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Introduction

Nanotechnologies represent one of the most intriguing te-
chnoscientific revolutions ever undertaken. They are found in a
variety of production and commercialization sectors, and they
exhibit innovative characteristics and properties that are unpre-
cedented in science. Furthermore, nanotechnologies, which are
associated with technoscientific perspectives, are no longer the-
oretical; research has paved the way for practical applications.
The power and value of the prefix “nano” are acknowledged in
the market, and high economic gains are projected within the
industrial and commercial contexts.

Given the absence of a regulatory framework, this article
assesses regulation options in structuring plural forms of the
governance of risks posed by nanotechnology applied to foods
and biofuels. This is challenging for the law, which must alter
its ways of regulation and open up to other areas of knowledge
in order to develop the management of nanotechnology-asso-
ciated risks in a transdisciplinary manner.

In this scenario, the present article addresses the issue of
contradictions, similarities, and possible convergences betwe-
en different forms of nanotechnology regulation in food and
biofuel development: conventional regulation (command and
control regulation) and alternative soft law regulation aimed
at private sector activities.

The hypothesis points to the promotion of manifestations
of social regulations, which are not included in the traditional
sources of the law and result from decision-making processes
that involve non-state stakeholders such as non-governmental
organizations (NGOs), research institutions, research financing
bodies, businesses, and international organizations.

Method

Comparative, historical, and structural methods as well as
case studies were used for analysis. The research techniques
included bibliographic research and review of documental re-
search, which involved analysis of legal documents and publi-
cations by international bodies linked to regulation of nanote-
chnology issues.

The theoretical-dialectic perspective of law developed
by Francois Ost and Michel van de Kerchove was adopted'. In
“De la pyramide au réseau? Pour une théorie dialectique du
droit,” the authors propose a reflection on structural changes
within the legal system, which is currently in a paradigma-
tic transition in which the linear verticality of the pyramidal
hierarchy of the legal structure and state regulation lead to
a complex regulation and governance network that involves
various state and non-state stakeholders.

Various sectors of the law are undergoing a transformation
in which the influence of transnational regulation, technical re-
gulation, and private self-regulation is increasing in comparison
to that of the prevailing state law. The positivist, unitary view
of the law, which is centered on the territoriality of the state
and enclosed in a formal and hierarchical system represented
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by a metaphorical pyramid?, gives way to new legal structures.
Issues involving emerging themes such as human rights, new te-
chnologies, the environment, and international trade require a
plurality of regulation forms, which can be described as a com-
plex network involving mandatory and sanctionary conventional
state regulations as well as new legal manifestations composed
of non-mandatory regulations known as soft law, which are un-
related to the formal processes of legislative production. Moreo-
ver, important structural changes are observed in the exercise
and legitimation of power, particularly in emerging areas such
as the regulation of new technologies. During this movement,
the state monopoly on the implementation of the law and ma-
nagement of public goods (government) loses ground related to
decision-making processes (governance) to legal pluralism and
the diversity of social stakeholders (businesses, organizations of
professional representatives, regulation and certification insti-
tutions, and NGOs).

Theoretical Grounds

Technoscientific convergence and new
challenges: Creating a new (?) nanoscale world

Traditionally, science developed on the basis of characteris-
tics such as the quest to understand the world in order to “[...]
describe it; interpret it; understand it; explain it; and, in the
best scenario, predict and retrodict events, thus explaining them
more effectively”>. However, this scientific paradigm has gradu-
ally changed, particularly with regard to how it operates and to
the process of producing scientific knowledge. Currently, science
is encouraged as a path toward technological development, redu-
ced to a logic of productivism, and transformed into technoscien-
ce, increasingly guided by the laws of the market. Different va-
lues serve to motivate the research; for example, “for a scientist,
knowledge is an end in itself, whereas for a technoscientist, it is
a means to achieve other objectives”. Moreover, most institu-
tions that fund research tend to reproduce the productivist logic,
favoring research aimed at technological applications. There is a
constant and growing quest for technological innovation, which
involves the development of new processes and products, in or-
der to address the demands of the consumer market.

As a result of these changes, contemporary science can
no longer be described “[...] as a discourse or a cosmovision;
it is a conscious and deliberate activity that is developed by
teams, usually large teams, that possess distinct interests and
forces, such as theory, practice, and administration”. The te-
chnoscientific attitude is significantly more aggressive because
it is not contemplative and exploratory but interventionist and
transforming. It aims at reconstructing the surrounding world
and “invading” all corners of nature, which seems to be an
obstacle that needs to be overcome. It is in this context that
nanotechnoscience is developed, suggesting that science and
technology do not exist separately but are intertwined on a
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nanoscale. The aim is not to “[...] describe the processes of
nature on a nanoscale but to actively transform the aspects of
nature on which it works.” It should be noted that nanoscience
is not a science in the traditional sense; it is a “frontier scien-
ce”4. Therefore, it is important to identify the (ethical) fron-
tier of this science. This is necessary because nanoscience is
an alternative to promoting the convergence between various
sciences: life sciences, information sciences, and knowledge
sciences such as cognitive sciences. In addition, another ques-
tion arises: how will the science of law address this technos-
cientific revolution? Thus, this article’s primary focus is finding
creative and flexible alternatives for developing legal solutions
without depending on state activity®.

