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ABSTRACT

Clean water is a necessity of life, as it is the most essential
commodity responsible for the existence and survival of life on
the earth. Unfortunately, it is becoming polluted & scarce day
by day with the rapidly growing global population,
improvement of living standard and also with the global
climate change. Providing clean water at affordable prices to
people of the 2Ist century is a major challenge. It is
prerequisite to implement basic water treatment in the affected
areas (mainly in developing countries) where water and waste
water infrastructure are often at infant stage. Therefore, water
purification technology requires novel approaches for effective
administration and conservation of water resources.
Nanotechnology holds its wider application in advancing water
and wastewater treatment through the use of advanced filtration
materials which improve the treatment efficiency as well as
increase water supply through safe use of unconventional water
sources. Recent advances in nanotechnology put forward
leapfrogging opportunities to develop next-generation water
supply systems.

Keywords- Nanotechnology, nanomaterials, water and waste
water treatment, photo catalysis and desalination.
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INTRODUCTION

Water is best described by Leonardo Da
Vinci as ‘the vehicle of nature’ (‘vetturale di
natura’). Globally, water consumption is
increasing at more than double the rate of
the world’s population growth. Due to the
rapid increase in the population, pollution
(as a result of rapid industrialization) and
climate change (causes highly uneven
rainfall patterns), in combinations they are
likely to produce a drastic decline in water
supply in the coming decades. So, providing
clean water at affordable prices to the
peoples of 21% century is a major challenge.
The continuous growing pressures on water
supplies force us to make wuse of
unconventional ~ water  sources (e.g.,
contaminated fresh water, wastewater,
seawater, storm water and brackish water).
In spite of the use of conventional methods
for water treatment such as chlorination and
radiation there is further more research work
is needed to overcome the present problem.
There is a serious health risk to human
beings due to the presence of large quantity
of toxic metals (mercury, lead, cadmium,
zinc etc.). Therefore, there is an immediate
need to develop newer technologies that can
detect and eliminate toxic contaminants
from wastewaters in an efficient and
economically feasible ways.
Nanotechnology promises not only to
overcome these challenges faced by
traditional water and wastewater treatment
technologies, but it also provide novel
opportunities that could allow best economic
utilization of unconventional water sources
to expand the water supply. Several
problems involving water quality can be
resolved or diminished to a greater extent by

using nanoabsorbent, nanocatalysts,
bioactive  nanoparticles, nanostructured
catalytic membranes, nanopowder,

nanotubes and magnetic nanoparticles
(Mamadou et al., 2005).Among all these,
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nanomaterials have numerous
physicochemical properties which make
them unique and attractive separation media
for water purification. Water treatment
technologies  include filtration using
membranes, chemical treatment, heat and
ultraviolet treatment and distillation. They
try to remove solid and other contaminants,
or to neutralize them, and many treatments
have a long history of use in systems for
producing water for domestic, industrial and
agricultural use (OECD, 2011).This review
incites the recent potential of
nanotechnology and its applications for
water treatment & purification technologies.
Nanotechnology and water purification
Nanotechnology is the development and use
of materials, devices and systems having in
nanometer architecture. It is identified as an
emerging & innovative technology in the
area of science and technology that has the
capability to overcome the shortcomings of
traditional water treatment technologies. It
also provides environmental protection
against toxic contaminants, undesirable
byproducts and waste materials.

