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|. Executive Summary

Believing that Nanotechnology (NT) will change the world
in the next 10-20 years as it will participate in changing all the
recent concepts of different nowadays applications including
Industry, Agriculture, Water Purification, Medicinal Diagnosis and
Treatment, even Military applications leading to a massive
scientific revolution in nearly all sciences.

The revolution caused by NT depends on the fact that nano-
sized particles have much great difference properties than the same
ordinary-sized particles, leading to discovering new properties for
the now-known substances so that these substances could have
better properties or could be used for new purposes.

Many countries nowadays are doing research on NT, how to
develop it, manufacturing new machines that will serve NT. Among
them are the U.S.A, the European Union and Kingdom of Saudi
Arabia as an example in the Middle East.

Also many institutes are established to aid reaching the NT
goals as National Nanotechnology Standardization Laboratory
(NSL), National Nanotechnology Initiative (NNI) and others.

Looking up for a general definition of NT we will define it
as: "The production and use of materials with purposely engineered
features close to the atomic or molecular scale”.

In this Research, we will try to focus on some important
concepts of NT, define devices and methods used and give some
examples on various applications that all already applied or may be
applied in a few years.



Among the material introduced will be Nano-scale
significance, what nanomaterials are, how they are constructed and
what their properties are, including some examples on materials
designed using Nano-scale.

Then, various NT applications will be reviewed, starting by
Nano-Medicine, how will NT change today’s methods of diagnosis
and treatment and how will it overcome the short comings of these
methods. It will be showed that NT will not only be able to treat
some diseases and fix broken tissues, but it will be able to enter the
cells themselves and control their activity. Thus, treating more
complicated disorders. Also it will avoid the appearance of any new
plague due to new unknown micro-organisms due to its better
ability to identify, diagnose and treat diseases.

The Nano-medicine will also include some future applications that
will make the physicians work easier. So, NT ensures a better
human'’s health for the next upcoming years.

An Important part of NT is its Cancer diagnosis and therapy
which will be discussed including the devices used and mechanisms
of their action.

Another important application will be the use of NT in food
processing, preservation and agriculture including today’s already
present nanofoods and other materials, how the shelf life of
packaged food will be extended and some applications on NT used
in agriculture. And a final example, how Water can be purified
using NT.

Finally, limitations of NT must be considered as a new
technology so as to try to get the best of NT without introducing
risks mainly to the human being.



NT will provide a better, more advanced and healthier life
for the human being. By other meaning, it will present us a new
future in all fields.

""Nanotechnology is a truth and promises it holds are
stronger than fiction"



I1. Introduction

In 1965, Gordon Moore, one of the founders of Intel

Corporation, made the astounding prediction that the number of
transistors that could be fit in a given area would double every 18
months for the next ten years. This it did and the phenomenon
became known as “Moore’s Law".
This trend has continued far past the predicted 10 years until this
day, going from just over 2000 transistors in the original 4004
processors of 1971 to over 700,000,000 transistors in the Core 2.
There has been a corresponding decrease in the size of individual
electronic elements, going from millimeters in the 60's to hundreds
of nanometers in modern circuitry.

At the same time, the chemistry, biochemistry and molecular
genetics communities have been moving in the other direction.
Over much the same period, it has become possible to direct the
synthesis, either in the test tube or in modified living organisms.

Finally, the last quarter of a century has seen tremendous
advances in our ability to control and manipulate light. We can
generate light pulses as short as a few femtoseconds (1 fs = 107 s).
Light too has a size and this size is also on the hundred nanometer
scale.

11.1. Historical background
Humans have unwittingly employed nanotechnology for
thousands of years.

For example: in making steel, paintings and in vulcanizing
rubber. Each of these processes rely on the properties of
stochastically-formed atomic ensembles mere nanometers in size,
and are distinguished from chemistry in that they don't rely on the
properties of individual molecules. But the development of the



body of concepts now subsumed under the term nanotechnology
has been slower.

The first mention of some of the distinguishing concepts in

nanotechnology (but predating use of that name) was in 1867 by
James Clerk Maxwell when he proposed as a thought experiment a
tiny entity known as Maxwell's Demon able to handle individual
molecules.
The first observations and size measurements of nano-particles was
made during first decade of 20th century. They are mostly
associated with Richard Adolf Zsigmondy who made detail study
of gold sols and other nanomaterials with sizes down to 10 nm and
less. He published a book in 1914.

He used ultra microscope that employs dark field method for
seeing particles with sizes much less than light wavelength.
Zsigmondy was also the first who used nanometer explicitly for
characterizing particle size. He determined it as 1/1,000,000 of
millimeter. He developed a first system classification based on
particle size in nanometer range.

11.2. What is Nanotechnology?

One of the problems facing nanotechnology is the confusion
about its definition. Most definitions revolve around the study and
control of phenomena and materials at length scales below 100 nm
and quite often they make a comparison with a human hair, which
is about 80,000 nm wide.

Some definitions include a reference to molecular systems
and devices and nanotechnology ™'purists™ argue that any definition
of nanotechnology needs to include a reference to "functional
systems". The inaugural issue of Nature Nanotechnology asked 13
researchers from different areas what nanotechnology means to
them and the responses, from enthusiastic to skeptical, reflect a
variety of perspectives.



Figure (1):Human hair fragment and a network of single-walled
carbon nanotubes

It seems that a size limitation of nanotechnology to the 1-
100 nm range, the area where size-dependant quantum effects come
to bear, would exclude numerous materials and devices, especially
in the pharmaceutical area, and some experts caution against a rigid
definition based on a sub-100 nm size.

Another important criteria for the definition is the
requirement that the nano-structure is man-made. Otherwise you
would have to include every naturally formed biomolecule and
material particle, in effect redefining much of chemistry and
molecular biology as "nanotechnology".

The most important requirement for the nanotechnology
definition is that the nano-structure has special properties that are
exclusively due to its nanoscale proportions.

11.3. Nanotechnology Definitions:
The U.S. National Nanotechnology Initiative (NNI) defines
NT as: "The understanding and control of matter at dimensions of



roughly 1 to 100 nanometers"...nanotechnology involves imaging,
measuring, modeling, and manipulating matter at this length scale.

The Europeans end to define it more simply as: "The dealing
with applications and products with engineered structures smaller
than 100 nanometers".

Generally, Nanotechnology (NT) is the production and use
of materials with purposely engineered features close to the atomic
or molecular scale. NT deals with putting things together atom-by-
atom and with structures so small they are invisible to the naked
eye. It provides the ability to create materials, devices and systems
with fundamentally new functions and properties.

11.4. The Significance of Nanoscale

A nanometer (nm) is one thousand millionth of a meter. For
comparison, a red blood cell is approximately 7,000 nm wide and a
water molecule is almost 0.3nm across. People are interested in the
nanoscale because it is at this scale that the properties of materials
can be very different from those at a larger scale.

Nanoscience is the study of phenomena and manipulation of
materials at atomic, molecular and macromolecular scales, where
properties differ significantly from those at a larger scale.

Chemists have been making polymers, which are large
molecules made up of nanoscale subunits, for many decades and
nanotechnologies have been used to create the tiny features on
computer chips for the past 20 years. However, advances in the
tools that now allow atoms and molecules to be examined and
probed with great precision have enabled the expansion and
development of nanoscience and nanotechnologies.

The bulk properties of materials often change dramatically
with nano ingredients. Composites made from particles of nano-



size ceramics or metals smaller than 100 nanometers can suddenly
become much stronger than predicted by existing materials-science
models. For example, metals with a so-called grain size of around
10 nanometers are as much as seven times harder and tougher than
their ordinary counterparts with grain sizes in the hundreds of
nanometers. The causes of these drastic changes stem from the
weird world of quantum physics.

