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Expert Analysis

Nanotechnology: Understanding
And Managing the New Frontier

By Brian A. Davis, Esq., and Matthew S. Barrett, Esq.

Nanotechnology is a long-awaited panacea, its ardent champions swear.
Advocates of nanotechnology claim that it has the potential to simultaneously
solve the energy crisis and cure cancer. It promises to usher in an age of vastly
improved consumer products and make formerly impossible things possible.
Indeed, one graduate student’s nano-research promises to make grafting
human veins “as easy as soldering wire.”! If these predictions are true, soon
nano-products will be as ubiquitous in our everyday lives as plastic, and the
future for any 21st-century Benjamin Braddock will best be summed up in a
single word: nano.

But does the reality of nanotechnology live up to its advance billing, and at
what cost? And when and how will the inevitable governmental response affect
this brave new frontier, if at all? These and other questions about the future of
nanotechnology are addressed in this article.

The Promise of Nanotechnology

)

The term “nanotechnology,” which first was used in the 1970s, is so called
because it pertains to the development and application of atomic, molecular and
macromolecular materials.> Definitions vary, but nanotechnology generally is
regarded as the manipulation of “nanoparticles” that are less than 100 nanometers
in any one dimension.

A nanometer (nm) is one-thousand-millionth of a meter. A human hair, by
comparison, is about 60,000 nm wide, a red blood cell is about 7,000 nm in
diameter and a human DNA helix is about 2 nm in diameter.

Nanotechnology, however, is not distinguished merely by the minute scale
on which it operates. Rather, nanomaterials differ from macro-materials in at
least two significant ways. First, they have larger surface areas compared to
their mass and, therefore, are more chemically reactive. Second, nanomateri-
als exhibit quantum properties, which means they can have different magnetic,
electrical and optical characteristics than larger scale materials.
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Opaque materials, such as copper, can become trans-
parent at the nano-level; relatively soft materials, such
as graphite, can become stronger than steel; solids,
such as gold, can turn liquid at room temperature;
and relatively stable materials, such as aluminum, can
become highly combustible.

The industrial application of nanotechnology is not
new. Evidence of the use of carbon nanotubes in the
production of steel swords manufactured more than
400 years ago has been reported.®* Ceramicists and
stained-glass makers have exploited the properties of
nano-gold, which can appear red or blue in color, for
centuries.* Particles of carbon black or soot, the by-
product of long-standing industrial processes and one
of the principal components of modern automobile
tires, tend to range in size from 1 to 100 nm.

Widespread interest in, and use of, nanotechnology,
on the other hand, is a relatively new phenomenon.
An online inventory of consumer products that use
nanotechnology lists more than 800 items, nearly four
times as many as in 2006,° and the market for such
products is expected to be $1 trillion by 2015.¢

Some areas in which nanotechnology is believed to
offer particular promise include fuel cells, batteries,
pollution control and cleanup, medical implants, semi-
conductors and electronic memory storage, optics, aero-
space, and textiles. But for the current recession, 2008
likely would have seen a wave of nanotechnology IPOs.”
Humanity, it seems, is poised at the dawn of a golden
age of nanotechnology research and application.

The Risks of Nanotechnology

As the list of actual and potential applications for
nanotechnology grows, however, so does concern
about the hazards — both known and unknown
— potentially posed by such products. Titanium di-
oxide and zinc oxide, for example, are transparent in
their nano-dimensional form, but they also are able to
absorb and reflect light, which makes them popular
ingredients in various sunscreens and sunblocks.

There is concern, however, regarding what happens
to the titanium dioxide and zinc oxide nanoparticles
once they are absorbed into the body. Logically they
either enter the lymphatic or circulatory systems, where
they may be able to permeate cellular barriers that
are effective at filtering out only larger toxins, or else
accumulate in the skin.® Either result is troubling to
some scientists because the long-term effects of the
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presence of nanoparticles in the body currently are
unknown.

Other products that contain nanoparticles present
the risk of releasing those particles into the environ-
ment with unforeseen consequences. Nano-silver is an
increasingly popular antibacterial and odor-fighting
additive to everything from socks to bandages to baby
clothes.

A recent study of socks that are treated with nano-
silver, however, indicates that nano-silver particles can
be released from the socks when they are washed in
an ordinary washing machine. The nano-silver then
can pass through wastewater treatment plants and
find its way into the environment,” where it is poten-
tially harmful to fish and other forms of aquatic life.
“Nano-socks” are just one illustration of the hazards
that nanotechnology products can present throughout
their lifecycle, including after they are discarded.

