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      Research in nanobiotechnology is gaining prime attention as it is directly affecting many socio-economic sectors including medical, agriculture, food, textile, and other industries. Biological, chemical and physical sciences are the backbone of nanobiotechnology. In recent years, nanobiotechnology research has provided solutions for several problems including human health because of its integrated approach involving various disciplines. Lately, it has been integrated rapidly with new emerging branches like molecular biology, pharmaceutical chemistry, animal cell science and drug development and discovery for output-oriented research.




      This eBook ‘Nanobiotechnology: Principles and Applications’ presents a broad overview of the principles and applications of nanotechnology in the diverse areas of biotechnology. The expert group of authors exhibit distinguished expertise and will belong to the academic world, creating a broad perspective. This volume covers the basics and applications of nanotechnology in drug delivery, combating pathogens, nanobiosensors, improving plant health by fertilizers, bioremediation, disease sensing, and diagnosis.




      As a biotechnology scientist, I am happy to recommend this eBook to the students of universities as a text and reference book both. The theory, concepts and technique’s part will be used as textbook and the application part as a standard reference. This eBook has been written in a way so that it is student-friendly with clean diagrams and protocols of specific techniques. I sincerely hope that the eBook has been prepared with scientific skills and will serve as a useful document for graduate and undergraduate students.
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      This eBook titled ‘Nanobiotechnology: Principles and Applications’ will provide insight into the principles and practices of nanotechnology in biological fields. Nanobiotechnology, an amalgamation of nanotechnology and biotechnology has gained attention due to its diverse applications. It utilizes the power of nanotechnology to solve the problems of various aspects of biotechnology like agriculture, medicine, industry and many more. In view of this, there is an unmet need to compile different horizons of Nanobiotechnology. Additionally, the biological toxicity to nanomaterials needs attention.




      We strongly believe this book is a reader’s delight and will help in dealing with the fundamental principles, and applications of nanobiotechnology. This will help students to understand the importance of nano techniques in all domains of biotechnology which will set a benchmark for further research. This eBook will cover topics like nano drug delivery, nano fertilizers, nano bioremediation, nanotoxicology, and nano biosensors to be written by authors who have quality publications in their proposed chapter area. We sincerely hope our efforts will be embraced by students with appreciation and enthusiasm for learning.
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      Abstract




      Ovarian cancer, an aggressive epithelial cancer, remains a major cause of cancer mortality worldwide among women, but it can be diagnosed at an early stage also. Surgical removal of ovarian tumour is a good option for the initial treatment, but this is suitable only at the early stage of cancer. Surgery and other therapies like chemotherapy, hormone role therapy and immunotherapy alone are insufficient for the treatment of today’s advanced ovarian cancer. The aim of this book chapter is to review the use of nano-particles in the treatment of ovarian cancer, along with surgery. It is believed that nano therapies have lots of advantages like they stabilize drugs in our body, deliver and penetrate the drugs to tumour-specific cells and can profile the toxicity of chemotherapy. This book chapter also covers the development of nanotherapies, types of nanocarriers and their role in ovarian cancer diagnosis and treatment.
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      INTRODUCTION




      The most deadliest female reproductive cancer is ovarian cancer [1]. It is the sixth most common malignancy of females worldwide and the second most common malignancy of the female reproductive system. Ovarian cancer is responsible for 4% of all types of malignancies in women and 5% of cancer deaths [2]. Annual incidence rates vary from less than 5 per 1,00,000 in underdeveloped countries like Brazil, India, Thailand etc. to greater than 13 per 1,00,000 in developed countries like the United States, Germany, Denmark, Norway etc. It is the most common type of gynaecological cancer, ranking the third behind uterine and cervical cancers, and has the greatest incidence of mortality rates. Ovarian tumour pathology is one of the most challenging areas of gynaecology since the ovary produces a wider range and types of tumours than any other organ however; it is a high-grade serous subtype that is frequently misdiagnosed as a systemic disease. Because 75 per cent of Ovarian Cancer is found at an advanced stage, such as stage III or IV, it is also regarded as the “Silent Killer” [3]. The reason of high death rate is due to the fact that tumour grows secretly, and there is lack of appropriate examination to detect the certain stages. It is generally believed that the fatality rate from this type of cancer will surge very high in the following 20 years [4].




      Because of the heterogeneous nature of ovarian cancer, prophylactic and early detection strategies have not yet shown effective result. Identifying risk factors and creating protective factors were the main prevention methods of ovarian cancer in the past [5]. But unfortunately these strategies did not greatly reduce the disease's occurrence. Although, surgery is the initial and effective treatment but most of the time, the disease re-occurs due to the aggressive nature of the tumours [6]. And most of the time it is seen that metastatic tumour of the ovary develops a very strong resistance to conventional systemic therapies (like Chemotherapy, targeted therapy and hormone therapy etc.). The resistance of cancer cells is caused by a variety of processes, including decreased absorption, increased excretion, drug inactivation and detoxification, and the loss of DNA repair power.




