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The diversity of water pollution and the depletion of some water resources have continued to 

linger despite several governmental and non-governmental programmes, especially in 

developing countries for water quality sustainability. This problem has reduced potable water 

availability, and it has increased water-related diseases in these countries. These problems are 

severe, mostly, in drought prone areas where water supplies and treatments are still at an infant 

stage. Hence, researchers are proposing the application of nanomaterials for water treatment 

and desalination. However, nanomaterials can also turn to be water pollutants that can threaten 

the public health if handled carelessly. This study, therefore, presents the applications and 

implications of nanomaterials in relation to water treatment and water quality. The review 

results highlighted the state-of-the-art and prospects of nanomaterials for water desalination 

and water quality production. 
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1. INTRODUCTION

Potable water is vital for human existence and it is a 

significant resource for several industries such as food and 

beverage, petrochemical, agricultural, oil and gas among 

others. Studies have shown that the consumption of 

contaminated water has severe consequences on plants, 

animals and human and may constitute serious health 

challenges and socio-economic nuisance [1-4]. Despite this 

information, there are lingering potable water crises across the 

world, for example, the most communities in developing 

countries are still struggling to meet the consistent demand of 

potable water supply for domestic and industrial use. The work 

of Qu et al. [5] attributed the decrease in available potable 

water to the increase in population size, urbanization, global 

climate change, and industrialization, while a United Nations 

report projected that water scarcity may increase by the middle 

of 21st century [6]. This problem will decrease economic 

growth, increase poverty rate, and increase health-related 

diseases. Thus, it is possible that this unhealthy scarcity 

projection may astronomically increase in the near future [7]. 

Even though about 70% of the earth’s surface is covered by 

water, a larger percent of it is not fit for human consumption 

in its raw form.  

In some instances, the available water for consumption is 

not accessible to the public because most of the potable water 

is collected in underground water reservoirs. This problem has 

forced several households to resort to the use of untreated 

water, contaminated water, industrial waste water and 

seawater, especially, those in drought-prone zones. Even 

settlers that are sited along coastal areas are in dare need to 

process seawater because its high salinity delimits its usage, 

especially, for domestic uses. Some of these settlers have been 

able to use conventional water treatment methods to treat 

seawater, but these methods are unable to remove this salinity. 

To fill this gap between the available resources and the rising 

demand for potable water, desalination is inevitable. 

Desalination has been suggested as one of the means of 

providing potable water for many drought and coastal areas. It 

removes salts and minerals from seawater [8]. Desalination 

processes are broadly categorized into: thermal, mechanical, 

electrical, chemical and membrane-based technologies. 

Nonetheless, its extensive and intensive demands, such as: 

high energy consumption and intensive resource consumption, 

makes it economically unfit; and hence, there is a need for 

promising substitutes [9].   

In spite the identification of desalination as a possible mean 

to cushion the shortage of water supply, with the tendency to 

provide potable water supplies, its processes such as: intensive 

energy demands require more research, in order to improve its 

efficiency and sustainability. The present desalination 

processes can be categorized into thermal and membrance-

based techniques. Over time, the use of thermal processes has 

been explored by using excessive heat from power plants to 

desalinate seawater [10]. The operation of thermal processes 

is simple and its construction and the operational cost is 

relatively low. Despite these advantages, the excessive energy 

demands, environmental implications such as corrosion, and 

large space requirements in terms of land and materials are 

some of its disadvantages [11]. These technical challenges it 
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poses led to emerging processes-membrane such as reverse 

osmosis (RO). Nowadays, RO has been widely embraced as 

an alternative to the traditional thermal processes in 

desalination technology [12]. Nair and Kumar [11] reported 

that, energy demand for the operation of RO is lower than that 

of the conventional thermal processes in their comparison 

analysis. Similarly, the space requirement for RO is lesser 

because of its compartment, unlike the thermal processes 

which is an added advantage. The use of semipermeable 

membranes with pore sizes ranging from 0.0001 to 0.001µm 

makes it finest available membrane. The size of its pore is 

capable to retain almost all molecules apart from water. This 

type of membrane can be made with the use of ceramic 

materials. Contrarily, forward osmosis (FO) uses 

semipermeable membrane and natural osmosis techniques 

which get rid of pressure, but its challenges remain ineffective 

membrane design.  

