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REGULATIONS 
& YOU

Nanotubes will make cars stronger.
Nanoparticles allow us to label
and identify individual molecules.

They will keep stains off our clothes. These
promises that depend on nanotechnolo-
gy have been realized, and the potential
uses of nanoscale objects are growing expo-
nentially. However, concerns are being
raised about the safety of these materials—
and when there is concern, there is the
possibility of regulation. 

Whether nanotechnology or nanoscale
objects should be regulated has created
debate between many different groups. On
one side are calls for no regulations, which
some fear may impede R&D. On the other
hand are warnings of health and environ-
mental disaster. One idea that has gotten a
lot of press is concern about the earth being
turned into “gray goo” by out-of-control, self-
replicating “nanobots”. This is indeed a trou-
bling thought, but the physical possibility
of nanobots is a highly dubious matter (1).
However, more and more nanotechnolo-
gy-related products are being developed and
gaining popularity, including those for envi-
ronmental applications, such as remediation
agents and pesticides. In addition, the produc-
tion of nanoscale objects for use in products
such as car body panels, antistatic electron-
ics wrappers, and a multitude of other uses
is increasing. Carbon nanotubes are already
being produced commercially by more than
16 companies, about half of them in the
United States, according to a recent market
analysis (2), and new factories are being built
in Japan, Korea, China, and France. Current
worldwide production in 2002 was over
2.5 metric tons per day, a staggering amount
considering each tube is mere femtograms.
And production of carbon nanotubes and
other nanoscale objects is destined to
increase as new uses are discovered for these
unique materials. 

As more nanoscale objects are devel-
oped, there is growing concern that some

of them will have unintended negative
impacts, albeit much more subtle then the
gray goo contingency, on human health
or the environment. 

A Unique Problem
Part of the allure of nanosized objects is
their unique properties. When construct-
ed on such small scales, ordinary com-
pounds or elements display properties not
seen in bulk samples of the same materi-
als. For instance, semiconductors are not
fluorescent in bulk; when they are made
into nanoparticles, commonly called quan-
tum dots, they fluoresce when exposed to
certain wavelengths of light. Of most
importance to biologists and analytical
chemists, the fluorescence wavelength
changes depending on the local environ-
ment around the quantum dot. This allows
the dots to signal when molecules bind
to structures that have been attached to
the dot’s surface. 

Carbon is another interesting case. Bulk
carbon, whether graphite, diamond, or
carbon black, has a range of properties.
However, when carbon nanotubes, which
are a little more than a nanometer in diam-
eter and up to several micrometers in
length, are formed, the properties become
strikingly different. There are two types

of carbon nanotubes, depending on their
structure. Nanotubes are akin to flat sheets
of wire mesh that have been wrapped upon
themselves. If the wire is wrapped such
that the ends match perfectly, then the
nanotube acts as a conductor. If the mesh
is not rolled straight (ends not match-
ing), then the nanotube acts as a semi-
conductor. 

However, the uniqueness of these mate-
rials (due to size and structure, not compo-
sition) is also what concerns many with-
in and outside the nanotechnology industry. 

Of Mice and Men
Researchers are now examining the impact
of inhaling nanoscale forms of materials
that would not necessarily be a health
concern in bulk form. David Warheit
and colleagues at Dupont exposed mice to
single- and double-walled carbon nanotubes
(3). Surprisingly, many died immediately.
But the mice that survived improved rapid-
ly and did not show signs of lingering prob-
lems. Warheit believes that aggregation
took place, which is a common occurrence
with carbon nanotubes, and caused some
of the mice to suffocate. However, the mice
that didn’t suffocate recovered because their
immune systems could handle the aggre-
gated nanotubes. 

Carbon nanotube aggregation has
also limited the applicability of these mate-
rials. For instance, nanotubes have not been
widely used in concrete because they rapid-
ly aggregate and therefore do not help
strengthen the end product. Researchers
are developing methods to prevent aggre-
gation, which could potentially lead to
different inhalation effects and different
effects in concrete. 