      Currently, although many novel ways have been created to increase drug delivery to cancerous cells, nanotechnology has been identified as one of the best therapy methods for overcoming the barriers in advanced cancer treatment [7]. Nanoparticles have the ability to cope up very easily with molecular imaging, carrying drugs to the specific site, treatment, and tumour cell specific destruction. Conventional chemotherapies show very poor systematic toxicity and toxicological effects towards normal and tumour cells. However, nano therapy can be used to manage the cytotoxic effects of healthy cells while also lowering the toxicity of chemotherapeutics [8]. So, there is a hope for an effective treatment of ovarian cancer with the efficient use of nanocarriers as a solution along with multiple chemotherapeutic drugs.


    




    

      NANOTECHNOLOGY APPLICATION




      Through the knowledge and control of matter at nanometre range, mostly 1 to 100 nm, novel functionalities and qualities of matter can be seen. Employed for a broad array of applications, nanotechnology creates Nano composites, sensors, and processes.




      In biology, this technology is called nano biotechnology and in the medical field as nano medicine. The primary goal of nanotechnology in medicine is to improve the efficacy of cancer diagnosis and treatment procedures.




      

        Nanocarriers




        Nanocarriers are multifunctional nanomaterials and can be used for the treatment and diagnosis of cancer. Their surface can absorb different types of compounds, such as pharmaceuticals, are absorbed by physical absorption and antibodies by chemical conjugation interactions (Fig. 1) [9]. Nanocarriers can be classified into several types like micelle, dendrimer, carbon nanotube, liposome, etc.
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Fig. (1))


        Examples of some Nanocarriers.



        As compared to conventional chemotherapies, Nanocarriers have lots of advantages like delivery of poorly soluble drugs, ability to reduce systematic side effects of chemical treatments, drug stability maintenance by extending their time in bloodstream, and reduced drug resistance by targeting cancer cells [10].




        Nanocarriers have the ability to surround the poorly soluble drugs within the hydrophobic interface and can act as carriers for them in blood.




        The mechanism behind the regulation of stability of drugs is by prolonging their presence in the bloodstream, protecting them against destabilization, and lowering renal clearance by the Nanocarriers [11].


      




      

        Liposomes




        Liposomes can be distinguished by the existence of two components: an inward hydrophilic component and also an outward hydrophobic component, as well as the presence of a lipid bilayer, which allows them to show multiple properties. Furthermore, they have the ability to change the polarity of these molecules.




        Such a structure helps them to grab different types of hydrophobic and hydrophilic medications in liposomes and equip them with different pharmaceuticals.




        Their main function is to deliver molecules that can tremendously increase the effectiveness of drugs, even though liposomes are molecules that try to conceal easily again from immune response and can stimulate the cell membrane. This increases the chances of retention of a drug concentration in its desired location for a prolonged period of time, allowing to solubilize poorly soluble therapeutics, and thus helping to mitigate risks of side complexity [12].


      




      

        Dendrimers




        Dendrimers are molecules that are radially symmetric. They have a very well-known morphology, which is a uniform and narrow size distribution structure in the form of tree arms or branches and looks like hyper branched macromolecules with carefully tailored architecture.




        They are associated with a high number of functional groups and a molecular structure that is compact [13].




        The end knob like structure of the dendrimers can be functionalized and ultimately can change their physicochemical and biological properties and that’s why they have gained a vast range of applications in chemistry, particularly in host-guest reactions and self-assembly processes.


      




      

        Micelles




        This type of Nano composite is very important in diagnosis and treatment of tumours. Generally they are spherical in shape with a diameter of 10 and 100 nm. In an aqueous medium, self-assembled amphiphilic block co-polymers of micelles consist of a hydrophobic core and a hydrophilic corona.




        Nowadays polymeric micelles are getting a lot of popularity due to their role in drug delivery system. They not only increase the solubility of a particular drug but also enhance the stability of the drug cargo [14].


      




      

        Carbon Nanotube




        Carbon nanotubes are considered a unique type of Nano transmitter because of their structure and property. In comparison to other Nanocarriers, they possess a huge surface area, a big aspect ratio, nonmetric size stability, and numerous chemical functionalities.




        These are extensively used to deliver anti-cancer drugs, as well as proteins and DNA, among other things [15].




        Carbon nanotubes can be employed as a carrier for both photodynamic therapy as well as photo thermal therapy to destroy cancer cells directly.


