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Abstract 
Nanotechnology has emerged as a promising technology for water treatment in recent years. This 
review paper provides an overview of the different types of nanoparticles and nanomaterials used for 
water treatment, including metal nanoparticles, metal oxides, carbon-based materials, and Nano 
composites. It also discusses various water treatment methods that use nanoparticles or nanomaterials, 
such as filtration, adsorption, Photocatalysis, and disinfection. 
The applications of nanotechnology in different areas of water treatment, such as industrial wastewater 
treatment, drinking water purification, and seawater desalination, are also discussed. Furthermore, the 
review evaluates the performance of nanotechnology-based water treatment methods in terms of 
effectiveness, efficiency, and cost-effectiveness. 
The potential environmental and health impacts associated with the use of nanoparticles or 
nanomaterials in water treatment are also reviewed, including the release of nanoparticles into the 
environment and their potential toxicity. Finally, the current challenges and opportunities for further 
research and development in the field of nanotechnology for water treatment are discussed, including 
the development of sustainable nanomaterials, optimization of treatment processes, integration with 
existing water treatment methods, understanding environmental and health impacts, and 
commercialization and scaling up of nanotechnology-based water treatment methods. 
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Introduction 
Access to clean and safe water is essential for human health, economic development, and 
environmental sustainability. However, water sources are often contaminated with various 
pollutants, including microorganisms, organic and inorganic compounds, and heavy metals. 
Therefore, water treatment is necessary to remove or reduce these contaminants and ensure 
that water is safe for human use and consumption. 
Traditional water treatment methods, such as sedimentation, filtration, and chlorination, have 
been effective in removing many contaminants. However, these methods have limitations 
and may not be effective in removing all types of contaminants, especially at low 
concentrations. Moreover, traditional water treatment methods can be costly, energy-
intensive, and may produce harmful by-products. 
Nanotechnology offers a promising solution to overcome the limitations of traditional water 
treatment methods. Nanoparticles and nanomaterials have unique properties, such as high 
surface area, small size, and reactivity that make them ideal for water treatment applications. 
Nanotechnology-based water treatment methods have the potential to provide more efficient, 
effective, and sustainable solutions for water treatment, while also reducing energy 
consumption and producing fewer harmful by-products. 
Nanotechnology-based water treatment methods have been successfully used for various 
applications, including industrial wastewater treatment, drinking water purification, and 
seawater desalination.  
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The use of nanotechnology in water treatment is expected to 
increase in the coming years, driven by advancements in 
nanomaterial synthesis, characterization, and engineering. 
Thus, water treatment is crucial for ensuring access to clean 
and safe water, and nanotechnology offers a promising 
solution to overcome the limitations of traditional water 
treatment methods. The use of nanotechnology in water 
treatment has the potential to provide more efficient, 
effective, and sustainable solutions for water treatment, and 
is expected to play an increasingly important role in meeting 
the global demand for clean water. 
This paper is organised as follows: In the first section an 
overview of different types of nanoparticles and 
nanomaterials used for water treatment is given. In the next 
section a review on some of the different water treatment 
methods that use nanoparticles or nanomaterials is given. In 
the third section performance evaluation of nanoparticles 
and nanomaterials used for water treatment. In fourth 
section a discussion of the applications of nanotechnology in 
different areas of water treatment, such as industrial 
wastewater treatment, drinking water purification, and 
seawater desalination. In fifth section, a review of the 
potential environmental and health impacts associated with 

the use of nanoparticles or nanomaterials in water treatment, 
such as the release of nanoparticles into the environment 
and their potential toxicity. In last section we have 
concluded the paper with discussion of the current 
challenges and opportunities for further research and 
development in the field of nanotechnology for water 
treatment.  
 
Nanoparticles and Nanomaterials 
Nanoparticles and nanomaterials are a diverse group of 
materials that have unique properties, such as high surface 
area, high reactivity, and small size, which make them ideal 
for water treatment applications [1]. Here is an overview of 
different types of nanoparticles and nanomaterials used for 
water treatment. 
 
Metal nanoparticles: Metal nanoparticles, such as silver, 
gold, and copper nanoparticles, have been widely used for 
water treatment applications due to their antibacterial and 
antiviral properties [2]. Metal nanoparticles can effectively 
disinfect water by interacting with microbial cells and 
damaging their cell membranes or disrupting their metabolic 
processes [3]. 

 

 
 

Fig 1: Damage of cell membrane by metal NPs [3] 
 

Metal oxides: Metal oxide nanoparticles, such as titanium 
dioxide (TiO2) and iron oxide (Fe2O3), have been used for 
photocatalytic water treatment applications. These 

nanoparticles can absorb light and generate reactive oxygen 
species that can degrade organic pollutants in water [4] as 
shown in Figure 2. 

