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Nanotechnology or nanoscience covers the investigation, design, manipulation, precision placement, measurement, modelling or fabrication
of matter, structures, devices and systems that exist at the nanoscale - essentially at the atomic and molecular size levels. Nanotechnology
has the potential to change the way we address some of the world’s most critical development problems. In 2005, the United Nations (UN)
Millennium Project’s Taskforce on Science, Technology and Innovation concluded that nanotechnology can contribute to the attainment of
the Millennium Development Goals (MDGs), specifically, the goals to reduce child mortality, improve maternal mortality and combat HIV/
AIDS, malaria and other diseases. Health, specifically improved primary healthcare, is one of six focus areas highlighted in South Africa’s
National Nanotechnology Strategy (NNS), where nanotechnology can offer the most significant benefits for the country. Nanotechnology
can revolutionise the practice of medicine and the delivery and accessibility of healthcare. However, despite the significant benefits of
nanotechnology, there are problems that could prevent it from being widely accepted. The qualities that make nanotechnology so appealing
are also those that give rise for concern. In particular, there are uncertainties about its potential impact on human health, the environment
and societies in general, along with the concern that nanotechnology, much like genetic engineering or modification, is ‘messing’ with the
building blocks of nature and is therefore, ‘'unnatural’even unethical. This article considers these concerns and concludes that there is nothing
intrinsically good or bad about nanotechnology, but that its acceptability will depend largely on how it is used and introduced into society.
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Nanotechnology or nanoscience covers the investigation,
design, manipulation, precision placement, measurement,
modelling or fabrication of matter, structures, devices and
systems that exist at the nanoscale — essentially at the
atomic and molecular size levels."* The sizes of objects in nanotechnology
are measured in units known as nanometres (nm).*4The size of one nano-
metre is invisible to both the human eye and most microscopes.” On a
comparative scale, if a marble were a nanometre, then one metre would
be the size of the Earth,® a sheet of paper about 100 000 nm thick,” and a
human hair approximately 80 000 - 100 000 nm wide.®

Nanotechnology as defined by size, is, naturally, very broad, and
allows for, among other things, the manipulation of materials on
an atomic or molecular scale, thus enabling a new paradigm of
science and technology which sees different fields of science and
technologies converging at the nanoscale.”” Nanotechnology is also
known as a refining or enabling technology because of its capability
to enhance existing technologies.'” It is not necessarily a distinct area
of science but rather a radical redefinition of the combined power of
science and technology."" The application or use of nanotechnology
in medicine and healthcare is known as nanomedicine.'>'3!

Applications of nanotechnology in
medicine and healthcare

Nanotechnology has the potential to change the way we address
some of the world’s most critical development problems. In 2005,
the United Nations (UN) Millennium Project’s Taskforce on Science,
Technology and Innovation concluded that nanotechnology can
contribute to the attainment of the Millennium Development Goals
(MDGs), specifically, the goals to reduce child mortality, improve
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maternal mortality and combat HIV/AIDS, malaria and other
diseases.?"14 Health, specifically improved primary healthcare, is
one of six focus areas highlighted in SA’s National Nanotechnology
Strategy (NNS), where nanotechnology can offer the most signi-
ficant benefits for the country.l'™

Nanotechnology has a significant range of potential biomedical
applications and is being used to develop nanodevices and structures
to prevent, treat and monitor diseases. Some of the principal appli-
cations of nanomedicine are in the areas of diagnostics and testing,
drug discovery, development and delivery, tissue engineering,
medical instruments and devices and surgical treatments.!"41%

Disease screening and diagnosis
Nanotechnology offers a multitude of options for detecting, diag-
nosing, monitoring and treatment of disease. For example, semi-
conducting nanocrystals called quantum dots can enhance biological
imaging for medical diagnostics.”#7'8 When illuminated with
ultraviolet light, they emit a wide spectrum of bright colours that can
be used to locate and identify specific kinds of cells and biological
activities. These crystals offer optical detection up to 1 000 times
better than conventional dyes used in many biological tests, such
as MRIs, and render significantly more information.”#® Scientists are
exploring the use of nanotechnology in the development of portable
point-of-care diagnostic kits, which would enable the rapid and
accurate identification of multiple diseases simultaneously.!™

Drug development and delivery systems
Nanotechnology can also be used to develop new forms of therapy
and drug delivery systems.?® Through the use of nanotechnology,



drugs can be delivered via nanovehicles to specific areas in the
body with greater precision.?” The drugs can also be formulated
so that the active ingredient better permeates cell membranes,
reducing the required dose.*'" Nanotechnology could therefore
revolutionise drug delivery by overcoming challenges such as
drug toxicity, how to sustain the release of drugs in the body and
improving bioavailability - the amount of active ingredient per
dose. Because of its potential to decrease drug administration time
and minimise the side-effects of drugs, patient compliance could
improve, thus contributing to the successful management and
treatment of disease.

