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Abstract- The hastily growing population, depleting water resources, and weather change resulting in prolonged 

droughts and floods have provided drinking water with a coveted status among other natural resources. 

Nanotechnology-based totally multifunctional and exceptionally efficient approaches are supplying affordable 

solutions to water/wastewater treatments that do not depend on massive infrastructures or centralized systems. The 

aim of the present observation is to review the feasible packages of the nanoparticles/fibers for the removal of 

pollution from water/wastewater. The paper will briefly evaluate the supply and practice of various nanomaterials 

(particles or fibers) for removal of viruses, inorganic solutes, heavy metals, steel ions, complex natural compounds, 

herbal natural count, nitrate, and other pollutants present in floor water, ground water, and/or industrial water. 

Eventually, proposals are made based on the current practices of nanotechnology packages in water enterprise for an 

independent water purification unit for casting off all sorts of contaminants from wastewater. 
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1. INTRODUCTION 

Clean water is one of the maximum crucial factors for all dwelling organisms to preserve life. However, due to the 

rapid pace of industrialization and huge increase in the population, the contamination of water sources has come 

about globally. [1-2]. Besides other factors, the demand for water has expanded extensively in agricultural, industrial 

and domestic sectors drinking 70, 22 and 8 percent of the water had to be clean water, respectively and this has 

resulted in the technology of large quantities of wastewater [3–4] containing some of ‘pollutants. Some of the 

essential types of aquatic pollution are heavy metal ions and dyes, and once those enter into the water, water is not 

safe for ingesting purpose and every now and then it's miles very hard to absolutely treat the contaminated water [5-

6]. Aquatic pollution is regularly very risky for living beings, and also have an effect on the surroundings. 

Therefore, the removal of those pollutants from infected water is an urgent need so that it will prevent the bad 

outcomes on the human health and to the environment. 

From past few years, various strategies had been advanced for treating the waste water [7–8]. Amongst them, 

maximum vital methods are solvent extraction, micro and ultrafiltration, sedimentation and gravity separation, 

flotation, precipitation, coagulation, oxidation, evaporation, distillation, reverse osmosis, adsorption, ion alternate, 

electrodialysis, electrolysis, and many others. From above mentioned strategies, adsorption is one of the immense 

techniques for treating the waste water due to low cost and the provision of a wide range of adsorbents [9-10]. 

In the last many years, nanotechnology has emerged considerably with its packages in nearly all branches of 

technological know-how and generation. As a reminder of truth, numerous nanomaterials have been organized and 

used for the removal of aquatic pollutants [11]. One of the targets of the prevailing evaluation is to assemble updated 

and vital findings of different kinds of nanomaterials, used in water which remedy either as adsorbents, 

photocatalyst and/or antibacterial sellers, for the removal of important aquatic pollution. A summary of relevant 

published facts with a number of the latest essential findings, and a source of literature is presented and the 

consequences have been discussed. 

2. NANOMATERIALS AS ADSORBENTS FOR WATER TREATMENT 

Nano adsorbents are nanoscale particles from organic or inorganic substances that have a high affinity to adsorb 

materials. Because of their high porosity, small size, and active surface, nano adsorbents not are able to sequestering 

contaminants with varying molecular length, hydrophobicity, and speciation conduct, but also allow production 

technique to consume unwanted materials correctly without liberating its toxic payload [12]. Nano adsorbents are 

not work quickly, however also have sizeable pollutant-binding capacities. They also can be chemically regenerated 

after being exhausted [13]. For those motives, scholarly hobbies of nanotechnology were growing hastily global. At 

the nanoscale, materials show specific properties because of their small size, they own a large surface area and 

‘surface region to volume’ ratio [14]. These traits improve the adsorption capacity of the nanoparticles. Further to 

the large surface area, those particles display particular traits, along with catalytic ability and excessive reactivity, 

which lead them to as higher adsorbing materials than traditional materials. Because of their excessive surface area, 
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nanoparticles have a greater quantity of lively sites for interaction with one-of-a-kind chemical species [15–16]. To 

get higher consequences for the removal of pollutants from wastewater, nanoparticles have become new alternatives 

for the remedy of wastewater [17–18]. 

