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There is much we do not know about nanotech-
nology. Despite its tremendous promise, nano-
technology today is mostly forecast and fervent 

hope. Predictions that spending on nanotechnology 
will increase from current levels of $13 billion to more 
than $1 trillion by 2015 are no more than that – sim-
ply predictions.1 Hopes that nanotechnology will be 
an essential part of solving the globe’s energy, food, 
and water problems2 should be tempered by recalling a 
century of revolutionary technologies that failed to live 
up to their early promise such as nuclear energy, super-
sonic airplanes, or gene therapy. Many other questions 
continue to nip at nanotechnology’s heels, not the least 
of which are debates about what is and is not techni-
cally feasible.3 Despite these uncertainties, we can have 
complete confidence in one aspect of nanotechnology’s 
future – it will be subject to a host of regulations. 

In some ways, the industry is already regulated. 
Some aspects of nanotechnology may fall under pre-
existing regulations or oversight.4 Funding decisions 
also work as ad hoc regulatory systems, allowing some 
areas of research to flourish while leaving others to 
wither. Informal regulation and extensions of existing 
regulatory schemes will eventually be replaced by more 
formal and directed regulatory frameworks that seek to 
cabin nanotechnology’s risks, promote its benefits, and 
temper its social and economic upheavals. 

Purposeful regulation will necessarily be enacted 
through law. Thus, despite nanotechnology’s generally 
unfettered past, its future will, in large part, be deter-
mined by the legal choices made in the next few years. 
Notwithstanding this undeniable fact, legal scholars 
have been slow to join the fray.5

Nanotechnology’s coming regulation has not been 
lost on other commentators. Ethicists and researchers 
have debated nanotechnology’s utopian and dystopian 
potentials, urging regulation and restraint in various 
measures.6 Social activists and economists have de-
bated nanotechnology’s disruptive capabilities and the-
orized about frameworks for minimizing or amplifying 
those effects.7 Finally, scholars and other researchers 
have debated nanotechnology’s various implications 
and urged greater participation for their voices in 
whatever potential regulation will follow.8 
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The legal academy’s quiescence is, we believe, a mis-
take. Understanding the interplay of regulation and 
technology is an area where legal scholars and prac-
titioners have much to offer. Indeed, we believe that 
the law and, in particular, the legal frameworks and 
principles applied in other areas of technological de-
velopment, may highlight the risks and benefits of legal 
regulations of nanotechnology. In particular, we believe 
that the experience of international regulatory agen-
cies, frameworks, and arrangements 
will prove to be fruitful areas of re-
search in exploring nanotechnology’s 
coming regulation.

That said, nanotechnology’s na-
scency gives reason for pause. It is 
impossible to predict or recommend 
substantive regulatory approaches for 
a technology that is largely hypotheti-
cal and uncertain. We can, however, 
provide some context for what may be 
an even more important decision for 
nanotechnology’s future: namely, whether national or 
international regulatory frameworks will be more ef-
fective and appropriate. 

Regulatory Imperatives
Leaving aside, for now, the question of whether nano-
technology should be regulated, we are confident that 
it will be. The increasing politicization of new tech-
nologies and the need for government-sponsored re-
search guarantees that some regulation is forthcoming. 
In addition, activist groups that have been successful 
in politicizing prior technologies have placed nano-
technology squarely within their sights and are urging 
regulatory responses at both the national and interna-
tional level.9 Finally, nearly all commentators and in-
dustry watchers agree that some form of regulation will 
be necessary – either to ensure nanotechnology’s future 
success or to prevent it from destroying our future. In 
these two ways, regulatory responses may play dual 
roles – either as permissive regulation or prophylactic 
regulation.

Permissive Regulations
One of the chief impediments to nanotechnology’s suc-
cess is economic and regulatory uncertainty. When we 
think of regulation, we often think solely of negative 
regulations – imposing burdens on industry to meet 
certain standards, creating administrative frameworks 
to monitor industry practices, or in rare cases even 
prohibiting certain areas of research entirely. However, 
regulations may also play a more proactive role – giv-
ing industry and researchers clear guidelines about 
what practices and areas of research will be permitted 

and, just as important, what kinds of frameworks will 
govern the fruits of their endeavors. 

