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ABSTRACT

Experts expect nanotechnology to transform society, revolutionizing
fields as diverse as health care, energy, and the environment. Though a
number of nanotechnology products are already on the market, the major
developments are yet to come, and the nascent stage of this technology
combined with current scientific uncertainty raises concerns about new
health, safety, and environmental risks. Most discussion of nanotechnology
presents a polarized debate between "proponents" who argue for rapid
development unfettered by excessive regulation and "opponents" who ad-
vocate an overhauled, stringent regulatory regime to protect against
nanotechnology risks. This Article recommends a different approach, one
that turns the greatest challenge of nanotechnology-scientific
uncertainty-on its head to create incentives for all stakeholders to work
together in a new governance system.

The nanotechnology governance proposal includes methods to close
regulatory gaps, improve agency coordination, advance nanotechnology
science, and incentivize strong industry stewardship. The proposal does
this with a system that provides for substantial and diverse stakeholder
involvement and will be more efficient, adaptive, and transparent than
current regulation.

For the first time in history, there is the opportunity for a governance
system to develop simultaneously with an emerging technology. The cur-
rent state of uncertainty in both nanotechnology development and risk,
combined with the need for adaptability, creates unique challenges for
nanotechnology governance. Managing uncertainty and promoting
adaptability, however, are not governance issues limited to nanotechnol-
ogy. The model proposed therefore provides valuable insight for develop-
ing governance systems in broad variety of contexts.
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INTRODUCTION

Nanotechnology-the dawn of the second industrial revolution. Won-
der drugs that target and destroy cancerous tumors or asbestos-like parti-
cles that cause cancer? New energy generation that reduces greenhouse
gas emissions or toxic substances that create new environmental hazards?
Molecular machines that manufacture products cheaply, cleanly, and with-
out waste, or self-replicating robots that wreak havoc?

Most discussion of nanotechnology takes place as a polarized debate.'
Proponents argue for promoting rapid nanotechnology development, unfet-
tered by unnecessary and costly regulation; opponents advocate an over-
hauled, stringent regulatory regime to protect against the health and envi-
ronmental risks of nanotechnology. A review of the science and data
available concerning nanotechnology reveals that there is something to be
learned from both camps. There is strong evidence that nanotechnology
may provide spectacular health, environmental, industrial, and economic
benefits. There is also strong evidence that some nanotechnology uses may
pose human health or environmental risks. The tension posed by high po-
tential benefit and highly uncertain risk creates unique challenges for the
development and regulation of nanotechnology.

This Article proposes a new system of nanotechnology governance to
simultaneously leverage its potential benefits and guard against its
potential risks. The development and governance of nanotechnology are
inevitably and dynamically intertwined. Though the opportunities of
nanotechnology may be literally endless, these opportunities cannot be
achieved if nanotechnology is not developed in a secure manner that
maintains public confidence. The perception of a lack of adequate
regulation of biotechnology, for example, led to significant public concern
about that technology, which in turn forced several large biotechnology
companies to shelve plans for further developments.' Concern about
appropriate nanotechnology regulation to protect human health, safety, and
the environment is growing. A number of interest groups and
commentators have called for substantial revisions to federal law in order
to manage nanotechnology's risks; some have gone so far as to call for a

1. See generally Gregory N. Mandel, Technology Wars: The Failure of Democratic Discourse,
II MIcH. TELECOMM. & TECH. L. REv. 117 (2005) (examining the reasons for polarized debates over
new technologies, including biotechnology and nuclear power); Lee Paddock, Keeping Pace with
Nanotechnology: A Proposal for a New Approach to Environmental Accountability, 36 ENVTL. L. REP.
10943 (2006) (discussing the potential for polarization on nanotechnology issues); Gary E. Marchant
et al., A New Approach to Risk Management for Nanotechnology, (May 1, 2007), available at
http://ssrn.comlabstract=987526 (discussing the potential for polarization on nanotechnology issues).

2. Andrew Pollack, Monsanto Shelves Plans for Modified Wheat, N.Y. TIMEs, May 11, 2004, at
Cl; Andrew Pollack, Without U.S. Rules, Biotech Food Lacks Investors, N.Y. TimES, July 30, 2007,
at Al.
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nanotechnology moratorium.3 Public concern has not been mollified by
governmental agencies, whose response to the potential nanotechnology
risks has been slow and limited, displaying a degree of complacency not
justified by current data.

Analysis of many of the proposals for reform, however, indicates that
they are neither realistic nor particularly useful. Overhauling federal
health, safety, and environmental law for nanotechnology would be a
remarkably expensive task that lacks substantial political support. Even
more problematically, the overhauls proposed generally would not target
(and might exacerbate) the most significant problems facing
nanotechnology regulation-the need for greater data and scientific
understanding concerning nanotechnology's risks.

This Article recommends a different approach, one that turns the
greatest challenge of nanotechnology-scientific uncertainty-on its head
to create incentives for all stakeholders to work together in a new
governance system for nanotechnology. Uncertainty creates problems for
all interested stakeholders: it creates fear and concern among the public,
regulatory challenges for and criticism of agencies, and limitations on
industry plans for development and commercialization. At this moment,
when nanotechnology is emerging in the marketplace, it is critical to
industry that the public not lose faith in nanotechnology or its risk-
governance system. This presents a rare opportunity for a multi-
stakeholder effort to develop a reliable, efficient, adaptive, and transparent
governance system. Efforts in this direction will be far more rewarding
than a resource-draining adversarial battle over a new command-and-
control regime.

Current uncertainty also can be exploited to produce agreement on the
particular governance system. For example, both those who believe that
nanotechnology is relatively risk-free and those who are extremely con-
cerned about its risk may be able to agree on a framework that will re-
spond to new scientific information as it develops. Those who believe
nanotechnology is relatively risk-free will be satisfied because they believe
that no significant risks will be uncovered, and nanotechnology develop-
ment will be able to continue relatively unabated; those who are concerned
will agree to such a framework because they believe that nanotechnology's
risks will be revealed, and the framework will respond with defined pro-
tective measures.

In addition, due to current uncertainty in both scientific knowledge
and nanotechnology regulation, interests and organizations have not yet
fully vested around a particular system or become wedded to the status
quo. This creates a window of opportunity for a broadly-developed and

3. See infra notes 294-295.
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widely-supported new nanotechnology governance model. This window
will not remain open indefinitely. As particular regulatory decisions are
made or relied upon, and investment is made in particular products and
uses, many stakeholders will become less flexible.

New technologies place stress on existing regulation. Regulatory
systems are designed to handle the technology in place when the
regulatory system was developed. New technologies disrupt these systems.
It is not surprising that an advance as transformative as nanotechnology
raise substantial problems for the existing, mature (some would say
"ossified") regulatory system. This disruption, however, can provide an
opportunity to illuminate problems with the existing system and to rethink
how emergent technologies are governed. This Article makes such an
effort with nanotechnology.

Ignoring many details for the moment, the nanotechnology govern-
ance recommendations presented here can be summarized in four catego-
ries. First, regulatory gaps that are identified in this Article must be closed
with targeted new regulatory rules and policies. Second, several steps
should be taken to improve agency coordination on nanotechnology issues,
which will enhance the protective goal of regulation as well as provide
efficiency benefits for both government and industry. Third, greater re-
sources should be directed to advancing scientific study and knowledge
concerning the risks of nanotechnology, a proposal that is almost univer-
sally supported. Last, a nanotechnology governance structure should be
developed that gives industry significant incentives to act as good stewards
of nanotechnology, share data and information concerning nanotechnol-
ogy's potential risks, and that also provides for substantial, diverse stake-
holder involvement in the governance of nanotechnology. The result of
these proposals would be a system that is more protective of human health
and the environment, more efficient for industry and taxpayers, and pro-
motes responsible nanotechnology development.

Because of current uncertainties in nanotechnology development and
risk, there are inherent limitations in how precise a governance structure
can be developed. These limitations, however, do not prevent creation of
substantial parts of the governance system, with certain details to be
worked out as the industry develops and risks become better understood.
Such a structure would provide needed assurance and protection to the
public and greater certainty to industry.

The nanotechnology proposals are developed as follows. Part I of the
Article presents a brief introduction to nanotechnology and the current
state of nanotechnology science and development. Part II contains an ex-
amination of the various benefits offered and risks posed by nanotechnol-
ogy. Part III provides a short primer on existing nanotechnology regula-
tion by the Environmental Protection Agency, the Food and Drug Admini-
stration, and the Office of Safety and Health Administration. The primer

20081 1327
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highlights current regulatory gaps and other regulatory nanotechnology
concerns. With an understanding of nanotechnology and its current regula-
tion in place, Part IV provides recommendations for improving the
nanotechnology governance system.

I. NANOTECHNOLOGY

Nanotechnology is not a single technology; rather, the term refers to a
variety of activities that involve manipulating matter at the atomic scale.
"Nano," meaning "dwarf' in Greek, is the unit prefix for 10-9, and
nanotechnology concerns to the manipulation of matter on the scale of 10-
9 meters, which is a nanometer, or one billionth of a meter.' This is the
size of atoms. A chain of five to ten atoms is about one nanometer long;
the diameter of a strand of DNA is about 2.5 nanometers.5 To place this in
comparison, the smallest feature visible with the unaided eye is about
10,000 nanometers in size, and a human hair is about 80,000 nanometers
in diameter.6 Molecules that are about one to one hundred nanometers in
at least one dimension are referred to as nanomolecules or nanoparticles. 7

Nanotechnology concerns understanding and developing the enhanced
properties of nanomaterials.

Until recently, scientists were not able to manipulate or build matter
on the nanoscale. Nanotechnology now allows scientists to build matter

4. There is no consistent or precise definition of nanotechnology. See, e.g., John Miller et al., A
Realistic Assessment of the Commercialization of Nanotechnology: A Primer for Lawyers and Inves-
tors, 1 NANOTECHNOLOGY L. & Bus. 10, 11 (2004) (noting the disagreement and discussing several
definitions of nanotechnology). The Unites States National Nanotechnology Initiative (NNI) defines
nanotechnology as involving "[r]esearch and technology development at the atomic, molecular or
macromolecular levels, in the length scale of approximately I - 100 nanometers . . . creat[ing] and
usling] [n structures, devices and systems that have novel properties and functions because of their
small and/or intermediate size[.]" U.S. Envtl. Prot. Agency, Nanotechnology: An EPA Research
Perspective Factsheet (June 2007), available at
http://es.epa.gov/ncer/nano/factsheet/nanofactsheetjune07.pdf. The International Standards Organiza-
tion (ISO) defines nanotechnology as "(1) Understanding and control of matter and processes at the
nanoscale, typically, but not exclusively, below 100 nanometers in one or more dimensions where the
onset of size-dependent phenomena usually enables novel applications ... [or] (2) Utilizing the prop-
erties of nanoscale materials that differ from the properties of individual atoms, molecules, and bulk
matter, to create improved materials, devices, and systems that exploit these new properties."
BUSINESS PLAN, ISO/TC 229, NANOTECHNOLOGIES 3 (2007), available at
http://isotc.iso.org/livelink/livelink/fetch/2000/2122/4191900/4192161/TC229BP2007-
2008.pdf?nodeid=6356960&vernum=0. The American Society for Testing and Materials (ASTM)
defines nanotechnology as "[a] term referring to a wide range of technologies that measure, manipu-
late, or incorporate materials and/or features with at least one dimension between approximately 1 and
100 nanometers (nm)." ASTM INT'L, STANDARD TERMINOLOGY RELATING TO NANOTECHNOLOGY
(2007), available at http://www.astm.org/cgi-
bin/SoftCart.exe/DATABASE.CARTIREDLINEPAGES/E2456.htm?E+mystore.

5. MARK RATNER & DANIEL RATNER, NANOTECHNOLOGY: A GENTLE INTRODUCION TO THE
NEXT BIG IDEA 6-7, 22 (2003).

6. Id. at 6-7.
7. Id.
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from the atom up, rather than the traditional method of manufacture in-
volving shaping and combining matter on the macroscale. 8 Building matter
atom by atom, or molecule by molecule, allows more precise and complex
configuration of material than previously possible. 9

At the nanoscale, the physical, chemical, and biological properties of
materials differ in fundamental and valuable ways compared with the same
materials in macrosizes. This occurs for two primary reasons: nano-
molecules' high surface area to mass ratio, and the interaction of classical
physics and quantum mechanics at the atomic scale. 0 The greater relative
surface area of nanomaterials results in greater chemical reactivity, for
instance making some nanomaterials useful as catalysts to improve the
efficiency of fuel cells and batteries.1 For molecules under tens of nano-
meters, quantum mechanic effects become important, and can significantly
change a material's optical, magnetic and electrical properties.12 Thus,
certain materials become stronger, more flexible, or change their conduc-
tivity or other properties at the nanoscale. 13 For example, nanosized parti-
cles of gold and silver have biological and antimicrobial properties, while
macro gold and silver particles do not. 4

Nanotechnology involves the interaction of many disciplines, including
physics, chemistry, biology, materials science, genetics, and information
and communication technologies. Nanotechnology will affect many indus-
tries, including medicine and health, electronics and computers, biotech-
nology, optics, and materials manufacturing. It is expected to revolution-
ize fields as diverse as semiconductors and pharmaceuticals, and many
others as well.' 5 For these reasons, nanotechnology is often referred to as
ushering in the second industrial revolution. 6

8. Id. at 7.
9. See RATNER & RATNER, supra note 5, at 12-16; Glenn Harlan Reynolds, Nanotechnology

and Regulatory Policy: Three Futures, 17 HARV. J.L. & TECH. 179, 182 (2003).
10. EUROPEAN COMM'N CMTY. HEALTH & CONSUMER PROT., NANOTECHNOLOGIES: A

PRELIMINARY RISK ANALYSIS ON THE BASIS OF A WORKSHOP ORGANIZED IN BRUSSELS ON 1-2

MARCH 2004 BY THE HEALTH AND CONSUMER PROTECTION DIRECTORATE GENERAL OF THE

EUROPEAN COMMISSION 13 (2004), available at
http://ec.europa.eulhealth/phrisk/documents/ev 20040301 _en.pdf [hereinafter EUROPEAN
COMMISSION REPORT]; THE ROYAL SOCIETY & THE ROYAL ACADEMY OF ENGINEERING,

NANOSCIENCE AND NANOTECHNOLOGIES: OPPORTUNITIES AND UNCERTAINTIES 5 (2004), available at
http://www.nanotec.org.uk/finalReport.htm [hereinafter NANOSCIENCE AND NANOTECHNOLOGIES].

11. NANOSCIENCE AND NANOTECHNOLOGIES, supra note 10, at 5.
12. Id.
13. JEFFREY H. MATSUURA, NANOTECHNOLOGY REGULATION AND POLICY WORLDWIDE 10-11

(2006).
14. Id. at 10; Catherine M. Goodman et al., Toxicity of Gold Nanoparticles Functionalized with

Catatonic and Anionic Side Chains, 15 BIOCONJUGATE CHEMISTRY 897, 897-900 (2004).
15. Robin Fretwell Wilson, Nanotechnology: The Challenge of Regulating Known Unknowns, 34

J.L. MED. & ETHICS 704, 705 (2006).
16. See, e.g., Rick Weiss, For Science, Nanotech Poses Big Unknown, WASH. POST, Feb. 1,

2004, at Al.
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Nanoparticles per se are not a new invention, as some forms of nano-
materials exist naturally. In discussing nanotechnology, it is useful to di-
vide nanoparticles into three groups: natural, incidental, and engineered.
Naturally occurring nanomaterials include volcanic ash, forest fire smoke,
ocean spray, mineral composites, and other materials in the environment.17

These materials have been around since time immemorial. Incidental
nanoparticles are those produced as the unintentional byproduct of another
activity, such as from frying and cooking, combustion, mining, or metal
work.'" Engineered nanoparticles are nanoparticles that are intentionally
designed to have their small size and specific function.' 9 This Article (ex-
cept where noted) concerns engineered nanoparticles. It is these molecules
that are new and promising, but that may also present new risks due to the
qualities they are engineered to have. A wide variety of nanoparticles are
now being engineered, including nanotubes, buckyballs, nanowires, nano-
clays, nanometals, semiconductors, and quantum dots.

Nanotubes are long tubes of carbon or silicon atoms that have unique-
mechanical, electrical, and thermal properties. 20 They are as much as one
hundred times stronger than steel, but weigh less than aluminum, and can
transmit a tremendous amount of current or heat without becoming unsta-
ble or burning out. 2 Nanowires are solid (as opposed to hollow) wires of
carbon, silicon, or metallic molecules. 22 Nanowires offer potentially pow-
erful optical, chemical, and electrical properties. For instance, nanowires
can emit laser light, act like optical fibers, and change conductivity. "23

Buckyballs (or Buckminster Fullerenes) are carbon molecules com-
bined in a structure similar to a soccer ball or geodesic dome. Buckyballs
have a very strong external structure with a hollow center, and this com-
bination has many applications in the medical and environmental fields.24

Quantum dots (or "nanodots") are semi-conducting nanocrystals that can
be used for their unique electrical and optical qualities.25 When quantum
dots are illuminated, they can re-radiate light at specific wavelengths.26

17. INSTITUTE OF MEDICINE, IMPLICATIONS OF NANOTECHNOLOGY FOR ENVIRONMENTAL
HEALTH RESEARCH 6-7 (LYNN GOLDMAN & CHRISTINE COUSSENS eds., 2005).

18. Id.
19. Id. at6.
20. Miller et al., supra note 4, at 13; see also RATNER & RATNER, supra note 5, at 56-57.
21. J. CLARENCE DAVIES, EPA AND NANOTECHNOLOGY: OVERSIGHT FOR THE 21n' CENTURY 13

(2007); RATNER & RATNER, supra note 5, at 56; Miller et al., supra note 4, at 13.
22. Miller et al., supra note 4, at 13.
23. Id. at 13-14.
24. U. S. ENVTL. PROT. AGENCY, NANOTECHNOLOGY WHITE PAPER 8 (2007), available at

http://es.epa.gov/ncer/nano/publications/whitepaper 12022005.pdf [hereinafter EPA,
NANOTECHNOLOGY WHITE PAPER]. Buckminster Fullerenes are named after the inventor of the geo-
desic dome, Buckminster Fuller. Id. at 107.
25. MATSUURA, supra note 13, at 18; Miller et al., supra note 4, at 14.
26. MATSUURA, supra note 13, at 18.
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These emissions can be fine-tuned, and may allow for substantial advances
in fields as diverse as optical networking and medical diagnostics.27

Approximately $10 billion is being spent each year on nanotechnology
research and development. 28 There are already hundreds of nanotechnol-
ogy products on the market, a number that is growing rapidly.29 The Na-
tional Science Foundation estimates that United States nanotechnology
market will reach $1 trillion in 2015, and nanotechnology is expected to
account for $2.6 trillion globally by this time.3°

Private, university, and government spending on nanotechnology re-
search and development in the United States leads the world, accounting
for about one-third of global investment.31 Other countries, however, are
not far behind. Nations throughout Europe, Asia, and elsewhere, including
both industrialized and developing countries, are heavily investing in
nanotechnology.32 Many believe that nanotechnology will drive substantial
innovation, economic development, and quality of life improvements
through the twenty-first century.

II. BENEFITS AND RISKS OF NANOTECHNOLOGY

Nanotechnology is a vast, diverse, and complex science. This variety
means that nanotechnology may provide benefits in an array of areas, and
that any risks it creates will vary across different uses and environments.
Developing an appropriate nanotechnology governance system requires an
understanding of the primary benefits and potential risks presented by
nanotechnology.

27. Id.; Peter Fairley, Nanodot Lasers-Optical Networks, TECH. REV., Apr. 2001,
http://www.technologyreview.com/articles/01/04/innovation6O4O1.asp.

28. PRESIDENT'S COUNCIL OF ADVISORS ON SCI. & TECH., THE NATIONAL NANOTECHNOLOGY
INITIATIVE AT FIVE YEARS: ASSESSMENT AND RECOMMENDATIONS OF THE NATIONAL

NANOTECHNOLOGY ADVISORY PANEL 1 (2005) [hereinafter NNI AT FIVE YEARS], available at

http://www.nano.gov//FINALPCASTNANOREPORT.pdf. The United States Federal Government
currently spends over $1 billion a year on nanotechnology research. Id.

29. For a list of existing nanotechnology consumer products, see Nanotechnology Consumer
Products Inventory, http://www.nanotechproject.org/consumerproducts (last visited Apr. 3, 2008).
30. Miller et al., supra note 4, at 11; see NanoBusiness Alliance, http://www.nanobusiness.org.

In comparison, the current gross world product is $65 trillion. CENTRAL INTELLIGENCE AGENCY, THE
WORLD FACTBOOK 2008, available at https://www.cia.gov/library/publications/the-world-
factbook/index.html (last visited Apr. 3, 2008).
31. DEANNA LEKAS, ANALYSIS OF NANOTECHNOLOGY FROM AN INDUSTRIAL ECOLOGY

PERSPECTIVE PART I: INVENTORY & EVALUATION OF LIFE CYCLE ASSESSMENTS OF

NANOTECHNOLOGIES 3 (2005), available at

http://www.nanotechproject.org/file_download/files/Nanotech%20LCA%20Inventorypartl .pdf; NNI

AT FIVE YEARS, supra note 28, at 1.
32. MATSUURA, supra note 13, at 102-18; NNI AT FIVE YEARS, supra note 28, at 8. See gener-

ally INT'L RISK GOVERNANCE COUNCIL, SURVEY ON NANOTECHNOLOGY GOVERNANCE: VOLUME A.

