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Abstract. Water pollution is a pressing threat to the world. Management deficiencies of industrial 
and domestic wastewater are directly linked to the escalating water pollution crisis. Timely and 
effective remedial actions need to be innovated. This study investigates the application of 
nanomaterials, particularly nano-oxides (TiO₂, ZnO, Fe₃O₄) and carbon-based nanomaterials (GO, 
CNTs), in water purification. Nano-oxides exhibit strong photocatalytic activity and adsorption 
capabilities, facilitating the degradation of organic pollutants and heavy metal removal. Carbon-
based nanomaterials, with their high surface area and functionalized structures, provide enhanced 
adsorption efficiency and improved selectivity toward diverse contaminants. This study 
systematically evaluates the interaction mechanisms, material modifications, and performance 
optimization strategies for nanomaterials in water treatment. Findings indicate that surface 
modifications, such as heteroatom doping and nanocomposite integration, significantly enhance their 
catalytic activity, pollutant selectivity, and long-term stability. However, practical challenges including 
potential environmental risks, cost constraints, and large-scale implementation issues continue to 
be. Prospective research should first guarantee commercial feasibility and sustainability in 
application practicality when focusing on eco-friendly material recovery strategies, scalable 
synthesis methods, and hybrid nanostructures. 
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1. Introduction 

Water contamination is a worldwide problem, pressed by industrial expansion, population increase 

and insufficient strategies in wastewater management. Failing the removal of heavy metals, continual 

organic pollutants, and emerging contaminants shows the lag of traditional water treatment methods, 

such as sedimentation, coagulation, and membrane filtration. Leveraging unique physicochemical 

properties, high surface areas, and tunable reactivity of nanomaterials is offered as recent 

advancements in nanotechnology [1]. Nano-oxides, emerging as promising candidates, such as TiO₂, 

ZnO, Fe₃O₄, and GO and CNTs called carbon-based nanomaterials, have manifested to be next-

generation water purification approaches [2]. Their superior capabilities in adsorption, photocatalytic 

efficiency in degradation, and selective removal potential in contaminants make them extremely 

appealing for water treatment applications.  

That nano-oxides function through photocatalytic oxidation and electrostatic adsorption in 

Extensive research has demonstrated to enable organic pollutant breakdown and toxic metal ion 

sequestration. Under light irradiation, TiO₂ and ZnO jointly generate reactive oxygen species (ROS) 

and facilitate contaminant oxidative degradation [3]. On the one hand, Fe₃O₄ binds heavy metals 

effectively when allowing for magnetic separation and reuse because of its redox properties [4]. On 

the other hand, nanomaterials based on carbon, having large specific surface areas and functional 

groups, interact with pollutants through π-π stacking, electrostatic interactions, and ion exchange [5]. 

Recent studies emphasize the nanocomposite potentials, such as GO-TiO₂ hybrids, which combine 

adsorption with photocatalysis for enhanced performance [1]. However, challenges remain 

unresolved including nanoparticle aggregation, toxicity concerns, and large-scale production at 

effective cost. This research aims to provide details about nano-oxides mechanistic evaluation and 

carbon-based nanomaterials in water treatment, focusing on their adsorption and photocatalytic 

pathways. The research further explores functional modifications, for instance, heteroatom doping, 
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polymer grafting, and nanocomposite formation aiming to enhance stability, recyclability, and 

efficiency. Key performance factors are analyzed systematically, such as pH sensitivity, pollutant 

selectivity, and reusability. This examination, by addressing current limitations and proposing viable 

solutions, contributes to the relative advancement of nanomaterial-based water purification 

technologies emphasizing environmental sustainability and industrial feasibility. 

2. Mechanisms of Nanomaterials in Water Treatment 

2.1. Mechanisms of Nano-Oxides in Water Purification 

Nano-oxides including titanium dioxide (TiO2), iron oxide (Fe3O4), and zinc oxide (ZnO) have 

been vastly employed in water treatment owing to their photocatalytic and adsorptive properties. 

Concerning contaminant removal, their mechanisms rely on specific physicochemical interactions 

which enable the organic pollutant degradations and the heavy metal ion removals. Photocatalysis is 

one of the most well-known mechanisms, exhibited primarily by TiO2 and ZnO [2]. These materials, 

when exposed to ultraviolet or visible light, can produce electron-hole pairs to interact with water 

molecules and dissolve oxygen to form extremely reactive oxidative species, hydroxyl radicals and 

superoxide anions [6]. These reactive species facilitate organic pollutant breakdown into less harmful 

byproducts like carbon dioxide and water, making TiO2 and ZnO highly efficient for the following 

three degradations: pharmaceuticals, industrial dyes, and pesticides [3]. 