Regulatory frameworks that, for instance, promote 
specific areas of research through funding carry with 
them the implicit promise that such research may be 
continued in the future. Government’s imprimatur may 
also play an important role in promoting private fund-
ing as evidenced by the rapid rise in venture capital 
investment in nanotechnology since the United States 

government launched its National Nanotechnology Ini-
tiative in 2001.10 Also notable were the rapid increase 
in biotechnology funding after the Supreme Court’s de-
cision in Chakrabarty11 (which permitted the patenting 
of living organisms), and passage of the Bayh-Dole Act 
(which allowed researchers to obtain patents for inven-
tions from federally-funded research),12 both in 1980. 
The existence of government regulation can also build 
public and consumer confidence in a technology and 
thus again help to create an environment conducive to 
technology development.13

A final form of permissive regulations are, in essence, 
frameworks to increase cooperation and coordina-
tion between governmental units. These regulatory 
frameworks may aid competing agencies in pooling 
resources, signaling to industry the appropriate rules 
and agencies that govern their activities, or, on the in-
ternational level, may be used to avoid disputes and 
conflicts over intransigent economic and social prob-
lems. In short, tailored regulations can play a positive 
role in promoting a technology’s growth as well as con-
trolling its risks.

Prophylactic Regulations
As already noted, the more traditional role for regula-
tion is to act as a prophylactic against potential dan-
gers and risks. Prophylactic regulations work along a 
spectrum of applications. On one end, such regulations 
merely require the reporting and review of new tech-
nologies before their introduction to the public. The 
Bureau of Industry and Security, for example, currently 
requires notification of all new encryption technolo-
gies prior to export.14 More stringent regulations may 

Hopes that nanotechnology will be an essential 
part of solving the globe’s energy, food, and water 
problems should be tempered by recalling a 
century of revolutionary technologies that failed 
to live up to their early promise such as nuclear 
energy, supersonic airplanes, or gene therapy.
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require pre-market approvals by administrative agen-
cies. Review and approval of pharmaceutical risks and 
efficacy by the Food and Drug Administration (FDA) 
is an example of this kind of regulation.15 At the far-
thest end of the spectrum are regulations that work as 
moratoriums on certain kinds of research.16 Prohibi-
tions on funding of some kinds of stem-cell research,17 

legal prohibitions on research into human cloning,18 

and some countries’ prohibitions on the sale or export 
of genetically modified foods19 are examples of these 
kinds of regulations.20

Appeals for these types of regulations have been 
made in the current debate about nanotechnology’s 
future. In the end, it is entirely possible that some areas 
of nanotechnology will be regulated in one or more 
of the ways just described. Despite nanotechnology’s 
substantial promise, numerous areas of concern have 
motivated current calls for legal regulation. Among the 
possible risks are:

•  Worker safety in the manufacture or use of nano-
sized particles;

•  Consumer safety in the use or application of nano-
technology-based goods;

•  Environmental damage caused by manufacturing 
waste and finished goods that may contaminate 
air, water, or soil;

•  Socioeconomic upheavals including economic dis-
ruptions to economies based on agricultural, raw 
materials, or labor;

•  Unforeseen consequences of uncontrolled nano-
technologies;

•  Government use of nanotechnologies to curb civil 
liberties;

•  Military applications;
•  Nanotechnologies in the hands of terrorists or 

other criminals.21

Reasons to Regulate Now
Admittedly, many of these risks are so remote and 
hypothetical that it is impossible to recommend sub-
stantive regulations to address them, at least at this 
time. Nevertheless, experience in many other areas 
of product and process regulation reveals lawmakers’ 
ability to enact varying regulatory frameworks tailored 
to the evolving problems and dangers of developing 
technologies.

Despite the uncertainties, there are plausible ar-
guments for regulators to act now rather than later. 
Growing public concern about nanotechnology carries 
the risk that failing to act will turn nanotechnology 
into “another Frankenfood controversy” for geneti-
cally-modified foods where the technology becomes so 
stigmatized that the public will not accept proof of its 

safety.22 Several advocacy groups23 have already called 
for a total moratorium on nanotechnologies until such 
time as they are proven safe in accordance with the pre-
cautionary principle,24 which, in the words of Douglas 
Parr, Greenpeace’s chief scientist, essentially holds that 
“these materials should be considered hazardous until 
proven otherwise.”25 In the permissive sense, the failure 
to regulate breeds uncertainty about nanotechnology’s 
future and chills investment. In prophylactic terms, 
regulating allows us to “keep the genie in the bottle” 
and to shield society from the worst possibilities.

Reasons to Postpone
Not surprisingly, many of the factors that support 
earlier rather than later regulation may equally favor 
postponing regulatory discussions. Nanotechnology’s 
nascency may mean that regulatory enactments and 
debates may distract researchers and policymak-
ers from current imperatives of funding and devel-
opment.26 In this view, attempting to regulate in the 
face of such uncertainty will only chill innovation and 
research rather than promote it. In addition, public 
policy discussions in the absence of real knowledge 
of nanotechnology’s capabilities and risks may pose a 
threat to the public’s generally positive opinion of the 
technology.27 Should current assumptions turn out to 
be incorrect, the public’s opinion of the experts and 
policy makers could seriously deteriorate.28

Finally, regulations possess the same limitations that 
all laws contain – they often reflect sub-optimal com-
promises and, once enacted, are often extraordinarily 
difficult to amend. As a result, decisions made today, in 
the face of grave uncertainty, may end up regulating the 
field far beyond the period of the law’s efficacy. 