      


    




    

      DIAGNOSIS AND IMAGING




      In recent years, there have been several enhancements and major developments in diagnosis and imaging due to nanotechnology because of integration of technologies like biosensors and updated and improved imaging technologies as well as amalgamation of bioinformatics together with multiplexed assays.




      Nowadays by applying diagnostic biomarker in nanoparticle platforms, we can get better contrasting images in devices like X-RAY, magnetic resonance imaging machine, position emission tomography machine, etc [16].




      

        Targeted Imaging Agents




        Non-invasive techniques cannot image molecules since they are too small. Therefore desired contrasting agents are applied in the desired type of tissue or cellular receptors for better imaging. A site-targeted agent has the ability to give direction to a particular biomarker so that they can differentiate the tissues.




        The targeted desired contrasting agent must have the following properties like prolonged duration of their life in blood, highly site specific binding nature, acceptable toxicity profile, also promise for adjunctive therapeutic delivery, etc [17].




        The core of vertebrate annexin is made up of four identical motifs containing roughly 70 amino acids, forming somewhat a curved circle around a central hydrophilic pore. The use of technetium-labelled annexin to membrane phosphatidyl serine epitopes revealed during apoptosis can be used to detect cellular apoptosis. Liposomes are often used to identify sclerotic constituents as well as to visualise graft rejection; minute bubbles are used in magnetic resonance imaging and sonography.


      




      

        Nano-Liposomal Imaging Agents




        Liposome has the ability to encapsulate the biomolecules that are hydrophilic in nature, and can increase solubility through lipid bilayers of the cells.




        Cholesterol can improve permanence by altering the permeability of the bilayer membrane, inhibiting phospholipid acyl chains from precipitation and causing steric barrier to their movement. Because of the high eliminating agents and poor systemic retention, as well as the rapid removal process from the body, it is important to add a molecule that boosts the imaging efficiency. And these problems can be solved by taking advantage of the EPR (Enhanced permeability and retention) phenomenon seen in tumours by encapsulating the imaging agent in a liposome [18].


      


    




    

      FLUORESCENT IMAGES AND GUIDED SURGERY




      There is indeed a need to have novel materials to improve the responsiveness, effectiveness, and durability of such imaging systems utilised during surgical treatment. That’s why, there were also numerous fluorescent nanoparticles created, analysed, and adapted for image-assisted surgical treatment. Two great examples are –




      CF800 liposomes are commonly applied to encase the iohexol contrasting dye.




      Magnetic iron oxide nanoparticles: These are targeting ligand nanoparticles that can be combined with optical magnetic resonance imaging.


    




    

      



      NANOPARTICLE THERAPEUTICS (ANTI-CANCER)




      Nanoparticles have a direct and target specific anticancer effect as compared to conventional treatments. They are more target specific and active intracellular delivery, but up to a certain extent, these two factors also depend upon the nanoparticles' structure and surface texture (Fig. 2) [19].




      Therapeutic lines like small-molecule drugs, proteins, peptides, nucleic acids and the chemicals that generate nanoparticle are the main components of nanoparticle therapy.
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Fig. (2))


      Some of the most frequently applied nanoparticles in clinical testing (a) Nanoparticles containing medicinal ingredients. (b) Nanoparticles made of a polymer or a medicine. (c) Liposome-containing nanoparticle.



      

        Size of the Nanoparticle




        Anticancer nanoparticles are typically 10 to 100 nanometres in size. The glomerular sieving rates of the capillaries of the kidneys are used to calculate this dimension of the nanoparticles. For renal excretion, a threshold size of minimum 10 nm is utmost. On the other hand, vessels in tumour are subject to leak macromolecules, as a result, nanoparticles are unable to circulate in the blood for long periods of durations and have a high possibility of reaching the blood through malignant tissue blood vessels. Here the size of nanoparticles is higher than six to twelve nanometres; which is also the diameter of the sieve in healthy tissues blood vessels and is blocked from entering and thus not being able to affect the normal tissues.




        Cancer cells being specifically targeted by nanoparticles can be filtered through the kidney.


      




      

        Nanoparticle Surface




        Compared to the size of the nanoparticles, they have a very large surface area, and this design appropriately allows them to have easy contact with the molecule and its surroundings.




        The nanoparticle's surface area as well as mixing components is exclusively responsible for deciding the nanoparticle's ultimate fate inside the body by regulating the degree of the nanoparticle's contact with its environment.




        Surface properties of the nanoparticles also play a significant role. Nanoparticle’s surface having surface charges that are mildly negative or mildly positive, has much less self-self and self-non-self-interactions [20].


