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ABSTRACT 

Nanotechnology has shown potential in the action of drinking water and pollution treatment 

from aqueous solutions; therefore, the following findings can be deduced from the above-

reviewed case studies for these nanotechnology based applications; however, more comparison 

between the conventional and nanotechnology based treatment technologies is essential to 

show the significance of this field and provide direction for further research. Overall, as an 

effort to review the latest developments in water treatment and environmental remediation, the 

comparison of the performances of traditional technologies and nanotechnology aimed to 

established the present status of treatment techniques for used of researchers, industries, and 

policy makers. Pollutants grouped into broad class, and the most economical approaches 

(conventional and nanotechnology assisted) for the dealing of each classified pollutant as 

describe inside the literatures were compared. present issues associated with the practical 

application of nanotechnology to the environment and their possible strategies. 

Keywords: silver nanoparticles, nanocellulose, engineered nanomaterials, water monitoring, 

water treatment, eco safety, ecotoxicology, eco-design 
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                                               Figure no 1-wastewater treatment cycle 
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                                   Figure  no 2-treatment of wastewater by nanotechnology 

 

Introduction 

In the previous six decades or so, different membrane materials and techniques have found 

useful applied in liquid separation in numerous industries including some of the following ; 

wastewater/water treatment (okhla wastewater treatment plant,delhi), clothing/apparel 

(Coskun et al. 2020), and agriculture sector ( Sarker et al. , 2020). The progress of an 

organization or a country depends on how it attacks these problems technologically, socially 

and economically. 

 

Thus, it includes all the division like Service division (Basuhailah et al.h –styropora (Furtado 

et al. 2018a, b), pulp and paper (Boopathy and Balasubramanian 2020) and refinery (Luiz et 

al. 2018) industries. Due to  the mentioned above benefits suc  as permeate quality, 

simple operation and maintenance, high separation efficiency as such as compact 

modularity of the systems, membrane technologies has became one of the fundamental 

process in the engineering systems (Lee et al. Membrane industry statistics: Projecting further, 

the growth in the manufacturing of the membrane market size is estimated to be 28 billion 

dollar in the year 2020 from 20 billion dollar in the year 2016 with a compounded annual 

growth rate (CAGR) of 7% within the next few years predominantly because of the rising 

demand of water/waste water resources. The practical implementation of membranes at 

industrial level is gradually on the rise since turn of this century due to efficiency especially in 

water treatment for sewage/waste water, drinking water and seawater/brackish water (Shannon 

et al. 2008). Drawbacks are still found because of the fouling of the membrane, existence of 

trade off effects, degrade of this membrane and expenses   that are associated with it. Fouling 

is the major challenge which is possibly to to occur during the operation of membrane 

processes. The fouling such as bacterial cells, colloids, biomacromolecules and salts can adhere 
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onto the surface or structural layer of the membrane during the filtration process which will 

result in  less number of the membrane flux (Meng et al. , 2017). An overview of literature 

shows that microorganism attach and proliferate on the membrane surface hence forming 

2. Preparation of AgNPs and its applications on water pollution sensors and water 

treatment. 

 
2. 1. Preparation of Silver Nanopaarticles and Their Characterisations 

Increases in sensor sensitivity and selectivity, recycling potential, and—above all—eco 

compliance in analyte sensing have all been linked to dedication. This requirement has 

supported ENM exploration and progress [2–5]. In fact, they facilitate a greater interaction with 

the analytes due of the much higher surface to volume ratio they offer. Moreover, the chemical-

physical properties, such as ocular or assemblage ones, might be changed to fulfil the 

specifications, as well as the magnitude, figure, and functionalization [10,11,]. 

Because AgNPs have an LSPR at the neighboring surface they have thus been employed 

extensively in sensing systems. Free electrons traveling on or slightly below the surface of 

noble metal nanoparticles (NPs) are the cause of LSPR, which exploits the incoming 

electromagnetic contamination to generate intense visual extinction and dispersion spectra  

spectral area at about 400 nm. AgNPs are especially appealing for the development of 

photocatalytic systems that function well in sunlight due to their unique light-scattering 

characteristics It is previously established that nanoparticles of silver. are effective 

photocatailysts for an difference of chemical processes, including the breakdown of organic 
contaminants. The direct conversion of light energy into chemical energy—against the 

principles of sustainable and environmentally friendly chemistry—reduces energy ingesting 

and has a positive environmental impact. This is ones of the main advantages of photocatalysis.  