THE ROLE OF GOVERNMENT 5 (2005), available at

http://www.irgc.org/IMG/pdf/Survey onNanotechnologyGovernance_-
PartAThe Role ofGovernment-2.pdf; Dana Nicolau, Challenges and Opportunities for

Nanotechnology Policies: An Australian Perspective, 1 NANOTECHNOLOGY L. & BUS. 446 (2004).
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A. Benefits of Nanotechnology

Nanotechnology is expected to transform many industries, from heath
care to electronics and from energy to agriculture. Although several hun-
dred products involving the use of nanotechnology are already on the mar-
ket, the major breakthroughs are believed to be yet to come, and therefore
not yet fully known. The following discussion surveys existing engineered
nanotechnology uses, expected advances, and potential developments. The
discussion is divided by industry: health care and medical; environmental
and energy (including food and agriculture); and electronics, optics, and
other materials advances.

1. Health Care and Medical Benefits

Nanotechnology is expected to provide advances in pharmaceuticals
and pharmaceutical delivery; disease diagnosis; medical devices; and
gene, tissue, and cell therapy. A brief survey of possibilities include
nanosensors that provide for the early detection of disease; self-activating
nanopharmaceuticals that treat disease before symptoms are even noticed;
improved treatments for a variety of diseases; better and safer surgical
techniques; greater imaging abilities; repair of cells and tissues; and im-
proved artificial tissues, bones, and organs.33

Nanopharmaceutical advances should enable better targeting of phar-
maceuticals to specific cells, greater dosage consistency, faster pharma-
ceutical action, and decreased toxicity.34 As a result, smaller doses could
achieve the same effect as larger current doses, resulting in fewer side-
effects due to interactions between the pharmaceutical and non-targeted
parts of the body.35 In addition, nanopharmaceuticals will be absorbed

33. See HUBERT H. HUMPHREY INST. OF PUB. AFFAIRS, UNIV. OF MINN., THE
NANOTECHNOLOGY-BIOLOGY INTERFACE: EXPLORING MODELS FOR OVERSIGHT 7 (Jennifer Kuzma
ed., 2005), available at www.hhh.iumn.edu/img/assets/9685/nanotechjan06.pdf. [hereinafter
UNIVERSITY OF MINNESOTA REPORT]; Ernie Hood, Nanotechnology: Looking as We Leap, 112
ENVTL. HEALTH PERSP. A741, A742-44 (2004); Miller et al., supra note 4, at 19-20; John Miller,
Beyond Biotechnology: FDA Regulation of Nanomedicine, 4 COLUM. SCI. & TECH. L. REV. 5, 5-13
(2003); Top Ten Nanotech Breakthroughs of 2005, 2 NANOTECHNOLOGY L. & BUS. 414, 417 (2005);
Barnaby J. Feder, Doctors Use Nanotechnology to Improve Health Care, N.Y. TIMES, Nov. 1, 2004,
at C4; Sylvia Pagan Westphal, Nanotechnology, Manipulating Materials on a Molecular Scale, Holds
the Promise of Unlocking Nature's Secrets in Everything from Industrial Engineering to Medicine,
L.A. TIMES, Feb. 3, 2000, at B2; Vivienne Parry, The Nano State is Here, TIMES ONLINE, Feb. 25,
2006, http://www.timesonline.co.ukltol/news/ukhealthlarticle734268.ece (last visited Apr. 3, 2008).

34. See MATSUURA, supra note 13, at 31; UNIVERSITY OF MINNESOTA REPORT, supra note 33, at
7; Laura Braydich-Stolle et al., In Vitro qotoxicity of Nanoparticles in Mammalian Germline Stem
Cells, 88 TOXICOLOGICAL SC. 412, 413 (2005); Miller et al., supra note 4, at 20; Mary C. Till et al.,
Nanotech Meets the FDA: A Success Story About the First Nanoparticulate Drugs Approved by the
FDA, 2 NANOTECHNOLOGY L. & BUS. 163, 166 (2005).

35. MATSUURA, supra note 13, at 31; Braydich-Stolle, supra note 34, at 412; Till, supra note 34,
at 166.
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more rapidly in the body than larger-molecule drugs, leading them to act
more rapidly. 36 Nanotechnology may also allow for internal, self-
regulating drug delivery systems.37 These pharmaceuticals would be placed
in one's body, but not activate until they sense a particular disease or
chemical entity. 38 This would allow the self-activating drug-delivery sys-
tem to detect and combat disease before a patient is even aware of any
symptoms."

Nanotechnology has many implications for improving detection, diag-
nosis, and treatment of various cancers. Nanoparticles can be used as can-
cer protein sensors to allow for earlier cancer detection than currently pos-
sible. 4 Cancer sensors may also be used in "real time" to monitor the
effectiveness of ongoing cancer treatments in patients.4

Nanotechnology will improve the treatment of cancer once it has been
detected. A type of nanoparticle called a dendrimer can be designed so
that, once injected into the bloodstream, it will bind with cancerous cells
and deliver a dose of chemotherapy drugs directly to the cancer cells.42 In
animal tests, this targeted dendrimer approach was found to be ten times
more effective in delaying tumor growth than use of the drug alone. 43 Al-
ternatively, a buckyball could be filled with a pharmaceutical and used as
a drug delivery device for cancer treatment, or may be used to deliver
substances to organs to make them show more sharply for MRIs or tumor

44imaging.
Nanoparticles that generate radioactivity can be sent directly to can-

cerous tissue, providing a more targeted and effective dose of radiation
precisely where it is needed. 45 These chemotherapy and radiation proc-
esses lower the amount of non-cancerous tissue subject to treatment, re-
ducing the negative side-effects of cancer treatment.'

Nanotechnology also may allow for the treatment of cancer without
harmful radiation. A variety of processes under investigation use nanopar-
ticles to heat and kill cancer cells. One method involves nanospheres of

36. MATSUURA, supra note 13, at 10.
37. NORMAN SCOTT & HONGDA CHEN, NANOSCALE SCIENCE AND ENGINEERING FOR

AGRICULTURE AND FOOD SYSTEMS 29 (Corrine Johnson Rutcke ed., 2003), available at
http://www.nseafs.cornell.edu/web.roadmap.pdf.

38. Id.
39. Id. at 29; UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 7.
40. Feder, supra note 33.
41. Top Ten Nanotech Breakthroughs of 2005, supra note 33, at 416.
42. Miller et al., supra note 4, at 21; Top Ten Nanotech Breakthroughs of 2005, supra note 33, at

416.
43. Top Ten Nanotech Breakthroughs of 2005, supra note 33, at 416.
44. Parry, supra note 33; Candace Stuart, Particle Size Matters: Studies Fail to Include Basics for

Assessing Toxicity, SMALL TIMES, Mar. 17, 2006,
http://www.smalltimes.com/document-display.cftn?documentid= 11064.

45. Parry, supra note 33.
46. Top Ten Nanotech Breakthroughs of 2005, supra note 33, at 416; Parry, supra note 33.
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gold or silver with a silica filling that attach to cancer cells, heat them up,
and kill the cancer cells, but remain harmless to surrounding tissue. 47 A
similar concept uses radio waves and carbon nanoparticles to heat and kill
cancer cells.48 This method has been successful in test tubes, and animal
studies are now underway. 49 Another method of targeted cancer treatment
uses iron oxide nanoparticles that are coated with a compound that is a
nutrient for cancer cells.5° The cancer cells ingest the nanoparticles, and
when an external magnetic field is applied, the nanoparticles vibrate rap-
idly, killing the cancer cells. 5' Yet another possibility is RNA interference
treatment, in which therapeutic RNA pairs up with cancer cell RNA, trig-
gering an immune response which destroys both RNA strands and starves
the cancer cell of necessary proteins.5

Nanotechnology may play a role in treating other dread diseases as
well. Buckyballs, for instance, may advance treatment for HIV, multiple
sclerosis, and Lou Gehrig's disease.53 Researchers are working on using
modified buckyballs to inhibit the activity of HIV protease and prevent the
replication of the HIV virus.54 Buckyballs are also powerful antioxidants,
and can limit the damage caused by free radicals. 5 Tests of buckyball
treatments for Lou Gehrig's disease on mice-a disease that has been
linked to free radicals which damage cells through chemical reactions-
showed that the treatment delayed deterioration of movement and extended
the lives of the mice.56

Nanotechnology will be very useful for identifying diseases and detect-
ing problematic conditions earlier than current technology. For instance, a
nanosensor could instantly and continuously sense glucose levels for dia-
betics, preventing potentially life-threatening situations.57 Or, nanosensors
can be used to develop self-tests for a wide variety of diseases, from an-
thrax to AIDS.58

47. David M. Balshaw et al., Research Strategies for Safety Evaluation of Nanomaterials, Part
III: Nanoscale Technologies for Assessing Risk and Improving Public Health, 88 ToxICOLOICAL SM.
298, 305 (2005); Kenneth Chang, Tiny is Beautiful: Translating Nano Into Practical, N.Y. TIMES,
Feb. 22, 2005, at Fl; Stuart, supra note 44.

48. Peter Panepento, Cancer Therapy Takes Next Step, ERIE TIMES-NEWS, Mar. 26, 2006, avail-
able at 2006 WLNR 4751625.

49. Id.
50. Feder, supra note 33.
51. Id.
52. Top Ten Nanotech Breakthroughs of 2005, supra note 33, at 416.
53. See, e.g., Kenneth Chang, A Prodigious Molecule and its Growing Parts, N.Y. TIMES, Oct.

10, 2000, at Ft.
54. Jessica Gornan, Buckymedicine: Coming Soon to a Pharmacy Near You?, Sci. NEWS, July

13, 2002, at 26, available at http://www.sciencenews.org/articles/20020713bobl0.asp.
55. Chang, supra note 53.
56. Id.
57. RATNER & RATNER, supra note 5, at 102.
58. Id. at 157.
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Nanotechnology also is being used to produce synthetic bones more
similar to natural bone than existing prosthetics." Use of this nano-
synthetic bone will allow natural bones to heal faster and more completely
than current artificial alternatives.' In sum, the health care and medical
benefits of nanotechnology are expected to be vast and spectacular.

2. Environmental and Energy Benefits

Nanotechnology should have a wide variety of applications for envi-
ronmental benefit. Some of the most significant areas may be in the detec-
tion and remediation of contaminants. Just as nanosensors can be used to
detect disease in the body, such sensors can also be used to detect envi-
ronmental contaminants far faster and at lower concentrations than cur-
rently possible.6" "Smart dust," tiny nanoparticles designed to be sensors,
could detect and relay information about biological and chemical environ-
mental contaminants or other harmful agents, such as chemical weapons.62

Nanotechnology also offers the potential of improving exposure assess-
ment as it may allow the collection of many more measurements with
greater precision and at a lower cost than current methods.63 Several com-
panies are developing environmental nanosensors. 6

Nanomaterials are expected to improve the remediation of contami-
nated water and soil.65 Such remediation may occur through use of
nanoparticles that can bind to and remove contaminants, nanomaterials
that can neutralize chemical spills, nanomagnets that can clean oil spills,
and nanomembranes that can filter contaminants out of water.66 Nanoparti-
cles' small size and large surface area-to-mass ratio may make them more

59. NNI AT FIVE YEARS, supra note 28, at 16.
60. Id. One nanotechnology bone graft substitute has already been approved by the FDA. Jordan

Paradise et al., Developing Oversight Frameworks for Nanobiotechnology, 9 MINN. J.L., Sci., &

TECH. 187, 192 (2008).
61. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 24; INSTITUTE OF MEDICINE,

supra note 17, at 13; RATNER & RATNER, supra note 5, at 98; Juliet Eilperin, Nanotechnology's Big
Question: Safety; Some Say Nanomaterials Are Coming to Market Without Adequate Controls, WASH.

POST, Oct. 23, 2005, at All.
62. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 24; INSTITUTE OF MEDICINE, supra

note 17, at 13; Balshaw, supra note 47, at 300, 303; Lynn L. Bergeson & Bethami Auerbach, The
Environmental Regulatory Implications of Nanotechnology, DAILY ENV'T REP., Apr. 14, 2004, at BI,
B2; Miller et al., supra note 4, at 16.

63. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 24.
64. Miller et al., supra note 4, at 16.
65. Balshaw, supra note 47, at 305; Scott H. Segal, Environmental Regulation of Nanotechnology:

Avoiding Big Mistakes for Small Machines, 1 NANOTECHNOLOGY L. & BUS. 290, 292 (2004).
66. UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 7; Hood, supra note 33, at A742-45

(also discussing the use of nanoparticles to desalinate water and to treat wastewater); Paul C. Lin-
Easton, It's Time for Environmentalist to Think Small-Real Small: A Call for the Involvement of
Environmental Lawyers in Developing Precautionary Policies for Molecular Nanotechnology, 14 GEO.
INT'L ENVTL. L. REV. 107, 112 (2001); Segal, supra note 65, at 292; Bergeson, supra note 62;
Westphal, supra note 33.
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broadly useful and efficient than current remediation options, less expen-
sive than current methods, and better at remediating some of the most
challenging pollutants. 67 Nanomaterials already have been used to remedi-
ate chlorinated hydrocarbons, one of the main classes of contaminants at
hazardous waste sites, and studies indicate that nanoscale iron particles
may be able to dechlorinate a greater range of chlorinated hydrocarbons
than existing methods.6"

In a partially related vein, nanofilters may substantially reduce the cost
and technical difficultly of desalinizing salt water, significantly reducing
water shortages in some arid regions.69

Nanotechnology also is expected to have positive environmental ef-
fects through improving energy efficiency and advancing alternative en-
ergy sources. Energy efficiency gains should come both from improved
manufacturing process efficiency and from reduced electrical losses that
result in wasted heat during consumer and industrial consumption.7° It is
estimated that nanotechnology-based lighting could reduce energy con-
sumption by about fifteen percent in the United States, saving over $100
billion annually and reducing carbon emissions by 200 million tons per
year.71 Nanotechnology is expected to be used to develop lighter-weight,
flexible plastic solar energy cells that provide low-cost solar power.72 Also
in the alternative fuel context, nanocatalysts that convert vegetable oils
into biobased fuels and biodegradable industrial solvents are in develop-
ment. 73 Other energy advances include high-performance batteries and fuel
cells, with particular application for improved efficiency of hybrid cars
and other power generation technologies.74

Nanotechnology advances should lead to reduced waste generation.
This will occur both because nanotechnology can provide more efficient
and effective manufacturing processes and because nanotechnology per-
mits the precise development of materials from the bottom up, reducing

67. Hood, supra note 33, at A744; Tina Masciangioli & Wei-Xian Zhang, Environmental Tech-
nologies at the Nanoscale, 37 ENVTL. SC. & TECH. 102A, 105A (2003); Segal, supra note 65, at 292;
Weiss, supra note 15.

68. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 22-23.
69. INSTITUTE OF MEDICINE, supra note 17, at 12.
70. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 25-26.
71. Id. at 26; see also INSTITUTE OF MEDICINE, supra note 17, at 15 (noting that nanotechnology

could reduce the consumption of light energy by fifty percent and reduce carbon emissions by twenty
eight million tons per year); Swiss RE, NANOTECHNOLOGY: SMALL MATTER, MANY UNKNOWNS 31,
available at http://www.swissre.com/resources/31598080455c7a3fb154bb80a45d76a0-
PublO4_Nanoen.pdf.; UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 8; Masciangioli &
Zhang, supra note 67, at 104A.
72. Matthew J. Dowd et al., Nanotechnology and The Best Mode, 2 NANOTECHNOLOGY L. &

Bus. 238, 241 (2005); Miller et al., supra note 4, at 19; see also NanoBusiness Alliance, supra note
30; Chang, supra note 47.
73. SCOTr & CHEN, supra note 37, at 17.
74. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 26-27; INSTITUTE OF MEDICINE,

supra note 17, at 16; Miller et al., supra note 4, at 18.
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the generation of waste and hazardous byproducts that can accompany
conventional production.75 As one example, "nanotechnology may im-
prove the functionality of catalytic converters and reduce by up to 95 % the
mass of platinum group metals required."76 In these regards, nanotechnol-
ogy can aid in sustaining all resources-water, ecosystems, land, air, en-
ergy and materials-by increasing materials and energy efficiency and
reducing waste products.77

Nanotechnology has application in food and agriculture as well for
health, economic, and environmental benefits. Nanotechnology food appli-
cations include using nanosensors in food to detect contaminants or food-
born pathogens, using nanoparticles to bind to and remove contaminants
and pathogens, improving the flavor of food, increasing the nutrients in
food, and making certain foods more easily digestible. 8 In Israel, a com-
mercialized nanoproduct is available that is used in cooking oil to improve
the bioavailability of plant sterols, which reduce the body's absorption of
cholesterol into the blood.79 Nanofood could be used for some of the drug
delivery methods discussed above. 8

' As noted, this may also allow for
more effective pharmaceutical delivery to precise parts of the body or
cells.81 Researchers are in the process of developing customized and per-
sonalized food. Such products would be based on or able to recognize an
individual's nutritional needs, such as the person's allergies or nutritional
deficiencies, and deliver food and nutrition appropriately.82

A nanotechnology food packaging material that provides a better bar-
rier to retain freshness and block out smells is already on the market.83

Nanofood packaging materials that "self-heal" are in development, as are
packaging materials that alert a consumer to contaminated or spoiled

75. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 20-22; INSTITUTE OF MEDICINE,
supra note 17, at 15; UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 8; Hood, supra note 33,
at A745; Segal, supra note 65, at 291-92; Envtl. Law Inst., Comments of the Environmental Law
Institute on the Environmental Protection Agency's Nanotechnology White Paper External Review
Draft 3 (Jan. 31, 2006), available at
http://www.eli.org/pdf/research/nanotech/elii nano.white.paper.comments.pdf.

76. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 27.
77. Id. at 19; see also INSTITUTE OF MEDICINE, supra note 17, at 15-16.
78. SCOTT & CHEN, supra note 37, at 3-4, 15; Brainy food: Academics, Industry Sink Their Teeth

into Edible Nano, SMALL TIMES,
http://www.smalltimes.com/articles/article display.cfm?Section=ARCHI&C =Consu&ARTICLE ID
=267909&p= 1109 (last visited Apr. 12, 2008); Jennifer Kuzma & Peter VerHage, Analysis of Early
Stage Agrifood Nanotechnology Research and Development 10, 12 (Mar. 30, 2006) (presentation,
available at http://www.nanotechproject.org/file-download/files/Kuzma-
Agrifood%20presentation%20handout.pdf).
79. Kuzma & VerHage, supra note 78, at 12.
80. ScoTT & CHEN, supra note 37, at 9.
81. Helmut Kaiser Consultancy, Study: Nanotechnology in Food and Food Processing Industry

Worldwide, http://www.hkc22.com/nanofood.html (last visited Apr. 4, 2008); see supra Subpart
IH.A. 1.

82. Gardner, supra note 78, at 2.
83. INSTITUTE OF MEDICINE, supra note 17, at 7; Kuzma & VerHage, supra note 78, at 12.

2008] 1337



Alabama Law Review

food-for instance by changing color if the product is spoiled.' It is esti-
mated that the nanotechnology food industry will grow to more than $20
billion in 2010.85

Nanoparticles will be used agriculturally to deliver pesticides, fertiliz-
ers, other chemicals, growth hormones, and animal vaccines to plants.86

Nanotechnology may also be used to insert DNA into plants to enable tar-
geted genetic engineering.87 Certain of these uses would provide for more
sustainable food production that has a lower environmental impact than
current methods.88

In manners described above, nanosensors may be used to detect ani-
mal and plant pathogens, and to check for pesticides, fertilizers, or foreign
matter in food products. 89 For instance, a nanosensor could monitor an
animal's saliva in real-time to detect disease far faster than it would nor-
mally become apparent.' Once a disease is detected, the sensor could ac-
tivate a targeted drug delivery release to treat it.9 Nanotechnology thus
may reshape environmental protection from remediating contamination to
energy production to agriculture.

3. Electronics, Optics, and other Materials Advances

Carbon nanotubes represent one of the most significant nanomaterial
applications. These nanotubes are already being used to provide light-
weight strength to tennis rackets and automotive plastics, make fabrics
stain-resistant, and improve the viewing quality of televisions and video
monitors.' Future uses will likely include extraordinarily strong cables,
durable surface coatings, and long-lasting batteries that allow laptop com-
puters and cell phones to run for weeks without recharging.93

Nanotubes also can transfer electricity and heat more efficiently than
other materials.' This has substantial application in power transmission.95

Nanotubes, for example, provide better conduction of large quantities of
high voltage electricity than copper wire, at one-sixth the weight. This use

84. Gardner, supra note 78, at 2; see also ScoTr & CHEN, supra note 37, at 17.
85. Helmut Kaiser Consultancy, supra note 81.
86. Kuzma & VerHage, supra note 78, at 9.
87. Id.
88. Id. at 5.
89. Id. at 9; see also Scorr & CHEN, supra note 37, at 4.
90. SCorr & CHEN, supra note 37, at 4, 16, 29-31.
91. Id.
92. See, e.g., LEKAS, supra note 31, at 25; MATSUURA, supra note 13, at 16-17; Barnaby J.