Fe3O4 nanoparticles, in contrast, function through electrostatic adsorption and redox reactions 

primarily. Their surfaces provide metal ion complexation with active sites and allow contaminants 

including lead, cadmium, and chromium to bind efficiently. Additionally, the Fe2+/Fe3+ redox cycle 

is pretty crucial in transforming toxic metal ions into less soluble or inert forms, making Fe3O4 play 

an effective sorbent role in the removal of heavy metal. Furthermore, Fe3O4 magnetic properties 

enable recovery and reuse easily, minimizing secondary pollution concerns. Several factors influence 

nano-oxide performance in water treatment. As surface charge variations alter the binding affinity of 

nanoparticles for pollutants, solution pH significantly affects adsorption efficiency. TiO2 exhibits 

optimal photocatalytic efficiency in a slightly acid-to-neutral pH range, while Fe3O4 demonstrates 

summit heavy metal adsorption in near-neutral cases. Additionally, surface modifications, including 

metal doping and carbon-based composite integration, can improve charge separation, extend optical 

adsorption into the visible spectrum, and better catalytic performance. Lastly, pollutant concentration 

plays a vital role, because excessive contaminant levels may saturate adsorption sites or limit light 

penetration to reduce overall effectiveness. 

2.2. Mechanisms of Carbon-Based Nanomaterials in Water Purification 

Carbon-based nanomaterials, consist of graphene oxide (GO), carbon nanotubes (CNTs), and 

activated carbon nanocomposites. Attributed to their high surface area, π-π interactions, and 

functionalized surface chemistry, their exceptional adsorption capacities are widely recognized [5]. 

These materials effectively remove organic and inorganic pollutants through multiple mechanisms, 

offering advantages in selective adsorption and membrane filtration [1]. One of the primary removal 

mechanisms involves π-π interactions and hydrophobic adsorption, where organic pollutants such as 

pharmaceuticals, pesticides, and hydrocarbons bind to the delocalized π-electron system of GO and 

CNTs [3]. This interaction is particularly advantageous for removing persistent organic pollutants 

from water. Additionally, GO’s oxygen-containing functional groups, such as carboxyl, hydroxyl, 

and carbonyl groups facilitate ion exchange and electrostatic adsorption, thus effectively removing 

heavy metal ions and dyes [7]. 

Beyond direct adsorption, carbon-based nanomaterials also enhance water treatment when 

integrated with other functional materials. For example, GO-TiO2 and CNT-TiO2 hybrid composites 

have been developed to improve photocatalytic degradation by enhancing charge transfer efficiency, 

reducing electron-hole recombination, and providing additional adsorption sites. This combination 

enables simultaneous contaminant degradation and adsorption, offering a more effective and versatile 
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approach to water purification. Key factors influencing the performance of carbon-based 

nanomaterials include surface functionalization, membrane integration, and reusability. Functional 

modifications, such as amine, thiol, or sulfonic acid grafting, improve selectivity by enhancing 

specific binding interactions. Meanwhile, the incorporation of GO into membrane structures provides 

size-selective filtration that removes bacteria, heavy metals, and organic pollutants while maintaining 

a high-water level flux. However, unlike nano-oxides, carbon-based materials face challenges in 

recovery and regeneration, necessitating immobilization strategies such as membrane-supported 

nanocomposites or magnetic hybrid materials for practical applications. 

2.3. Comparative Analysis of Nano-Oxides and Carbon-Based Nanomaterials 

Both nano-oxides and carbon-based nanomaterials exhibit distinct advantages in water treatment, 

making them suitable for different applications. Nano-oxides, particularly TiO2 and ZnO, are highly 

effective for photocatalytic degradation of organic pollutants, but their efficiency is often limited by 

UV dependence and stability issues [2]. Fe3O4 is well-suited for heavy metal removal, owing to its 

magnetic properties and redox activity, but suffers from aggregation and potential leaching problems 

over repeated use [6]. In contrast, carbon-based nanomaterials such as GO and CNTs excel in the 

adsorptive removal of organic contaminants and metal ions, leveraging their high surface area and 

functional group diversity [5]. They are particularly useful in applications where selective adsorption 

and membrane filtration are required. However, challenges such as high production costs and difficult 

recovery processes hinder their large-scale implementation [3]. 