National vs. International
As discussed, legal regulations fall along a spectrum 
of permissive and prophylactic applications and may 
employ a wide range of rules for protecting against 
dangers on one hand and promoting beneficial activi-
ties (e.g., through providing intellectual property pro-
tection) on the other hand. Regulatory choices are not 
constrained only by these considerations, however. A 
further important consideration is whether to imbed 
regulatory choices in domestic legal and political sys-
tems or to entrust them to regional or global insti-
tutions. Each has its advantages and disadvantages 
and, indeed, some aspects of regulation may be better 
suited to national approaches while others would more 
appropriately and efficiently be handled on the inter-
national plane. Just as nanotechnology is at an early 
stage, the discussions of where best to place regulatory 
authority, whether in promulgation or enforcement, 
are only just beginning. 
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National Regulatory Frameworks
There is little doubt that national regulatory systems 
have a number of advantages. They may be more 
closely tailored to the social and cultural preferences of 
affected polities. They also allow for experimentation 
and diversity in approaches and provide opportuni-
ties for other nations to see 
what works and what does 
not. In addition, national 
approaches may also pro-
mote international compe-
tition. Some nations may 
promote one industry over 
another, may enact lower 
or higher environmental or 
labor standards than oth-
ers, or focus on different 
funding sources to stimulate research and applications. 
The values of diversity and experimentation are clearly 
best served by national approaches.

Of course, these same benefits can have negative con-
sequences. National approaches may result in race-to-
the-bottom environmental and labor standards. They 
may ignore the transnational impacts of nanotechnol-
ogy manufacturing and sales, such as cross-border 
pollution or importation of dangerous goods. Finally, 
national approaches may not adequately control nan-
otech’s potential security risks, resulting in a possible 
nanotechnology arms race. 

Historically, the majority of new technologies have 
only been subject to national regulations. In many 
cases, the varying regimes and approaches have not 
hindered the advance of technology. The computer, 
medical, and pharmeceutical industries have flour-
ished in the United States and abroad despite an ab-
sence of coordinated transnational regulation. Other 
technologies, however, have withered under national 
regulatory schemes that differ from nation to nation. 
The experience of genetically modified foods is one ex-
ample. Genetically modified organisms (GMOs) have 
faced substantial legal and social challenges that vary 
from country to country. The result has been a sub-
stantial burden on GMO researchers and scientists to 
assure regulatory compliance in the development, ex-
port, and use of GMO technologies. Without weighing 
in on the ultimate desirability of the GMO experience, 
there is little question that the industry has suffered, 
and the technology has not been as successful, pre-
cisely because of the disparate national approaches to 
its regulation.29 

Transnational Regulatory Frameworks
Despite the many commendable aspects of national 
regulations, it seems apparent that much of nanotech-

nology’s coming regulations will inevitably fall into 
transnational frameworks. The reasons are manifold. 
The risks of nanotechnology, if realized, carry cross-
boundary impacts including economic upheavals and 
environmental dangers. The past few decades have 
witnessed an extraordinary number of transnational 

approaches for resolving these kinds of cross-border 
harms.30 Transnational arrangements also hold the 
hope for avoiding a race to the bottom where indi-
vidual countries seek economic advantages through lax 
employment or environmental regulation. 

Finally, transnational regulation not only provides 
an opportunity to cabin potential risks, it also prom-
ises to speed research, share regulatory expertise and 
resources, and avoid potential “nano divides” in which 
more advanced nations widen their existing technolog-
ical and regulatory advantage over more impoverished 
nations. Of course, transnational regulation does not 
guarantee these results. These approaches merely hold 
the promise of avoiding some of the pitfalls of domestic 
regulation. To realize these potentials, transnational 
regulation of nanotechnology will necessarily need to 
take account of the successes and failures of prior regu-
latory efforts. In the remainder of this article, we take 
some tentative first-steps in exploring some of the po-
tential analogues for nanotechnology regulation. 

Models of Transnational Regulation
If and when regulation of nanotechnology is justified, 
and if and when international regulation is deemed 
the appropriate regulatory focus, there is available 
a broad range of existing regulatory frameworks for 
technologies that may be worth considering. Given the 
unique characteristics of nanotechnology, it is doubtful 
that any existing model for another technology would 
fit nanotechnology precisely. Nevertheless, existing 
and past approaches that have attempted to regulate 
technologies at the international level provide useful 
analogies and lessons for the potential transnational 
regulation of nanotechnology. While it is not possible 
in the space available here to explore these examples 
in any comprehensive manner, we summarize below 
pertinent aspects of a small subset of existing regula-

Transnational regulation not only provides an opportunity 
to cabin potential risks, it also promises to speed research, 
share regulatory expertise and resources, and avoid 
potential “nano divides” in which more advanced nations 
widen their existing technological and regulatory 
advantage over more impoverished nations.
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tory models that may be relevant for regulating nano-
technology at the international level.