Feder, Nanotech Memory hips Might Soon Be a Reality, N.Y. TIMES, June 7, 2004, at C4.
93. See, e.g., Masciangioli & Zhang, supra note 67, at 104A; James Flanigan, Nanotechnology -

Small Things for Big Changes, L.A. TIMES, Nov. 23, 2003, at CI; Westphal, supra note 33.
94. See, e.g., Masciangioli & Zhang, supra note 67, at 104A.
95. See EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 25-57.
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would result in lower power loss during transmission than current technol-
ogy.,

Nanotube conductivity also has significant application in electronics
and computers. Nanotubes can provide faster signal transmission, carry
larger current densities, have lower resistance, and be more stable than
existing circuitry. 97 Nanoscale transistors may be able to run one thousand
times as fast as today's processors.98 Nanotubes also demonstrate special
electrical and magnetic capabilities. By applying magnetic fields, nano-
tubes can be quickly altered from conductors into semiconductors and
back.99 Beyond computer processors, nanotechnology may increase data
storage capabilities and provide improved liquid crystal displays."

Quantum dots may be used to develop optical computers-computers
whose circuitry is based on optical rather than electric signals. 01 High
speed optical circuits could overcome the limitations of electrical circuits
due to resistance and the loss or migration of electrical signals."

Nanomaterials are being used as coatings and films for other products
to make them more durable, scratch-resistant, or to create other proper-
ties, such as changing color when electricity is applied.1"3 Plastics and
other materials can be enhanced with nanoclays to make them stronger,
heat resistant, and better at sealing. 4 Metal nanomaterials can be used to
make metal stronger and longer lasting. 05

Many are already familiar with "nano" pants, one of the first com-
mercialized nanotechnology products. These pants use nanofibers to make
them virtually wrinkle and stain-free. 0 6 Other currently commercialized
nanotechnology products include scratch and peel-resistant paint, cosmet-
ics and sunscreens with greater ultraviolet light-blocking power, longer-
driving golf clubs, three-dimensional printing ink, and longer-lasting ten-
nis balls. "0 More dramatic nanomaterial applications are in progress. MIT
is developing an advanced military uniform using nanotechnology that will
defend against chemical and biological weapons, be bullet-proof, monitor

96. See Anna Fontcuberta i Mortal et al., Carbon Nanotubes: A Solution to the Burning Intercon-
nect Problem?, 2 NANOTECHNOLOGY L. & Bus. 321, 322, 324 (2005).
97. Id. at 322.
98. Miller et al., supra note 4, at 17.
99. See id.

100. Id. at 18.
101. Top Ten Nanotech Breakthroughs of 2005, supra note 33, at 415.
102. Id.; see also NanoBusiness Alliance, supra note 30.
103. INSTITUTE OF MEDICINE, supra note 17, at 6; Miller et al., supra note 4, at 15.
104. INSTITUTE OF MEDICINE, supra note 17, at 6-7; Miller et al., supra note 4, at 16.
105. Miller et al., supra note 4, at 16.
106. Wilson, supra note 15, at 705.
107. See, e.g., MATSUURA, supra note 13, at 19; INSTITUTE OF MEDICINE, supra note 17, at 11-
12; NNI AT FIVE YEARS, supra note 28, at 12; RATNER & RATNER, supra note 5, at 157; Vicki L.
Colvin, The Potential Environmental Impact of Engineered Nanomaterials, 21 NATURE
BIOTECHNOLOGY 1166, 1167 (2003); Wilson, supra note 15, at 705.
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the soldier's health, administer medical aid, provide communication capa-
bilities, and even enable the soldier to jump higher. 108

Later generation nanotechnology may involve creating molecular ma-
chines that can build other products cheaply, without waste, and with
atomic precision."° These machines would have almost unlimited capabil-
ity to manufacture products of various design and function. "o

In sum, nanotechnology holds tremendous promise for advancing
health care, environmental protection, and a host of materials applications.
These potential advances are far too great to be ignored.

B. Risks of Nanotechnology

Despite the anticipated wondrous benefits of nanotechnology,
nanotechnology also raises attendant potential risks. In fact, it is some-
times the purposely engineered beneficial molecular properties that also
indicate possible hazards. The potential scientifically demonstrable risks
from engineered nanotechnology can be divided into two general catego-
ries: human health impacts and environmental or ecological concerns."'
These risks are discussed below.

1. Human Health Concerns

Most nanotechnology concerns derive from the fact that the small size,
high surface area-to-mass ratio, and composition of nanomaterials may
present unique toxicity concerns. Materials which may be benign at the
macrolevel may present a different set of risks at the nanoscale. Studies
indicate that toxicity generally increases with decreased particle size and

108. Miller et al., supra note 4, at 21; Kelly Roncone, Nanotechnology: What Next-Generation
Warriors Will Wear, J. MIN. METALS & MATERIALS SOC'Y, Jan. 2004, at 31-33.
109. See K. Eric Drexler & Jason Wejnert, Nanotechnology and Policy, 45 JuRIMETRICS J. 1, 4
(2004); Miller et al., supra note 4, at 21.
110. Drexler, supra note 109, at 4. Self-replicating molecular machines are what gave rise to the
well-publicized "grey goo" concern, similar to the story in Michael Crichton's science fiction book
Prey, in which self-replicating machines consume all matter and keep building themselves. See
MICHAEL CRICHTON, PREY (2003). Such risks are generally dismissed by nanotechnology scientists
and experts. See infra note 114.
111. Nanotechnology may pose other risks that involve social relations and are more speculative,
including privacy, socio-economic, and terrorist concerns. For instance, there already is a debate
concerning whether nanotechnology will exacerbate or reduce the disparity in living standards between
developed and less developed countries or between wealthier and poorer individuals. Some analysts
argue that the benefits of nanotechnology will be reaped almost exclusively by wealthy individuals in
developed countries, while others contend that nanotechnology presents a unique opportunity to close
the quality of living standards gap and vastly improve living standards in developing countries and for
poorer individuals. Compare Joel Rothstein Wolfson, Social and Ethical Issues in Nanotechnology:
Lessons from Biotechnology and Other High Technologies, 22 BIOTECHNOLOGY L. REP. 376, 377-79
(2003), with Segal, supra note 65, at 291. These socio-economic and more speculative nanotechnology
debates (as opposed to the scientific or objectively demonstrable human health and environmental
risks) are beyond the scope of this article.
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increased particle surface area. 112 Similarly, nanomaterials' novel electrical
and magnetic properties may present issues not created by a macrosize
material of similar composition."' The very characteristics which make
nanotechnology potentially spectacular also present its potential risks.114

Complicating nanotechnology risk analysis is that the risks presented
by nanotechnology cannot be derived from knowledge about the toxicity of
similar material at a macroscale, and that engineered nanoparticle toxicity
cannot generally be derived from knowledge about the toxicity of non-
engineered (natural or incidental) nanoparticles." 5 To give some idea of
the complexity, one analysis recommended that sixteen physiochemical
parameters needed to be evaluated to analyze the toxicity of a nanomate-
rial, compared to the two or three parameters measured for traditional
toxicity analysis." 6 In addition, there is limited scientific knowledge con-
cerming exposure to nanomaterials, the behavior of engineered nanoscale
materials in various environments, or the toxicity and dose-response to
nanomaterials. 7

In order for a nanoparticle to create a toxicity concern, the nanoparti-
cle would have to interact with the body in some form."18 This would gen-
erally require inhalation, ingestion, or dermal penetration." 9 The chief
concern currently is whether inhalation of free nanoparticles presents a
risk. Airborne nanoparticles, due to their size and surface area ratio, will

112. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 49, 54.
113. See id. at 54.
114. One particular risk, which has received significant popular attention, is the so-called "grey
goo" catastrophe, in which self-replicating nanotechnology robots the size of bacteria exponentially
replicate, fill the world, and wipe out all other life. See, e.g., Barnaby J. Feder, Nanotechnology Has
Arrived: A Serious Opposition is Forming, N.Y. TIMES, Aug. 19, 2002, at C3. The Gray Goo sce-
nario has been rejected as unrealistic science fiction by most scientists. Miller et al., supra note 4, at
20-21; Wilson, supra note 15, at 705; Weiss, supra note 16. Even the originator of the "grey goo"
hypothetical, Eric Drexler, has stated that the scenario is far-fetched. Paul Rincon, Nanotech Guru
Turns Back on Goo,' BBC NEWS ONLINE, June 9, 2004,
http://news.bbc.co.uk/1/hi/sci/tech/3788673.stm; see also Drexler, supra note 109, at 14-15.
115. See, e.g., U.S. FOOD & DRUG ADMIN. NANOTECHNOLOGY TASK FORCE,
NANOTECHNOLOGY: A REPORT OF THE U.S. FOOD AND DRUG ADMINISTRATION NANOTECHNOLOGY
TASK FORCE 9-11 (2007), available at http://www.fda.gov/nanotechnology/taskforce/report2007.pdf
[hereinafter FDA NANOTECHNOLOGY REPORT]; see also EPA NANOTECHNOLOGY WHITE PAPER,
supra note 24, at 29-62; EUROPEAN COMMISSION REPORT, supra note 10, at 11; INSTITUTE OF
MEDICINE, supra note 17, at 24-30.
116. Andrew D. Maynard, Nanotechnology: The Next Big Thing, or Much Ado About Nothing?, 51
ANNALS OF OCCUP. HYGIENE 1, 7 (2007).
117. See, e.g., FDA NANOTECHNOLOGY REPORT, supra note 115, at 9-11; EPA,
NANOTECHNOLOGY WHITE PAPER, supra note 24, at 29-62; EUROPEAN COMMISSION REPORT, supra
note 10, at 11; INSTITUTE OF MEDICINE, supra note 17, at 7-8, 24-30; Barnaby J. Feder, Too Tiny for
Trouble? Scientists Take a Look, N.Y. TIMES, Nov. 29, 2005, at F4.
118. See Warren H. Hunt, Jr., Nanomaterials: Nomenclature, Novelty, and Necessity, J. MIN.
METALS & MATERIALS SOC'Y, Oct. 2004, at 13, 15.
119. See id.
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not settle as larger particles would, and therefore remain airborne. 120 In
addition, nanoparticles may be very difficult to filter. 121

Some studies have shown that the toxicity of inhaled particles in-
creases as particles become smaller and the surface area-to-size ratio of the
particles becomes larger. 122 The reduction in size and increase in surface
area ratio causes particles to be more active, which in turn can lead to
inflammation of and damage to the lungs. 123 The concern may be the
greatest for carbon nanotubes, which could be irrespirable and cause in-
flammation or fibrosis, and in high doses could lead to asphyxiation due to
nanotube clumping in the airways.124 The fear has been raised that carbon
nanotubes could become "the next asbestos."' 15 Studies of combustion-
created nanoparticles, such as from diesel soot or carbon black, have
found that such nanoparticles can cause inflammation in lung cells. 126

Although potential effects on the lungs have received the greatest at-
tention so far, there are also concerns about nanoparticles moving beyond
the respiratory system. There is evidence based on rodent studies that in-
haled nanoparticles, due to their small size, could find their way from the
respiratory system to the blood or organs, including the brain.'27 Nanopar-

120. See, e.g., EPA, NANOTECHNOLOGY WHITE PAPER, supra note 23, at 33; Hunt, supra note
118, at 15.
121. Hunt, supra note 118, at 15.
122. R.J. AITKEN ET AL., INSTITUTE OF OCCUPATIONAL MEDICINE, NANOPARTICLES: AN

OCCUPATIONAL HYGIENE REVIEW v, available at http://www.hse.gov.uk/research/rrpdf/rr274.pdf;
Andre Nel et al., Toxic Potential of Materials at the Nanolevel, 311 SCIENCE 622, 622-23 (2006);
Joyce S. Tsuji et al., Research Strategies for Safety Evaluation of Nanomaterials, Part IV: Risk As-
sessment of Nanoparticles, 89 TOXICOLOGICAL SCI. 42, 43 (2006).
123. See, e.g., HEALTH AND SAFETY EXECUTIVE & NAT'L INST. FOR OCCUPATIONAL SAFETY &

HEALTH, NANOMATERIALS: A RISK TO HEALTH AT WORK? 30-42 (2004), available at
http://www.hsl.gov.uk/capabilities/nanosymrep-final.pdf. [hereinafter HSE/NIOSH REPORT]; SWISS

RE, supra note 71, at 12; Paul Bonn et al., Research Strategies for Safety Evaluation of Nanomaterials
Part V: Role of Dissolution in Biological Fate and Effects of Nanoscale Particles, 90 TOXICOLOGICAL
SCI. 23, 23 (2006); Nel et al., supra note 122, at 622-23; Ginter Oberd6rster et al., Nanotoxicology:
An Emerging Discipline Evolving From Studies of Ultrafine Particles, 113 ENVTL. HEALTH PERSP.
823, 823-25 (2005), available at http://www.ehponline.org/members/2005/7339/7339.html.; Tsuji et
al., supra note 121, at 43-46; Weiss, supra note 16.
124. See INSTITUTE OF MEDICINE, supra note 17, at 29-30; Tsuji et al., supra note 122, at 42, 46;
Nel et al., supra note 122, at 624; Peter J. Tomasco, Comment, Manufactured Nanomaterials: Avoid-
ing TSCA and OSHA Violations for Potentially Hazardous Substances, 33 B.C. ENVTL. AFF. L. REV.
205, 216 (2006); Rick Weiss, Nanotechnology Precaution is Urged: Minuscule Particles in Cosmetics
May Pose Health Risk, British Scientists Say, WASH. POST, July 30, 2004, at A2.
125. Feder, supra note 114; see also Tomasco, supra note 124, at 216 ("[Plerceived similarities
between [carbon nanotubes] and asbestos fibers have led to concerns about their safety.").
126. See generally Peter G. Barlow et al., Carbon Black Nanoparticles Induce lype 11 Epithelial
Cells to Release Chemotaxins for Alveolar Macrophages, 2 PARTICLE & FIBRE TOXICOLOGY 11
(2005), available at
http:l/www.pubmedcentral.nih.govlpicrender.fcgi?artid=1325251&blobtype=pdf; Ken Donaldson et
al., Combustion Derived Nanoparticles: A Review of Their Toxicology Following Inhalation Exposure,
2 PARTICLE & FIBRE TOXICOLOGY 8 (2005), available at
http://www.pubmedcentral.nih.gov/picrender.fcgi?artid = 1280930&blobtype =pdf.
127. See, e.g., SWIss RE, supra note 71, at 12; Bonn et al., supra note 123, at 23; Braydich-Stolle
et al., supra note 34, at 413-16; Nel et al., supra note 122, at 625; Oberd6rster et al., supra note 123,
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ticles are small enough that they can be transported through the body along
nerves and through the lymphatic system. 128 That being said, other scien-
tists believe that any risk of nanoparticles traveling beyond the respiratory
system to other organs is unlikely.'29 Studies of combustion-derived
nanoparticles have found the potential for them to move from one organ to
others, and that they have the potential to cause cancer.13° While such
studies may offer useful insight, they also may not be indicative of the
general characteristics of nanoparticles or particularly of the effect of en-
gineered nanoparticles.13' A study of mice exposed to large concentrations
of engineered nanotubes did find "substantial DNA damage that persisted
for at least 6 months." 132 There has not yet been substantial research,
however, on the effects of engineered nanoparticles on organs besides the
lungs, such as concerning effects on the skin, brain, and digestive sys-
tem. 133

As in indicated in this discussion, free nanoparticles, such as could be
suspended in the air or in liquids that are ingested, present some of the
greatest potential risks. 13' These nanoparticles are capable of entering the
body and causing a toxic or other harmful effect. Like other nonbiode-
gradable pollutants, nanoparticles may bioaccumulate in a person's body
over time. 1"' Not much is known, however, concerning how nanoparticles
may bioaccumulate in the body, and whether and how they aggregate and
disaggregate in organs, both of which are critical issues for understanding
toxicity.136 Nanomaterials that are not free, such as larger nanocomposites,
nanotechnology surface coatings, or nanotechnology used in macroscale
products (such as computers or tennis rackets), do not appear to present a
similar direct risk of harmful exposure. 137

That being said, skin absorption of non-free nanoparticles presents a
concern. Cosmetics and sunscreens are some of the first commercial prod-
ucts to incorporate nanoparticles. 138 Nanoparticles are used to act as an

at 825.
128. See INSTITUTE OF MEDICINE, supra note 17, at 34.
129. See, e.g., Toni Feder, Scholars Probe Nanotechnology's Promise and Its Potential Problems,
57 PHYSICS TODAY 30, 32 (2004), available at http://www.physicstoday.org/vol-57/iss-
6/pdf/vo157no6p30 33.pdf.
130. See, e.g., Donaldson et al., supra note 126, at 8.
131. Born et al., supra note 123, at 24.
132. Janet Raloff, Nano Hazards: Exposure to Minute Particles Harms Lungs, Circulatory System,
167 SCI. NEWS 179, 179 (2005), available at
http://www.sciencenews.org/articles/20050319/fob1.asp.
133. Feder, supra note 117.
134. Oberd6rster, supra note 123, at 823.
135. See Jennifer Sass et al., Nanotechnologies: The Promise and the Peril, 6 SUSTAINABLE DEV.
L. & POL'Y 11, 11-12 (2006); Weiss, supra note 16.
136. See, e.g., INSTITUTE OF MEDICINE, supra note 17, at 24-30.
137. See Oberd6rster, supra note 123, at 824-25.
138. See Wilson, supra note 15, at 706; Paradise et al., supra note 60, at 192.
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anti-oxidant, because of their transparency,139 and to increase the ultravio-
let light-blocking power of the product, as they are believed to be less
toxic than the organic molecules traditionally used to provide ultraviolet
protection.140 Concerns have been raised, however, that the nanoparticles
in a lotion could penetrate the skin and be toxic, and that most testing of
nanoparticles has been conducted on undamaged skin, but that there may
be a greater risk of dermal penetration for cosmetics or sunscreens applied
to damaged skin (such as due to eczema or severe sunburn).141 Although
the FDA initially concluded that nanoparticles in sunscreens did not pose a
risk, it is now reexamining these issues."' There have not been any re-
ports of illness or other injury caused by nanoparticles in cosmetics or
sunscreens.

2. Environmental Concerns

As should be evident from the discussion of human health concerns,
nanoparticles could also present risks to non-human animals through inha-
lation or other means of contamination.143 As discussed above, research is
ongoing into the use of nanoparticles to remediate pollution, and this or
other uses could result in the release of nanoparticles into the environ-
ment. 144

Nanoparticles' small size and high surface-area may affect their uptake
by both terrestrial and aquatic animals.145 A study of the impact of bucky-
balls on an aquatic habitat found that the particles "triggered damaging
biochemical reactions in the brains of fish . . . [and] wiped out entire
populations of 'water fleas.' ' 146 Buckyballs also were found to linger in
the water, rather than clumping together and sinking as originally ex-
pected, which presents a greater toxicity concern. 147 That being said, the

139. Id.
140. INSTITUTE OF MEDICINE, supra note 17, at 11-12; Colvin, supra note 107, at 1167; Wilson,
supra note 15, at 706.
141. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 47; Nel et al., supra note 122, at
625.
142. Weiss, supra note 123; see also Sunscreen Drug Products for Over-the-Counter Human Use,
64 Fed. Reg. 27,666, 27,671 (May 21,1999) (to be codified at C.F.R. pts. 310, 352, 700, 740).
FDA's initial position was based on the questionable conclusion that substances which are safe at the
macroscale would also be safe at the nanoscale. Douglas A. Kysar, It Might Have Been: Risk, Precau-
tion, and Opportunity Costs, 22 J. LAND USE & ENVTL. L. 1, 17 (2006).
143. See Masciangioli & Zhang, supra note 67, at 107A.
144. See supra Subpart II.A.2.
145. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 58.
146. Rick Weiss, Nanoparticles Toxic in Aquatic Habitat, Study Finds, WASH. POST, Mar. 29,
2004, at A2; see also Karluss Thomas & Philip Sayre, Research Strategies for Safety Evaluation of
Nanomaterials, Part 1: Evaluating the Human Health Implications of Exposure to Nanoscale Materi-
als, 87 TOXICOLOGICAL Sci. 316, 318 (2005).
147. Weiss, supra note 146.
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buckyballs used in this study were not coated.148 Coating is commonly
used to limit the toxicity of materials in applications like drug delivery, a
primary expected use of buckyballs."' A study of rodents exposed to
coated buckyballs found that the buckyballs were collected in the rodents'
kidneys and liver, and were excreted like other waste.'50 This study found
that the coated buckyballs presented toxicity levels comparable to or lower
than many existing medicines.151

Nanoparticles also may be toxic to non-animal organisms. One study
found that aluminum oxide nanoparticles stunted the growth of crop
roots. 52 Other environmental concerns include the potential for nanoma-
terials to degrade into more toxic metabolites and possible harmful interac-
tions between nanomaterials and other environmental contaminants. 153

Exacerbating the challenge of nanotechnology risks is that there cur-
rently is very limited capability to detect or measure nanoparticles, and
risk assessment is not at the point to identify which nanoparticles present
the greatest toxicity concerns, and therefore should be the subject of moni-
toring or control efforts. 154

In sum, nanotechnology raises significant human health and environ-
mental risk questions, questions for which we currently have very little
data to answer. Even where significant data exist on a given topic of con-
cern, it is often very difficult to combine such data to achieve a full picture
of the fate, transport, and risk from nanoparticles. Uncertainty in the re-
sults combined with a lack of uniformity in experimental methodology
makes it "difficult if not impossible" to compare different studies on the
effects of nanoparticles.155 Risk analysis of nanotechnology is in its in-
fancy.