      


    




    

      CONCLUSION




      Nano therapies are far more effective than any other traditional chemotherapy in the detection and treatment of ovarian cancer. They are quite effective because of their potentiality to target a specific tissue and also to examine the living body of animals for adequate durations of time.
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      Abstract




      Environmental clean-up for the removal of recalcitrant pollutants is a global concern, especially in the terms of industrial waste. Research over the years has led to the development of various conventional physicochemical and biological methods for the decontamination of numerous pollutants. These methods however are reported to be extremely expensive and with limited success. Nano-remediation has been reported as an effective alternative in this regard. The chapter outlines the use of various nanoparticles as an innovative and cutting-edge technology for the clean-up of environmental pollutants. It describes the use of fabricated nanoparticles to remove pollutants. The chapter offers an overview of current research developments in the emerging field of nano-remediation with special emphasis on textile dyes, elucidating the mechanisms involved.
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      INTRODUCTION




      Human activities have been constantly affecting the quality of air, water and soil. Constant inclusion of heavy metals, pesticides, particulate matter, oil spills, toxic gases, fertilizers, dyes and other organic compounds into the environment has become a major threat to the environment [1, 2] leading to the development of




      nanomaterial based remedial technologies for mitigation of toxic effects of these environmental pollutants through various clean-up mechanism [3-5].




      Owing to the unique properties of the nano-sized materials, nanotechnologies have achieved immense attention during the last decades. Environmental remediation technologies have utilised the property of higher surface-to-volume ratio for nanomaterials in order to bring efficiency to the remediation processes [4, 6]. Apart from this, nanoremediation has also leveraged the surface chemistry of nanomaterials for trapping target-specific pollutant molecules [7]. Apart from surface chemistry, other tuneable physical parameters of nanomaterials such as size, porosity, morphology along with their unique chemical composition aid the process of remediation confirming additional advantages [8, 9]. The afore-mentioned advantages have therefore popularised the use of nanomaterials for the mitigation of environmental pollutants, especially from aqueous sources.




      Furthermore, it is important to note that matrices utilised for the purpose of environmental remediation are not pollutants by themselves. In this connection, different biodegradable materials having desired properties along with nano-sized materials are considered more advantageous then using single nano platforms [10]. Such approaches of using nano-composites have been utilised for scaling up the nano-remediation technology by making it more acceptable amongst the consumers due to its greener and safer nature. Moreover, it also enhances the stability and specificity of the clean-up process by eliminating, off-targeting and promoting target-specific removal of contaminants from the wastewater [11]. Therefore, studies have focused on utilising the core principle of nanotechnology by combining physicochemical surface modifications for nano-composites or functional nano-materials for specific removal of a variety of pollutants from aqueous medium.


    




    

      NANO REMEDIATION: DEFINITIONS AND AGENTS




      Nano-remediation has been defined by various authors in different contexts. For instance, Ganie [9] defines Nanoremediationas “an innovative approach for safe and sustainable remediation of persistent organic compounds such as pesticides, chlorinated solvents, brominated or halogenated chemicals, perfluoroalkyl and polyfluoroalkyl substances (PFAS), and heavy metals”. Similarly, Grieger [12] defines it as “nano-remediation is the term used to describe various techniques and methods to clean up contaminated sites using engineered nano-materials”. Nanoremediation has also been defined as “Tiny Objects Solving Huge Environmental Problems” in simpler terms [13]. From the perspective of functionality, Zhang [14] simplies nanotechnology as “the use of small size, high specific surface area, reactivity and versatility of engineered nanomaterials to potentiate them for the removal of recalcitrant contaminants and achieve selectivity of target contaminants in complex environmental media”. Nano remediation has also been defined as “the practice of using various types of nanoparticles such as TiO2 based NPs, dendrimers, Fe based NPs, Silica and carbon nanomaterials, Graphene based NPs, nanotubes, polymers, micelles, nanomembranes, etc. to diminish environmental hazards” [15]. Thus, leveraging the characteristics of nanoparticles such as high surface area to mass ratio, sensitivity, catalytic behaviour and electronic properties for removal/degradation of pollutants is termed nano-remediation.




      Numerous nano-sized materials have been developed using different modes of synthesis for the purpose of environmental remediation. However, there seems no such classification of nanomaterial types utilised for nano-remediation. The chapter, therefore, classifies agents of nanoremediation into three major categories namely, polymer-based nanomaterials, inorganic nanomaterials and carbon-based nanomaterials on the basis of literature review.




