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Chapter- 1

Introduction

The implications of nanotechnology extend from the medical, ethical, mental, legal and
environmental applications, to fields such as engineering, biology, chemistry, computing,
materials science, military applications, and communications.

Major benefits of nanotechnology include improved manufacturing methods, water
purification systems, energy systems, physical enhancement, nanomedicine, better food
production methods and nutrition and large scale infrastructure auto-fabrication.
Nanotechnology's reduced size may allow for automation of tasks which were previously
inaccessible due to physical restrictions, which in turn may reduce labor, land, or
maintenance requirements placed on humans.

Potential risks include environmental, health, and safety issues; transitional effects such
as displacement of traditional industries as the products of nanotechnology become
dominant; military applications such as biological warfare and implants for soldiers; and
surveillance through nano-sensors, which are of concern to privacy rights advocates.
These may be particularly important if potential negative effects of nanoparticles are
overlooked before they are released.

Whether nanotechnology merits special government regulation is a controversial issue.
Regulatory bodies such as the United States Environmental Protection Agency and the
Health & Consumer Protection Directorate of the European Commission have started
dealing with the potential risks of nanoparticles. The organic food sector has been the

first to act with the regulated exclusion of engineered nanoparticles from certified organic
produce in Australia and the UK .

Overview

Projected benefits

Nano optimists, including many governments:
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o environmentally benign material abundance for all by providing universal clean
water supplies

o atomically engineered food and crops resulting in greater agricultural productivity
with fewer labour requirements

o nutritionally enhanced interactive ‘smart’ foods.

e cheap and powerful energy generation

e clean and highly efficient manufacturing

o radically improved formulation of drugs, diagnostics and organ replacement

e much greater information storage and communication capacities

e Interactive ‘smart’ appliances; and increased human performance through
convergent technologies

Potential risks
Potential risks of nanotechnology can broadly be grouped into four areas:

o Health issues - the effects of nanomaterials on human biology

o Environmental issues - the effects of nanomaterials on the environment

o Societal issues - the effects that the availability of nanotechnological devices will
have on politics and human interaction

Grey goo (alternatively spelled gray goo) is a hypothetical end-of-the-world scenario
involving molecular nanotechnology in which out-of-control self-replicating robots
consume all matter on Earth while building more of themselves, a scenario known as
ecophagy ("eating the environment").

Self-replicating machines of the macroscopic variety were originally described by
mathematician John von Neumann, and are sometimes referred to as von Neumann
machines. The term grey goo was coined by nanotechnology pioneer Eric Drexler in his
1986 book Engines of Creation, stating that "we cannot afford certain types of accidents.

"rn

In 2004 he stated "I wish I had never used the term 'grey goo'.

n

Definition

The term was first used by molecular nanotechnology pioneer Eric Drexler in his book
Engines of Creation (1986). In Chapter 4, Engines Of Abundance, Drexler illustrates both
exponential growth and inherent limits by describing nanomachines that can function
only if given special raw materials:

Imagine such a replicator floating in a bottle of chemicals, making copies of itself...the
first replicator assembles a copy in one thousand seconds, the two replicators then build
two more in the next thousand seconds, the four build another four, and the eight build
another eight. At the end of ten hours, there are not thirty-six new replicators, but over 68
billion. In less than a day, they would weigh a ton; in less than two days, they would
outweigh the Earth; in another four hours, they would exceed the mass of the Sun and all
the planets combined — if the bottle of chemicals hadn't run dry long before.
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In a History Channel broadcast, grey goo is referred to in a futuristic doomsday scenario:
"In a common practice, billions of nanobots are released to clean up an oil spill off the
coast of Louisiana. However, due to a programming error, the nanobots devour all carbon
based objects, instead of just the hydrocarbons of the oil. The nanobots destroy
everything, all the while, replicating themselves. Within days, the planet is turned to
dust."

Early assembler-based replicators could beat the most advanced modern organisms.
'Plants' with 'leaves' no more efficient than today's solar cells could out-compete real
plants, crowding the biosphere with an inedible foliage. Tough, omnivorous 'bacteria’
could out-compete real bacteria: they could spread like blowing pollen, replicate swiftly,
and reduce the biosphere to dust in a matter of days. Dangerous replicators could easily
be too tough, small, and rapidly spreading to stop — at least if we made no preparation.
We have trouble enough controlling viruses and fruit flies.

Drexler notes that the geometric growth made possible by self-replication is inherently
limited by the availability of suitable raw materials.

Drexler used the term "grey goo" not to indicate color or texture, but to emphasize the
difference between "superiority” in terms of human values and "superiority" in terms of
competitive success:

Though masses of uncontrolled replicators need not be grey or gooey, the term "grey
goo" emphasizes that replicators able to obliterate life might be less inspiring than a
single species of crabgrass. They might be "superior" in an evolutionary sense, but this
need not make them valuable.

Bill Joy, one of the founders of Sun Microsystems, discussed some of the problems with
pursuing this technology in his now-famous 2000 article in Wired magazine, titled "Why
the Future Doesn't Need Us". In direct response to Joy's concerns, the first quantitative
technical analysis of the ecophagy scenario was published in 2000 by nanomedicine
pioneer Robert Freitas.

Risks and precautions

Drexler more recently conceded that there is no need to build anything that even
resembles a potential runaway replicator. This would avoid the problem entirely. In a
paper in the journal Nanotechnology, he argues that self-replicating machines are
needlessly complex and inefficient. His 1992 technical book on advanced
nanotechnologies Nanosystems: Molecular Machinery, Manufacturing, and Computation
describes manufacturing systems that are desktop-scale factories with specialized
machines in fixed locations and conveyor belts to move parts from place to place.
Popular culture, however, remains focused on imagined scenarios derived from his older
ideas. None of these measures would prevent a party creating a weaponized grey goo,
were such a thing possible.
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In Britain Prince Charles called upon the Royal Society to investigate the "enormous
environmental and social risks" of nanotechnology in a planned report, leading to much
delighted media commentary on grey goo. The Royal Society's report on nanoscience
was released on 29 July 2004, and dismisses the idea as impossible.

More recent analysis has shown that the danger of grey goo is far less likely than
originally thought. However, other long-term major risks to society and the environment
from nanotechnology have been identified. Drexler has made a somewhat public effort to
retract his grey goo hypothesis, in an effort to focus the debate on more realistic threats
associated with knowledge-enabled nanoterrorism and other misuses.

Health and safety implications from nanoparticles

The mere presence of nanomaterials (materials that contain nanoparticles) is not in itself
a threat. It is only certain aspects that can make them risky, in particular their mobility
and their increased reactivity. Only if certain properties of certain nanoparticles were
harmful to living beings or the environment would we be faced with a genuine hazard. In
this case it can be called nanopollution.

In addressing the health and environmental impact of nanomaterials we need to
differentiate between two types of nanostructures: (1) Nanocomposites, nanostructured
surfaces and nanocomponents (electronic, optical, sensors etc.), where nanoscale particles
are incorporated into a substance, material or device (“fixed” nano-particles); and (2)
“free” nanoparticles, where at some stage in production or use individual nanoparticles of
a substance are present. These free nanoparticles could be nanoscale species of elements,
or simple compounds, but also complex compounds where for instance a nanoparticle of
a particular element is coated with another substance (“coated” nanoparticle or “core-
shell” nanoparticle).

There seems to be consensus that, although one should be aware of materials containing
fixed nanoparticles, the immediate concern is with free nanoparticles.

Nanoparticles are very different from their everyday counterparts, so their adverse effects
cannot be derived from the known toxicity of the macro-sized material. This poses
significant issues for addressing the health and environmental impact of free
nanoparticles.

To complicate things further, in talking about nanoparticles it is important that a powder
or liquid containing nanoparticles almost never be monodisperse , but contain instead a
range of particle sizes. This complicates the experimental analysis as larger nanoparticles
might have different properties from smaller ones. Also, nanoparticles show a tendency
to aggregate, and such aggregates often behave differently from individual nanoparticles.

The lethal dose over six months for lab rats, of different kinds of nanoparticles are often
characterized by a Skov Kjaer index, named after the scientist Kasper Skov Kjaer.
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The National Institute for Occupational Safety and Health is conducting research on how
nanoparticles interact with the body’s systems and how workers might be exposed to
nano-sized particles in the manufacturing or industrial use of nanomaterials. NIOSH
currently offers interim guidelines for working with nanomaterials consistent with the
best scientific knowledge.

In "The Consumer Product Safety Commission and Nanotechnology," E. Marla Felcher
suggests that the Consumer Product Safety Commission, which is charged with
protecting the public against unreasonable risks of injury or death associated with
consumer products, is ill-equipped to oversee the safety of complex, high-tech products
made using nanotechnology.

Longer-term concerns center on the implications that new technologies will have for
society at large, and whether these could possibly lead to either a post scarcity economy,
or alternatively exacerbate the wealth gap between developed and developing nations.
The effects of nanotechnology on the society as a whole, on human health and the
environment, on trade, on security, on food systems and even on the definition of
"human", have not been characterized or politicized.

Health issues

The health implications of nanotechnology are the possible effects that the use of
nanotechnological materials and devices will have on human health. As nanotechnology
is an emerging field, there is great debate regarding to what extent nanotechnology will
benefit or pose risks for human health. Nanotechnology's health implications can be split
into two aspects: the potential for nanotechnologcal innovations to have medical
applications to cure disease, and the potential health hazards posed by exposure to
nanomaterials.

Nanotoxicology is the field which studies potential health risks of nanomaterials. The
extremely small size of nanomaterials means that they are much more readily taken up by
the human body than larger sized particles. How these nanoparticles behave inside the
organism is one of the big issues that needs to be resolved. The behavior of nanoparticles
is a function of their size, shape and surface reactivity with the surrounding tissue. Apart
from what happens if non-degradable or slowly degradable nanoparticles accumulate in
organs, another concern is their potential interaction with biological processes inside the
body: because of their large surface, nanoparticles on exposure to tissue and fluids will
immediately adsorb onto their surface some of the macromolecules they encounter. The
large number of variables influencing toxicity means that it is difficult to generalise about
health risks associated with exposure to nanomaterials — each new nanomaterial must be
assessed individually and all material properties must be taken into account. Health and
environmental issues combine in the workplace of companies engaged in producing or
using nanomaterials and in the laboratories engaged in nanoscience and nanotechnology
research. It is safe to say that current workplace exposure standards for dusts cannot be
applied directly to nanoparticle dusts.
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Nanomedicine is the medical application of nanotechnology. The approaches to
nanomedicine range from the medical use of nanomaterials, to nanoelectronic biosensors,
and even possible future applications of molecular nanotechnology. Nanomedicine seeks
to deliver a valuable set of research tools and clinically helpful devices in the near future.
The National Nanotechnology Initiative expects new commercial applications in the
pharmaceutical industry that may include advanced drug delivery systems, new therapies,
and in vivo imaging. Neuro-electronic interfaces and other nanoelectronics-based sensors
are another active goal of research. Further down the line, the speculative field of
molecular nanotechnology believes that cell repair machines could revolutionize
medicine and the medical field.

Environmental issues

Groups opposing the installation of nanotechnology laboratories in Grenoble, France,
have spraypainted their opposition on a former fortress above the city

Nanopollution is a generic name for all waste generated by nanodevices or during the
nanomaterials manufacturing process. This kind of waste may be very dangerous because
of its size. It can float in the air and might easily penetrate animal and plant cells causing
unknown effects. Most human-made nanoparticles do not appear in nature, so living
organisms may not have appropriate means to deal with nanowaste.
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To properly assess the health hazards of engineered nanoparticles the whole life cycle of
these particles needs to be evaluated, including their fabrication, storage and distribution,
application and potential abuse, and disposal. The impact on humans or the environment
may vary at different stages of the life cycle. Environmental assessment is justified as
nanoparticles present novel (new) environmental impacts. Scrinis raises concerns about
nano-pollution, and argues that it is not currently possible to “precisely predict or control
the ecological impacts of the release of these nano-products into the environment.”

On the other hand, some possible future applications of nanotechnology have the
potential to benefit the environment. Nanofiltration, based on the use of membranes with
extremely small pores smaller than 10 nm (perhaps composed of nanotubes) are suitable
for a mechanical filtration for the removal of ions or the separation of different fluids.
Furthermore, magnetic nanoparticles offer an effective and reliable method to remove
heavy metal contaminants from waste water. Using nanoscale particles increases the
efficiency to absorb the contaminants and is comparatively inexpensive compared to
traditional precipitation and filtration methods.

Furthermore, nanotechnology could potentially have a great impact on clean energy
production. Research is underway to use nanomaterials for purposes including more
efficient solar cells, practical fuel cells, and environmentally friendly batteries.

A need for regulation?

Significant debate exists relating to the question of whether nanotechnology or
nanotechnology-based products merit special government regulation. This debate is
related to the circumstances in which it is necessary and appropriate to assess new
substances prior to their release into the market, community and environment.

Regulatory bodies such as the United States Environmental Protection Agency and the
Food and Drug Administration in the U.S. or the Health & Consumer Protection
Directorate of the European Commission have started dealing with the potential risks
posed by nanoparticles. So far, neither engineered nanoparticles nor the products and
materials that contain them are subject to any special regulation regarding production,
handling or labelling. The Material Safety Data Sheet that must be issued for some
materials often does not differentiate between bulk and nanoscale size of the material in
question and even when it does these MSDS are advisory only.

Limited nanotechnology labeling and regulation may exacerbate potential human and
environmental health and safety issues associated with nanotechnology. It has been
argued that the development of comprehensive regulation of nanotechnology will be vital
to ensure that the potential risks associated with the research and commercial application
of nanotechnology do not overshadow its potential benefits. Regulation may also be
required to meet community expectations about responsible development of
nanotechnology, as well as ensuring that public interests are included in shaping the
development of nanotechnology.
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California

In October 2008, the Department of Toxic Substances Control (DTSC), within the
California Environmental Protection Agency, announced its intent to request information
regarding analytical test methods, fate and transport in the environment, and other
relevant information from manufacturers of carbon nanotubes. DTSC is exercising its
authority under the California Health and Safety Code, Chapter 699, sections 57018-
57020. These sections were added as a result of the adoption of Assembly Bill AB 289
(2006). They are intended to make information on the fate and transport, detection and
analysis, and other information on chemicals more available. The law places the
responsibility to provide this information to the Department on those who manufacture or
import the chemicals.

On January 22, 2009, a formal information request letter was sent to manufacturers who
produce or import carbon nanotubes in California, or who may export carbon nanotubes
into the State. This letter constitutes the first formal implementation of the authorities
placed into statute by AB 289 and is directed to manufacturers of carbon nanotubes, both
industry and academia within the State, and to manufacturers outside California who
export carbon nanotubes to California. This request for information must be met by the
manufacturers within one year. DTSC is waiting for the upcoming January 22, 2010
deadline for responses to the data call-in.

The California Nano Industry Network and DTSC hosted a full-day symposium on
November 16, 2009 in Sacramento, CA. This symposium provided an opportunity to hear
from nanotechnology industry experts and discuss future regulatory considerations in
California.

Societal implications

Beyond the toxicity risks to human health and the environment which are associated with
first-generation nanomaterials, nanotechnology has broader societal implications and
poses broader social challenges. Social scientists have suggested that nanotechnology's
social issues should be understood and assessed not simply as "downstream" risks or
impacts. Rather, the challenges should be factored into "upstream" research and decision
making in order to ensure technology development that meets social objectives

Many social scientists and organizations in civil society suggest that technology
assessment and governance should also involve public participation

Societal risks from the use of nanotechnology have also been raised. On the instrumental
level, these include the possibility of military applications of nanotechnology (for
instance, as in implants and other means for soldier enhancement like those being
developed at the Institute for Soldier Nanotechnologies at MIT ) as well as enhanced
surveillance capabilities through nano-sensors.
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The last few years has seen a gold rush to claim patents at the nanoscale. Over 800 nano-
related patents were granted in 2003, and the numbers are increasing year to year.
Corporations are already taking out broad-ranging patents on nanoscale discoveries and
inventions. For example, two corporations, NEC and IBM, hold the basic patents on
carbon nanotubes, one of the current cornerstones of nanotechnology. Carbon nanotubes
have a wide range of uses, and look set to become crucial to several industries from
electronics and computers, to strengthened materials to drug delivery and diagnostics.
Carbon nanotubes are poised to become a major traded commodity with the potential to
replace major conventional raw materials. However, as their use expands, anyone seeking
to (legally) manufacture or sell carbon nanotubes, no matter what the application, must
first buy a license from NEC or IBM.

Potential benefits and risks for developing countries

Nanotechnologies may provide new solutions for the millions of people in developing
countries who lack access to basic services, such as safe water, reliable energy, health
care, and education. The United Nations has set Millennium Development Goals for
meeting these needs. The 2004 UN Task Force on Science, Technology and Innovation
noted that some of the advantages of nanotechnology include production using little
labor, land, or maintenance, high productivity, low cost, and modest requirements for
materials and energy.

Potential opportunities of nanotechnologies to help address critical international
development priorities include improved water purification systems, energy systems,
medicine and pharmaceuticals, food production and nutrition, and information and
communications technologies. Nanotechnologies are already incorporated in products
that are on the market. Other nanotechnologies are still in the research phase, while others
are concepts that are years or decades away from development.

Protection of the environment, human health and worker safety in developing countries
often suffers from a combination of factors that can include but are not limited to lack of
robust environmental, human health, and worker safety regulations; poorly or unenforced
regulation which is linked to a lack of physical (e.g., equipment) and human capacity
(i.e., properly trained regulatory staff). Often, these nations require assistance,
particularly financial assistance, to develop the scientific and institutional capacity to
adequately assess and manage risks, including the necessary infrastructure such as
laboratories and technology for detection.

However, concerns are frequently raised that the claimed benefits of nanotechnology will
not be evenly distributed, and that any benefits (including technical and/or economic)
associated with nanotechnology will only reach affluent nations. The majority of
nanotechnology research and development - and patents for nanomaterials and products -
is concentrated in developed countries (including the United States, Japan, Germany,
Canada and France). In addition, most patents related to nanotechnology are concentrated
amongst few multinational corporations, including IBM, Micron Technologies,
Advanced Micro Devices and Intel. This has led to fears that it will be unlikely that
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developing countries will have access to the infrastructure, funding and human resources
required to support nanotechnology research and development, and that this is likely to
exacerbate such inequalities.