III. CURRENT REGULATION OF NANOTECHNOLOGY

The uncertainty surrounding nanotechnology's potential benefits and
risks creates significant challenges for the regulatory system. Regulatory
systems are designed for then-existing technologies, and often face diffi-
culty when applied to emergent changes.'56 Nanotechnology is not regu-

148. Thomas & Sayre, supra note 146, at 318.
149. Id.
150. Thomas & Sayre, supra note 146, at 318; Barnaby J. Feder, Study Raises Concerns About
Carbon Particles, N.Y. TIMES, Mar. 29, 2004, at C4.
151. Thomas & Sayre, supra note 146, at 318; Feder, supra note 150; see also INSTITUTE OF
MEDICINE, supra note 17, at 24 (discussing how coatings can render hazardous nanoparticles safe).
152. Rick Weiss, Nanotechnology Regulation Needed, Critics Say, WASH. POST, Dec. 5, 2005, at
A8.
153. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 34.
154. Id. at 50-53.
155. Stuart, supra note 44.
156. See generally Gregory Mandel, Gaps, Inexperience, Inconsistencies, and Overlaps: Crisis in
the Regulation of Genetically Modified Plants and Animals, 45 WM. & MARY L. REv. 2167 (2004).
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lated as a particular technology. 157 Rather, nanotechnology is currently
regulated by a number of different agencies, depending on the particular
products and uses involved.'58

The 21St Century Nanotechnology Research and Development Act
promoted the National Nanotechnology Initiative (NNI), which was de-
signed to fund and coordinate nanotechnology research and development
among various federal agencies.159 The NNI is quite expansive, providing
billions of dollars in federal funding for nanotechnology research and de-
velopment and coordinating over twenty federal departments and agen-
cies. 1"° For 2007, the NNI will provide about $1.3 billion in nanotechnol-
ogy related funding.161

NNI coordination applies primarily to research and development of
nanotechnology, the transfer of developed nanotechnology into commer-
cial application, and the development of the necessary workforce to en-

157. One exception to this statement exists at the local governmental level: Berkeley, California
recently enacted a law which requires that "All facilities that manufacture or use manufactured
nanoparticles shall submit a separate written disclosure of the current toxicology of the materials
reported, to the extent known, and how the facility will safely handle, monitor, contain, dispose, track
inventory, prevent releases and mitigate such materials." BERKELEY, CAL., MUNICIPAL CODE §
15.12.040 (2008).
158. See infra Subparts III.A-C.
159. See 15 U.S.C. §§ 7501-09 (Supp. 2007). In 1996 various federal agencies began to work
together to coordinate federal nanotechnology research and activity. See National Nanotechnology
Initiative, About the NNI: History, http://www.nano.gov/html/about/history.html (last visited Apr. 6,
2008). In 1998 this group was formally designated the Interagency Working Group on Nanotechnology
(IWGN), within the National Science and Technology Council (NSTC). Id. In 1999 the IGWN com-
pleted a first draft of a nanotechnology initiative, which developed into the National Nanotechnology
Initiative (NNI) in 2001. Id. The NNI was formally funded with the passage of the 21st Century
Nanotechnology Research and Development Act in 2003. Id.
160. National Nanotechnology Initiative, About the NNI,
http://www.nano.gov/html/about/homeabout.html (last visited Apr. 6, 2008); NANOSCALE SCI.,
ENG'G, & TECH. SUBCOMM., NAT'L SCI. & TECH. COUNCIL, THE NATIONAL NANOTECHNOLOGY
INITIATIVE" STRATEGIC PLAN i, v (2004) available at
http://www.nano.gov/NNIStrategicPlan_2004.pdf; National Nanotechnology Initiative, About the
NNI: Government Departments and Agencies, http://www.nano.gov/html/about/nniparticipants.html
(last visited Apr. 6, 2008); National Nanotechnology Initiative, About the NNI: Funding,
http://www.nano.gov/html/about/funding.htmi (last visited Apr. 6, 2008). The departments and agen-
cies involved in the NNI are: the Consumer Product Safety Commission; the Department of Agricul-
ture; the Department of Commerce, Technology Administration; the Department of Commerce, Bu-
reau of Industry and Security; the Department of Commerce, National Institute of Standards and
Technology; the Department of Defense; the Department of Energy; the National Institutes of Health;
the Food and Drug Administration; the National Institute for Occupational Health and Safety; the
Department of Homeland Security; the Department of Justice; the Department of State; the Depart-
ment of Transportation; the Department of the Treasury; the Environmental Protection Agency; the
Intelligence Community; the National Science Foundation; the National Aeronautics and Space Ad-
ministration; the National Science Foundation; the Nuclear Regulatory Commission; and the Patent
and Trademark Office. National Nanotechnology Initiative, About the NNI: Government Departments
and Agencies, http://www.nano.gov/htmi/about/nniparticipants.html (last visited Apr. 6, 2008).
161. Office of Sci. & Tech. Policy, Executive Office of the President, National Nanotechnology
Initiative: Research and Development Funding in the President's 2007 Budget (2007), available at
http://www.nano.gov/pdf/NNIfyO7.pdf.
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gage in these activities.162 The NNI also promotes research to "better un-
derstand the societal, health, environmental, and ethical considerations
associated with nanotechnology." 163 The NNI, however, does not provide
for regulation of nanotechnology or any particular coordination of
nanotechnology regulation."6

Consequently, the human health and environmental impacts of
nanotechnology are regulated by several agencies depending on the types
of uses and effects involved. The primary agencies are the Environmental
Protection Agency (EPA), the Food and Drug Administration (FDA), and
the Occupational Safety and Health Administration (OSHA).165 The fol-
lowing discussion provides an overview of the relevant regulatory struc-
ture governing nanotechnology, and highlights problems with such regula-
tion.

A. The Environmental Protection Agency

The EPA currently bears the greatest responsibility for regulating
nanotechnology as nanotechnology products and uses trigger a wide vari-
ety of environmental statutes. These statutes include: the Toxic Substances
Control Act; the Clean Air Act; the Federal Insecticide, Fungicide, and
Rodenticide Act; the Resource Conservation and Recovery Act; and the
Clean Water Act. Each statute is discussed in turn.

1. The Toxic Substances Control Act

The Toxic Substances Control Act (TSCA)166 regulates the use of haz-
ardous chemical substances.167 Unlike the other environmental statutes
discussed, TSCA is not limited by the medium in which the chemicals are
released or the manner in which the chemicals are used. 168 In addition,
TSCA permits regulation of chemical substances before and during their

162. 15 U.S.C. §§ 7501-03.
163. Bergeson, supra note 62, at 71.
164. See National Nanotechnology Initiative, About the NNI,

http://www.nano.gov/html/about/homeabout.html (last visited Apr. 6, 2008). In this regard, the NNI
differs substantially from the 1986 Coordinated Framework for Regulation of Biotechnology, devel-
oped to coordinate various federal agencies and their regulation of the emerging biotechnology indus-
try. Compare id., with Coordinated Framework for Regulation of Biotechnology, 51 Fed. Reg. 23,302
(June 26, 1986).
165. The Consumer Product Safety Commission may also be involved in nanotechnology regulation
and is discussed at the end of the OSHA section. See Subpart llI.C. It is also possible that the Depart-
ment of Agriculture may play some role in regulating nanotechnology, but such a role is not yet clear.
166. 15 U.S.C. §§ 2601-95d (2000).
167. Id. §§ 2601-92.
168. Compare id., with statutes discussed infra Subparts III.A.2-5.
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use. 169 For these reasons, TSCA is the most widely applicable, and there-
fore likely the most critical, statute for the regulation of nanotechnology.

TSCA authorizes the EPA to regulate hazardous chemical substances
where the manufacture, processing, distribution in commerce, use, or dis-
posal of the substance presents an unreasonable risk of injury to health or
the environment. 70 Where a chemical substance presents an unreasonable
risk, the EPA may prohibit or limit the amount of its manufacture or
use.'7 ' "Chemical substance" is defined broadly under TSCA, and gener-
ally would include engineered nanomaterials.'72 Nanoparticles used in
cosmetics, food or food additives, or as drugs are specifically excluded,
and would be regulated by FDA. '

Pursuant to TSCA, the EPA maintains the TSCA Chemical Substance
Inventory (TSCA Inventory), a list of existing chemical substances that
have been approved for manufacture and processing in the United
States.' 4 A chemical substance listed on the TSCA Inventory may be
manufactured and used unless the EPA finds that it poses "an unreason-
able risk of injury to health or the environment," which is defined as a
risk that is not outweighed by the benefits of the chemical substance. ' A
party may not, however, manufacture or use a "new chemical substance"
or place a TSCA Inventory substance into a "significant new use" without
premanufacture notification. 7 6 In such cases, notice must be given to the
EPA at least ninety days before manufacture or processing of the new sub-
stance or engaging in the new use. ' The notice must include data which
the applicant believes shows that the new chemical substance or new use
of an existing chemical substance "will not present an unreasonable risk of
injury to health or the environment," and such data must be made avail-
able for examination by interested persons.'78

If the EPA finds that the substance may present an unreasonable risk
of injury to health or the environment, it may prohibit or limit the amount
of the substance's manufacture or use. "9 Alternatively, the EPA may al-

169. See 15 U.S.C. §§ 2601-92.
170. Id. § 2605.
171. Id.
172. A "chemical substance" is "any organic or inorganic substance of a particular molecular
identity, including-(i) any combination of such substances occurring in whole or in part as a result of
a chemical reaction or occurring in nature and (ii) any element or uncombined radical." Id. §
2602(2)(A). Pesticides regulated under FIFRA, see infra Subpart III.A3, and food and drugs regulated
under the FDCA, see infra Subpart HLB, are excluded from the definition of chemical substances. 15
U.S.C. § 2602(2)(B).
173. 15 U.S.C. § 2602(2)(B)(vi); see also infra Subpart Ill.B.
174. 15 U.S.C. § 2607(b); 40 C.F.R. § 712.30 (2007).
175. 15 U.S.C. § 2604(b)(2)(B)(i); see infra notes 194-197 and accompanying text.
176. 15 US.C. § 2604(a)(i).
177. Id. If EPA takes no action within 90 days, manufacture of the chemical may proceed. Id. §
2604(b)(i).
178. Id. § 2604(b).
179. Id. § 2603(e)(1)(A).
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low the chemical substance to be used subject to certain use restrictions, or
allow manufacture and use without limitation. 1"° Where there is insuffi-
cient data to make a determination, the EPA may require the necessary
testing with respect to health and environmental effects if the chemical
substance is going to be produced in substantial quantities and will either
"enter the environment in substantial quantities" or produce "significant or
substantial human exposure. "181

The significant new use rules are subject to different procedural re-
quirements than the new chemical substance rules, but provide the EPA
with the same substantive authority. 82 The EPA determines whether a use
of a chemical substance is a significant new use based on

(A) the projected volume of manufacturing and processing of a
chemical substance,

(B) the extent to which a use changes the type or form of exposure
of human beings or the environment to a chemical substance,

(C) the extent to which a use increases the magnitude and duration
of exposure of human beings or the environment to a chemical
substance, and

(D) the reasonably anticipated manner and methods of manufactur-
ing, processing, distribution in commerce, and disposal of a
chemical substance.183

As this summary reveals, regulation of nanotechnology pursuant to
TSCA will turn on whether nanomaterials are new chemical substances
under TSCA, whether nanomaterials that are not new substances are used
in new ways, and whether the amount of nanomaterials used triggers
TSCA's quantity requirements.

180. Id. §§ 2603(c), 2604(h).
181. Id. § 2603(a)(1)(B)(i). The substantial production threshold is "1 million pounds, aggregate
production volume of the substance per year for all manufacturers"; the substantial release threshold is
"1 million pounds of release to the environment from all sources per year;_or release equal to or
greater than 10 percent of production volume per year, whichever is lower." TSCA Section 4(a)(1)(B)
Final Statement of Policy, 58 Fed. Reg. 28,736, 28,746 (May 14, 1993). "[S]ignificant or substantial
human exposure" is roughly defined as exposure of 100,000 people in the general population, or less
where a subpopulation is exposed more directly or on a routine or episodic basis. Id. Lower figures
apply for the exposure of consumers of the substance or persons who work with the substance. Id.
182. AM. BAR ASS'N, SECTION OF ENV'T, ENERGY, & RES., REGULATION OF NANOSCALE
MATERIALS UNDER THE ToXIc SUBSTANCES CONTROL ACT 13-17 (2006), available at
http://www.abanet.org/environ/nanotech/pdf/TSCA.pdf [hereinafter ABA, REGULATION OF

NANOSCALE MATERIALS].
183. 15 U.S.C. § 2604(a)(2).
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The EPA has reviewed a number of TSCA premanufacture notifica-
tions for nanomaterials, and has generally concluded that the nanomateri-
als were not new chemicals. 184 The EPA recently announced that it will
not consider nanomolecules to be new chemical substances if they have a
similar chemical structure and composition to chemical substances already
listed on the TSCA Inventory.185 Therefore such nanomolecules will not be
subject to TSCA's new chemical substance premanufacture notification
requirements. This raises concerns because, as discussed, a substance that
is not hazardous at the macroscale may present different toxicity or other
concerns at the nanoscale due to its different properties.186 For instance,
nanoscale silver and titanium have different properties from their macro
forms-it is these different properties which make them valuable-and
these different properties give them different risk profiles.187 Silver and
titanium, however, are TSCA Inventory listed chemicals, and may be used
without premanufacture notification. 188 For these reasons, several groups
had recommended that the EPA generally treat engineered nanosubstances
as "new substances," even if macrosubstances with the same molecular
structure are already on the TSCA Inventory.189 Problematically, the
EPA's justification for its announcement was its historical treatment of the
term "particular molecular identity," the statutory term at issue, rather
than an evaluation of an actual risks presented by nanotechnology.19

The EPA has not yet decided whether the use of nanoscale versions of
already listed chemical substances constitute a "significant new use" of the
listed substance. If nanoscale uses are new, they would require premanu-
facture notice and trigger its attendant requirements. Treating new nano-
scale uses as "significant new uses" where the use may present signifi-
cantly different risks appears to be warranted and consistent with the goals
of TSCA. Although there would certainly be definitional problems, par-
ticularly initially, in determining when a particular nanoscale use is a new

184. DAVIES, supra note 21, at 22-23, 30-31; see also EPA, NANOTECHNOLOGY WHITE PAPER,
supra note 24, at 65.
185. Nanoscale Materials Stewardship Program and Inventory Status of Nanoscale Substances
under the Toxic Substances Control Act, 72 Fed. Reg. 38,083, 38,083-85 (July 12, 2007); EPA,
TSCA Inventory Status of Nanoscale Substances-General Approach 6,
http://www.epa.gov/oppt/nano/nmsp-inventorypaper.pdf (last visited Apr. 6, 2008).
186. UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 39; Lynn L. Bergeson, EPA Consid-
ers How Best to Regulate Nanoscale Materials, ENVTL. QUALITY MGMT., Autumn 2005, at 81, 86.
187. ABA, REGULATION OF NANOSCALE MATERIALS, supra note 182, at 8.
188. Id. Analogously, a carbon nanotube manufacturer classified its nanotubes as synthetic graph-
ite, a substance already listed under TSCA. Paradise et al., supra note 60, at 190.
189. UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 39 (making such a recommendation);
Bergeson, supra note 186, at 7 (stating that Environmental Defense made such a request in a letter to
the EPA).
190. See 15 U.S.C. § 2602(2)(a) (2000); Nanoscale Materials Stewardship Program and Inventory
Status of Nanoscale Substances under the Toxic Substances Control Act, 72 Fed. Reg. 38,083,
38,083-85 (July 12, 2007); EPA, TSCA Inventory Status of Nanoscale Substances-General Approach
2, http://www.epa.gov/opptlnano/nmsp-inventorypaper.pdf (last visited Apr. 6, 2008).
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use, such problems should dissipate as greater information about
nanotechnology and nanotechnology risks evolve. Because nanomaterial
manufacturers are presumably proceeding (rapidly) under the EPA's his-
toric position on what qualifies as a "significant new use," it would be
beneficial for the EPA to clarify its position and issue guidance concerning
their interpretation of significant new use in light of nanotechnology as
soon as possible.

Nanomaterials that are new chemical substances-ones that are not al-
ready listed on the TSCA Inventory-will be subject to TSCA's premanu-
facture notification requirements. 9 ' Such nanomaterials, however, may
escape oversight if they are only produced in small quantities. Chemicals
made in quantities of less than 10,000 kilograms are largely exempt from
TSCA requirements.' 92 This is problematic for nanomaterials because
nanoparticles may be more toxic in small quantities than larger particles. 193

There is an exception to the 10,000 kilogram exemption if the chemical
may cause serious acute, chronic, or significant environmental effects, but
the EPA has the burden of establishing such a risk.'94

Where a nanomaterial is not subject to premanufacture notification re-
quirements because it is not a new chemical or a new use, the EPA still
has authority pursuant to TSCA's existing chemical substances regulations
to review any potential health or environmental concerns and to regulate
the material if it presents "an unreasonable risk of injury to health or the
environment."' 9' Exercise of such authority, however, requires that the
EPA engage in a cost-benefit analysis based on the effects of the chemical
substance on human health and the environment, the benefit of the chemi-
cal substance, the availability of substitutes, and the economic conse-
quences of any limitation. 196 This standard has proven difficult to meet-in
fact, the EPA has not tried to exercise this authority since a proposed ban
on most asbestos products, based on ten years of study and a 45,000 page
record, was struck down by a federal circuit court for lacking sufficient
cost-benefit analysis and not imposing the least burdensome regulation."
For these reasons, TSCA (or the judicial interpretation of TSCA) has been
criticized by commentators for imposing unrealistic data and certainty re-

191. Nanoscale Materials; Notice of Public Meeting, 70 Fed. Reg. 24,574, 24,575-76 (May 10,
2005).
192. See, e.g., 40 C.F.R. § 723.50 (2007); J. CLARENCE DAVIES, MANAGING THE EFFECTS OF
NANOTECHNOLOGY 11 (2006), available at
http://www.wilsoncenter.org/events/docsEffectsnanotechfinal.pdf. Chemical substances with low
environmental releases and human exposures are also exempt. 40 C.F.R. § 723.50.
193. Hunt, supra note 120, at 15.
194. 40 C.F.R. § 723.50(d).
195. 15 U.S.C. § 2605(a).
196. Id.
197. See Corrosion Proof Fittings v. EPA, 947 F.2d 1201, 1215-16 (5th Cir. 1991) (striking down
EPA's final rule asbestos ban).
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quirements.'98 Considering the limited scientific knowledge concerning the
risks of nanotechnology, it would be difficult, if not impossible, for EPA
to conduct the necessary cost-benefit analysis and develop the least bur-
densome regulation here.'

2. The Clean Air Act

The Clean Air Act (CAA)2' establishes standards to protect outdoor
air quality and control outdoor air pollution. 21' The primary manner in
which the CAA will impact nanotechnology is through provisions that
regulate emissions that can constitute an acute health threat.

The CAA directs the EPA to identify pollutants which "may reasona-
bly be anticipated to endanger public health or welfare" and to issue air
quality criteria for such pollutants.2°2 The EPA must list a substance as a
hazardous air pollutant if "emissions, ambient concentrations, bioaccumu-
lation or deposition of the substance are known to cause or may reasonably
be anticipated to cause adverse effects to human health or adverse envi-
ronmental effects. , 203 If a particular nanoparticle were identified as a haz-
ardous air pollutant, the EPA would promulgate regulations establishing
emissions standards for the nanoparticle. °4 The EPA is currently review-
ing an application to register a diesel additive containing cerium oxide
nanoparticles.2°5 The manufacturers of the cerium oxide additive claims
that it reduces fuel consumption and vehicle emissions, though its use may
result in cerium oxide emissions.2"

The CAA currently has a "fine particle" standard, which limits the
amount of particulates less than 2.5 micrometers in diameter (PM2.5) that
can be present in the ambient air.207 2.5 micrometers is equal to 2500 na-
nometers, so nanoparticles will fall within this standard. 2°

The PM2.5 standard, like many environmental standards, is premised
on a direct relationship between mass and risk. As explained, this relation-
ship may break down for nanotechnology-very small volumes, concentra-

198. Albert C. Lin, Size Matters: Regulating Nanotechnology, 31 HARV. ENVTL. L. REV. 349,
361-67 (2007) (discussing critiques of TSCA).
199. DAVIES, supra note 21, at 24-25.
200. 42 U.S.C. §§ 7401-7671q.
201. Id. § 7401(b).
202. Id. § 7408.
203. Id. § 7412(b)(3)(B). Individuals may petition the EPA to add a particular substance to the list
of hazardous air pollutants. Id. § 7412(b)(3)(A).
204. Id. § 7412(d)(1).
205. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 27.
206. Id. at 27-28.
207. 40 C.F.R. pt. 50.7 (2007).
208. AM. BAR ASS'N, SECTION OF ENV'T, ENERGY, & RES., ABA SEER CAA NANOTECHNOLOGY
BRIEFING PAPER 12 (2006), available at http:llwww.abanet.org/environ/nanotechlpdf/CAA.pdf [here-
inafter ABA, CAA NANOTECHNOLOGY PAPER].
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tions, or masses of nanoparticles could have significant deleterious ef-
fects. 2°

1 Volume, concentration, and mass standards are particularly inap-
propriate for nanotechnology when the nanoparticles are measured in
combination with larger matter (as here), because the volume, concentra-
tion, and mass measurements will be dominated by the larger material. 10

In addition, the PM2.5 standard applies to air quality control regions, not
to individual sources. 21 1 For these reasons, any control measures under the
standard would only apply in areas that are out of compliance and would
likely be directed at only the large sources of fine particulate matter, not
nanoparticles .212

Under the CAA, the EPA also maintains a list of substances that, "in
the case of an accidental release, are known to cause or may reasonably be
anticipated to cause death, injury, or serious adverse effects to human
health or the environment." 213 Pernicious nanoparticles could be listed on
the CAA's accidental release list.