The bulk properties of any material are merely the average
of all the quantum forces affecting all the atoms. As you make
things smaller and smaller, you eventually reach a point where the
averaging no longer works.

I11.5. Reasons for the Difference in Material Properties by
Applying Nanoscale:
1. Surface area:

Nanomaterials have a relatively larger surface area when
compared to the same mass of material produced in a larger form.
This can make materials more chemically reactive (in some cases
materials that are inert in their larger form are reactive when
produced in their nanoscale form), and affect their strength or
electrical properties.

2. Quantum effects:

They can begin to dominate the behaviour of matter at the

nanoscale - particularly at the lower end - affecting the optical,
electrical and magnetic behaviour of materials.
Examples of the effects these factors opaque substances become
transparent (copper); stable materials turn combustible (aluminum);
solids turn into liquids at room temperature (gold); insulators
become conductors (silicon). A material such as gold, which is
chemically inert at normal scales, can serve as a potent chemical
catalyst at nanoscales.



Much of the fascination with nanotechnology stems from
these quantum and surface phenomena that matter exhibits at the
nanoscale.

This effect does not come into play by going from macro to
micro dimensions.

11.6. Nanomaterials
Are those which have structured components with at least
one dimension less than 100nm.

Nanomaterials can be constructed by 'top down’ techniques,
producing very small structures from larger pieces of material.
For example: by Etching to create circuits on the surface of a
silicon microchip. They may also be constructed by 'bottom up’
techniques, atom by atom or molecule by molecule.

11.6.1. Methods of Nanomaterials Construction:
1. Self-assembly:

In which the atoms or molecules arrange themselves into a
structure due to their natural properties. Crystals grown for the
semiconductor industry provide an example of self assembly, as
does chemical synthesis of large molecules.

2. Using tools to move each atom or molecule individually.

Although this “positional assembly’ offers greater control
over construction, it is currently very laborious and not suitable for
industrial applications.

It has been 25 years since the scanning tunneling microscope
(STM) was invented, followed four years later by the atomic force
microscope, and that's when nanoscience and nanotechnology
really started to take off. Various forms of scanning probe



microscopes based on these discoveries are essential for many areas
of today’s research.

Current applications of nanoscale materials include very thin
coatings used, for example, in electronics and active surfaces as
self-cleaning windows.

11.6.2. Properties of Nanomaterials

In tandem with surface-area effects, quantum effects can
begin to dominate the properties of matter as size is reduced to the
nanoscale.

These can affect the optical, electrical and magnetic
behaviour of materials, particularly as the structure or particle size
approaches the smaller end of the nanoscale. Materials that exploit
these effects include quantum dots, and quantum well lasers for
optoelectronics.

For other materials such as crystalline solids, as the size of
their structural components decreases, there is much greater
interface area within the material; this can greatly affect both
mechanical and electrical properties.

For example, most metals are made up of small crystalline
grains; the boundaries between the grain slow down or arrest the
propagation of defects when the material is stressed, thus giving it
strength. If these grains can be made very small, or even nanoscale
in size, the interface area within the material greatly increases,
which enhances its strength.

For example, nanocrystalline nickel is as strong as hardened
steel.
Understanding surfaces and interfaces is a key challenge for those
working on nanomaterials, and one where new imaging and
analysis instruments are vital.



111.6.3. Nanomaterial Science

Below we outline some examples of nanomaterials and the
range of nanoscience that is aimed at understanding their
properties. As will be seen, the behaviour of some nanomaterials is
well understood, whereas others present greater challenges.

111.6.3.1. Materials can be produced that are nanoscale in:
-One dimension as very thin surface coatings.

-Two dimensions as nanowires and nanotubes.

-Three dimensions as nanoparticles.

111.6.3.1.1. Nanoscale in One Dimension
111.6.3.1.1.1. Thin films

They are used in the silicon integrated-circuit industry as
many devices rely on thin films for their operation, and control of
film thicknesses approaching the atomic level is routine.

Monolayers (layers that are one atom or molecule deep) are
also routinely made and used in chemistry. The formation and
properties of these layers are reasonably well understood from the
atomic level upwards, even in quite complex layers (such as
lubricants). Advances are being made in the control of the
composition and smoothness of surfaces, and the growth of films.

111.6.3.1.1.2. Engineered surfaces

The ones that have tailored properties such as large surface
area or specific reactivity are used routinely in a range of
applications such as in fuel cells and catalysts. The large surface
area provided by nanoparticles, together with their ability to self
assemble on a support surface, could be of use in all of these
applications.



111.6.3.1.2. Nanoscale in Two Dimensions
111.6.3.1.2.1. Carbon Nanotubes:
Carbon nanotubes (CNTs) were first observed by Sumio
lijima in 1991. CNTs are extended tubes of rolled rapheme
sheets.

There are two types of CNT:

1-Single-walled (one tube)
2-Multi-walled (several concentric tubes)

Both of these are typically a few raphemes in diameter and
several micrometers to centimeters long. CNTs have assumed an
important role in the context of nanomaterials, because of their
novel chemical and physical properties. They are mechanically very
strong (their Young’s modulus is over 1 terapascal, making CNTs
as stiff as diamond), flexible (about their axis), and can conduct
electricity extremely well (the helicity of the rapheme sheet
determines whether the CNT is a semiconductor or metallic). All of
these remarkable properties give CNTs a range of potential
applications.

For example, in reinforced composites, sensors,
nanoelectronics and display devices

CNTs are now available commercially in limited quantities.
They can be grown by several techniques. However, the selective
and uniform production of CNTs with specific dimensions and
physical properties is yet to be achieved. The potential similarity in
size and shape between CNTs and asbestos fibres has led to
concerns about their safety.



11.6.3.1.2.2. Inorganic Nanotubes:

Inorganic nanotubes and inorganic fullerene-like materials
based on layered compounds such as molybdenum disulphide were
discovered shortly after CNTs. They have excellent tribological
(lubricating) properties, resistance to shockwave impact, catalytic
reactivity, and high capacity for hydrogen and lithium storage,
which suggest a range of promising applications. Oxide-based
nanotubes (such as titanium dioxide) are being explored for their
applications in catalysis, photo-catalysis and energy storage.

11.6.3.1.2.3. Nanowires:

Nanowires are ultra fine wires or linear arrays of dots,
formed by self-assembly. They can be made from a wide range of
materials. Semiconductor nanowires made of silicon, gallium
nitride and indium phosphides have demonstrated remarkable
optical, electronic and magnetic characteristics (for example, silica
nanowires can bend light around very tight corners).

Nanowires have potential applications in high-density data
storage; either as magnetic read heads or as patterned storage
media, and electronic and opto-electronic nanodevices, for metallic
interconnects of quantum devices and nanodevices. The preparation
of these nanowires relies on sophisticated growth techniques, which
include self assembly processes, where atoms arrange themselves
naturally on stepped surfaces, chemical vapour deposition (CVD)
onto patterned substrates, electroplating or molecular beam epitaxy
(MBE). The ‘molecular beams’ are typically from thermally
evaporated elemental sources.

11.6.3.1.2.4. Biopolymers:
The variability and site recognition of biopolymers, such as
DNA molecules, offer a wide range of opportunities for the self-
organization of wire nanostructures into much more complex
patterns. The DNA backbones may then, for example, be coated in



metal. They also offer opportunities to link nano- and
biotechnology in, for example, biocompatible sensors and small,
simple motors.

Such self-assembly of organic backbone nanostructures is
often controlled by weak interactions, such as hydrogen bonds,
hydrophobic, or van der Waals interactions (generally in aqueous
environments) and hence requires quite different synthesis
strategies to CNTs, for example. The combination of one-
dimensional nanostructures consisting of biopolymers and
inorganic compounds opens up a number of scientific and
technological opportunities.