Possible adverse effects resulting from exposure to
nanoparticles in the workplace are another area of
concern. Potential avenues of exposure include in-
halation, dermal absorption and ingestion.!® There is
limited exposure data because the field is still nascent,
but animal studies suggest that exposure to nanopar-
ticles may result in both respiratory and brain injuries,
possibly even after short-term exposure.!' Inhalation
of particulate matter has long been a concern; the
increased reactivity of nanomaterials that results
from their higher surface-area-to-mass ratio may only
compound the problem.

Just as nanoparticles may expose workers and con-
sumers to new health risks, they eventually may ex-
pose manufacturers and distributors to new waves of
litigation and liability. Some members of the scientific
community and the legal bar believe that nanoparticles
may represent the next asbestos and are gearing up ac-
cordingly.’> While there have not yet been any report-
ed lawsuits for personal injuries allegedly caused by
the presence of nanotechnology in consumer products,
the potential for such litigation looms large.

Current Oversight of Nanotechnology

Because nanotechnology itself still is not fully
understood, its risks also are not fully understood.
These unknowns make the regulation of nano-
technology all the more difficult. On the one hand,
nanotechnology covers so many disciplines — physics,
chemistry, biology and engineering, among others —and
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is present in so many types of products that it cannot be
controlled by a single agency or set of rules.

On the other hand, many existing products that in-
corporate nanotechnology already are subject to vari-
ous forms of regulation. It therefore makes sense to
understand the extent to which nanotechnology cur-
rently is regulated and to inquire into what additional
forms of regulation can be expected.

At present, nanotechnology is not regulated separate
and apart from other types of technology. No manu-
facturer that uses nanomaterials is required to report
such usage to the government or to comply with an
independent set of product guidelines as a consequence
of that usage. Consistent with this reality, the word
“nanotechnology” appears only once in the current
Code of Federal Regulations.'?

The lack of regulations specific to nanotechnology,
however, does not mean that products incorporating
nanotechnology are not regulated. The prevailing reg-
ulatory attitude in this field is typified by the Consum-
er Product Safety Commission, which maintains that
“[t]he potential safety and health risks of nanomate-
rials, as with other compounds that are incorporated
into consumer products, can be assessed under existing
CPSC statutes, regulations and guidelines.”!*

The United States is not alone in this approach; the
regulatory systems of the United Kingdom and the
European Union also address nanotechnology risks
under existing regulations.” This means that produc-
ers of nanotechnology do not have to behave differ-
ently because their products contain nanotechnology.
They only have to comply with the existing regulations
specific to the type of industry or product.

An example of the application of existing regulations
to a nanotechnology product can be seen in the Envi-
ronmental Protection Agency’s recent action against a
maker of computer keyboards and mice coated with an
anti-microbial nano-silver coating. The manufacturer
claimed that the nano-silver coating helped to protect
users from germs. The EPA took the position that the
sale of such anti-microbial products, without register-
ing them beforehand with the agency, constituted the
distribution of unregistered pesticides in violation of the
Federal Insecticide, Fungicide and Rodenticide Act.'¢

In February 2008 the manufacturer entered into a
consent agreement with EPA and paid a six-figure fine.
The EPA has not assessed any similar fines since that

VOLUME 27 * ISSUE 4 * MONTH 8, 2009

time, but its regulations still require the registration
of products containing pesticides prior to sale in the
United States.

Existing regulations may not be sufficient, however, to
address the risks posed by the unique properties of nano-
materials. Otherwise innocuous materials that receive
little or no regulatory attention in their macro form can
be toxic at the nano level. The challenge lies in determining
when a substance becomes dangerously small.

For instance, the Federal Hazardous Substances Act
includes in its definition of “hazardous substances”
materials that are combustible!” and imposes certain
labeling requirements on all hazardous substances.

The degree to which aluminum should be considered
a hazardous substance for purposes of the FHSA is un-
clear; it usually is not combustible, but reduced to its
nano form, aluminum can become highly combustible.
The FHSA makes no accommodation, however, for
determining or addressing relative hazards based on
the presence, or absence, of nanoparticles.

A similar problem arises under the federal Toxic Sub-
stances Control Act. Pursuant to the TSCA, the EPA
maintains an inventory of all chemical substances cur-
rently used in the United States. Anyone who wishes
to use a “new chemical substance” that is not listed on
the TSCA inventory or to put a listed substance to a
“significant new use” must notify the EPA before im-
porting or manufacturing that substance. But a chemi-
cal substance is not considered “new” under the TSCA
if it is merely the nano form of a material that already
is listed on the TSCA inventory, and the statutory defi-
nition of a “significant new use” is not dependent on
the size of the particle being used.