Hybrid nanomaterials offer a potential solution by combining the strengths of both material classes. 

For example, TiO2-GO and Fe3O4-CNT composites integrate photocatalytic activity with high 

adsorption capacity, resulting in enhanced stability, multifunctionality, and improved overall 

performance [8]. While hybrid nanomaterials show great promise, challenges remain in terms of 

scalability and synthesis complexity, which must be addressed before they can be widely deployed in 

commercial water treatment systems. In summary, while nano-oxides are more effective for catalytic 

degradation and metal adsorption, carbon-based nanomaterials provide superior adsorptive capacity 

and selectivity. Hybrid approaches hold the key to developing next-generation water treatment 

technologies that maximize efficiency, durability, and economic feasibility. 

3. Practical Applications of Nanomaterials in Water Treatment 

3.1. Application of TiO2 Nanoparticles in Dye Wastewater Degradation 

Titanium dioxide (TiO2) nanoparticles are widely regarded as effective photocatalysts for 

wastewater treatment, especially for the degradation of persistent organic pollutants, such as azo dyes. 

Their efficiency stems from the ability to utilize ultraviolet (UV) radiation to generate highly reactive 

oxidative species, which facilitates the breakdown of complex organic molecules into non-toxic 

byproducts [2]. The fundamental mechanism of TiO2-based photocatalysis is that electrons are 

excited from valence bands to conduction bands upon UV irradiation, then creating electron-hole 

pairs. After that, these charge carriers react with water molecules and dissolved oxygen to form 

reactive oxygen species, hydroxyl radicals and superoxide anions, which promote the oxidative 

cracking of azo dye molecules. This process effectively decolorizes and breaks down the 

contaminants, rendering them harmless [6]. The experimental results show that TiO2 nanoparticles 

have a remarkable degradation effect on widely used dyes like methyl orange, rhodamine B, and 

methylene blue. It is reported that under controlled conditions, the degradation efficiency of these 

dyes exceeds 90% within a few hours of UV irradiation. Several physicochemical parameters 

influence TiO2’s photocatalytic performance, including particle size, crystallinity, surface area, and 

the intensity of UV light. Among the three common crystalline forms of TiO2, anatase exhibits the 

highest photocatalytic efficiency due to its superior charge carrier dynamics and high surface energy 

[3]. 
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To further improve its performance, various strategies have been explored such as doping with 

transition metals like iron, manganese, and silver to reduce electron-hole recombination and extend 

light absorptions into visible spectrums. Additionally, coupling TiO2 with carbon-based materials, 

such as graphene oxide or carbon nanotubes, has been employed to improve charge separation and 

increase surface area, further enhancing its degradation efficiency. The practical application of TiO2-

based photocatalysis in industrial wastewater treatment has been successfully demonstrated in 

multiple fields such as textile printing and dyeing, pharmaceuticals and chemical manufacturing. An 

advanced oxidation process incorporating TiO2 photocatalysis was implemented in the textile 

industry to treat dye-containing wastewater. The system achieved over 85% pollutant removal 

efficiency after 24 hours of operation, significantly reducing chemical oxygen demand and meeting 

regulatory discharge standards. Another study explored the application of TiO2-immobilized reactors 

in rural water treatment facilities to remove pesticides and pharmaceutical contaminants. The system 

demonstrated an 80% degradation efficiency for antibiotics within 12 hours of UV exposure, 

highlighting the potential for decentralized water purification. Additionally, TiO2-based membranes 

have been developed for continuous-flow water treatment, where the immobilization of nanoparticles 

on polymeric substrates prevents aggregation and enhances long-term operational stability [7]. 

Despite its effectiveness, the large-scale application of TiO2 photocatalysis faces several 

challenges, primarily due to its dependence on UV irradiation, which increases operational costs and 

limits efficiency under natural sunlight. To enhance the practical viability of TiO2 photocatalysis, 

ongoing research focuses on several key areas. Extending light absorption into the visible spectrum 

through material doping and hybridization with plasmonic nanoparticles remains a priority. 

Additionally, the development of hybrid TiO2-based nanocomposites, integrating materials like Fe3O4, 

carbon nanotubes, or graphene oxide, aims to improve stability, charge separation, and recyclability. 