11.6.3.1.3. Nanoscale in Three Dimensions
11.6.3.1.3.1. Nanoparticles:
11.6.3.1.3.1.1.About Nanoparticles
Nanoparticles are often defined as particles of less than
100nm in diameter that exhibit new or enhanced size-dependent
properties compared with larger particles of the same material.

Nanoparticles exist widely in the natural world: for example

as the products of photochemical and volcanic activity, and created
by plants and algae. They have also been created for thousands of
years as products of combustion and food cooking, and more
recently from vehicle exhausts. Deliberately manufactured
nanoparticles, such as metal oxides, are by comparison in the
minority.
Nanoparticles are of interest because of the new properties (such as
chemical reactivity and optical behaviour) that they exhibit
compared with larger particles of the same materials. For example,
titanium dioxide and zinc oxide become transparent at the
nanoscale, however are able to absorb and reflect UV light, and
have found application in sunscreens.



11.6.3.1.3.2. Applications of Nanoparticles:
1. In short-term:
New cosmetics, textiles and paints.
2. In longer term:
In methods of targeted drug delivery where they
could be to used deliver drugs to a specific site in the body.

Nanoparticles can also be arranged into layers on surfaces,
providing a large surface area and hence enhanced activity, relevant
to a range of potential applications such as catalysts.

Manufactured nanoparticles are typically not products in
their own right, but generally serve as raw materials, ingredients or
additives in existing products. Nanoparticles are currently in a
small number of consumer products such as cosmetics and their
enhanced or novel properties may have implications for their
toxicity.

11.6.3.1.3.2. Fullerenes:

Figure (2): Model C60

In the mid-1980s a new class of carbon material was
discovered called carbon 60 (C60).Harry Kroto and Richard
Smalley, the experimental chemists who discovered C60 named it
"buckminsterfullerene”, in recognition of the architect Buckminster
Fuller, who was well-known for building geodesic domes, and the
term fullerenes was then given to any closed carbon cage.



C60 are spherical molecules about 1nm in diameter,
comprising 60 carbon atoms arranged as 20 hexagons and 12
pentagons: the configuration of a football.

In 1990, a technique to produce larger quantities of C60 was
developed by resistively heating graphite rods in a helium
atmosphere. Several applications are envisaged for fullerenes, such
as miniature ‘ball bearings’ to lubricate surfaces, drug delivery
vehicles and in electronic circuits.

11.6.3.1.3.3. Dendrimers:
Dendrimers are spherical polymeric molecules, formed
through a nanoscale hierarchical self-assembly process. They will
be discussed later in details.

11.6.3.1.3.2. Quantum Dots:

Nanoparticles of semiconductors (quantum dots) were
theorized in the 1970s and initially created in the early 1980s. If
semiconductor particles are made small enough, quantum effects
come into play, which limit the energies at which electrons and
holes (the absence of an electron) can exist in the particles. As
energy is related to wavelength (or colour), this means that the
optical properties of the particle can be finely tuned depending on
its size. Thus, particles can be made to emit or absorb specific
wavelengths (colours) of light, merely by controlling their size.

Recently, quantum dots have found applications in
composites, solar cells (Gratzel cells) and fluorescent biological
labels
(for example to trace a biological molecule) which use both the
small particle size and tuneable energy levels.

Recent advances in chemistry have resulted in the
preparation of monolayer-protected, high-quality, monodispersed,
crystalline quantum dots as small as 2nm in diameter, which can be
conveniently treated and processed as a typical chemical reagent.



I11. Applications of Nanotechnology
111.1. Nano Medicine

To understand what nanotechnology can do for medicine, we
need a picture of the body from a molecular perspective. The
human body can be seen as a work yard, construction site, and
battleground for molecular machines. It works remarkably well,
using systems so complex that medical science still doesn't
understand many of them. Failures, though, are all too common.

111.3.1. Medicine Today

When the body's working, building, and battling goes awry,
we turn to medicine for diagnosis and treatment. Today's methods,
though, have obvious shortcomings.

111.3.2. Shortcomings of Today’s Medicine

Current medicine is limited both by its understanding and by
its tools. In many ways, it is still more an art than a science.
Better tools could provide both better knowledge and better ways to
apply that knowledge for healing. Doctors today can't affect
molecules in one cell while leaving identical molecules in a
neighboring cell untouched because medicine today cannot apply
surgical control to the molecular level.

111.1.3. Nanotechnology in Medicine

Developments in nanotechnology will result in improved
medical sensors. As protein chemist Bill DeGrado notes, “Probably
the first use you may see would be in diagnostics: being able to take
a tiny amount of blood from somebody, just a pinprick, and
diagnose for a hundred different things. Biological systems are
already able to do that, and | think we should be able to design
molecules or assemblies of molecules that mimic the biological
system”.



In the longer term, the story of nanotechnology in medicine
will be the story of extending surgical control to the molecular
level. The easiest applications will be aids to the immune system,
which selectively attack invaders outside tissues. More difficult
applications will require that medical nanomachines mimic white
blood cells by entering tissues to interact with their cells. Further
applications will involve the complexities of molecular-level
surgery on individual cells. One approach to nanomedicine would
make use of microscopic mobile devices built using molecular-
manufacturing equipment.They would either be biodegradable,
self-collecting, or collected by something else once they were done
working. Development will start with the simpler applications.

111.1.4.Applying Nanomedicine outside the body:

The skin is the body’s largest organ, and its exposed position
subjects it to a lot of abuse. This exposed position, though, also
makes it easier to treat. Among the earlier applications of molecular
manufacturing may be those popular, quasimedical products,
cosmetics. A cream packed with nanomachines could do a better
and more selective job of cleaning than any product can today. It
could remove the right amount of dead skin, remove excess oils,
add missing oils, apply the right amounts of natural moisturizing
compounds, and even achieve the elusive goal of "deep pore
cleaning™ by actually reaching down into pores and cleaning them
out. The cream could be a smart material with smooth-on, peel-off
convenience.

111.1.5. Applying Nanomedicine inside the body:
111.1.5.1.1n the Bloodstream:
The bloodstream carries everything from nutrients to
immune-system cells, with chemical signals and infectious
organisms besides.



Figure (3): Immune Machines

Medical nanodevices could augment the immune system by
finding and disabling unwanted bacteria and viruses. The immune
device in the foreground has found a virus; the other has touched a
red blood cell.

Here, it is useful to think in terms of medical nanomachines
that resemble small submarines, like the ones in Figure (1). Each of
these is large enough to carry a nanocomputer as powerful as a
mid-1980s mainframe, along with a huge database (a billion bytes),
a complete set of instruments for identifying biological surfaces,
and tools for clobbering viruses, bacteria, and other invaders.

111.1.5.2.1nside tissues:

White blood cells can leave these vessels to move among the
neighboring cells. Immune machines and similar devices could do
the same. Fighting organisms in the bloodstream would be a major
advance, cutting their numbers and inhibiting their spread. Roving
medical nanomachines, though, will be able to hunt down invaders
throughout the body and eliminate them entirely.



111.1.5.2.1. Eliminating Invaders:

Bacteria, protozoa, worms, and other parasites have even
more obvious molecular markers. Once identified, they could be
destroyed, ridding the body of the disease they cause. Immune
machines thus could deal with tuberculosis, strep throat, leprosy,
malaria, amoebic dysentery, sleeping sickness, river blindness,
hookworm, flukes, candida, valley fever, antibiotic-resistant
bacteria, and even athlete’s foot.

111.1.5.2.2. Herding Cells and Rebuilding Tissues:
Cells respond to a host of signals from their environment
(ex: chemicals). Cell-herding devices would use these signals to
stimulate cell division where it is needed and to discourage it where
it is not.
For example: they could restore artery walls and artery linings
to health, by ensuring that the right cells and supporting
structures are in the right places. This would prevent most heart
attacks.