Recent membrane techniques utilized available commercial 

polymetric materials such as thin film composite polyamide 

for RO and FO. The exploration of other membrane techniques 

with the use of poly-tetrafluorothylene (PTFE) and poly-

vinylidene-fluoride (PVDF) in membrane distillation (MD) 

have also been reported. More recently, membrane 

technologies such as: capacitive deionization (CDI) that uses 

carbon-based membrane for separating soluble has been 

examined. Interestingly, emerging advancement in 

engineering and material science has resulted to the discovery 

of nanomaterials with its application cutting across various 

discipline ranging from electronic, vaccine development- 

medical, and even desalination applications. Based on this, the 

current work aimed to review the applications of 

nanomaterials in desalination for water quality sustainability.    

 

 

2. NEED FOR NANOMATERIALS FOR WATER 

QUALITY SUSTAINABILITY 
 

The recent development and multi-applications of 

nanomaterials in environmental science and engineering, have 

positioned them at a forefront for water treatment, because 

they can bridge some of the identified and stated challenges 

associated with the existing water desalination and water 

treatment techniques. Their applications in this research 

domain have, therefore, rendered the present water treatment 

techniques that are centered on conveyance and the centralized 

system obsolete [13]. Nanomaterials’ technologies are cost-

effective for water desalination and they tend to overcome 

some of the challenges of the present water treatment 

techniques. Apart from these benefits, they have the potential 

to serve as a new treatment approaches that can improve the 

socio-economic applications of water resources. 

Nanomaterials are materials with dimensions lesser than 

100 nm. These materials retain novel dimension dependent 

properties unlike its larger associates. Thus, some of these 

materials have been used for water desalination and treatment 

applications in different areas - such as: adsorption, 

disinfection and microbial control, photo catalysis, and 

sensing and monitoring among others. Table 1 shows an 

overview of selected nanomaterials and their potential 

applications for water treatment and water desalination [13].  

In recent time, carbon-based nanomaterials (CNMs) such as: 

carbon nanotubes (CNTs) and graphene, have significantly 

gained attention among researchers. This recognition can be 

attributed to nanomaterials’ distinctive characteristics, such as: 

porosity, electrical conductivity, mechanical strength and 

stiffness [14]. Several authors have also positively ascribed to 

the distinct properties of these materials with possible 

improvement for water desalination and treatment [15, 16]. 

For instance, zeolite, which is a cost-effective nanomaterial, 

has also been found suitable for water desalination [17, 18]. 

This material’s penetrable structure helps in the removal of 

ions from saline water, thus, making it appropriate for water 

purification [19]. Aquaporin (AQP) is another nanomaterial 

that has also received positive recognition from the scientific 

community as an instrument for an improved water quality 

[20]. 

 

Table 1. Selected nanomaterial for water treatment and water 

desalination [13] 

 
Components of 

nanomaterials 

Area of 

applications 

Applicable 

technologies 

CNTs Adsorption 

Contaminant 

identification, 

adsorption of 

recalcitrant 

contaminants 

Nanoscale metal 

oxide 

Nanofibers with 

core-shell 

structure 

Nano-zeolites 

Nano-Ag 

CNTs 

AQP 

Nano-TiO2 

Nano-magnetite 

Membranes 

processes 

Membrane 

Membranes and 

processes 

Membranes and 

processes 

Membranes and 

processes 

Membranes and 

processes 

Membrane and 

processes 

Membrane and 

processes 

Adsorptive media 

filters, slurry reactors 

Reactive nano-

adsorbents 

High permeability thin 

film nanocomposite 

(TFN) membranes 

Anti-biofouling 

membranes 

Anti-biofouling 

membranes 

AQP membranes 

Reactive membrane, 

high performance TFN 

membranes 

Forward osmosis (FO) 

   

