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ABSTRACT

Nanotechnology deals with the application of nano-sized particles in the range of 1 to 100 nm, and due to
their sizes they exhibit unique properties which enhance a wide range of utility in various field of
application. This paper reported the application of nanotechnology in the areas of wastewater treatment,
biomedical and drug delivery system as well as in semiconductors and electronics. It was reported that
nanotechnology can be effective in the removal of pathogenic microorganisms as well as inorganic and
organic pollutants from wastewater; also the use of nanotechnology was reported to be effective in
biomedical and drua deliverv svstem as well as in electronics and semiconductors.

INTRODUCTION

The emergence of nanotechnology has led to the
design, synthesis, and manipulation of particles
in order to create a new opportunity for the
utilization of smaller and more regular structures
for various applications. In recent years, nano-
sized metal oxide particles have gotten much
attention in various fields of application due to
its unique optical, electrical, magnetic, catalytic
and biomedical properties as well as their high
surface to volume ratio and specific affinity for
the adsorption of inorganic pollutants and
degradation of organic pollutants in aqueous
systems [1-29].

However, the use of nano-sized metal oxide
particles in water treatment operations is faced
with a series of challenges. Firstly, the high
tendency for nano-sized metal oxide particles to
aggregate in fluidized system leads to a loss in
its activity and thereby restricts its usage in
water treatment. Secondly, it is economically
undesirable to separate most of the exhausted
nano-sized metal oxide particles (exception for
magnetic nanoparticles) from the treated water
for reuse purpose. Thirdly, the fate and potential
adverse effect of nano-sized metal oxide
particles on human health, and the ecosystem is
a major concern which should not be
underestimated [6, 32-44].

The application of membrane separation
technology has played a vital role in the
purification water and waste water systems, due
to their ability to provide a barrier for
microorganisms, inorganic and organic pollutants.

Membrane separation technology has also been
reported to meet sustainability criteria in terms
of environmental impacts, land usage, ease of
use, flexibility and adaptability [45]. However,
most membrane  separation  systems  are
hydrophobic and pressure-driven which necessitate
the need for pumps to promote the trans-
membrane pressure thereby leading to the
demerits of fouling (which leads to a decline in
membrane permeability) and high energy
consumptions respectively [45]. The high energy
consumption problems associated with a
pressure-driven system can be eliminated by the
use of an alternative system in which the
membrane separation technology is design to
operate with gravity as the driven force for
water treatment. While the fouling problem
associated with membrane separation technologies
can be minimized by chemical modifications of
the membrane such as hydrophilic modification
of membrane before fabrication, blending with
hydrophilic agent or foulant (nano-sized metal
oxides) particles and grafting or coating
hydrophilic polymers on the membrane surface
[43, 45-46].

In order to maximize the merits and minimized
the demerits of nano-sized metal oxide particles
and membrane separation technology when used
individually for water treatment, it is imperative
to utilize a chemical modification which
involves the incorporation of nano-sized metal
oxide particles into the nano-membrane polymer
matrix, this therefore gives rise to Mixed-matrix
membranes (MMMSs) which are also called
polymer nano-composite membranes are often
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considered as a class of hybrid organic-inorganic
membranes containing liquid, solid, or both
liquid and solid fillers embedded in a polymer
matrix [42-43, 46-58].

APPLICATION OF NANOTECHNOLOGY

Nanotechnology has been reported to be
effective in various areas, among the various
areas of application of nanotechnology a few is
summarized below.

Nano silver particles which have been shown to
have a high antimicrobial activity in the removal
of Bacillus subtilis, Bacillus megaterium,
Escherichia coli, Salmonella typhimurium, and
Staphylococcus aureus from wastewater. It was
reported that Silvernano particles are more effective
towards Escherichia coli and Staphylococcus
aureus, than other micro-organisms. The effect of
concentration  of  silver  nanoparticles on
Escherichia coli is saturated from 100-60%
while that of Staphylococcusaureus is 100-80%.
It is least effective towards Salmonella
typhimurium [8, 10-11, 33-35, 39]. The use of
three dimensional polyvinyl alcohol/CNTs
nanoporous architectures (3DPCA) has been
successfully used in the removal of nickel (1)
ion from wastewater and shows a maximum
adsorption capacity of 225.6 mg/g for initial
concentration of 400 mg/g, which is 18 times
higher than when carbon nanotubes powder is
singly used in the removal of nickel from
wastewater. It was reported that an adsorption
capacity reached 92% at 100 min relative to
equilibrium adsorption capacity, indicating that
the adsorption rate of 3DPCA for Ni (Il) ions
was rapid [49].