111.1.5.2.3. Working on Cells
Today, researchers can inject new DNA into cells using a
tiny needle; small punctures in a cell membrane automatically
reseal. But both these techniques use tools that on a cellular scale
are large and clumsy—Iike doing surgery with an ax or a wrecking
ball, instead of a scalpel. Nano-scale tools will enable medical
procedures involving delicate surgery on individual cells.

111.1.5.2.4. Eliminating Viruses by Cell Surgery
When the immune system deals with a viral illness, it both
attacks free virus particles before they enter cells, and attacks
infected cells before they can churn out too many more virus
particles.



These viruses can be eliminated by molecular-level cellular
surgery. The required devices could be small enough to fit entirely
within the cell.

111.1.5.2.5. Healing Body and Limb
The ability to herd cells and to perform molecular repairs
and cell surgery will open new vistas for medicine. These abilities
apply on a small scale, but their effects can be large scale.

111.1.5.2.6. Correcting Chemistry

In many diseases, the body as a whole suffers from
misregulation of the signaling molecules that travel through its
fluids.

For example: Obesity is a serious medical problem, increasing the
risk of diabetes mellitus, osteoarthritis, degenerative diseases of the
heart, arteries, and kidneys, and shortening life expectancy. And the
supposed cause, simple overeating, has been shown to be
incorrect—something dieters had always suspected, as they
watched thinner colleagues gorge and yet gain no weight.

The ability to lay in stores of fat was a great benefit to
people once upon a time, when food supplies were irregular,
nomadism and marauding bands made food storage difficult and
risky, and starvation was a common cause of death. Our bodies
regulate fat reserves accordingly. This is why dieting often has
perverse effects. The body, when starved, responds by attempting
to build up greater reserves of fat at its next opportunity. The main
effect of exercise in weight reduction isn’t to burn up calories, but
to signal the body to adapt itself for efficient mobility.

Obesity therefore seems to be a matter of chemical signals
within the body, signals to store fat for famine or to become lean
for motion. Nanomedicine will be able to regulate these signals in



the bloodstream, and to adjust how individual cells respond to them
in the body. The latter would even make possible the elusive "spot
reduction program™ to reshape the distribution of body fat.

111.1.5.2.7.New Organs and Limbs

Nano-manufactured medical devices will be of dramatic
value to those who have suffered massive trauma. Take the case of
a patient with a crushed or severed spinal cord high in the back or
in the neck. The latest research gives hope that when such patients
are treated promptly after the injury, paralysis may be at least
partially avoidable, sometimes. But those whose injuries weren't
treated -including virtually all of today’s patients-remain paralyzed.

With the techniques discussed above, it will become possible
to remove scar tissue and to guide cell growth so as to produce
healthy arrangements of the cells on a microscopic scale. With the
right molecular-scale poking and prodding of the cell nucleus, even
nerve cells of the sorts found in the brain and spinal cord can be
induced to divide. Where nerve cells have been destroyed, there
need be no shortage of replacements. These technologies will
eventually enable medicine to heal damaged spinal cords, reversing
paralysis.

The ability to guide cell growth and division and to direct
the organization of tissues will be sufficient to regrow entire organs
and limbs, not merely to repair what has been damaged. This will
enable medicine to restore physical health despite the most grievous
injuries.

111.1.5.2.8. First Aid

Throughout the centuries, medicine has been constrained to
maintain functioning tissues, since once tissues stop functioning,
they can't heal themselves. With molecular surgery to carry out the



healing directly, medical priorities change drastically—function is
no longer absolutely necessary. In fact, a physician able to use
molecular surgery would prefer to operate on nonfunctioning,
structurally stable tissue than on tissue that has been allowed to
continue malfunctioning until its structure was lost.

Brain tumors are an example: They destroy the brain's
structure, and with it the patient’s skills, memories, and personality.
Physicians in the future should be able to immediately interrupt this
process, to stop the functioning of the brain to stabilize the patient
for treatment.

Techniques available today can stop tissue function while
preserving tissue structure. A variety of procedures can stabilize
tissues on a long-term basis. These procedures enable many cells—
but not whole tissues—to survive and recover without help;
advanced molecular repair and cell surgery will presumably tip the
balance, enabling cells, tissues, and organs to recover and heal.
When applied to stabilizing a whole patient, such a condition can
be called "biostasis”. A patient in biostasis can be kept there
indefinitely until the required medical help arrives. So in the future,
the question "Can this patient be restored to health?" will be
answered "Yes, if the patient's brain is intact, and with it the
patient’s mind."

111.1.6. The Threat of New Developing Diseases

New diseases continue to appear today as they have
throughout history. Today's population, far larger than that of any
previous century, provides a huge, fertile territory for their spread.

AIDS for example: Could it change and give rise to a form
able to spread, say, as colds do? Nobel Laureate Howard M. Temin
has said, "l think that we can very confidently say that this can't
happen.”Nobel Laureate Joshua Lederberg, president of Rockefeller



University in New York City, replied,” 1 don't share your
confidence about what can and cannot happen.” He points out that
"there is no reason a great plague could not happen again. . .We live
in evolutionary competition with microbes—bacteria and viruses.
There is no guarantee that we will be the survivors."

111.1.7.Nanotechnology Facing the Threats

Immune machines could be set to kill a new virus as soon as
it is identified. The instruments nanotechnology brings will make
viral identification easy. Some day, the means will be in place to
defend human life against viral catastrophe.

From eliminating viruses to repairing individual cells,
improving our control of the molecular world will improve health
care. Immune machines working in the bloodstream seem about as
complex as some engineering projects human beings have already
completed—projects like large satellites. Other medical
nanotechnologies seem to be of a higher order of complexity.

111.1.8. Automated Engineering

To succeed in designing a nanomachine capable of entering
a cell, reading its DNA, finding and removing a deadly viral DNA
sequence, and then restoring the cell to normal within a reasonable
number of years, we may need to automate much of the engineering
process, including software engineering. Today's best expert
systems are nowhere near sophisticated enough. The software must
be able to apply physical principles, engineering rules, and fast
computation to generate and test new designs. Call it "automated
engineering".

Automated engineering will prove useful in advanced
nanomedicine because of the sheer number of small problems to be
solved. The human body contains hundreds of kinds of cells
forming a huge number of tissues and organs. Taken as a whole
(and ignoring the immune system), the body contains hundreds of
thousands of different kinds of molecules. Performing complex



molecular repairs on a damaged cell might require solving millions
of separate, repetitive problems. The molecular machinery in cell
surgery devices will need to be controlled by complex software,
and it would be best to be able to delegate the task of writing that
software to an automated system. Until then, or until a lot of more
conventional design work gets done, nanomedicine will have to
focus on simpler problems.

111.1.9. Aging

The deterioration that comes with aging is increasingly
recognized as a form of disease, one that weakens the body and
makes it susceptible to a host of other diseases.

Some researchers believe that aging is primarily the result of
a fairly small number of regulatory processes, and many of these
have already been shown to be alterable. If so, aging may be
tackled successfully before even simple cell repair is available. But
the human aging process is not well enough understood to enable a
confident projection of this; for example, the number of regulatory
processes is not yet known. A thorough solution may well require
advanced nanotechnology-based medicine, but a thorough solution
seems possible. The result would not be immortality, just much
longer, healthier lives for those who want them.

111.1.10. Restoring Species

A challenging problem related to medicine (and to biostasis)
is that of species restoration. Today, researchers are carefully
preserving samples from species now becoming extinct.