In the era of nanotechnological innovation, human rights
are preliminary fundamental ethics that circumscribe the field
of nanoscale research and the development of regulatory fra-
meworks. “Today, nanotechnology, in the broadest sense, refers
to technologies involving products of a minute size, i.e., less
than one-tenth of a micron, 100 nm, or a hundred-billionth of a
meter”. Thus, the law must be able to consolidate this technos-
cientific revolution’ by renewing its assumptions and developing
creative responses to the rights and challenges that this innova-
tion will bring about in society. Moreover, in addition to strongly
interacting with nature, nanotechnology will promote physical
changes, which will be “[...] at the same time formed by tech-
nology and the creators of technology, continuously generating
new references to capture immediate experience. Technology
is a part of man.” The interface brain machine provides unusu-
al experiences: “[...] technology has become an end in itself,
and society faces new issues triggered by this reality—genetic
engineering, nanotechnology, stem-cell research, etc.” This
creates a worrying degree of “[...] mismatch between morale
(collectively and slowly developed) and the pace of technical
progress. There exists a risk of the emergence of a totalitarian
technocracy, with science being driven by cutting-edge perfor-
mance, to the detriment of the discovery of truths that give
meaning to life”®. To address these aspects of complexity that
have emerged in the era of technoscience and are exemplified
by nanotechnologies, the development of science specialization
must be reviewed. “The specialization of science, which took
place in the 19™-20% century, resulted in the training of scien-
tists specialized in increasingly narrow areas of knowledge™’.
The technological convergence of nano-bio-info-cogno does not
appear to correspond to this specialization of scientific know-
ledge. On the contrary, it requires transdisciplinary formulas
for the construction of knowledge in the technoscientific con-
text. In particular, the law should allow for this transdisciplinary
perspective in order to socially, politically, ethically, and legally
establish adequate regulatory frameworks.

Thus, there is strong evidence that nanotechnologies will
pose significant challenges to the creation of a new world, be-
cause, in the characterization of nanomaterials, i.e., of mate-
rials created on a nanoscale and through human intervention,
two characteristics are observed: a) the smaller the surface
area, the higher the concentration of atoms, and b) the quan-

tum effect, which states that on a nanoscale, the bond be-
tween atoms differs because of the presence of shared orbital
energy levels, producing changes in electrical, magnetic, ther-
mal, mechanical, chemical, and optical properties'.

These characteristics indicate a set of innovations brought
about by nanotechnologies. Why use the plural? Because it is a
set of various technologies that allows the research and produc-
tion of nanoscale objects, and it may be used in the cosmetics,
pharmaceutical, food, and clothing industries.

Enabling the development of regulatory
frameworks for nanotechnologies applied to
foods and biofuels

Regulatory issues cover various areas of knowledge invol-
ving nanotechnologies. They represent the most recent chal-
lenge to balancing technological progress and the protection
of human health and the environment. This is a familiar situ-
ation: technology progresses rapidly and offers regulation po-
tential for social well-being; however, it presents substantial
uncertainty in terms of risks to human health and the environ-
ment'", including foods and biofuels.

However, it is essential to distinguish between risky situations
because this difference will influence regulatory formulations.
Risk can be perceived as an uncertain consequence of an event
or human activity. Thus, risk includes a social dimension that in-
volves its public perception and the level of risk one is willing to
take. This is probably the key issue for anticipating potential risks
involving nanotechnologies on the basis of three components: risk
assessment, management, and communication'. To these closely
connected elements, one needs to add risk dimensions, namely,
the likelihood of an event and the magnitude of its consequences.
Therefore, the final decision is based on the result of this equa-
tion of risk calculation. There is a difference between risk and
danger as the former also considers potential exposure. Danger
in itself does not constitute “risk”: the characterization of health
risk should consider both the danger and potential exposure®.

Other aspects of risk should also be considered. Nanote-
chnologies promote the development of systemic problems
because a) new technologies (including nanotechnologies) in-
fluence economic and political structures and often raise con-
cerns related to the values and cultures of a society, such as its
concept of nature, perception of privacy, attitudes regarding
the power to make decisions on the continuation of research
and commercialization of products and individual control, as
well as views on distributive justice, and b) the structural pa-
ths of society via policies and institutions to support, regulate,
and determine the safety of technologies are highly responsi-
ble for guiding this development'. These aspects show that in
addition to the potential toxicological effects, nanotechnolo-
gies can have social and political impacts on society that are
being discussed and whose perception is more incipient than
that of the first category of risks. These impacts are as or more
important than the toxicological effects and also need to be
understood and regulated by law.
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Nanofoods include not only foods and beverages that con-
tain nanoparticles in their composition but also substances that
come into contact with such foods and beverages, such as ani-
mal feeds, vaccines, pesticides, and packaging. The following
are examples of nanofoods: a) nanoparticles and nanocapsules
that are aggregated with foods and beverages to change their
taste and texture (already present in leading brands in the
market); b) nanoparticles added to chicken feed, having an
antibiotic effect; c) pesticides, which are easily absorbed by
plants; d) vaccines to treat fish; e) food packaging to increase
shelf life, control temperature variation, protect foods against
fungi and bacteria, etc'. There is a wide variety of materials
used in nanofoods, and such products are already available in
foods, kitchen utensils, refrigerators, or food packaging. For
example, silver nano™' is used for its antibacterial effect.