 

 
 

Fig 2: Use of TiO2 as photocatalyst [5] 
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Carbon-based materials: Carbon-based nanomaterials, 
such as graphene oxide and carbon nanotubes, have been 
used for water treatment applications due to their high 
surface area, high porosity, and sidewall curvature and 

adsorption capacity [6]. These nanomaterials can effectively 
remove various contaminants from water, such as organic 
pollutants, heavy metals, and dyes as shown in Figure 3.  

 

 
 

Fig 3: Adsorption of organic and inorganic pollutants on CNT surface [7] 

Nano composites: Nano composites are materials 
composed of two or more types of nanoparticles or 
nanomaterials. Nano composites have been used for water 
treatment applications due to their synergistic properties and 
enhanced performance [8]. For example, silver nanoparticles 
embedded in a TiO2 matrix can enhance the photocatalytic 
degradation of organic pollutants in water.  
Nanoparticles and nanomaterials have shown great promise 
in water treatment applications due to their unique 
properties and versatility. The selection of the appropriate 

nanoparticle or nanomaterial for a particular water treatment 
application depends on factors such as the type of 
contaminant to be removed, the water matrix, and the 
required performance criteria.  
 
Water treatment methods: Nanotechnology has enabled 
the development of various water treatment methods that 
utilize nanoparticles or nanomaterials. Here is an overview 
of some of the different water treatment methods that use 
nanoparticles or nanomaterials (Figure 4). 

 

 
 

Fig 4: Schematic representation of the use of nanotechnology in wastewater treatment [9] 
 

Filtration: Nano filtration is membrane-based filtration 
method that use Nano porous membranes to remove 
contaminants from water. These membranes have pore sizes 
in the range of 0.1-10 nanometers, which allows them to 
selectively remove contaminants based on their size and 
charge [10]. Nanoparticles or nanomaterials can also be 

incorporated into the membrane structure to enhance the 
filtration performance, such as by increasing the surface 
area and reactivity of the membrane. Nano filtration is much 
more effective than microfiltration and ultrafiltration as 
shown below: 
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Adsorption  
Adsorption is a process that involves the attachment of 
contaminants onto a surface. Nanoparticles or nanomaterials 
with high surface area and adsorption capacity, such as 
carbon nanotubes and graphene oxide, can effectively 
remove contaminants from water by adsorption [6]. The 
adsorption capacity of these materials can be enhanced by 
functionalizing their surfaces with specific chemical groups.  
 
Photocatalysis: Photocatalysis is a process that uses light to 
activate a catalyst, such as metal oxides or carbon-based 
nanomaterials, to degrade contaminants in water. When 
irradiated with light, the catalyst generates reactive oxygen 
species that can oxidize and degrade organic pollutants. The 
performance of Photocatalysis can be enhanced by using 
nanoparticles or nanomaterials with high surface area and 
reactivity, such as TiO2 nanoparticles [11].  
 
Disinfection: Nanoparticles or nanomaterials with 
antimicrobial properties, such as silver nanoparticles and 
copper nanoparticles, can be used for disinfection of water. 
These nanoparticles can effectively kill bacteria and viruses 
in water by damaging their cell membranes or disrupting 
their metabolic processes [2]. 
The selection of the appropriate water treatment method 
depends on factors such as the type and concentration of 

contaminants in the water, the required level of treatment, 
and the cost and energy requirements of the treatment 
method. In many cases, a combination of different water 
treatment methods may be required to achieve the desired 
level of treatment. The use of nanoparticles and 
nanomaterials in water treatment methods has shown great 
promise in providing efficient, effective, and sustainable 
solutions for water treatment. 
 
Applications of nanotechnology in water treatment 
Nanotechnology has the potential to revolutionize water 
treatment by providing efficient and effective solutions for a 
variety of water treatment challenges. Here is an overview 
of the applications of nanotechnology in different areas of 
water treatment:  
 
Industrial wastewater treatment: Industrial processes can 
generate large volumes of wastewater that contain various 
contaminants, such as heavy metals, organic pollutants, and 
pathogens [12, 13]. Nanotechnology-based water treatment 
methods, such as adsorption and photocatalysis, can 
effectively remove these contaminants from industrial 
wastewater. Nanotechnology-based water treatment 
methods can also be used for the recovery and reuse of 
water and valuable resources from industrial wastewater.  
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Drinking water purification: Access to safe and clean 
drinking water is a fundamental human right, but many parts 
of the world still lack access to clean drinking water. 
Nanotechnology-based water treatment methods, such as 
membrane-based filtration, adsorption, and disinfection, can 
effectively remove contaminants from drinking water and 
ensure its safety [14]. These methods can be particularly 
useful in developing countries and remote areas where 
access to clean drinking water is limited. 

Seawater desalination: Seawater desalination is a process 
that involves the removal of salt and other contaminants 
from seawater to produce fresh water as shown in Figure 6 
[15]. Nanotechnology-based water treatment methods, such 
as reverse osmosis and membrane distillation, can 
effectively desalinate seawater and produce fresh water. 
Nanotechnology-based water treatment methods can also be 
used for the recovery of valuable resources, such as minerals 
and metals, from seawater.  