The substantial limits on scientific knowledge concerning the risks of
nanoparticles pose a significant challenge for applying all environmental
statutes to nanotechnology and the CAA is no exception. Just as signifi-
cantly, applying the CAA to nanotechnology raises additional concerns
due to deficiencies in the ability to detect nanoparticles in the air or to
clean them up once they are identified.21 4

3. The Federal Insecticide, Fungicide, and Rodenticide Act

Under the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA),2 15 pesticide products may not be distributed or sold in the United
States without EPA registration.2 6 Pesticide registration is based on an
assessment of the potential benefits of the pesticide balanced against its
risks to human health and the environment. 27 The EPA can require appli-
cants to provide substantial data as part of the registration process in order
to assess the pesticides' benefits and risks.21 ' Pesticide products made of or
containing nanomaterials will fall within FIFRA's registration require-
ments. 2 9 FIFRA also provides the EPA with broad authority to regulate

209. DAVIES, supra note 192, at 15; ABA, CAA NANOTECHNOLOGY PAPER, supra note 208, at 4.
210. DAVIES, supra note 192, at 15; ABA, CAA NANOTECHNOLOGY PAPER, supra note 208, at 4.
211. 42 U.S.C. § 7407(d)(6)(A) (Supp. 2007).
212. Bergeson, supra note 62.
213. 42 U.S.C. § 7412(r)(3) (2000).
214. DAVIES, supra note 192, at 14; ABA, CAA NANOTECHNOLOGY PAPER, supra note 208, at 4,
8-10.
215. 7 U.S.C. § 136-136v (2000 & Supp. 2007).
216. Id. § 136a (Supp. 2007).
217. Id. § 136a(c)(2)(A).
218. See id. § 136a(c).
219. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 66.
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the marketing and use of registered pesticides, and allows for post-
registration testing conditions.22°

Unlike certain other environmental statutes, FIFRA regulations are
triggered based on the intended use of a chemical product, rather than
mass or volume triggers, and therefore will be equally applicable to
nanomaterial pesticides as macrosized pesticides.22' It remains uncertain
whether a nanoscale version of an already registered pesticide will require
a new registration prior to use.222

The EPA recently announced that a clothes washing machine, which
uses a silver electrode to emit silver ions into laundry in order to kill mi-
crobial pests is subject to FIFRA pesticide regulation requirements. 22

' Al-
though the EPA was explicit in stating that this did "not represent an ac-
tion to regulate nanotechnology," the washing machine manufacturer had
been advertising the use of anti-microbial silver nanoparticles. 24 The EPA
has stated that it will issue a Federal Register notice on the generation of
ions of silver or other material for express pesticidial purposes.

Some pesticide research and development activities, such as laboratory
tests and certain replicated field trials, are currently exempt from FIFRA
registration and use requirements. 225 These exemptions may need to be
reconsidered or revised due to the unique potential risks presented by
nanoparticles.226

4. The Resource Conservation and Recovery Act (and the Comprehen-
sive Environmental Response, Compensation and Liability Act)

The Resource Conservation and Recovery Act (RCRA),227 which
amended the Solid Waste Disposal Act, 228 regulates the generation, trans-
portation, management, and disposal (other than to surface water) of solid
and hazardous wastes. 229 The EPA maintains a list of hazardous wastes
pursuant to RCRA. 230 A waste is subject to RCRA's requirements if it has

220. See 7 U.S.C. §§ 136a(d)(1)(c), 136a(d)(2).
221. See id. § 136(u).
222. AM. BAR ASS'N, SECTION OF ENV'T, ENERGY, & RES., THE ADEQUACY OF FIFRA TO
REGULATE NANOTECHNOLOGY-BASED PESTICIDES 11 (2006), available at
http://www.abanet.org/environ/nanotech/pdf/FIFRA.pdf [hereinafter ABA, ADEQUACY OF FIFRA];
EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 26-27.
223. U.S. Environmental Protection Agency, National Agriculture Compliance Assistance Center,
News Archive: December 2006, http://www.epa.gov/agriculture/news/dec2OO6.html (last visited Apr.
21, 2008) (archiving press release for ion generating washing machines).
224. The First Federal Restrictions on Nanotechnology Could Be Coming Soon, NANOWERK, Jan.
3, 2007, http://www.nanowerk.com/news/newsid = 1203.php.
225. 40 C.F.R. pt. 172.3 (2007).
226. ABA, ADEQUACY OF FIFRA, supra note 222, at 7-8.
227. Pub. L. No. 94-580, 90 Stat. 2,795 (1976).
228. 42 U.S.C. §§ 6901-92k (2000).
229. 40 C.F.R. pts. 260-79 (2007).
230. Id. pt. 261 app. VIIM
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been listed or if it exhibits certain hazardous characteristics. 23' RCRA also
contains groundwater monitoring and corrective action requirements that
apply to hazardous waste releases.232 Nanomaterials that meet the defini-
tion of RCRA hazardous wastes will be subject to RCRA's disposal and
other requirements.233

Two exceptions from RCRA's definition of solid and hazardous waste
may be pertinent for nanomaterials: exemptions for household hazardous
wastes and for recycling.234 The household waste exemption may be rele-
vant because nanomaterials are expected to be used in a variety of con-
sumer products, and, as discussed,235 small qualities of nanomaterials may
pose a significant risk if not disposed of properly. The recycling exemp-
tion raises potential concerns because it has been abused historically by
entities effectively disposing of hazardous material by means of "recy-
cling," in order to avoid RCRA requirements.236 The EPA now has more
precise regulations governing recycled materials that may become suffi-
ciently like waste."'

Additional issues for regulating nanotechnology under RCRA exist due
to the EPA's current system for regulating generators of solid and hazard-
ous waste. RCRA requirements for generators vary based on the mass of
hazardous waste generated. "Large quantity generators," for example,
have more stringent notification, contingency plan, and waste storage re-
quirements than "small quantity generators" and "conditionally exempt
small quantity generator[s]."238 Because the toxicity of a nanowaste may
not bear the same relation to mass as for macrowastes, the EPA's current
classification scheme may not provide adequate protection for nanotech-
nology.

239

231. Id. § 261.3. A "hazardous waste" is "a solid waste, or combination of solid wastes, which
because of its quantity, concentration, or physical, chemical, or infectious characteristics may-

(A) cause, or significantly contribute to an increase in mortality or an increase in serious ir-
reversible, or incapacitating reversible, illness; or
(B) pose a substantial present or potential hazard to human health or the environment when
improperly treated, stored, transported, or disposed of, or otherwise managed." 42 U.S.C.
§ 6903(5).

232. 40 C.F.R. §§ 264.92-.101; see also U.S. ENvTL. PROT. AGENCY, OFFICE OF SOLID WASTE,
RCRA GROUND-WATER MONITORING: DRAFT TECHNICAL GUIDANCE (1992), available at
http://www.epa.gov/correctiveaction/resource/guidance/sitechar/gwmonitr/rcra-gw.pdf.
233. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 68.
234. 40 C.F.R. §§ 261.4(b)(1), 261.6.
235. See supra text accompanying notes 192-194.
236. See Philip L. Comella, Understanding a Sham: When is Recycling, Treatment?, 20 B.C.
ENVTL. AFF. L. REv. 415, 416 (1993).
237. AM. BAR ASS'N, SECTION OF ENV'T, ENERGY, & RES., RCRA REGULATION OF WASTES
FROM THE PRODUCTION, USE, AND DISPOSAL OF NANOMATERIALS 7 (2006), available at
http://www.abanet.org/environ/nanotech/pdf/RCRA.pdf [hereinafter ABA, RCRA REGULATION].
238. 40 C.F.R. § 261.5; see also U.S. ENVTL. PROT. AGENCY, MANAGING YOUR HAZARDOUS
WASTE 3 (2001), available at www.epa.gov/epaoswerfhazwaste/sqg/handbook/kO1005.pdf.
239. ABA, RCRA REGULATION, supra note 237, at 11-12.
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The Comprehensive Environmental Response, Compensation and Li-
ability Act (CERCLA) provides a system of remediation and liability for
releases of hazardous materials that pose a risk to human health and the
environment.24 CERCLA liability and enforcement authority generally
turns on whether a release involves a "hazardous substance. "24 Hazardous
substance is defined broadly under CERCLA to include CERCLA listed
substances, characteristic hazardous waste under RCRA, and substances
designated as hazardous or toxic under numerous other statutes.242 The
EPA has the authority to list any substance that "when released into the
environment may present substantial danger to the public health or welfare
or the environment. 243 To the extent a nanomaterial is identified as haz-
ardous or presents hazardous characteristics, it will be subject to
CERCLA's requirements if there is a release. 2"

5. The Clean Water Act and Other Statutes

The Clean Water Act (CWA) regulates the discharge of pollutants into
navigable waters.245 The term "pollutant" is defined very broadly under
the CWA, and includes "chemical wastes . . . [and] industrial .
waste. "246 Nanoparticles discharged into navigable waters would be pollut-
ants under the CWA, and therefore could be regulated to assure water
quality.247 As with the CAA, the most challenging aspects of applying the
CWA to nanoparticles concern identifying whether given nanoparticles
pose a threat and developing the technology to detect or control nanoparti-
cles.24

Nanoparticles may be subject to regulation under other environmental
statutes as well. If nanomaterials are found to be a contaminant in drinking
water, they will be subject to the Safe Drinking Water Act.249

A final issue for nanotechnology regulation concerns the interaction of
the various environmental statutes. To the extent a particular nanoparticle
is determined to be new for TSCA purposes, and therefore subject to pre-
manufacture notification, it is unclear whether this would also require that
the nanoparticle be treated as not currently listed (and therefore not regu-

240. See 42 U.S.C. § 9601 (2000 & Supp. 2004).
241. Id. § 9607(a) (2000).
242. Id. § 9601(14).
243. Id. § 9602(a).
244. Linda K. Breggin & John Pendergrass, Addressing Nanotechnology Waste and Product Dis-
posal: Can the Superfund Safety Net Catch Tiny Particles, 19 J. ENVTL. L. 323, 333 (2007).
245. 33 U.S.C. § 1251(a)(1).
246. Id. § 1362(6).
247. AM. BAR ASS'N, SECTION OF ENV'T, ENERGY, & RES., NANOTECHNOLOGY BRIEFING PAPER:
CLEAN WATER ACT 3 (2006), available at http://www.abanet.org/environ/nanotech/pdf/CWA.pdf
248. Id. at 4; DAVIES, supra note 192, at 14.
249. 42 U.S.C. § 300f (Supp. 2007).
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lated) under other statutes, such as the CAA, CWA, or CERCLA. The
EPA's recent statement that nanoversions of listed macro chemical sub-
stances would not be considered new chemicals under TSCA explicitly did
not apply to other statutes, but nevertheless, there may be political and
public confidence challenges to handling this issue substantially differently
under different statutes. 50

B. The Food & Drug Administration

The Food & Drug Administration (FDA) is responsible for protecting
the safety of most food, drugs, and cosmetics that are sold in the United
States. The statutory authority for FDA oversight is the Federal Food,
Drug, and Cosmetics Act (FFDCA) .251 The FDA generally regulates
products, not particular technologies, and therefore regulates food, drugs,
and cosmetics incorporating nanotechnology in the same manner as they
would any other product.252

The FFDCA generally does not require pre-market approval of food
or cosmetics. Rather, it is up to the manufacturer, pursuant to FDA guid-
ance, to determine that their product is safe prior to commercialization.253

Food and cosmetics are regulated by the FDA to the extent they are adul-
terated or misbranded. 254 Adulterated products primarily are those that
contain "any poisonous or deleterious substance which may render it inju-

250. See supra note 184 and accompanying text.
251. 21 U.S.C. §§ 301-99 (2000 & Supp. 2007). Certain items fall outside of the FDA's purview.
Meat, poultry, and eggs, for example, are regulated by the Food Safety and Inspection Service (FSIS)
of the United States Department of Agriculture. Id. §§ 451, 601, 1031 (granting the FSIS administra-
tor the authority to regulate the safety of domestic livestock, poultry, and poultry products).
252. UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 21; Dr. Norris Alderson, FDA, Per-
spective on Regulating Nanomaterials, Presentation at the President's Council of Advisors on Science
and Technology (Mar. 30, 2004). This decision is consistent with how the FDA has regulated biotech-
nology products, although proposed regulations that were never finalized would have regulated certain
biotechnology products based on the process by which they were created. See Premarket Notice Con-
cerning Bioengineered Foods, 66 Fed. Reg. 4,706, 4,709 (Jan. 18, 2001); Mandel, supra note 156, at
2245-47 (discussing the regulation of biotechnology products and processes).
253. See 21 U.S.C. § 321(s) (2000) (exempting from the term "food additive" substances that are
generally recognized as safe); see also MEMORANDUM OF UNDERSTANDING BETWEEN THE FOOD
SAFETY AND INSPECTION SERVICE, UNITED STATES DEPARTMENT OF AGRICULTURE, AND THE FOOD

AND DRUG ADMINISTRATION, UNITED STATES DEPARTMENT OF HEALTH AND HUMAN SERVICES,

REGARDING THE LISTING OR APPROVAL OF FOOD INGREDIENTS AND SOURCES OF RADIATION USED IN

THE PRODUCTION OF MEAT AND POULTRY PRODUCTS (2000), available at
http://www.cfsan.fda.gov/- dms/opa-fsis.html.
254. 21 U.S.C. §§ 331, 361, 362. "Food" is defined as "(1) articles used for food or drink for man
or other animals, (2) chewing gum, and (3) articles used for components of any such article." Id. §
321(f). This includes human food, animal food, pet food, and substances migrating to food from food-
contact articles. 21 C.F.R. § 170.3(m) (2007). "Cosmetics" include any "articles intended to be...
applied to the human body ... for cleansing, beautifying, promoting attractiveness, or altering the
appearance ... [except for soap]." 21 U.S.C. § 321(i).
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rious to health." 255 For most food and cosmetics, the FDA only becomes
involved in oversight if the product has caused adverse health effects.

The FFDCA contains additional provisions for the regulation of "food
additives," which are substances that are intended for use in food, that
may reasonably be expected to become a component of food, or that oth-
erwise may affect the characteristics of food.256 A food additive must be
approved by the FDA prior to being used in food. 57 Manufacturers, how-
ever, do not need approval for a food additive if such substance is gener-
ally recognized as safe (GRAS) by experts.258

Thus, if nanoparticles are added to food, they would be considered a
food additive, and require pre-market approval, unless determined to be
GRAS. The food manufacturer (not the FDA) determines whether a food
additive is GRAS, pursuant to guidance provided by the FDA.259 A manu-
facturer does not need to report that it has made a GRAS determination to
FDA, but may do so and may receive an affirmation from the FDA that
the particular substance is GRAS." There is no requirement that food or
cosmetic products containing nanoparticles be labeled as such.

Because the FDA's regulatory scheme for food and cosmetics depends
largely on self-analysis by the manufacturer, the FDA generally will be
unaware when nanomaterial is used in a particular product. Concern about
the unknown health implications of nanotechnology led a group of con-
sumer organizations to request the FDA to more closely regulate
nanotechnology and to recall some products, notably sunscreen, which
contained nanotech elements.261

Similar issues to those discussed for the EPA concerning how to treat
nanosize versions of already approved or commercialized macroparticles
arise for the FDA as well. For instance, the FDA considered whether
nanoscale titanium dioxide used in sunscreen was new. The FDA con-
cluded that it was not new, but simply a different grade of titanium oxide,

255. 21 U.S.C. §§ 261, 342(a)(1).
256. Id. §§ 321(s), 348.
257. Id. § 348(c).
258. Id. § 321(s).
259. 21 C.F.R. § 182.1(a) (2007) ("It is impracticable to list all substances that are generally
recognized as safe for their intended use. . . . [The regulation outlining substances that are GRAS]
includes additional substances that, when used for the purposes indicated, in accordance with good
manufacturing practice, are regarded by the Commissioner as generaly [sic] recognized as safe for
such uses."). FDA eligibility requirements that must be met in order for a substance to be classified as
GRAS are set forth in 21 C.F.R. § 170.30. The FDA publishes lists of substances that it has deter-
mined to be GRAS. Id. §§ 182, 184, 186.
260. 21 C.F.R. § 170.35. Such a determination will protect the product from certain enforcement
actions. Id.
261. International Center for Technology Assessment, Petition Requesting FDA Amend its Regula-
tions For Products Composed of Engineered Nanoparticles Generally and Sunscreen Drug Products
Composed of Engineered Nanoparticles Specifically (May 16, 2006), available at
http://www.icta.org/docfNano%20FDA %20petition%20final.pdf.
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and titanium oxide had already been reviewed and approved.262 Questions
about the use of macromolecule assessments to evaluate nanoscale mole-
cules are a primary concern of those troubled by FDA's approach.263 Fur-
ther, in a recent report, the FDA Nanotechnology Task Force emphasized
that the biological interactions of nanoparticles are not well understood
and are hard to derive from existing knowledge. 264 The Task Force recog-
nized that FDA faces particular oversight problems for products, such as
food and cosmetics, not subject to pre-market approval.265

The regulation of drugs under the FFDCA is substantially more in-
volved. Unlike food and cosmetics, pre-market approval is required prior
to commercialization of a new drug in the United States. 266 Approval re-
quires that the applicant provide information on the chemical parts and
structure of the drug, information on how the drug is produced and pack-
aged, drug and labeling samples, information on patents covering the
drug, and, most critically, demonstrate that the drug is safe and effec-
tive.267 It is possible that questions could arise concerning whether
nanoparticles with the same chemical structure as an already approved
drug would require a full New Drug Application.268

New drugs, biologics, and medical devices are regulated and approved
by different FDA Centers.269 Therefore, a particular article must be classi-
fied as either a drug, biologic, or device as part of the approval process.27°

Nanotechnology challenges the extant classification scheme.271

"Drugs" are defined to include "articles intended for use in the diag-
nosis, cure, mitigation, treatment, or prevention of disease in man or other
animals [and] articles (other than food) intended to affect the structure or
any function of the body of man or other animals. " 27 2 "Biologics" are "vi-
rus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood component

262. Sunscreen Drug Products for Over-the-Counter Human Use; Final Monograph, 64 Fed. Reg.
27,666, 27,671 (May 21, 1999).
263. International Center for Technology Assessment, supra note 261, at 1-2.
264. FDA NANOTECHNOLOGY REPORT, supra note 115, at 9-11.
265. Id. at 33-34.
266. 21 U.S.C. § 355(a) (2000). The statute requires approval prior to "introduc[ing] or [delivering
the new drug] into interstate commerce." Id. A handful of nanotechnology drug products and devices
have been approved by the FDA, including Abraxane for cancer, Estasorb for estrogen therapy, Vitoss
as a bone graft substitute, and EnSeal as a tissue sealing and hemostatis system. Paradise et al., supra
note 60, at 192.
267. Id. § 355(b)(1).
268. Till, supra note 34, at 166.
269. See generally U.S. Food and Drug Administration, FDA Organization,
http://www.fda.gov/opacom/7org.html (last visited Apr. 10, 2008). Drugs are handled by the Center
for Drug Evaluation and Research, biologics by the Center for Biologics Evaluation and Research, and
devices by the Center for Devices and Radiological Health. Id.
270. 21 C.F.R. § 3.2(e) (2007).
271. UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 21; Miller et al., supra note 4, at 13;
Frederick A. Fiedler & Glen H. Reynolds, Legal Problems of Nanotechnology: An Overview, 3 S.
CAL. INTERDIS. L.J. 593, 607-610 (1994).
272. 21 U.S.C. § 321(g)(1).
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or derivative, allergenic product, or analogous product . . . applicable to
the prevention, treatment, or cure of a disease or condition of human be-
ings. "273 As a practical matter, drugs and biologics are subject to substan-
tially similar regulatory review.274

In contrast to drugs and biologics, a "device" is

an instrument, apparatus, implement, machine, contrivance, im-
plant, in vitro reagent, or other similar or related article, including
any component, part, or accessory, which is . . . intended for use
in the diagnosis of disease or other conditions, or in the cure,
mitigation, treatment, or prevention of disease, in man or other
animals, or . . . intended to affect the structure or any function of
the body of man or other animals, and which does not achieve its
primary intended purposes through chemical action within or on
the body of man or other animals and which is not dependent upon
being metabolized for the achievement of its primary intended
purposes.275

A general distinction between devices versus drugs and biologics is
that devices do not get metabolized in the body in order to function
whereas drugs and biologics do.