Nano-TiO2 

Fullerene 

derivatives 

Photo catalysis 

Photo catalysis 

Photocatalytic reactors, 

solar disinfection 

systems 

Photocatalytic reactors, 

solar disinfection 

systems 

Nano-Ag 

Disinfection 

and microbial 

control 

POU water cleansing, 

anti-biofouling surface 

CNTs 

Nano-TiO2 

Disinfection 

and microbial 

control 

Disinfection 

and microbial 

control 

POU water delousing, 

anti-biofouling surface 

POU to full scale 

decontamination and 

distillation 

 

Quantum dots 

Nobel metal NPs 

Dye-doped silica 

NPs 

CNTs 

Magnetic NPs 

Sensing and 

monitoring 

Sensing and 

monitoring 

Sensing and 

monitoring 

Sensing and 

monitoring 

Sensing and 

monitoring 

Optical recognition 

Optical and 

electrochemical 

discovery 

Optical discovery 

Electrochemical 

detection, sample pre-

concentration 

Model pre-

concentration and 

refinement 

 

Tang et al. [21, 22] are among several researchers that have 

investigated the applications of nanomaterials for water 
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treatment and desalination. As a contribution to knowledge in 

this domain, this study therefore, presents a comprehensive 

review of the applications of nanomaterials for water quality. 

The study presents a technical evaluation of some major 

nanomaterials’ applications. Also, it discusses nanomaterials 

prospects and implications on public health and its socio-

economic implications in water treatment and desalination. 

The rest of the paper is structured as follows: Section 2 briefly 

highlights the need for nanomaterials for water quality 

sustainability. In section 3, applications of nanomaterials for 

an improved water quality are presented. Conclusions and 

future trends are provided in Section 4.  

 

 

3. APPLICATIONS OF NANOMATERIALS FOR AN 

IMPROVED WATER QUALITY 
 

This section briefly highlights some of the applications of 

nanomaterials for water treatment and desalination. 

 

3.1 Carbon Nanotubes (CNTs) 

 

Carbon nanotubes are carbon-based nanomaterials (CNMs) 

with diameters as small as 1nm. They belong to the allotropes 

of carbon sheets with one-atom-thick rolled, hollow tube-

shaped nanostructure. These materials have very high 

strength-weight ratio when compared to any materials [23]. 

Apart from this attribute of CNMs, their exceptional 

adsorptive properties give them an edge when compared with 

materials that are contaminant in nature; such as heavy metals 

[24] and organic chemicals [25]. This attribute positioned 

them for diverse applications in desalination. CNTs have been 

used for different separation techniques, based on their ease of 

handling of membrane properties that can lead to enhanced 

permeable solute rejection, decreased polluting inclination, 

enhanced tensile strength and among others [26]. The report 

of an investigation conducted by Dumee et al. [27] established 

the use of CNTs for both reverse osmosis (RO) and forward 

osmosis (FO), while by Zhao et al. [28] enhanced the 

separation performance of FO membrane and minimize the 

diverged complications in FO procedure. Figure 1 shows a 

schematic diagram of a thin film composite (TFC) FO 

membrane model [28]. Bhadra et al. [29] proposed a 

carboxylation based CNTs and integrated carbon nanotube 

immobilized membrane (CNIM) in order to augment the 

efficacy of water desalination. Based on the integration of the 

carboxyl-functionalized CNTs. When their method was 

compared with a conventional approach, an improved 

desalination performance was observed. Multi-walled carbon 

nanotubes (MWCNTs) and NH2 functionalized multi-walled 

carbon nanotube (NH2-MWCNT) are among materials that are 

useful for enhanced desalination procedures [30]. Studies have 

shown that a single nanomaterial may be unable to provide the 

needful characteristics; hence, it is imperative to integrate 

some of these materials in a hybridized form [31]. 

Consequently, some researchers formulated hybrid materials 

and their results showed improved performance in aspects, 

such as: Chlorine and biofouling resistance, and elimination of 

salt [32]. Furthermore, Mishra and Ramaprabhu [33] used 

MWCNT based super capacitor to eliminate arsenic and 

desalinate seawater. This technique was exceptional because it 

uses 1Volt direct current power supply to eliminate; 70% Na, 

67% Mg, and 73% Ca in 20 recurrence periods for the 

desalination of the seawater in question. Joseph et al. [34], 

reported the removal of natural organic matter (NOM) using a 

combination of coagulation and adsorption. 