                

 
Fig. 2.1 A Size Comparison of Nanoparticle with Other Larger-Sized Materials 

2.1 Carbon Based Materials 

For any adsorption system, an adsorbent having big surface location, pore extent, and proper functionalities is the 

key to fulfilment. Presently, many exceptional porous substances were advanced, which includes activated carbon, 

pillared clays, zeolites, mesoporous oxides, polymers and metallic-organic frameworks, showing varying volume of 

effectiveness in eliminating the toxic pollutants from air, water and soil [19–20]. Among them, carbon-based totally 

adsorbents consisting of activated carbon, carbon nanotubes, fullerenes and graphene, typically show high 

adsorption ability and thermal stability [21–22]. Of the various nanomaterials primarily based adsorbents, carbon 

based totally materials have been probed as superior adsorbents for the elimination of inorganic and organic 

pollutants. Because the discovery of carbon nanotubes (CNTs) and fullerene, these substances had been extensively  

used as effective adsorbents but its large-scale utility is restrained on monetary grounds and consequently, designing 

the adsorbents at a lower cost is a splendid task. Multiwalled carbon nanotube shows tremendous elimination 

efficiency of inorganic metal ions with the help of magnetic nanomaterials [23]. 

2.2 Carbon Nanotubes (CNTs)  

Carbon nanotubes are one of the allotropes of carbon. Basically, CNTs are composed of cylindrical shape rolled up 

in a tube-like shape. CNTs are of two kinds, single walled carbon nanotubes (SWCNTs) and multiwalled carbon 

nanotubes (MWCNTs), in which single walled carbon nanotubes are composed of single graphene sheet with a roll 

up and multiwalled carbon nanotubes are of more than one graphene roll up sheet. CNTs, having highly active site 

surface to quantity ratio and controlled pore length distribution, have a wonderful sorption capability and high 

sorption efficiency compared to standard granular and powder activated carbon, that have intrinsic barriers like 

surface active sites and the activation strength of sorption. 

Table-2.1 Removal of Organic Pollutants Using Various Types of Carbon Nanotubes 

S. No. Type of CNTs Organic pollutants Adsorption 

capacity (mg/g) 

1. Alkali-activated MWCNTs Methylene blue 399 

2. Untreated MWCNTs Methylene blue 59.7 

3. Untreated SWCNTs Reactive red 120 

(RR -120) 

426.49 

4. Oxidized SWCNTS Basic red 46 (BR 

46) 

49.45 

5. Untreated MWCNTs Tetracycline (TC) 269.54 

6. MWCNTs Olaquindox 99.7% 

7. SWCNTs 4-Chloro-2-

nitrophenol 

1.44 
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8. MWCNTs   4-Chloro-2-

nitrophenol 

4.42 

9. Untreated SWCNTs      Dissolved organic 

matter (DOM) 

26.1–20.8 

10. KOH activated MWCNTs Toluene, 

ethylbenzene, m-

xylene 

87.12, 322.05, 

247.83 

11. MWCNTs Methyl orange 52.86 

12. Chitosan/Fe2O3/MWCNTs Methyl orange 66.90 

 

                

                             
 

Fig. 2.2 Structure Representations (a) SWCNTs (b)MWCNTs (c) SEM Image of Aligned CNTs 

2.3Graphene Based Materials 

Table-2.2 Adsorption of Organic Pollutants Using Graphene Based Materials 

S. 

No. 

Types of Graphene based materials Organic pollutants Adsorption 

capacity (mg/g) 

1.  

Polyether sulfone/GO 

MB 62.50 

2. Fe3O4/GO hybrids MB, NR 167.2, 171.3 

3. Reduced GO–MFe2O4 hybrids RhB, MB 92% and 

100% 

4.  

GO sponge 

MB, MV 397, 467 

5. Reduced GO/ZnO nanohybrids RhB, MB – 

6.  

Reduced GO/CdS hybrids 

MB 94% 

7.  

Reduced GO–TiO2 

MO – 

8.  

Fe3O4–GNs 

MB,CR 45.3, 33.7 

9.  

GO   

MB 351 

10.  

GNs 

MB 154–204 

11.  

GO 

Tetracycline 313.48 

12.  

GO 

Oxytetracycline 212.31 

2.4 Metal Oxide-Based Nanomaterials 

Nano metallic oxides a few of the available adsorbents, nanosized metal oxides (NMOs), consisting of nanosized 

ferric oxides, manganese oxides, aluminum oxides, titanium oxides, magnesium oxides and cerium oxides, are 
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categorized as the promising ones for elimination of pollutants from aqueous systems [27–28]. That is in part 

because of their big surface area and excessive activities caused by the scale quantization effect [29-30]. Recent 

studies suggested that many NMOs show off favorable sorption to heavy metals in terms of excessive capability and 

selectivity, which would result in high removal of poisonous metals [31]. But, as the dimensions of the steel oxides 

reduces from micrometer to nanometer tiers, the expanded surface strength inevitably ends in their low quality. 

