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The industrial intervention had a profound impact on our environment and the amount of damage it has bestowed is in the form of polluted water and solid waste accumulation. With upgradation of technologies in the industrial upfront there is also an increase in the robust nature of industrial waste. Keeping in view of the various environmental aspects, advanced techniques were developed by the inculcation of nanotechnology. Among the diverse technologies that have gained prominence is the use of nanoparticles as a medium to monitor and treatment process. One of them is the use of organic techniques, i.e., the use of nano-chitosan. The review article focuses on the new data pertaining to the study and improvement of various nano-scale treatment technologies implemented for wastewater treatment with an environment friendly biodegradation. The eradication of harmful toxicants is an exhaustive process, but this is required to invigorate the sustainable development. Various strategies were promulgated but the inculcation of nanomaterial provided a low-cost, efficient and simple method for removal of contaminants by adsorption. These nanomaterials provide the best adsorbent due to its simple structural properties that provide a better surface area with high absorption capacity. This comprehensive review gives a glimpse of the various green and other nanotechnologies used for wastewater and contaminated soil treatments.
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INTRODUCTION
The word “nano” is Greek in origin, and it is used to describe one billionth of a meter. The term Nanotechnology was coined by Norio Taniguchi (1974) to describe the manufacturing of materials at the nanometre scale. Nanotechnology is a drastically growing research area with the utilization to implement nanoscale materials in the area of science and technology. It is a multidisciplinary scientific undertaking, involving creation and applications of materials, devices or systems that function at nanoscale. Nano phasic and nanostructured materials are drawing in more consideration because of its distinctness and selectivity related to biological and pharmaceutical applications (G.A. Mansoori, 2002). More than this it also caters to the pollution through various techniques that help in monitoring and assessing the environmental risk. It is likewise put on in cosmetics, electronic and energy associated utilities (Keller et al., 2013).
The synthesis of various Nano structures and particles are mainly categorized into two perspectives. The first is top to down perspective and second is bottom to top up perspective. Both the perspectives consist of various methods to produce nanoparticles. In the top–down perspective, particles are generated from the bulked (grouped) materials and in the bottom–up approach the nucleation sites are first formed then it grows into a nano sized particle. The examples of top-down (physical) approach are ball milling, laser ablation, evaporation–condensation, electromagnetic levitation gas condensation (ELGC), ultra-sonication, lithography, spray pyrolysis, radiolysis, arc discharge, and photo–irradiation. Physical approach is generally applied for high scale production in a minimal time (Sina and Shohreh, 2021). The bottom-up approach, however, relies mostly on the use of reducing and stabilizing agents to produce the various types of nanoparticles and its subcategories in organic and inorganic (it depends upon the use of reactive agents) methods. In this type of synthesis various methods like chemical vapour deposition, sol-gel process, spinning, pyrolysis, etc. are used (Ijaz et al., 2020). The biosynthesis of nanoparticles is done using microorganisms as an alternative for the conventional methods (i.e., physical and chemical methods). Prokaryotes and eukaryotes are applied for production of metallic nanoparticles (viz. silver, gold, platinum, zirconium, palladium, iron, cadmium) and metal oxides (such as titanium oxide, zinc oxide, etc). These microbial organisms incorporate bacteria, fungi, algae and actinomycetes. The synthesis of nanoparticles may be intracellular or extracellular as indicated by the place of nanoparticle development. Biosynthesis processes are environment friendly, effectual, economic, and scalable with desirable controlled features like size and morphology of nanoparticles (K. Rambabu et al., 2021).
Rapid population growth, industrialization, and urbanization have been associated with extensive use of various pollutant-containing products and by-products, these product manufacturing industries are omitting numerous wastes that lead to the accumulations in various ecosystems and environment (Meghdad and Hassan, 2021). World is suffering from the shortage of freshwater and the demand is continuously increasing day by day. It estimated that nearly 3.6 billion people scarce at least 1 month in a year (Syed and Waseem, 2021). Again, with fast populace development and growth of the urban areas, yearly waste production is projected to increase by 70% from 2016 levels to 3.40 billion tons in year 2050.