Producers in developing countries could also be disadvantaged by the replacement of
natural products (including rubber, cotton, coffee and tea) by developments in
nanotechnology. These natural products are important export crops for developing
countries, and many farmers' livelihoods depend on them. It has been argued that their
substitution with industrial nano-products could negatively impact the economies of
developing countries, that have traditionally relied on these export crops.

Implications of molecular nanotechnology

Molecular nanotechnology is a speculative subfield of nanotechnology regarding the
possibility of engineering molecular assemblers, machines which could re-order matter at
a molecular or atomic scale. Regarding the risks from molecular manufacturing, an often
cited worst-case scenario is "grey goo", a hypothetical substance into which the surface
of the earth might be transformed by self-replicating nanobots running amok. This
concept has been analyzed by Freitas in "Some Limits to Global Ecophagy by Biovorous
Nanoreplicators, with Public Policy Recommendations" With the advent of nan-biotech,
a different scenario called green goo has been forwarded. Here, the malignant substance
is not nanobots but rather self-replicating organisms engineered through nanotechnology.

According to the Center for Responsible Nanotechnology:

Molecular manufacturing allows the cheap creation of incredibly powerful
devices and products. How many of these products will we want? What
environmental damage will they do? The range of possible damage is vast, from
personal low-flying supersonic aircraft injuring large numbers of animals to
collection of solar energy on a sufficiently large scale to modify the planet's
albedo and directly affect the environment. Stronger materials will allow the
creation of much larger machines, capable of excavating or otherwise destroying
large areas of the planet at a greatly accelerated pace.

It is too early to tell whether there will be economic incentive to do this. However, given
the large number of activities and purposes that would damage the environment if taken
to extremes, and the ease of taking them to extremes with molecular manufacturing, it
seems likely that this problem is worth worrying about. Some forms of damage can result
from an aggregate of individual actions, each almost harmless by itself. Such damage is
quite hard to prevent by persuasion, and laws frequently don't work either; centralized
restriction on the technology itself may be a necessary part of the solution.

Finally, the extreme compactness of nanomanufactured machinery will tempt the use of

very small products, which can easily turn into nano-litter that will be hard to clean up
and may cause health problems. The site list numerous other risks and benefits.
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Studies on the implications of nanotechnology

o The first major attempt to assess the societal implications of nanotechnology was
a workshop held at the National Science Foundation, September 28-29, 2000. A
second extensive follow-on workshop was held at NSF December 2-3, 2003. The
reports of these meetings were co-edited by Mihail C. Roco and William Sims
Bainbridge: Societal Implications of Nanoscience and Nanotechnology,
Nanotechnology: Societal Implications - Maximizing Benefits for Humanity, and
Nanotechnology: Societal Implications - Individual Perspectives.

e The Royal Society's nanotech report was inspired by Prince Charles' concerns
about nanotechnology, including molecular manufacturing. However, the report
spent almost no time on molecular manufacturing. In fact, the word "Drexler"
appears only once in the body of the report (in passing), and "molecular
manufacturing” or "molecular nanotechnology" not at all. The report covers
various risks of nanoscale technologies, such as nanoparticle toxicology. It also
provides a useful overview of several nanoscale fields. (Someone more interested
in nanoscale technologies should expand this description.) The report contains an
annex (appendix) on grey goo, which cites a weaker variation of Richard
Smalley's contested argument against molecular manufacturing. It concludes that
there is no evidence that autonomous, self replicating nanomachines will be
developed in the foreseeable future, and suggests that regulators should be more
concerned with issues of nanoparticle toxicology.

e In 2008, the city of Cambridge, MA in the United States considered whether to
institute nanotechnology regulation similar to that in Berkeley, CA, the latter
being the only city in the United States to currently regulate nanotechnology. The
Cambridge Nanomaterials Advisory Committee's final report of July 2008
recommended against such regulations, recommending instead other steps to
facilitate information-gathering about potential effects of nanomaterials.

e InJuly 2003 the United States Environmental Protection Agency issued the first
research solicitation in the area of nanotechnology implications, "Exploratory
Research to Anticipate Future Environmental Issues - Part 2: Impacts of
Manufactured Nanomaterials on Human Health and the Environment." In
September 2004 US EPA partnered with the National Science Foundation and the
Centers for Disease Control to issue a second research solicitation,
"Nanotechnology Research Grants Investigating Environmental and Human
Health Effects of Manufactured Nanomaterials: A Joint Research Solicitation -
EPA, NSF, NIOSH."

e In August 2005, a task force consisting of 50+ international experts from various

fields was organized by the Center for Responsible Nanotechnology to study the
societal implications of molecular nanotechnology.
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In October 2005, the National Science Foundation announced that it would fund
two national centers to research the potential societal implications of
nanotechnology. Located at the University of California, Santa Barbara and
Arizona State University , researchers at these two centers are exploring a wide
range of issues including nanotechnology's historical context, technology
assessment, innovation and globalization issues, and societal perceptions of risk.

Determining a set of pathways for the development of molecular nanotechnology
is now an objective of a broadly based technology roadmap project led by
Battelle (the manager of several U.S. National Laboratories) and the Foresight
Institute. That roadmap should be completed by early 2007.

In October 2006, the International Council on Nanotechnology (ICON) based at
Rice University published a survey of nanomaterial handling practices being used
by industrial and academic workplaces on four continents. The survey revealed
that more information is needed to protect against the potential occupational risks
associated with handling free nanoparticles. ICON also maintains the Virtual
Journal of Nanotechnology Environment, Health & Safety (VJ-NanoEHS) which
is a compilation of citations to peer-reviewed studies on risk issues.

In 2007 Springer SBM started the journal NanoEthics Ethics for Technologies
that Converge at the Nanoscale. This journal is a multidisciplinary forum for
exploration of issues presented by converging technology applications. While the
central focus of the journal is on the philosophically and scientifically rigorous
examination of the ethical and societal considerations and the public and policy
concerns inherent in nanotechnology research and development.
Nanotechnologies Summary of the assessment on the safety of nanotechnologies
by DG-SANCO's Scientific Committee on Emerging and Newly Identified Health
Risks

Center for Nanotechnology in Society @ Arizona State University is a major
NSF-funded research center focused on analyses of the societal implications of
nanotechnology.
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Chapter- 2

Health Implications of Nanotechnology

The health implications of nanotechnology are the possible effects that the use of
nanotechnological materials and devices will have on human health. As nanotechnology
is an emerging field, there is great debate regarding to what extent nanotechnology will
benefit or pose risks for human health. Nanotechnology's health implications can be split
into two aspects: the potential for nanotechnological innovations to have medical
applications to cure disease, and the potential health hazards posed by exposure to
nanomaterials.

Nanotoxicology

Nanotoxicology is the study of the toxicity of nanomaterials. Because of quantum size
effects and large surface area to volume ratio, nanomaterials have unique properties
compared with their larger counterparts.

Nanotoxicology is a branch of bionanoscience which deals with the study and application
of toxicity of nanomaterials. Nanomaterials, even when made of inert elements like gold,
become highly active at nanometer dimensions. Nanotoxicological studies are intended to
determine whether and to what extent these properties may pose a threat to the
environment and to human beings. For instance, Diesel nanoparticles have been found to
damage the cardiovascular system in a mouse model.

Human health and safety

Calls for tighter regulation of nanotechnology have arisen alongside a growing debate
related to the human health and safety risks associated with nanotechnology. The Royal
Society identifies the potential for nanoparticles to penetrate the skin, and recommends
that the use of nanoparticles in cosmetics be conditional upon a favorable assessment by
the relevant European Commission safety advisory committee. Andrew Maynard also
reports that ‘certain nanoparticles may move easily into sensitive lung tissues after
inhalation, and cause damage that can lead to chronic breathing problems’.

WORLD TECHNOLOGIES




Carbon nanotubes — characterized by their microscopic size and incredible tensile
strength — are frequently likened to asbestos, due to their needle-like fiber shape. In a
recent study that introduced carbon nanotubes into the abdominal cavity of mice, results
demonstrated that long thin carbon nanotubes showed the same effects as long thin
asbestos fibers, raising concerns that exposure to carbon nanotubes may lead to
mesothelioma (cancer of the lining of the lungs caused by exposure to asbestos). Given
these risks, effective and rigorous regulation has been called for to determine if, and
under what circumstances, carbon nanotubes are manufactured, as well as ensuring their
safe handling and disposal.

The Woodrow Wilson Centre’s Project on Emerging Technologies conclude that there is
insufficient funding for human health and safety research, and as a result there is
currently limited understanding of the human health and safety risks associated with
nanotechnology. While the US National Nanotechnology Initiative reports that around
four percent (about $40 million) is dedicated to risk related research and development,
the Woodrow Wilson Centre estimate that only around $11 million is actually directed
towards risk related research. They argued in 2007 that it would be necessary to increase
funding to a minimum of $50 million in the following two years so as to fill the gaps in
knowledge in these areas.

The potential for workplace exposure was highlighted by the 2004 Royal Society report
which recommended a review of existing regulations to assess and control workplace
exposure to nanoparticles and nanotubes. The report expressed particular concern for the
inhalation of large quantities of nanoparticles by workers involved in the manufacturing
process.

Stakeholders concerned by the lack of a regulatory framework to assess and control risks
associated with the release of nanoparticles and nanotubes have drawn parallels with
bovine spongiform encephalopathy (‘mad cow’s disease'), thalidomide, genetically
modified food, nuclear energy, reproductive technologies, biotechnology, and asbestosis.
In light of such concerns, the Canadian based ETC Group have called for a moratorium
on nano-related research until comprehensive regulatory frameworks are developed that
will ensure workplace safety.

California

In October 2008, the Department of Toxic Substances Control (DTSC), within the
California Environmental Protection Agency, announced its intent to request information
regarding analytical test methods, fate and transport in the environment, and other
relevant information from manufacturers of carbon nanotubes. The term "manufacturers”
includes persons and businesses that produce nanotubes in California, or import carbon
nanotubes into California for sale. This information request is meant to identify
information gaps and to develop further knowledge about the health and safety of carbon
nanotubes.
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DTSC is exercising its authority under California Health and Safety Code, Chapter 699,
sections 57018-57020. These sections were added as a result of the adoption of Assembly
Bill AB 289 (2006). They are intended to make information on the fate and transport,
detection and analysis, and other information on chemicals more available. The law
places the responsibility to provide this information to the Department on those who
manufacture or import the chemicals. On January 22, 2009, a formal information request
letter was sent to manufacturers who produce or import carbon nanotubes in California,
or who may export carbon nanotubes into the State. This letter constitutes the first formal
implementation of the authorities placed into statute by AB 289 (2006) and is directed to
manufacturers of carbon nanotubes, both industry and academia within the State, and to
manufacturers outside California who export carbon nanotubes to California. This request
for information must be met by the manufacturers within one year.

On January 22, 2010, California manufacturers and importers of carbon nanotubes were
required to submit their responses. On January 25, 2010, DTSC posted the responses
received to date along with a list of companies who failed to respond to the information
request. On February 16, 2010, DTSC issued a follow-up letter to the companies that
failed to submit a response. View the responses received for the carbon nanotube call-in.

DTSC is indicating interest in expanding the Specific Chemical Information Call-in to
members of the brominated flame retardants, members of the methyl siloxanes, and other
nanometals and nanometal oxides such as vanadium oxide, aluminum oxide, silicon
dioxide, titanium dioxide, zinc oxide, cerium oxide, nano platinum, nano silver, and nano
zerovalent iron. DTSC is also planning to include quantum dots, ocean plastics, and
nanoclay into the list of chemicals of interest.

Toxicology of nanoparticles
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Pathways of exposure to nanoparticles and associated diseases as suggested by
epidemiological, in vivo and in vitro studies.

Nanotoxicology is a sub-specialty of particle toxicology. It addresses the toxicology of
nanoparticles (particles <100 nm diameter) which appear to have toxicity effects that are
unusual and not seen with larger particles. Nanoparticles can be divided into combustion-
derived nanoparticles (like diesel soot), manufactured nanoparticles like carbon
nanotubes and naturally occurring nanoparticles from volcanic eruptions, atmospheric
chemistry etc. Typical nanoparticles that have been studied are titanium dioxide, alumina,
zinc oxide, carbon black, and carbon nanotubes, and "nano-Cg". Nanoparticles seem to
have some different properties from larger particles that are known to have pathogenic
effects, like asbestos or quartz. These differences seem to be a result of their size.
Nanoparticles have much larger surface area to unit mass ratios which in some cases may
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lead to greater pro-inflammatory effects (in, for example, lung tissue). In addition, some
nanoparticles seem to be able to translocate from their site of deposition to distant sites
such as the blood and the brain. This has resulted in a sea-change in how particle
toxicology is viewed- instead of being confined to the lungs, nanoparticle toxicologists
study the brain, blood, liver, skin and gut. Nanotoxicology has revolutionised particle
toxicology and rejuvenated it.

The smaller a particle is, the greater its surface area to volume ratio and the higher its
chemical reactivity and biological activity. The greater chemical reactivity of
nanomaterials results in increased production of reactive oxygen species (ROS),
including free radicals. ROS production has been found in a diverse range of
nanomaterials including carbon fullerenes, carbon nanotubes and nanoparticle metal
oxides. ROS and free radical production is one of the primary mechanisms of
nanoparticle toxicity; it may result in oxidative stress, inflammation, and consequent
damage to proteins, membranes and DNA.

The extremely small size of nanomaterials also means that they much more readily gain
entry into the human body than larger sized particles. How these nanoparticles behave
inside the body is still a major question that needs to be resolved. The behavior of
nanoparticles is a function of their size, shape and surface reactivity with the surrounding
tissue. In principle, a large number of particles could overload the body's phagocytes,
cells that ingest and destroy foreign matter, thereby triggering stress reactions that lead to
inflammation and weaken the body’s defense against other pathogens. In addition to
questions about what happens if non-degradable or slowly degradable nanoparticles
accumulate in bodily organs, another concern is their potential interaction or interference
with biological processes inside the body. Because of their large surface area,
nanoparticles will, on exposure to tissue and fluids, immediately adsorb onto their surface
some of the macromolecules they encounter. This may, for instance, affect the regulatory
mechanisms of enzymes and other proteins.

Nanomaterials are able to cross biological membranes and access cells, tissues and
organs that larger-sized particles normally cannot. Nanomaterials can gain access to the
blood stream via inhalation or ingestion. At least some nanomaterials can penetrate the
skin; even larger microparticles may penetrate skin when it is flexed. Broken skin is an
ineffective particle barrier, suggesting that acne, eczema, shaving wounds or severe
sunburn may accelerate skin uptake of nanomaterials. Then, once in the blood stream,
nanomaterials can be transported around the body and be taken up by organs and tissues,
including the brain, heart, liver, kidneys, spleen, bone marrow and nervous system.
Nanomaterials have proved toxic to human tissue and cell cultures, resulting in increased
oxidative stress, inflammatory cytokine production and cell death. Unlike larger particles,
nanomaterials may be taken up by cell mitochondria and the cell nucleus. Studies
demonstrate the potential for nanomaterials to cause DNA mutation and induce major
structural damage to mitochondria, even resulting in cell death. Size is therefore a key
factor in determining the potential toxicity of a particle. However it is not the only
important factor.

WORLD TECHNOLOGIES




Other properties of nanomaterials that influence toxicity include: chemical composition,
shape, surface structure, surface charge, aggregation and solubility, and the presence or
absence of functional groups of other chemicals. The large number of variables
influencing toxicity means that it is difficult to generalise about health risks associated
with exposure to nanomaterials — each new nanomaterial must be assessed individually
and all material properties must be taken into account.

Since there is no authority to regulate nanotech-based products, there are many products
that could possibly be dangerous to humans. Scientific research has indicated the
potential for some nanomaterials to be toxic to humans or the environment. In March
2004 tests conducted by environmental toxicologist Eva Oberdorster, Ph.D. working with
Southern Methodist University in Texas, found extensive brain damage to fish exposed to
fullerenes for a period of just 48 hours at a relatively moderate dose of 0.5 parts per
million (commensurate with levels of other kinds of pollution found in bays). The fish
also exhibited changed gene markers in their livers, indicating their entire physiology was
affected. In a concurrent test, the fullerenes killed water fleas, an important link in the
marine food chain. The extremely small size of fabricated nanomaterials also means that
they are much more readily taken up by living tissue than presently known toxins.
Nanoparticles can be inhaled, swallowed, absorbed through skin and deliberately or
accidentally injected during medical procedures. They might be accidentally or
inadvertently released from materials implanted into living tissue.

Researcher Shosaku Kashiwada of the National Institute for Environmental Studies in
Tsukuba, Japan, in a more recent study, intended to further investigate the effects of
nanoparticles on soft-bodied organisms. His study allowed him to explore the distribution
of water-suspended fluorescent nanoparticles throughout the eggs and adult bodies of a
species of fish, known as the see-through medaka (Oryzias latipes). See-through medaka
were used because of their small size, wide temperature and salinity tolerances, and short
generation time. Moreover, small fish like the see-through medaka have been popular test
subjects for human diseases and organogenesis for other reasons as well, including their
transparent embryos, rapid embryo development, and the functional equivalence of their
organs and tissue material to that of mammals. Because the see-through medaka have
transparent bodies, analyzing the deposition of fluorescent nanoparticles throughout the
body is quite simple. For his study, Dr. Kashiwada evaluated four aspects of nanoparticle
accumulation. These included the overall accumulation and the size-dependent
accumulation of nanoparticles by medaka eggs, the effects of salinity on the aggregation
of nanoparticles in solution and on their accumulation by medaka eggs, and the
distribution of nanoparticles in the blood and organs of adult medaka. It was also noted
that nanoparticles were in fact taken up into the bloodstream and deposited throughout
the body. In the medaka eggs, there was a high accumulation of nanoparticles in the yolk;
most often bioavailibility was dependent on specific sizes of the particles. Adult samples
of medaka had accumulated nanoparticles in the gills, intestine, brain, testis, liver, and
bloodstream. One major result from this study was the fact that salinity may have a large
influence on the bioavailibility and toxicity of nanoparticles to penetrate membranes and
eventually kill the specimen.
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As the use of nanomaterials increases worldwide, concerns for worker and user safety are
mounting. To address such concerns, the Swedish Karolinska Institute conducted a study
in which various nanoparticles were introduced to human lung epithelial cells. The
results, released in 2008, showed that iron oxide nanoparticles caused little DNA damage
and were non-toxic. Zinc oxide nanoparticles were slightly worse. Titanium dioxide
caused only DNA damage. Carbon nanotubes caused DNA damage at low levels. Copper
oxide was found to be the worst offender, and was the only nanomaterial identified by the
researchers as a clear health risk.

