].
 It is necessary to look more closely at the contaminants involved, their effects on the ecosystem, and potential mitigating techniques in order to fully understand the repercussions of illegal dumping. Aromatic hydrocarbons are organic compounds containing benzene rings, commonly found in petroleum products and industrial processes. Plasticizers, on the other hand, are additives used to increase the flexibility and durability of plastics. 
6. Nanomaterials and Environment
6.1 Nanomaterials for remediation water pollution
Water pollution remediation is a major application of nanomaterials. Their unique features, like their large surface area, reactivity, and ability to adsorb substances, enable them to effectively remove a wide range of pollutants from water [33]. The following are a few notable examples of nanoparticles used for the removal of water pollution.
i) Carbon nanotubes 
Because of their amazing adsorption abilities, large surface area, and chemical durability, carbon-based nanomaterials have become progressively attractive options for the treatment of water. Particular uses for carbon-based nanoparticles in water purification include the following:
ii) Adsorption of contaminates
Due to their large surface areas and porosities, carbon nanomaterials like activated carbon, carbon nanotubes (CNTs), and graphene oxide (GO) can adsorb a variety of pollutants, such as organic pollutants, heavy metals, and water-soluble dyes. By offering a sufficient number of active sites for the adsorption process, the large surface area efficiently eliminates pollutants from the water matrix [34].


iii) Enhanced   filtration
Carbon nanomaterials can be incorporated into filtration membranes to enhance their performance. Functionalized carbon nanotubes or graphene can improve the permeability and selectivity of membranes, allowing for more efficient removal of contaminants while maintaining high water flux rates.
iv) Nanostructured carbon composite
Researchers have developed nanostructured carbon composites by combining carbon nanomaterials with other substances such as polymers or metal nanoparticles. These composites exhibit synergistic effects, leading to enhanced adsorption capacity and selectivity for specific contaminants in water.
v) Removable of organic pollutant
Carbon-based nanomaterials are particularly effective in removing organic pollutants such as pesticides, pharmaceuticals, and industrial chemicals from water. The π-π stacking interactions and electrostatic forces between the aromatic structures of carbon nanomaterials and organic pollutants facilitate their adsorption and removal from water.
vi) Heavy metal removal
Carbon nanomaterials possess high affinity for heavy metal ions due to their surface functional groups and π-electron-rich structures. They can effectively adsorb heavy metals such as lead, cadmium, mercury, and arsenic from water, mitigating their harmful effects on human health and the environment[35].
vii) Regeneration and reusability
One of the advantages of carbon-based nanomaterials in water purification is their potential for regeneration and reusability. After adsorbing contaminants, these materials can be regenerated through processes such as thermal treatment or desorption, allowing them to be reused multiple times, thus reducing operational costs and minimizing waste generation.

viii) Point of use water purification device
Carbon nanomaterials can be integrated into point-of-use water purification devices such as filters or cartridges for household or community-level water treatment. These devices offer cost-effective and decentralized solutions for providing clean drinking water, particularly in rural or underserved areas lacking access to centralized water treatment facilities
6.2 Nanomaterials in remediation of air pollution
Through a variety of procedures, such as filtration, catalysis, and photocatalysis, nanomaterials have shown their potential in the remediation of air pollution. The following is how various kinds of air pollution are tackled with nanomaterials:
i) Particulate matter(pm) filtration
Filters based on nanoparticles are good at catching airborne particulate matter. Filters are enhanced in gathering efficiency by adding materials like metal oxide nanoparticles, graphene oxide (GO), and carbon nanotubes (CNTs). Because of the high surface area and porosity of these nanomaterials, small particles can be trapped and kept from entering the atmosphere[36].
ii) Volatile organic compounds (vocs) removal
To remove volatile organic compounds (VOCs) from air streams, nanomaterials such as porous carbon nanoparticles, zeolites, and metal-organic frameworks (MOFs) are used. These nanomaterials' high surface areas and adjustable pore architectures aid in the adsorption of volatile organic substances (VOCs), hence reducing the concentration of these molecules in the air.
iii) Catalytic conversion of pollutants
When dangerous gases like nitrogen oxides (NOx), carbon monoxide (CO), and volatile organic compounds (VOCs) are transformed into less dangerous molecules, nanomaterials act as catalysts. Because of their distinctive electrical properties and huge surface area, metal nanoparticles supported on different nanocarbons or metal oxides exhibit strong catalytic activity [37].

