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ABSTRACT: To support life, clean water is one of the most essential things for all living species. Pollution in 

water from multiple harmful pollutants has been one of the world's most severe issues. For living organisms, 

marine toxins are also very harmful, and often affect the environment. Various processes, involving chemical 

precipitation, ion-exchange, adsorption, membrane filtration, coagulation-flocculation, flotation and 

electrochemical approaches, have been used to process water and waste water.With its uses in almost all 

areas of science and technology, nanotechnology has evolved dramatically over the past few decades and 

numerous nanomaterials have been designed for water remediation. Due to improved adsorption and/or 

photocatalytic activity, several nanomaterials ultimately offer a promising alternative to traditional methods 

of treatment. Different nanomaterials that have been used for water decontamination have been investigated 

in the current review article. Particular focus has been on the adsorption, photocatalytic and antibacterial 

function of nanomaterials in the thisstudy. 
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INTRODUCTION 

To support life, clean water is one of the most essential things for all living species. However, 

the pollution of water supplies has arisen worldwide due to the accelerated rate of 

industrialization and tremendous population growth. In addition to other uses, demand for 

water in the agricultural, manufacturing and domestic sectors has risen enormously, 

consuming 70, 22 and 8% of the available fresh water, respectively, resulting in the 

production of vast volumes of waste water containing a variety of contaminants.Heavy metal 

ions and dyes are some of the main groups of marine toxins, and if they enter the it, water is 

no longer acceptable for drinking purposes, and polluted water is often very hard to fully 

handle. For living organisms, marine toxins are also very harmful, and often affect the 

environment. Consequently, in order to avoid harmful impacts on human health and the 

environment, the elimination of these toxins from polluted water is an immediate need[1][2]. 

Various methods for handling waste water have been developed over the past few decades. 

Extraction process, micro and ultrafiltration, sedimentation and gravity segregation, 

distillation, flotation, precipitation, ion exchange,coagulation, electrolysis, evaporation, 

reverse osmosis, adsorption, electrodialysis, oxidation,etc., are among the most important 

processes. Thanks to its quick process, low cost and the availability of a wide variety of 

adsorbents, adsorption is one of the significant strategies for the disposal of waste water from 

the above-mentioned strategies.In addition, to eliminate soluble and insoluble chemical, 

inorganic, and biological contaminants, adsorption can also be applied. In addition, for 

potable, agricultural and other water uses, adsorption may also be used for source reduction 

and reclamation. Despite these facts, there are some drawbacks to adsorption, such as that it 

could not attain a decent commercial standing. 



  

 

 

 

ISSN: 0374-8588  
Volume 21 Issue 10, October 2019  

__________________________________________________________________________________ 

 

2174 
 

With its uses in nearly all areas of science and technology, nanotechnology has evolved 

dramatically in the last two decades. In reality, numerous nanomaterials for the elimination of 

aquatic toxins have been prepared and used. In view of the value of water safety and 

emerging nanotechnology applications, efforts have been made to explore different aspects of 

water treatment using nanomaterials by adsorption. The promotion of nanomaterials in this 

regard provides opportunities to establish local and realistic strategies to combat global water 

contamination.A short description of the scientific applicability of various nanomaterials for 

the removal of different aquatic toxins is provided in this review report. 

DISCUSSION 

Nanomaterials as adsorbents for water treatment 

Nanoadsorbents are nanoscale particles that have a high affinity for adsorbing compounds 

from organic or inorganic materials. Nanoadsorbents are not only able to sequester pollutants 

of differing molecular size, hydrophobicity, and speciation activity due to their high porosity, 

compact size, and active surface, but also allow the production process to absorb raw 

materials effectively without emitting the toxic payload. Not only can nanoadsorbents 

function efficiently, but they also have substantial pollutant-binding capacities. After being 

drained, they can also be chemically replenished.For such concerns, widespread academic 

interests in nanotechnology have rapidly increased. Materials exhibit peculiar features at the 

nanoscale and have a large surface area and a 'surface area to volume' ratio regardless of their 

limited size. The adsorption capability of the nanoparticles is enhanced by these features. 