 

 
 

Fig 6: Schematic of Sea Water desalination [15] 
 

Groundwater remediation: Groundwater contamination is 
a significant environmental challenge that can have serious 
consequences for human health and the environment. 
Nanotechnology-based water treatment methods, such as 
adsorption and photocatalysis, can effectively remove 

contaminants from groundwater and remediate 
contaminated sites. Nanotechnology-based water treatment 
methods can also be used for the recovery and reuse of 
groundwater resources.  

 

 
 

Fig 7: Groundwater remediation using Fe/FeS nanoparticles [16] 
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Overall, nanotechnology-based water treatment methods 
have shown great promise in providing efficient, effective, 
and sustainable solutions for a variety of water treatment 
challenges. The application of nanotechnology in water 
treatment is expected to continue to grow in the future, as 
new materials and technologies are developed and applied to 
water treatment.  
 
Environmental and health impacts 
While nanotechnology-based water treatment methods offer 
promising solutions for addressing water treatment 
challenges, they may also have potential environmental and 
health impacts [17]. Here is an overview of the potential 
environmental and health impacts associated with the use of 
nanoparticles or nanomaterials in water treatment:  
 
Release of nanoparticles into the environment: During 
the use of nanotechnology-based water treatment methods, 
nanoparticles or nanomaterials may be released into the 
environment. These nanoparticles may have the potential to 
accumulate in the environment and affect ecosystems. The 
release of nanoparticles into the environment may also 
affect the quality of water resources and impact human 
health.  
 
Potential toxicity: Some nanoparticles or nanomaterials 
used in water treatment may have the potential to be toxic to 
living organisms. The toxicity of nanoparticles or 
nanomaterials may depend on various factors such as their 
size, shape, surface area, and chemical composition [18]. 
 
Impact on human health: The release of toxic 
nanoparticles or nanomaterials into the environment may 
have negative impacts on the environment and human health 
[19]. Exposure to nanoparticles or nanomaterials may occur 
through inhalation, ingestion, or dermal contact. The 
potential health impacts of nanoparticles or nanomaterials 
may depend on factors such as their toxicity, exposure route, 
and dose.  
 
Ecological impacts: The introduction of nanoparticles or 
nanomaterials into the environment may have ecological 
impacts, such as changes in the behaviour and physiology of 
organisms. The accumulation of nanoparticles or 
nanomaterials in the environment may also have long-term 
ecological consequences. 
 
Overall, it is important to consider the potential 
environmental and health impacts associated with the use of 
nanoparticles or nanomaterials in water treatment. The 
development and application of nanotechnology-based 
water treatment methods should be guided by sustainable 
practices that minimize their potential negative impacts. 
Research into the potential impacts of nanoparticles or 
nanomaterials on the environment and human health is 
essential for ensuring the safe and sustainable use of 
nanotechnology-based water treatment methods. 
 
Future directions 
The field of nanotechnology for water treatment has made 
significant progress in recent years, but there are still 
challenges and opportunities for further research and 
development. Here is an overview of the current challenges 
and opportunities for future research in this field. 

Development of sustainable nanomaterials: There is a 
need to develop sustainable nanomaterials that are 
environment friendly, cost-effective, and have low toxicity. 
Sustainable nanomaterials can reduce the potential 
environmental and health impacts associated with 
nanotechnology-based water treatment methods. 
1. Optimization of treatment processes: The 

optimization of nanotechnology-based water treatment 
processes is essential for enhancing their efficiency, 
effectiveness, and cost-effectiveness. Further research is 
needed to optimize the properties of nanomaterials, 
operating conditions, and treatment systems for specific 
water treatment applications.  

2. Integration of nanotechnology with existing water 
treatment methods: The integration of nanotechnology 
with existing water treatment methods can enhance the 
performance and efficiency of water treatment 
processes. Further research is needed to explore the 
potential synergies between nanotechnology and other 
water treatment methods.  

3. Understanding the environmental and health 
impacts of nanotechnology: Further research is needed 
to understand the potential environmental and health 
impacts of nanotechnology-based water treatment 
methods. This will enable the development of 
sustainable and safe nanotechnology-based water 
treatment methods.  

4. Commercialization and scaling up of 
nanotechnology-based water treatment methods: 
The commercialization and scaling up of 
nanotechnology-based water treatment methods are 
essential for their widespread application. Further 
research is needed to develop cost-effective and 
scalable nanotechnology-based water treatment systems 
for different water treatment applications.  

 
In summary, the field of nanotechnology for water treatment 
has significant potential for addressing water treatment 
challenges. However, further research and development are 
needed to optimize the performance, sustainability, and 
safety of nanotechnology-based water treatment methods. 
The integration of nanotechnology with existing water 
treatment methods and the development of sustainable and 
scalable nanomaterials are some of the key areas for future 
research in this field. 
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