The performance of MD membrane with the integration of 

CNTs have also been reported [35, 36]. Bhadra et al. [29] 

reported that the flux performance of the traditional MD can 

be improved by integrating 0.00 mg/cm2 of MW.CNT into the 

MD membrane matrix over a 3-month period of time.  The 

present MD membrane techniques still have some drawbacks 

which includes cost, low flux when compared to RO. 

Therefore, it is therefore necessary to fabricate an improved 

MD membrane in order to increase its usefulness and future 

applications in desalination processes [35].  

CNTs enhances the implementation of separation 

techniques, and it has capability to remove salt from water 

without affecting its conductivity. However, some of its 

limitations is that, its requires a specialized synthesis 

procedure, which reduces the water flux and, it is expensive 

[28]. 

 

 
 

Figure 1. Schematic representation of the muti-layer FO 

membrane preparation procedure [28] 
 

3.2 Graphene 

 

CNTs cost limits their usage for many applications, despite 

the benefits of CNTs. Interestingly, graphene- a 2 dimensional 

sheet of allotrope carbon atoms arranged in hexagonal 

structure holds similar excellent properties as CNTs and it is 

economically suitable when compared to CNTs [37]. It is a 

low dimensional material with a high theoretical specific area 

of 2600 m2/g, which doubled that of the finely activated carbon 

(AC) [38]. Its electrical conductivity is as high as 7200 S/m at 

room temperature. These and more of the collective exciting 

properties of graphene, make it suitable for water desalination. 

The use of graphene sheet based super capacitor for water 

desalination was first reported by Mishra and Ramaprabhu 

[39]. The authors employed a functionalized hydrogen 

exfoliated graphene (f-HEG) sheets for the removal of sodium 

arsenate. The performance of graphene based super capacitor 

led to an enhanced commercial super capacitor based for water 

filter applications. Wang et al. [9] reported the use of a 

synthesized functional graphene nanocomposite (reduced 

graphite oxidate-resol such as material (rGO-RF)) as an 

electrode in a capacitive deionization (CDI) procedure. The 

addition of rGO-RF exhibited excellent results with an 

improved adsorption rate for the removal of sodium chloride 

(NaCl) and an enhanced potable water sanitization when 

compared to the commercial activated carbon, AC. The 

procedure established by El-Deen et al. [40], was based on a 

synthesized graphene wrapped MnO2-nanostructured 

electrode for the removal of salt, which in turn, improved the 

water quality.  

Graphene has a low energy consumption and a high 

adsorption capacity which is advantage. Notwithstanding, it 

gets saturated within a limited period [41]. 
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3.3 Zeolites 

 

Zeolites are crystalline aluminisilicate materials made up of 

alkali and alkali-earth metals. They have a 3 dimensional 

tetrahedral structure. Zeolites are used as cation exchangers 

because of their high adsorption capability. This property 

enables them to be used for water desalination [18, 42, 43], for 

example, their absorbent structures and channels make them 

fit as sorbent materials [44]. Wajima et al. [45] used modified 

natural zeolites (from Fukushima, Japan) to get rid of sodium 

chloride from seawater. Wibowo et al. [17] studied a modified 

natural zeolites performance during desalination of seawater 

(in Indonesia). Wajima et al. [45] and Wibowo et al. [17] 

showed that, natural zeolites are economically friendly as 

sorbent materials for seawater desalination. Also, Dong et al. 

[46] used a combined thin-film nanocomposite (TFN) RO 

membrane with NaY zeolites to remove salt from sea waters. 

Similarly, Kim et al. [18] reported an improved water quality 

when an animated template free zeolite (aTMA) was used for 

their investigations. Cho et al. [47] also obtained high water 

rejection with the use of NaA zeolites membrane. Other 

researchers have also reported an improved water quality 

when zeolites are used for water desalination and treatment [48, 

49].  

Zeolites are economically friendly and have a high 

adsorption capability. They are very useful for the detection 

and removal of toluene from saline water and they are 

mechanically steady for an elongated period when exposed to 

brackish solution [46]. However, zeolite’s energy usage is 

high which is a drawback [17]. 