Need of nanomaterials in water
purification

The permissible limits of contaminants in
safe drinking water are decreasing gradually
with the passage of time (e.g., According to
WHO international standards, the
recommended maximum permissible limit
for arsenic & lead in drinking water has
been reduced from 200 ppb-10 ppb & 10
ppb-50 ppb through a number of revisions in
the last 50 years. So, it is expected, more
efficient and more selective water
purification technologies are required to take
care of the specific contaminants at a very
low level. Nanotechnology has proven to be
a good solution in such a precarious
situation, where the reaction takes place at
ionic/atomic/molecular scale in a very
selective manner with amazingly high
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efficiency. When compared with the
conventional water treatment technologies
such as membrane based treatment,
activated carbon, UV-based (filtration,
electro dialysis and distillation, the nano
based systems could provide the following
advantages (Pradeep and Anshup, 2009a):
1. Higher efficiency of removal even at
very low concentration of adsorbents.
2. Functionalization capability of
nanomaterials leads to specific uptake.
3. Low waste generation.
Application of Nanomaterials in Water
Purification
Although a large number of the traditional
technologies are effective like solvent
extraction, activated carbon adsorption and
most common chemical oxidation but are
costly and time consuming. The ability to
remove toxic contaminants efficiently from
these environments to a safe level is thus
becomes important. Nanotechnology
promises to significantly enhance the
efficacy of many water purification
technologies such as adsorption, ion
exchange, oxidation, reduction, filtration,
membranes, and disinfection processes.
Nanomaterials are not used only in the water
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treatment, but also in the water quality
monitoring through sensing and detection.
Nanomaterials offer a great advantage
through particles and filter systems which
can bind and remove or inactivate pollutants
within water, land, and air. Nanomaterials
such as carbon nanotubes (CNT),
nanoparticles, zeolites and dendrimers plays
a vital role in the development of more
efficient and cost effective water filtration
processes (Reynolds 2007, Mamadou et al.,
2005 and Moore et al., 2004). These
nanomaterials are cheaper, more durable and
led to more efficient water treatment (Brame
et al.2011, Theron et al., 2008 and
Watlington 2005). The importance of
nanostructure materials has been studied in
the field of water purification, desalination,
waste water treatment, water recycle and
reuse (Diallo et al., 2009; Cloete et al., 2010;
Hotze and Lowry, 2010).

Some of the widely used nanomaterials like
carbon nanotubes, nanoscale zeolites,
dendrimers, magnetic nanoparticles etc. for
water remediation are discussed here (Fig.
1) & Table 1 indicate nanomaterials enabled
water purifications.

Fig. 1 Structure of different nanomaterials used in water purification (a) Fullerenes (b) Zeolyte
(c) Cyclodextrin (d) Dendrimer (e) Carbon nanotubes

JART

121
Porwal and Sharma 2016
@IJART-2016, All Rights Reserved


http://www.ijart.info/

IJART- Vol-1, Issue-2, December, 2016

Carbon Nanotubes (CNTs)

Carbon nanotubes (CNTs) are nanoscale
cylinders of graphite with outstanding
properties like high mechanical strength and
large specific surface area (Fig. 1). The
physicochemical properties of CNTs
provides an important means for the
designing of desired surface properties of
carbon nanotubes that can modify the
filtration and purification of water
(Martinezet al., 2010). Carbon nanotubes are
mainly classified into single-walled carbon
nanotubes [(SWNTs) outer diameter in the
range of 1-3 nm with inner diameter of 0.4-
2.4 nm)] and multi-walled carbon nanotubes
[(MWNTs) outer diameter ranging from 2-
100 nm)]. CNTs membranes can remove
almost all kinds of water contaminants,
including turbidity, bacteria, viruses, and
organic contaminants and they can
potentially be used in the same way as ultra
and microfiltration membranes. These
membranes can be cleaned through a
process of ultrasonication and autoclaving.
These structures are promising for high
permeability, high selectivity membranes
due to the small CNT diameter (as small as
0.7 nm) and predictions of rapid flux
through their hollow interior. These
membranes demonstrate fast mass transport
of both gases and water. Although having
smaller diameter gas permeances of CNTs
are equal to or higher than that of
commercial polycarbonate membranes with
diameter of 10 nm (Sholl et al., 2006 and
Corry, 2008). This is possible due to the
higher pore density of CNTs as compared to
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polycarbonate membranes. Further research
studies indicate that they are more durable,
heat resistant, easy to clean and can be
reused. Carbon nanotubes have also been
evaluated for their salt adsorption capacity.
Yang et al, (2013) showed that plasma
treatment of carbon nanotubes resulted in
ultrahigh salt adsorption capacity exceeding
400% by weight. Carbon nanotube
technique is best substitute to reverse
osmosis (RO) and other desalination
techniques mainly when the solutes
concentration is high (Risbud, 2006). The
material for the carbon nanotubes is
producible in large quantities; however,
fabrication of large surface areas after
incorporation of nanotubes will be a key
step to enable their commercialization
(Pendergast and Hoek, 2011).