Tissue engineering

The tools and techniques of nanotechnology are also increasingly
playing a role in advancing research in areas such as toxicogenomics,
synthetic biology, regenerative medicine, and genetic modification.""'”
For instance, research is underway to use nanotechnology to spur the
growth of nerve cells, e.g. in damaged spinal cord or brain cells. In one
method, a nanostructured gel fills the space between existing cells and
encourages new cells to grow.”# Another study is exploring the use of
nanofibres to regenerate damaged spinal nerves.”#

Other applications

Other applications of nanotechnology in medicine and healthcare
include the use of nanoparticles in wound dressings and antiseptic
coating for surgical implements.["141¢!

Nanotechnology is also likely to make novel forms of information
management and medical communication possible e.g. patients
might have medical information or records inserted under their skin,
as is already done with radio frequency identification (RFID) tags.!"'"

Concerns about nanotechnology
Nanotechnology can revolutionise the practice of medicine and
the delivery and accessibility of healthcare. However, despite the
significant benefits of nanotechnology, there are problems that
could prevent it from being widely accepted. The qualities that make
nanotechnology so appealing are also those that give rise for concern.
In particular, there are uncertainties about its potential impact on
human health, the environment and societies in general, along with
the concern that nanotechnology, much like genetic engineering or
modification, is ‘messing’ with the building blocks of nature and is
therefore ‘unnatural; even unethical.

Concerns about human health, safety and
rights

Since a nanotechnology-based object can be so small, how can we
tell where it is, or where it's going? Could engineered nanoparticles
accumulate without our knowledge in the environment, our water
supplies, crops, and bodies? What would the consequences of this
be?" Very little is known about the relationship between the exposure
to engineered nanoparticles and health effects, in contrast with the
large number of epidemiological studies on larger particles.?® The
properties of nanoparticles are not governed by the same physical
laws as larger particles, but by quantum mechanics.?? This means that
the physical and chemical properties, e.g. colour, strength, chemical
reactivity, solubility and toxicity can be quite different from those of
larger particles of the same substance.
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The extremely small size of nanoparticles also means that they
are much more readily taken up by the human body than larger
particles. They could cause overload on cells that ingest and
destroy foreign matter, thereby triggering stress reactions that
lead to inflammation and weaken the body’s defence 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 absorb onto their surface some of the
macromolecules they encounter. This may, for instance, affect the
regulatory mechanisms of enzymes and other proteins.?!

Although there is some research on the toxicity of nanotechnology
and its effects on human health, such research is still rare.>2% Data
concerning the behaviour and toxicity of nanoparticles come mainly
from studies on inhaled nanoparticles and from pharmaceutical
studies, in which formulations involving nanoscale components
are used to solve problems dealing with the insolubility of drug
formulations and for drug delivery.?” Studies suggest that some
nanoparticles may have unintended harmful consequences. For
instance, inhaling airborne nanoparticles and nanofibres may lead
to a number of pulmonary diseases, e.g. fibrosis,?¥ and some forms
of carbon nanotubes could be as harmful as asbestos, which is a
carcinogen, if inhaled in sufficient quantities.?#2]

The large number of variables that influence behaviour and
toxicity means that it is difficult to generalise about health risks
associated with exposure to nanomaterials. Moreover, because the
physical and chemical properties of nanoparticles can be quite
different from those of larger particles of the same substance,
risk assessment paradigms that have been developed for bulk
materials may not be valid for nanoparticles and nanostructures.2¢
Therefore each new nanomaterial or application of nanotechnology
must be assessed individually, on a case-by-case basis and all
material properties must be taken into account."? This suggests that
different nanotechnology applications can have very different ethical
profiles. For instance the application of nanotechnology in disease
detection and treatment raises different issues to the application
of nanotechnology in the development of biological weapons.
To discuss the ‘ethics of nanotechnology’ in general is, therefore,
not particularly productive. One bionanotechnology might be just,
sustainable, and likely to contribute to human well-being, while
another might be unjust, unsustainable, reckless, and unnecessary.
Nevertheless nanotechnology, due to its broad applications in
medicine and healthcare is implicated in a broad range of bioethical
issues including informed consent, justice, and access to healthcare,
privacy of medical information, end-of product disposal and human
subjects’ protections.™

Nanomedicine will likely transform the organisation and practice
of medicine and healthcare. In the field of medicine and health-
care, advances in nanotechnology can be combined with other
technologies, including information technology and biotechnology,
increasing nanotechnology’s potential to displace health measures
and systems where regulation has been worked out over many years.
One example is the development of computer-controlled molecular
tools that may not require the direct intervention of a medical
practitioner.”’ Some functions could therefore be relegated to other
staff; as has been done, e.g. in the case of permitting lay counsellors
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to conduct HIV testing and counselling or enabling registered nurses
to test for and prescribe treatment for HIV independently in SA. In the
context of research the invisible nature of nanotechnology makes it
easier to ‘hide’ nanotech products, and to invade privacy or carry out
procedures that require consent, without the patient’s knowledge.
This may be particularly pertinent with regard to clinical trials of
nanodrugs carried out in developing countries.”!