International Agreements on  
Environmental Pollutants 
Several multinational environmental agreements re-
strict or prohibit specific toxic substances based on 
their harmful environmental effects. Examples include 
the Stockholm Convention on Persistent Organic Pol-
lutants31 and the Montreal Protocol on Substances that 
Deplete the Ozone Layer.32 These treaties tend to focus 
on a relatively small number of clear “bad actors” that 
are known to have well-demonstrated and substan-
tial risks. For example, the Stockholm Convention as 
initially adopted in 2001 included a 
dozen highly toxic substances – often 
referred to as the “dirty dozen” – that 
all signatory nations were quite pre-
pared to prohibit if they had not done 
so already.33 The most controversial 
part of the Stockholm Convention is 
the provision providing for additional 
substances to be added to the Conven-
tion in the future, and the issues sur-
rounding this critical provision have been the focus of 
much debate and disagreement amongst the signa-
tories and potential signatories.34 This provision for 
adding additional substances, and the criteria by which 
additional substances would be listed, has also been the 
primary impediment to ratification of the Convention 
by the United States Senate. 

Because they tend to focus on a relatively small sub-
set of extremely hazardous agents, these international 
environmental agreements tend to impose very strict 
regulations, often in the form of a full or partial pro-
hibition of the hazardous agents covered by the treaty. 
Thus, unlike many national environmental programs 
that regulate “acceptable levels” of a large number of 
pollutants, international environmental regulations 
tend to be reserved for bans on the most serious pollut-
ants. This limited scope and harsh stringency of inter-
national environmental agreements likely reflects the 
large costs and difficulties of negotiating international 
agreements, which only make them feasible for the 
most clearly toxic agents that almost everyone (in gov-
ernment and industry) agrees should be restricted or 
prohibited. And, since such international agreements 
tend to be limited to such clear bad actors, imposing 
the most stringent possible regulatory sanction – that 
is, prohibition – is a logical consequence.

These international environmental agreements have 
also proved difficult and time-consuming to negotiate. 
Agreement is possible often only once the industries 
that produced or previously produced the restricted 

substances agree to phase out production of such sub-
stances. For example, the Montreal Protocol on ozone 
depletion only became feasible when DuPont, the prin-
cipal manufacturer of chlorofluorocarbons (CFCs) that 
would be the primary focus of the treaty, agreed to 
stop further manufacturing of such substances after it 
identified commercially feasible alternatives. Without 
industry agreement, negotiation of international re-
strictions on environmental pollutants can continue 
almost indefinitely without agreement. Consider the 
United Nations Environmental Program (UNEP), 
which has been trying for many years to negotiate an 
international convention on mercury in the environ-
ment, so far without agreement.35

Another type of international environmental agree-
ment is a treaty to limit or regulate the transboundary 
movement of pollutants in the air, water, or as solid 
wastes. Examples include the European Convention 
on Long-Range Transboundary Air Pollution36 and the 
Basel Convention on the Control of Transboundary 
Movements of Hazardous Wastes and Their Disposal.37 
These agreements also tend to be difficult to negoti-
ate, and tend to focus on well-characterized pollutants 
that are prevalent in the environment and are known 
to cause, or are highly suspected of causing, signifi-
cant damage across national or subnational political 
boundaries.

These characteristics of international environmental 
agreements suggest that this model of international 
agreement is likely to have limited applicability to 
nanotechnology, at least at the present time. Given 
the political and practical impediments to negotiating 
such treaties, nations have only demonstrated the nec-
essary commitment and resources needed to negotiate 
such agreements for a relatively small subset of clearly 
harmful substances that are already causing substan-
tial environmental damage. It is difficult to imagine 
nations undertaking such a burdensome process for 
hypothetical risks from future nanotechnology prod-
ucts or processes that have yet to inflict any known 
significant environmental harm. Moreover, it is not 
possible to identify any highly hazardous nanotechnol-
ogy applications at this time that could be singled out 
for regulation as strict as a ban or severe restriction.