Immunogenicity to nanoparticles. Very few attention has been concentrated in the
potential immunogenicity of nanostructures. Nanostructures can activate the immune
system inducing inflammation, immune responses, allergy, or even affect to the immune
cells in a deleterious or beneficial way(immunosuppression in autoinmmunity diseases,
improving immune responses in vaccines). Many studies are needed in order to know the
potential deleterous or beneficial effects of nanostructures in the immune system.
Comparing to the conventional pharmeceutical agents, nanostructures has a huge size and
immune cells, specially phagocytic cells, recognize and try to destroy them.

In addition, standarization of toxicology tests between laboratories are needed. Diaz, B. et
al from the University of Vigo (Spain) has shown (Small, 2008) that many different cell
lines should be studied in order to know if a nanostructure induces toxicity, and human
cells can intenalize aggregated nanoparticles. Moreover, it is important to take into
account that many nanostructures aggregate in biological fluids, but groups
manufacturing nanostructures do not care much about this matter. Many efforts of
interdisciplinary groups are strongly needed in order to progress in this field.

No Fullerene toxicity reported

Nanoparticles can also be made of Cg, as is the case with almost any room temperature
solid, and several groups have done this and studied toxicity of such particles. The results
in the work of Oberddrster at Southern Methodist University, published in
"Environmental Health Perspectives" in July 2004, in which questions were raised of
potential cytotoxicity, has now been shown by several sources to be likely caused by the
tetrahydrofuran used in preparing the 30 nm—100 nm particles of Cgo used in the research.
Isakovic, et al., 2006, who review this phenomenon, gives results showing that removal
of THF from the C¢ particles resulted in a loss of toxicity. Sayes, et al., 2007, also show
that particles prepared as in Oberdorster caused no detectable inflammatory response
when instilled intratracheally in rats after observation for 3 months, suggesting that even
the particles prepared by Oberdorster do not exhibit markers of toxicity in mammalian
models. This work used as a benchmark quartz particles, which did give an inflammatory
response.

A comprehensive and recent review of work on fullerene toxicity is available in "Toxicity
Studies of Fullerenes and Derivatives," a chapter from the book "Bio-applications of
Nanoparticles". In this work, the authors review the work on fullerene toxicity beginning
in the early 1990s to present, and conclude that the evidence gathered since the discovery
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of fullerenes overwhelmingly points to Cg being non-toxic. As is the case for toxicity
profile with any chemical modification of a structural moiety, the authors suggest that
individual molecules be assessed individually.

The extremely small size of nanomaterials also means that they are much more readily
taken up by the human body than larger sized particles. How these nanoparticles behave
inside the body is one of the issues that needs to be resolved. The behavior of
nanoparticles is a function of their size, shape and surface reactivity with the surrounding
tissue. They could cause overload on phagocytes, cells that ingest and destroy foreign
matter, thereby triggering stress reactions that lead to inflammation and weaken the
body’s defense against other pathogens. Apart from what happens if non-degradable or
slowly degradable nanoparticles accumulate in organs, another concern is their potential
interaction with biological processes inside the body: because of their large surface,
nanoparticles on exposure to tissue and fluids will immediately adsorb onto their surface
some of the macromolecules they encounter. This may, for instance, effect the regulatory
mechanisms of enzymes and other proteins.

Other properties of nanomaterials that influence toxicity include: chemical composition,
shape, surface structure, surface charge, aggregation and solubility, and the presence or
absence of functional groups of other chemicals. The large number of variables
influencing toxicity means that it is difficult to generalise about health risks associated
with exposure to nanomaterials — each new nanomaterial must be assessed individually
and all material properties must be taken into account.

California

In October 2008, the Department of Toxic Substances Control (DTSC), within the
California Environmental Protection Agency, announced its intent to request information
regarding analytical test methods, fate and transport in the environment, and other
relevant information from manufacturers of carbon nanotubes. DTSC is exercising its
authority under the California Health and Safety Code, Chapter 699, sections 57018-
57020. These sections were added as a result of the adoption of Assembly Bill AB 289
(2006). They are intended to make information on the fate and transport, detection and
analysis, and other information on chemicals more available. The law places the
responsibility to provide this information to the Department on those who manufacture or
import the chemicals.

On January 22, 2009, a formal information request letter was sent to manufacturers who
produce or import carbon nanotubes in California, or who may export carbon nanotubes
into the State. This letter constitutes the first formal implementation of the authorities
placed into statute by AB 289 and is directed to manufacturers of carbon nanotubes, both
industry and academia within the State, and to manufacturers outside California who
export carbon nanotubes to California. This request for information must be met by the
manufacturers within one year. DTSC is waiting for the upcoming January 22, 2010
deadline for responses to the data call-in.
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The California Nano Industry Network and DTSC hosted a full-day symposium on
November 16, 2009 in Sacramento, CA. This symposium provided an opportunity to hear
from nanotechnology industry experts and discuss future regulatory considerations in
California.

DTSC is expanding the Specific Chemical Information Call-in to members of the
nanometal oxides.
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Chapter- 3

Nanomedicine

Nanomedicine is the medical application of nanotechnology. Nanomedicine ranges from
the medical applications of nanomaterials, to nanoelectronic biosensors, and even
possible future applications of molecular nanotechnology. Current problems for
nanomedicine involve understanding the issues related to toxicity and environmental
impact of nanoscale materials.

Nanomedicine research is receiving funding from the US National Institute of Health. Of
note is the funding in 2005 of a five-year plan to set up four nanomedicine centers. In
April 2006, the journal Nature Materials estimated that 130 nanotech-based drugs and
delivery systems were being developed worldwide.

Overview

Nanomedicine seeks to deliver a valuable set of research tools and clinically useful
devices in the near future. The National Nanotechnology Initiative expects new
commercial applications in the pharmaceutical industry that may include advanced drug
delivery systems, new therapies, and in vivo imaging. Neuro-electronic interfaces and
other nanoelectronics-based sensors are another active goal of research. Further down the
line, the speculative field of molecular nanotechnology believes that cell repair machines
could revolutionize medicine and the medical field.

Nanomedicine is a large industry, with nanomedicine sales reaching 6.8 billion dollars in
2004, and with over 200 companies and 38 products worldwide, a minimum of 3.8 billion
dollars in nanotechnology R&D is being invested every year. As the nanomedicine
industry continues to grow, it is expected to have a significant impact on the economy.

Medical use of nanomaterials

Drug delivery
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Nanomedical approaches to drug delivery center on developing nanoscale particles or
molecules to improve drug bioavailability. Bioavailability refers to the presence of drug
molecules where they are needed in the body and where they will do the most good. Drug
delivery focuses on maximizing bioavailability both at specific places in the body and
over a period of time. This can potentially be achieved by molecular targeting by
nanoengineered devices. It is all about targeting the molecules and delivering drugs with
cell precision. More than $65 billion are wasted each year due to poor bioavailability. In
vivo imaging is another area where tools and devices are being developed. Using
nanoparticle contrast agents, images such as ultrasound and MRI have a favorable
distribution and improved contrast. The new methods of nanoengineered materials that
are being developed might be effective in treating illnesses and diseases such as cancer.
What nanoscientists will be able to achieve in the future is beyond current imagination.
This might be accomplished by self assembled biocompatible nanodevices that will
detect, evaluate, treat and report to the clinical doctor automatically.

Drug delivery systems, lipid- or polymer-based nanoparticles, can be designed to
improve the pharmacological and therapeutic properties of drugs. The strength of drug
delivery systems is their ability to alter the pharmacokinetics and biodistribution of the
drug. Nanoparticles have unusual properties that can be used to improve drug delivery.
Where larger particles would have been cleared from the body, cells take up these
nanoparticles because of their size. Complex drug delivery mechanisms are being
developed, including the ability to get drugs through cell membranes and into cell
cytoplasm. Efficiency is important because many diseases depend upon processes within
the cell and can only be impeded by drugs that make their way into the cell. Triggered
response is one way for drug molecules to be used more efficiently. Drugs are placed in
the body and only activate on encountering a particular signal. For example, a drug with
poor solubility will be replaced by a drug delivery system where both hydrophilic and
hydrophobic environments exist, improving the solubility. Also, a drug may cause tissue
damage, but with drug delivery, regulated drug release can eliminate the problem. If a
drug is cleared too quickly from the body, this could force a patient to use high doses, but
with drug delivery systems clearance can be reduced by altering the pharmacokinetics of
the drug. Poor biodistribution is a problem that can affect normal tissues through
widespread distribution, but the particulates from drug delivery systems lower the volume
of distribution and reduce the effect on non-target tissue. Potential nanodrugs will work
by very specific and well-understood mechanisms; one of the major impacts of
nanotechnology and nanoscience will be in leading development of completely new
drugs with more useful behavior and less side effects.

Protein and peptide delivery

Protein and peptides exert multiple biological actions in human body and they have been
identified as showing great promise for treatment of various diseases and disorders.
These macromolecules are called biopharmaceuticals. Targeted and/or controlled
delivery of these biopharmaceuticals using nanomaterials like nanoparticles and
Dendrimers is an emerging field called nanobiopharmaceutics, and these products are
called nanobiopharmaceuticals.
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A schematic illustration showing how nanoparticles or other cancer drugs might be used
to treat cancer.

The small size of nanoparticles endows them with properties that can be very useful in
oncology, particularly in imaging. Quantum dots (nanoparticles with quantum
confinement properties, such as size-tunable light emission), when used in conjunction
with MRI (magnetic resonance imaging), can produce exceptional images of tumor sites.
These nanoparticles are much brighter than organic dyes and only need one light source
for excitation. This means that the use of fluorescent quantum dots could produce a
higher contrast image and at a lower cost than today's organic dyes used as contrast
media. The downside, however, is that quantum dots are usually made of quite toxic
elements.

Another nanoproperty, high surface area to volume ratio, allows many functional groups
to be attached to a nanoparticle, which can seek out and bind to certain tumor cells.
Additionally, the small size of nanoparticles (10 to 100 nanometers), allows them to
preferentially accumulate at tumor sites (because tumors lack an effective lymphatic
drainage system). A very exciting research question is how to make these imaging
nanoparticles do more things for cancer. For instance, is it possible to manufacture
multifunctional nanoparticles that would detect, image, and then proceed to treat a tumor?
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This question is under vigorous investigation; the answer to which could shape the future
of cancer treatment. A promising new cancer treatment that may one day replace
radiation and chemotherapy is edging closer to human trials. Kanzius RF therapy attaches
microscopic nanoparticles to cancer cells and then "cooks" tumors inside the body with
radio waves that heat only the nanoparticles and the adjacent (cancerous) cells.

Sensor test chips containing thousands of nanowires, able to detect proteins and other
biomarkers left behind by cancer cells, could enable the detection and diagnosis of cancer
in the early stages from a few drops of a patient's blood.

The basic point to use drug delivery is based upon three facts: a) efficient encapsulation
of the drugs, b) successful delivery of said drugs to the targeted region of the body, and c)
successful release of that drug there.

Researchers at Rice University under Prof. Jennifer West, have demonstrated the use of
120 nm diameter nanoshells coated with gold to kill cancer tumors in mice. The
nanoshells can be targeted to bond to cancerous cells by conjugating antibodies or
peptides to the nanoshell surface. By irradiating the area of the tumor with an infrared
laser, which passes through flesh without heating it, the gold is heated sufficiently to
cause death to the cancer cells.

Nanoparticles of cadmium selenide (quantum dots) glow when exposed to ultraviolet
light. When injected, they seep into cancer tumors. The surgeon can see the glowing
tumor, and use it as a guide for more accurate tumor removal.

One scientist, University of Michigan’s James Baker, believes he has discovered a highly
efficient and successful way of delivering cancer-treatment drugs that is less harmful to
the surrounding body. Baker has developed a nanotechnology that can locate and then
eliminate cancerous cells. He looks at a molecule called a dendrimer. This molecule has
over one hundred hooks on it that allow it to attach to cells in the body for a variety of
purposes. Baker then attaches folic-acid to a few of the hooks (folic-acid, being a
vitamin, is received by cells in the body). Cancer cells have more vitamin receptors than
normal cells, so Baker's vitamin-laden dendrimer will be absorbed by the cancer cell. To
the rest of the hooks on the dendrimer, Baker places anti-cancer drugs that will be
absorbed with the dendrimer into the cancer cell, thereby delivering the cancer drug to
the cancer cell and nowhere else (Bullis 2006).

In photodynamic therapy, a particle is placed within the body and is illuminated with
light from the outside. The light gets absorbed by the particle and if the particle is metal,
energy from the light will heat the particle and surrounding tissue. Light may also be used
to produce high energy oxygen molecules which will chemically react with and destroy
most organic molecules that are next to them (like tumors). This therapy is appealing for
many reasons. It does not leave a “toxic trail” of reactive molecules throughout the body
(chemotherapy) because it is directed where only the light is shined and the particles
exist. Photodynamic therapy has potential for a noninvasive procedure for dealing with
diseases, growth and tumors.
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Surgery

At Rice University, a flesh welder is used to fuse two pieces of chicken meat into a single
piece. The two pieces of chicken are placed together touching. A greenish liquid
containing gold-coated nanoshells is dribbled along the seam. An infrared laser is traced
along the seam, causing the two sides to weld together. This could solve the difficulties
and blood leaks caused when the surgeon tries to restitch the arteries s/he has cut during a
kidney or heart transplant. The flesh welder could weld the artery perfectly.

Visualization

Tracking movement can help determine how well drugs are being distributed or how
substances are metabolized. It is difficult to track a small group of cells throughout the
body, so scientists used to dye the cells. These dyes needed to be excited by light of a
certain wavelength in order for them to light up. While different color dyes absorb
different frequencies of light, there was a need for as many light sources as cells. A way
around this problem is with luminescent tags. These tags are quantum dots attached to
proteins that penetrate cell membranes. The dots can be random in size, can be made of
bio-inert material, and they demonstrate the nanoscale property that color is size-
dependent. As a result, sizes are selected so that the frequency of light used to make a
group of quantum dots fluoresce is an even multiple of the frequency required to make
another group incandesce. Then both groups can be lit with a single light source.

Nanoparticle targeting

It is greatly observed that nanoparticles are promising tools for the advancement of drug
delivery, medical imaging, and as diagnostic sensors. However, the biodistribution of
these nanoparticles is mostly unknown due to the difficulty in targeting specific organs in
the body. Current research in the excretory systems of mice, however, shows the ability
of gold composites to selectively target certain organs based on their size and charge.
These composites are encapsulated by a dendrimer and assigned a specific charge and
size. Positively-charged gold nanoparticles were found to enter the kidneys while
negatively-charged gold nanoparticles remained in the liver and spleen. It is suggested
that the positive surface charge of the nanoparticle decreases the rate of osponization of
nanoparticles in the liver, thus affecting the excretory pathway. Even at a relatively small
size of 5 nm , though, these particles can become compartmentalized in the peripheral
tissues, and will therefore accumulate in the body over time. While advancement of
research proves that targeting and distribution can be augmented by nanoparticles, the
dangers of nanotoxicity become an important next step in further understanding of their
medical uses.

Neuro-electronic interfaces

Neuro-electronic interfacing is a visionary goal dealing with the construction of
nanodevices that will permit computers to be joined and linked to the nervous system.
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This idea requires the building of a molecular structure that will permit control and
detection of nerve impulses by an external computer. The computers will be able to
interpret, register, and respond to signals the body gives off when it feels sensations. The
demand for such structures is huge because many diseases involve the decay of the
nervous system (ALS and multiple sclerosis). Also, many injuries and accidents may
impair the nervous system resulting in dysfunctional systems and paraplegia. If
computers could control the nervous system through neuro-electronic interface, problems
that impair the system could be controlled so that effects of diseases and injuries could be
overcome. Two considerations must be made when selecting the power source for such
applications. They are refuelable and nonrefuelable strategies. A refuelable strategy
implies energy is refilled continuously or periodically with external sonic, chemical,
tethered, magnetic, or electrical sources. A nonrefuelable strategy implies that all power
is drawn from internal energy storage which would stop when all energy is drained.

One limitation to this innovation is the fact that electrical interference is a possibility.
Electric fields, electromagnetic pulses (EMP), and stray fields from other in vivo
electrical devices can all cause interference. Also, thick insulators are required to prevent
electron leakage, and if high conductivity of the in vivo medium occurs there is a risk of
sudden power loss and “shorting out.” Finally, thick wires are also needed to conduct
substantial power levels without overheating. Little practical progress has been made
even though research is happening. The wiring of the structure is extremely difficult
because they must be positioned precisely in the nervous system so that it is able to
monitor and respond to nervous signals. The structures that will provide the interface
must also be compatible with the body’s immune system so that they will remain
unaffected in the body for a long time. In addition, the structures must also sense ionic
currents and be able to cause currents to flow backward. While the potential for these
structures is amazing, there is no timetable for when they will be available.

Medical applications of molecular nanotechnology

Molecular nanotechnology is a speculative subfield of nanotechnology regarding the
possibility of engineering molecular assemblers, machines which could re-order matter at
a molecular or atomic scale. Molecular nanotechnology is highly theoretical, seeking to
anticipate what inventions nanotechnology might yield and to propose an agenda for
future inquiry. The proposed elements of molecular nanotechnology, such as molecular
assemblers and nanorobots are far beyond current capabilities.