Concerns about the impact on the
environment

Although there are very few published data on the effects of
nanoparticles on environmental species,? it is reasonable to
assume that observations can be extrapolated to environmental
species. There is, for instance, evidence that bacteriostatic silver
nanoparticles used in socks to reduce foot odour are being released
in the wash.”?® These particles are then flushed into the waste water
stream and may destroy bacteria which are critical components of
natural ecosystems, farms and waste treatment processes.?” This
perhaps explains why a report by the UK Royal Society and Royal
Academy of Engineering recommends that nanoparticles and
nanotubes be treated as hazardous waste.* Even if nanotechnology
is perceived to be no more than small mutations, it is recognised,
from an industrial ecology perspective,? that similarly to most
large-scale production the production of nanomaterials requires
energy,®'?? as well as feedstock chemicals® some of which are
toxic to humans and other organisms. Nanomanufacturing methods
therefore raise the question of whether or not the benefits of using
nanotechnology as an alternative to existing technologies really
outweigh the impacts of producing nanomaterials, with reference
to energy requirements, environmental impacts and disposal-
related costs and risks.'?!

Justice-related concerns

Critics argue that investment in nanotechnologies by resource-poor
countries is a waste of money, since most people in those countries
don't even have access to basic healthcare services.*¥ Moreover, even
if developed, how accessible will this type of technology be to the
average citizen? Will it be limited to specific socioeconomic groups
that can afford it or will it be available to everyone? If nanotechnology
does not seek to benefit wider society by responding to social
needs it could widen the gap between rich and poor people and
countries because of their different capacities to develop and exploit
nanotechnologies.!

Concerns about the unnaturalness of
nanotechnology

Nanotechnology enables scientists to deconstruct and remake the
world (‘nature’) from the atom up, using atomic level manipulation
to transform and construct a wide range of new materials, devices,
living organisms and technological systems. Critics may therefore
argue that it is unnatural, hence immoral. Such arguments, however,
simply equate the ethical with what is natural, and fail to appreciate
that humans are themselves part of nature, who have and continue
to, often, interfere with nature. The natural-unnatural division is not in
itself of intrinsic moral significance, otherwise much of medicine, for
instance, would be immoral. Humans intervene in nature all the time
and usually for good moral reasons so there cannot be something
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inherently immoral about nanotechnology. Moreover, some people
may see the responsible exercise of scientific skills as being the
employment of God-given abilities.

As with other health technologies, there is nothing intrinsically
good or bad about nanotechnology. It will depend on how it
is used. An important component of responsible research and
development (R&D) of nanotechnology is the consideration of the
ethical, legal and social implications. How research and applications
are introduced into society; how transparent decisions are; how
sensitive and responsive policies are to the needs and perceptions
of the range of stakeholders and how ethical, legal and social issues
are addressed will determine public trust and future innovation
driven by nanotechnology. The successful introduction of a new
technology requires careful attention to the interactions between the
technology and society.®* Negative public opinion can obstruct the
application of technological advances.?® The public backlash against
genetically modified foods effectively stalled a new industry in many
parts of the world.B” The scientific community should continually
engage the public in proactive dialogue to promote awareness and
informed decision-making about the safety, ethics and regulation of
nanotechnology.*83

Conclusion

Despite the significant benefits that the application of nanotechno-
logy in medicine and healthcare promises, there are concerns about
its future implications. Nanotechnology may be able to create many
new materials and devices with a vast range of applications that
could enhance human welfare. On the other hand, what is technically
possible and what is ethically appropriate is a matter of heated
debate. Nanotechnology raises many of the same issues as genetically
modified foods.*¥ These include concerns about the toxicity
and environmental impact of nanomaterials, and their potential
effects on global economics - issues which threaten to hamper the
successful implementation and uptake of nanotechnology. How
nanotechnology research and development and the marketing of
products might impact human living conditions as well as beliefs,
values and social relationships is, as yet, an unanswered question.
Therefore the unknown and potentially substantial harms and
benefits it represents to social, cultural, and material life warrants
careful ethical reflection. Research funded by public money must
benefit society. Health policies are not just about curing disease, but
about keeping people healthy. In developing countries the main
health problems have socioeconomic and lifestyle causes, which
cannot be solved by technology alone, however sophisticated it
may be. In developing countries nanotechnology for health should
therefore improve living conditions, not just treat disease. %

There are considerable difficulties in assessing the health, envir-
onmental and ecological impact of nanotechnology because of
uncertainties and knowledge gaps, largely due to the natural
complexity of ecological cycles, and the impossibility of directly
experimenting with the natural environment. Knowledge about
the hazard and exposure risk of nanoparticles to the ecology is
therefore slim.*" Therefore the proper question for regulators and
policymakers to ask of nanotechnology is not ‘Is it safe?” but rather,
‘How can we make nanotechnology safer?’™V It is necessary to
identify the acceptable risk threshold and to balance the potential
harms while respecting the values at stake.”
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