Other similar materials include the following: a) nano-se-
lenium, which is used as an additive to intensify the effects of
green tea; b) nanocalcium, which has been patented for its use
in chewing gum, and nanocalcium salts and nanomagnesium
are used as food supplements'’; and c) carbon nanotubes 8
which are developed to produce potent insecticides and fun-
gicides. Researchers claim that there may be a revolution in
the production of foods and vegetables for the production of
biofuels™. In this context, an OECD report indicates innova-
tions involving DNA analysis in the agricultural sector, which
may allow agricultural businesses to predict, control, and im-
prove production. The technology for manipulating molecules
and atoms in foods would provide high-quality, precise, and
low-cost production methods to the food industry, thus impro-
ving sustainability. The combination of DNA technology and na-
notechnology may generate new nutrition systems that carry
substances to specific parts of the human body. These syste-
ms are called “atomically modified organisms” (AMOs), which
have the potential to stimulate more intense debates than do
genetically modified organisms (GMOs)2.

Biofuel production results from this combination of nano-
technologies and vegetables. Great effort has been invested
in utilizing biotechnology for the production of biofuel, inclu-
ding the development of technologies, particularly genetically
modified microorganisms, as well as other possibilities that
may be included in the group associated with ethanol*. The
uncertainties regarding nanoparticles in relation to foods, pa-
ckaging, and agricultural production also apply to biofuels with
nanoparticles. Although they offer potentially reduced con-
sumption, replacement of fossil fuels as energy sources, less
pollution, and less wear on vehicle parts??, empirical evidence
is required to determine the effects of nanoparticles on human
beings and the environment. Due to the limited available data,

i Translated freely by the authors.
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knowledge from previous experiences related to the remai-
ning uncertainties needs to be taken into consideration?. A
proactive attitude with regard to risk management should be
adopted within the framework analyzed in this study.

The scenario presented, based on examples of nanote-
chnologies applied to foods and biofuels, indicates a wide
range of risks that have not been scientifically confirmed;
however, these products are already being produced and are
available in the market. This provides the perfect backdrop
for the debate on regulatory frameworks. In addition, me-
thodologies, criteria, and guidelines for risk assessment,
management, and communication must be developed to
enable decision making regarding the present and future of
these new technologies.

For this purpose, the development of scientific tools and
information is essential to perform informed risk assessments
with regard to this emerging technology. The Comprehensive
Environmental Assessment (CEA) of the US Environmental Pro-
tection Agency (EPA) is an example of this effort.

Figure 2 shows?* the holistic approach of the CEA in as-
sessing the environmental consequences of selecting diffe-
rent chemical products and technologies. The CEA may be
used to identify and prioritize research to support future
assessment efforts and/or contribute to risk management in
more specific decision-making processes. It offers a structu-
re to systematically organize information by incorporating
and building analytical methods including the conventional
life-cycle analysis, exposure evaluation, risk analysis, and
characterizationt.

It is worth noting that any decision related to nanoparti-
cles should be assessed by evaluating its potential repercus-
sions on the set of energies and forces reciprocally established
by nature, thus questioning the means by which and environ-
mental conditions in which interactions occur and new nanoto-
xicological effects emerge. Environmental assessment should
begin with the product’s life cycle, taking into consideration
its potential interactions with raw materials. The assessment
should also cover research and the industrial production pro-
cess; commercialization; consumption; and disposal, including
recycling. In addition, product exposure, transportation, and
transformation are important to effectively evaluate the im-
pact on humans and the environment. The development of the
production process poses new challenges and risks, with the
workers being particularly exposed to them. This leads to the
inauguration of a new management phase.

Regulation and risk management is thus required. The re-
gulation of nanotechnologies has given rise to a new form of

ii A recent study published in June 2012, conducted by researchers of Duke University, described how silver nanoparticles behave after they are released into
the ecosystem, by simulating a miniature ecosystem. The particles accumulated in the plants, insects, and fish, which were a part of this miniature ecosystem.
Interestingly, silver nanoparticles are already used as antimicrobial agents in various goods, such as clothes (in particular socks), containers for storing food, and

pharmaceutical, cosmetic, electronic, and optical products.

iii According to a recent study by NIOSH researchers, carbon nanotubes can cause lung tumors.
iv One example is nano-scale cerium oxide, which is used in vehicle catalysts. There are no conclusive studies on the safety of this substance, and risk

assessments conducted until now have been considered inadequate.
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regulation: a multicentered set of rules and principles to guide
the safe and clean implementation of new nanoscale products.

The term regulation has various meanings depending on
the area of knowledge, which include cybernetics, economics,
politics, and law. In social sciences, regulation traditionally
refers to the state activity of producing legal regulations such
as laws and other legally binding instruments (administrative
acts such as decrees, ordinances, and regulatory instructions).
Regulation is mainly used in the context of regulatory law, to
denote the activity of regulatory agencies.