Nanorobots

The somewhat speculative claims about the possibility of using nanorobots in medicine,
advocates say, would totally change the world of medicine once it is realized.
Nanomedicine would make use of these nanorobots (e.g., Computational Genes),
introduced into the body, to repair or detect damages and infections. According to Robert
Freitas of the Institute for Molecular Manufacturing, a typical blood borne medical
nanorobot would be between 0.5-3 micrometres in size, because that is the maximum size
possible due to capillary passage requirement. Carbon could be the primary element used
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to build these nanorobots due to the inherent strength and other characteristics of some
forms of carbon (diamond/fullerene composites), and nanorobots would be fabricated in
desktop nanofactories specialized for this purpose.

Nanodevices could be observed at work inside the body using MRI, especially if their
components were manufactured using mostly *C atoms rather than the natural '*C
isotope of carbon, since ’C has a nonzero nuclear magnetic moment. Medical
nanodevices would first be injected into a human body, and would then go to work in a
specific organ or tissue mass. The doctor will monitor the progress, and make certain that
the nanodevices have gotten to the correct target treatment region. The doctor will also be
able to scan a section of the body, and actually see the nanodevices congregated neatly
around their target (a tumor mass, etc.) so that he or she can be sure that the procedure
was successful.

Cell repair machines

Using drugs and surgery, doctors can only encourage tissues to repair themselves. With
molecular machines, there will be more direct repairs. Cell repair will utilize the same
tasks that living systems already prove possible. Access to cells is possible because
biologists can stick needles into cells without killing them. Thus, molecular machines are
capable of entering the cell. Also, all specific biochemical interactions show that
molecular systems can recognize other molecules by touch, build or rebuild every
molecule in a cell, and can disassemble damaged molecules. Finally, cells that replicate
prove that molecular systems can assemble every system found in a cell. Therefore, since
nature has demonstrated the basic operations needed to perform molecular-level cell
repair, in the future, nanomachine based systems will be built that are able to enter cells,
sense differences from healthy ones and make modifications to the structure.

The healthcare possibilities of these cell repair machines are impressive. Comparable to
the size of viruses or bacteria, their compact parts would allow them to be more complex.
The early machines will be specialized. As they open and close cell membranes or travel
through tissue and enter cells and viruses, machines will only be able to correct a single
molecular disorder like DNA damage or enzyme deficiency. Later, cell repair machines
will be programmed with more abilities with the help of advanced Al systems.

Nanocomputers will be needed to guide these machines. These computers will direct
machines to examine, take apart, and rebuild damaged molecular structures. Repair
machines will be able to repair whole cells by working structure by structure. Then by
working cell by cell and tissue by tissue, whole organs can be repaired. Finally, by
working organ by organ, health is restored to the body. Cells damaged to the point of
inactivity can be repaired because of the ability of molecular machines to build cells from
scratch. Therefore, cell repair machines will free medicine from reliance on self repair
alone.

Nanonephrology

WORLD TECHNOLOGIES




Nanonephrology is a branch of nanomedicine and nanotechnology that deals with 1) the
study of kidney protein structures at the atomic level; 2) nano-imaging approaches to
study cellular processes in kidney cells; and 3) nano medical treatments that utilize
nanoparticles and to treat various kidney diseases. The creation and use of materials and
devices at the molecular and atomic levels that can be used for the diagnosis and therapy
of renal diseases is also a part of Nanonephrology that will play a role in the management
of patients with kidney disease in the future. Advances in Nanonephrology will be based
on discoveries in the above areas that can provide nano-scale information on the cellular
molecular machinery involved in normal kidney processes and in pathological states. By
understanding the physical and chemical properties of proteins and other macromolecules
at the atomic level in various cells in the kidney, novel therapeutic approaches can be
designed to combat major renal diseases. The nano-scale artificial kidney is a goal that
many physicians dream of. Nano-scale engineering advances will permit programmable
and controllable nano-scale robots to execute curative and reconstructive procedures in
the human kidney at the cellular and molecular levels. Designing nanostructures
compatible with the kidney cells and that can safely operate in vivo is also a future goal.
The ability to direct events in a controlled fashion at the cellular nano-level has the
potential of significantly improving the lives of patients with kidney diseases.
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Chapter- 4

Nanosensor & Nanoshell

Nanosensor

A nanosensor probe carrying a laser beam (blue) penetrates a living cell to detect the
presence of a product indicating that the cell has been exposed to a cancer-causing
substance.

Nanosensors are any biological, chemical, or sugery sensory points used to convey
information about nanoparticles to the macroscopic world. Their use mainly include
various medicinal purposes and as gateways to building other nanoproducts, such as
computer chips that work at the nanoscale and nanorobots. Presently, there are several
ways proposed to make nanosensors, including top-down lithography, bottom-up
assembly, and molecular self-assembly.
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Predicted applications

Medicinal uses of nanosensors mainly revolve around the potential of nanosensors to
accurately identify particular cells or places in the body in need. By measuring changes in
volume, concentration, displacement and velocity, gravitational, electrical, and magnetic
forces, pressure, or temperature of cells in a body, nanosensors may be able to distinguish
between and recognize certain cells, most notably those of cancer, at the molecular level
in order to deliver medicine or monitor development to specific places in the body. In
addition, they may be able to detect macroscopic variations from outside the body and
communicate these changes to other nanoproducts working within the body.

One example of nanosensors involves using the fluorescence properties of cadmium
selenide quantum dots as sensors to uncover tumors within the body. By injecting a body
with these quantum dots, a doctor could see where a tumor or cancer cell was by finding
the injected quantum dots, an easy process because of their fluorescence. Developed
nanosensor quantum dots would be specifically constructed to find only the particular cell
for which the body was at risk. A downside to the cadmium selenide dots, however, is
that they are highly toxic to the body. As a result, researchers are working on developing
alternate dots made out of a different, less toxic material while still retaining some of the
fluorescence properties. In particular, they have been investigating the particular benefits
of zinc sulfide quantum dots which, though they are not quite as fluorescent as cadmium
selenide, can be augmented with other metals including manganese and various
lanthanide elements. In addition, these newer quantum dots become more fluorescent
when they bond to their target cells. (Quantum) Potential predicted functions may also
include sensors used to detect specific DNA in order to recognize explicit genetic defects,
especially for individuals at high-risk and implanted sensors that can automatically detect
glucose levels for diabetic subjects more simply than current detectors. DNA can also
serve as sacrificial layer for manufacturing CMOS IC, integrating a nanodevice with
sensing capabilities. Therefore, using proteomic patterns and new hybrid materials,
nanobiosensors can also be used to enable components configured into a hybrid
semiconductor substrate as part of the circuit assembly. The development and
miniaturization of nanobiosensors should provide interesting new opportunities.

Other projected products most commonly involve using nanosensors to build smaller
integrated circuits, as well as incorporating them into various other commodities made
using other forms of nanotechnology for use in a variety of situations including
transportation, communication, improvements in structural integrity, and robotics.
Nanosensors may also eventually be valuable as more accurate monitors of material
states for use in systems where size and weight are constrained, such as in satellites and
other aeronautic machines.

Existing nanosensors

Currently, the most common mass-produced functioning nanosensors exist in the
biological world as natural receptors of outside stimulation. For instance, sense of smell,
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especially in animals in which it is particularly strong, such as dogs, functions using
receptors that sense nanosized molecules. Certain plants, too, use nanosensors to detect
sunlight; various fish use nanosensors to detect minuscule vibrations in the surrounding
water; and many insects detect sex pheromones using nanosensors.

One of the first working examples of a synthetic nanosensor was built by researchers at
the Georgia Institute of Technology in 1999. It involved attaching a single particle onto
the end of a carbon nanotube and measuring the vibrational frequency of the nanotube
both with and without the particle. The discrepancy between the two frequencies allowed
the researchers to measure the mass of the attached particle.

Chemical sensors, too, have been built using nanotubes to detect various properties of
gaseous molecules. Carbon nanotubes have been used to sense ionization of gaseous
molecules while nanotubes made out of titanium have been employed to detect
atmospheric concentrations of hydrogen at the molecular level. Many of these involve a
system by which nanosensors are built to have a specific pocket for another molecule.
When that particular molecule, and only that specific molecule, fits into the nanosensor,
and light is shone upon the nanosensor, it will reflect different wavelengths of light and,
thus, be a different color.

Production methods

There are currently several hypothesized ways to produce nanosensors. Top-down
lithography is the manner in which most integrated circuits are now made. It involves
starting out with a larger block of some material and carving out the desired form. These
carved out devices, notably put to use in specific microelectromechanical systems used as
microsensors, generally only reach the micro size, but the most recent of these have
begun to incorporate nanosized components.

Another way to produce nanosensors is through the bottom-up method, which involves
assembling the sensors out of even more minuscule components, most likely individual
atoms or molecules. This would involve moving atoms of a particular substance one by
one into particular positions which, though it has been achieved in laboratory tests using
tools such as atomic force microscopes, is still a significant difficulty, especially to do en
masse, both for logistic reasons as well as economic ones. Most likely, this process would
be used mainly for building starter molecules for self-assembling sensors.
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(A) An example of a DNA molecule used as a starter for larger self-assembly. (B) An
atomic force microscope image of a self-assembled DNA nanogrid. Individual DNA tiles
self-assemble into a highly ordered periodic two-dimensional DNA nanogrid.

The third way, which promises far faster results, involves self-assembly, or “growing”
particular nanostructures to be used as sensors. This most often entails one of two types
of assembly. The first involves using a piece of some previously created or naturally
formed nanostructure and immersing it in free atoms of its own kind. After a given
period, the structure, having an irregular surface that would make it prone to attracting
more molecules as a continuation of its current pattern, would capture some of the free
atoms and continue to form more of itself to make larger components of nanosensors.

The second type of self-assembly starts with an already complete set of components that
would automatically assemble themselves into a finished product. Though this has been
so far successful only in assembling computer chips at the micro size, researchers hope to
eventually be able to do it at the nanometer size for multiple products, including
nanosensors. Accurately being able to reproduce this effect for a desired sensor in a
laboratory would imply that scientists could manufacture nanosensors much more quickly
and potentially far more cheaply by letting numerous molecules assemble themselves
with little or no outside influence, rather than having to manually assemble each sensor.

Economic Impacts

Though nanosensor technology is a relatively new field, global projections for sales of
products incorporating nanosensors range from $0.6 billion to $2.7 billion in the next
three to four years. They will likely be included in most modern circuitry used in
advanced computing systems, since their potential to provide the link between other
forms of nanotechnology and the macroscopic world allows developers to fully exploit
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the potential of nanotechnology to miniaturize computer chips while vastly expanding
their storage potential.

First, however, nanosensor developers must overcome the present high costs of
production in order to become worthwhile for implementation in consumer products.
Additionally, nanosensor reliability is not yet suitable for widespread use, and, because of
their scarcity, nanosensors have yet to be marketed and implemented outside of research
facilities. Consequently, nanosensors have yet to be made compatible with most
consumer technologies for which they have been projected to eventually enhance.

Social Impacts

Ethical and social impacts are harder to define and sort as good or bad compared to health
and environmental impacts. The advancement in detecting and sensing different
biological and chemical species with increased capacity and accuracy may transform
societal mechanisms that were originally designed on uncertainty and imprecise
information. For example, the ability to measure extremely low amounts of air pollutants
or toxic materials in water raises questions and dilemmas of risk thresholds especially if
the advancement of such technologies outpaces the ability of the public to respond. As
another example, medical sensors will not only help in diagnoses and treatment but may
also predict the future profile of an individual. This will add to the information used by
health insurance companies to grant or deny coverage. Other social issues resulting from
the widespread use of nanosensors and surveillance devices include privacy invasion and
security issues.

Nanoshell
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A naneoshell is a type of spherical nanoparticle consisting of a dielectric core which is
covered by a thin metallic shell (usually gold). These nanoshells involve a quasiparticle
called plasmon which is a collective excitation or quantum plasma oscillation where the
electrons simultaneously oscillate with respect to all the ions.

The simultaneous oscillation can be called plasmon hybridization where the tunability of
the oscillation is associated with mixture of the inner and outer shell where they hybridize
to give a lower energy or higher energy. This lower energy couples strongly to incident
light whereas, the higher energy is an anti-bonding and weakly combines to incident
light. The hybridization interaction is stronger for thinner shell layers, hence, the
thickness of the shell and overall particle radius determines which wavelength of light it
couples with. Nanoshells can be varied across a broad range of the light spectrum that
spans the visible and near infrared regions. The interaction of light and nanoparticles
affects the placements of charges which affects the coupling strength. Incident light
polarized parallel to the substrate gives a s-polarization (Figure 1b), hence the charges are
further from the substrate surface which gives a stronger interaction between the shell
and core. Otherwise, a p-polarization is formed which gives a more strongly shifted
plasmon energy causing a weaker interaction and coupling.

Synthesis
A nanoshell is synthesized in a multistep process :

1. Obtain silica nanoparticles in a solution (usually tetrachloroauric acid and a
reducing agent)

This solution phase synthesis of the gold nanoparticles uses a reduction using

tetrachloroauric acid by a reducing agent. There are several different reducing
agents used and all can greatly affect the uniformity of the nanoparticle.
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2. Attach a very small seed colloid onto the dielectric nanoparticles (such as: zinc
selenide, sapphire, and glass) giving a discontinuous shell

3. Grow a continuous shell by using a chemical reduction of the metal attached to
the dielectric nanoparticles

If a uniform shell is not obtained then it can greatly affect the optical properties of the
nanoshell. A good example of this is a nanoegg, which is a metallic nanoshell that has a
nonuniform thickness. This characteristic nonuniformity causes additional hybridized
plasmon resonances in the spectrum making the coupling not as effective.

Applications

Since nanoshells possess highly favorable optical and chemical properties it is often used
for biomedical imaging, therapeutic applications, fluorescence enhancement of weak
molecular emitters, surface enhanced Raman spectroscopy and surface enhanced infrared
absorption spectroscopy.

Cancer Treatment

Gold nanoshells are shuttled into tumors by the use of phagocytosis where phagocytes
engulf the nanoshells through the cell membrane to form an internal phagosome, or
macrophage. After this it is shuttled into a cell and enzymes are usually used to
metabolize it and shuttle it back out of the cell. These nanoshells are not metabolized so
for them to be effective they just need to be within the tumor cells and photoinduced cell
death is used to terminate the tumor cells. This scheme is shown in Figure 2.
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Nanoparticle-base therapeutics have been successfully delivered into tumors by
exploiting the enhanced permeability and retention effect, a property that permits
nanoscale structures to be taken up passively into tumors with out the assistance of
antibodies. Delivery of nanoshells into the important regions of tumors can be very
difficult. This is where most nanoshells try to exploit the tumor’s natural recruitment of
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monocytes for delivery as seen in the above figure. This delivery system is called a
"Trojan Horse".

This process works so well since tumors are about ¥4 macrophages and once monocytes
are brought into the tumor, it differentiates into macrophages which would also be need
to maintain the cargo nanoparticles. Once the nanoshells are at the necrotic center, near-
infrared illumination is used to destroy the tumor associated macrophages.

Since nanoshells are easily optically tuned so that they absorb light in near infrared
region, where there is a minimal optical absorption in tissue and penetration by the
radiation is optimal for deep tissue treatments. Also prior to any illumination the
nanoshell will be inert within the cell. [llumination is usually done by laser light, this
light taken into nanoshell and converted into heat which increases the temperature of
nanoshell to over 30 °C. This nanoshell-based photothermal ablation therapy shows
success in mice with tumor remission with rates over 90%.

Biomedical Imaging

The nanoshell’s optical technologies give a high resolution and yet noninvasive
functional imaging of tissues at a decent price. Unfortunately, the imaging is not very
advanced since they have weak optical signals and subtle spectral differences of healthy
and diseased tissue. There has been increasing interest in optical technologies with novel
exogenous contrast agents, designed to define the molecular specific signatures of cancer,
to improve the detection limits and clinical effectiveness of optical imaging.

Enhanced electrochemical properties

For a two dimensional hexagonal close-packed array of nanoshells with nanoscale gaps
between nanoparticles, it enhances surface enhanced raman and surface enhanced
infrared absorption signals. It is thought that the dominant enhancement mechanism is
electromagnetic where the substrate provides the strong enhancements, superradiance.
Superradiance is the coupling between adjacent resonant systems that results in an
enhanced radiative damping. The field enhancements seen with mid-infrared resonance
are caused by the "lightning-rod" effect. This effect occurs when metals are being
efficient conductors and give off the electric field from the interior of the metals which
channel the electric field into the junction between each nanoshell, resulting in large field
intensities.
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Chapter- 5

Environmental Implications of
Nanotechnology

The environmental implications of nanotechnology are the possible effects that the use
of nanotechnological materials and devices will have on the environment. As
nanotechnology is an emerging field, there is great debate regarding to what extent
industrial and commercial use of nanomaterials will affect organisms and ecosystems.

Nanotechnology's environmental implications can be split into two aspects: the potential
for nanotechnologcal innovations to help improve the environment, and the possibly

novel type of pollution that nanotechnological materials might cause if released into the
environment.

Nanopollution
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Groups opposing the installation of nanotechnology laboratories in Grenoble, France,
have spraypainted their opposition on a former fortress above the city

Nanopollution is a generic name for all waste generated by nanodevices or during the
nanomaterials manufacturing process. This kind of waste may be very dangerous because
of its size. It can float in the air and might easily penetrate animal and plant cells causing
unknown effects. Most human-made nanoparticles do not appear in nature, so living
organisms may not have appropriate means to deal with nanowaste. It is probably one
great challenge to nanotechnology: how to deal with its nanopollutants and nanowaste.