Each cell typically contains the organism’s complete genetic
information, but what can be done with this? Many researchers
today collect samples for preservation thinking only of the
implantation scenario: one that they know has already been made to
work. Other researchers are taking a broader view: the Center for



Genetic Resources and Heritage at the University of Queensland is
a leader in the effort. Daryl Edmondson, coordinator of the gene
library, explains that the center is unique because it will "actively
collect data. Most other libraries simply collate their own
collections." Director John Mattick describes it as a "genetic
Louvre" and points out that if genes from today's endangered
species aren’t preserved, "subsequent generations will see we had
the technology to keep [DNA] software and will ask why we didn't
do it." With this information and the sorts of molecular repair and
cell-surgery capabilities we have discussed, lost species can
someday be returned to active life again as habitats are restored.



111.2. Cancer and Nanotechnology

“Small is beautiful” and for anyone who believes in
nanotechnology “small is powerful” and with the arrival of
nanotechnology “small has become revolution”.

This review article explains the part and role played by
nanotechnology on cancer therapy. Nanotechnology will change the
very foundations of cancer diagnosis, treatment and prevention.

111.2.1. Nanodevices

Nanodevices are smaller than human cells (10,000 — 20,000
nm in diameter) and organelles and similar in size to large
noninvasive access to the interior of the living cell offers the
opportunity for unprecedented gains on both clinical and basic
research frontiers.

Nanoscale devices smaller than 50nm can easily enters most
cells, while those smaller than 20 nm can transit out of blood
vessels. As a result, nanoscale devices can readily interact with
biomolecules on both the cell surface and within the cell, often in
ways that do not alter the behavior and biochemical properties of
those molecules.

111.2.2. Nanotechnology and Diagnostics

Today, cancer related nanotechnology research is proceeding
on two main fronts:

1.Laboratory based diagnostics

2.In vivo diagnostics and therapeutics

Nanoscale devices designed for laboratory use rely on many
of the methods developed to construct computer chips. For example
1-2nm wide wires built on a micron scale silicon grid can be coated
with monoclonal antibodies directed against various tumor markers.
With minimal shape preparation, substrate binding to even a small
number of antibodies produces a measurable change in the device’s



conductivity, leading to a 100-fold increase in sensitivity over
current diagnostics techniques.

Nanoscale cantilevers, constructed as part of a larger
diagnostic device, can provide rapid and sensitive detection of
cancer related molecules.
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Figure (4): Nanoscale cantilevers

Nanoscale cantilevers can be coated with molecules capable
of binding specific substrates, DNA complementary to a specific
gene sequence, for example. Such micron sized devices, can detect
single molecules of DNA or protein. Researchers have also been
developing a wide variety of nanoscale particles to serve as
diagnostic platform devices.

Already, research has shown that nanoscale delivery devices,
such as dendrimers (spherical, branched polymers), silica coated
miscelles,
ceramic nanoparticles, and cross linked liposomes, can be targeted
to cancer cells. This is done by attaching monoclonal antibodies or



cell surface receptor ligands that binds specifically to molecules
found on the surface of cancer cells, such as high affinity folate
receptor and luteinizing hormone releasing hormone (LH-RH) or
molecules unique to endothelial cells that become co-opted by
malignant cells, such as integrin.v.3.

Once they reach their target, the nanoparticles are rapidly
taken in to cells. As efforts in proteomics and genomics uncover
other molecules unique to cancer cells, targeted nanoparticles could
become the method of choice for delivering anticancer drugs
directly to tumor cells and their supporting endothelial cells.
Eventually it should be possible to mix and match anticancer drugs
with anyone of a number of nanotechnology based delivery
vehicles and targeting agents, giving researchers the opportunity to
tune the therapeutic properties without needing to discover new
bioactive molecules.

111.2.3. Nanotechnology and Cancer Therapy

On an equally unconventional front, efforts are focused on
constructing robust “smart” nanostructures that will eventually be
capable of detecting malignant cells in vivo, pinpointing their
location in the body, killing the cells, and reporting back that their
payload has done its job. The operative principles driving these
current efforts are modularity and multifunctionality, i.e., creating
functional building blocks that can be snapped together and
modified to meet the particular demands of a given clinical
situation.

A good example from the biological world is a virus capsule,
made from cowpea mosaic virus and cockhouse virus as potential
Nanodevices. Optical probe silica shell of coat protein that
assemble into a functional virus capsule offer a wide range of
chemical functionality that could be put to use to attach homing
molecules such as monoclonal antibodies or cancer cell specific
receptor antagonists, and reporter molecules such as magnetic



resonance imaging (MRI) contrast agents, to the capsule surface,
and to load therapeutic agents inside the capsule.

While such work with naturally existing nanostructures is
promising, chemists and engineers have already made substantial
progress turning synthetic materials into multifunctional
nanodevices. Dendrimers, 1-10nm spherical polymers of uniform
molecular weight made from branched monomers, are proving
particularly adept at providing multifunctional modularity. In one
elegant demonstration, investigators attached folate which targets
the high affinity folate receptor found on some malignant cells, the
indicator fluorescein and either of the anticancer drugs
methotrexate or paclitaxel to a single dendrimers.
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Figure (5): Dendrimer used in Cancer therapy

Both in vitro and in vivo experiments showed that this
nanodevice delivered its therapeutic payload specifically to folate
receptor positive cells while simultaneously labeling these cells for
fluorescent detection.

Subsequent work, in which fluorescent indicator of cell
death was linked to the dendrimers, provided evidence that the
therapeutic compound was not only delivered to its target cell but
also produced the desired effect. Already, some dendrimer based
constructs are making their way toward clinical trials for treating a



variety of cancers. Such multifunctional nanodevices, sometimes
referred to as "nanoclinics”, may also enable new types of
therapeutic dendrimers can serve as versatile nanoscale platforms
for creating multifunctional devices capable of detecting cancer and
delivery drugs. Contrast agents (X-ray, MRI) cell death sensor
therapeutic cancer cell targeting approaches or broader application
of existing approaches to killing malignant cells.

For example: silica coated lipid micelles containing LH-RH as a
targeting agent has been used to deliver iron oxide particles to LH-
RH receptor positive cancer cells. Once these so called nanoclinics
have been taken up by the target cell, they can not only be imaging
using MRI, but can also be turned into molecular scale thermal
scalpels: applying a rapidly oscillating magnetic field causes the
entrapped Fe,O3; molecules to become hot enough to kill the cell.
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Figure (6): Nanoclinics destroying Cancer cells

The critical factor operating here is the nanoparticles can
entrap 10,000 or more Fe,O; molecules, providing both enhanced
sensitivity for detection an enough thermal mass to destroy the cell.
From Nicolas Beeson, university of Michigan center for Biologic
Nanotechnology Drug Delivery Indicator “smart” dynamic
nanoplatforms have the potential to change the way cancer is
diagnosed, treated and prevented. The outside of such “nanoclinics”
could be decorated with a tumourhoming monoclonal antibody and



coated with polyethylene glycol (PEG) to shield the device from
immune system detection.

The polymer matrix of such particles could be loaded with
contrast agents, which would provide enhanced sensitivity for
pinpointing tumor location within the body, and various types of
therapeutic agents, such as reactive oxygen generating
photodynamic sensitizers that would be activated once the particle
detected a malignant cell. From Raoul Kopelman and Martin
Philbert, University of Michigan photo sensitizers used in
photodynamic therapy, in which light is used to generate reactive
oxygen locally within tumors, have also been entrapped in targeted
nanodevices.

The next step in this work is to also entrap a light generating
system, such as the luciferin-lusiferase pair, in such a way as to
trigger light production only after the nanoparticles have been taken
up by a targeted cell. If successful, such an approach would greatly
extend the usefulness of photodynamic therapy to include treatment
of tumours deep within the body. Such multifunctional nanodevices
hold out the possibility of radially changing the practice of
oncology, perhaps providing the means to survey the body.