These particles exhibit unusual characteristics, like catalytic potential and high reactivity, in 

addition to the wide surface area, making them stronger adsorbent materials than traditional 

materials. Nanoparticles have a higher number of active sites for contact with multiple 

chemical species due to their high surface size.Nanoparticles are now emerging options for 

the disposal of waste water in order to produce greater outcomes in the elimination of toxins 

from waste water[3]. 

Carbon based materials 

The secret to success is an adsorbent with wide surface area, pore depth, and proper 

flexibility for any adsorption operation. Many different porous materials, such as activated 

carbon, pillared clays, zeolites, mesoporous oxides, polymers and metal-organic frameworks, 

have currently been created, demonstrating varying degrees of efficacy in the removal of 

toxic substances from air, water and soil. Carbon-based adsorbents, including activated 

carbon, carbon nanotubes, fullerenes and graphene, typically exhibit high potential for 

adsorption and thermal stability.Of the various adsorbents based on nanomaterials, carbon-

based materials for the absorption of inorganic and organic compounds have been studied as 

superior adsorbents. These substances have been commonly included as efficient adsorbents 

since the invention of carbon nanotubes (CNTs) and fullerene, but their large-scale use is 

limited for economic reasons and it is still a major challenge to design adsorbents at a cheaper 

price. With the assistance of magnetic nanomaterials, multiwalled carbon nanotubes 

demonstrate significant removal ability of inorganic metal ions[4]. 

Metal oxide based nanomaterials :Nano metal oxides 
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Nanosized metal oxides (NMOs), including nanosized ferrous oxides, manganese oxides, 

aluminium oxides, titanium oxides, magnesium oxides and cerium oxides, are listed as 

suitable for the elimination from aqueous systems of contaminants among the available 

adsorbents. This is partially due to their large surface areas and elevated levels of activity 

induced by the influence of scale quantization. Recent research have shown that, in terms of 

high potential and selectivity, certain NMOs demonstrate beneficial sorption to heavy metals, 

which will result in high removal of hazardous metals to comply with increasingly stringent 

regulations.However, the additional surface energy eventually contributes to their low 

stability as the scale of the metal oxides decreases from micrometre to nanometer sizes. 

Consequently, because of van der Waals forces or other interactions, NMOs are vulnerable to 

agglomeration, and the high potential and selectivity of NMOs can be significantly 

diminished or even destroyed. Furthermore, due to various extreme pressure drops (or the 

difficult isolation from aqueous systems) and insufficient mechanical strength, NMOs are 

inoperable in fixed beds or some other flow through systems. This were inseminated onto 

porous supports of broad scale to acquire composite adsorbents in order to increase the 

applicability of NMOs in actual treating wastewater.Activated charcoal, natural materials, 

synthetic polymeric hosts, etc. include the commonly used porous supporters. In comparison 

to conventional NMOs, since they can be quickly isolated from water under a magnetic field, 

magnetic NMOs attract growing interest. Magnetic NMOs-based composite adsorbents have 

also enabled easy separation from aqueous processing or regeneration strategies. Such quick 

separation is important for improving the quality of the system and reducing 

water/wastewater treatment costs[5]. 

Miscellaneous nanoadsorbents 

There are several other nanoadsorbents, in addition to the above categorised nanoadsorbents, 

that have been formulated and implemented by various researchers in water treatment. Here, 

a short topic is addressed. Chitosan-Fe(0) nanoparticles (chitosan-Fe(0)) were formulated as a 

stabiliser utilizing biodegradable chitosan and batch tests were carried out to determine the 

effects of initial Cr(VI) concentration and other variables on Cr(VI) reduction on the 

chitosan-Fe(0) surface (0). The authors proposed that these physical adsorption of Cr(VI) to 

the chitosan-Fe(0) surface and eventual reduction of Cr(VI) to Cr(VI) could be included in 

the overall disappearance of Cr(VI) (III). 

High-resolution X-ray photoelectron spectroscopy characterization showed that Cr(VI) and 

Fe(0), Cr(III) and Fe(III) were the predominant species on the surface of chitosan-Fe(III) 

after the reaction (0). Because of its high efficiency in chelating the Fe(III) ions, chitosan also 

prevented the development of Fe(III)–Cr(III) precipitation. Studies explored the adsorption of 

eosin Y, as a model anionic colourant, from an aqueous solution utilizing chitosan 

nanoparticles, formulated by ionic gelation between chitosan and tripolyphosphate[6]. 