Zeolites

Zeolites are naturally occurring
aluminosilicate  minerals with  highly
uniform subnanometer and nanometer scale
crystalline structures formed via
hydrothermal synthesis (Kazemimoghadam,
2010 and Kumakiri et al., 2000). They have
high cation exchange -capacities, high
adsorption and hydration dehydration
properties. The internal surface area of these
channels can reach as much as several
hundred square meters per gram of zeolite
making them exceptionally effective ion
exchangers (Fig. 1), their physicochemical
characteristics such as high mechanical and
chemical resistance make them extremely
useful for water purification.
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Table-1:Nano technological Ap

proaches for Water Purification
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Nanotechnlogy Properties Current Applications Advantages
Carbon Nanotube | CNT is simply a | These membranes can remove almost | CNT provides faster flow rates than RO
Membranes nanometer-sized rolled-up | all kinds of water contaminants, | and UF, possibly because of the smooth
atomically smooth | including turbidity, bacteria, viruses | interior of the nanotubes.
graphene sheet which forms | and organic contaminants. Desalination using carbon nanotube
a perfect seamless cylinder. | These are recognized as promising for | filters could cost less, more durable and
CNT have high surface | desalination. easier to clean and reuse than
areas, high permeability, conventional membranes.
good  mechanical and
thermal stability.
Cyclodextrin Cyclodextrin is a polymeric | These have been shown to remove a | They are not affected by air moisture
Nanoporous compound composed of | range of organic contaminants, | and can be used in humid regions.
Polymer particles with well-defined | including benzene, polyaromatic | Cheap to manufacture and can be
cylindrical cavities that can | hydrocarbons  (PAHs), fluorines, | produced directly from starch.
trap organic contaminants. | nitrogen containing contaminants,
Cyclodextrin is | acetone, fertilizers, pesticides,
mechanically tough and | explosives & many others.

low resistance to fouling.

Nanoscale TiO,

TiO, functions as both a

TiO, breaks down almost all organic

Nanoscale TiO, provides larger surface

Photocatalysts photocatalytic reducing | contaminants. It is also super- | area and faster photocatalysis than

agent and an adsorbent. hydrophilic and, therefore, able to | larger TiO, particles.
absorb Dbiological contaminants and | Nanocrystalline microspheres are easier
heavy metals, including arsenic. to use.

Zeolites Zeolites are adsorptive | Zeolites are generally used for the | Zeolite silver compound has been
materials  with  lattice- | removal of metal contaminants. proven effective against
structures that form pores. Zeolites made from coal fly ash can | microorganisms, including bacteria and
Synthetic ~ zeolites  are | absorb a variety of heavy metals | mold. The silver in this compound
usually made from silicon- | including lead, copper, zinc, cadmium, | provides residual protection against
aluminum solutions or coal | nickel, and silver from wastewater. regrowth of  these biological
fly ash, and are used as contaminants.
sorbents or ion exchange Zeolites can be produced cheaply, as
media in cartridge or their source materials are found
column filters. naturally and abundantly available.

Magnetic Magnetic nanoparticles are | Magnetoferritin ~ enabled  forward | Magnetic nanoparticles enable both

nanoparticles adsorbents used for water | osmosis is intended for desalination, | chemical disinfection and
treatment. though other contaminants can also be | photocatalytic destruction of

removed, depending on the type of
membrane that is used.

waterborne pathogens while ensuring
retention of the nanomaterials.
Magnetic  nanoparticles can  be
recovered from the purified water and
reused without any specific limit. It is
more cost effective than reverse
0Smosis.
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Nanoscale
ZeroValent Iron

It functions simultaneously
as an adsorbent and a
reducing agent NZVI can
be used to treat a wide
range.

NZVI can be used to treat a wide
range of common environmental
contaminants including chlorinated
methanes,  chlorinated  benzenes,
pesticides, organic dyes,
thrihalomethanes, PCBs, arsenic,
nitrate, and heavy metals such as
mercury, nickel, and silver.