The most common method implemented for solid waste is through sanitary landfill. They generate large quantities of leachate; the term leachate is elucidated by the liquid that comes out of the landfill and extracted dissolved along with suspended matter. The overproduction of leachate often leads to harmful effects on humans and the environment. As a solution various nanotechnology-based processes are used to treat leachate like nano-filtration (Fadugba et al., 2021).
Wastewater treatment plants are used to remove the water-based pollutants from the industrial, sewage and other wastewater systems. The diverse range of nanoparticles made from noble metals are gold, silver etc. They are initially reproduced and utilized in catalytic reduction processes, which has a high surface to volume ratio and decipher a huge catalytic activity towards the reduction of numerous organic pollutants in wastewater treatment plants (Wenshuai et al., 2020).
In this mini-review, the implementation of green-synthesised nanoparticles used for wastewater and soil treatment are mentioned and their economical way to meet the need of renewable energy goal was also highlighted.
CLASSIFICATION OF NANOPARTICLES
The classification of nanoparticles is based on its size, shape and morphology. Nanoparticles are commonly categorised into organic nanoparticles, inorganic nanoparticles, metal nanoparticles, metal oxides nanoparticles, ceramic nanoparticles and biological nanoparticles (bio nanoparticles) (Cristina and Ivan, 2016).
Organic Nanoparticles
Organic nanoparticles are biodegradable, non-toxic in nature, it includes micelles, dendrimers and ferritin. It may also have hollow spheres like micelles and liposome’s structure that are mostly used for drug delivery. It is also known as polymeric nanoparticles and nano-capsules. They have characteristic heat and light sensitive nature. It is mostly found in nanosphere and capsulated form. In this nanoparticle (matrix particles), the inner matrix part is solid and outer bounds of spherical surface has absorbed compounds, Nanoparticles are encapsulated in a solid mass (Muhammad et al., 2017).
Inorganic Nanoparticles
Inorganic nanoparticles don’t have carbon in their structure, so they are non-toxic as well as hydrophilic and biocompatible in nature. They have more stability compared to organic nanoparticles. Inorganic nanoparticles are categorised into metal and metal-oxide (Muhammad et al., 2017).
Metal Nanoparticles
The nanoparticles made from the metals are known as metal nanoparticles. Metal precursors are used in destructive or constructive manner to produce pure metal nanoparticles. It has unique opto-electrical effects due to plasma resonance property. The reproduction of metal nanoparticles is guided by size, shape and facet. The most common metal nanoparticles are silver, gold, iron, cobalt, zinc, copper, and cadmium nanoparticles. The size and shape control provide the various unique properties to metal nanoparticles like surface area to volume ratio, pore size, structure, surface charge and density, colour and environmental factors (e.g., sunlight, moisture, heat and air) (Erik et al., 2012).
Metal Oxide Nanoparticles
The main reason for the reproduction of metal oxide nanoparticles is to increase the reactivity of metal oxide nanoparticles compared to metal nanoparticles. The synthesis of metal oxide nanoparticles is modified in such a way that increases its reactivity. Most common metal oxide nanoparticles are iron oxide, zinc oxide, aluminium oxide, silicon dioxide, magnetite and titanium oxide (Clifford et al., 2007).
Ceramic Nanoparticles
The synthesis of ceramic nanoparticles is mostly carried out by heating or successive cooling. It is commonly known as nanometallic solid. It has porous, dense, amorphous, polycrystalline and hollow structures. It is generally applied for photocatalysis, catalysis, photodegradation and imaging (Shindu ae al., 2015).
Biological Nanoparticles (Bio-Nanoparticles)
This is an assemblage of nanoparticles fabricated using biological systems. It is naturally occurring nanoparticles. These nanoparticles are produced in extra or intra cellular regions in various organisms and are mainly synthesised by aiming towards particular applications. Bio nanoparticles are commonly found as lipoproteins, ferritin and magneto-some (Irfan et al., 2020).