 

3.4 Aquaporin 
 

Often, in seawater desalination, the separation membrane 

employed encompasses a dense polymeric film with the 

surface properties formed with a high chemical engineering 

procedure, primarily, intended and made for such applications. 

These synthetic membranes contain polymer sheets of various 

sizes of membrane pores where forces are necessary to push 

water out of the membrane and it is energy-consuming. 

Remarkably, AQPs, are pore-forming protein with 

resemblance to that of biological lipid bilayers. It is made-up 

of a six transmembrane α –helices fixed in the cell membrane 

[50]. Under normal circumstances, AQP permits the formation 

of water molecules and a transport mode that leaves out other 

polar molecules. The possession of this low energy 

characteristic, mostly qualifies AQP for water purification 

technique. An improved permeability was reported by Bowen 

[51] with the use of biomimicry membrane. Kumar et al. [52] 

attained a higher permeability membrane when compared to 

an existing available commercial technique with the utilization 

of an integrated AQP into desalination membrane. Several 

other researchers have already reported on the feasibility and 

potential applications of AQP for water desalination and water 

quality attainment, based on their investigations [53, 54].  

The excellent selective capacity and mechanical stability of 

an aquaporin are some of its benefits It, however, requires a 

specialized synthesis method and it is costly [52]. 

 
 

4. CONCLUSIONS AND FUTURE TRENDS 
 

The scarce availability of water supply to meet the ever-

increasing water demand is a global challenge that has lingered 

for a while. This challenge has however put researchers on a 

sleepless mode in a search for ways to curtail the water 

challenge. Interestingly, desalination has been identified as an 

alternative to provide quality water. Notwithstanding, the 

traditional desalination techniques pose an environmental 

concern, and an improved technique for a sustainable 

performance is necessary. As such, the use of nanomaterials 

for desalination processes as a means to the provision of 

potable water is essential. Therefore, this study has presented 

some of the applications of nanomaterials. The explorations 

and applications of nanomaterials in the environmental and 

engineering studies have shown prospects.  

In water desalination, nanomaterials have also found to be 

useful resources. As can be observed in this review, the use of 

nanomaterials for water desalination offers some technical 

benefits. The first is its capability to operate at lower energy 

consumption which also implies lower cost and lower 

emission when compared to the traditional desalination 

techniques. Another prospect is its availability and cost 

effectiveness. Some of these carbon-based nanomaterials such 

as graphite are inexpensive and can be processed as a 

membrane which is another advantage. Despite these benefits, 

the construction can still pose a technical challenge. Another 

benefits of nanomaterials such as CNTs is the possibility to 

operate at a lower pressure when compared to the conventional 

membranes, which is due to its favorable membrane surface 

characteristics.  

Considerable researches have reported on the application of 

nanomaterials for desalination in terms of membranes. Even 

though, many studies have reported an improved performance 

when compared to the traditional method, there is still a 

concern on the salt rejection even with an increased flux. 

Therefore, further investigation on optimizing the 

performance of nanomaterials for membrane is essential. 

Another area of future studies is its economic viability of these 

materials in order to fully explore its potentials. As 

nanomaterials technology progresses, it is necessary to 

investigate their impacts on water quality and quantity. 

Nanotechnology is still at an infant stage, consequently, more 

effort should be devoted to bridging the theoretical and 

experimental processes to fully explore this technology in 

water treatment such as desalination.   

Some of the drawbacks of this technology is the possibility 

of resulting to fresh environmental topics- such as: new classes 

of toxin, water pollution or any other associated environmental 

implications. In addition, this technology may also have an 

opposing magnitude on the personnel involved in the 

production and preparation of nanomaterials. Therefore, the 

rapid growth of the use of nanomaterials calls for an 

environmental and health assessment for both accidental and 

intentional exposure of the materials to the public. The 

thorough evaluation is essential for researchers and relevant 

practitioners to be more knowledgeable about the possible 

associated threat of nanomaterials. Also, most of the reported 

investigations are for short-term period, this has prevented the 

evaluation of possible performance drop and the probably 

associated maintenance challenges. Furthermore, both short- 

and long-term investigations effects of nanomaterials are 

recommended and should be curiously examined for 

sustainability. 
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