A product may also be classified as a combination product. Combina-
tion products are those that contain more than one mode of action; for
instance, they operate as both a drug and a device.276 Combination prod-
ucts are classified according to their primary mode of action-as a drug or
a device-and assigned to the pertinent center pursuant to that classifica-
tion.277 The primary mode of action is defined as "the single mode of ac-
tion of a combination product that provides the most important therapeutic
action of the combination product. The most important therapeutic action
is the mode of action that is expected to make the greatest contribution to
the overall intended therapeutic effects of the combination product. ,278

Many nanotechnology products, however, are expected to blur the dis-
tinction between drugs, biologics, and devices. 279 Not only will this result
in the FDA having to handle substantially more combination products, but
it may be more difficult to identify and characterize the primary mode of

273. 42 id. § 262(i).
274. Gregory N. Mandel, The Generic Biologics Debate: Industry's Unintended Admission that
Biotech Patents Fail Enablement, 11 VA. J.L. & TECH 8, 10-14 (2007).
275. 21 U.S.C. § 321(h).
276. Id. § 353(g).
277. Id.
278. Definifition of Primary Mode of Action of a Combination Product, 70 Fed. Reg. 49,848,
49,848-50 (Aug. 25, 2005).
279. FDA Regulation of Nanotechnology Products,
http://www.fda.gov/nanotechnology/regulation.htmi (last visited Apr. 10, 2008).

[Vol. 59:5:13231360



Nanotechnology Governance

action of nanotechnology products. 280 Further, the drug, biologic, or de-
vice applicant is permitted to file a request concerning which FDA Center
should review the product.28" ' This may lead to strategic efforts by appli-
cants to try to direct their products to a classification that will offer the
least intense statutory or regulatory requirements for a given product, or to
direct their product to the Center that is perceived to be the most lenient.
Though the FDA makes the final product classification decision (and may
require multiple applications for a single product), it is possible that FDA
is influenced by applicant requests. 282 As nanotechnology products are
developed, the FDA may need to revise the existing review process to
ensure adequate review by the most appropriate experts. The FDA
Nanotechnology Task Force recognized that "the adequacy of the current
paradigm for selecting regulatory pathways for 'combination products'
may need to be assessed to ensure predictable determinations of the most
appropriate pathway. ,283

C. The Occupational Safety and Health Administration

The Occupational Safety and Health Administration (OSHA) is re-
sponsible for protecting the safety of occupational workers in their work
environment."' Because workplace exposure is likely to (and may already)
be the first significant human exposure to nanomaterials, adequate protec-
tion of nanotechnology workers is a high priority.

OSHA has not issued any specific guidelines regarding working with
nanomaterials.285 As a result, nanomaterials in the workplace are governed
under the Occupational Safety and Health Act's (OSH Act) general duty
clause, which states that an employer must provide a workplace "free
from recognized hazards. "286 Nanomaterials that are recognized as hazard-
ous will be subject to this general obligation, which can require hazard
evaluation and communication. 287 Like TSCA, the OSH Act has been criti-
cized for being difficult for OSHA to implement and for requiring too high
a standard for agency action.288

280. See Definition of Primary Mode of Action of a Combination Product, 70 Fed. Reg. at 49,853-
54.
281. 21 C.F.R. § 3.7(a) (2007).
282. See id. § 3.4(c).
283. FDA NANOTECHNOLOGY REPORT, supra note 115, at 20-21 (internal footnote omitted).
284. See 29 U.S.C. §§ 65i-78 (2000).
285. Colvin, supra note 107, at 1166 (workers using nano-substances have "no formal require-
ments for safety precautions beyond those adopted for bulk solids of identical composition"); Segal,
supra note 65, at 300.
286. 29 U.S.C. § 654(a)(1); Tomasco, supra note 124, at 228.
287. See 29 C.F.R. § 1910.1200(a)-(b) (2007); Tomasco, supra note 124, at 240.
288. Lin, supra note 198, at 376-77 (discussing criticisms of OSHA).
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If OSHA determines that particular nanoparticles pose a recognized
hazard, it may establish exposure limits for those nanoparticles. 2 9 Either
under the general obligation clause or pursuant to an exposure limit, em-
ployees working with nanoparticles with known hazardous characteristics
may be protected through administrative controls, engineering controls,
and protective equipment rules, such as requiring respiratory protection or
other protective measures as necessary to safeguard employee health. 29

The challenges for OHSA in handling nanotechnology issues are simi-
lar to those arising under other health and environmental protection stat-
utes-lack of knowledge about nanotechnology risks and limited ability to
detect or control nanoparticles in the environment.29' Little research has
been conducted on nanotechnology and workplace safety per se. 2

' How-
ever, a recent analysis concluded that nanotechnology manufacturing did
not appear riskier than certain other manufacturing processes, including
producing silicon wafers and high-density plastics and refining petro-
leum.2 93

Although OHSA has taken little action concerning nanotechnology in
the workplace, it is beginning to put together guidance materials and is
involved with the National Institute for Occupational Safety and Health's
(NIOSH) research on the effects of nanotechnology on worker health.294

NIOSH has been proactive in developing and beginning to carry out a re-
search agenda on the occupational health and safety impacts of nanotech-
nology. 295 NIOSH, however, lacks authority to regulate nanotechnology.

Separately, the Consumer Products Safety Act (CPSA) is designed to
protect consumers from "unreasonable risks of injury associated with con-
sumer products, 29' and therefore may be applicable to nanotechnology
regulation. The CPSA, however, does not apply to products regulated by
other statutes, and specifically excludes pesticides, foods, drugs, cosmet-
ics, and certain other substances from its purview. 29 In addition, the

289. 29 U.S.C. § 655(b)(5).
290. Id. § 655(b)(7).
291. DAVIES, supra note 192, at 12; HSE/NIOSH REPORT, supra note 123, at 154.
292. ANDREW MAYNARD, WOODROW WILSON INT'L CTR. FOR SCHOLARS, INVENTORY OF
RESEARCH ON THE ENVIRONMENTAL, HEALTH AND SAFETY IMPLICATIONS OF NANOTECHNOLOGY
(2005), http://www.nanotechproject.org/file-download/i 1.
293. Wilson, supra note 15, at 709-10.
294. National Institute for Occupational Safety and Health, Nanotechnology Frequently Asked
Questions, http://www.cdc.gov/niosh/topics/nanotech/faq.html#c (last visited Apr. 10, 2008); Para-
dise et al., supra note 60, at 193.
295. NAT'L INST. FOR OCCUPATIONAL SAFETY & HEALTH, STRATEGIC PLAN FOR NIOSH
NANOTECHNOLOGY RESEARCH: FILLING THE KNOWLEDGE GAPS 5 (2008), available at
http://www.cdc.gov/niosh/topics/nanotech/pdfs/NIOSHNanotechStrategicPlan.pdf; Paradise et al.,
supra note 60, at 193-94.
296. 15 U.S.C. §§ 2051-84(a)(3) (2000).
297. Id. § 1261(0(2).
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CPSA creates a largely voluntary program, and is generally viewed as too
weak to offer significant nanotechnology protection.298

IV. GOVERNING NANOTECHNOLOGY

Many are calling for a major overhaul of existing statutes and regula-
tions to regulate nanotechnology, with some advocating an entirely new
statutory system.29 Several groups have gone so far as to call for a mora-
torium on nanotechnology products. 3

00 The major challenges currently
posed by nanotechnology, however, are the lack of scientific knowledge
about the potential risks of nanotechnology and the limited ability to detect
nanoparticles.3 ' Not only would designing a new statutory scheme to
regulate nanotechnology appear impossible due to the substantial current
unknowns, but any such regulation would not confront the problems of
insufficient science and limited detection capabilities.

There likewise appears to be little political will in support of a new
command and control regime. Even serious consideration of a substantial
legislative change would involve a costly, resource-draining, lengthy, and
highly uncertain process with no guarantee of an outcome that is more
protective or efficient than the existing structure.

Unlike genetically modified plants and animals, nanotechnology is a
technology that cuts across a vast swath of industries and sciences. While
biotechnology focuses on a fairly limited set of fields (primarily medicine
and agriculture), nanotechnology is already being used in these fields as
well as energy, electronics, environmental remediation, and optics. Any
risks presented by nanotechnology will vary across different uses and ex-
posures. It is unrealistic to contemplate that a one-size-fits-all approach
would be effective in this context.3°2

298. Lin, supra note 198, at 368-69 (explaining the inability of CPSA to serve as an effective tool
for regulating nanotechnology). The U.S. Department of Agriculture could also become involved in
nanotechnology oversight concerning nanotechnology applications in food and agriculture, but has not
yet taken any measures.
299. See, e.g., ENVTL. LAW INST., GOVERNING UNCERTAINTY: THE NANOTECHNOLOGY
ENVIRONMENTAL, HEALTH, AND SAFETY CHALLENGE 2-3 (2005),
http://www2.eli.org/pdf/research/nanotech/eli.nano.statement.pdf; HSE/NIOSH REPORT, supra note
123, at 155; DAVIES, supra note 192, at 17-21; John Balbus et al., Getting Nanotechnology Right the
First Time, ISSUES Sci. & TECH., Summer 2005, at 65, 69; Lin, supra note 198, at 390-407; see also
UNIVERSITY OF MINNESOTA REPORT, supra note 33 (outlining a coordinated framework for the regu-
lation of nanotechnology products).
300. FRIENDS OF THE EARTH, NANOMATERIALS, SUNSCREENS AND COSMETICS: SMALL
INGREDIENTS BIG RISKS 3 (2006), http://www.foe.org/camps/comm/nanotech/nanocosmetics.pdf
(calling for a moratorium on the sale of personal care products containing nanotechnology); James
Wilsdon, The Politics of Small Things: Nanotechnology, Risk, and Uncertainty, IEEE TECH. & SOC.
MAG., Winter 2004, at 16, 19; News Release, ETC Group, Nanotech Meets the Environment (Oct.
23, 2003) (calling for a moratorium on nanotechnology).
301. See, e.g., EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 4; DAVIES, supra note
192, at 9, 12.
302. MATSUURA, supra note 13, at 21. That being said, interagency coordination concerning
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Existing nanotechnology regulation also does not face the same chal-
lenges that have plagued biotechnology regulation. The division of author-
ity among agencies for regulating nanotechnology is currently well-aligned
with each agency's general mandate and expertise. This contrasts with
biotechnology regulation where, for example, the FDA and the United
States Department of Agriculture (but not EPA) are responsible for regu-
lating various environmental impacts, and where the EPA (not FDA) is
responsible for regulating pest-protected plants grown for human con-
sumption."'

Given that the current regulatory regime, with (important) modifica-
tions, can be utilized to appropriately manage nanotechnology, pursuing a
path of legislative and regulatory overhaul appears unwarranted at this
time.

On the opposite extreme from regulatory overhaul or a nanotechnol-
ogy moratorium, some have advocated a fully voluntary system of
nanotechnology "regulation. "" Though non-governmental agreements can
be valuable, they cannot fully substitute for mandatory requirements.3"5

Government regulation is necessary as a mandatory back-stop to maintain
public confidence in the development and use of nanotechnology products,
ensure compliance with necessary minimum standards, and provide incen-
tives for participation in voluntary programs. 6 The importance of main-
taining public confidence in nanotechnology governance at this juncture
likely cannot be overstated. Most people have heard little or nothing about
nanotechnology, °7 and considering nanotechnology's pace of develop-

nanotechnology oversight certainly will be critical. See supra Subpart IV.B.
303. Mandel, supra note 156, at 2239-40.
304. See, e.g., NEIL JACOBSTEIN, FORESIGHT GUIDELINES FOR RESPONSIBLE NANOTECHNOLOGY

DEVELOPMENT (Draft Version 6, 2006), available at
http://www.foresight.org/guidelines/ForesightGuidelinesV6.pdf.
305. Several non-governmental, voluntary programs for managing nanotechnology have been
developed. See, e.g., ASTM International Committee E56 on Nanotechnology,
http://www.astm.org/cgi-bin/SoftCart.exe/COMMIT/COMMITTEE/E56.htm?E+mystore (last visited
Apr. 10, 2008); International Council on Nanotechnology, http://icon.rice.edu/ (last visited Apr. 10,
2008); International Organization for Standardization Technical Committee on Nanotechnologies (TC
229) Homepage,
http://isotc.iso.org/livelink/livelink?fnc =ll&objId =4192161&objAction=browse&sort =name (last
visited Apr. 10, 2008).
306. Kenneth W. Abbott et al., A Framework Convention for Nanotechnology, 36 ENvTL. L. REP.
10931, 10941 (2006); Sidney A. Shapiro & Randy Rabinowitz, Voluntary Regulatory Compliance in
Theory and Practice: The Case of OSHA, 52 ADMIN. L. REv. 97, 135-39 (2000); Wendy E. Wagner,
Commons Ignorance: The Failure of Environmental Law to Produce Needed Information on Health
and the Environment, 53 DuKE L.J. 1619, 1633-59 (2004) (discussing why industry fails to record or
report health and environmental concerns).
307. See, e.g., PETER D. HART RESEARCH ASSOC., INC., REPORT FINDINGS 5 (2006),
http://www.nanotechproject.org/file- download/files/HartReport.pdf (reporting a nationwide survey of
adults found that over two-thirds had heard "just a little" or "nothing at all" about nanotechnology.);
Dan M. Kahan et al., Affect, Values, and Nanotechnology Risk Perceptions: An Experimental Investi-
gation 15 (Cultural Cognition Project, Working Paper No. 22, 2007) (reporting results of public
survey which found that over eighty percent of subjects had heard either "nothing at all" (53%) or
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ment, it is likely that people will hear much more shortly. There is little
public support for a voluntary or self-regulatory approach to nanotechnol-
ogy,3 °8 and if people hear that nanotechnology management is effectively
voluntary, public concern would be expected to rapidly increase.

Some argue, in a similar vein, that nanotechnology risks need not re-
ceive special attention because, as discussed above, non-engineered
nanoparticles have been around since the beginning of time.3" Similar
arguments were made in the context of biotechnology-that genetically
modified plants, for example, should not receive specialized regulation
because plants have been bred for modification by farmers for eons.31 °

Despite the general lack of regulation for non-engineered nanoparticles,
engineered nanoparticles should still regulated for several reasons. First,
engineered nanoparticles may be more toxic than non-engineered nanopar-
ticles, precisely because they are engineered to have specific properties.31
Second, many non-engineered nanoparticles do not persist for a long time
in the environment because they either agglomerate or dissolve; engi-
neered nanoparticles, on the other hand, may be designed to persist.312

Third, engineered nanoparticles may present different exposure and risk
profiles than non-engineered particles.3"3 Fourth, even if the risks pre-
sented by engineered and non-engineered particles were comparable, insti-
tuting a regulatory regime to cover natural and incidental nanoparticles
would be politically and practically difficult (if not impossible), and it is
highly preferable to provide partial protection against (engineered)
nanoparticles than no protection at all.314

All that being said, nanotechnology regulation certainly faces signifi-
cant challenges. In addition to the problems of limited scientific knowl-
edge and detection capabilities, ongoing problems with agency staffing,
funding, and lack of scientific expertise are only going to be exacerbated
as the agencies are confronted with nanotechnology issues. The EPA,
FDA, and OSHA each have been identified as understaffed and lacking
personnel properly trained to handle nanotechnology." 5 And, all of the

"just a little" (28%) about nanotechnology); Project on Emerging Nanotechnologies, Webcast: Public
Awareness of Nanotechnology: What do Americans Know? Who do they Trust?,
www.nanotechproject.org/events/archive/public-awareness-nanotechnology-what-do/ (last visited
Apr. 10, 2008).
308. See Project on Emerging Nanotechnologies, supra note 307.
309. See INSTITUTE OF MEDICINE, supra note 17, at 6-7.
310. Mandel, supra note 156, at 2252.
311. INSTITUTE OF MEDICINE, supra note 17, at 32.
312. Swiss RE, supra note 71, at 13.
313. See HSE/NIOSH REPORT, supra note 123, at 150-51.
314. See Mandel, supra note 156, at 2255 (making a similar argument in relation to regulating
transgenic products that have naturally occurring counterparts).
315. See DAVIES, supra note 192, at 12-13 (noting OSHA and EPA understaffing); Amanda Peder-
sen, FDA's Lutter: Nanotech Changing How Medical Devices are Made, DIAGNOSTICS & IMAGING
WEEK, Aug. 2, 2007, at 1 (reporting FDA nanotechnology task force recommendation that the agency
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agencies lack the funding resources necessary to fully implement their
existing regulatory programs.316 All three agencies also have been criti-
cized for being inadequately prepared to handle arising nanotechnology
issues.317

The problem of agency inexperience is going to be particularly severe
for nanotechnology. Nanotechnology represents a strikingly interdiscipli-
nary field. Depending on the particular technology or product in question,
advanced understanding in materials science, chemistry, physics, and biol-
ogy all may be required to analyze the risks. There are few scientists with
sufficient training in the multiple necessary areas, let alone those who
work for government agencies.38 Exacerbating this problem is the dispar-
ity between the remuneration such scientists could receive in the private
nanotechnology sector versus their opportunities at government agencies.

On these many bases, rather than proposing overhaul or voluntary
management, this Article recommends an alternative solution: a new gov-
ernance model for managing nanotechnology combined with appropriate
changes to regulations to close existing regulatory gaps. The new govern-
ance proposal includes recommendations to improve data gathering and
sharing in the face of limited resources; to enhance agency coordination in
regulating nanotechnology; to incentivize strong corporate stewardship
beyond regulatory requirements; to provide for regulatory adaptability and
flexibility; and to achieve substantial, diverse stakeholder involvement.
This proposal turns one of the great challenges of nanotechnology regula-
tion-current uncertainty-into an opportunity to build broad stakeholder
support for a reliable, adaptive, efficient, multi-party-involved nanotech-
nology governance system.

Nanotechnology is heterogeneous with respect to the particular tech-
nologies in development and the risks they create. There are, however,
substantial commonalities across different products and uses that make a
unified governance structure appropriate at this time. Issues of public
communication, transparency, adaptability, data and information needs,
and inter- and intra-agency coordination, to select some examples, present
core common issues that can be handled efficiently together. Further, a
virtue of grouping heterogeneous nanotechnology areas at this stage is that
it may limit public choice problems because industry is less likely to have
a single set of commonly aligned interests. As the nanotechnology industry

ramp-up expertise in the area); Rick Weiss, Stricter Nanotechnology Laws are Urged; Report Warns of
Risk to Public, WASH. POST, Jan. 11, 2006, at A2 (noting understaffing at agencies regulating
nanotechnology).
316. DAVIES, supra note 21, at 28; DAVIES, supra note 192, at 12-13; UNIVERSITY OF MINNESOTA
REPORT, supra note 33, at 20 (noting EPA's lack of resources to act effectively).
317. See DAVIES, supra note 192, at 12-13 (noting problems at all agencies); Miller et al., supra
note 4, at 19 (discussing the ramifications of inadequate preparation for nanotechnology at the FDA).
318. See DAVIES, supra note 21, at 29, 54; Miller et al., supra note 4, at 19.
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matures and scientific knowledge develops, greater differentiation among
the governance of various uses and products can evolve. Now, however,
significant, critical needs can be filled initially with a more global struc-
ture.

The nanotechnology proposal is presented in four parts: (1) filling
regulatory gaps, (2) improving coordination among and within agencies,
(3) supporting scientific research into nanotechnology risks, and, the heart
of the proposal, (4) a new governance model for nanotechnology.

A. Gap Filling

The most significant group of existing statutory and regulatory
nanotechnology gaps arise from the potential for small volumes or masses
of nanotechnology products to pose human health or environmental risks.
Most health, safety, and environmental regulations operate on the basis of
volume or mass triggers. Examples include TSCA's exemption for chemi-
cals made in quantities of less than 10,000 kilograms and RCRA's condi-
tionally exempt small quantity generator status for entities disposing of
under 100 kilograms of waste per year. 19 The assumption that certain
generalized quantities of a hazardous substance are necessary to create a
health or environmental risk may not hold true for nanomaterials.320 Stat-
utes and regulations that provide full exemptions for small masses and
volumes need to be revised with respect to nanomaterials. At a minimum,
notification requirements for small quantities of hazardous nanomaterials
are necessary so that the pertinent agency can assess any risk.

Along these lines, the EPA also should clarify how it is going to regu-
late nanomaterials under TSCA. Although the EPA has stated that a nano-
scale version of a listed substance will not be considered a new chemical
substance, it has not issued guidance on how to determine whether a given
nanoscale use is a new use. Considering the criticism of TSCA, 32

1 it is
necessary for the EPA to be more proactive in asserting how TSCA will
be used to govern nanomaterials.