Nano-Materials
Nano particles are also used in a structural way by constructing Nano-material. It has a structural component (or unit) less than one micro-meter in at least one dimension. Composition blocks 0.2 nm of matter are accounted as nano-material. The nanomaterials have different types e.g., carbon based nano-materials, fullerene, carbon nanotube (single, double and multi walled), carbon black, carbon nano-fiber, graphene etc. Nano-materials can be further arranged on the foundation of their dimensions:
A. One dimensional nano-materials: The thin film size ranges from 1 to 100 nm.
B. Two dimensional nano-materials: The nano-structures have two dimensions, in which outside the size range of nano-metric with peculiar shape and 2D nano-materials are used as building blocks for key components of nano devices, e.g., carbon nanotubes (Jibowu, 2016).
C. Three dimensional nano-materials: the various layers, shapes and morphological nanomaterials are constructed in the defined way to make three dimensional nano-materials. (Sreelakshmy et al., 2016).
GREEN SYNTHESIS
There are several procedures for green-synthesis of metallic nanoparticles utilizing various solvents, reacting and capping agents. The biomolecules available in the plants such as flavones, terpenoids, ketones, alkaloids, aldehydes, vitamins, proteins, amino acids, tannins, phenolics, saponins, and polysaccharides assume an imperative part in reduction of metals (Vijayaraghavan and Ashokkumar, 2017).
The simple way to produce nanoparticles by various plant’s part is as per below diagram (Figure 1). It may vary from plant to plant and for technique pertaining to synthesis, most of the green synthesis methods are as depicted in Figure 2.
[image: Figure 1]FIGURE 1 | Schematic simple way to produce plant-based nanoparticles.
[image: Figure 2]FIGURE 2 | Green synthesis of metallic nanoparticles from various sources, mode of actions and further processes.
As mentioned in the above Table 1, the green synthesis process is economical in nature as per the selection of source materials like tea waste, peels of fruits and other organic residues. The economical way to produce the NPs is performed best by the organic waste but it is also important to accept the media and capping agent. The application of these nanoparticles in various fields is an important concern as they are used in traditional medicinal treatment also and in-depth analysis needs to be done as the by-products after treatment will pose risk for the native systems.
TABLE 1 | The various green synthesis from various plants parts and other sources.
[image: Table 1]USE OF WASTE MATERIALS AS NANOPARTICLE PRODUCTION AND APPLICATION
Waste materials from the different sources like the industries or consumer is the highlighted problem, waste may have value added materials or basic structures that can be utilized to produce the nanoparticles e.g., waste from the rubber/tires, large batteries, wastewater, bio-solids etc. contains the carbon, copper, zinc, lead that can be potential source for the nanoparticles construction. Added to this consumer’s waste may also contain different metallic compounds which can be recovered by various methods and as an end product we can get a good amount of metallic nanoparticles or composite materials (Table 2). The various physical and chemical methods like reduction with sodium borohydride, solvent thermal method with grinding and milling pre-treatment (Sabad et al., 2020).
TABLE 2 | The various waste derived nanoparticles and its applications.
[image: Table 2]Carbon Nanotubes (CNT) can be fabricated from plastic wastes after the application of autoclaves, crucible, muffle furnace and quartz tube. These methods disintegrate solid polymers into carbon precursors by pyrolysis. Other than this, polyethylene, polyvinyl alcohol, polypropylene and polyethylene terephthalate can also be utilized for the production of carbon nanotubes (Deng et al., 2016).
Graphene can also be reproduced by numerous plastic waste applying methods like waste polypropylene catalysed by montmorillonite than conversion of carbonized char and dissolved it with HNO3. The amorphous carbon can be obtained and repeated processes of same can give graphene flakes after the centrifugation and isolation process (Gong et al., 2014).