Consequently, NMOs are susceptible to agglomeration because of van der Waals forces or different interactions 

[32], and the excessive potential and selectivity of NMOs could be significantly decreased or even lost. moreover, 

NMOs are unusable in constant bedsor another drift through structures because of the excessive strain drops (or the 

hard separation from aqueous structures) and less mechanical strength. To enhance the applicability of NMOs in 

actual wastewater remedy, those have been impregnated into porous supports of big size to gain composite 

adsorbents [33]. 

                                                         
 

Fig. 2.3 (a) Optical Microscope Image of Sn-doped ZnOnanobelts    (b) TEM Image of TiO2 Nanocrystals 

Table-2.3 Removal of Organic Pollutants Using Nano Metal Oxides 

S. No. Types of Nano metal oxides 

materials 

Organic pollutants Adsorption 

capacity (mg/g) 

1.  

SiO2/Fe3O4 

MO 53.19 

2.  

c-Fe2O3/SiO2/chitosan composite 

MO 34.29 

3.  

c-Fe2O3 crosslinked chitosan composite 

MO 29.46 

4.  

Magnetic nano powder 

Phenol 13.5 

5.  

c-Fe2O3/2C nanocomposite 

Phenol 42.34 

6.  

c-Fe2O3/2C nanocomposite 

MO 72.68 

7.  

c-Fe2O3 

Acridine orange 59 

8.  

Polyacrylic acid-Fe3O4 

MB, Crystal violet 199,116 

9.  

Fe3O4-CTAB 

Acid red 27 1.05 

10.  

CTAB-Fe3O4/SiO2 

Phenolic compounds – 

11.  

Chitosan-Fe3O4 

Acid orange 12 acid green 25 1.883,1.471 

12.  

Fe3O4@SiO2/SiCRG 

Metoprolol (MTP) 447 

2.5 Silsesquioxane Based Materials 

A silsesquioxane is an organosilicon compound with the chemical method [RSiO3/2 ] In (R = H, alkyl, aryl or 

alkoxyl) [33]. Silsesquioxanes are participants of polytetrahedral silsesquioxanes (‘‘POSS”), that have attracted 

interest as precursors to ceramic substances and nanocomposites. The ability applications of silsesquioxane based 

materials lie inside the fields of catalysis [34-35], separation and garage [36-37], opto-electronics [38] and 
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environmental field [39]. Those substances are considerably used for the synthesis of nano dependent hybrid 

polymer substances, having nanometre sized inorganic cores surrounded with natural useful groups [33] 

CONCLUSION AND FUTURE PERSPECTIVES  

Inside the all evaluate article; numerous nanomaterials are reviewed which have been used for water 

decontamination. The unique emphasis inside the review has been given on adsorption, and antimicrobial properties 

of nanomaterials. As evident from the reviewed literature, a huge variety of nanomaterials have been tested for the 

removal of inorganic and/or organic pollution. 

Many nanomaterials eventually gift a mighty alternative to traditional treatment methods because of increased 

adsorption and/or photocatalytic pastime and substance specificity. But most applications aren't yet geared up for the 

market because of technical challenges (e.g., scale up, device installation), environmental worries and fee-

effectiveness and subsequently, only a few nanosized commercial merchandise are to be had in the market. 

Moreover, there are some different drawbacks related to nanomaterials use that need to be negotiated. Once in a 

while, the mass production of nanomaterials, for their practical use, is probably a hard issue. Moreover, the 

provision of substantial portions of nanomaterials at economically possible prices for water remedy functions may 

be a critical bottleneck for industrial programs. Advantages and limitations in the applications of nanomaterials are 

to remove heavy toxic metals, inorganic and organic pollutants from pollutant water very efficiently with high cost 

and also potential health risk and secondary pollution. Due to this, nanomaterials with lows cost and no potential 

health risk /eco risk is required.The instead excessive cost of carbon-based totally graphene substances and carbon 

nanotubes limits their commercial uses, and as an opportunity adsorbent for activated carbon, the conversion of 

agricultural waste to carbon-primarily based NMs for wastewater remediation is turning into a promising method. 

 Despite the fact that, nanomaterials could offer superb potential in water remedy and environmental remediation in 

the coming decades, specially designing of point-of-use systems, and within the entire degradation of emerging 

organic contaminants from water and wastewater. 

Agricultural waste-based totally NMs including natural polymer cellulose-/chitosan-primarily based nano-sorbents 

provide leapfrogging opportunities for water remedy in place of luxurious artificial NMs and decrease the ability 

dangers. Meanwhile, the magic method of talking waste to fee meets the necessities of environmental friendly 

sustainability without sacrificing the performance. Finally, but, the toxicity and eco-compatibility of NMs still 

requires further take a look at. 
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