      

        



        Carbon-based Nanomaterial




        Carbon-based nanomaterials are known for their unique physicochemical and electronic properties. The mutable hybridization property of carbonaceous materials helps to yield different structural configurations of these nanomaterials such as single-walled nanotubes (SWCNTs), multi-walled nanotubes (MWCNTs), etc. Earlier investigations have shown the utility of graphene and carbon nanotubes for environmental remediation applications. It has also been reported that surface treatment of these carbon materials helps in improving the efficacy of these materials as they are otherwise ineffective for remediation purposes. The literature demarcates the dominance of single-walled carbon nanotubes (SWCNT) and multi-walled carbon nanotubes (MWCNT) owing to their absorption properties for the removal of a variety of pollutants from air as well as large-scale aqueous medium [16-19]. In order to enhance the adsorption properties further, researchers have been working on opening the close ends of pristine carbon nanotubes (CNTs) [16, 20]. It has been stated that the open-ended CNTs can typically absorb pollutants in four different available sites based on their adsorption energy. Apart from this, other modifications that have been proposed for improving absorption efficacy is by oxidation of CNT. For instance, post oxidation nitric acid treated CNTs proved to improve their heavy metal adsorption capabilities [21]. Furthermore, physical properties such as temperature, molecular weight, pH, and electric dipole moment also have a huge impact on the adsorption phenomenon by CNTs [20]. Thus, tuning physical parameters has also been employed as a strategy to activate carbonaceous nano-materials.




        Apart from this, photocatalytic approaches have also been utilised to remediate contaminants using carbon-based nanoparticles [22]. In this context, graphene has been popularly utilised for fabrication of photolytic nano-composites [23-26]. These graphene composites have been amalgamated with TiO2 for enhancing the photolytic activity of the composites by increasing the conductivity [23]. Table 1 demonstrates the use of carbon-based nano-material for the mitigation of various environmental pollutants.




        

          Table 1 Remediation potential of graphene nanomaterials.




          

            

              

                	Graphene Nanomaterial



                	Remediation Potential



                	References

              


            



            

              

                	Graphene oxide nanoparticle



                	Effective adsorption of H2S, SOx, NH3, heavy metals, pharmaceuticals, volatile organic compounds and pesticides



                	[27, 28-31]

              




              

                	CdS-graphene/ZnO-graphene nanocomposites



                	Photo catalytic degradation of heavy metal like hexavalent chromium



                	[24]

              




              

                	Pristine graphene nanocomposites



                	Fluoride Adsorption



                	[32]

              




              

                	Multiwall carbon nanotube (MWCTs)



                	Adsorption of zinc



                	[33]

              




              

                	TiO2-graphene nanocomposite



                	Photocatalytic degradation of benzene



                	[23, 26]

              




              

                	Carbon nanotubes/Al2O3 nanocomposite



                	Adsorption of Fluoride



                	[34]

              


            

          




        


      




      

        



        Inorganic Nanomaterials




        Inorganic nanomaterials used for environmental remediation can conveniently be classified into metal and metal oxide based nanomaterials and silica-based nanomaterials.




        

          Metal and Metal Oxide Based Nanomaterial




          Majority of studies indicate the use of metal and metal oxide based nanomaterials for the removal of various contaminants. These nanomaterials are extensively utilised for their adsorption capacity owing to their fast kinetics [35]. These materials are widely used for environmental applications because of their flexibility in both ex-situ and in-situ applications. Studies have focused on exploring efficient methods of synthesis for attaining shape-controlled, monodispersed, stable metal-based nano particles using physical, chemical and biological approaches [36, 37]. In this context, silver nanoparticles are extremely popular because of their water disinfectant properties owing to their antimicrobial nature [38, 39]. Moreover, silver nanoparticles conjugated with other scaffold materials have also been utilised for improving remediation efficacy [40]. Furthermore, titanium oxide nanoparticles are another popular remediation agent due to their non-toxic, energy converting, semi-conducting, cost-effective, photo-catalytic properties [41, 42]. They are widely utilised for both air purification and water treatment. Apart from this, iron oxide nanoparticles have been extensively studied for the removal of various contaminants such as heavy metals, dyes, and chlorinated organic solvents [43-54]. Some major applications of metal-based nanoparticles in the environmental remediation of contaminants have been stated in Table 2 below.




          

            Table 2 Remediation potential of metal and metal oxide based nanomaterials.