For the first signs of cancer and deliver effective
therapeutics during the earliest stages of the disease. Certainly,
researchers envision a day when a smart nanodevice will be able to
fingerprint a particular cancer and dispense the correct drug at the
proper time. In a malignant cell’s lifecycle, making individualized
medicine a reality at the cellular level.

111.2.4. Nanotechnology Platform
An important aspect of biomedical nanotechnology research
Is that most systems are being designed as general platforms that



can be used to create a diverse set of multifunctional diagnostic and
therapeutic devices.

Nanotechnology is providing a critical bridge between the
physical sciences and engineering, on the one hand, and modern
molecular biology on the other. Materials scientists, for example,
are learning the principles of the nanoscale world by studying the
behavior of biomolecules and biomolecular assemblies. In return,
engineers are creating a host of nanoscale tools that are required to
develop the systems the biology models of malignancy needed to
better diagnose, treat and ultimately prevent cancer.

National Nanotechnology Standardisation Laboratory for
Cancer
Therapy

As part of its cancer nanotechnology program the National
Cancer Institute is establishing a National resource laboratory that
will provide critical infra structure support to this rapidly
developing field. The National Nanotechnology Standardization
Laboratory (NSL) will fill a major resource gap in biomedical
nanotechnology by providing nanodevice assessment and
standardization capabilities that many experts have identified as a
critical realm.

The basic functions carried out by the NSL will include:
1. GMP synthesis of sizable quantities of a variety of
nanoparticles and nanodevices
2. Characterization of nanoparticles and devices
3. Functionalization of nanoparticles
4. Development of tools and methods for characterizing both
native and functionalized nanoparticles
5. Creation of reference standards and release specifications



111.2.6.CONCLUSION

To help meet the goal of eliminating death and suffering
from cancer by 2015, The National Cancer Institute (NCI) is
engaged in efforts to harness the power of nanotechnology to
radially change the way we diagnose, image, and treat cancer.
Already, NCI programs have supported research on novel
nanodevices capable of one or more clinically important functions,
including detecting cancer at its earliest stages, pinpointing its
location within the body, delivering anticancer drugs specifically to
malignant cells, and determining if these drugs are Kkilling
malignant cells.

"Nanotechnology is going to be the shaping of the future in
cancer therapy"

111.3. Nanotechnology in Food and Agriculture
Manufactured nanoparticles, nano-emulsions and nano-
capsules are now found in agricultural chemicals processed foods,
food packaging and food contact materials including food storage
containers, cutlery and chopping boards. Friends of the Earth
organization have identified 104 of these products, which are now
on sale internationally.

Against the backdrop of dangerous climate change, there is
growing public interest in reducing the distances that food travels
between producers and consumers, yet nanotechnology appears
likely to promote transport of fresh and processed foods over even
greater distances.

Materials now used in nutritional supplements, food
packaging and food contact materials, have been found to be highly
toxic to cells in test tube studies. Preliminary environmental studies
also suggest that these substances may be toxic to ecologically
important species such as water fleas.



Yet there is still no nanotechnology-specific regulation or
safety testing required before manufactured nanomaterials can be
used in this field. Nanotechnology also poses broader challenges to
the development of more sustainable food and farming systems.

111.3.1. Nanofood

The term "nanofood” describes food which has been
cultivated, produced, processed or packaged using nanotechnology
techniques or tools, or to which manufactured nanomaterials have
been added.

Examples:
1-Nanoparticles of iron or zinc.
2-Nanocapsules containing ingredients like co-enzyme Q10
or
Omega 3.

We will be able to eat any food, no matter how rich. Sugar
salt, fat, cholesterol , all the things we love but have to consume in
moderation now will have no restrictions on them in future. All
food will be nutritious; the sole criterion for choosing meals will be
the taste.

Figure (7): Examples of the current use of nanomaterials in
agriculture,
foods and food packaging

Type of Product Nanocontent Purpose
Product name and
manufacturer
Nutritional | Nanoceuticals | Molecular cages | Nano-sized mycrohydrin

supplement | ’'mycrohydrin’ | 1-5 nm has increased potency and
powder diameter made | bioavailability. Exposure to
RBC from silica- moisture releases H- ions and

Lifesciences

mineral hydride

acts as a powerful




complex

antioxidant.

Nutritional | Oat Chocolate | 300 particles of | Nano-sized iron particles
drink Nutritional iron have increased reactivity and
Drink (Sun Active Fe) | bioavailability.
Mix Toddler
Health
Food contact | Nano  silver | Nanoparticles Nano-sized silver particles
material cutting of silver have increased antibacterial
(cooking board, A-Do properties.
equipment) Global
Food contact | Nano  silver | Nanoparticles Nano-sized silver particles
materials baby mug of silver have increased antibacterial
(crockery) Baby Dream properties.
Food contact | Antibacterial | Nanoparticles Nano-sized silver
material kitchenware of silver particles
(kitchenware) | Nanocaretech/ have increased
NCT antibacterial
properties.
Food Adhesive for | 150-50nm These nanoparticles have 400
packaging McDonald’s | starch nano- | times the surface area of
burger spheres natural  starch  particles.
containers When
Ecosynthetix used as an adhesive they
require less water and thus
less time and energy to dry.
Food Aquasol Nanoscale Surrounding active
additive preservative micelle ingredients
AgquaNova | (capsule) of | within soluble nanocapsules
lipophilic or | increases absorption within
water insoluble | the body (including
substances individual cells).
Plant growth PrimoMax | 100nm particle | Increases potency of active
treatment X, Syngenta size emulsion ingredients, potentially

reducing the quantity to be
applied.




Manufactured nanomaterials are already used in some food
products nutritional supplements, many packaging and food
storage applications and some agricultural inputs (e.g. fertilizers
and pesticides. In this report we use the term pesticide to mean any
chemical used to control either animal or plant pests, i.e. including
both pesticides and herbicides.

Friends of the Earth’s organization investigation into the use
of nanotechnology across the food chain reveals that foods which
contain manufactured nanomaterial ingredients and additives are
not the stuff of science function but are already found on
supermarket shelves.

Estimates of commercially available nanofoods vary widely;
nanotechnology analysts estimate that between 150-600 nanofoods
and 400-500 nano food packaging applications are already on the
market.

111.3.1.1. Nanotechnology and food processing
111.3.1.1.1. Nanofood now no longer just a vision:

The wvision of nanofoods described by nanofood
technologists includes liquids that can change color, taste and
texture at the press of a microwave button, and products customized
to respond to an individual’s health and nutritional requirements.
Yet while such applications can best be described as "next
generation™ nanofoods products are far closer to commercialization.

Nestlé and Unilever are reported to be developing a nano-
emulsion based ice cream with a lower fat content that retains a
fatty texture and flavor.



Nano-nutritional additives are already being used to boost
the vitamin and mineral content of some processed foods and to
speed up the manufacturing of processed meats.

111.3.1.1.2. Processing aids:

Nano-encapsulated active ingredients including vitamins and
fatty acids are now sold commercially for use in processing and
preservation of beverages, meats cheese and other foods
(Aquanova undated). Nanoparticles and particles a few hundred
nanometres in size are added intentionally to many foods to
improve flow properties (e.g. how well it pours), color and stability
during processing, or to increase shelf life .

Examples:
1-Alumino-silicates are commonly used as anti-caking agent,
granular or powdered processed foods.
2-Anatase titanium dioxide is a common food whitener and
brightener additive, used in confectionery, some cheeses and
sauces.

In bulk form (conventional, larger particle size), these food
additives are usually biologically inert and are considered by
regulators the European Union and elsewhere to be safe for human
consumption

However, these regulators make no distinction between
particle size when assessing the safety of food additives despite the
growing evidence that many nano-scale additives show heightened
toxicity risks.