Nano-size metal oxides, nanosilica and
nanocomposites have been effectively used in
the removal of organic and inorganic
contaminants such as heavy metals from
wastewater;  pectin-iron  oxide  magnetic
nanocomposite has been used as an effective
adsorbent in the removal of copper from
wastewater by showing a maximum adsorption
capacity of 4899 mg/g. Furthermore, the
adsorbents can be regenerated using 0.01 M
EDTA, remaining 93.70% of its original capacity
after the first regeneration cycle, and still
reaching 58.66% of the original capacity after
the fifth  cycle[12-13, 16, 43-47].The
Functionalization of titania with iron oxide
(TiO2/Fe304) nano magnetic particles has been
reported to be effective in the prevention of

eutrophication in an experiment that showed 70-
80% phosphate removal from wastewater [50].

Biodegradable Polycaprolactone (PCL)
nanomembrane and PCL Nanomembrane
containing allopathic drug TH (Tetracycline
hydrochloride) has been successfully studied,
the result showed a strong antibacterial activity
against Staphylococcus aureus and
Klebsiellapneumoniae. A bacterial reduction of
a 100% (2% TH/10% PCL) was reported when
drug loaded specimens were used while the drug
free nanofibre did not show any bacteria
reduction.

This thereby indicate that drug loaded PCL
nanomembrane was able to inhibit the growth of
the bacteria which indicate that it could act not
only as a drug delivery system but also in the
treatment of wound healing or dermal bacterial
infections  thereby proving a potential
application for use as a wound dressing
[51].Magnetic iron oxide nanoparticles has been
successfully applied in biomedical activities
such as magnetic resonance imaging, drug
deliver and in vitro bioseparation as well as
biomedical disorder, therefore Iron oxide
nanoparticles are being used in patients for both
diagnosis and therapy [21-22, 24, 51-
53].Functionalized gold nanoparticles with
various biomolecules such as proteins, DNA,
amino acids and carboxylic acids have been
used in cancer therapy and provide excellent
drug delivery system.

Targeted delivery and programmed release of
therapeutic drugs to the specific site is achieved
by using gold nanoparticles because they can
bear high drug load and release it to the specific
site through various administration routes and
can interact with cancerous cell [38]. It has been
reported that modification of titanium to
improve wear resistance, corrosion resistance
and biological properties enhances its usage in
biomedical devices and components, especially
as hard tissue replacement as well as in cardiac
and cardiovascular application [54].

The formulation of mesoporous silica
nanoparticles and its application in inject able
delivery system has been successfully
conducted, it was reported that MSN is a
versatile and robust drug delivery systems terms
of delivering combinations of chemotherapeutic
agents [55].
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Cadmium Sulphide (CdS) is a semiconductor
material which has gained much attention due to
its direct band gap develops in the emission of
visible wavelength. CdS nanoparticles with a
particle size of around 3-10 nm has been
successfully synthesized using the chemical
precipitation method by chemical and green
route. It has been reported that the particle size
obtained by EDTA capped CdS nanopartcle is
1.88 nm and Murraya Koeniggi leaf extract
capped CdS nanoparticles is 1.79 nm, while the
conductivity (in seimen) of EDTA capped and
Ni-doped CdS nanopartcle are 1.24 and 0.68
respectively [25].

Heterogeneous photocatalytic systems via metal
oxide semiconductors like TiO, and ZnO, are
capable of operating effectively and efficiently
for waste water treatment which has been
discussed along with other nanotechnology
routes that can be useful for water treatments.
Multifunctional photocatalytic membranes using
ZnO nanostructures are considered
advantageous over freely suspended
nanoparticles due to the ease of its removal from
the purified water [56-58].Lithium ion and
Polymer electrolyte membrane fuel cells are
used in many energy storage devices, batteries
and fuel cells because of their high energy
density; they are also used in portable electronic
devices such as mobile phones, laptops, and
medical microelectronic devices [45].

CONCLUSION

Nanotechnology has been reported to be
effective in the removal of organic and
inorganic pollutants as well as pathogenic
microorganisms from water in order to enhance
its purification. Recently, it has been reported to
be applicable in the area of biomedical devices
an drug delivery systems, thereby resulting to its
importance in modern civilization. Finally, it
was reviewed that nanotechnology is efficient in
semiconductors and electronic systems.
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