It is difficult to imagine nations undertaking 
such a burdensome process for hypothetical risks 
from future nanotechnology products or processes 
that have yet to inflict any known significant 
environmental harm.
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Non-Proliferation Arms Control Agreements 
Arms control treaties, especially those that seek to 
prevent the proliferation of weapons of mass destruc-
tion, provide another transnational model of potential 
relevance to nanotechnology regulation. Examples of 
such treaties include the 1968 Nuclear Non-Prolif-
eration Treaty (NPT),38 the 1972 Biological Weapons 
Convention (BWC),39 and the 1993 Chemical Weap-
ons Convention (CWC).40 Several aspects of this type 
of international treaty also limit its applicability and 
effectiveness for nanotechnology. First, these treaties 
seek to control technologies (i.e., nuclear, chemical, 
or biological weapons) that are clearly dangerous and 
indeed are described as weapons of mass destruction. 
Notwithstanding some science fiction scenarios, it is 
highly unlikely that current or near-term applications 
of nanotechnology would rise to the level of potential 
weapons of mass destruction. In the longer term, it 
is possible that some applications of nanotechnology 
could present a weapon of mass destruction threat, 
but such possibilities are likely far into the future and 
governments are unlikely to act to try to prevent such 
scenarios through international agreements until such 
risks are more concrete and defined.

Second, existing international arms control treaties 
only apply to and bind state actors. Their role in con-
trolling non-state actors is therefore incidental and 
indirect at best. For instance, both the CWC and BWC 
require signatories to prohibit activities on their ter-
ritory that each prohibits state parties directly from 
undertaking. Yet, with the recent rise of international 
terrorist networks, non-state actors may present the 
greatest risk of malevolent uses of nanotechnology in 
the future. Another implication of the focus on and 
consent of state actors in existing international arms 
control treaties is that states can choose to opt-out. The 
NPT, BWC and CWC have all experienced the prob-
lem of nations that often present the greatest threat 
electing not to sign the treaty in the first place, failing 
to comply with their treaty obligations, or leaving the 
treaty after they initially signed it.41 Thus, to the extent 
some rogue states seek to develop nanotechnology for 
militaristic, malevolent, or otherwise dangerous uses, 
the current “Geneva style” of international arms con-
trol agreements that rely on national consent is likely 
to be ineffective.

Nevertheless, if predictions of potential military ap-
plications of nanotechnology are borne out,42 nations 
are likely to consider in the more distant future the op-
tion of arms control agreements as a means to control 
the risks of a nanotechnology arms race and aggressive 
state use of nanotechnology weapons, in part because 
of the lack of alternative risk management approaches. 

Indeed, some military applications of nanotechnology 
may even be subject to the BWC or the CWC.43

Existing arms control agreements provide some les-
sons that can help guide the potential development of 
such an agreement for nanotechnology. For example, 
one of the primary tensions in the NPT agreement re-
sults from the two-tier membership structure in which 
some nations are permitted to have nuclear weapons 
while other nations may not. The Director of the Inter-
national Atomic Energy Agency (IAEA), Mohamed El 
Baradei, recently emphasized this tension by emphati-
cally stating: “I repeat that it is time to abandon the 
unworkable notion that it is morally reprehensible for 
some countries to pursue nuclear weapons but morally 
acceptable for others to rely on them.”44 This grandfa-
thering of weapons programs among nations that had 
developed the relevant weapons of mass destruction 
before the NPT creates a source of inevitable and on-
going tension and conflict between “have” and “have 
not” signatories. This lesson suggests that any treaty 
that seeks to control the proliferation of nanotechnol-
ogy weapons should be negotiated prior to some first 
adopter nations actually acquiring such weapons, or 
alternatively requiring all nations to abide by the same 
rules.  

Another lesson from existing arms control treaties is 
that the technology transfer and assistance provisions 
of agreements such as the NPT and BWC have been 
a strong inducement to participation in the treaty for 
developing nations. These provisions require devel-
oped countries to share nuclear or biological research 
and technologies with developing countries for use 
in legitimate, peaceful activities. This suggests that 
provisions for technology assistance and sharing for 
peaceful and beneficial uses of nanotechnology could 
provide an incentive for developing countries to enter 
into agreements that preclude offensive or dangerous 
applications of nanotechnology.  

Additionally, arms control agreements that involve 
creation of a specific enforcement and oversight body 
have generally worked better than those without such 
an entity. Thus, the IAEA has played a critical role in 
promoting the effectiveness and stability of the NPT – 
as evidenced for example by the awarding to the IAEA 
of the 2005 Nobel Peace Prize – while the Organization 
for the Prohibition of Chemical Weapons has played 
an equally effective, if less visible role in overseeing 
the CWC. In contrast, the lack of an oversight body 
under the BWC, which leaves the UN National Security 
Council as the effective (although some might say inef-
fective) enforcer of the BWC, is at least partly respon-
sible for its limited success and sense of instability.45