            

              

                

                  	Metal and Metal Oxide Based Nanomaterial



                  	Remediation Potential



                  	References

                


              



              

                

                  	Ag-doped TiO nanoparticles



                  	Adsorption of 2,4,6-Trichlorophenol



                  	[55]

                




                

                  	Cu/Fe/Ag-doped TiO2 nanoparticles



                  	Photocatalytic reduction of nitrate



                  	[56]

                




                

                  	Titanate nanotubes



                  	Catalytic reduction of nitric oxide



                  	[57]

                




                

                  	Iron/Iron-oxide nanoparticles



                  	Adsorption of dyes, heavy metals, other organic pollutants



                  	[58-64]

                




                

                  	Nanosilver-decorated titanium dioxide nanofibers



                  	Photo-degradation of Methylene blue dye



                  	[65]

                




                

                  	TiO2 Nanoparticles



                  	Adsorption of aromatic dyes, phenanthrene, hydrocarbons



                  	[66-70]

                




                

                  	Bimetallic Nanoparticles



                  	Removal of brominated and chlorinated contaminants from soil and water



                  	[71-80]

                


              

            




          


        




        

          Silica Nanomaterial




          The versatility and porosity of silica material have made it a highly explored option for adsorption applications. Silicanano-materials have been extensively reported for remediation of contaminants in the gaseous phase owing to their large pore volume, high surface area, adjustable surface modifications and pore size [11]. In this context, hydroxyl groups have been extensively explored for surface modification in the silica nano-materials to enhance gas absorption [4]. Apart from this, silica materials with amine groups on their surface have been reported to attribute to higher adsorption of pollutants [81-92]. For example, modified silicon nano-materials are popularly used for capturing carbon dioxide from impure air. Table 3 below demonstrates the application of silica nano-materials in the process of environmental remediation.




          

            Table 3 Remediation potential of silica nano-materials.




            

              

                

                  	Silica Nanomaterial



                  	Remediation Potential



                  	References

                


              



              

                

                  	Amino-functionalized mesoporous silica nanoparticle



                  	Adsorption of heavy metals.



                  	[93-98]

                




                

                  	Amine-modified xerogelsnanoparticles



                  	Adsorption of gaseous pollutants like hydrogen sulphide and carbon dioxide.



                  	[83]

                




                

                  	Amino-functionalized mesoporous silica nanoparticles



                  	Removal of heavy metals from wastewater through adsorption.



                  	[93-98]

                




                

                  	Carboxylic acid-functionalized mesoporous silica nanoparticle



                  	Adsorptive removal of heavy metals and dyes.



                  	[11, 99, 100]

                




                

                  	Thiol-functionalized mesoporous silica nanoparticle



                  	Adsorptive removal of heavy metals from wastewater.



                  	[101-104]

                


              

            




          


        


      




      

        Polymer-based Nano-materials




        Aggregation of nano-materials has been reported as one of the major concerns for their application in environmental remediation. Aggregation consecutively leads to low stability and non-specificity which ultimately causes a lack of functionality. To address this issue, polymer-based nano-materials constituting a matrix or support holding the nano-materials have been utilised. The polymeric hosts which are often used for this purpose are emulsifiers, surface functionalised ligands, surfactants or stabilising agents [31, 105]. These hosts material not only enhance the stability but also enhance durability, mechanical strength and recyclability of the nano-material. Table 4 below shows various polymer-based nano-materials and their applications for environmental remediation purposes.




        It is quite evident that nanoparticles are emerging as a potent tool for removal of a wide range of pollutants, textile dye being one of them. The following section thus focuses on the current developments in nano-remediation of textile dyes with special emphasis on the various studies on varying ranges of NPs and their remedial mechanisms.




        

          Table 4 Remediation potential of polymer -based nano-materials.




          

            

              

                	Polymer-based Nanomaterial



                	Remediation Capacity



                	References

              


            



            

              

                	Amine-modified PDLLA-PEG nanoparticles



                	Target-specific adsorption of gaseous volatile organic contaminants (VOCs).



                	[4, 106]

              




              

                	Amphiphilic polyurethane nanoparticles



                	Adsorption of Polynuclear aromatic hydrocarbons from contaminated soil.



                	[107]

              




              

                	Polyamine-modified Cellulose nanoparticles



                	Target specific capture of gaseous VOCs



                	[10]

              




              

                	PAMAM dendrimer nanoparticles



                	Enhanced ultra-filtration of heavy metal ion of Cu(II) from wastewater.



                	[108]

              




              

                	Polymer nano-composites



                	Removal of metal ions like Cr6+,Cd2+, Zn2+, Pb2+, Cu2and adsorption of dyes.



                	[109-112]

              


            

          




        


      


    




    

      NANO-REMEDIATION OF TEXTILE DYES: CURRENT DEVELOPMENTS




      The simultaneous demand for clothing along with the growing population has imposed a huge pressure on the textile industries to produce more and more. This has led to the extensive application of textile dyes which in turn creates a huge demand for large-scale dye production. These dyes are mostly disposed of without treatment into the water bodies creating a serious threat to the environment. It is a well-known fact that, textile industry is a water extensive industry and the dyes used in the textile fibres do not get completely utilised and therefore most of the dyes are washed away during the washing process. This calls for efficient onsite treatment of textile effluents to remove dyes before their discharge into the environment. Many techniques have been explored for the treatment of textile wastewater such as membrane filtration, chemical treatments, etc. These methods however require a very high operation and maintenance cost leading to their failure at large scale. In this context, nano-materials are giving promising results both in terms of efficacy and cost-effectiveness. The unique properties of nanoparticles such as high aspect ratio, ordered structure, high surface area, thermal and electrical conductivity, high mechanical strength, and ultra-lightweight feature have led to the superiority of nano-remediation above the conventional physicochemical or biological treatment methods.