In recent years, regulation has assumed a wider meaning
and includes instruments of meta-regulation. Although there
are no universal definitions of self-regulation and meta-re-
gulation, in general terms, the former is a process of volun-
tary regulation, independent from state regulation and cre-
ated by non-state stakeholders. Furthermore, it includes its
own addressees, as is the case with companies. On the other
hand, the latter results from the interaction between state
regulation and self-regulation. Meta-regulation is a monitoring
strategy of the state for the mechanisms of self-regulation. It
refers to a multilayered regulation in which “each layer regu-
lates the following layer’s regulation through various combina-
tions of horizontal and vertical influence”?.

Prospects for the regulation of nanotechnology applied to food and biofuels

The regulatory scenario: Innovation and
uncertainties due to nanoscale

In this dynamic and uncertain situation, debates regarding
how and whether to regulate nanotechnology are common on
the Internet, in groups within organized civil society, in scien-
tific literature, in conferences (meetings of researchers, go-
vernment agencies, company representatives, etc.), and in
public hearings. However, the mainstream press does not pay
due attention to the topic.

Conversely, researchers and representatives of the business
sector criticize the possibility of legal solutions arising from
conventional command-and-control instruments, as they would
not adequately address the rapid technological changes owing
to difficulties in adapting to uncertain and complex situations.
Through voluntary regulations, these professionals propose stra-
tegies for the governance of risks posed by cutting-edge science
and emerging technologies, particularly those based on instru-
ments of self-regulation established and applied either individu-
ally or by a set of professional organizations, technical regula-
tion institutions, transnational corporations, or NGOs.

In 2005, the Project on Emerging Nanotechnologies (PEN)
at the Woodrow Wilson International Center for Scholars in the
United States released a report, “Managing the Effects of Na-
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notechnology,” authored by J. Clarence Davies. In the study,
based on the legislation of the United States, Davies observed
the inadequacy of the country’s legislation to address the uni-
que characteristics and risks of nanomaterials, concluding that
a new regulatory framework was necessary?.

The Communication of the European Commission of June
17, 2008, titled “Regulatory aspects of nanomaterials”?,
concluded the following: a) current legislation covers the
risks associated with nanomaterials and (b) the protection
of health, safety, and the environment needs to be reinfor-
ced, mainly by improving current legislation implementation
when it is unable to effectively manage its risks owing to
lack of adequate data and methodology for assessing risks
related to nanomaterials.

To address this, in 2009, the European Parliament appro-
ved the “Resolution on Regulatory Aspects of Nanomaterials”?,
presented by the Commission for the Environment, Public He-
alth and Food Safety. It highlights both the inadequacy of the
current community legislation and the need to a) review all
relevant legislation within two years to ensure the safety of
all applications of nanomaterials that may impact health, the
environment, or safety during its life-cycle, and b) ensure that
the legal provisions and implementation instruments reflect
the specificities of nanomaterials that workers, consumers,
and the environment could be exposed to.

On October 3, 2012 the European Commission (EC) relea-
sed an analysis on nanomaterials regulation, the “Second regu-
latory review on nanomaterials”%?3; however, its conclusions
were criticized by organized civil society. A coalition of NGOs
wrote an open letter to those responsible for the conclusions,
criticizing them for not consistently considering the available
scientific information on potential risks of exposure to nano-
materials, e.g., in the document titled “Staff Working Paper
(SWP)”3' prepared by scientists at the request of the EC. This
letter deemed the changes limited to the REACH annexes as
insufficient, considering it inadequate to fill existing gaps and
address the lack of information on nanomaterials in products.
Moreover, it accused the analysis of “putting the interests of
industry before the well-being of society” as it rejected “the
implementation of a precautious approach” 32,

Therefore, there is high tension regarding this issue betwe-
en the EC and the European Parliament, due to the interests
represented by both institutions, with the Green Party exer-
ting considerable influence on the latter.

Next, we present the options for regulation of nanotechno-
logies applied to foods and biofuels®.

a) Non-regulation:

The first option is immediate non-regulation due to the
lack of scientific confirmation of the risks and hazards associa-
ted with nanotechnologies. This is the current situation in most
states, as their legal systems do not include regulations on any
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form of labeling, monitoring, and information on the risks po-
sed by nanotechnology. Furthermore, in many states, there is
no public debate on this topic. However, awaiting scientific
proof of the negative effects of nanotechnology before esta-
blishing legal frameworks or reviewing current laws does not
seem to be an adequate decision. The various stakeholders
should at least discuss the necessary measures to address the
risks associated with nanotechnologies.

Regarding the release of nanoparticles into the environ-
ment, several studies have recommended that direct state
intervention is urgently needed to create risk management
instruments that include research on the undesired effects of
nanoparticle residues; risk monitoring; limitation of activities;
and depending on the conditions of uncertainty and the seriou-
sness of potential risks, a ban on sales of nanoparticles or the
release of nanoparticles into the environment.

b) A general moratorium on the research, development, and
commercialization of nanotechnologies and/or nanomaterials:

This option opposes non-regulation and is supported
mainly by environmental NGOs. The NGOs Friends of the
Earth Australia®* and Grupo ETC* are seeking a moratorium
on the use of nanotechnology in agriculture and the produc-
tion of foods. The moratorium on nanotechnology would be
an extreme example of an application of the precautionary
principle, which demands that no substance is released wi-
thout evidence that it is not dangerous to the environment.
However, this is not the only application of the precautio-
nary principle.