The mode of action approach of various nanoparticles changes with the native environment as the reaction, the medium and the characteristics alters with the availability of resources.
Silver nanoparticles generated from green synthesis using the neem leaf and banana peel is useful for the dye degradation and antimicrobial activity. The potential effects for dye degradation are also effectively applied for the hazardous dye removal (Ahana and Agana, 2021).
Nanoparticles made from gum acacia and copolymer nanocomposite magnetite nanoparticles were used as an adsorbent for the aqueous solution in the wastewater treatment plant and effluent showed the removal of the different magnetic property containing waste materials (Prajwall et al., 2021).
ZnO nanoparticle synthesized from the peel of Passiflora foetida fruit uplifted the removal percentage of methylene blue (93.25%) and Rhodamine B (91.06%) after 70 min of application of nanoparticles (Mujahid et al., 2021). The metallic nanoparticles have potential for removal of the antibiotic resistant bacteria and antibiotic resistant genes from wastewater treatment facilities (Adaora et al., 2021).
Nanoparticles function as a reducing agent and work as an antimicrobial catalyst for the detoxification of pollutants like organic, inorganic, and heavy metals. It’s environment friendly nature, cost effectiveness and potential reaction capability gives an extra edge over the available treatment materials (Zaidi Ab et al., 2015).
CHITOSAN NANOPARTICLES: AN EXEMPLARY GREEN NANOMATERIAL
Chitosan as an Adsorbent
In 1859, Chitosan was initially synthesized by Professor C. Rouget. It is a bioremediable polysaccharide synthesized from chitin deacetylation (with a basic structure of β-1, 4-linked two amino-2-deoxy-d-glucose). Amine group, primary and secondary hydroxyl groups are the three functional groups help in the chemical adsorption of ionic or polar impurities on the outer layer of chitosan. Viscosity, dissolvability in different solvents, polyelectrolytic nature, polyoxysalt development, mucoadhesive behaviour, capacity to frame metal chelates and films are some of the special properties of Chitosan, which make it better for its widespread use in food, agriculture, pharmacy, cosmetics industry etc. The most important factor for using chitosan lies in its properties like biodegradability, biocompatibility and economically feasible which makes it more useful for biomedical and bioremediation (Kaur and Dhillon, 2014). Because of the non-toxic, biocompatible, and biodegradable properties, the use of chitosan has increased. It is used in different aspects like biomedical, food, pesticide industries and also for the treatment of water. The good adsorbent properties help in removing the hazardous contaminations from wastewater like metal ions and organic contaminants such as dyes, pesticides and pharmaceutical residues in water and help in its treatment.
Because of its constructional characteristics and amine presence along with hydroxyl functionalities, the chitosan shows many benefits over different adsorbents. Being economical and disposed as waste it is often found abundantly as natural resources. Since, it is not poisonous or toxic and easily bio-remediable, therefore it is better for the environment. The adsorbent quality is better as it can adsorb different sorts of contaminations existing in wastewater. Though it has several advantages to be used as adsorbents still it is not widely used as it has some drawbacks in the form of low mechanical strength, less adsorption property, substantially low stability in acidic medium and negligible specificity. To improvise and enhance the stability as well as sensitivity the chitosan can be modified physically by changing it into different forms and chemically by crosslinking and grafting (Olivera et al., 2016).
Nanomaterials From Chitosan Used for Removal of Dyes
Chitosan nanoparticles possess relatively larger surface area and higher adsorption potency. These two qualities make it an effective adsorbent material for the decomposition of various dyes in textile wastewater.
The capacity to adsorb and select of the chitosan nanoparticles is further enhanced when surface is modified by some functional groups or by an appropriate grafting compound. The advantage of using magnetic chitosan lies in the simplicity of segregation done via a magnet and have better recyclability.