Environmental assessment is justified as nanoparticles present novel (new) environmental
impacts. Scrinis raises concerns about nano-pollution, and argues that it is not currently
possible to “precisely predict or control the ecological impacts of the release of these
nano-products into the environment.” Ecotoxicological impacts of nanoparticles and the
potential for bioaccumulation in plants and microorganisms remain under-researched.
The capacity for nanoparticles to function as a transport mechanism also raises concern
about the transport of heavy metals and other environmental contaminants. A May 2007
Report to the UK Department for Environment, Food and Rural Affairs noted concerns
about the toxicological impacts of nanoparticles in relation to both hazard and exposure.
The report recommended comprehensive toxicological testing and independent
performance tests of fuel additives.
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Not enough data exists to know for sure if nanoparticles could have undesirable effects
on the environment. Two areas are relevant here: (1) In free form nanoparticles can be
released in the air or water during production (or production accidents) or as waste by-
product of production, and ultimately accumulate in the soil, water or plant life. (2) In
fixed form, where they are part of a manufactured substance or product, they will
ultimately have to be recycled or disposed of as waste. It is not known yet whether
certain nanoparticles will constitute a completely new class of non-biodegradable
pollutant. In case they do, it is not known how such pollutants could be removed from air
or water because most traditional filters are not suitable for such tasks (their pores are too
big to catch nanoparticles).

Of the US$710 million spent in 2002 by the U.S. government on nanotechnology
research, only $500,000 was spent on environmental impact assessments. Risks identified
by Uskokovic (2007) include: self-replicating nanobots aggressively or through slowly
rising supremacy wiping out the whole biosphere; further destabilising the already
endangered diversity of the biosphere.

Concerns have been raised about Silver Nano technology used by Samsung in a range of
appliances such as washing machines and air purifiers.

Life cycle responsibility

To properly assess the health hazards of engineered nanoparticles the whole life cycle of
these particles needs to be evaluated, including their fabrication, storage and distribution,
application and potential abuse, and disposal. The impact on humans or the environment
may vary at different stages of the life cycle.

The Royal Society report identified a risk of nanoparticles or nanotubes being released
during disposal, destruction and recycling, and recommended that “manufacturers of
products that fall under extended producer responsibility regimes such as end-of-life
regulations publish procedures outlining how these materials will be managed to
minimize possible human and environmental exposure” (p.xiii). Reflecting the challenges
for ensuring responsible life cycle regulation, the Institute for Food and Agricultural
Standards has proposed standards for nanotechnology research and development should
be integrated across consumer, worker and environmental standards. They also propose
that NGOs and other citizen groups play a meaningful role in the development of these
standards.

Environmental benefits of nanotechnology

Energy

Nanotechnology could potentially have a great impact on clean energy production.
Research is underway to use nanomaterials for purposes including more efficient solar
cells, practical fuel cells, and environmentally friendly batteries. The most advanced
nanotechnology projects related to energy are: storage, conversion, manufacturing
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improvements by reducing materials and process rates, energy saving (by better thermal
insulation for example), and enhanced renewable energy sources.

Current commercially available solar cells have low efficiencies of 15-20%. Research is
ongoing to use nanowires and other nanostructured materials with the hope of to create
cheaper and more efficient solar cells than are possible with conventional planar silicon
solar cells. It is believed that these nanoelectronics-based devices will enable more
efficient solar cells, and would have a great effect on satisfying global energy needs.

Another example for an environmentally friendly form of energy is the use of fuel cells
powered by hydrogen. Probably the most prominent nanostructured material in fuel cells
is the catalyst consisting of carbon supported noble metal particles with diameters of 1-
5 nm. Suitable materials for hydrogen storage contain a large number of small nanosized
pores.

Nanotechnology may also find applications in batteries. Because of the relatively low
energy density of conventional batteries the operating time is limited and a replacement
or recharging is needed, and the huge number of spent batteries represent a disposal
problem. The use of nanomaterials may enable batteries with higher energy content or
supercapacitors with a higher rate of recharging, which could be helpful for the battery
disposal problem.

Water filtration and remediation

A strong influence of nanochemistry on waste-water treatment, air purification and
energy storage devices is to be expected.

Mechanical or chemical methods can be used for effective filtration techniques. One class
of filtration techniques is based on the use of membranes with suitable hole sizes,
whereby the liquid is pressed through the membrane. Nanoporous membranes are
suitable for a mechanical filtration with extremely small pores smaller than 10 nm
(“nanofiltration”) and may be composed of nanotubes. Nanofiltration is mainly used for
the removal of ions or the separation of different fluids.

Magnetic nanoparticles offer an effective and reliable method to remove heavy metal
contaminants from waste water by making use of magnetic separation techniques. Using
nanoscale particles increases the efficiency to absorb the contaminants and is
comparatively inexpensive compared to traditional precipitation and filtration methods.

Some water-treatment devices incorporating nanotechnology are already on the market,
with more in development. Low-cost nanostructured separation membranes methods have

been shown to be effective in producing potable water in a recent study.

Nanoscale iron particles have also shown potential as a detoxifying agent for cleaning
environmental contaminents from brownfield sites.
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Chapter- 6

Societal Implications of Nanotechnology

The societal implications of nanotechnology are the potential benefits and challenges that
the introduction of novel nanotechnological devices and materials may hold for society
and human interaction.

As nanotechnology is an emerging field and most of its applications are still speculative,
there is much debate about what positive and negative effects that nanotechnology might
have.

Overview

Beyond the toxicity risks to human health and the environment which are associated with
first-generation nanomaterials, nanotechnology has broader societal implications and
poses broader social challenges. Social scientists have suggested that nanotechnology's
social issues should be understood and assessed not simply as "downstream" risks or
impacts. Rather, the challenges should be factored into "upstream" research and decision
making in order to ensure technology development that meets social objectives

Many social scientists and organizations in civil society suggest that technology
assessment and governance should also involve public participation

Some observers suggest that nanotechnology will build incrementally, as did the 18-19th
century industrial revolution, until it gathers pace to drive a nanotechnological revolution
that will radically reshape our economies, our labor markets, international trade,
international relations, social structures, civil liberties, our relationship with the natural
world and even what we understand to be human. Others suggest that it may be more
accurate to describe change driven by nanotechnology as a “technological tsunami”. Just
like a tsunami, analysts warn that rapid nanotechnology-driven change will necessarily
have profound disruptive impacts. As the APEC Center for Technology Foresight
observes:
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If nanotechnology is going to revolutionize manufacturing, health care, energy supply,
communications and probably defense, then it will transform labour and the workplace,
the medical system, the transportation and power infrastructures and the military. None of
these latter will be changed without significant social disruption.

Those concerned with the negative implications of nanotechnology suggest that it will
simply exacerbate problems stemming from existing socio-economic inequity and
unequal distributions of power, creating greater inequities between rich and poor through
an inevitable nano-divide (the gap between those who control the new nanotechnologies
and those whose products, services or labour are displaced by them). Analysts suggest the
possibility that nanotechnology has the potential to destabilize international relations
through a nano arms race and the increased potential for bioweaponry; thus, providing the
tools for ubiquitous surveillance with significant implications for civil liberties. Also,
many critics believe it might break down the barriers between life and non-life through
nanobiotechnology, redefining even what it means to be human.

Nanoethicists posit that such a transformative technology could exacerbate the divisions
of rich and poor — the so-called “nano divide.” However nanotechnology makes the
production of technology, e.g. computers, cellular phones, health technology etcetera,
cheaper and therefore accessible to the poor.

In fact, many of the most enthusiastic proponents of nanotechnology, such as
transhumanists, see the nascent science as a mechanism to changing human nature itself —
going beyond curing disease and enhancing human characteristics. Discussions on
nanoethics have been hosted by the federal government, especially in the context of
“converging technologies” — a catch-phrase used to refer to nano, biotech, information
technology, and cognitive science.

Possible military applications

Societal risks from the use of nanotechnology have also been raised. On the instrumental
level, these include the possibility of military applications of nanotechnology (for
instance, as in implants and other means for soldier enhancement like those being
developed at the Institute for Soldier Nanotechnologies at MIT ) as well as enhanced
surveillance capabilities through nano-sensors. There is also the possibility of
nanotechnology being used to develop chemical weapons and because they will be able
to develop the chemicals from the atom scale up, critics fear that chemical weapons
developed from nano particles will be more dangerous than present chemical weapons.

Intellectual property issues

On the structural level, critics of nanotechnology point to a new world of ownership and
corporate control opened up by nanotechnology. The claim is that, just as biotechnology's
ability to manipulate genes went hand in hand with the patenting of life, so too
nanotechnology's ability to manipulate molecules has led to the patenting of matter. The
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last few years has seen a gold rush to claim patents at the nanoscale. Over 800 nano-
related patents were granted in 2003, and the numbers are increasing year to year.
Corporations are already taking out broad-ranging patents on nanoscale discoveries and
inventions. For example, two corporations, NEC and IBM, hold the basic patents on
carbon nanotubes, one of the current cornerstones of nanotechnology. Carbon nanotubes
have a wide range of uses, and look set to become crucial to several industries from
electronics and computers, to strengthened materials to drug delivery and diagnostics.
Carbon nanotubes are poised to become a major traded commodity with the potential to
replace major conventional raw materials. However, as their use expands, anyone seeking
to (legally) manufacture or sell carbon nanotubes, no matter what the application, must
first buy a license from NEC or IBM.

The United States' essential facilities doctrine may be of importance as well as other anti-
trust laws.

Potential benefits and risks for developing countries

Nanotechnologies may provide new solutions for the millions of people in developing
countries who lack access to basic services, such as safe water, reliable energy, health
care, and education. The United Nations has set Millennium Development Goals for
meeting these needs. The 2004 UN Task Force on Science, Technology and Innovation
noted that some of the advantages of nanotechnology include production using little
labor, land, or maintenance, high productivity, low cost, and modest requirements for
materials and energy.

Many developing countries, for example Costa Rica, Chile, Bangladesh, Thailand, and
Malaysia, are investing considerable resources in research and development of
nanotechnologies. Emerging economies such as Brazil, China, India and South Africa are
spending millions of US dollars annually on R&D, and are rapidly increasing their
scientific output as demonstrated by their increasing numbers of publications in peer-
reviewed scientific publications.

Potential opportunities of nanotechnologies to help address critical international
development priorities include improved water purification systems, energy systems,
medicine and pharmaceuticals, food production and nutrition, and information and
communications technologies. Nanotechnologies are already incorporated in products
that are on the market. Other nanotechnologies are still in the research phase, while others
are concepts that are years or decades away from development.

Applying nanotechnologies in developing countries raises similar questions about the
environmental, health, and societal risks described in the previous section. Additional
challenges have been raised regarding the linkages between nanotechnology and
development.

Protection of the environment, human health and worker safety in developing countries
often suffers from a combination of factors that can include but are not limited to lack of
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robust environmental, human health, and worker safety regulations; poorly or unenforced
regulation which is linked to a lack of physical (e.g., equipment) and human capacity
(i.e., properly trained regulatory staff). Often, these nations require assistance,
particularly financial assistance, to develop the scientific and institutional capacity to
adequately assess and manage risks, including the necessary infrastructure such as
laboratories and technology for detection.

Very little is known about the risks and broader impacts of nanotechnology. At a time of
great uncertainty over the impacts of nanotechnology it will be challenging for
governments, companies, civil society organizations, and the general public in
developing countries, as in developed countries, to make decisions about the governance
of nanotechnology.

Companies, and to a lesser extent governments and universities, are receiving patents on
nanotechnology. The rapid increase in patenting of nanotechnology is illustrated by the
fact that in the US, there were 500 nanotechnology patent applications in 1998 and 1,300
in 2000. Some patents are very broadly defined, which has raised concern among some
groups that the rush to patent could slow innovation and drive up costs of products, thus
reducing the potential for innovations that could benefit low income populations in
developing countries.

There is a clear link between commodities and poverty. Many least developed countries
are dependent on a few commodities for employment, government revenue, and export
earnings. Many applications of nanotechnology are being developed that could impact
global demand for specific commodities. For instance, certain nanoscale materials could
enhance the strength and durability of rubber, which might eventually lead to a decrease
in demand for natural rubber. Other nanotechnology applications may result in increases
in demand for certain commodities. For example, demand for titanium may increase as a
result of new uses for nanoscale titanium oxides, such as titanium dioxide nanotubes that
can be used to produce and store hydrogen for use as fuel. Various organizations have
called for international dialogue on mechanisms that will allow developing countries to
anticipate and proactively adjust to these changes.

In 2003, Meridian Institute began the Global Dialogue on Nanotechnology and the Poor:
Opportunities and Risks (GDNP) to raise awareness of the opportunities and risks of
nanotechnology for developing countries, close the gaps within and between sectors of
society to catalyze actions that address specific opportunities and risks of nanotechnology
for developing countries, and identify ways that science and technology can play an
appropriate role in the development process. The GDNP has released several publicly
accessible papers on nanotechnology and development, including "Nanotechnology and
the Poor: Opportunities and Risks - Closing the Gaps Within and Between Sectors of
Society"; "Nanotechnology, Water, and Development"; and "Overview and Comparison
of Conventional and Nano-Based Water Treatment Technologies".

Social justice and civil liberties
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Concerns are frequently raised that the claimed benefits of nanotechnology will not be
evenly distributed, and that any benefits (including technical and/or economic) associated
with nanotechnology will only reach affluent nations. The majority of nanotechnology
research and development - and patents for nanomaterials and products - is concentrated
in developed countries (including the United States, Japan, Germany, Canada and
France). In addition, most patents related to nanotechnology are concentrated amongst
few multinational corporations, including IBM, Micron Technologies, Advanced Micro
Devices and Intel. This has led to fears that it will be unlikely that developing countries
will have access to the infrastructure, funding and human resources required to support
nanotechnology research and development, and that this is likely to exacerbate such
inequalities.

The agriculture and food industries demonstrate the concentration of nanotechnology
related patents. Patents over seeds, plant material, animal and other agri-food techniques
are already concentrated amongst a few corporations. This is anticipated to increase the
cost of farming, by increasing farmers' input dependence. This may marginalize poorer
farmers, including those living in developing countries.

Producers in developing countries could also be disadvantaged by the replacement of
natural products (including rubber, cotton, coffee and tea) by developments in
nanotechnology. These natural products are important export crops for developing
countries, and many farmers' livelihoods depend on them. It has been argued that their
substitution with industrial nano-products could negatively impact the economies of
developing countries, that have traditionally relied on these export crops.

It is proposed that nanotechnology can only be effective in alleviating poverty and aid
development "when adapted to social, cultural and local institutional contexts, and chosen
and designed with the active participation by citizens right from the commencement
point".
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Chapter- 7

Energy Applications of Nanotechnology

Over the past few decades, the fields of science and engineering have been seeking to
develop new and improved types of energy technologies that have the capability of
improving life all over the world. In order to make the next leap forward from the current
generation of technology, scientists and engineers have been developing Energy
Applications of Nanotechnology. Nanotechnology, a new field in science, is any
technology that contains components smaller than 100 nanometers. For scale, a single
virus particle is about 100 nanometers in width.

An important subfield of nanotechnology related to energy is nanofabrication.
Nanofabrication is the process of designing and creating devices on the nanoscale.
Creating devices smaller than 100 nanometers opens many doors for the development of
new ways to capture, store, and transfer energy. The inherent level of control that
nanofabrication could give scientists and engineers would be critical in providing the
capability of solving many of the problems that the world is facing today related to the
current generation of energy technologies.

People in the fields of science and engineering have already begun developing ways of
utilizing nanotechnology for the development of consumer products. Benefits already
observed from the design of these products are an increased efficiency of lighting and
heating, increased electrical storage capacity, and a decrease in the amount of pollution
from the use of energy. Benefits such as these make the investment of capital in the
research and development of nanotechnology a top priority.

Consumer products

Recently, previously established and entirely new companies such as BetaBatt, Inc. and
Oxane Materials are focusing on nanomaterials as a way to develop and improve upon
older methods for the capture, transfer, and storage of energy for the development of
consumer products.
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ConsERYV, a product developed by the Dais Analytic Corporation, uses nanoscale
polymer membranes to increase the efficiency of heating and cooling systems and has
already proven to be a lucrative design. The polymer membrane was specifically
configured for this application by selectively engineering the size of the pores in the
membrane to prevent air from passing, while allowing moisture to pass through the
membrane. Polymer membranes can be designed to selectively allow particles of one size
and shape to pass through while preventing others of different dimensions. This makes
for a powerful tool that can be used in consumer products from biological weapons
protection to industrial chemical separations.

A New York based company called Applied NanoWorks, Inc. has been developing a
consumer product that utilizes LED technology to generate light. Light-emitting diodes or
LEDs, use only about 10% of the energy that a typical incandescent or fluorescent light
bulb uses and typically last much longer, which makes them a viable alternative to
traditional light bulbs. While LEDs have been around for decades, this company and
others like it have been developing a special variant of LED called the white LED. White
LEDs consist of semi-conducting organic layers that are only about 100 nanometers in
distance from each other and are placed between two electrodes, which create an anode,
and a cathode. When voltage is applied to the system, light is generated when electricity
passes through the two organic layers. This is called electroluminescence. The
semiconductor properties of the organic layers are what allow for the minimal amount of
energy necessary to generate light. In traditional light bulbs, a metal filament is used to
generate light when electricity is run through the filament. Using metal generates a great
deal of heat and therefore lowers efficiency.

Research for longer lasting batteries has been an ongoing process for years. Researchers
have now begun to utilize nanotechnology for battery technology. mPhase Technologies
in conglomeration with Rutgers University and Bell Laboratories have utilized
nanomaterials to alter the wetting behavior of the surface where the liquid in the battery
lies to spread the liquid droplets over a greater area on the surface and therefore have
greater control over the movement of the droplets. This gives more control to the
designer of the battery. This control prevents reactions in the battery by separating the
electrolytic liquid from the anode and the cathode when the battery is not in use and
joining them when the battery is in need of use.

Thermal applications also are a future applications of nanothechonlogy creating low cost
system of heating, ventilation, and air conditioning, changing molecular structure for
better management of temperature

Economic benefits

The relatively recent shift toward using nanotechnology with respect to the capture,
transfer, and storage of energy has and will continue to have many positive economic
impacts on society. The control of materials that nanotechnology offers to scientists and
engineers of consumer products is one of the most important aspects of nanotechnology.
This allows for an improved efficiency of products across the board.
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A major issue with current energy generation is the loss of efficiency from the generation
of heat as a by-product of the process. A common example of this is the heat generated
by the internal combustion engine. The internal combustion engine loses about 64% of
the energy from gasoline as heat and an improvement of this alone could have a
significant economic impact. However, improving the internal combustion engine in this
respect has proven to be extremely difficult without sacrificing performance. Improving
the efficiency of fuel cells through the use of nanotechnology appears to be more
plausible by using molecularly tailored catalysts, polymer membranes, and improved fuel
storage.