A central issue in all existing arms control treaties is 
verification. For example, the inability of the parties to 
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agree on a verification regime for the BWC has put into 
question the continued vitality of that treaty. The verifi-
cation challenge is particularly acute for so-called “dual 
use” technologies that can be used for both peaceful 
and malevolent purposes.46 Verification and enforce-
ment of the BWC is problematic because much genetic 
research has dual use potential.47 Rather than prohib-
iting certain technologies and applications of biologi-
cal research altogether, the BWC relies on a “general 
purpose criterion” under which restrictions depend on 
the intended use rather than the nature of the tech-
nology. When the same technology could have both 
permissible and proscribed intended uses, verification 
becomes extremely difficult if not impossible, at least 
without highly intrusive inspection and enforcement 
regimes. Governments and private industry are likely 
to resist such intrusions in order to protect proprietary 
research with substantial commercial potential.48 All 
of these tensions are likely to apply to nanotechnology, 
including the existence of dual use technologies and re-
sistance to inspections and other intrusive verification 
mechanisms in order to protect proprietary data. Cur-
rent attempts to address the dual use and verification 
problems under the BWC, including the consideration 
of the role of codes of conduct under such a treaty, may 
also prove relevant to any future arms control agree-
ments governing nanotechnology. 

Global Ethics Treaties
There have been limited attempts, and even more lim-
ited successes, in negotiating international agreements 
governing ethical aspects of new technologies. Never-
theless, these undertakings can provide some models 
and lessons for any future nanotechnology treaty. An 
example is the recent attempt by the United Nations to 
develop an international convention to prohibit human 
cloning. Although there was widespread agreement 
amongst UN members to ban “reproductive cloning” 
or the creation of a cloned human being, the attempt 
to develop a treaty foundered over disagreement about 
including a ban on “therapeutic cloning” or the deriva-
tion of embryonic stem cells from cloned embryos for 
potential therapeutic applications.49 Thus, even when 
there is broad consensus on the need to restrict one 
technological application, there will be an incentive 
for some to seek to expand the scope of any restriction 
to include other applications for which no consensus 
exists, thereby creating regulatory controversy and 
perhaps gridlock. As the UN committee report cau-
tioned, “widening the scope of the potential convention 
to include issues for which no consensus existed could 
threaten the entire exercise, leaving the international 
community without a coordinated legal response.”50 
In the end, the UN General Assembly adopted a non-

binding resolution favoring an international ban on 
both reproductive and therapeutic cloning by a divided 
vote of 84 to 34, with 37 abstentions. The decision 
to make the provision non-binding in response to the 
controversy means it is unlikely to have any practical 
impact.51 

This precedent has obvious implications for any at-
tempt to place restrictions on nanotechnology. Even 
if a strong international consensus on opposition to a 
specific nanotechnology application emerges, negotiat-
ing an international prohibition may be complicated by 
attempts to include related applications that lack such 
clear consensus. Nanotechnology includes a wide vari-
ety of disparate products and processes with a range of 
risk and benefit profiles. Given that a complete prohi-
bition on nanotechnology is unlikely to ever be popular, 
a more nuanced and hence complicated approach will 
be necessary for regulating nanotechnology. When the 
relevant inquiry investigates which applications should 
be restricted and which should not, there is bound to 
be discord and controversy. 

Other disagreements encountered in the attempted 
negotiation of the UN cloning convention may also be 
relevant to any attempt to regulate nanotechnology. 
Another disputed issue was whether there should be an 
international body for administering sanctions for any 
non-compliance or whether it should be the preroga-
tive of each nation to impose its own sanctions for non-
complying activities within its boundaries. Another 
issue was whether any prohibitions should be perma-
nent or for a limited period. Proponents of a limited 
duration cited the rapid pace of technological progress 
which may require periodic reexamination of ethical 
and legal predicates of any convention. A generic issue 
facing any future regulation of nanotechnology will be 
how to keep the regulatory structure current and prop-
erly aligned with this rapidly evolving technology.

Framework Conventions
Perhaps one of the more promising models for the 
transnational regulation of nanotechnology is frame-
work conventions. As their name implies, framework 
conventions involve setting out a framework for an in-
ternational agreement on an issue of common concern 
that will gradually be flushed out with substantive pro-
visions. A framework convention may consist of little 
more than a general commitment by its signatories to 
take future action to address an international problem 
and the establishment of a process and secretariat for 
further negotiations on the convention’s substance. Ex-
amples of framework conventions include the United 
Nations Framework Convention on Climate Change 
(1992)52 and the World Health Organization (WHO) 
Framework Convention on Tobacco Control (2003).53 
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These framework conventions have been “filled” with 
more substantive provisions through the subsequent 
agreement of implementing protocols negotiated 
through the procedural structure created in the initial 
convention. An example is the 1997 Kyoto Protocol to 
the UN Framework Convention on Climate Change, 
which enacted binding emission reduction targets for 
developed nations.54