Therefore, both non-regulation and a general morato-
rium do not adequately address the uncertain risks posed
by nanotechnology. The precautionary principle highlights
that something should be done. However, considering both
the complexity associated with the wide spectrum of inno-
vations in the fields of nanotechnology application as well as
the resulting potential risks, comprehensive solutions must
be developed by modifying/complementing current regu-
lations, constructing new regulatory frameworks, or adop-
ting/acknowledging voluntary state and private regulations
as being complementary.

c) An incremental process using existing legal structures:

A mid-point between both the above positions would be to
use existing legal structures, train state bodies and agencies
to enforce regulations to the specificities of nanotechnology,
and review and alter the regulations to adapt to new require-
ments of nanotechnological risks. As this process focuses on
politically consensual selective modifications in the current le-
gislation, it is not as radical and represents a shorter path than
launching a comprehensive and profound regulatory process
specific to nanotechnologies.

As previously mentioned, most national and international
legal structures do not include specific protection against risks

v Among the main conclusions of the European Commission in the “Second regulatory review on nanomaterials,” the following idea stands out: “Nanomaterials
require an evaluation. In light of current knowledge and opinions of the European Union’s scientific and advisory committees as well as of independent risk
evaluators, nanomaterials are similar to chemical products or normal substances, i.e., some may be toxic and others may not. The possible hazards are related
to specific nanomaterials and their uses. Therefore, nanomaterials require risk assessment, which should be performed on a case-by-case basis using relevant
information. The current methods of risk assessment are applicable, even if certain aspects need to be worked upon...”
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posed by nanotechnologies. However, considering the various
legal regulations aimed at protecting the environment and hu-
man health as well as the wide range of legal approaches to
risk, applying existing laws or adapting them to the specifici-
ties of nanotechnology should not be ruled out. Regulations
regarding toxic substances, biotechnology, foods, medications,
consumer rights laws, civil laws, penal laws, and environmen-
tal laws should not be ignored, although they are not currently
aimed at the risks and specificities of nanotechnologies. The
current regulation network related to the risks associated with
consumers as well as environmental and human health issues is
clear on important principles such as precaution, prevention,
and the right to information, and although it does not directly
mention nanotechnology, it cannot be neglected. In addition,
regardless of the solution for the regulation of nanotechno-
logy—modification or creation of regulatory frameworks—it is
important to analyze current regulations, because a new re-
gulation will not be included in a parallel, autonomous system
specifically created for nanotechnologies.

It is essential to set the current legal context as the point
of departure and identify situations in which it is appropriate
to make minor or major changes to incorporate new criteria
and requirements. Thus, it is important to study comparative
law as a way of “prospecting” different realities in order to
make decisions regarding when and how to legislate within a
national context.

d) A comprehensive and profound regulatory process ai-
med at nanotechnologies:

The French legal system includes an example of the con-
trol of specific information about nanoproducts. Articles
L523-1-L-523-3 of the French Environmental Code foresee the
obligation to declare the quantities and uses of all produced,
distributed, or imported nanoparticles in France. This exercise
will enhance knowledge about these substances and their uses,
enable the control of the areas of use and commercialized quan-
tities, and contribute to the collection of information on the to-
xicological and ecotoxicological properties of these substances.
To regulate the instruments of the French Environmental Code
that are related to the subject, Decree no. 2012-232 of February
17, 2012 was enacted in January 2013. It foresees the annual
declaration of “substances in the state of nanoparticles.”

Regarding nanomaterials in foods, the regulation regarding
the availability of information for consumers in the European
Union (EU Regulation 1169/2011) was approved by the EC in
July 2011 and will be enforced in December 2014, combining
two previous directives: regarding “labeling, presentation and
advertising of foodstuffs” (2000/13/EC) and “nutritional labe-
ling of foodstuffs” (90/496/EEC). This regulation requires the
labeling of ingredients that are in the form of nanomaterials
in food products. According to the regulation, “All ingredients

Prospects for the regulation of nanotechnology applied to food and biofuels

present in the form of artificial nanomaterials shall be clearly
indicated in the list of ingredients. The names of such ingre-
dients shall be followed by the word ‘nano’ in brackets”"'.

In Brazil, four bills have been proposed at the National
Congress, Bill nos. 5,076/2005, 131/2010, (brought to a close
in 2007 and 2013, respectively), 5,133 and 6,741 of 2013,
which is still in Congress.

The first project, Bill no. 5,076/2005, proposed by the
Member of Parliament Edson Duarte to create legal provisions
on “nanosafety,” was brought to a close in January 2007 owing
to the unanimous approval of the statement by rapporteur Léo
Alcantara representing the Commission on Economic Develop-
ment, Industry and Commerce of the Chamber of Deputies. Ac-
cording to the Commission’s understanding, Brazil is not curren-
tly conducive to enacting laws on nanotechnology, because “in
the country’s current stage of nanotechnological development,
the scope of the object of analysis that it proposes to regulate
is not clear.” According to Alcantara, “to enact laws on some-
thing whose processes and products are still somewhat unknown
creates a high risk of increasing the investors’ uncertainty and
inhibits the flow of investments in that activity.” According to
the rapporteur, the concerns of the project’s author are covered
by current regulations. In the same statement, the rapporteur
declares that “the proposal would add a series of bureaucracies
that would mean the increase of the so-called ‘custo Brasil’ in
relation to that activity, which is only now starting to assert it-
self in the country.” According to the text, approving the propo-
sal would “mean the difference between businessmen investing
and not investing in this new area of knowledge”3.