Materials based on Silsesquioxane 

Silsesquioxane is a molecular formula of an organosilicon complex [RSiO3/2]n (R = H, 

alkyl, aryl or alkoxyl). Silsesquioxanes are members of polyoctahedralsilsesquioxanes (" 

POSS ') which, as precursors to ceramic materials and nanocomposites, have attracted great 

interest. In the domains of catalysis, isolation and storage, opto-electronics and the 

environment, future applications of silsesquioxane-based materials lie. These materials are 
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commonly used for the production of nano-structured hybrid polymer materials, with organic 

functional groups accompanied by nanometer-sized inorganic cores. 

There are numerous POSS-based nanocomposites that have been developed, and there are 

usually three methods for incorporating POSS into nanocomposites: initially, the core as a 

POSS mechanism and the microinitiator to trigger polymerization from the POSS surface, 

providing a star-like macromolecules; secondly, multi-functional POSS substances that can 

act as nano fillers or monomelecules.The third is monofunctional POSS substances to graft 

onto a polymer backbone as tethering macromolecules, creating polymers with pedant POSS 

cages[7]. 

Nanomaterials as photocatalysts 

The photocatalytic oxidation of different toxic organic compounds has been suggested as a 

feasible method for detoxifying water over recent decades. The photocatalytic degradation of 

dyes with TiO2 particles under UV or visible light has gained a great deal of attention 

because traditional biological treatment methods are not successful in degrading these 

contaminants in waste water. There are different suggested methods for the removal of dyes 

utilizing products from the photocatalyst. One mechanism shows that free radicals, which are 

specifically caused by electron-hole (e-/h+) pairs at the photocatalyst surface, trigger the 

oxidation of organic compounds first.Another process states that the organic compound is 

first adsorbed on the surface of the photocatalyst and then responds to deliver the desired 

items with encouraged superficial e-/ h+ pairs or OH radical. Both surface adsorbed and 

solution phase species rely on a number of reaction mechanisms, resulting in various 

photodegradation kinetics. Organic pollutant adsorption is commonly known to be a 

significant factor in the calculation of photo catalytic oxidation degradation rates[8]. 

Nanomaterials as antibacterial agents 

Infectious diseases and the growing tolerance of microorganisms to antibiotics are one of the 

serious problems the world faces today. Many bacteria that cause infection are highly 

immune to at least one of the antibiotics commonly used to remove the infection. 

Nanoantimicrobials have been shown to be an important treatment method for avoiding 

certain forms of infectious microorganisms. In any environmental use, bacterial growth 

management is a daunting feature, since they are dynamic media abundant in microorganisms 

and nutrients and their surfaces are released for a long period of time[9]. 

CONCLUSION 

Different nanomaterials that were used for water decontamination are discussed in the current 

review paper. Particular focus was placed on the adsorption, photocatalytic and antimicrobial 

properties of nanomaterials in the study. A broad variety of nanomaterials have been tested 

for the reduction of inorganic and/or organic compounds, as noticeable from the literature 

review. Owing to improved adsorption and/or photocatalytic activity and substance 

specificity, many nanomaterials ultimately provide a promising alternative to traditional 

methods of treatment.Nevertheless, due to technological difficulties (e.g., scale-up, device 

set-up), environmental considerations and cost-effectiveness, most implementations are still 

not ready for sale and, thus, only a few nanosized consumer devices are commercially 

available. In addition, there are several other disadvantages associated with the use of 
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nanomaterials that need to be addressed. The mass processing of nanomaterials, for their 

practical application, may often be a difficult problem. In addition, the accessibility for water 

purification applications of immense amounts of nanomaterials at commercially viable rates 

can be a significant bottleneck for industrial applications.Preventing the release of 

nanomaterials into the atmosphere where they can aggregate for long stretches of time is 

another significant task. In addition, Gehrke and Geiser have found out that there are no 

online tracking systems to date that could provide accurate real-time measurement data on the 

consistency and quantities of nanoparticles contained in water only in trace quantities, 

thereby providing a high opportunity for innovation. Nonetheless, in the upcoming years, 

nanomaterials may bring tremendous promise in water treatment and environment 

monitoring, in general in the development of point-of-use systems and in the full 

deterioration of emerging organic water and wastewater pollutants. 
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