Along similar lines, guidance from the FDA concerning how it intends
to treat nanomaterials in food would be beneficial. A central question con-
cerns whether a nanosized version of an already GRAS food additive will
be considered GRAS as well.3" The FDA should issue guidance for indus-

319. See supra notes 192-194, 237-238 and accompanying text. Another, although far more con-
servative, example is the default threshold of one pound for a "reportable quantity" of a release of a
hazardous substance under CERCLA. 42 U.S.C. § 9602(b) (2000).
320. Wilson, supra note 15, at 707.
321. See supra notes 198-199.
322. Chi-Fai Chau et al., The Development of Regulatons for Food Nanotechnology, 18 TRENDS
FOOD SC. & TECH. 269, 278 (2007). The FDA's nanotechnology task force recently recommended
that the FDA issue guidance on the safety and efficacy of products made with nanotechnology. FDA
NANOTECHNOLOGY REPORT, supra note 115, at 30-34.
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try concerning how to determine whether nanoparticle additives are
GRAS.

Notification and reporting requirements also need to be developed for
nanoproducts after they have been commercialized. Even the statutes that
do require some sort of pre-commercialization notification or approval
often do not provide for post-commercialization reporting. TSCA, for
instance, generally does not require a manufacturer to provide any data on
the uses or properties of a substance after it has been listed.323 Acquiring
such data would be extremely beneficial in the early stages of nanotech-
nology development and risk assessment for both agencies and scientists to
advance their understanding of nanotechnology.

To end on a more mundane gap-filling note, the federal agencies must
develop a precise, consistent nomenclature for nanotechnology products.
Nomenclature inconsistencies are a problem that has plagued nanotechnol-
ogy since its inception, and some nanomaterials still are not well charac-
terized.324 The NNI, International Standards Organization (ISO), and
American Society for Testing and Materials (ASTM) each use a different
definition of nanotechnology.325 Precise nomenclature is necessary so that
scientific studies can be understood and replicated; various regulatory enti-
ties, scientists, and the public can communicate; and members of the
nanotechnology industry know which regulatory requirements apply to
given products and uses.326

The technical regulatory gaps for nanotechnology are significant, but
most have quite manageable solutions. The governmental agencies, how-
ever, have been somewhat complacent and passive in their responses to
nanotechnology to date, complacent to a degree not justified by current
scientific understanding. The action taken so far has generally involved
stating that existing policies for macroparticles are being extended to
nanoparticles. Such action (for instance, the EPA's recent policy an-
nouncement on the definition of "new" chemical substance under TSCA)
is not warranted, however, where it is based on a historical understanding

323. TSCA does require manufacturers to report information where new information "reasonably
supports the conclusion that [a chemical substance] presents a substantial risk of injury to health or the
environment." 15 U.S.C. § 2607(e).
324. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 32 (noting lack of characterization
for some nanomaterials); EUROPEAN COMMISSION REPORT, supra note 10, at 11; HSE/NIOSH
REPORT, supra note 123, at 155 (recommending new nomenclature); AITKEN ET AL., supra note 122,
at vi (identifying lack of nomenclature as a "knowledge gap"); Draft EPA Nanotech White Paper
Underscores Regulatory Challenges, FDA WEEK, Dec. 9, 2005, at 49 (noting nomenclature prob-
lems); ASTM, New Standard Terminology for Nanotechnology, http://www.astm.org/cgi-
bin/SoftCart.exe/DATABASE.CART/REDLINEPAGES/E2456.htn?E+mystore (last visited Apr.
10, 2008) (ASTM is developing standard terminology for nanotechnology).
325. See supra note 4.
326. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 32, 72; FDA NANOTECHNOLOGY
REPORT, supra note 115, at 18.
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of statutory or regulatory terminology, rather than an analysis of the actual
risks presented by nanotechnology.

Regulations are established based on the technology in existence at the
time the regulation is developed. New technologies, particularly technol-
ogy as revolutionary as nanotechnology, disrupt existing regulatory sys-
tems. These disruptions can exacerbate problems with existing systems,
such as regulatory gaps, but can also provide the opportunity to fix such
deficiencies. Agencies must get beyond the hurdles created by scientific
uncertainty and bureaucratic and status quo inertia to respond more proac-
tively to the challenge of nanotechnology. Closing the gaps identified ex-
peditiously will provide certainty for industry and comfort for the public.

B. Agency Coordination

Interagency coordination, or lack thereof, is a problem in many areas
of regulation. The regulation of biotechnology products, for instance, has
suffered from inconsistencies in regulation among the FDA, EPA, and
United States Department of Agriculture.327 The success of nanotechnol-
ogy regulation will depend significantly on the ability of the EPA, FDA,
and OSHA to coordinate their actions and analysis.328 The EPA and FDA
have set up internal nanotechnology working groups ,329 and though OSHA
has failed to do so to date, these working groups could form the basis of
strong interagency coordination.

Regulatory coordination and consistency is important on a number of
fronts. First, coordination offers significant cost savings. In a system
where agencies are understaffed and underfunded, coordination allows a
pooling of personnel, data, and other resources, rather than wasteful du-
plication. In addition, because scientific uncertainty rates as one of the
most significant problems for nanotechnology, coordinating research con-
cerning the human health and environmental risks of nanotechnology
would allow scarce agency research resources to go further.33°

327. Mandel, supra note 156, at 2236-39.
328. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 73-82; NNI AT FIvE YEARS,
supra note 28, at 42-43; Envtl. Law Inst., supra note 75.
329. For example, the EPA National Pollution Prevention and Toxics Advisory Committee has set
up its own work group to review nanotechnology issues. National Pollution Prevention and Toxics
Advisory Committee (NPPTAC); Interim Ad Hoc Nanotechnology Work Group; Notice of Public
Meeting, 70 Fed. Reg. 54740 (Sept. 16, 2005). The FDA has also set up a task force to consider the
implications of nanotechnology on its regulatory efforts. National Cancer Institute, FDA Forms Inter-
nal Nanotechnology Task Force (Aug. 14, 2006),
http://nano.cancer.gov/newscenter/nanotechnews_2006-08-14e.asp.
330. One aspect of coordination should include the development of consistent nomenclature for
nanotechnology, as discussed above. See supra notes 324-326 and accompanying text.
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A Nanotechnology Environmental and Health Implications (NEHI)
Working Group has been established within the National Nanotechnology
Initiative infrastructure to

Provide for exchange of information among agencies that support
nanotechnology research and those responsible for regulation and
guidelines related to nanoproducts . . . ; [f]acilitate the identifica-
tion, prioritization, and implementation of research and other ac-
tivities required for responsible research and development, utiliza-
tion, and oversight of nanotechnology, including research methods
for life cycle analysis ... ; [and] [piromote communication of in-
formation related to research on environmental and health implica-
tions of nanotechnology to other government agencies and non-
government parties.33

The establishment of NEHI is a positive step in the right direction.
NEHI, however, has little authority to require coordination332 and is
staffed primarily by research, as opposed to regulatory, officials."' In
addition, similar efforts at interagency coordination, for instance in bio-
technology, have had only limited success."

In addition to interagency coordination, intra-agency coordination is
also critical for safe and efficient nanotechnology governance. Various
nanotechnology health and environmental risk assessment expertise and
data, for instance, will be useful to multiple programs within the EPA.
The EPA should make efforts to assure awareness and sharing of the in-
formation across programs so as to minimize redundancies and inefficien-
cies; a recommendation in this regard was included in a recent EPA
"Nanotechnology White Paper."335 For FDA, medical nanotechnology
advances will present a greater number of combination products (for ex-
ample, products that are both drugs and devices) than previously. The
FDA should reevaluate their apparent dependence on applicant recommen-
dations concerning the designation of the primary mode of action of a
product application in order to assure that new products are reviewed by
the most appropriate experts. In this regard, the FDA may need to reor-
ganize their review structure to ensure that expert overlap across Centers

331. NAT'L RESEARCH COUNCIL, A MATTER OF SIZE: TRIENNIAL REVIEW OF THE NATIONAL

NANOTECHNOLOGY INITIATIVE 76 (2006).
332. The National Technology Transfer and Advancement Act of 1995 does require federal agen-
cies to participate in certain consensus standards writing exercises, and to use such standards in rule-
making where applicable (unless an agency explains why potentially applicable standards should not be
used). 15 U.S.C. §§ 3701-04 (2000).
333. DAVIES, supra note 21, at 53.
334. Mandel, supra note 156, at 2230-42.
335. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 91.
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is minimized.336 As combination nanotechnology products become more
prevalent, it may be useful for the FDA to occasionally hire external audi-
tors to review whether the products are being directed to the appropriate
Center.

C. Advancing Nanotechnology Science

Nearly every commentator who has considered the issues raised by
nanotechnology governance concludes that one of the primary needs is
devoting greater resources to studying the human health and environmental
impacts of nanotechnology 37 The descriptions provided in this Article
give some perspective on the sheer diversity and complexity of engineered
nanoparticles that are under development or in use, and on the paucity of
data concerning the toxicity and fate of nanoparticles over their lifecycle.

The National Nanotechnology Initiative's budget for research into
health, safety, and environmental risks was $38.5 million in 2006, just
several percent of the $1 billion overall NNI budget.338 Though funding
for study of the human health and environmental impacts of nanotechnol-
ogy is expected to increase in 2007, these amounts still are generally per-
ceived to be insufficient.339 In addition, government-funded research on
nanotechnology risks has lacked a coherent strategy or prioritization.34

The scientific needs are substantial. The EPA, for instance, has identi-
fied a need for greater scientific information on nanotechnology concern-
ing "chemical identification and characterization, environmental fate, en-
vironmental detection and analysis, potential releases and human expo-
sures, human health effects and ecological effects."341 SwissRE, one of the
largest insurance companies in the World, similarly identifies a number of
significant uncertainties concerning nanotechnology: the lack of long-term

336. A recent FDA nanotechnology task force recommends consideration of whether the current
guidelines for combination products are optimal. FDA NANOTECHNOLOGY REPORT, supra note 115, at
32-33.
337. See, e.g., EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 2; HSE/NIOSH
REPORT, supra note 123, at 123; DAVIES, supra note 21, at 17; DAVIES, supra note 192, at 9;
MATSUURA, supra note 13, at 156-59.
338. NNI AT FIVE YEARS, supra note 28, at 26; UNIVERSITY OF MINNESOTA REPORT, supra note
33, at 8.
339. DAVIES, supra note 21, at 28; UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 8;
Wilson, supra note 15, at 711; Press Release, House Comm. on Sci. & Tech., More Research on
Environmental, Safety Impacts of Nanotechnology is Critical to Success of the Industry, Witnesses Say
(Nov. 17, 2005), available at http://gop.science.house.gov/press/109/109-165.htm. Concerns about
the level of funding for investigating the risks of nanotechnology versus the funding of nanotechnology
development have been raised for other countries as well. INTERNATIONAL RISK GOVERNANCE
COUNCIL, supra note 32, at 5.
340. Maynard, supra note 116, at 10-11.
341. See U.S. ENVTL. PROT. AGENCY, CONCEPT PAPER FOR THE NANOSCALE MATERIALS
STEWARDSHIP PROGRAM UNDER TSCA 20-21 (2007), available at
http://www.regulations.gov/fdmspublic/component/main?main =DocumentDetail&d=EPA-HQ-
OPPT-2004-0122-0058.
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experience with nanomaterials, few exposure assessments, few toxicology
assessments, and little knowledge of how to classify nanotechnology
risks.342

The public, citizen groups, and industry should maintain pressure on
public sources to continue to increase funding for studies on the human
and environmental exposure and risk posed by nanotechnology products.
In addition, public agencies should continue advancing their role as
sources for identifying research needs.343 At this stage efforts should be
particularly directed at developing information on the use of nanotechnol-
ogy, the ability to detect nanoparticles in the environment, and processes
for identifying and assessing the risks of engineered nanoscale materials.

One subcategory of advancing nanotechnology science concerns pro-
moting environmentally beneficial nanotechnology. As discussed,
nanotechnology is expected to provide advances in detecting contaminants,
energy efficiency, waste reduction, and pollution remediation.3 4 The EPA
already has grant programs to fund research on the use of nanotechnology
to protect the environment and is researching further green nanotechnol-
ogy applications."' A pilot study is planned at an EPA National Priorities
List site in Ohio to test the effectiveness of certain nanoparticles to reme-
diate volatile organic compounds .346 The EPA should continue to develop
a variety of incentives for research and development on environmentally
beneficial nanotechnology uses. Examples of such incentives could in-
clude: flexible permission to test beneficial nanotechnology at remediation
sites as appropriate; creating an information bank on the development and
use of environmentally beneficial nanotechnology; encouraging the pur-
chase and use of green nanotechnology by public entities; economic incen-
tives, such as tax abatement or subsidies, to develop green nanotechnol-
ogy; and offering priority and other incentives for applications and permits
concerning use of environmentally friendly nanotechnology. 347

Advancing nanotechnology science will be a slow and costly enter-
prise. All stakeholders need to work together to make funding a priority
and to coordinate and promote research and information sharing to the
extent feasible.

342. Annabelle Hett, SwissRE, Nanotechnology: Prospects and Pitfalls (May 10, 2004),
http://www.swissre.com/resources/38642e00455c7fffbe08be80a45d76a0-NanoLondonfimal.pdf.
343. MATSUURA, supra note 13, at 156-57.
344. See supra Subpart II.A.2.
345, EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 18, 68-69.
346. Id. at 19.
347. AM. BAR ASS'N, SECTION OF ENV'T, ENERGY, & REs., EMS/INNOVATiVE REGULATORY
APPROACHES 12-13 (2006), http://www.abanet.org/environ/nanotech/pdf/EMS.pdf [hereinafter ABA,
REGULATORY APPROACHES].
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D. New Governance

The core of this proposal is a new governance model for nanotechnol-
ogy that seeks to achieve a number of goals: protecting human health and
safety and the environment; not unduly hindering the development of the
nanotechnology industry or its ability to get valuable products to market;
governance that is adaptable as nanotechnology and scientific understand-
ing advance; advancing scientific understanding of nanotechnology and its
risks; advancing the ability to detect and remediate nanotechnology pollu-
tion; and maintaining public confidence in nanotechnology and nanotech-
nology governance. The proposal seeks these goals through agency, indus-
try, and public interest group cooperation and management incentives
rather than traditional command and control regulation. All stakeholders
have incentives to create greater certainty in nanotechnology governance
and to reduce the ambiguity which limits economic investment and devel-
opment of any technology, especially a nascent one.348 Achieving coopera-
tion and implementing incentives will allow valuable resources to be di-
rected towards health and environmental protection rather than lengthy
adversarial disputes over rigid regulation.349

Nanotechnology governance must traverse a fine line. Insufficient pro-
tection could lead to excessive or unknown human health and environ-
mental risks and undercut public confidence; excessive regulation could
limit the development of an extremely promising new technology and
foreclose potentially great social, health, and environmental benefits. This
combination of vast potential benefits and uncertain risks presents unique
and difficult challenges. All stakeholders, however, have significant incen-
tives to develop a protective and well-defined governance structure.

To seek the multiple objectives outlined above, the new governance
proposal is based on a multi-pronged approach, including recommenda-
tions to advance data gathering, industry stewardship, governance adapta-
bility, and stakeholder cooperation. This collection of initiatives has multi-
ple benefits. It allows regulation to be tailored to particular nanotechnol-
ogy uses and products, permits use of existing regulatory schemes where
appropriate, provides industry maximum flexibility in achieving protection
standards, creates a regulatory system that can be more adaptive to techno-
logical change, and provides multiple approaches to protection for a tech-
nology that is still being explored and studied. The nanotechnology gov-
ernance recommendations are explained in the following sections.

348. MATSUURA, supra note 13, at 131; ABA, REGULATORY APPROACHES, supra note 347, at 10.
349. See Bradley C. Karkkainen, Information-Forcing Environmental Regulation, 33 FLA. ST. U.
L. REv. 861, 862 (2006) (noting the expense and problems with implementing command and control
regulation).
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1. Data Gathering

As discussed, the most critical problem facing nanotechnology gov-
ernance is the lack of scientific understanding of nanotechnology risks.350
A primary focus of nanotechnology governance should be on gathering all
available data and developing as much new useful information as possible.
The information sought should be diverse, including information on the
nanomaterials' physical characteristics, expected uses and fates, and an-
ticipated risks.

Greater data gathering will give the government, scientists, and the
public a better understanding of the types and risks of engineered nanoma-
terials.

TSCA provides authority under its new chemical substance and sig-
nificant new use provisions to require further information where the EPA
determines that there is not sufficient information to evaluate health and
environmental effects. 51 In addition, TSCA provides authority to require
manufacturers of chemical substances "to develop data with respect to the
health and environmental effects" of listed chemical substances where the
EPA determines that the chemical substance may present an unreasonable
risk to human health or the environment.352 The EPA may use this author-
ity to develop data for other agencies, such as for the National Institute of
Occupational Health and Safety. The EPA should take advantage of the
TSCA post-commercialization data-gathering authority to help develop
data on nanotechnology health and environmental impacts.354 The data
gathered will be valuable not just with respect to the particular substance
of concern, but also for understanding nanoparticle fate and transport
more generally.

A simple model could involve the EPA classifying listed nanotechnol-
ogy substances and uses as having negligible, low, medium, or high con-
cern. 355 The classification would be based on the substance's size, struc-
ture, coating, solubility, ease of transport in the body, toxicity characteris-
tics, expected human or environmental exposure, and other relevant fac-

350. See supra Part Ill.
351. See supra Subpart III.A. 1.
352. 15 U.S.C. § 2603(a) (2000). Due to the scientific uncertainty surrounding nanotechnology,
however, it may be some time before EPA is able to meet the evidentiary standards for requiring
testing under TSCA for nanotechnology. Id.
353. Id. § 2603(e).
354. See ABA, REGULATION OF NANOSCALE MATERIALS, supra note 182, at 18 (discussing use of
this authority to require health, safety, and environmental data generation). Again, there have been
concerns expressed about the ability of EPA to use TSCA to gather the necessary information. See
supra notes 195-197 and accompanying text. To the extent TSCA authority proves insufficient, new
statutory authority would become necessary.
355. The European Commission on Community Health and Consumer Protection uses a classifica-
tion structure to set their research agenda for nanoparticles. INSTITUTE OF MEDICINE, supra note 17,
at 35.
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tors. The extent of post-commercialization data gathering and reporting
requirements would vary according to the level of concern. If a nanomate-
rial manufacturer believes certain nanoparticles have been misclassified or
demonstrated to be safe, the manufacturer would be able to apply for re-
classification. This classification and post-commercialization proposal
would operate as a default, information-forcing system356 that would pro-
vide industry the incentive to develop greater data concerning nanotech-
nology risks, but avoid command and control dictates. It also would give
the EPA substantial flexibility to adapt governance to new understandings
of risk as greater information is developed. The EPA's authority to define
new chemical substances and significant new uses under TSCA gives it the
ability to develop a governance system along these lines under existing
law.

Other environmental statutes provide authority to require data collec-
tion and submission as well. For instance, the CWA grants the EPA broad
authority to require the owner or operator of a point source to conduct
monitoring and sampling and provide information as is "reasonably" re-
quired to carry out the purposes of the CWA.357 The EPA also has the
authority to inspect the facilities and the records of effluent sources.35
Such statutory authority should be used as a data gathering mechanism to
obtain more information, as needed, concerning nanomaterials.

Agencies also can act to gather data even where they lack statutory au-
thority for mandatory requirements. The FDA, for example, could insti-
tute a recommended consultation policy for sunscreens and cosmetics that
contain nanoparticles, just as the FDA did for genetically modified
foods.359 As nanotechnology becomes incorporated into food products, the
FDA should institute a similar consultation policy for nanofood as well.
These policies are not mandatory, but once in place provide firms with
strong incentives to comply or risk consumer backlash. Similarly, the
FDA could modify the guidance on approved food additives, for example,
to clarify that nanoscale versions of macro GRAS food additives are not
GRAS." 6 By receiving consultation information the FDA would develop a
much greater understanding of nanofood and nanocosmetic uses and risks.

356. See Karkkainen, supra note 349, at 868-71 (discussing the use of information-forcing penalty
default rules); Kysar, supra note 142, at 24 (discussing shifting the burden for producing information
on risks to the producers of new technologies).
357. 33 U.S.C. § 1318.
358. Id.
359. Statement of Policy: Foods Derived from New Plant Varieties, 57 Fed. Reg. 22984 (May 29,
1992); UNIVERSITY OF MINNESOTA REPORT, supra note 33, at 18.
360. The FDA Nanotechnology Task Force Report included a recommendation that FDA issue
guidance with respect to "The use of nanoscale materials in food ingredients for which a GRAS notifi-
cation is submitted or the reduction of particle size into the nanoscale range for food ingredients for
which an earlier notification had been submitted and not objected to by FDA." FDA
NANOTECHNOLOGY REPORT, supra note 115, at 33.
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All agencies should evaluate additional incentives they can provide to
industry to promote data gathering and reporting. One clear option would
be to create fast-track review of applications under a variety of statutes
where data beyond that required is developed and submitted by the appli-
cant, or where the applicant commits to post-commercialization data gath-
ering and reporting that is not required. Industry would thus be able to get
their nanotechnology products to market more rapidly, agencies could
conduct the same standard of review to achieve adequate protection, and
more data on nanotechnology would be developed.36'

2. Industry Stewardship

Many of the nanotechnology governance goals identified above can be
advanced by developing incentives for nanotechnology industry to act in a
socially responsible manner. These incentives can include economic, pub-
lic relations, social values, and legal mechanisms.