 

 

                                Figure no 3- sizes of nano particles 
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AgNCs be exhibitin' amazin' potential as wonky materials 'cause o' da corners an' edges in 

nanocubes, which make signals big by increasin' da local field. Despitin' these good-for-nothin' 

properties, synthesizin' AgNCs be consider' tough, specially when it comes ta gettin' uniformity 

an' reproducibility. Inside AgNCs, material be trap' within six closely spaced planes, needin' 

precise growin' conditions fer formakin'. Major experimental factors influencin' these 

nanomaterials be precursor concentrations, mixin' procedures, temper'ture, an' reaction 

duration. Various methods be scroungin' 'round ta tackle these challenges, with microfluidic 

comin' out as promisin' solutions. 

Star-shaped liquid suspensions o' silver (AgNSs) were created through a two-step chemical 

knockin' off of Ag+ usin' different reducin' an' cappin' bridge in each step. The numbers o' arms 

on these star shapes be all over, with an average o' eight arms gawkin', sometimes showin' 

branchin'. The size o' AgNSs typically wanders from 70 to 700 nm, with the arm points showin' 

a kinda dull sharpness. Extinction spectrums disclose bands 'round 370 nm, 'long with 

backgound bands of longest wavelngths where weak highs be visible 'tween the 650–750 range. 

The extensive extinction background be linked ta absorption an' scatterin' nonsense comin' 

from the diverse morphologies of existin' nanoparticles, includin' AgNSs wit' all kinds o' arm 

numbers an' tip sharpnesses. This diversity gives a long range of specified surface plasmon 

resonance (LSPR) wavelengths coverin' the visible an' near-infrared areas 'cause o' different 

shapes an' sizes o' AgNSs in suspension. 

 

 

Figure no-4-interaction of bond 

2.2. AgNPs of Water Pollution Monitoring and Treatment 

Because of such characteristics it possesses, coupled with the versatility of application of 

AgNPs, it has widely been use in research systems. Namely, with how the change is being used 

in the mode of modification on the surface or by selecting a certain ligand, interaction with a 

specific analyte occurs; and if the degree of functionalization is increased – the sensitivity of 

the particles. The molecules employed in the straight functionelization of AgNPs in the creation 
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of morphological charged with chemically depends on the method of chemical that is used in 

the synthesis of a particular morphology of AgNPs as depicted in the table 1 below dimension 

and request for water pollution checking manifold. In this sense, the authors turbidly identified 

the degrees of blue shift up or suppression of SPR band allied with the expansion of crystals of 

anisotropic silver amalgam. Using spectral and colorimetric methods, the selectivity of the 

AgNPh-based sensors for Hg(II) ions was examined in the company of 500 mM of extra 

environmentally significant metal ions. Similarly, Sharme et al. [10] proposed the similar 

characteristic and develop an easy, tag-free, cost-free, transportable, selective, and very delicate 

colorimetric chemosensor for trace harmful Hg(II) ions detection in water for their thiol-

modified chitosan AgNPhs. Therefore, in the current study, the authors  

found that the addition of Hg2+ to the Md-Ch-AgNPhs solution resulted in a bathochromic  

shift of the LSPR in the UV vis spectra. The redox reaction of AgNPhs and Hg(II) ions is  

what caused this shift in the SPR, as the values of redox potential are different. 

Table 1. AgNP-based hybrid systems used for water pollution treatments. 

3. Ecosafety Challenges 

3. 1 That is why the safety of environment in the circumstance of utilization of ENMs is a 

critical issue.                                                                                                                                                    

The structural and functional properties of particles that exist in Earth's atmosphere (particle 

magnitude, shape, and external charge) as fit as variations that yield place when they are 

released in normal environments have been mainly linked to the reported risks of ENMs to 

marine and terrestrial life forms [11]. As a result, numerous bench-scale investigations have 

demonstrated that ENMs may be internelized by the cell via a collection of mechanisms 

because of two main elements, namely the surface and nanoscale dimensions.  

 

 

AgNPs Size (nm) Support Treatment Ref. 