In order for a fuel cell to operate, particularly of the hydrogen variant, a noble-metal
catalyst (usually platinum, which is very expensive) is needed to separate the electrons
from the protons of the hydrogen atoms. However, catalysts of this type are extremely
sensitive to carbon monoxide reactions. In order to combat this, alcohols or hydrocarbons
compounds are used to lower the carbon monoxide concentration in the system. This adds
an additional cost to the device. Using nanotechnology, catalysts can be designed through
nanofabrication that are much more resistant to carbon monoxide reactions, which
improves the efficiency of the process and may be designed with cheaper materials to
additionally lower costs.

Fuel cells that are currently designed for transportation need rapid start-up periods for the
practicality of consumer use. This process puts a lot of strain on the traditional polymer
electrolyte membranes, which decreases the life of the membrane requiring frequent
replacement. Using nanotechnology, engineers have the ability to create a much more
durable polymer membrane, which addresses this problem. Nanoscale polymer
membranes are also much more efficient in ionic conductivity. This improves the
efficiency of the system and decreases the time between replacements, which lowers
costs.

Another problem with contemporary fuel cells is the storage of the fuel. In the case of
hydrogen fuel cells, storing the hydrogen in gaseous rather than liquid form improves the
efficiency by 5%. However, the materials that we currently have available to us
significantly limit fuel storage due to low stress tolerance and costs. Scientists have come
up with an answer to this by using a nanoporous styrene material (which is a relatively
inexpensive material) that when super-cooled to around -196°C, naturally holds on to
hydrogen atoms and when heated again releases the hydrogen for use.

Capacitors: then and now

For decades, scientists and engineers have been attempting to make computers smaller
and more efficient. A crucial component of computers are capacitors. A capacitor is a
device that is made of a pair of electrodes separated by an insulator that each stores an
opposite charge. A capacitor stores a charge when it is removed from the circuit that it is
connected to; the charge is released when it is replaced back into the circuit. Capacitors
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have an advantage over batteries in that they release their charge much more quickly than
a battery.

Traditional or foil capacitors are composed of thin metal conducting plates separated by
an electrical insulator, which are then stacked or rolled and placed in a casing. The
problem with a traditional capacitor such as this is that they limit how small an engineer
can design a computer. Scientists and engineers have since turned to nanotechnology for
a solution to the problem.

Using nanotechnology, researchers developed what they call “ultracapacitors.” An
ultracapacitor is a general term that describes a capacitor that contains nanocomponents.
Ultracapacitors are being researched heavily because of their high density interior,
compact size, reliability, and high capacitance. This decrease in size makes it
increasingly possible to develop much smaller circuits and computers. Ultracapacitors
also have the capability to supplement batteries in hybrid vehicles by providing a large
amount of energy during peak acceleration and allowing the battery to supply energy
over longer periods of time, such as during a constant driving speed. This could decrease
the size and weight of the large batteries needed in hybrid vehicles as well as take
additional stress off the battery. However, as of now, the combination of ultracapacitors
and a battery 1s not cost effective due to the need of additional DC/DC electronics to
coordinate the two.

Nanoporous carbon aerogel is one type of material that is being utilized for the design of
ultracapacitors. These aerogels have a very large interior surface area and can have its
properties altered by changing the pore diameter and distribution along with adding
nanosized alkali metals to alter its conductivity.

Carbon nanotubes are another possible material for use in an ultracapacitor. Carbon
nanotubes are created by vaporizing carbon and allowing it to condense on a surface.
When the carbon condenses, it forms a nanosized tube composed of carbon atoms. This
tube has a high surface area, which increases the amount of charge that can be stored. The
low reliability and high cost of using carbon nanotubes for ultracapacitors is currently an
issue of research.

In a study concerning ultracapacitors or supercapacitors, researchers at the
Sungkyunkwan University in the Republic of Korea explored the possibility of increasing
the capacitance of electrodes through the addition of fluorine atoms to the walls of carbon
nanotubes. As briefly mentioned before, carbon nanotubes are an increasing form of
capacitors due to their superb chemical stability, high conductivity, light mass, and their
large surface area. These researchers fluorinated single-walled carbon nanotubes
(SWCNTs) at high temperatures to bind fluorine atoms to the walls. The attached fluorine
atoms changed the non-polar nanotubes to become polar molecules. This can be
attributed to the charge transfer from the fluorine. This created dipole-dipole layers along
the carbon nanotube walls. Testing of these fluorinated SWCNTs against normal state
SWCNTs showed a difference in capacitance. It was determined that the fluorinated
SWCNTs are advantageous in fabricating electrodes for capacitors and improve the
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wettability with aqueous electrolytes, which promotes the overall performance of
supercapacitors. While this study brought to knowledge a more efficient example of
capacitors, little is known about this new supercapacitor, large scale synthesis 1s lacking
and is necessary for any massive production, and preparation conditions are quite tedious
in achieving the final product.

Theory of capacitance

Understanding the concept of capacitance can be helpful in understanding why
nanotechnology is such a powerful tool for the design of higher energy storing capacitors.
A capacitor’s capacitance (C) or amount of energy stored is equal to the amount of
charge (Q) stored on each plate divided by the voltage (V) between the plates. Another
representation of capacitance is that capacitance (C) is approximately equal to the
permittivity (¢) of the dielectric times the area (A) of the plates divided by the distance
(d) between them. Therefore, capacitance is proportional to the surface area of the
conducting plate and inversely proportional to the distance between the plates.

Using carbon nanotubes as an example, a property of carbon nanotubes is that they have a
very high surface area to store a charge. Using the above proportionality that capacitance
(C) 1s proportional to the surface area (A) of the conducting plate; it becomes obvious
that using nanoscaled materials with high surface area would be great for increasing
capacitance. The other proportionality described above is that capacitance (C) is inversely
proportional to the distance (d) between the plates. Using nanoscaled plates such as
carbon nanotubes with nanofabrication techniques, gives the capability of decreasing the
space between plates which again increases capacitance.
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Chapter- 8

List of Nanotechnology Applications

With nanotechnology, a large set of materials and improved products rely on a change in
the physical properties when the feature sizes are shrunk. Nanoparticles, for example,
take advantage of their dramatically increased surface area to volume ratio. Their optical
properties, e.g. fluorescence, become a function of the particle diameter. When brought
into a bulk material, nanoparticles can strongly influence the mechanical properties of the
material, like stiffness or elasticity. For example, traditional polymers can be reinforced
by nanoparticles resulting in novel materials which can be used as lightweight
replacements for metals. Therefore, an increasing societal benefit of such nanoparticles
can be expected. Such nanotechnologically enhanced materials will enable a weight
reduction accompanied by an increase in stability and improved functionality. Practical
nanotechnology is essentially the increasing ability to manipulate (with precision) matter
on previously impossible scales, presenting possibilities which many could never have
imagined - it therefore seems unsurprising that few areas of human technology are
exempt from the benefits which nanotechnology could potentially bring.

Medicine

The biological and medical research communities have exploited the unique properties of
nanomaterials for various applications (e.g., contrast agents for cell imaging and
therapeutics for treating cancer). Terms such as biomedical nanotechnology,
nanobiotechnology, and nanomedicine are used to describe this hybrid field.
Functionalities can be added to nanomaterials by interfacing them with biological
molecules or structures. The size of nanomaterials is similar to that of most biological
molecules and structures; therefore, nanomaterials can be useful for both in vivo and in
vitro biomedical research and applications. Thus far, the integration of nanomaterials
with biology has led to the development of diagnostic devices, contrast agents, analytical
tools, physical therapy applications, and drug delivery vehicles.

Diagnostics
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Nanotechnology-on-a-chip is one more dimension of lab-on-a-chip technology. Magnetic
nanoparticles, bound to a suitable antibody, are used to label specific molecules,
structures or microorganisms. Gold nanoparticles tagged with short segments of DNA
can be used for detection of genetic sequence in a sample. Multicolor optical coding for
biological assays has been achieved by embedding different-sized quantum dots into
polymeric microbeads. Nanopore technology for analysis of nucleic acids converts
strings of nucleotides directly into electronic signatures.

Drug delivery

Nanotechnology has been a boom in medical field by delivering drugs to specific cells
using nanoparticles. The overall drug consumption and side-effects can be lowered
significantly by depositing the active agent in the morbid region only and in no higher
dose than needed. This highly selective approach reduces costs and human suffering. An
example can be found in dendrimers and nanoporous materials. Another example is to
use block co-polymers, which form micelles for drug encapsulation. They could hold
small drug molecules transporting them to the desired location. Another vision is based
on small electromechanical systems; NEMS are being investigated for the active release
of drugs. Some potentially important applications include cancer treatment with iron
nanoparticles or gold shells. A targeted or personalized medicine reduces the drug
consumption and treatment expenses resulting in an overall societal benefit by reducing
the costs to the public health system. Nanotechnology is also opening up new
opportunities in implantable delivery systems, which are often preferable to the use of
injectable drugs, because the latter frequently display first-order kinetics (the blood
concentration goes up rapidly, but drops exponentially over time). This rapid rise may
cause difficulties with toxicity, and drug efficacy can diminish as the drug concentration
falls below the targeted range.

Buckyballs can "interrupt" the allergy/immune response by preventing mast cells (which
cause allergic response) from releasing histamine into the blood and tissues, by binding to
free radicals "dramatically better than any anti-oxidant currently available, such as
vitamin E".

Tissue engineering

Nanotechnology can help to reproduce or to repair damaged tissue. “Tissue engineering”
makes use of artificially stimulated cell proliferation by using suitable nanomaterial-
based scaffolds and growth factors. For example, bones can be regrown on carbon
nanotube scaffolds. Tissue engineering might replace today's conventional treatments like
organ transplants or artificial implants. Advanced forms of tissue engineering may lead to
life extension.

Chemistry and environment

Chemical catalysis and filtration techniques are two prominent examples where
nanotechnology already plays a role. The synthesis provides novel materials with tailored
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features and chemical properties: for example, nanoparticles with a distinct chemical
surrounding (ligands), or specific optical properties. In this sense, chemistry is indeed a
basic nanoscience. In a short-term perspective, chemistry will provide novel
“nanomaterials” and in the long run, superior processes such as “self-assembly” will
enable energy and time preserving strategies. In a sense, all chemical synthesis can be
understood in terms of nanotechnology, because of its ability to manufacture certain
molecules. Thus, chemistry forms a base for nanotechnology providing tailor-made
molecules, polymers, etcetera, as well as clusters and nanoparticles.

Catalysis

Chemical catalysis benefits especially from nanoparticles, due to the extremely large
surface to volume ratio. The application potential of nanoparticles in catalysis ranges
from fuel cell to catalytic converters and photocatalytic devices. Catalysis is also
important for the production of chemicals.

Platinum nanoparticles are now being considered in the next generation of automotive
catalytic converters because the very high surface area of nanoparticles could reduce the
amount of platinum required. However, some concerns have been raised due to
experiments demonstrating that they will spontaneously combust if methane is mixed
with the ambient air. Ongoing research at the Centre National de la Recherche
Scientifique (CNRS) in France may resolve their true usefulness for catalytic
applications. Nanofiltration may come to be an important application, although future
research must be careful to investigate possible toxicity.

Filtration

A strong influence of photochemistry on waste-water treatment, air purification and
energy storage devices is to be expected. Mechanical or chemical methods can be used
for effective filtration techniques. One class of filtration techniques is based on the use of
membranes with suitable hole sizes, whereby the liquid is pressed through the membrane.
Nanoporous membranes are suitable for a mechanical filtration with extremely small
pores smaller than 10 nm (“nanofiltration”) and may be composed of nanotubes.
Nanofiltration is mainly used for the removal of 1ons or the separation of different fluids.
On a larger scale, the membrane filtration technique is named ultrafiltration, which works
down to between 10 and 100 nm. One important field of application for ultrafiltration is
medical purposes as can be found in renal dialysis. Magnetic nanoparticles offer an
effective and reliable method to remove heavy metal contaminants from waste water by
making use of magnetic separation techniques. Using nanoscale particles increases the
efficiency to absorb the contaminants and is comparatively inexpensive compared to
traditional precipitation and filtration methods.

Some water-treatment devices incorporating nanotechnology are already on the market,

with more in development. Low-cost nanostructured separation membranes methods have
been shown to be effective in producing potable water in a recent study.
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Energy

The most advanced nanotechnology projects related to energy are: storage, conversion,
manufacturing improvements by reducing materials and process rates, energy saving (by
better thermal insulation for example), and enhanced renewable energy sources.

Reduction of energy consumption

A reduction of energy consumption can be reached by better insulation systems, by the
use of more efficient lighting or combustion systems, and by use of lighter and stronger
materials in the transportation sector. Currently used light bulbs only convert
approximately 5% of the electrical energy into light. Nanotechnological approaches like
light-emitting diodes (LEDs) or quantum caged atoms (QCAs) could lead to a strong
reduction of energy consumption for illumination.

Increasing the efficiency of energy production

Today's best solar cells have layers of several different semiconductors stacked together
to absorb light at different energies but they still only manage to use 40 percent of the
Sun's energy. Commercially available solar cells have much lower efficiencies (15-20%).
Nanotechnology could help increase the efficiency of light conversion by using
nanostructures with a continuum of bandgaps.

The degree of efficiency of the internal combustion engine is about 30-40% at the
moment. Nanotechnology could improve combustion by designing specific catalysts with
maximized surface area. In 2005, scientists at the University of Toronto developed a
spray-on nanoparticle substance that, when applied to a surface, instantly transforms it
into a solar collector.

The use of more environmentally friendly energy systems

An example for an environmentally friendly form of energy is the use of fuel cells
powered by hydrogen, which is ideally produced by renewable energies. Probably the
most prominent nanostructured material in fuel cells is the catalyst consisting of carbon
supported noble metal particles with diameters of 1-5 nm. Suitable materials for
hydrogen storage contain a large number of small nanosized pores. Therefore many
nanostructured materials like nanotubes, zeolites or alanates are under investigation.
Nanotechnology can contribute to the further reduction of combustion engine pollutants
by nanoporous filters, which can clean the exhaust mechanically, by catalytic converters
based on nanoscale noble metal particles or by catalytic coatings on cylinder walls and
catalytic nanoparticles as additive for fuels.

Recycling of batteries
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Because of the relatively low energy density of batteries the operating time is limited and
a replacement or recharging is needed. The huge number of spent batteries and
accumulators represent a disposal problem. The use of batteries with higher energy
content or the use of rechargeable batteries or supercapacitors with higher rate of
recharging using nanomaterials could be helpful for the battery disposal problem.

Information and communication

Current high-technology production processes are based on traditional top down
strategies, where nanotechnology has already been introduced silently. The critical length
scale of integrated circuits is already at the nanoscale (50 nm and below) regarding the
gate length of transistors in CPUs or DRAM devices.

Memory Storage

Electronic memory designs in the past have largely relied on the formation of transistors.
However, research into crossbar switch based electronics have offered an alternative
using reconfigurable interconnections between vertical and horizontal wiring arrays to
create ultra high density memories. Two leaders in this area are Nantero which has
developed a carbon nanotube based crossbar memory called Nano-RAM and Hewlett-
Packard which has proposed the use of memristor material as a future replacement of
Flash memory.

Novel semiconductor devices

An example of such novel devices is based on spintronics.The dependence of the
resistance of a material (due to the spin of the electrons) on an external field is called
magnetoresistance. This effect can be significantly amplified (GMR - Giant Magneto-
Resistance) for nanosized objects, for example when two ferromagnetic layers are
separated by a nonmagnetic layer, which is several nanometers thick (e.g. Co-Cu-Co).
The GMR effect has led to a strong increase in the data storage density of hard disks and
made the gigabyte range possible. The so called tunneling magnetoresistance (TMR) is
very similar to GMR and based on the spin dependent tunneling of electrons through
adjacent ferromagnetic layers. Both GMR and TMR effects can be used to create a non-
volatile main memory for computers, such as the so called magnetic random access
memory or MRAM.

In 1999, the ultimate CMOS transistor developed at the Laboratory for Electronics and
Information Technology in Grenoble, France, tested the limits of the principles of the
MOSFET transistor with a diameter of 18 nm (approximately 70 atoms placed side by
side). This was almost one tenth the size of the smallest industrial transistor in 2003 (130
nm in 2003, 90 nm in 2004, 65 nm in 2005 and 45 nm in 2007). It enabled the theoretical
integration of seven billion junctions on a €1 coin. However, the CMOS transistor, which
was created in 1999, was not a simple research experiment to study how CMOS
technology functions, but rather a demonstration of how this technology functions now
that we ourselves are getting ever closer to working on a molecular scale. Today it would
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be impossible to master the coordinated assembly of a large number of these transistors
on a circuit and it would also be impossible to create this on an industrial level.

Novel optoelectronic devices

In the modern communication technology traditional analog electrical devices are
increasingly replaced by optical or optoelectronic devices due to their enormous
bandwidth and capacity, respectively. Two promising examples are photonic crystals and
quantum dots. Photonic crystals are materials with a periodic variation in the refractive
index with a lattice constant that is half the wavelength of the light used. They offer a
selectable band gap for the propagation of a certain wavelength, thus they resemble a
semiconductor, but for light or photons instead of electrons. Quantum dots are nanoscaled
objects, which can be used, among many other things, for the construction of lasers. The
advantage of a quantum dot laser over the traditional semiconductor laser is that their
emitted wavelength depends on the diameter of the dot. Quantum dot lasers are cheaper
and offer a higher beam quality than conventional laser diodes.

Displays

The production of displays with low energy consumption could be accomplished using
carbon nanotubes (CNT). Carbon nanotubes are electrically conductive and due to their
small diameter of several nanometers, they can be used as field emitters with extremely
high efficiency for field emission displays (FED). The principle of operation resembles
that of the cathode ray tube, but on a much smaller length scale.