Tanhaei et al. prepared concoction nanoparticles of chitosan/Al2O3/magnetic iron oxide and applied it for the removal of methyl orange dye. Apart from this the researchers have also prepared simple magnetic chitosan. The magnetic chitosan is good adsorbent for the dye removal, and it was further seen through the experiment results for methyl orange removal.
Glutaraldehyde crosslinked magnetic chitosan nanocomposite prepared by reduction precipitation process are often applied for the elimination of Acid Red 2 and it gives an adsorption potency of 90.06 mg g−1. The production process does not involve use of any hazardous chemicals or extreme heat. The mechanism of adsorption is established on electrostatic interaction of anionic Acid Red 2 dye. This has a positive surface charge for magnetic chitosan nanocomposite and occurs as a consequence of protonation of amine group (Kadam and Lee, 2015).
Nanomaterials Made From Chitosan in Removal of Pesticides
The barriers in the crop productivity are the pests, weeds and harmful substances disposed on the land. In order to eradicate these problems pesticides are used but there is also a problem when these are used as they leach out in the nearby water bodies and promulgates rapid algal growth. Being toxic they often harm the aquatic ecosystem so they need to be removed from the environment with the help of adsorbents. The chitosan nanoparticles are used for the removal of pesticides is the new avenue where very few researchers have worked upon. In a study conducted by Dehaghi et al., 2014, they used the chitosan mixed with zinc oxide nanoparticles to remove the pests.
Chitosan Infused Nanomaterials for the Removal of Other Organic Pollutants
The nanomaterials infused with chitosan have given very good results for the elimination of pollutants and many researchers have applied the nanochitosan for the eradication of polyaromatic hydrocarbons (pH 5, 30°C) (Tahvildari and Mojahedi, 2016).
The magnetic chitosan nanoparticle was prepared by one-step in situ co-precipitation technique. The Quasi-spherical shaped nanoparticles are formed with size 10 nm. The magnetic chitosan nanoparticles prepared removed humic acid from water solution at pH 7 and 25°C. It has a reclaimable property which helps it to be used for a long term (Dong et al., 2014). The capacity to adsorb for the chitosan-based nanoparticles for organic pollution has been widely used due to its effective sorbent properties, economic feasibility and biodegradable nature which is a boon to the environment and its dwellers.
THE USE OF NANOTECHNOLOGY FOR PESTICIDES AND POP REMEDIATION FROM SOIL
The soil pollution is prevalent through the unsurmountable use of pesticides and persistent organic pollutants (POPs) by human activities that lead to the restriction of chemical pollutants use in the Stockholm convention on persistent pollutants (POPs) held in 2004. With the awareness through convention, there was a widespread need to wipe out these contaminants persistent in the soil via proper bioremediation and administration of contaminated soil areas that has been disrupted due to deposition of toxic chemical pollutants. There are eight pesticides out of the total 12 banned POP chemicals and the rest are either from factory-exhaust chemicals and pharmaceuticals (Yang et al., 2008; Loos et al., 2009; Abhilash et al., 2013; Allinson et al., 2016). The biomagnification and bioaccumulation of these toxic compounds pose a greater risk for the cycle of food chain and more persistent in the tertiary consumers so there is a need to remove these pollutants at the initial stage itself. Since these POPs are lipophilic, they tend to deposit as fatty tissues in the living beings and pose an acute and chronic risk. Many pesticides have recently been banned as they pose threats to the health even after it has been abandoned for many years. The problem with POPs arises when they are prevalent by the means of vaporization and are settled at the site far from the origin. The recalcitrant nature of the POPs tends to contaminate the soil for decades and they take several years to degrade from the environment. Photocatalysis is the means for degradation of these pesticide pollutants. The nanoparticles in the process of photolysis acts as catalyst and go through response with chemical contaminants i.e., pesticides and POPs. These nanophotocatalysts transform the hazardous persistent pollutants into simple compounds such as CO2, N2, and H2O. According to Fujishima et al., 2008, the nanoscale titanium dioxide (TiO2) and zinc oxide (ZnO) are better photocatalysts and it was further elucidated by Yu et al., 2007, by his study on the degradation of organochlorine pesticides such as α-, β-, γ-, and δ-hexachlorobenzene; dicofol; and cypermethrin through use of nano-TiO2. The pesticides with nano-TiO2 on its surface attract the peroxide or hydroxyl radicle and helps in electron transfer. The photocatalytic degradation of organophosphorus and carbamate with the use of nano-TiO2 with rhenium (Re+3) have been reported for the leaves of tomato plants (Rui et al., 2010) and around 15–30% photocatalytic degradation was found for organophosphorus and carbamate pesticides. The use of nano-TiO2 for photocatalysis is also found effective in reducing the half-lives of pesticides as defined by Gogos et al., 2012.