Nano Unknown
Nanotechnology has potential to be used everywhere,
but what will be the health and environmental impacts?
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Carbon nanotubes can also have effects
on the skin. Anna Shvedova and colleagues
at West Virginia University and the Nation-
al Institute for Occupational Safety and
Health studied the effect of unpurified
nanotubes on cultured skin cells (4 ).
Nanotubes are manufactured using Fe or
Ni catalysts, which remain part of the
nanotubes until the tubes are further treat-
ed. The researchers found that in some
cases, the residue metals from the nanotubes

interfered with free radical elimination
mechanisms in the cell cultures, allowing
the cells to suffer oxidative stress. 

The Environment
Environmental groups are also getting
involved in the debate. The Action Group
on Erosion, Technology, and Concentra-
tion (ETC) said in a recent report, “Mate-
rials and processes approved at conven-
tional scales (macro or micro) do not

require reexamination when used at the
nanoscale even though the impact on the
ecosystem—including on biodiversity—
could be radically different” (5). 

The ETC cites a July 2003 forest fire
that burned more than 5000 acres on
the sacred Native American Encebado
Mountain in New Mexico. Although
the fire was controlled before it reached
the 1000-year-old Rio Pueblo, the Taos
Pueblo Native American community was
concerned that erosion of the now defor-
ested Encebado Mountain would affect
their spiritual water source and the struc-
tures at Rio Pueblo (6 ). 

To protect the mountain from erosion,
the Bureau of Indian Affairs decided to
aerially deliver a new nanotechnology prod-
uct called SoilSET, made by Sequoia Pacif-
ic Research Co., on approximately 1400
acres (7 ). According to the company,
SoilSET is not made of nanoparticles but
is composed of a patent-pending mixture
of organic compounds that “create a nano-
structured matrix as a soil binder, similar
to natural plant and crop residues.” The
compounds, once mixed with water, under-
go an electrochemical reaction that creates
a binder that aggregates soil particles,
ash, and fibers at the nanoscale. The result-
ing mixture forms a crust with the soil
particles that helps the soil retain mois-
ture, reduce runoff, and germinate seed. 

There has been no evidence that
SoilSET is harmful to humans or the envi-
ronment, but the ETC expressed concern
about the lack of regulation on environ-
mental applications of nanotechnology.
According to the ETC, Sequoia Pacific
approached the EPA for approval, but
the EPA did not require approval. The
ETC presumes that permission was not
required by the EPA  because the dry start-
ing materials for SoilSET have been used
in environmental applications before.
However, the product is marketed on the
basis of unusual reactions that take place
at the nanometer scale, indicating new
chemistry that could have unknown effects
on the environment. 

Regulation
The position of groups like the ETC is that
regulation, or even a moratorium on
nanotechnology, is needed to forestall an
environmental or health catastrophe.  The
current system, they say, begs the ques-
tion, “Does adhering to existing regulations
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allow for substantially new substances and/or
new uses to slip through the cracks into the
ecosystem and/or into human bodies” (6 )?

Although nanotechnology is in its infan-
cy, researchers and environmental groups
are already raising the alarm about the
potential dangers of these objects. For
instance, the behavior of naturally occur-
ring nanoscale materials is pointed to as an
illustration of what could happen with
synthetic nanoscale objects. Asbestos, for

example, is a naturally occurring mineral
that is composed of silicate fibers, some
of which are only 30 nanometers in diam-
eter and several micrometers long. These
small fibers are what make asbestos a flex-
ible fireproofing material. In its bulk form,
the material is safe, but the fibers, when
inhaled, can cause cancer and lung disease. 

However, others believe that there should
be no regulations. Glenn Reynolds, a law
professor at the University of Tennessee,
wrote a report for the Pacific Research Insti-
tute (PRI) that calls for a laissez-faire
approach to the regulation of nanotech-
nology (8). Sonia Arrison of PRI says that
“this is our effort to tell [researchers] and
others that nanotech has more benefits than
drawbacks, and that bans and heavy regu-
lation are not in society’s best interests.”

The debate about whether the nano-
technology industry can research the effects
of its own products or if government regu-
lations are needed is likely to be a big one.
Recently, calls against nanotechnolgy resem-
ble the calls that have been made against
genetically modified organisms for some

time, further clouding the discussion. It
is clear, however, that more research into
the impact of nanotech products in a range
of situations is needed to guide potential
regulatory decision-making in the future. 
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