Customary International Law
Instead of relying on new regulatory structures, it is 
possible that nanotechnology could be regulated at the 
international level through customary international 
law. For example, to the extent that nanotechnology 
activities in one nation produce pollution that crosses 
into another nation, the downstream national may be 
able to bring a legal action for redress in an interna-
tional forum, such as the International Court of Jus-
tice, without the requirement for any substantive treaty 

in place. One principle of international law that has 
been proposed for application to nanotechnology is the 
precautionary principle.55 The precautionary principle 
is based on the maxim “better safe than sorry,” and, at 
least in its stronger form, requires shifting the burden 
of proof to the proponent of a technology or activity 
to prove it is safe. Advocates have suggested that the 
precautionary principle require strict limitations if not 
outright prohibitions on nanotechnology.56

Some legal scholars assert that the precautionary 
principle has attained the status of customary inter-
national law given its inclusion in a series of inter-
national environmental agreements and international 
court cases,57 but this conclusion is called into question 
by the non-acquiescence to the precautionary principle 
by some nations, most notably the United States. 

The precautionary principle is dubious as a basis for 
regulating nanotechnology for at least three principal 
reasons. First, notwithstanding frequent references 
to “the” precautionary principle, there is no standard 
or accepted version of the precautionary principle. At 
least nineteen different versions of the precautionary 
principle have been identified, differing in important 
respects in several different dimensions.58 Without any 

consensus on what the precautionary principle actually 
means, it does not provide a robust or reliable founda-
tion for transnational regulation.

Second, every version of the precautionary principle 
is ambiguous with respect to central risk manage-
ment decisions such as: (i) What level of risk is ac-
ceptable? (ii) What early indications of potential haz-
ard are needed to trigger precaution? (iii) How much 
data must proponents produce to demonstrate that a 
product or activity is sufficiently “safe” to proceed? (iv) 
How are costs and risk tradeoffs factored in? (v) What 
type of action is required to satisfy the precautionary 
principle? 

Without providing an answer to these questions 
which are central to any regulatory decision, the pre-
cautionary principle fails to provide a credible deci-
sion-making framework for nanotechnology or any 
other technology. Given its imprecision and ambigu-
ity, it is perhaps not surprising that the precaution-

ary principle has been applied 
arbitrarily, including being 
used to (i) ban Kellogg’s Corn 
Flakes in the Netherlands and 
Norway because of the possible 
risks presented by the various 
vitamins used to fortify the 
cereal, (ii) ban cranberry fruit 
drinks in Denmark because of 
the possibility, however remote, 
that the vitamin C in the juice 

could harm someone unusually sensitive to vitamin C, 
and (iii) reject U.S. food aid to the starving population 
of Zambia because the corn may contain genetically-
modified kernels eaten by millions of Americans every 
day.59

Finally, the precautionary principle, if applied con-
sistently and diligently, would seemingly prevent any 
technology from moving forward. Because the earliest 
steps in technology development involve the greatest 
uncertainties, an early-stage technology could never 
satisfy the precautionary principle and move on to more 
definitive assessments. This technology-freezing effect 
of the precautionary principle was recently described 
by Sir Søren Holm and John Harris as follows:

 As a principle of rational choice, the precaution-
ary principle will leave us paralyzed. In the case of 
genetically modified plants, for example, the great-
est uncertainty about their possible harmfulness 
existed before anybody had yet produced one. The 
precautionary principle would have instructed us 
not to proceed any further, and the data to show 
whether there are real risks would never have been 
produced. The same is true for every subsequent 

Nanotechnology includes a wide variety of disparate 
products and processes with a range of risk and 
benefit profiles. Given that a complete prohibition on 
nanotechnology is unlikely to ever be popular, a more 
nuanced and hence complicated approach will be 
necessary for regulating nanotechnology.
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step in the process of introducing genetically modi-
fied plants. The precautionary principle will tell 
us not to proceed, because there is some threat of 
harm that cannot be conclusively ruled out, based 
on evidence from the preceding step. The precau-
tionary principle will block the development of any 
technology if there is the slightest theoretical pos-
sibility of harm.60

Of course, some precaution and foresight are essential 
for effectively and responsibly addressing prospective 
risks of any emerging technology, including nanotech-
nology. But more than a slogan is needed. The precau-
tionary principle is an overly-simplistic and under-de-
fined concept that seeks to circumvent the hard choices 
that must be faced in making any risk management 
decision, and as such fails to provide a coherent frame-
work for the regulation of nanotechnology.