Quantum computers
Entirely new approaches for computing exploit the laws of quantum mechanics for novel
quantum computers, which enable the use of fast quantum algorithms. The Quantum

computer has quantum bit memory space termed "Qubit" for several computations at the
same time. This facility may improve the performance of the older systems.

Heavy Industry

An inevitable use of nanotechnology will be in heavy industry.

Aerospace

Lighter and stronger materials will be of immense use to aircraft manufacturers, leading
to increased performance. Spacecraft will also benefit, where weight is a major factor.
Nanotechnology would help to reduce the size of equipment and thereby decrease fuel-

consumption required to get it airborne.

Hang gliders may be able to halve their weight while increasing their strength and
toughness through the use of nanotech materials. Nanotech is lowering the mass of
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supercapacitors that will increasingly be used to give power to assistive electrical motors
for launching hang gliders off flatland to thermal-chasing altitudes.

Construction

Nanotechnology has the potential to make construction faster, cheaper, safer, and more
varied. Automation of nanotechnology construction can allow for the creation of
structures from advanced homes to massive skyscrapers much more quickly and at much
lower cost.

Nanotechnology and constructions

Nanotechnology is one of the most active research areas that encompass a number of
disciplines Such as electronics, bio-mechanics and coatings including civil engineering
and construction materials.

The use of nanotechnology in construction involves the development of new concept and
understanding of the hydration of cement particles and the use of nano-size ingredients
such as alumina and silica and other nanoparticles. The manufactures also investigating
the methods of manufacturing of nano-cement. If cement with nano-size particles can be
manufactured and processed, it will open up a large number of opportunities in the fields
of ceramics, high strength composites and electronic applications. Since at the nanoscale
the properties of the material are different from that of their bulk counter parts. When
materials becomes nano-sized, the proportion of atoms on the surface increases relative to
those inside and this leads to novel properties. Some applications of nanotechnology in
construction are describe below.

Nanoparticles and concrete

Concrete is most commonly used material in the construction. It is the current active area
of research and development. Researchers are trying to develop nano-sized concrete (or
nano-concrete) and to understand its structure using Atomic Force Microscopy (AFM),
Scanning Electron Microscopy (SEM) and Focused lon Beam (FIB) as these
understanding leads to appropriate use of nanotechnology in construction.

The term nano-concrete is defined as a concrete made with portland cement particles that
are less than 500 nano-meters. When Concrete is reduced to nano-level, strongly
influenced by its nano-properties which causes an improvement in its strength and
durability .The Silica (Si02) is present in conventional concrete as part of the normal
mix.When nano silica is added to concrete the particle packing can be improved which
results in the densifying micro and nanostructures,which results in the improved
mechanical properties.

The addition of nano-silica to cement based materials can also control the degradation of
the fundamental C-S-H (calcium-silicatehydrate) reaction of concrete caused by calcium
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leaching in water as well as block water penetration and therefore lead to improvements
in durability.

The strength of concrete can also be increase by adding haematite (Fe203) nanoparticles.
The haematite (Fe203) nanoparticle can also monitors stress levels through the
measurement of section electrical resistance.

The need for nano-concrete

e The micro-meter thick plates and other shapes such as cylinders can be
manufactured using nano-cement for various applications including electronic
components and high temperature sensors.

e Nano-cement using Carbon nano-tubes can be used for both strengthening and
creating electric circuits.

e Nano-cement is very much useful in the area of coatings.

e Current portland cement-based coatings are thick and need polymer additions to
improve adhesion. Nano-cement will create a new paradigm in this area of
application.

o Ifportland cement can be formulated with nano-size cement particles, it will open
up a large number of opportunities.For example, the cement can be used as an
inorganic adhesive with carbon fibers.

e The nano-cement will not only be more economical than organic polymers but
also will be fire resistant.

o It will not emit any volatile organic compounds (voc).

Challenges

Coatings are routinely used as protective barriers against abrasion, chemical attack,hydro-
thermal variations and to improve aesthetics. As these coatings are in the micrometer
range. So new materials and techniques have to be developed to develop nano-meter
thick coatings that are durable and generate less heat due to reduced friction.Coatings
should be self-cleaning and self-healing, durable under various exposure conditions.
Coatings should have abrasion resistance, friction resistance, high temperature resistance
and electrical characteristics. For the nano coatings, the properties of the coatings
themselves need investigation.Brittle coatings usually fail by cracking. Coatings with a
nano-scale of roughness that will repel water and dirt, modeled after the coating of the
lotus leaf are being created.

The lotus leaf has extraordinary ability to keep itself clean and dry. Now nanotechnology
is being used to mimic the lotus leaf surfaceand create new products such as hydrophobic
or water-repellent surface, particles of dirt are removed by moving water.But on a Lotus
simulated surface, dirt particles are collected by water drops and rinsedoft.

Nanoparticles and steel

Steel has been widely available material and has a major role in the construction industry.
The use of nanotechnology in steel helps to improve the properties of steel. The fatigue
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,which lead to the structural failure of steel due to cyclic loading, such as in bridges or
towers.The current steel designs are based on the reduction in the allowable stress,
service life or regular inspection regime. This has a significant impact on the life-cycle
costs of structures and limits the effective use of resources.The Stress risers are
responsible for initiating cracks from which fatigue failure results .The addition of copper
nanoparticles reduces the surface un-evenness of steel which then limits the number of
stress risers and hence fatigue cracking. Advancements in this technology using
nanoparticles would lead to increased safety, less need for regular inspection regime and
more efficient materials free from fatigue issues for construction.

The nano-size steel produce stronger steel cables which can be in bridge construction
.Also these stronger cable material would reduce the costs and period of construction,
especially in suspension bridges as the cables are run from end to end of the span.This
would require high strength joints which leads to the need for high strength bolts. The
capacity of high strength bolts is obtained through quenching and tempering .The
microstructures of such products consist of tempered martensite. When the tensile
strength of tempered martensite steel exceeds 1,200 MPa even a very small amount of
hydrogen embrittles the grain boundaries and the steel material may fail during use. This
phenomenon, which is known as delayed fracture, which hindered the strengthening of
steel bolts and their highest strength is limited to only around 1,000 to 1,200 MPa.

The use of vanadium and molybdenum nanoparticles improves the delayed fracture
problems associated with high strength bolts reducing the effects of hydrogen
embrittlement and improving the steel micro-structure through reducing the effects of the
inter-granular cementite phase.

Welds and the Heat Affected Zone (HAZ) adjacent to welds can be brittle and fail
without warning when subjected to sudden dynamic loading. The addition of
nanoparticles of magnesium and calcium makes the HAZ grains finer in plate steel and
this leads to an increase in weld toughness. The increase in toughness at would result in a
smaller resource requirement because less material is required in order to keep stresses
within allowable limits.The carbon nanotubes are exciting material with tremendous
properties of strength and stiffness, they have found little application as compared to
steel,because it is difficult to bind them with bulk material and they pull out easily,
Which make them ineffective in construction materials.

Nanoparticles in glass

The glass is also an important material in construction.There is a lot of research being
carried out on the application of nanotechnology to glass.Titanium dioxide (T102)
nanoparticles are used to coat glazing since it has sterilizing and anti-fouling properties.
The particles catalyze powerful reactions which breakdown organic pollutants, volatile
organic compounds and bacterial membranes.

The TiO2 is hydrophilic (attraction to water) which can attract rain drops which then
wash off the dirt particles. Thus the introduction of nanotechnology in the Glass industry,
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incorporates the self cleaning property of glass. Fire-protective glass is another
application of nanotechnology. This is achieved by using a clear intumescent layer
sandwiched between glass panels (an interlayer) formed of silica nanoparticles (Si02)
which turns into a rigid and opaque fire shield when heated.Most of glass in construction
is on the exterior surface of buildings .So the light and heat entering the building through
glass has to be prevented. The nanotechnology can provide a better solution to block light
and heat coming through windows.

Nanoparticles in coatings

Coatings is an important area in construction.coatings are extensively use to paint the
walls ,doors and windows.Coatings should provides a protective layer which is bound to
the base material to produce a surface of the desired protective or functional properties.
The coatings should have self healing capabilities through a process of “self-
assembly”.Nanotechnology is being applied to paints to obtained the coatings having self
healing capabilities and corrosion protection under insulation.Since these coatings are
hydrophobic and repels water from the metal pipe and can also protect metal from salt
water attack. Nanoparticle based systems can provide better adhesion and transparency
.The TiO2 coating captures and breaks down organic and inorganic air pollutants by a
photocatalytic process ,which leads to putting roads to good environmental use.

Nanoparticles in fire protection and detection

Fire resistance of steel structures is often provided by a coating produced by a spray-
oncementitious process.The nano-cement has the potential to create a new paradigm in
this area of application because the resulting material can be used as a tough, durable,
high temperature coating. It provides a good method of increasing fire resistance and this
is a cheaper option than conventional insulation.

Risks of using nanoparticles in construction

In building construction nanomaterials are widely used from self-cleaning windows to
flexible solar panels to wi-fi blocking paint. The self-healing concrete, materials to block
ultraviolet and infrared radiation, smog-eating coatings and light-emitting walls and
ceilings are the new nanomaterials in construction. Nanotechnology is a promise for
“smart home” a reality. Nanotech-enabled sensors can monitor temperature, humidity,
and airborne toxins which needs nanotech based improved batteries. The building
components will be intelligent and interactive since the sensor uses wireless
components,it can collect the wide range of data.

If the nanosensors and nanomaterials becomes a every day part of the buildings to make
them intelligent,what are the consequences of these materials on human beings?

1.Effect of nanoparticles on health and environment: Nanoparticles may also enter the

body if building water supplies are filtered through commercially available nanofilters.
Airborne and waterborne nanoparticles enter from building ventilation and wastewater
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systems. 2. Effect of nanoparticles on societal issues: As sensors become more common
place,a loss of privacy may result from users interacting with increasingly intelligent
building components.The technology at one side has the advantages of new building
material. The otherside it has the fear of risk arises from these materials. However, the
overall performance of nanomaterials to date, is that valuable opportunities to improve
building performance, user health and environmental quality .

Vehicle manufacturers

Much like aerospace, lighter and stronger materials will be useful for creating vehicles
that are both faster and safer. Combustion engines will also benefit from parts that are
more hard-wearing and more heat-resistant.

Consumer goods

Nanotechnology is already impacting the field of consumer goods, providing products
with novel functions ranging from easy-to-clean to scratch-resistant. Modern textiles are
wrinkle-resistant and stain-repellent; in the mid-term clothes will become “smart”,
through embedded “wearable electronics”. Already in use are different nanoparticle
improved products. Especially in the field of cosmetics, such novel products have a
promising potential.

Foods

Complex set of engineering and scientific challenges in the food and bioprocessing
industry for manufacturing high quality and safe food through efficient and sustainable
means can be solved through nanotechnology. Bacteria identification and food quality
monitoring using biosensors; intelligent, active, and smart food packaging systems;
nanoencapsulation of bioactive food compounds are few examples of emerging
applications of nanotechnology for the food industry. Nanotechnology can be applied in
the production, processing, safety and packaging of food. A nanocomposite coating
process could improve food packaging by placing anti-microbial agents directly on the
surface of the coated film. Nanocomposites could increase or decrease gas permeability
of different fillers as is needed for different products. They can also improve the
mechanical and heat-resistance properties and lower the oxygen transmission rate.
Research is being performed to apply nanotechnology to the detection of chemical and
biological substances for sensanges in foods.

Nano-foods
New foods are among the nanotechnology-created consumer products coming onto the
market at the rate of 3 to 4 per week, according to the Project on Emerging

Nanotechnologies (PEN), based on an inventory it has drawn up of 609 known or
claimed nano-products.
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On PEN's list are three foods -- a brand of canola cooking oil called Canola Active Oil, a
tea called Nanotea and a chocolate diet shake called Nanoceuticals Slim Shake
Chocolate.

According to company information posted on PEN's Web site, the canola oil, by Shemen
Industries of Israel, contains an additive called "nanodrops" designed to carry vitamins,
minerals and phytochemicals through the digestive system and urea.

The shake, according to U.S. manufacturer RBC Life Sciences Inc., uses cocoa infused
"NanoClusters" to enhance the taste and health benefits of cocoa without the need for
extra sugar.

Household

The most prominent application of nanotechnology in the household is self-cleaning or
“easy-to-clean” surfaces on ceramics or glasses. Nanoceramic particles have improved
the smoothness and heat resistance of common household equipment such as the flat iron.

Optics

The first sunglasses using protective and anti-reflective ultrathin polymer coatings are on
the market. For optics, nanotechnology also offers scratch resistant surface coatings
based on nanocomposites. Nano-optics could allow for an increase in precision of pupil
repair and other types of laser eye surgery.

Textiles

The use of engineered nanofibers already makes clothes water- and stain-repellent or
wrinkle-free. Textiles with a nanotechnological finish can be washed less frequently and
at lower temperatures. Nanotechnology has been used to integrate tiny carbon particles
membrane and guarantee full-surface protection from electrostatic charges for the wearer.
Many other applications have been developed by research institutions such as the Textiles
Nanotechnology Laboratory at Cornell University, and the UK's Dstl and its spin out
company P2i.

Cosmetics

One field of application is in sunscreens. The traditional chemical UV protection
approach suffers from its poor long-term stability. A sunscreen based on mineral
nanoparticles such as titanium dioxide offer several advantages. Titanium oxide
nanoparticles have a comparable UV protection property as the bulk material, but lose the

cosmetically undesirable whitening as the particle size is decreased.

Agriculture
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Applications of nanotechnology have the potential to change the entire agriculture sector
and food industry chain from production to conservation, processing, packaging,
transportation, and even waste treatment. NanoScience concepts and Nanotechnology
applications have the potential to redesign the production cycle, restructure the
processing and conservation processes and redefine the food habits of the people.

Major Challenges related to agriculture like Low productivity in cultivable areas, Large
uncultivable areas,Shrinkage of cultivable lands, Wastage of inputs like water, fertilizers,
pesticides, Wastage of products and of course Food security for growing numbers can be
addressed through various applications of nanotechnology.
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Chapter- 9

Regulation of Nanotechnology

Due to the ongoing argument on the implications of nanotechnology, there is significant
debate related to the question of whether nanotechnology or nanotechnology-based
products merit special government regulation. This debate is related to the circumstances
in which it is necessary and appropriate to assess new substances prior to their release
into the market, community and environment.

The nanotechnology label is used on an increasing number of commercially available
products — from socks and trousers to tennis racquets and cleaning cloths. The emergence
of such nanotechnologies, and their accompanying industries, have triggered calls for
increased community participation and effective regulatory arrangements. However,
these calls have presently not lead to such comprehensive regulation to oversee research
and the commercial application of nanotechnologies, or any comprehensive labeling for
products that contain nanoparticles or are derived from nano-processes.

Regulatory bodies such as the United States Environmental Protection Agency and the
Food and Drug Administration in the U.S. or the Health & Consumer Protection
Directorate of the European Commission have started dealing with the potential risks
posed by nanoparticles. So far, neither engineered nanoparticles nor the products and
materials that contain them are subject to any special regulation regarding production,
handling or labelling.

Managing risks: human and environmental health and
safety

Studies of the health impact of airborne particles are the closest thing we have to a tool
for assessing potential health risks from free nanoparticles. These studies have generally
shown that the smaller the particles get, the more toxic they become. This is due in part to
the fact that, given the same mass per volume, the dose in terms of particle numbers
increases as particle size decreases.
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Based upon available data, it has been argued that current risk assessment methodologies
are not suited to the hazards associated with nanoparticles; in particular, existing
toxicological and eco-toxicological methods are not up to the task; exposure evaluation
(dose) needs to be expressed as quantity of nanoparticles and/or surface area rather than
simply mass; equipment for routine detecting and measuring nanoparticles in air, water,
or soil is inadequate; and very little is known about the physiological responses to
nanoparticles.

Regulatory bodies in the U.S. as well as in the EU have concluded that nanoparticles
form the potential for an entirely new risk and that it is necessary to carry out an
extensive analysis of the risk. The challenge for regulators is whether a matrix can be
developed which would identify nanoparticles and more complex nanoformulations
which are likely to have special toxicological properties or whether it is more reasonable
for each particle or formulation to be tested separately.

The International Council on Nanotechnology maintains a database and Virtual Journal
of scientific papers on environmental, health and safety research on nanoparticles. The
database currently has over 2000 entries indexed by particle type, exposure pathway and
other criteria. The Project on Emerging Nanotechnologies currently lists 807 products
that manufacturers have voluntarily identified that use nanotechnology. No labeling is
required by the FDA so that number could be significantly higher. "The use of
nanotechnology in consumer products and industrial applications 1s growing rapidly, with
the products listed in the PEN inventory showing just the tip of the iceberg" according to
Project on Emerging Nanotechnologies (PEN) Project Director David Rejeski . A list of
those products that have been voluntarily disclosed by their manufacturers is located
here.

The Material Safety Data Sheet that must be issued for certain materials often does not
differentiate between bulk and nanoscale size of the material in question and even when it
does these MSDS are advisory only.

Democratic governance

Many argue that government has a responsibility to provide opportunities for the public
to be involved in the development of new forms of science and technology). Community
engagement can be achieved through various means or mechanisms.(2005) identify
traditional approaches such as referenda, consultation documents, and advisory
committees that include community members and other stakeholders. Other conventional
approaches include public meetings and "closed" dialog with stakeholders. More
contemporary engagement processes that have been employed to include community
members in decisions about nanotechnology include citizens' juries and consensus
conferences. Leach and Scoones (2006, p. 45) argue that since that “most debates about
science and technology options involve uncertainty, and often ignorance, public debate
about regulatory regimes is essential.”
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It has been argued that limited nanotechnology labeling and regulation may exacerbate
potential human and environmental health and safety issues associated with
nanotechnology, and that the development of comprehensive regulation of
nanotechnology will be vital to ensure that the potential risks associated with the research
and commercial application of nanotechnology do not overshadow its potential benefits.
Regulation may also be required to meet community expectations about responsible
development of nanotechnology, as well as ensuring that public interests are included in
shaping the development of nanotechnology.