NZVI is more reactive and has a large
surface area than granular ZVI. NZVI
has been shown to be effective across a
broad range of soil pHs, temperatures,
and nutrient levels.

Self Assembled Made from glass or ceramic | SAMMS are designed for removing | SAMMS  have  exhibited faster
Monolayers on materials with nanoscale | metal contaminants from drinking | adsorption, higher capacity, and
Mesoporous pores to which a monolayer | water, groundwater, and industrial | superior selectivity than many other
supports of molecules can be | waste streams SAMMS remove 99.9 | membrane and sorbent technologies.
attached. % of mercury, lead, chromium,
Both the monolayer and the | arsenic, radio nuclides, cadmium, and
mesoporous support can be | other metal toxins.
functionalized to remove
specific contaminants.
Zeolite crystals consist of a three- The reduction efficiencies were not closely

dimensional (3D) cross-linked (Si/Al)O4
tetrahedral structure which contains cavities
that allow for the movement and
containment of ions and water molecules
(Lobo, 2003). The Si/Al ratio is an
important property of zeolite. The charge
imbalance due to the presence of aluminum
in the zeolite determines the ion exchange
properties of zeolite and induces potential
acidic sites. As the Si/Al ratio increases, the
cation content decreases, the thermal
stability increases and the surface selectivity
changes from hydrophilic to hydrophobic.
The cation type, size, charge density,
location and the extent to which it is
exposed to the adsorbate molecules have a
strong effect upon both adsorption capacity
and selectivity (Jake et al., 2004).

The effect of Hydrogen ion concentration
on the reducing efficacy of zeolites with
different  Si/Al molar ratios  was
investigated; the result reveals that zeolites
were more effective in reducing bromate at
slightly acidic pH (Zhang et al., 2006). The
ozonation of zeolite improve the reducing
efficiency of zeolites and also enhanced the
removal of dissolved organic carbon (DOC).
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related to their Si/Al ratios (Jake et al.,
2004). Studies show the adsorption of
phenol on zeolites depends on both Si/Al
ratio and on the pore size. The zeolites have
the capacity to remove phenol from water
(Damjanovi et al., 2010). Hydrophobic
zeolites which possess higher content of Si
show higher affinities for phenol adsorption
(Wiesner et al., 2007).

Natural zeolite was used as an adsorbent in
submerged  membrane system  for
wastewater treatment. Synthetic zeolite
clinoptilolite, chabasite and phillipsite were
used for the separation of heavy metals
(copper, nickel, zinc) from water and
effective for removing of NH™ cations from
waste water (Zhan et al., 2010 and Zhang et
al., 2011). The removal efficiency of
ammonia was further increased by ozonation
(Guan et al, 2010). The adsorption
efficiency of natural zeolite can be
customized by desired surface modification
(Zhan et al., 2010).The presence of zeolite
minerals in sand enhance their purification
efficiency. Due to the stronger swelling
properties zeolites retain the impurities for a
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longer time and also increase the sorption
capacity. (Wang et al., 2007).

Fullerenes
Fullerenes are the class of molecules that are
composed entirely of carbon.

Buckminsterfullerene was the first of these
molecules that was discovered in 1985 and
contains 60 carbons in the form of a hollow
spherical cage consisting of 12 pentagonal
and 20 hexagonal faces (Fig. 1). Fullerenes
are useful for the inactivation of waterborne
bacterial viruses (Badireddy et al., 2007) and
in the development of anti-fouling agents for
membranes used in water and wastewater
treatment where biofouling is known to be a
critical limitation (Mallevialle et al., 1996).
Fullerenes were not used too much in water
disinfection but some of the types have
potential applicability. Hydroxylated Cgy or
fullerol (somewhat non-toxic) exhibit
photochemical activity which can be
exploited for disinfection or degradation
(Sayes et al., 2004). The research findings
reveals that the ability of Cg and Cy
fullerenes to cleave DNA and inactivate
viruses, bacteria, and kill tumor cells (Tsao
et al., 2001 and Yamakoshi et al., 2003)
suggesting that they might be used for water
disinfection (Pickering et al., 2005).