Development of floating TiO2 films for solar-assisted water treatment or continuous flow 

photocatalytic reactors for industrial wastewater applications. By combining energy-efficient design 

with high-performance nanomaterials, TiO2 photocatalysis could become a more practical and 

scalable solution for water purification. Overall, while TiO2 remains one of the most promising 

nanomaterials for dye wastewater treatment, overcoming its limitations through material innovations, 

process optimization, and large-scale engineering solutions is essential for widespread 

implementation in real-world water treatment applications. 

3.2. Application of Fe3O4 Nanoparticles in Heavy Metal Removal 

Iron oxide (Fe3O4) nanoparticles have gained considerable attention in water treatment on account 

of their superparamagnetic properties, high surface area and strong affinity for heavy metal 

contaminants [2]. Their ability to be magnetically separated and reused makes them a promising 

alternative to conventional adsorbents, reducing secondary pollution concerns and operational costs. 

The removal mechanism of Fe3O4 nanoparticles primarily involves electrostatic adsorption, redox 

reactions and magnetic separation. Surface hydroxyl groups on Fe3O4 facilitate the complexation of 

metal ions, forming stable metal-hydroxide interactions that promote adsorption. Additionally, Fe3O4 

participates in redox reactions via its Fe2+/Fe3+ cycle, which helps in the immobilization of metal ions 

through reduction-precipitation processes [6]. The strong magnetic properties of Fe3O4 enable 

efficient recovery and reuse, making it a cost-effective and environmentally friendly water treatment 

material. 

Experimental studies have demonstrated that Fe3O4 nanoparticles achieve over 95% removal 

efficiency for Pb2+ and Cd2+ under neutral pH conditions within two hours of exposure. Surface 

modification strategies, including graphene oxide (GO) coatings and polymeric functionalization, 

have been employed to enhance selectivity and dispersion stability [3]. These modifications improve 

metal ion affinity and prevent Fe3O4 aggregation, ensuring sustained efficiency in complex 

wastewater environments. 

Fe3O4-based nanomaterials have been successfully deployed in both industrial and decentralized 

water treatment applications. In the petrochemical industry, Fe3O4 nanocomposites were integrated 



Highlights in Science, Engineering and Technology MSMEE 2025 

Volume 147 (2025)  

 

206 

into magnetic-assisted filtration units to remove Pb2+ and Cd2+ from refinery wastewater, significantly 

reducing heavy metal concentrations to meet regulatory discharge limits. 

In decentralized water purification, portable Fe3O4-based filtration systems have been developed 

for use in disaster-stricken and remote regions. These systems leverage Fe3O4’s high reusability and 

rapid separation capabilities, allowing for efficient water purification with minimal maintenance. 

Furthermore, hybrid materials, such as Fe3O4-GO nanocomposites, have been incorporated into 

continuous-flow water treatment systems, where they exhibit improved adsorption kinetics and long-

term stability compared to conventional adsorbents [7]. 

Despite these advantages, Fe3O4 nanoparticles face challenges related to stability, production cost, 

and recyclability. To improve the effectiveness of Fe3O4 nanoparticles in water treatment, researchers 

are developing hybrid nanocomposites that combine Fe3O4 with materials, such as carbon nanotubes 

(CNTs), metal-organic frameworks (MOFs), and bio-based adsorbents. These hybrid materials can 

provide better selectivity, adsorption power and mechanical stability, making them more suitable for 

large-scale applications. Advancements in surface engineering are also being explored, including the 

functionalization of Fe3O4 with chelating ligands and zwitterionic coatings to improve metal 

selectivity while minimizing competitive adsorption effects. Additionally, researchers are working 

on modular magnetic filtration reactors that integrate Fe3O4 nanoparticles into scalable treatment 

systems, optimizing both efficiency and cost-effectiveness for industrial wastewater treatment[9-10]. 

3.3. Application of Graphene-Based Materials in Water Treatment 

Graphene-based nanomaterials, particularly graphene oxide (GO) and reduced graphene oxide 

(rGO), have become as highly effective adsorbents for water purification because of their exceptional 

surface area, π-π interactions, and tunable surface chemistry[5]. Unlike traditional adsorbents, 

graphene derivatives leverage hydrophobic forces, electrostatic interactions and functional group 

binding to remove various range of contaminants, including pharmaceutical residues, pesticides and 

industrial dyes. 