      

        



        Agents and their Efficiency




        Researchers have been actively exploring numerous nano-sized particles for their efficacy in the removal of a varying range of dyes. Some of these studies are enlisted in Table 5 below.




        

          Table 5 Efficacy of fabricated nanoparticles and associated mechanisms.




          

            

              

                	S.No.



                	Nanoparticles



                	Name of Dye



                	Removal Efficacy



                	Mechanism



                	References

              


            



            

              

                	1



                	Carbon Nanotube (CNT)



                	Reactive Blue 4



                	309.2 mg/g



                	Adsorption



                	[113]

              




              

                	2



                	Carbon Nanotube (CNT)



                	Direct Blue 53



                	116.4 mg/g



                	Adsorption



                	[114]

              




              

                	3



                	Fe3O4 nanoprticles



                	Procion red



                	30.5 mg/g



                	Adsorption



                	[115]

              




              

                	4



                	Silver nanoparticles



                	Methylene blue



                	95%



                	Photocatalytic degradation



                	[116]

              




              

                	5



                	γ-FeOOH nanoparticles



                	Reactive orange 29



                	36.30%



                	Adsorption



                	[117]

              




              

                	6



                	TiO2 nanoparticles



                	Malachite Green



                	65%



                	Photocatalytic degradation



                	[118]

              




              

                	7



                	Zinc oxide nanoparticles



                	Methyl orange dye



                	84%



                	Sonophotocatalytic degradation



                	[119]

              




              

                	8



                	Carbon Nanotube (CNT)



                	Methylene Blue



                	6.96 mg/g



                	Adsorption



                	[120]

              




              

                	9



                	MgO nanoparticles



                	Acid Red 73



                	100%



                	Photocatalytic degradation



                	[121]

              




              

                	10



                	Carbon Nanotube (CNT)



                	Blue 116



                	34.4 mg/g



                	Adsorption



                	[122]

              




              

                	11



                	Carbon Nanotube (CNT)



                	Yellow 81



                	35.1 mg/g



                	Adsorption



                	[122]

              




              

                	12



                	Graphene and Carbon nanotubes



                	Basic Red 46



                	60 mg/L



                	Adsorption



                	[123]

              




              

                	13



                	Amorphous iron nanoparticles



                	Congo Red



                	1735 mg g−1



                	Adsorption



                	[124]

              




              

                	14



                	Multi-Walled Carbon Nanotubes (MWCNT)



                	Alizarin yellow R



                	884.80 mg/g



                	Adsorption



                	[125]

              




              

                	15



                	Titanium dioxide nanoparticles



                	Malachite Green



                	0.6 g/L



                	Photocatalyticdegradation



                	[126]

              




              

                	16



                	Chitosan-Fe3O4 nanoparticle



                	Evans Blue



                	99%



                	Adsorption



                	[127]

              




              

                	17



                	Activated Carbon with loaded Ca-Fe3O4 nanoparticles



                	Methylene Blue



                	138 mg/g



                	Adsorption



                	[128]

              




              

                	18



                	Polyethyleneimine functionalized magnetic carbon nanotubes



                	Alizarin Red S



                	196.08 mg/g



                	Adsorption



                	[129]

              




              

                	19



                	Silver nanoparticles



                	tartrazine



                	28%



                	Reduction



                	[130]

              




              

                	



                	carmoisine



                	45%



                	Reduction

              




              

                	



                	brilliant blue FCF



                	38%



                	Reduction

              




              

                	20



                	Zero-valent iron nanoparticles



                	reactive black 5



                	99.60%



                	Reduction



                	[131]

              




              

                	21



                	Magnetic cobalt oxide nanoparticles



                	Malachite Green



                	238.10 mg/g



                	Adsoption



                	[132]

              




              

                	22



                	Multi-Walled Carbon Nanotubes (MWCNT)



                	Ismate Violet 2R



                	76.92 mg/g



                	Adsorption



                	[133]

              




              

                	23



                	Graphene oxide nanoparticle



                	Methylene blue



                	276.5 mg/g



                	Adsorption



                	[134]

              




              

                	Methyl orange



                	423.15 mg/g



                	Adsorption

              




              