Carbon nanotubes (another class of
fullerenes) have been reported to exhibit
antimicrobial properties (Kang et al., 2007
and Narayan et al., 2005) which can be
exploited in numerous ways for disinfection
applications. The antimicrobial mechanisms
of carbon nanotubes are miscellaneous in
addition to photocatalytic production of
reactive oxygen species (ROS) that
inactivate viruses and cleave DNA causing
the disruption of the structural integrity of
the bacterial cell envelope resulting in
leakage of intracellular components and
interruption  of  energy  transduction.
Antimicrobial nanoparticles can overcome
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the critical challenges related with
traditional chemical disinfectants (e.g., free
chlorine and ozone) such as harmful
disinfection by-products and short-lived
reactivity. Antimicrobial nanoparticles could
enhance existing technologies like UV
inactivation of viruses, solar disinfection of
bacteria and biofouling prone membrane
filtration. The ROS producing properties
(Arbogast et al., 1991 and Vileno et al.,
2006) of fullerenes might be harnessed to
generate oxidizing species to enhance
destruction of organic compounds in water
(Bottero et al., 2006). There are also
promising applications for fullerene-
polymer composites in pressure-driven
membranes. The strength of the CNTs
coupled with  reported antibacterial
properties may find use in creating
membranes that resist breakage or inhibit

biofouling.
Dendrimers
Dendrimers are macromolecules, very
uniform with extremely low

polydispersities, their chemical structure
consist of three major components: a core,
interior branch cells and terminal branch
cell. They are approximately with the
dimension in nanometric range from 1 to
over 10nm. The size, shape and reactivity
are determined by generation and chemical
composition of the core, interior branching
and surface functionalities. The
environmental applications of dendrimers
were first explored by Diallo et al.,(2005).
Because of highly branched, well-defined
structure and controlled surface
functionalities they exhibit some exclusive
properties. The most important one is the
possibility to encapsulate guest molecules in
the macromolecule interior. Encapsulation
efficiency depends on the nature of surface
groups, shape of the guest, architecture of
the box and its cavities ( Frechet et al., 2001
and Svenson et al., 2005).
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PAMAM (poly amidoamine) dendrimers
(Fig. 1) family initiated from an
ethylenediamine core with a branch cell
multiplicity of two were the first complete
dendrimer family to be synthesized and
characterized. Recently, PAMAM
dendrimer modified membranes using
nanofiltration  techniques  have  gain
extensive attention for water purification.
Dendritic membranes can use at harsher

Frr
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conditions such as high temperature (e.g.
80°C) and acid medium (pH 2-9) (Wang et
al., 2008). The dendrimer enhanced filtration
(DEF) process (Fig. 2) has many
applications including the recovery of toxic
metal ions including cations (e.g., copper,
silver, gold and wuranium), anions (e.g.,
perchlorate, nitrate and phosphate), and
organic compounds (e.g., pharmaceuticals
and pesticides).

] Activated carbon/ sand
— filtration

| |

Functionalized Dendrimer
filtration

Dendrimer Recovery and
filtration

Purified water

Fig. 2 Overview of Dendrimer Enhanced Filtration process.

From industrial wastewater, the extraction of
valuable metals (e.g., uranium) from
aqueous solutions generated during in situ
recovery mining and the remediation of
groundwater contaminated by anions (e.g.,
perchlorate). The globular shape and large
size of dendrimers makes them easier to
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filter than linear polymers. Dendrimers also
bind and deactivate bacteria and viruses
(Diallo, 2006 and Dillo et al., 2005).
Dendrimers with Ethylene Diamine (EDA)
core and terminal NH, groups are used to
recover copper ions from aqueous solutions.
Copper binding capacities of the PAMAM
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dendrimers are much larger than those of
linear polymers with amine groups. The
dendrimers with hydrophobic cavities and
positively  charged  internal  groups
selectively bind ClO4 over more hydrophilic
anions such as CI', NOs, SO42' and HCOy’
(Diallo et al., 2007). Dendritic polymers
have also been successfully used as delivery
vehicles for antimicrobial agents such as
Ag(I) and quaternary ammonium chlorides
(Chen et al., 2003 and Baloghet al., 2001).
Cyclodextrins