GO, in particular, which contains oxygen-rich functional groups including carboxyl, hydroxyl and 

carbonyl groups, significantly enhances hydrophilicity and pollutant-binding capacity. Studies have 

shown that GO can achieve over 90% removal efficiency for antibiotics such as tetracycline and 

ciprofloxacin, making it a promising material for treating pharmaceutical wastewater[3]. Furthermore, 

the incorporation of nanochannel structures in GO membranes facilitates rapid water permeation 

while effectively rejecting organic contaminants, improving overall treatment efficiency. 

To enhance performance, researchers have explored surface modifications and hybrid 

nanocomposites. It has been found that functionalizing GO with metal oxides (e.g., TiO2, Fe3O4) or 

conductive polymers can improve stability, increase pollutant selectivity, and prolong the adsorption 

life of the material. Additionally, rGO exhibits high electrical conductivity, allowing it to function in 

electrochemical degradation systems, where it facilitates the breakdown of organic pollutants through 

advanced oxidation processes[7]. 

Graphene-based materials have been integrated into membrane filtration and adsorption systems 

for both municipal and industrial water treatment. In pilot-scale municipal water treatment facilities, 

GO-based membranes have demonstrated over 90% removal efficiency for pharmaceutical and 

pesticide contaminants, outperforming conventional polymeric membranes in terms of contaminant 

rejection and water permeability. 

In industrial wastewater treatment, graphene-modified membranes have been shown to exhibit 

enhanced antifouling properties, which reduce biofilm formation and extend the operational lifespan 

of filtration systems. Additionally, graphene-infused nanocomposites have been deployed in 

adsorption-driven purification systems, demonstrating high selectivity and rapid pollutant removal in 

both batch and continuous-flow treatment settings[8]. 

However, there are still significant issues with the cost-effective production, recycling, and large-

scale implementation of graphene-based materials. To further improve the feasibility and scalability 

of graphene-based water treatment solutions, researchers are focusing on developing cost-effective 
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synthesis technologies such as chemical vapor deposition (CVD) and sustainable green synthesis 

methods. In addition, the integration of graphene with metal-organic frameworks (MOFs), TiO2, and 

Fe3O4 has demonstrated the potential for multifunctional water treatment, combining adsorption, 

catalysis, and electrochemical degradation. The advancement of electroactive graphene-based 

membranes enables simultaneous filtration and in-situ degradation of pollutants. By incorporating 

conductive graphene derivatives into smart membrane systems, these materials can significantly 

improve water treatment efficiency while reducing energy consumption. With continuous progress, 

graphene-based materials are expected to perform a transformative function in the next generation of 

water purification technologies, providing a balance of efficiency, sustainability and 

multifunctionality. 

4. Suggestions and Future Prospects 

4.1. Improvement Strategies 

To enhance the efficiency, stability, and scalability of nanomaterials in water treatment, we can 

try to develop composite nanomaterials – Integrating nano-oxides (e.g., TiO2, Fe3O4) with carbon-

based nanomaterials (e.g., GO, CNTs) creates synergistic effects, enhancing adsorption capacity, 

photocatalytic activity, and pollutant selectivity. Hybrid materials can achieve multifunctionality, 

addressing limitations such as UV dependency in TiO2 and aggregation in Fe3O4[3]. Surface 

modification using polymers, ligands, and dopants improves nanoparticle dispersion, reusability, and 

environmental compatibility. For instance, Fe3O4 nanoparticles coated with graphene oxide exhibit 

enhanced stability and reduced agglomeration, ensuring long-term performance. Scaling up for 

industrial applications – advances in nanomaterial synthesis, cost reduction strategies, and large-scale 

fabrication techniques are necessary for widespread adoption. Recent developments in chemical 

vapor deposition (CVD), green synthesis, and nanostructured membrane integration offer promising 

solutions[7]. 

4.2. Future Prospects 

The future of nanomaterials in water treatment lies in the development of smart nanomaterials that 

can self-regulate their adsorption and degradation activity based on environmental conditions such as 

pH fluctuations, pollutant concentration, and temperature variations. These adaptive materials could 

significantly enhance efficiency by optimizing their functionality in response to real-time 

contamination levels. However, for large-scale implementation, regulatory frameworks must be 

established to ensure standardized safety protocols, risk assessment measures, and environmentally 

responsible disposal methods, preventing unintended ecological consequences. Furthermore, the 

commercialization of nanomaterial-based water purification systems will require advancements in 

cost-effective synthesis, scalable fabrication techniques, and integration into existing treatment 

infrastructure. By improving production efficiency and reducing material costs, nanotechnology can 

transition from laboratory research to widespread industrial and municipal adoption, addressing 

critical water pollution challenges on a global scale[2]. 