The second rejected project, Bill no. 131 of 2010, aimed at
altering Decree-Law no. 986 of October 21, 1969, which institu-
ted basic regulations on foods, and Law no. 6,360 of September
23, 1976, with regard to health surveillance regarding medica-
tion, drugs, pharmaceutical ingredients and related substances,
cosmetics, and sanitizing products. If approved, it would pro-
mote the alteration of Decree-Law no. 986 of October 21, 1969
to determine that the following clearly state information about
this fact: labels; leaflets; printed materials; tags; packaging;
prospectuses; as well as advertising materials for products, me-
dication, drugs, pharmaceutical ingredients and related subs-
tances, cosmetics, and sanitizing products that are developed
using nanotechnology. The project’s justification highlights the
importance of nanotechnology in the development of new pro-
ducts and of the growth of nanoproducts already in the market.

The proposal was submitted for analysis to the Commission
for Social Affairs and Commission for the Environment, Consu-
mer Protection, Control and Surveillance. Both commissions
were in favor of rejecting Bill no. 131 of 2010 because they re-
garded it as a proposal for unnecessary legal intervention with
regard to food and the other mentioned products. According

vi The text of Regulation 1169/2011 of the European Union includes the concept of an “artificial nanomaterial,” which refers to intentionally produced material
that has one or more dimensions of the order of 100 nm or less or that is composed of discrete functional parts, either internally or at the surface, many of which
have one or more dimensions of the order of 100 nm or less, including structures, agglomerates, or aggregates, which may have a size above the order of 100

nm but which retain properties that are characteristic of the nanoscale. Properties that are characteristic of the nanoscale include (i) those related to the large
specific surface area of the materials considered and/or (ii) physicochemical properties that differ from those of the non-nanoform of the same material..”
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to the report, there is no scientific foundation for the require-
ment of this information. In addition, the project may cause
unnecessary confusion and alarm among consumers and econo-
mic losses to businesses. Moreover, the members of the com-
missions believed that because the ANVISA has the authority
to regulate on this matter via a non-statutory regulation, such
requirements should not be included in common law.

Currently, Bill no. 5,133 of 2013, authored by Sarney Fi-
lho, Federal Deputy of the Partido Verde (PV), is in Congress.
This proposal aims to make compulsory the labeling of pro-
ducts that use nanotechnology. This is justified by citing the
consumer’s right to information about the potential risks of
products “obtained via the nanotechnological process.”

The abovementioned proposal states that information
should be placed on labels of products that are obtained or
produced via nanotechnological processes, that contain nano-
particles (nanotechnological ingredients) in their composition,
or that are or that include ingredients produced using animals
which were fed nanoproducts. This information applies to cos-
metics, pharmaceuticals, and foods.

Bill no. 6,741 of 2013, also authored by Sarney Filho, pro-
poses the creation of a national public policy of risk mana-
gement regarding nanotechnological development under the
principles of information, transparency, social participation,
precaution, prevention, and social responsibility. To implement
the National Policy on Nanotechnology, this bill indicates four
instruments: a) national registration to control and monitor
research projects, technological development, creation, com-
mercialization, and introduction in the nanoproducts market;
b) state authorization in relation to human and animal health
as well as environmental protection for the research, produc-
tion, and commercialization of nanoproducts or products de-
rived from nanotechnological processes; c) the requirement
of studies on the environmental impact of the release of na-
noproducts; and d) the promotion of studies on the effects
of nanoproducts on human and animal health as well as on
the environment. Moreover, when the state authority decides
that nanotechnological processes and products can damage
the environment or human or animal health, the bill enables
the establishment of specific monitoring plans for them. The
same legislative proposal also mentions the following: a) the
possibility of rejection, suspension, and registration of a na-
notechnology process or product, or of a product containing
nanotechnological ingredients; b) the adequate disposal of na-
notechnology rejects, establishing the need for residue plans
based on the National Policy for Solid Residues (Law no. 12,305
of August 2, 2010); c) an obligation for notification of accidents
involving nanoproducts (Law no. 12,608 of 10 April 2012 of the
National Policy on Civil Protection and Defense); d) the use of
public resources in nanoscience and nanotechnology; e) the
prohibition of patenting nanotechnological products or proces-
ses obtained from living organisms as well as that of research,
use, commercialization, registration, patenting, and licensing
of nanotechnologies; and f) responsibilities and sanctions re-
garding non-compliance with the necessary measures in order
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to prevent drawbacks and damage caused by activities derived
from nanotechnology.

Because nanotechnologies have applications in distinct
areas of science, technology, and economy, and because legal
interests are involved (safety, environment, property, health,
life, freedom), future actions in terms of regulation should in-
volve the participation of society, including stakeholder orga-
nizations, as well as wide dissemination of information on the
process of the development of regulation.