Conclusion
There are many existing models for transnational 
regulation of nanotechnology that can provide useful 
lessons about the desirability, feasibility, design, and 
implementation of any future efforts to regulate nano-
technology at the international level. None of these 
existing models are likely to fit the needs of nanotech-
nology regulation exactly, but we can learn from past 
efforts to regulate other technologies, important les-
sons about the likely obstacles, challenges, opportu-
nities, and routes to success that will likely confront 
any effort at transnational regulation of nanotechnol-
ogy. One major lesson that can be drawn from existing 
models is that international agreements to regulate 
technologies generally take considerable effort, time, 
political capital, and resources, and thus are likely to 
only be undertaken for the most serious and imminent 
problems. It is unclear whether and when nanotech-
nology regulation will become a sufficient priority to 
justify such an international undertaking.

Another important lesson from past international 
agreements is that enforcement, non-compliance, and 
non-participation are persistent and perhaps inevi-
table problems of any international undertaking that 
seeks to be universal. A core question that has to be ad-
dressed, therefore, is what level of non-compliance and 
non-participation in any international agreement can 
be tolerated? In other words, how destabilizing would 
it be if a few nations refuse to comply or participate 
in an international agreement and serve as havens for 
otherwise restricted applications of nanotechnology? 
Dual-use technologies present particularly difficult 
verification and definitional challenges for interna-
tional (or for that matter even national) regulation, 

and this problem will certainly apply to nanotechnol-
ogy where many applications are likely to have both 
beneficial and pernicious potential applications. 

Consider some other lessons for nanotechnology 
from an examination of existing models of transna-
tional regulation of technologies:

•  Any regulatory instrument is likely to impose 
some burden on beneficial uses of the technology 
as a cost of restricting potentially harmful applica-
tions. How these factors are balanced is critical, 
and different nations with different levels of de-
velopment and interests in a specific technology 
may weigh these factors differently.

•  A critical and often controversial issue in any 
international regulatory scheme is deciding the 
scope of the technology to be regulated, including 
which applications should be restricted and which 
should be prohibited, and how clearly this line can 
be drawn.

•  The inclusion of technology-sharing provisions 
can be a powerful inducement for less developed 
countries to participate in international agree-
ments.

•  As a consequence of global political and techno-
logical trends, non-state actors (e.g., industry, 
international organizations and networks, and 
non-governmental organizations) will play an 
increasingly important role in the development 
of new technologies such as nanotechnology, and 
must be addressed in any international agree-
ment.

•  One of the lessons of the attempts to control dual-
use technology is that managing information and 
knowledge is as important as controlling material 
and equipment.61 Because of the ease with which 
information can be distributed and shared, it is 
much more difficult to control and regulate infor-
mation than hard goods in many contexts.

•  Any international agreement must have built-in 
flexibility to evolve given the rapid pace of techno-
logical change expected for nanotechnology.

It is clear that any formal international regulatory 
agreement for nanotechnology will face many obstacles 
and challenges. It is likely that any formal international 
regulatory agreement is many years in the future, but 
this should not prevent analysis and discussion today 
of the issues involved in regulating nanotechnology in 
the future. At the same time, it may be worthwhile to 
consider other, less formal alternatives to binding trea-
ties at the international level.62 Some options along this 
line include:
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•  Transnational dialogue and information shar-
ing forums, like The International Dialogue on 
Responsible Research and Development of Nano-
technology;63

•  “Civil-society-based monitoring,” as occurs with 
the BioWeapons Prevention Project, a network of 
non-governmental organizations which monitor 
government compliance with the BWC;64

•  Codes of conduct, like those advanced by the 
Foresight Guidelines on Molecular Nanotechnol-
ogy;65

•  Enlisting a group of experts to issue periodic re-
ports on the state of technological development 
and related issues, which occurs with the Inter-
national Panel on Climate Change pursuant to 
global warming;66

•  International consensus standards;67

•  Export controls, such as those provided by the 
“Australia Group,” an informal grouping of thirty-
three industrialized nations that seek to prevent 
the spread of chemical and biological weapons 
technologies through coordinated export controls 
and monitoring;68

•  Confidence building measures, which are incre-
mental steps or actions that build trust and un-
derstanding in a dispute context.69

In conclusion, existing models of transnational regula-
tion of technologies provide valuable lessons for the fea-
sibility and design of future transnational approaches 
to the regulation of nanotechnology. Although nano-
technology will likely require its own unique approach, 
transnational regulatory design and implementation 
can nevertheless build on and learn from this past re-
cord. Creative approaches will be needed to address 
risks of nanotechnology at the international level, with 
more informal approaches most likely to succeed in the 
shorter term, leading possibly to more formal agree-
ments as the risks, benefits, and direction of nano-
technology become more clear. If nations decide that 
an international agreement is needed, a framework 
convention similar to that which has been used with 
global warming and tobacco control may be the most 
sensible approach because it sets up an ongoing pro-
cess that can then be used for incremental change, in 
sync with nanotechnology’s development. 
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