The application of carbon nanofibers has expedited as they provide complete mineralization of metolachlor which is used as an herbicide and are capable of giving rise to innumerable by-products in the form of organic acids and aromatic compounds which are harmful and persistent.
The nano zerovalent iron (nZVI) has a better degradative effect on the soil contaminated with Dichlorodiphenyltrichloroethane (DDT). The degradation rate was found around 50% for DDT induced soil and 24% for POP polluted soil.
The application of nZVI has conducted on remediation of soil contaminated with organochlorine (Tilston et al., 2013). The disturbance on soil bacterial community after application of nZVI has been noticed along with the depletion in pursuit of chloroaromatic mineralizing microbial organisms.
The initiation of photodegradation of malathion was done with the incorporation of the semiconductor synthesized nanoparticles attached with various metal core-shell nanocomposites such as TiO2, Au/TiO2, ZnO, and Au/ZnO as they acted as catalyst. The prepared nanocomposite with a coalescence of metal core and semiconductor further improvised the photocatalytic effect and boosted the malathion decomposition in a stipulated time (Fouad and Mohamed, 2011).
The effect of nano-TiO2(anatase) on photocatalytic decomposition of phenanthrene (a polyaromatic hydrocarbon) was studied by Gu, et al., 2012. They found that half-life of phenanthrene was brought down by 14 h (from 46 to 31 h) when TiO2 was loaded at 0 and 4 percentage weight. A significant degradation process was witnessed on the soil surfaces when TiO2 was used. The factors such as the concentration of H2O2, intensity of light and humic acid enhanced the degradation process as depicted in Table 3.
TABLE 3 | The use of Nanotechnology for pesticides and POP remediation.
[image: Table 3]CONCLUSION
The eco-friendly synthesis through nanoparticles (NPs) offers clean, non-toxic, relatively cost-effective, and environmentally sustainable procedures. Nanotechnology promulgates an upgraded and innovative initiative to fabricate and analyse various novel formulations based on metallic NPs that have tremendous prospect in diverse areas. Various nanoparticles and their prospective applications have been discussed in this review. The increasing threats to human health and the surround emancipated by the NPs are a concern therefore the studies are conducted in order to characterize the toxicity and mechanisms of NPs. The contemporary use of NPs with added advantages has been an important and efficient efforts to improvise the synthesis efficiency. The effective use of chitosan as adsorbent nanomaterial has led to the low-cost treatment for the water apart from the augmentation of antibacterial properties.
The implementation and utilization of these technological approaches for scale up and the commercial applications in the various fields will be upheld in the coming years. In the upcoming years the promulgation of nanotechnology will be useful for the replacement for the present precarious means as it will be eradicated the harmful contaminates from the soil and preserve the environmental sanctity. The remediation with the inculcation of nanotechnology has showed tremendous possibilities for diminishing the total cost and reduction of time allocated for replenishing as well as restoring the contaminated niche on a large scale. The onsite remediation reduces the overall cost for transport, processing and soil dumping afterwards the area has been replenished. The long-term effects due to the use of nanoparticles is still under the cynosure as proper evaluation needs to be done before forging ahead with large scale implementation to curb the future potential environmental effects.
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