Cyclodextrins  (CD) are  crystalline,
homogeneous, nonhygroscopic substances,
the family of cyclic oligosaccharides which
are composed of particles with well-defined
cylindrical cavities that can trap organic
contaminants. Cyclodextrins are built up
from glucopyranose units. The naturally
occurring cyclodextrins are a, B and y types
consisting of 6, 7 and 8 glucopyranose units
respectively (Fig. 1). Cyclodextrin polymer
can be changed in the form of powder,
granular beads or thin film that finds its use
in different applications and devices. The
polymer has also exhibited many times
greater bonding with organic contaminants
than activated carbon. In addition to being
used for water treatment (even at low
contaminant concentrations) they are also
used for in situ groundwater treatment or for
cleaning oil and organic chemical spills (Los
et al., 1998). Cyclodextrin polymer has been
shown to have a loading capacity of
approximately 22 mg of organic
contaminants per gram of polymer as
compared to 58 mg per gram for activated
carbon. Cyclodextrin polymer (cheap to
manufacture) can be produced directly from
starch with 100% conversion. Mass
production is estimated to convey the cost of
cyclodextrin polymer below the price of
activated carbon and zeolites (Zemanet al.,
1996). Cyclodextrin remove a wide range of
organic contaminants, benzene,
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polyaromatic hydrocarbons (PAHs),
fluorines, nitrogen-containing contaminants,
acetone, fertilizers, pesticides, explosives,
and many others (Min et al., 2001).
Cyclodextrin can be used in humid region
(moisture resistant) without becoming
saturated and deactivated, not lose capacity
of regeneration. So, they can be reused
indefinitely. It has also been shown to not
leach the adsorbed contaminants.

Report suggested that cyclodextrin reduces
these contaminants to parts-per-trillion,
versus activated carbon and zeolites, which
reduce contaminants to parts-per-million.
The role of cyclodextrin and their
derivatives  methylated beta-CD  and
hydroxypropyl beta-CD in the inhibition of
chemical degradation of organophosphorus
pesticides was studied (Zhang et al., 2006).
Cyclodextrins  form  solid  inclusion
complexes with a very wide range of solid,
liquid and gaseous compounds by a
molecular complexation. In these complexes
a guest molecule is held within the cavity of
the cyclodextrin host molecule. Dendritic
cyclodextrinnanosponges is used for the
removal of organic pollutants from water.
For the effective purification of variety of

water and  environmental  pollutants
functionalized cyclodextrin was
impregnated with ceramic porous filters
(Arkaset al., 2006).Cyclodextrin

functionalized mesoporous silica adsorbents
have been developed for removal of
pesticides from aqueous media. Sawickiet
al., 2006 demonstrated that synthesized
material have the potential for removal of
specifically p, p'substituted diphenyl-based
pesticides such as DDT and DDE. Studies
suggest that the rate of lead removal by
Carboxymethyl-beta-cyclodextrin (CMCD)
was higher than removal by KNO3 (Neilson
et al.,, 2003). CMCD also has the potential
role in the removal of mercury from soil
(Wang et al., 2004). Recently, cyclodextrins
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(o', P~ and y cyclodextrins) are used for
separation of highly potent toxic compound
of cyanobacteria  (Cyanotoxin) from
drinking water supplies (Chen et al., 2011).
Recent application of Nanotechnology in
Water purification

Nanotechnology has made possible the
development of novel submicron materials
which are capable of fighting waterborne
disease caused by microbes. Metallic
nanoparticles are the most promising
nanomaterials with antimicrobial activity
due to their physicochemical properties.
Numerous  natural and  engineered
nanomaterials like silver (nAg), titanium
oxide (TiO), fullerene (Cg) and carbon
nanotubes (CNT) are known to have
antibacterial properties and are under
consideration as disinfecting agents for
water treatment (Li et al., 2008). Table 2
demonstrates the potential benefits of
nanomaterials for drinking water
disinfection (Goyal et al., 2011). Nanometric
Titanium dioxide (Conc. between 10-100
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ppm) has shown antimicrobial properties
against Escherichia coli, Bacillus subtilis
and Pseudomonas aeruginosa through
membrane damage mechanisms (Sadiget al.,
2010). The antibacterial activity of fullerene
water suspensions (nCgo) has been reported
in different bacteria in low-salts media over
a wide range. The potential of (nCg) for the
disinfection and microbial control has been
confirmed in results (Lyon et al., 2008).