The largest nanotechnology companies have strong incentives to main-
tain robust public confidence in nanotechnology across the board. These
companies have the largest economic stake in the nanotechnology industry,
and will be harmed the most by any perceived adverse nanotechnology
event. Confirming this, the director of regulatory affairs at one of the
largest companies engaged in nanotechnology reported that the company
was very aware of making sure that consumer reaction to nanotechnology
did not follow the path of consumer concerns about biotechnology. 62 And,
the American Chemistry Council, which represents a number of larger
nanotechnology companies, has been relatively sympathetic to some
nanotechnology regulation.363

Larger nanotechnology companies thus have incentives to develop-in
concert with government, scientists, and public interest groups-guidelines
for best nanotechnology management practices. The larger nanotechnology
companies also have incentives to exert industry pressure on smaller
nanotechnology start-ups to comply with these best management prac-
tices.3" As noted, any perceived nanotechnology concern would be ex-

361. Great Britain has instituted a voluntary reporting scheme similar to this proposal for those
involved in developing new engineered nanoscale materials. See Department for Environment, Food
and Rural Affairs, Environmental Protection,
http://www.defra.gov.uk/ENVIRONMENT/nanotechlpolicy/index.htm#voluntary (last visited Apr.
12, 2008). This program has been criticized for being voluntary, not making the information publicly
available, and being too deferential towards industry. See Evan Michelson, Analyzing the European
Approach to Nanotechnology 1-8 (Nov. 2004), available at
http://www.environmentalfutures.orgllmages/Nanotecl .pdf.
362. Confidential personal communication with author.
363. DAVIES, supra note 21, at 30.
364. See Lin, supra note 198, at 389 (discussing large company fear that insufficient precaution at a
start-up company could lead to a nanotechnology scare, resulting in a drop in public confidence and a
push for excessive regulation).
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pected to ripple through the entire industry. In one substantial confirma-
tory example, DuPont has teamed with Environmental Defense to develop
a risk management framework for nanomaterials.365 This framework is
designed to "establish a process for ensuring the responsible development
of nanoscale materials, which can then be widely used by companies and
other organizations."366 Once developed, all companies will be heavily
incentivized to implement and adhere to the best management practices
due to industry peer pressure, public perception, and the threat of tort li-
ability if best management practices are not observed and an adverse event
occurs. 367

In addition to the public relations and fast-track opportunities identi-
fied above, nanotechnology industry can be encouraged to engage in ac-
tivities beyond those mandated through other incentives, such as potential
penalty avoidance. A firm that agrees to conduct regular auditing and self-
reporting of agency-determined nanotechnology practices, for example,
could be exempted from certain regulatory fines for minor violations,
unless caused intentionally or through gross negligence. 36

" Firms thus can
be incentivized to go beyond what is legally required to address unregu-
lated matters, adopt preventive measures, and help agencies gather greater
data.369 Regulatory rules are used not as the suitable standard for behavior
under this model, but as a mandatory back-stop that applies only if firms
do not achieve alternative arrangements that provide greater protection. In

365. See ENVTL. DEF.-DUPONT NANO P'SHIP, NANO RISK FRAMEWORK (2007), available at
http://nanoriskframework.com/. The framework was criticized by a number of environmental and
labor groups as an attempt by "industry and its allies" to usurp government oversight and public par-
ticipation in that process. See DAVIES, supra note 21, at 36.
366. Nanotechnology Risk Framework by Environmental Defense and DuPont, NANOWERK, Feb.
28, 2007, http://www.nanowerk.com/news/newsid=1536.php. There may be a concern about larger
companies attempting to develop overly expensive or complex management practices in an effort to
create barriers to entry for smaller competitors. On the other hand, there are concerns that smaller
nanotechnology companies may be willing to take greater risks than are generally socially acceptable.
As one potential indicator of challenging problems in this regard, the NanoBusiness Alliance, a con-
sortium of smaller nanotechnology companies, generally opposes additional nanotechnology regula-
tion, while as noted, the American Chemistry Council, representing larger nanotechnology companies,
appears more sympathetic to regulation. DAVIES, supra note 21, at 30. Government agencies will have
to keep their eyes on these potential problems.
367. The Environmental Defense-DuPont framework has been criticized by some for its voluntary
nature. Activist Groups Reject DuPont-ED Nanotechnology Risk Framework, NanoWerk.com, Apr.
12, 2007, available at http://www.nanowerk.comlnews/newsid=1766.php. Another example of a
non-regulatory attempt to create and implement nanotechnology best practices, here at an international
level, is the joint effort of a number of private and government-funded groups to develop a "Code for
Responsible Nanotechnology." Woodrow Wilson International Center for Scholars, Project on Emerg-
ing Nanotechnologies, Responsible Nanocode, Oct. 9, 2007, Event Summary,
http://www.wilsoncenter.org/index.cfm?topicid = 166192&fuseaction= topics. event-summary&event

id = 290313.
368. See ABA, REGULATORY APPROACHES, supra note 347, at 6.
369. See id. Some examples of voluntary leadership programs in other areas include OSHA's Star
Program, EPA's Performance Task, the Green Tier in Wisconsin, and the Clean Corporate Citizen
Program in Michigan. Id. Some have criticized voluntary leadership programs for not focusing on the
most important issues, diverting resources, and not maintaining sufficient standards. Id.
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this manner, greater protection than mandated can be accomplished, at a
lower cost to both taxpayers and industry, by offering industry flexibility
to achieve more efficient protection and by highlighting the importance of
public confidence in nanotechnology development.

A broad system of industry stewardship, as outlined here, can have
substantial long-run returns. It will help develop an industry ethic of re-
sponsibility and a goal of teamwork between the government, industry,
and consumer organizations. Such teamwork can also help build commit-
ment among various stakeholders to the governance structure and to coop-
eration themselves, instead of each entity constantly challenging the pro-
gram and each other over every perceived deficiency.

3. Governance Adaptability

Nanotechnology is and will continue to develop rapidly. We cannot
know now what the products and risks that need to be governed in the
future will be. To draw one comparison, the Coordinated Framework for
Regulation of Biotechnology adopted in 1986 did not cover how to regu-
late transgenic pest-protected plants, despite the fact that such products
began field testing just one year later and are now one of the dominant
biotechnology products.37 ° It is necessary that the nanotechnology govern-
ance system be flexible enough to be able to adapt, as best as possible, to
technological change and advances in scientific understanding of
nanotechnology.

Governmental agencies should work with firms to permit flexibility in
how regulatory requirements are achieved to the extent practicable while
still protecting human health and the environment. Flexibility will allow
industry to experiment with economic or technical feasibility and various
control approaches, while still ensuring adequate protection. Such experi-
mentation also may help develop additional information on nanotechnology
risk and the relative advantages of various governance approaches.

Nanotechnology governance should include mechanisms to allow for
incremental changes in governance as the need arises. Such an approach
simultaneously provides flexibility in governance and limits the likelihood
of quickly upsetting settled expectations for industry. Nanotechnology
governance will need to be an iterative process at this early stage. A par-
ticular system of governance should be developed, followed by data gath-
ering, followed by result evaluation, followed by modifications to the sys-
tem as warranted, in a continuing cycle until industry and scientific under-
standing has matured.

370. Mandel, supra note 156, at 2245.
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There are institutional and legal hurdles to establishing such an itera-
tive process. For example, under the Administrative Procedure Act, final
rules cannot simply be revised once promulgated. 7' One solution could be
to build options into final rules. In addition, instituting a somewhat stan-
dardized process for modification allows such change to become part of
the system, and should allow future change to occur faster and at lower
cost. As more scientific evidence becomes available, this will allow the
governance system to adapt more rapidly.372

Reaching agreement among various stakeholders on a process for re-
vising the governance system will be easier now, when there is relatively
limited knowledge about risks of nanotechnology, and the governance sys-
tem for nanotechnology is not yet fixed. Those who believe that nanotech-
nology is relatively risk-free and those who are extremely concerned about
nanotechnology risks may be able to agree on a governance framework
that will respond to new scientific information as it develops. Nanotech-
nology "proponents" will be comfortable with the potential for stricter
rules, based on their belief that risks will not materialize and such rules
will never be implemented; nanotechnology "opponents" will also be com-
fortable, based on their beliefs that risks will be identified, and therefore
more stringent governance put in place. In addition, interests and organi-
zations have not yet fully vested around a particular nanotechnology gov-
ernance system because of the uncertainty concerning precisely what the
system will look like. This window for agreement will close as further
nanotechnology information is developed and the industry matures; or, one
nanotechnology "scare" could irreversibly preclude the opportunity for
wide-spread agreement on governance.37 3 The time is ripe for developing a
nanotechnology governance system now.

4. Stakeholder Involvement

Critical to this proposal for nanotechnology governance is wide and
diverse stakeholder involvement. This involvement will require regular
communication and workshops with a variety of stakeholders, including
industry representatives, research scientists, environmental organizations,
public interest groups, academics, and others. Broad stakeholder outreach
and dialogue will bring credibility, new ideas, current information, con-
tinual feedback, and public trust to the nanotechnology governance sys-
tem.

371. See 5 U.S.C. §§ 551-59 (2000).
372. Abbott et al., supra note 306, at 10931-32.
373. Consider, for example, the genetically modified StarLink corn scare, where corn not approved
for human assumption was found in human food products, which dramatically inflamed the debate
over the regulation of genetically modified products. See Mandel, supra note 156, at 2203-08 (dis-
cussing the StarLink corn discovery and response).
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The communication should include information on the known and un-
known risks and benefits of nanotechnology, provided in a form accessible
to a broad cross-section of lay individuals, disclosure of new scientific
information concerning nanotechnology as it arises, and further encour-
agement of public involvement. Along these lines, the EPA is developing
a dedicated website on nanotechnology and has been conducting outreach
to various professional and industry organizations to provide information
about their activities concerning nanotechnology.374 Such communication is
particularly important at this early stage because of the public's current
limited knowledge and awareness of nanotechnology. Providing informa-
tion to the public, in turn, can be used by consumers to "vote with their
dollars" to try to affect industry decisions. Of course, there also must be a
high level of transparency in regulatory decision-making and activity.

The communication efforts must include specialized outreach to
smaller nanotechnology companies. Traditional health and environmental
regulatory programs evolved around existing, mature industries, at times
when there were relatively fewer and larger companies. Larger companies
are generally more aware of and able to respond to regulatory require-
ments. Nanotechnology governance, on the other hand, will evolve with
the industry itself. In order to be effective, small start-up companies, in-
cluding many that are not familiar or sophisticated with respect to existing
health and environmental regulations, will need to be made aware of, and
in some cases receive assistance with, regulatory requirements. Training
and technical assistance on compliance for start-ups and small companies
should be provided.

Public trust in nanotechnology and nanotechnology governance is
critical to the success of the industry.375 A failure to provide for adequate
stakeholder involvement and public communication has been cited by some
as one reason for the partial public backlash against biotechnology.3 76 The
potential for a public reaction against nanotechnology is elevated by the
complex science involved, the high level of uncertainty concerning risk,
and the potential for interest group polarization.377 Evidence of this poten-
tial problem was revealed in the media frenzy over the recall of a German
bathroom cleaning product labeled "MagicNano" due to people having

374. EPA, NANOTECHNOLOGY WHITE PAPER, supra note 24, at 20-21. The NNI calls for a pro-
gram of "public input and outreach." SUBCOMM. ON NANOCSCALE SC., ENG'G & TECH., NAT'L SCI.
& TECH. COUNCIL, THE NATIONAL NANOTECHNOLOGY INITIATIVE: STRATEGIC PLAN 38 (2007),
available at http://www.ostp.gov/galleries/default-file/NNIStrategic Plan_2007 Final.pdf.
375. See INSTITUTE OF MEDICINE, supra note 17, at 8-9; UNwERsrrY OF MINNESOTA REPORT,
supra note 33, at 1; E. Donald Elliott, Regulate Nano Now, ENVTL. FORUM, July/Aug. 2005, at 43,
available at http://www.actagroup.conm/otherpdfs/nanotech%20forum.pdf.
376. ABA, REGULATORY APPROACHES, supra note 347, at 17; INSTITUTE OF MEDICINE, supra
note 17, at 7-8.
377. Mandel, supra note 1, at 142-74; Marchant et al., supra note 1, at 9-10; Paddock, supra note
1, at 10946, 10949.
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severe respiratory reactions when using it.378 It turned out that the nanoliq-
uid ingredient responsible for the latter half of the product's name ag-
glomerated into larger particles during production, and therefore that no
nanosized particles remained in the consumer product or caused the respi-
ratory problems. 379 The public attention and concern, however, highlights
the potential for a single adverse nanotechnology event to strongly affect
public perception of the industry and the technology. 30 This potential can
be reduced by the interactive, accountability, and communication measures
proposed here. Instituting a collaborative, transparent system at an early
stage will set the tone for a long-term, strong nanotechnology governance
model.

5. International Concerns

The nanotechnology governance structure developed will have to take
into account international concerns. Analysis of international regulation of
nanotechnology is beyond the scope of this Article, but nanotechnology
clearly implicates unique international challenges. Nanotechnology prod-
ucts are already involved in global commerce, and nanoparticles will cre-
ate cross-boundary human health and environmental concerns. As the
United States' system for governing nanotechnology develops, it is neces-
sary that a parallel effort take place to integrate the national system within
what should be a developing international structure.38'

In this regard, there is some concern that nanotechnology development
may have a negative effect on certain nations' economies, particularly
those that are heavily dependant on natural resource mining, as nanotech-
nology advances in energy may make traditional fossil fuels less impor-
tant.382 Such a result would have a disproportionate impact on developing
countries, many of which rely heavily on natural resources develop-
ment.383 Conversely, it is possible that nanotechnology will be highly
beneficial to developing countries, offering health, food, and economic
benefits that would not otherwise be available. 3" These social and eco-

378. Wilson, supra note 15, at 704.
379. Id.
380. Id.
381. ABA, REGULATORY APPROACHES, supra note 347, at 14-16.
382. See generally RATNER & RATNER, supra note 5, at 159-60; Guillermo Foladori, Nanotech-
nology in Latin America at the Crossroads, 3 NANOTECH. L. & Bus. 205, 213 (2006); Noela In-
vernizzi & Guillermo Foladori, Nanotechnology and the Developing World: Will Nanotechnology
Overcome Poverty or Widen Disparities?, 2 NANOTECH. L. & Bus. 294, 297 (2005); Nicolau, supra
note 32, at 447.
383. RATNER & RATNER, supra note 5, at 159-60; Foladori, supra note 382, at 213; Invernizzi &
Foladori, supra note 382, at 297.
384. RATNER & RATNER, supra note 5, at 159-160; Invernizzi & Foladori, supra note 382, at 297;
Peter Singer et al., Nano-Diplomacy, GEO. J. INT'L AFF., winter 2006, at 129, 129. As one example,
scientists are hopeful that they can develop a cost-effective way to remove arsenic from drinking water
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nomic outcomes will play a large role in how nanotechnology is governed
at the international level.

CONCLUSION

The development of nanotechnology and the system for governing
nanotechnology are inevitably and dynamically intertwined. Each will con-
tinually affect the other. The new governance proposals developed here
would provide a framework for managing nanotechnology that would si-
multaneously protect against its health and environmental risks, develop
greater information about nanotechnology products, permit nanotechnol-
ogy industry to continue to rapidly advance, and maintain public confi-
dence in the governance system. Given current uncertainty surrounding
nanotechnology development and risks, there are inherent limitations on
how specific a framework can be developed at the time. The proposal out-
lined above is not intended to be exhaustive, but to develop a core struc-
ture that will provide greater certainty for the public and industry, and
allow details to be developed as knowledge evolves.

The EPA recently launched the Nanoscale Materials Stewardship Pro-
gram (NMSP) to encourage voluntary reporting of information concerning
certain nanomaterials under TSCA. The NMSP invites companies to vol-
untarily report existing information on engineered nanoscale materials in
order to give the EPA a better understanding of engineered nanoscale ma-
terials and what risk management programs are in place.385 The NMSP has
two parts: a "basic" program under which participants report existing in-
formation on nanomaterial characterization, hazard, use, potential expo-
sure, and risk management practices; and an "in-depth" program under
which participants voluntarily develop additional data on nanomaterials.386
Incentives for participating in the NMSP are primarily to assist the EPA in
acquiring information on nanomaterials and encouraging the responsible
development of nanotechnology; participation does not relieve or replace
any requirements under TSCA.387 EPA is requesting that participants in
the basic program submit their data by July 28, 2008, and plans to publish
an interim report on the program in early 2009.388 As of mid-2008, the
EPA had received three submissions under the basic program and com-

using "nanorust," which will involve little more than normal kitchen supplies. Press Release, Ctr. for
Biological & Envtl. Nanotechnology, Rice Univ., 'Nanorust' Cleans Arsenic from Drinking Water
(Nov. 9, 2006), available at
http://media.rice.edu/media/NewsBot asp?MODE=VIEW&ID=9032&SnID=2.
385. Nanoscale Materials Stewardship Program, 73 Fed. Reg. 4861 (Jan. 28, 2008).
386. Id. at 4862-64.
387. Id. at 4865.
388. Id. at 4863; Nanoscale Materials Stewardship Program, available at
http://epa.gov/oppt/nano/stewardship.htn.
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mitments from ten additional companies; no one had signed up for the "in-
depth" program.389

The NMSP is a positive step, but is rather limited in comparison with
the proposals outlined in this Article, and even limited in comparison to
earlier versions that the EPA had proposed.3"° The EPA's work on
nanotechnology regulation has been criticized as "not discuss[ing] the
steps needed to foster the legal and policy research and analyses" and only
"tangentially address[ing] governance issues." 39' Further, the FDA and
OSHA have been slower than the EPA in reacting to nanotechnology de-
velopments, although the FDA is now starting to take some action."

Though the early stages of a technology's development, when there
are still many unknowns, is a challenging time to develop a governance
framework, it also can be an opportune time to take advantage of the
flexibility of a new approach. At the early stages, fewer interests have
vested around particular governance regimes, there are not as significant
sunk costs to overcome or that may render certain improvements ineffi-
cient, and industry and the public are less wed to a status quo. The early
stages of nanotechnology development present a unique opportunity to
shape its future. But, it is an opportunity that will not remain open for-
ever. Interests, investment, and opinion already are vesting around certain
expectations for governing nanotechnology. It is important to put an ap-
propriate governance system in place as soon as feasible, and before the
commitment to the status quo for nanotechnology is too great.

The opportunity to reap the potentially spectacular health, environ-
mental, industrial, and economic benefits of nanotechnology will be se-

389. Email from David E. Giamporcaro, Industry and Small Business Llason, Environmental
Assistance Division, Office of Pollution Prevention and Toxics, U.S. Environmental Protection
Agency, May 21, 2008.
390. Earlier versions of the stewardship proposal included consideration of more significant incen-
tives to entice industry participation, including, possibly, fast track consideration of premanufacture
notification. Nanoscale Materials; Notice of Public Meeting, 70 Fed. Reg. 24,574, 24,574 (May 10,
2005); Weiss, supra note 152. Other purely voluntary programs have failed to induce industry to
develop information concerning chemical risks. For example, the EPA's HPV Challenge program, a
voluntary program designed to incentivize industry to develop toxicity information about high produc-
tion volume chemicals has been criticized as being unlikely to be successful due to industry concerns
about tort liability. David W. Case, The EPA's HPV Challenge Program: A Tor Liability Trap?, 62
WASH. & LEE. L. REV. 147, 196-98 (2005). A similar voluntary program in Britain attracted few
participants, and only two manufacturing participants. Alexander Burns, Tiny Safeguards, NAT'L J.,
Aug. 11, 2007, at 37.
391. Envtl. Law Inst., supra note 75.
392. See Pedersen, supra note 315 (noting criticism of FDA for failing to take action and reporting
on FDA nanotechnology task force recommendation to develop guidance and take other steps). FDA
has recently come under criticism for a string of food-borne illnesses, including contaminated spinach,
tomatoes, peanut butter, and pet food. Lawmakers Upbraid FDA for Food Safety Failings, REUTERS,
Apr. 26, 2007,
http://www.reuters.comarticlehealthNews/idUSN2543857220070426?feedType=RSS. Perhaps this
pressure will cause FDA to institute more protective measures generally, including concerning
nanotechnology (or perhaps these events will direct the FDA's attention away from nanotechnology).
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verely hampered if it is not managed properly. The opportunity will be
hampered because society will face inefficient costs and delays and unnec-
essary risks, and also because distrust of the governance system or future
high-profile problems caused by inadequate regulation could result in a
public backlash against nanotechnology. As we stand at the portal of the
nanotechnology revolution, it is imperative that nanotechnology govern-
ance be properly designed to provide for the effective and efficient man-
agement of this transformational technology.