Example: 200nm particles of titanium dioxide have been found to
be immunologically active and could cause inflammationScientists
have suggested that particles a few hundred nanometres in size that



are used as food additives may be a factor in the rising incidence of
auto-immune diseases like irritable bowel syndrome and Crohn’s
disease

111.3.1.1.3. Nutritional additives:

Nutritional additives are another growing source of
nanoparticles in foods. The institute of Medicine of the U.S
National Academy of Sciences defines "functional foods", also
known as "nutraceuticals":

(A combination of the words nutrition and pharmaceutical) as:
"foods that provide a health benefit beyond the traditional nutrients
contain™,

Dairy products, cereals, breads and beverages are now
fortified with vitamins, minerals such as iron, magnesium or zinc,
probiotics, bioactive peptides antioxidants, plant sterols and soy.
Some of these active ingredients are now being added to foods as
nanoparticles or particles a few hundred nanometres in size.

Active ingredients include vitamins, preservatives and
enzymes. These have until recently been added to foods in
microscale capsules, but are now also being produced in capsules
thousands of times smaller in an effort to increase their potency.

For example: many of the commonly used Omega 3 food additives
are micrometres in size, such as the 140-180 pm micro-
encapsulated tuna fish oils used by Nu-Mega Driphorm® to fortify
Australia’s Tip Top bread line

However, increasingly companies such as Aquanova and
Zymes are offering Omega 3 in 30-40nm nano-capsules - an
incredible 4,000 times smaller than the Nu-Mega range.



Aguanova’s Novasol range of nano-encapsulated bioactive
ingredients also includes vitamins, co-enzyme Q10 isoflavones,
flavonoids, carotenoids phyto-extracts, essential oils, preserving
agents, food coloring substances and other bioactive substances.

The effectiveness of nutraceutical ingredients depends on
preserving and enhancing their bioavailability.

Nano-sizing or nano-encapsulating active ingredients
delivers greater bioavailability improved solubility and increased
potency compared to these substances in larger or micro-
encapsulated form

111.3.1.1.4. Modern food processing methods produce
nanoparticles:

Processing techniques which produce nanoparticles, particles
up to a few hundred nanometres in size, and nano-scale emulsions
are used in the manufacture of salad dressings chocolate syrups,
sweeteners, flavoured oils, and many other processed foods.

These processing techniques are used precisely because the
textural changes and flow properties they produce are attractive to
manufacturers.

Nanopathology researcher Dr Antonietta Gatti has found
that many food products contain insoluble, inorganic nanoparticles
and microparticles that have no nutritional value, and which appear
to have contaminated foods unintentionally, for example as a result
of the wear of food processing machines or through environmental
pollution.

Gatti and colleagues tested breads and biscuits and found
that about 40% contained inorganic nanoparticle and microparticle
contamination.



The potential for such foods to pose new health risks must
be investigated in order to determine whether or not related new
food safety standards are required. Just as a better understanding of
the health risks of incidental nanoparticles in air pollution have
resulted in efforts to reduce air pollution, improved understanding
of the health risks associated with incidental nanoparticle
contaminants in foods may also warrant efforts to reduce incidental
nanoparticles ‘contamination of processed foods.

111.3.1.2. Nanotechnology used for food packaging and food
contact materials
111.3.1.2.1. Extending the shelf-life of packaged Foods:

One of the earliest commercial applications of
nanotechnology within the food sector is in packaging.

Between 400 and 500 nano-packaging products are
estimated to be in commercial use now, while nanotechnology is
predicted to be used in the manufacture of 25% of all food
packaging within the next decade.

How to extend shelf-life of packaged foods?

By improving the barrier functions of food packaging to
reduce gas and moisture exchange and UV light exposure.

For example: DuPont has announced the release of a nano titanium
dioxide plastic additive "DuPont Light Stabilizer 210" which could
reduce UV damage of foods in transparent packaging. In 2003, over
90% of nano packaging (by revenue) was based on nano-
composites, in which nanomaterials are used to improve the barrier
functions of plastic wrapping for foods, and plastic bottles for beer
soft drinks and juice.

Nano-packaging can also be designed to release
antimicrobials, antioxidants, enzymes, flavors and nutraceuticals to
extend shelf-life.



111.3.1.2.2. Edible Nano coatings:

Most of us are familiar with the waxy coatings often used on
apples .Now nanotechnology is enabling the development of
nanoscale edible coatings as thin as 5nm wide, which are invisible
to the human eye. Edible nano coatings could be used on meats,
cheese, fruit and vegetables, confectionery, bakery goods and fast
food. They could provide a barrier to moisture and gas exchange,
act as a vehicle to deliver colours, flavours antioxidants, enzymes
and anti-browning agents, and could also increase the shelf life of
manufactured foods, even after the packaging is opened.

111.3.1.2.3. Chemical release Nano packaging:

It enables food packaging to interact with the food it
contains. The exchange can proceed in both directions. Packaging
can release nanoscale antimicrobials, antioxidants flavours,
fragrances or nutraceuticals into the food or beverage to extend its
shelf life or to improve its taste or smell. Conversely, nano
packaging using carbon nanotubes is being developed with the
ability to ‘pump ‘out oxygen or carbon dioxide that would
otherwise result in food or beverage deterioration.

Nano packaging that can absorb undesirable flavours is also in
development.

111.3.3.1.4. Nano-based antimicrobial packaging and food
contact materials:

Distinct from trigger-dependent chemical release packaging,
designed to release biocides in response to the growth of a
microbial population, humidity or other changing conditions, other
packaging and food contact materials incorporate antimicrobial
nanomaterials, that are designed not to be released, so that the
packaging itself acts as an antimicrobial .

These products commonly use nanoparticles of silver
although some use nano zinc oxide or nano chlorine dioxide.



Nano magnesium oxide, nano copper oxide, nano titanium
dioxide and carbon nanotubes are also predicted for future use in
antimicrobial food packaging.

111.3.3.1.5. Nano-sensor and track and trace packaging :

Packaging equipped with nano sensors is designed to track
either the internal or the external conditions of food products
pellets and containers throughout the supply chain. For example,
such packaging can monitor temperature or humidity over time and
then provide relevant information on these conditions.

Companies as diverse as Nestlé, British Airways, MonoPrix
Supermarkets, 3M and many others are already using packaging
equipped with chemical sensors, and nanotechnology is offering
new and more sophisticated tools to extend these capabilities and to
reduce costs.

Nanotechnology is also enabling sensor packaging to
incorporate cheap radio frequency identification (RFID) tags.
Unlike earlier RFID tags, nano-enabled RFID tags are much
smaller , can be flexible and are printed on thin labels. This
increases the tags’ versatility.

For example: Enabling the use of labels which are effectively
invisible and thus enables much cheaper production .

Other varieties of nano-based track and trace packaging
technologies are also in development.

111.3.2. Nanotechnology used in agriculture

Nanotechnology is introducing a new array of potentially more
toxic pesticides, plant growth regulators and chemical fertilizers
than those in current use at a time when we should be increasing
our support for more sustainable food systems. By providing new
tools for gene manipulation, nanotechnology is also kely to expand



the genetic engineering of crops. Such systems may also result in
larger scale agribusiness employing ever fewer workers.

111.3.2.1. Nano agrochemicals are already in commercial use:

Some of the first nano agrochemicals in development are
nano-reformulations of existing pesticides, fungicides, plant, soil
and seed treatments.

Joseph and Morrison (2006) observed that many companies
make formulations which contain nanoparticles within the 100-250
nm size range that are able to dissolve in water more effectively
than existing ones (thus increasing their activity). Other companies
employ suspensions of nanoscale particles (nanoemulsions), which
can be either water or oil-based and contain uniform suspensions of
pesticidal or herbicidal nanoparticles in the range of 200-400 nm.