5. Conclusion 

The study underscores the transformative potential of nanomaterials in modern water purification 

systems. Nano-oxides, particularly TiO₂ and ZnO, demonstrate robust photocatalytic efficiency for 

organic pollutant degradation, while Fe₃O₄ serves as an effective sorbent for heavy metal remediation. 

Meanwhile, carbon-based nanomaterials, including GO and CNTs, exhibit superior adsorption 

properties due to their high surface areas and functional tunability, enabling selective pollutant 

removal. The findings highlight that surface modifications, such as metal doping, composite 

hybridization, and functional group tailoring, significantly improve nanomaterial performance by 

enhancing reactivity, selectivity, and stability. Additionally, hybrid systems integrating 
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photocatalysis with adsorption mechanisms exhibit synergistic effects, leading to more efficient 

contaminant removal. However, several challenges remain, including nanoparticle aggregation, 

material regeneration complexities, and long-term environmental impact assessment. Addressing 

these limitations through cost-effective synthesis routes, green fabrication strategies, and scalable 

production techniques will be crucial for real-world application. Future research should prioritize 

optimizing nanomaterial stability, enhancing recyclability, and developing multifunctional hybrid 

systems that integrate adsorption, filtration, and catalytic degradation. Moreover, life-cycle 

assessments and toxicity studies must be conducted to ensure the environmental safety and regulatory 

compliance of nanomaterial-based water treatment technologies. By advancing these strategies, 

nanomaterials hold the potential to revolutionize global water purification, offering sustainable, 

efficient, and scalable solutions for mitigating water contamination challenges. 

Reference 

[1] Mahmoud Nasrollahzadeh, Mohaddeseh Sajjadia, Siavash Iravani, Rajender S. Varma](2022). Carbon-

based sustainable nanomaterials for water treatment: State-of-art and future perspectives. Retrieved from 

NCBI 

[2] Wejdan A. Radhi, Zainab T.Y. Alabdullah]. (2022). Unique Mixture of (MgO-CdO) Nanoparticles as an 

Adsorbent for Water Treatment. Retrieved from Google Scholar 

[3] Martinho Freitas, Luís Pinto da Silva, Pedro M. S. M. Rodrigues, Joaquim Esteves da Silva]. (2024). 

Sustainable Technological Applications of Green Carbon Materials. Retrieved from MDPI 

[4] LI Zhouyan, DAI Ruobin, LI Yang, WANG Xueye, WANG Zhiwei]. (2021). Research progress of 

functional membranes based on two-dimensional nanomaterials for water treatment. Retrieved from CIP 

[5] Chou‑Yi Hsu, Ahmed Mahdi Rheima, Marwa Saad Mohammed, Mustafa M. Kadhim]. (2023). 

Application of Carbon Nanotubes and Graphene-Based Nano-adsorbents in Water Treatment. Retrieved 

from Google Scholar 

[6] M. Bodzeka, K. Konieczny, A. Kwiecińska-Mydlak]. (2023). Recent advances in water and wastewater 

disinfection by nano-photocatalysis. Retrieved from Google Scholar 

[7] El-Khouly, Sahar M., Nady A. Fathy] (2021). A review on nano-carbon materials for pollution 

remediation. Retrieved from Google Scholar 

[8] Ahmed Namah Mohamed, Majed Kamil Qetheth, Jafer Fahdel Odah]. (2024). Utilizing of Nanometal 

Oxides for Treatment of Refinery Product Water: A Review. Retrieved from MUTHJPS 

[9]  Harshala S Naik, Parvindar M Sah, Swapnali B Dhage, Smita G Gite, Rajesh W Raut]. (2023). 

Nanotechnology for bioremediation of industrial wastewater treatment. Retrieved from Google Scholar, 

265-298 

[10] Lamees Thamer AL-Hadedee, Shatha Jameel ALkhalidy, Taghreed H. AL Sadoon]. (2021). Water 

Purification by using Nanotechnology. Retrieved from Google Scholar 

 