                	24



                	Silver nano-composites



                	Organic dye



                	93.23%



                	Photocatalytic degradation



                	[135]

              




              

                	25



                	Cu-Ni Bimetallic Nanoparticles



                	Methylene Blue



                	0.086 mM



                	Reduction



                	[136]

              




              

                	26



                	CuO nanoparticle



                	Methylene Blue



                	100%



                	Reduction



                	[137]

              




              

                	27



                	CeO2 nanoparticles



                	rose bengal dye



                	96%



                	Photocatalytic degradation



                	[138]

              




              

                	28



                	Magnetic Fe3O4 nanoparticles



                	Acid Green 25



                	0.5 mg/mL



                	adsorption & oxidative degradation



                	[139]

              




              

                	29



                	Graphene Oxide/Titanium Dioxide Nanoparticles



                	FD&C Red 40



                	55.23 mg/l



                	Adsorption



                	[140]

              




              

                	30



                	Zero-Valent Copper Nanoparticles



                	Mixture of Rhodamine B, Bromocresol Green, Methyl Orange, and Eriochrome Black T



                	90%



                	Adsorption



                	[141]

              


            

          




        


      




      

        Mechanism




        The core of nanotechnology application is based on downsizing the particles into nano-scale in order to enhance the surface-to-volume ratio which in turn improves magnetic, catalytic, optical electrical as well as chemical properties. The particle size is the major attribute for functionality of the nanoparticles [142]. Even in case of remediation, studies have shown that reduction of particle size to nano-scale influences characteristics like surface free energy, latent symmetry, stress and many other physiochemical parameters [143]. In this context, metal nanoparticles show unique absorptive capabilities due to their physic-chemical properties attributed by their edge surface size and highly dense corners. The small particle size leads to an increment in the number of surfaces which in turn causes interface atoms to create stress or strain. This leads to thermodynamic changes, which ultimately influence the structural attribute of nanoparticles. The diverse group of metallic oxide nanoparticles have also been popularly explored for nano-remediation purposes because of their highly tuneable surfaces that ultimately lead to higher absorption capacity. Apart from this, metal oxide nanoparticles are cost-effective as well as more efficient than core metallic nanoparticles in the adsorption of [151] pollutants. Many studies have reported the use of iron-oxide nanomaterials for the absorption of dyes from aqueous phase [144-149]. Thus, metal and metal oxide nanoparticles act as effective nanosorbents for the removal of dyes. Similarly, carbon-based nanomaterials also are known to have adsorption sites on their surfaces. Major interactions of dyes with carbon-based nanomaterials are reported to be electrostatic interactions [150], van derwall forces [151], π -π staking interactions [152], hydrophobic interactions, etc.




        Reduction has also been explored as a mechanism in the nano-remediation processes. Magnetic nanoparticles are preferred due to their low cost, magnetic susceptibility, low toxicity, high coerciveness and low curie temperature [153-155]. In this context, many methods for the fabrication of magnetic nano particles have been explored such as water in oil micro emulsion, co-precipitation, hydrothermal methods, etc [143]. It is worth noting that, different methods produce particles with different size distribution, shapes, dispersibility, and magnetic properties [24, 156]. These nanoparticles act as reducing agents to reduce recalcitrant dye structures. Gold nanoparticles are also effective reducing agents. However, the catalytic activity of gold nanoparticles depends largely on the charge, shape, particle size and distribution [157]. Many researchers have shown enhancement in the absorptive capacity of gold nanoparticles by using adjuvant like activated carbon as it acts as a redox mediator [158].




        Furthermore, photo catalysis has also been explored to accelerate dye degradation on exposure to light. Metallic oxide nanoparticles such as zinc oxide and titanium oxide nanoparticles show such activities in the presence of light above its band gap which leads to the production of electron-hole pairs. They further react with an aqueous solution of dye to produce oxidising and reducing radicals such as superoxides. These radicals in turn accelerate some secondary reactions which ultimately disrupt the dyes. As these semiconductors are nano-structured, they have a high surface area which leads to high photocatalytic activity [159]. Many researchers have reported the photocatalytic activity of carbon nanotubes as a potential new edge technology for the degradation of recalcitrant azo dyes [160, 161]. Apart from this, zinc oxide and iron oxide nanoparticles have also been reported to be an effective photodegradation agent for textile dyes [162-166]. Other than this, copper-based nanoparticles have also been reported to drive thermodynamically favourable electron transfer reactions in the presence of light. Copper sulfide nanocomposites and zero-valent copper nanoparticles are effective photodegradation agents for a range of azo dyes [167-169]. Similarly, cadmium sulphide nanoparticle also acts as a photocatalytic agent for the treatment of dye-rich industrial wastewater when subjected to light above its bandgap [170-172].
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