To be sure, some substances are chemically distinct
in their nano forms; carbon nanotubes, for instance,
generally are considered chemically distinct from other
forms of carbon, such as graphite, that are listed on
the TSCA inventory.!* Nonetheless, product manufac-
turers in the United States are, for the most part, not
currently required to alert the EPA before creating or
using known materials in nano form regardless of their
actual or potential hazards."

Future Oversight of Nanotechnology

Although products incorporating or containing
nanotechnology are not presently subject to separate
regulation in the United States and elsewhere, that may
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soon change. Mounting concern about the potential
health and environmental effects of nanomaterials is
focusing attention on new ways to measure and control
the use of nanotechnology. Evidence of this heightened
awareness can be found in the fact that peer-reviewed
research of the toxicity of nanomaterials has increased
nearly 600 percent since 2000.2°

The first logical step in the increased regulation of
nanotechnology is the development of a better un-
derstanding of its various risks and benefits. In Janu-
ary 2008 the EPA launched its Nanoscale Materials
Stewardship Program. The goal of the program is to
develop the scientific information that is needed for
the EPA to make sound regulatory decisions concern-
ing nanotechnology issues, especially under the TSCA.
The EPA has said its primary objectives are to come up
with ways to identify hazardous properties before they
enter the environment and to determine which nano-
materials pose an unreasonable risk after they enter the
environment.

As of December almost 30 major companies had
voluntarily provided data to the EPA concerning their
present use of nanomaterials under the auspices of the
Nanoscale Materials Stewardship Program.?!

The EPA, along with the CPSC, the Food and Drug
Administration, the National Institutes of Health,
and more than 20 other federal agencies and admin-
istrative entities also are participants in the National
Nanotechnology Initiative, a federal program estab-
lished in 2001 to coordinate the individual and co-
operative activities of the participating governmental
entities in the research, development and regulation of
nanotechnology.??

A report by the National Research Council of the
National Academy of Sciences issued late last year,
however, was highly critical of the NNI’s efforts to
date to assess the health and environmental safety of
nanomaterials. In describing its findings to the pub-
lic, the NRC said the NNDI’s current health and en-
vironmental research plan “does not provide a clear
picture of the current understanding of these risks
or where it should be in 10 years” and does not “in-
clude research goals to help ensure that nanotechnolo-
gies are developed and used as safely as possible.”?3
The NRC recommended that a “new national strategic
plan is needed that goes beyond federal research to in-
corporate research from academia, industry, consumer
and environmental groups, and other stakeholders.”**
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If history is a guide, the new administration in Wash-
ington is likely to be a proactive supporter of regu-
latory reform for nanotechnology. President Obama
clearly appreciates the promise, as well as the possible
risks, of nanotechnology. His energy secretary, Steven
Chu, is a Nobel Prize laureate in physics who has spent
portions of his career exploring the use of nanotech-
nology in the development of alternative renewable
energy sources. The new White House chief of staff,
Rahm Emanuel, has been an outspoken advocate for
increased government investment in nanotechnology
research.

The president himself recently met at the White
House with the CEO of a leading nanotech company,
and he is expected to soon sign into law the National
Nanotechnology Initiative Amendments Act of 2009,
which provides, in part, for the appointment of a fed-
eral coordinator to oversee research on the health,
safety and environmental risks of nanomaterials and
to help advise on potential new regulations focused on
nanotechnology.

The creation and implementation of a cohesive regu-
latory scheme for nanotechnology, like the construc-
tion of Rome, will not take place overnight. Although
pressure for action is building, the private and public
sectors are still in the information-gathering phase and
are likely to remain there through at least 2009.

One indication of when the federal government may
be prepared to put a tentative toe in the waters of nan-
otechnology regulation is the scheduled expiration of
the EPA’s Nanoscale Materials Stewardship Program in
2010. At that time, the agency should be well-situated
to assess what it has learned from the program and to
begin overhauling its regulatory programs to address
the particular risks that have been identified.

Whether the EPA actually does so, or whether regu-
latory action must await the development of a broader
scientific and governmental consensus on the hazards
posed by nanomaterials and the protections that are
required, remains to be seen.

Conclusion

Nanotechnology is a burgeoning field that holds
tremendous promise but also poses considerable risk.
Industrialists, scientists and government officials alike
still are attempting to understand how nanomateri-
als operate, how they can be used and controlled,
and what ramifications their use may have for human
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health and the environment. Because of the many un-
knowns that currently exist, government regulation of
nanotechnology is still in the formative stages and is
likely to remain so for the foreseeable future.

One thing is certain: As with all other emerging tech-
nologies both before and after, there undoubtedly will
be some form of regulatory response to nanotechnology
— and, just as likely, lawsuits, plenty of lawsuits.
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