111.3.2.2.Nano-genetic manipulation of agricultural crops
andanimals:

For decades, molecular biologists have sought to genetically
engineer microbes, plants and animals, but have been faced with
many technical limitations and hurdles. Nanobiotechnology now
appears to offer a new suite of tools to manipulate the genes of
plants or animals by using nanoparticles, nanofibres and
nanocapsules, rather than using viral vectors, to carry foreign DNA
and chemicals into cells.

These nanomaterials can transport a much larger number of
genes
as well as the chemicals that trigger gene expression. Theoretically,
the use of nanotechnology also offers greater control over the
release of DNA at the target site.



General Applications of Nanotechnology in Agriculture

1. Crop improvement

2. Anobiotechnology

3. Analysis of gene expression and Regulation

4. Soil management

5. Plant disease diagnostics

6. Efficient pesticides and fertilizers

7. Water management

8. Bioprocessing

9. Post Harvest Technology

10. Monitoring the identity and quality of agricultural
produce

11. Precision agriculture

111.3.2.4. Conclusion

Given the potentially serious health and environmental risks
and social implications associated with nanofood and agriculture,
Friends of the Earth organization, Australia Europe and United
States are calling for:
A moratorium on the further commercial release of food products,
food packaging, food contact materials and agrochemicals that
contain manufactured nanomaterials until nanotechnology-specific
safety laws are established and the public is involved in decision
making.



I11.4. Nanotechnology and water

Freshwater looks like it will become the oil of the 21st
century, scarce, expensive and fought over. While over 70 % of the
Earth’s surface is covered by water, most of it is unusable for
human consumption. According to the Government of Canada’s
Environment Department (a great resource for facts and all kinds of
aspects about water), freshwater lakes, rivers and underground
aquifers represent only 2.5 % of the world’s total freshwater
supply. Freshwater is also very unevenly distributed. The United
Nations has compared water consumption with its availability and
has predicted that by the middle of this century between 2 billion
and 7 billion people will be faced with water scarcity. Due to the
shortage of safe drinking water in much of the world, there are 3.3
million deaths every year from diarrheal diseases caused by E. coli,
salmonella and cholera bacterial infections, and from parasites and
viral pathogens. In fact, between 1990 and 2000, more children
died of diarrhea than all the people killed in armed conflicts since
the Second World War.

The use of nanotechnologies in four key water industry segments
that are:

1. Monitoring

2. Desalinization

3. Purification

4. Wastewater treatment

I11.4.1. Difference between purification of water by
nanotechnology and conventional methods

However, water purification technology is often
complicated, requires sophisticated equipment and is expensive to
run and maintain. Moreover, it usually requires a final costly
disinfection stage. The Australian team suggests that
nanotechnology could provide a simple answer to the problem.



111.4.2. How nanoparticles purify water?

Tiny particles of pure silica coated with an active material
could be used to remove toxic chemicals, bacteria, viruses, and
other hazardous materials from water much more effectively and at
lower cost than conventional water purification methods, according
to researchers writing in the current issue of the International
Journal of Nanotechnology.

The researchers have investigated how silica particles can be
coated easily with a nanometer-thin layer of active material based
on a hydrocarbon with a silicon-containing anchor. The coating is
formed through a chemical self-assembly process so involves
nothing more than stirring the ingredients to make the active
particles.

Peter Majewski and Chiu Ping Chan of the lan Wark
Research Institute, at the University of South Australia, explain that
the availability of drinking quality water is fast becoming a major
socio-economic issue across the globe, especially in the developing
world.

These active particles, so called Surface Engineered Silica
(SES), were then tested to demonstrate that they could remove
biological molecules, pathogens such as viruses like the Polio virus,
bacteria like Escherichia coli, and Cryptosporidium parvum, which
Is a waterborne parasite.

They point out that the filtration process occurs through an
electrostatic attraction between the pathogens and the surface
engineered particles.

The team’s nanotech approach to water purification could
help prevent disease and poisoning for potentially millions of
people.



V. Limitations of Nanotechnology

Every time a technology solves a problem, it creates new
problems. This doesn’t mean that the change is neutral, or for the
Worse.

Molecular manufacturing and nanotechnology will bring far
greater changes, placing far greater strains on our ability to adapt it
offers the possibility of drastic change, a change in the means of
production more fundamental than the introduction of industry, or
of agriculture. Our economic and social structures have evolved
around assumptions that will no longer be valid.

Nanotechnology may pose serious risks, environmental,
manufacturing, political and security, educational gap, essential
human, environmental, societal structure and human health risks.

IV.1. Human health risks

Several studies have shown that due to the high surface-area-
to-volume ratio and higher reactivity of nanostructures, large doses
can cause cells and organs to demonstrate a toxic response even
when the material is non-toxic at the (larger) microscale or
macroscale. Some nano-sized particles are able to penetrate the
olphactory system, the liver and other organs, passing along nerve
axons into the brain, nanomaterials may combine with iron or other
metals, thereby increasing the level of toxicity and so pose
unknown risks.

IV.2. Environmental risks

Nanostructures may have a significant impact on the
environment due to the potential for bioaccumulation, particularly
if they absorb smaller contaminants such as pesticides, cadmium
and organics and transfer them along the food chain.



IVV.3. Manufacturing risks
Radically new manufacturing methods may change the
market, production levels and geographical distribution of industry,
as well as the distribution of the work force. Also, workers
potentially face greater exposure to the human health and safety
risks.

IV.4. Educational gap risk

If the knowledge within scientific/industrial communities is
not appropriately shared with regulatory agencies, civil society and
the public, risk perception/management may not be based on the
best available knowledge, innovative opportunities may be lost and
public confidence in transparency and accountability may erode.

IV.5. Essential human and environmental risks

There is apprehension about the use of nanotechnology to
fundamentally change how human and environmental biosystems
work. Examples include further enhancements to genetic
modification, devices to control the human brain and body, changes
to the environment, human safety and quality of life.

V. Final Word

V.1. Market Potential

Nanotechnology is a global phenomenon, and no country
wants to be left behind. Worldwide, there is a “nanorace” going on
— with US, EU and Japan leading the pack. US government is
spending over US$1 billion in nanotechnology research per year.
EU is spending even more. Over the next four years however, Japan
is expected to outspend USA and EU in terms of governmental
funding. China, Germany and South Korea will also be receiving
significant government funding. Total private and public spending
for nanotechnology for 2008 will be at US$25 billion, $1 billion of
which will be from venture capital.



The excitement in nanotechnology is understandable since it
is expected to impact virtually every industry. These include life
Science and healthcare (including medical devices, drug delivery,
and therapeutics), chemicals and advanced materials, electronics
and semiconductors, aerospace and defense, auto industry, textile,
food, and printing and packaging industries. No country wants to be
left behind.

The current market for nanotechnology products is estimated
at around US$18 billion. The nanotechnology industry is expanding
at a healthy pace of around 20% for the past few years and will
continue to grow at a very healthy pace for quite some time. Since
the potential of the market is so high and the technology has such
great potential and ability to impact so many different industries,
that we often see market figures of several trillion of dollars for
nanotechnology — this of course refers to the market value of the
end-products using nanotechnology.

V.2. About Egypt

There is a great chance for Egypt as a developing country to
enter this race depending on its own NT scientists like Prof. Dr.
Mustafa Al-Sayed and Prof. Dr. Muhammad Al-Nasha'i who will
give Egypt the ability to be one of the countries that will develop
the Future’s worldwide most used technology...NT.

""Nanotechnology is a truth and promises it holds are
stronger than fiction"
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