iv) Photocatalytic degradation
Under the influence of ultraviolet (UV) light, nanomaterials possessing photocatalytic features, like tungsten trioxide (WO3), zinc oxide (ZnO), and titanium dioxide (TiO2), have the ability to breakdown down air contaminants. Upon absorption of light, these nanomaterials generate reactive oxygen species (ROS) that oxidize and break down harmful molecules into safe chemical compounds, effectively cleansing the air.
v) Nanomaterial-based sensors
High sensitivity and selectivity air quality monitoring sensors are also developed using nanomaterials. In order to identify different air contaminants in real-time and enable prompt intervention and mitigation actions, carbon nanotubes, metal oxide nanoparticles, and quantum dots are combined into sensor devices.
vi) Self-cleaning surfaces
Surfaces exposed to air pollution can be cleaned using self-cleaning nanomaterials, such as photocatalytic coatings containing TiO2 or ZnO nanoparticles. When exposed to sunlight, these coatings allow organic contaminants to break down and particle matter to be eliminated, resulting in cleaner and more sustainable urban settings[38].
vii) Nanofluids for air purification
Air purification systems use nanofluids that contain suspended nanoparticles, including metal or graphene oxide, to successfully eliminate contaminants and transmit heat. In HVAC systems, these nanofluids can be circulated via filters or heat exchangers to improve heat transfer and pollutant removal efficiency. After that, an imaging device known as an electron detector collects the sent electrons magnifies the signal it receives, and records it. Detailed details about the sample's shape, composition, and internal structure are given by the generated image. Because transmission electron microscope can achieve such excellent resolution, this allows researchers to see details at atomic scales. Many scientific domains, like materials science, biology, nanotechnology, and semiconductor research, can benefit by its applications. Through a variety of procedures, such as filtration, catalysis, and photocatalysis, nanomaterials have shown their potential in the remediation of air pollution [39]. The following is how various kinds of air pollution are tackled with nanomaterials. Upon absorption of light, these nanomaterials generate reactive oxygen species (ROS) that oxidize and break down harmful molecules into safe chemical compounds, effectively cleansing the air. These interactions include elastic scattering, inelastic scattering (which generates X-rays), secondary electron emission (which produces an imaging signal), and backscattered electrons (which offer compositional information). 
Electromagnetic lenses are used to focus the primary beam onto a tiny area of the sample surface [40].
6.3 Nanomaterial remediation in soil pollution
In the field of soil pollution remediation, nanomaterials have shown great promise in providing creative methods for addressing a variety of contaminants, such as pesticides, heavy metals, organic pollutants, and new toxic substances. They are extremely useful in a variety of remediation techniques due to their special qualities, which include high surface area, reactivity, and adjustable features. The various uses of nanomaterials in the remediation of soil pollution, their modes of action, and the difficulties and challenges accompanying their application are all going to be addressed in this essay.
Adsorption is one of the main methods that nanomaterials clean up soil pollution. With their exceptionally high surface area-to-volume ratios, nanomaterials which includes metal oxide nanoparticles, carbon nanotubes, and graphene oxide, can effectively adsorb pollutants. These tiny particles bond to particular pollutants selectively through chemical and physical interactions, removing them from the soil matrix and decreasing their bioavailability[41].
Adsorption depends on a number of variables, such as the contaminants’ chemical composition and solubility as well as the characteristics of the nanomaterials (e.g., surface chemistry, pore size distribution). The negative impacts of pollutants on the environment and human health can be lessened by storing them and preventing their uptake by plants or circulation into groundwater through using the adsorption powers of nanomaterials. Another significant remediation technique made possible by nanomaterials is chemical degradation. Engineered nanoparticles have the ability to accelerate chemical reactions that break down soil pollutants. For instance, reductive degradation of chlorinated solvents and other organic pollutants is a common application of nanoscale zero-valent iron (nZVI). Hazardous pollutants can be converted into less hazardous or non-toxic compounds by nZVI, which contains a reactive surface and potential electron transfer capabilities[42].
Based on the type of contaminants and the surrounding conditions, the degradation mechanisms could include processes like hydrolysis, photolysis, oxidation, reduction, or hydrolysis. More selectivity, faster reaction rates, and less energy consumption are just a few benefits of using nanomaterial-based catalysis over conventional remediation techniques. But to guarantee the security and efficacy of this strategy, issues like the aggregation and stability of nanoparticles in soil and the possible production of dangerous byproducts must be addressedIn addition, nanomaterials are vital for immobilizing pollutants in soil. Through precipitation or surface complexation reactions, heavy metals and other contaminants can be stabilised by adding nanoparticles like iron oxide and clay minerals to polluted soil. Because of their immobilization, contaminants are less mobile and bioavailable, which lessens the probability that they may seep into groundwater or be absorbed by planting. The kind and concentration of nanoparticles, the characteristics of the soil, and the surrounding environment all affect how effective immobilization is. Techniques for immobilization based on nanomaterials provide an economical and sustainable substitute for conventional methods like excavation and disposal. However, adequate site characterization and monitoring are required to address issues including long-term stability and the potential remobilization of immobilized pollutants. The widespread application of nanoparticles in soil remediation raises concerns with regard to prospective hazards and environmental effects despite their potential benefits. Nanoparticles have the potential to cause unanticipated harm, travel across the environment, and accumulate within living things. Therefore, in order to make sure the safe and long-term use of nanomaterials in soil remediation operations, rigorous risk assessments and environmental impact studies are required [43].
In general, a variety of uses, including adsorption, degradation, immobilization, and monitoring, shows how adaptable and effective nanoparticles are in tackling soil pollution. In order to fully utilize nanomaterials and reduce associated hazards, more research and development in this area is necessary. This will ultimately help to preserve and restore soil quality and environmental health.
[bookmark: _Hlk163294203]Conclusion 
Nanoparticles, due to their unique physical and chemical properties at the nanoscale, offer a versatile platform for environmental remediation. Their high surface area-to-volume ratio, tunable surface chemistry, and reactivity make them exceptionally effective in adsorbing, degrading, or transforming pollutants into less harmful substances. Moreover, nanoparticles can be engineered to target specific contaminants, enhancing their selectivity and efficiency in remediation processes. One of the significant advantages of nanoparticle-based remediation is its potential to mitigate the adverse effects associated with conventional methods. Unlike traditional approaches that may generate toxic byproducts or require large amounts of chemicals, nanoparticle-based technologies offer more sustainable and eco-friendly alternatives. Furthermore, nanoparticles can be integrated into hybrid systems, combining different remediation mechanisms to enhance pollutant removal efficiency. However, despite their immense potential, the deployment of nanoparticle-based remediation technologies necessitates careful consideration of potential risks, including nanoparticle toxicity, mobility, and long-term environmental impacts. Nanoparticle-based remediation presents a promising paradigm shift in environmental management, offering efficient and sustainable solutions for mitigating pollution while minimizing adverse impacts on Earth's ecosystems. Continued research, development, and responsible deployment of these technologies are crucial for addressing the pressing challenges of environmental degradation in the 21st century
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