5–10 photocrosslinked matrix nitroderivates [6] 

10–20 BiVO4 crystal violet; Rhodamine B [9] 

10–30 sulfonated graphene/TiO2 Rhodamine B; Methyl Orange; 4-nitrophenol [7] 

10  Methylene blue [3] 

5–10 TiO2 Methyl Orange [1] 

100 cellulose nanofibrils Rhodamine B; [2] 
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Figure 5-percentange of organism in water body 

chemistry. a. Whereas other toxic substances (besides those involved in selective autophagy, 

endocytosis and stomatocytosis and straight trans-membrane transport) apply their poisonous 

action [114,115]. 3. 2. Cytotoxicity of AgNP to Water Organisms The antibacterial mechanism 

of AgNPs is connected with the liberation of Ag+ ions which is one of the greatest toxic ions 

of the water environment [131, 132]. The synthesized AgNPs show a more effective and long-

lasting antimicrobial effect rather than AgNO3 as an consequence of the sustained and gradual 

ion diffusion of Ag+ near to the target organism. [3. 3. This paper aims at establishing the role 

of surface coating to the toxicity of AgNPs to marine organisms and ecosystems. 

Because it influences the constancy of the media and the state of particle aggregation, the kind 

of outer coating is an important internal component that should be considered when 

determining the disbanding of the particles [147]. "Global Structural Conditions and Health 

Inequalities: The effect of Globalization on Health" presents new empirical data supporting this 

claim. 

4. Cellulose Doped with AgNPs: A complementarity (Synergic Solution)                           

4. 1. A sustainable solution for AgNP immobilization                                                                 

The potential for AgNPs to attach to suitable carriers is a useful strategy for mitigating the 

problems arising from the toxicity of these structures when applied directly. One of the more 

researched characteristics of AgNPs, their antimicrobial activity, is transferred to textiles in this 

way, providing a basis for an approach that could limit NP migration and even improve 

remediation action by averting their clustering because of surface energy. Because of this, 

biopolymers are thought to be the best substrate for AgNP binding. 
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                                           Figure no 6 sustainable solution 

 
4. 2. Doping cellulose with AgNPs pre-formed                                                                                     

The simplest method for uniting AgNPs into cellulose composites or using cellulose with 

AgNPs involves having NPs available or having formed them earlier through a separate 

process. In this instance, the contact between the NP aqueous distribution and the polymeric 

substrate will cause cellulose doping. Sehaqui and colleagues made CNF-grounded filters and 

used filter paper for a straightforward filtration procedure to remove a variation of spiky 

particle, including silver ones. Using 2,3 epoxy propyl trimethyl ammonium chloride, 

quaternary ammonium groups were initially added to CNF, and succinic anhydride was used 

to add carboxylic groups. 

4. 3. Cellulose Doping with AgNPs Prepared in Situ                    

NPs can be introduced also in situ, and then immobilized right on cellulose which is the primary 

method in many works. For instance, a current work involved the preparation of Ag3PO4 nano 

particles as of AgNO3 when NC sheets are present using the ion exchange process [8]. The 

obtained Ag3PO4/NC composite is particularly excellent photocatalytic activity for sunlight-

induced 
5. Conclusions and Perspectives 

This is because AgNPs continue to be incorporated into various environmental applications 

such as water pollution detection and remediation, consequently, there is a growing 

apprehension about the environmental effects of AgNPs, which must be a rationale for the 

context where better performance is achieved together with no threats to ecosystems. The 

AgNPs introduction to specifically chosen polymers points out at the answer of both the 

ecosafety issues and nanoparticle agglomeration problem Given this context and the input, 

some potential solutions pointing at effective and environmentally friendly methods for the 

checking and handling of water pollution are encountered, with reference to a summary of the 
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new preparations of AgNPs and their usage in the (AgNPs)–cellulose hybrid materials. These 

AgNPs–cellulose hybrids are beneficial because they are considerably simpler to synthesis 

from recycled materials, the method and material are reasonably priced, and they may be 

recyclable. When appropriately engineered, they are also environmentally benign. In this sense, 

we believe that the creation of these hybrid materials using the suggested eco-design 

methodology would revolutionize the appropriate encouragement and valuation of AgNP-

based nanotechnologies for the uncovering and cleaning of marine pollution. 
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