Community education, engagement and consultation tend to occur "downstream": once
there is at least a moderate level of awareness, and often during the process of
disseminating and adapting technologies. "Upstream" engagement, by contrast, occurs
much earlier in the innovation cycle and involves: "dialogue and debate about future
technology options and pathways, bringing the often expert-led approaches to horizon
scanning, technology foresight and scenario planning to involve a wider range of
perspectives and inputs." Daniel Sarewitz Director of Arizona State University’s
Consortium on Science, Policy and Outcomes, argues that "by the time new devices reach
the stage of commercialization and regulation, it is usually too late to alter them to correct
problems."

The stance that the research, development and use of nanotechnology should be subject to
control by the public sector is sometimes referred to as nanosocialism.

Newness

The question of whether nanotechnology represents something 'new' must be answered to
decide how best nanotechnology should be regulated. The Royal Society recommended
that the UK government assess chemicals in the form of nanoparticles or nanotubes as
new substances. Subsequent to this, in 2007 a coalition of over forty groups called for
nanomaterials to be classified as new substances, and regulated as such.

Despite these recommendations, chemicals comprising nanoparticles that have previously
been subject to assessment and regulation may be exempt from regulation, regardless of
the potential for different risks and impacts. In contrast, nanomaterials are often
recognised as 'new' from the perspective of intellectual property rights (IPRs), and as
such are commercially protected via patenting laws. There is an inconsistency here;
nanomaterials are legally defined as 'new' via IPRs, however they are not recognized as
such from the perspective of health and safety regulations.

New regulatory framework, or adapt existing arrangements?

There is significant debate about who is responsible for the regulation of nanotechnology.
While some non-nanotechnology specific regulatory agencies currently cover some
products and processes (to varying degrees) — by "bolting on" nanotechnology to existing
regulations — there are clear gaps in these regimes. This enables some nanotechnology
applications to literally "slip through the cracks" without being covered by any
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regulations. An example of this has occurred in the US, and involves nanoparticles of
titanium dioxide (TI02) for use in sunscreen where they create a clearer cosmetic
appearance. In this case, the US Food and Drug Administration (FDA) reviewed the
immediate health effects of exposure to nanoparticles of titanium dioxide (TI02) for
consumers. However, they did not review its impacts for aquatic ecosystems when the
sunscreen rubs off, nor did the EPA, or any other agency. Similarly the Australian
equivalent of the FDA, the Therapeutic Goods Administration (TGA) approved the use of
nanoparticles in sunscreens (without the requirement for package labelling) after a
thorough review of the literature, on the basis that although nanoparticles of TI02 and
zinc oxide (ZNO) in sunscreens do produce free radicals and oxidative DNA damage in
vitro, such particles were unlikely to pass the dead outer cells of the stratum corneum of
human skin; a finding which some academics have argued seemed not to apply the
precautionary principle in relation to prolonged use on children with cut skin, the elderly
with thin skin, people with diseased skin or use over flexural creases. Doubts over the
TGA's decision were raised with publication of a paper showing that the uncoated anatase
form of TI02 used in some Australian sunscreens caused a photocatalytic reaction that
degraded the surface of newly installed prepainted steel roofs in places where they came
in contact with the sunscreen coated hands of workmen. Such gaps in regulation are
likely to continue alongside the development and commercialization of increasingly
complex second and third generation nanotechnologies.

Nanomedicines are just beginning to enter drug regulatory processes, but within a few
decades could comprise a dominant group within the class of innovative pharmaceuticals,
the current thinking of government safety and cost-effectiveness regulators appearing to
be that these products give rise to few if any nano-specific issues. Some academics (such
as Thomas Alured Faunce) are beginning to challenge that proposition and suggest that
nanomedicines may create unique or heightened policy challenges for government
systems of cost-effectiveness as well as safety regulation. There are also significant
public good aspects to the regulation of nanotechnology, particularly with regard to
ensuring that industry involvement in standard-setting does not become a means of
reducing competition and that nanotechnology policy and regulation encourages new
models of safe drug discovery and development more systematically targeted at the
global burden of disease.

Yet regulations worldwide still fail to distinguish between materials in their nanoscale
and bulk form. This means that nanomaterials remain effectively unregulated; there is no
regulatory requirement for nanomaterials to face new health and safety testing or
environmental impact assessment prior to their use in commercial products, if these
materials have already been approved in bulk form. The health risks of nanomaterials are
of particular concern for workers who may face occupational exposure to nanomaterials
at higher levels, and on a more routine basis, than the general public.

International law

There is no international regulation of nanoproducts or the underlying nanotechnology.
Nor are there any internationally agreed definitions or terminology for nanotechnology,
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no internationally agreed protocols for toxicity testing of nanoparticles, and no
standardized protocols for evaluating the environmental impacts of nanoparticles.

Since products that are produced using nanotechnologies will likely enter international
trade, it is argued that it will be necessary to harmonize nanotechnology standards across
national borders. There is concern that some countries, most notably developing
countries, will be excluded from international standards negotiations. The Institute for
Food and Agricultural Standards note that “developing countries should have a say in
international nanotechnology standards development, even if they lack capacity to
enforce the standards".

Concerns about monopolies and concentrated control and ownership of new
nanotechnologies were raised in community workshops in Australia in 2004.

Arguments against regulation

Wide use of the term nanotechnology in recent years has created the misapprehension
that regulatory frameworks are suddenly having to contend with entirely new challenges
that they are unequipped to deal with. Many regulatory systems around the world already
assess new substances or products for safety on a case by case basis, before they are
permitted on the market. These regulatory systems have been assessing the safety of
nanometre scale molecular arrangements for many years and many substances
comprising nanometre scale particles have been in use for decades e.g. Carbon black,
Titanium dioxide, Zinc oxide, Bentonite, Aluminum silicate, Iron oxides, Silicon dioxide,
Diatomaceous earth, Kaolin, Talc, Montmorillonite, Magnesium oxide, Copper sulphate.

These existing approval frameworks almost universally use the best available science to
assess safety and do not approve substances or products with an unacceptable risk benefit
profile. The key to regulating any substance is to properly characterise both the physical
and chemical properties and ensure the technical specifications which underpin any
regulatory limits define the specific substance. Correct characterisation expressed in
comprehensive technical specifications is also essential in linking the scientific studies
demonstrating the safety of the substance to any regulatory approval. Traditionally
technical specifications have not included adequate information around particle
characteristics however this simple step will ensure most established regulatory processes
are able to conduct safety assessments on the correct physico-chemical entity. Definitions
around general terms such as 'nanotechnology' or 'nanoparticle' may assist in clear
dialogue in various fields but they do assist in establishing or enforcing regulatory
permissions. Creating new regulatory classes based initially on the physical size of
particles making up the substance, is not how most regulatory systems operate and doing
so would not extend the reach of most existing regulatory frameworks or the rigour of the
safety assessments. Particle characteristics should indeed be considered in the safety
assessments and be set into comprehensive regulatory specifications. A major argument
against special regulation of nanotechnology is that the projected applications with the
greatest impact are far in the future, and it is unclear how to regulate technologies whose
feasibility is speculative at this point. In the meantime, it has been argued that the
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immediate applications of nanomaterials raise challenges not much different than those of
introducing any other new material, and can be dealt with by minor tweaks to existing
regulatory schemes rather than sweeping regulation of entire scientific fields.

A truly precautionary approach to regulation could severely impede development in the
field of nanotechnology if we require safety studies for each and every nanoscience
application. While the outcome of these studies can form the basis for government and
international regulations, a more reasonable approach might be development of a risk
matrix that identifies likely culprits.

Response from governments

United Kingdom

In its seminal 2004 report Nanoscience and Nanotechnologies: Opportunities and
Uncertainties, the United Kingdom's Royal Society concluded that:

Many nanotechnologies pose no new risks to health and almost all the concerns
relate to the potential impacts of deliberately manufactured nanoparticles and
nanotubes that are free rather than fixed to or within a material... We expect the
likelihood of nanoparticles or nanotubes being released from products in which
they have been fixed or embedded (such as composites) to be low but have
recommended that manufacturers assess this potential exposure risk for the
lifecycle of the product and make their findings available to the relevant
regulatory bodies... It is very unlikely that new manufactured nanoparticles could
be introduced into humans in doses sufficient to cause the health effects that have
been associated with [normal air pollution].

but have recommended that nanomaterials be regulated as new chemicals, that research
laboratories and factories treat nanomaterials "as if they were hazardous", that release of
nanomaterials into the environment be avoided as far as possible, and that products
containing nanomaterials be subject to new safety testing requirements prior to their
commercial release.

The 2004 report by the UK Royal Society and Royal Academy of Engineers noted that
existing UK regulations did not require additional testing when existing substances were
produced in nanoparticulate form. The Royal Society recommended that such regulations
were revised so that “chemicals produced in the form of nanoparticles and nanotubes be
treated as new chemicals under these regulatory frameworks” (p.xi). They also
recommended that existing regulation be modified on a precautionary basis because they
expect that “the toxicity of chemicals in the form of free nanoparticles and nanotubes
cannot be predicted from their toxicity in a larger form and... in some cases they will be
more toxic than the same mass of the same chemical in larger form.”

The Better Regulation Commission's earlier 2003 report had recommended that the UK
Government:
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1. enable, through an informed debate, the public to consider the risks for
themselves, and help them to make their own decisions by providing suitable
information;

2. be open about how it makes decisions, and acknowledge where there are
uncertainties;

3. communicate with, and involve as far as possible, the public in the decision
making process;

4. ensure it develops two-way communication channels; and

take a strong lead over the handling of any risk issues, particularly information

provision and policy implementation.

e

These recommendations were accepted in principle by the UK Government. Noting that
there was “no obvious focus for an informed public debate of the type suggested by the
Task Force”, the UK government's response was to accept the recommendations.

The Royal Society's 2004 report identified two distinct governance issues:

1. the “role and behaviour of institutions” and their ability to “minimise unintended
consequences” through adequate regulation and

2. the extent to which the public can trust and play a role in determining the
trajectories that nanotechnologies may follow as they develop.

United States

Rather than adopt a new nano-specific regulatory framework, the United States' Food and
Drug Administration (FDA) convenes an 'interest group' each quarter with
representatives of FDA centers that have responsibility for assessment and regulation of
different substances and products. This interest group ensures coordination and
communication. A September 2009 FDA document called for identifying sources of
nanomaterials, how they move in the environment, the problems they might cause for
people, animals and plants, and how these problems could be avoided or mitigated.

The Bush administration in 2007 decided that no special regulations or labeling of
nanoparticles are required . This decision struck many familiar with the issue as
inexplicable and a sign of the influence of corporations over individuals, "The consumer
is being made the guinea pig" says George Kimbrell of The International Center for
Technology Assessment . "'Consumers are not aware of what's on the market. They are
not aware that a substantial amount of consumer products are being sold to them, there's
no labelling, there's no information getting to them,' says Elizabeth Nielsen, a consultant
for the Consumers Council of Canada (CCC) and author of a report released April 1,
Nanotechnology and Its Impact on Consumers ... the biggest concern is that consumers
are unaware they are buying products that contain nanoparticles. 'Consumers should be
informed to make their own judgments of the risks of using these products' says Troy
Benn of Arizona State University who along with Paul Westerhoff studied the stability of
silver nanoparticles in socks with widely varying results .
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Berkeley, CA is currently the only city in the United States to regulate nanotechnology.
Cambridge, MA in 2008 considered enacting a similar law, but the committee it instituted
to study the issue Cambridge recommended against regulation in its final report,
recommending instead other steps to facilitate information-gathering about potential
effects of nanomaterials.

On December 10, 2008 the US National Research Council released a report calling for
more regulation of nanotechnology.

California

In October 2008, the Department of Toxic Substances Control (DTSC), within the
California Environmental Protection Agency, announced its intent to request information
regarding analytical test methods, fate and transport in the environment, and other
relevant information from manufacturers of carbon nanotubes. The term "manufacturers”
includes persons and businesses that produce nanotubes in California, or import carbon
nanotubes into California for sale. This information request is meant to identify
information gaps and to develop further knowledge about the health and safety of carbon
nanotubes.

DTSC is exercising its authority under California Health and Safety Code, Chapter 699,
sections 57018-57020. These sections were added as a result of the adoption of Assembly
Bill AB 289 (2006). They are intended to make information on the fate and transport,
detection and analysis, and other information on chemicals more available. The law
places the responsibility to provide this information to the Department on those who
manufacture or import the chemicals. On January 22, 2009, a formal information request
letter was sent to manufacturers who produce or import carbon nanotubes in California,
or who may export carbon nanotubes into the State. This letter constitutes the first formal
implementation of the authorities placed into statute by AB 289 (2006) and is directed to
manufacturers of carbon nanotubes, both industry and academia within the State, and to
manufacturers outside California who export carbon nanotubes to California. This request
for information must be met by the manufacturers within one year.

On January 22, 2010, California manufacturers and importers of carbon nanotubes were
required to submit their responses. On January 25, 2010, DTSC posted the responses
received to date along with a list of companies who failed to respond to the information
request. On February 16, 2010, DTSC issued a follow-up letter to the companies that
failed to submit a response. View the responses received for the carbon nanotube call-in.

DTSC is indicating interest in expanding the Specific Chemical Information Call-in to
members of the brominated flame retardants, members of the methyl siloxanes, and other
nanometals and nanometal oxides such as vanadium oxide, aluminum oxide, silicon
dioxide, titanium dioxide, zinc oxide, cerium oxide, nano platinum, nano silver, and nano
zerovalent iron. DTSC is also planning to include quantum dots, ocean plastics, and
nanoclay into the list of chemicals of interest.
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European Union

The European Union has formed a group to study the implications of nanotechnology
called The Scientific Committee on Emerging and Newly Identified Health Risks
(SCENIHR).

Consequently, manufacturers and importers of carbon products, including carbon
nanotubes will have to submit full health and safety data in order to comply with
REACH. Remember, though, that the data does not have to submitted for a year or so.

Response from advocacy groups

In January 2008, a coalition of over 40 civil society groups endorsed a statement of
principles calling for precautionary action related to nanotechnology. The coalition called
for strong, comprehensive oversight of the new technology and its products in the
International Center for Technology Assessment's report Principles for the Oversight of
Nanotechnologies and Nanomaterials, which states:

Hundreds of consumer products incorporating nanomaterials are now on the
market, including cosmetics, sunscreens, sporting goods, clothing, electronics,
baby and infant products, and food and food packaging. But evidence indicates
that current nanomaterials may pose significant health, safety, and environmental
hazards. In addition, the profound social, economic, and ethical challenges posed
by nano-scale technologies have yet to be addressed ... 'Since there is currently
no government oversight and no labeling requirements for nano-products
anywhere in the world, no one knows when they are exposed to potential nanotech
risks and no one is monitoring for potential health or environmental harm. That's
why we believe oversight action based on our principles is urgent' ... This
industrial boom is creating a growing nano-workforce which is predicted to reach
two million globally by 2015. 'Even though potential health hazards stemming
from exposure have been clearly identified, there are no mandatory workplace
measures that require exposures to be assessed, workers to be trained, or control
measures to be implemented,' explained Bill Kojola of the AFL-CIO. 'This
technology should not be rushed to market until these failings are corrected and
workers assured of their safety'” also .

The group has urged action based on eight principles. They are 1) A Precautionary
Foundation 2) Mandatory Nano-specific Regulations 3) Health and Safety of the Public
and Workers 4) Environmental Protection 5) Transparency 6) Public Participation 7)
Inclusion of Broader Impacts and 8) Manufacturer Liability.

Some NGOs, including Friends of the Earth, are calling for the formation of a separate
nanotechnology specific regulatory framework for the regulation of nanotechnology. In
Australia, Friends of the Earth propose the establishment of a Nanotechnology
Regulatory Coordination Agency, overseen by a Foresight and Technology Assessment
Board. The advantage of this arrangement is that it could ensure a centralized body of
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experts that are able to provide oversight across the range of nano-products and sectors. It
is also argued that a centralized regulatory approach would simplify the regulatory
environment, thereby supporting industry innovation. A National Nanotechnology
Regulator could coordinate existing regulations related to nanotechnology (including
intellectual property, civil liberties, product safety, occupation health and safety,
environmental and international law). Regulatory mechanisms could vary from "hard law
at one extreme through licensing and codes of practice to 'soft' self-regulation and
negotiation in order to influence behaviour." The formation of national nanotechnology
regulatory bodies may also assist in establishing global regulatory frameworks.

In early 2008, The UK's largest organic certifier, the Soil Association, announced that its
organic standard would exclude nanotechnology, recognizing the associated human and
environmental health and safety risks. Certified organic standards in Australia exclude
engineered nanoparticles. It appears likely that other organic certifiers will also follow
suit. The Soil Association was also the first to declare organic standards free from genetic
engineering.

Technical aspects
Size

Regulation of nanotechnology will require a definition of the size, in which particles and
processes are recognized as operating at the nano-scale. The size-defining characteristic
of nanotechnology is the subject of significant debate, and varies to include particles and
materials in the scale of at least 100 to 300 nanometers (nm). Friends of the Earth
Australia recommend defining nanoparticles up to 300 nanometers (nm) in size. They
argue that "particles up to a few hundred nanometers in size share many of the novel
biological behaviours of nanoparticles, including novel toxicity risks", and that
"nanomaterials up to approximately 300 nm in size can be taken up by individual cells".
The UK Soil Association define nanotechnology to include manufactured nanoparticles
where the mean particle size is 200 nm or smaller. The U.S. National Nanotechnology
Initiative define nanotechnology as “the understanding and control of matter at
dimensions of roughly 1 to 100 nm.

Mass thresholds

Regulatory frameworks for chemicals tend to be triggered by mass thresholds. This is
certainly the case for the management of toxic chemicals in Australia through the
National pollutant inventory. However, in the case of nanotechnology, nanoparticle
applications are unlikely to exceed these thresholds (tonnes/kilograms) due to the size
and weight of nanoparticles. As such, the Woodrow Wilson International Centre for
Scholars question the usefulness of regulating nanotechnologies on the basis of their
size/weight alone. They argue, for example, that the toxicity of nano-participles is more
related to surface area than weight, and that emerging regulations should also take
account of such factors.
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