However, the challenge of establishing “official” state le-
gal regulations for the development of nanotechnologies shows
that there are “blank pages,” i.e., the existence of various
paths that can be chosen and the incapacity of the political
system to address in a conventional manner the creation of
mandatory legal frameworks regarding risks and uncertainties
as technologies advance.

The inertia of states with regard to establishing regula-
tions to address the risks associated with nanotechnologies
is the result of the general uncertainty in relation to this
technology and the pressure from the private sector, which
regards state regulation as an obstacle to its interests. This
indicates that state initiatives are limited to the issuance of
recommendations, good practice guidelines, or referendums
of such initiatives once they are developed and applied by
private organization networks. Direct regulation on nanotech-
nologies involves two major problems: a) a lack of consensus
within the scientific community regarding the methodology
to measure the toxicological effects of nanoparticles and b)
a lack of knowledge about the exact number of nanoparticles
already produced as a result of human activities. In the short
term, these difficulties hinder any attempt to create a spe-
cific nanotechnological regulatory framework. In addition, it
should be noted that the creation of specific regulations wi-
thout adequate alignment with the various relevant areas of
knowledge could exacerbate problems as compared to during
the absence of regulations.

e) Voluntary measures (soft law, self-regulation, and me-
taregulation):

The expression soft law emerged as the contrast to hard
law in the context of international law; it represents regula-
tions that are not of an explicit sanctionary nature. Most soft
law initiatives are conceived in the context of international
organizations involving economic and financial activities as
well as of emerging topics related to society as a whole, such
as environmental protection, human rights, and regulation of
new technologies.

Soft law has been strongly criticized for its doctrinal di-
fficulties and terminological contradictions. It is not a legal
regulation in the positivist sense, because there are no clear
criteria that distinguish between and law and non-law. Moreo-
ver, soft law is considered a threat to state sovereignty due to
the easing of international regulations in favor of economic
and market globalization.

The positivist duality between law and non-law does not
determine the importance of soft law and its influence on
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the various addressees of the regulation. Soft law draws its
strength not from a supposed legal nature but from social
practices, as Laszl6 Blutman observes: “It is not certain that
these regulations require a legal form to effectively fulfill
their regulatory functions. However, the academic reflections
on soft law usually make the mistake of attributing some
kind of legal nature to these regulations, at all costs, to ex-
plain their regulatory functions. However, in most cases, the
answer to the efficacy or inefficacy of these regulations is
not found in the coordinates of their relation to formal legal
regulations, but rather in the detailed analyses of the inter-
national sociological relations”?.

The current scenario of governance of risks associated with
nanotechnological innovation is based on regulations that lack
a sanctionary nature, at least in two major soft law categories:
a) voluntary “public regulations,” which serve as guidelines
for good scientific and business practices, programs and volun-
tary governmental guidelines (e.g., EPA’s Nanoscale Materials
Stewardship Program, DEFRA’s Voluntary Reporting Scheme for
Manufactured Nanomaterials, and the European Union Code of
Conduct on responsible research in the area of nanosciences
and nanotechnologies), and b) self-regulation “private regu-
lations,” good practice guidelines developed and implemen-
ted within companies (e.g., BASF’s Nanotechnology Code of
Conduct) or in collaboration with NGOs (e.g., DuPont & Envi-
ronmental Defense’s Nano Risk Framework) for the safe han-
dling of nanomaterials, codes of conduct established together
with various stakeholders, multi-stakeholder codes of conduct
(e.g., Responsible NanoCode), standards and technical regu-
lations based on scientific expertise (regulations of the Inter-
national Standards Organisation (ISO), American Society for
Testing and Materials (ASTM), European Committee on Stan-
dardization (CEN), Organization for Economic Cooperation and
Development (OECD), and British Standard Institute (BSI))®.

Owing to the difficulties in legal regulation on the matter,
i.e., financial costs and obstacles for research associated with
the creation of new institutions to monitor and regulate nano-
technologies, the advocates of self-regulation are in favor of
capitalizing on the existing regulations to assess the safety of
new products and substances and abandoning the search for
new state regulatory frameworks. Moreover, they promote the
development of regulatory activities of private organizations
(research institutes, businesses, NGOs, and institutions res-
ponsible for establishing technical regulations and certifying
conformity with the required standards). Others, however, be-
lieve that voluntary codes can play an important role in a “first
attempt at new governance” by quickly regulating emerging
areas; however, they argue that governments should also play
a central role in the governance of risks associated with nano-
technologies through “nano-specific” regulations, thus gradu-
ally creating a “regulatory web in evolution”?.

Considering the uncertain future of nanotechnologies, whi-
ch involves a complex mix of expected benefits and feared
risks, soft law regulatory approaches could offer important
advantages to experimentation and learning in a gradual re-

gulatory action, which begins with voluntary regulations and
progresses to decisions regarding the incorporation of more
formal and binding regulations (hard law)*.

Furthermore, soft law facilitates a consensus with regard
to cooperation commitments between the various social par-
ticipants. The need to address opposing interests and values
of non-state stakeholders such as transnational corporations
(TNCs) and NGOs is one reason why states are interested in
promoting soft law strategies*'.