Ion concentration polarization is used to
utilized desalinate seawater using an energy
efficient process (Kim et al., 2010). Yangali
Quintanilla et al. (2011) desalinated red sea
water using forward osmosis and reverse
osmosis. With the modification in the
surface charge properties of the CNT they
could result in higher desalination efficiency
(Ahn et al, 2012). Graphene based
membranes are being recently developed for
desalination due to their fast water transport
properties and good mechanical properties
(Nair et al., 2012; Xue et al., 2013; Choi et
al., 2013; Mi, 2014).

Table 2 Applications of nanomaterials utilizing antimicrobial properties.

Nano material

Antimicrobial
mechanism

Properties

Current

o L. Drawbacks
applications

Reaction with thiol groups.

Granulated activated

Potable water filters, | Argyria, (darkening of

nAg Reaction with amino acids | carbon, activated carbon clothing, medical the skin and mucous
and proteins. fibers (ACF), devices, coatings, membrane)
Binding to critical enzyme | polyurethane, eolites and | washing machines,
functional groups. ceramics charge capacity, | refrigerators, food
Inhibition of the cellular high surface-to-volume storage.
respiratory chain. ratios, crystallographic
Inhibition of cellular structure, and adaptability
phosphate uptake. to various substrates for
Binding/densification of increased contact
DNA. efficiency.
Production of ROS, cell Titanium oxide (TiO) Air purifiers, water Photocatalytic
TiO membrane and cell wall based advanced oxidation | Purifiers Solar and capability of TiO is

damage which readily
attack and decompose
organic contaminants in
water.

technologies (AOTs) and
nanotechnologies
(AON:Ss), high chemical
stability, good
photoactivity, relatively
low cost and non-toxicity.

UV disinfection of
water and
wastewater.
Reactive
membranes, hollow
fibers, biofouling

limited to only
ultraviolet light TiO of
nano size may cause
secondary
environmental and
health implications
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Nanotechnology shows incredible results
and come up with a solution to the growing
demands for waste water treatment and the
quality of life for millions of people in the
different countries. A number of exciting,
new and innovative water treatment
technologies have been made possible
through the beginning of nanotechnology,
but these technologies still require further
more research and development. For
example, although carbon nanotubes (CNTs)
have potential for the removal of metal
contaminants but their toxicity is unknown.
A risk assessment is needed to determine the
benefit of using a known or potential
contaminant  to remediate another
contaminant  before  the  widespread
implementation of nanotechnology based
water treatment. Advances in
nanotechnology could potentially alleviate
water access issues. Nanotechnology will
likely to play a key role in water industry
areas: monitoring, desalinization,
purification, and wastewater treatment

JART

resistant surfaces. (i.e., nanotoxicity,
adsorption carrier of
organic and inorganic
contaminants).
Nanotechnology | Physically compromise Enhanced mechanical Organic Membrane fouling,
based cell envelope. properties (e.g., strength, | contaminants like ageing and chemical
membrane modulus and dimensional | Pest, Herb, & or mechanical
stability); chemical and Insecticides, damage; high cost
thermal stability; Industrial effluents manufacturing.
Inorganic organic and inorganic
nanocomposite contaminats like
membranes. arsenic, lead can be
Hybrid protein polymer removed by
biomimetic membranes. nanotechnology
Aligned-carbon nanotube | based membrane
membranes. Nanotechnology
based membrane
Seawater
desalination.
CONCLUSION (Loncto et al,, 2007). Ensuring reliable

access to inexpensive and clean sources of
water is an overriding global challenge for
nanotechnology prior to its widespread use.
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