In this context, soft law, in particular private self-regu-
lation, should be considered as complementary to state le-
gislation in order to anticipate future obligations, generate
information, stimulate behaviors, clarify and encourage good
practices, and create opportunities. However, soft law, in par-
ticular self-regulation, should not be used as an instrument of
opposition to state external control in order to “restrain the
development of laws” regarding public demands brought on
by nanotechnology. Therefore, governance initiatives based on
soft law should be transparent and open to control by the state
and civil society. This can be enabled through ample access to
information; otherwise, such initiatives tend to function more
as greenwashing aimed at misleading consumers, demobilizing
state authority, and alienating society from risk management.

A study conducted in the United States between 2008 and
2012 reinforces previous analyses, including governmental stu-
dies, which indicate the lack of transparency on this issue’.
The study, conducted by “As You Sow,” concluded that compa-
nies are not aware of the presence of nanomaterials in their
production chain. In this study 2,500 questionnaires were dis-
tributed among food industry companies, including the largest
food industries, distributors, fillers, retailers, and fast food
and nutritional supplements companies. Only 26 companies
responded to the survey'>. How can the consumer’s right to
information be respected if manufacturers and retailers are
either unaware of or refusing to provide information about the
use of nanotechnology in their products? How can agencies and
other institutions to do their part—estimating, systematizing,
and studying possible toxic effects—if companies withhold this
important information? Can we expect companies, when they
make voluntary commitments, to present all their data, espe-
cially those that may lead to their research, technological de-
velopments, and products being interpreted as risk warnings?

Considering the difficulties in conventional state regulation,
established through command-and-control instruments, to ade-
quately address the uncertainties resulting from technological
development as well as the common flaws of self-regulation
strategies (lack of transparency and legitimacy), we highlight
the relevance of the debate on new instruments of meta-regu-
lation. This enables the aggregation of better communication
between the civil society, the state, companies, and scientists
with the strategies of governance of risks associated with nano-
technology?. In meta-regulation, the state neither delegates all
regulation to the private sector nor bestows all control upon it-
self; meta-regulation involves monitoring strategies on the part
of the state regarding private self-regulation mechanisms.
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Conventional command-and-control instruments usually
require information on the risks posed by certain products or
production methods. Regulators need to know the magnitude
of the potential damage as well as the likelihood of damage.
With regard to the development of nanotechnologies, state
regulation organizations, as compared to the industries they
supervise, tend to be at a disadvantage when it comes to
obtaining significant information. According to Coglianese
and Mendelson?, in complex cases or when there is emerging
risk, self-regulation and meta-regulation can offer advanta-
ges in terms of the necessary resources and information for
regulation, but this does not imply that they are flawless so-
lutions. That is, meta-regulation can be the optimal option,
or the available if not ideal option, in circumstances that
involve accelerated development and scientific uncertainties
regarding risks. According to Coglianese and Mendelson?,
the main problem with self-regulation and meta-regulation
is that, even in situations in which companies have the best
information, which allows them to find solutions to problems
concerning public interest, they are not always encouraged
to do so®. After all, “If those incentives were sufficient, no
regulation would be necessary.” In practical terms, a great
challenge for them, with regard to self-regulation and meta-
-regulation, is to ensure that the goals established for the
use of companies’ discretionary power are consistently im-
plemented, aiming for public regulation rather than their pri-
vate individual interests?.

Nanotechnological development raises the important
question of whether meta-regulation effectively represents
a mid-point between state command-and-control instruments
and private self-regulation, as it is more flexible and adaptable
to scientific uncertainties than the former and more reliable
and transparent than the latter.

Results and Discussion

As observed in this study, uncertainty about the effects of
nanotechnologies involves the participation of various social
stakeholders (businesses, NGOs, international organizations,
scientists, and states), and a series of non-official texts such as
reports, good practice guidelines, and recommendations have
been produced on the subject. Conversely, state official regu-
latory solutions, via the promulgation of legislation on the risks
associated with nanotechnology, are the exception.

In this study, we observed that in the case of nanotech-
nology, there are a variety of complex regulation networks
(including self-regulation and meta-regulation) that structure
distinct forms of risk governance and involve different social,
governmental, state and non-state stakeholders.

As a preliminary result of the assessment of options re-
garding the regulation of risks posed by nanotechnologies,
including foods and biofuels, the conventional forms of state
regulation based on command-and-control instruments are the
exception; they are limited to initiatives that demand supply
of information via the legal requirement to label food products

o®

or register substances and products containing nanoparticles.
These are important initiatives to ensure the consumer’s right
to information. In this sense, the rejection of Bill no. 131 of
2010 represented a lost opportunity to establish a regulation
that was pertinent to the protection of the consumer’s infor-
med right of choice.

Moreover, the use of soft law, namely, the voluntary mea-
sures of self-regulation and meta-regulation, may be beneficial
when they are developed and applied as a complement to sta-
te regulations that protect the basic rights of citizens and con-
sumers, with the following goals: a) promote compliance with
obligations in addition to those imposed by current legislation,
b) create and disseminate information, c) stimulate preventive
behaviors (risk management) among private stakeholders.
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