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Using Canada as a case study, this article argues
that regulating biotechnology and nanotechnology is
made unnecessarily complex and inherently unstable
because of a failure to consult the public early and of-
ten enough. Furthermore, it is argued that future regu-
lators (and promoters) of nanotechnology may learn
valuable lessons from the mistakes made in regulating
biotechnology.
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Many developed countries are now investing
heavily in a transformative technology known as
nanotechnology. Nanotechnology involves creating
and manipulating organic and inorganic matter at the
nanoscale. Nanoscientists are developing techniques
for atom-by-atom construction of objects that have
potential applications in medicine, electronics, infor-
mation technology, environmental monitoring and
remediation, military equipment and weapons, and so
forth. Proponents of nanotechnology suggest that the
world’s needs could be met by utilizing a limitless sup-
ply of atoms to manufacture valuable molecules
(Duell, 1999). The potential range of applications is
staggering and the cost of basic nanoscience research
high. As with biotechnology, several actors are com-
mitted to developing innovations resulting from dis-
coveries in nanoscience (Mehta, 2002). Can lessons be
learned from our experiences with biotechnology? Do
new technologies like nanotechnology require a dif-
ferent way of understanding the risks and benefits, the
roles of regulation, and the changing nature of science-
technology-society interactions?

Lesson One:
Substantial Equivalence

In Canada, Health Canada and the Canadian Food
Inspection Agency (CFIA) share joint responsibility
for regulating novel plants. Plants with novel traits
(PNTs) are defined as follows:

Plant varieties/genotypes that are not considered
substantially equivalent, in terms of their spe-
cific use and safety both for environment and for
human health, to plants of the same species in
Canada, having regard to weediness potential,
gene flow, plant pest potential, impact on non-
target organisms and impact on biodiversity.
PNTs may be produced by conventional breed-
ing, mutagenesis, or more commonly, by recom-
binant DNA techniques. Safety assessments are
required for all PNTs intended for importation
and for environmental release in Canada. (CFIA,
2002¢,q1)

Novel foods do not have a history of safe human con-
sumption and are produced by techniques that have not
been used previously. Before reaching the market-
place, all novel plants and plant products are assessed
for environmental, animal, and human health safety.
Health Canada considers how novel foods compare to
traditional counterparts, examines nutritional char-
acteristics, checks for the presence of toxins or anti-
nutrients, and looks for potential allergens (CFIA,
2002a). The CFIAs role is to assess potential environ-
mental risks associated with introducing novel crops
and to oversee confined trials, unconfined release, and
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variety registration. The CFIA is also involved in regu-
lating products of biotechnology for animal feeds,
fertilizers, and veterinary biologics.

In spite of the efforts made by Health Canada and
the CFIA to ensure the safety of novel foods, consider-
able debate over the use of substantial equivalence as a
comparative approach exists. A recent report by the
Royal Society of Canada, Elements of Precaution:
Recommendations for the Regulation of Food Biotech-
nology in Canada (2001), concluded that substantial
equivalence should not be used as a decision threshold
for determining whether genetically modified (GM)
products should undergo rigorous scientific assess-
ment. In section 8.1 of the report, members of the
expert panel noted,

In general, those who are responsible for the reg-
ulation of new technologies should not presume
its safety unless there is reliable scientific basis
for considering it safe. This approach is espe-
cially appropriate for those who are responsible
for the protection of health and environment on
behalf of the Canadian public. (Royal Society of
Canada, 2001, Sect. 8.1)

Additionally, the expert panel rejected the use of sub-
stantial equivalence as a decision threshold, because
this approach is inconsistent with a precautionary ap-
proach for comparing new GM products with existing
products and because an assessment based on “super-
ficial similarities” does not satisfy the burden of proof
for safety.’

The concept of substantial equivalence implies that
novel products (e.g., GM foods) can be compared sys-
tematically to counterparts that have a history of safe
usage. For example, corn with a Bt gene for insect
resistance can be compared metabolically, nutrition-
ally, and so forth to other kinds of corn. With the
exception of the Bt event, it is assumed that Bt corn and
non-Bt corn are highly similar. Although regulators
consider data on how these modifications are made,
assessing the safety of novel foods is based on “the
product and not the process used to develop it” (Health
Canada, 1994, p. 4). The use of substantial equiva-
lence and a process-product model for regulating
products of biotechnology is likely to find acceptance
among future regulators of nanotechnology.

In Canada, no regulatory agency has jurisdiction
presently over products of nanotechnology. Although

Canadais investing heavily in nanotechnology (e.g., in
2001, the National Research Council provided funding
for the National Institute for Nanotechnology), little
work on assessing the regulatory or social impacts of
nanotechnology is being funded. As with many new
scientific and technological applications (e.g., the
Internet), regulation seems to occur as an afterthought
or stems from concerns raised by a range of actors
(e.g., nongovernmental organizations) (Mehta, 1998).
In Canada, it is likely that existing regulatory authori-
ties will share responsibility for regulating the envi-
ronmental and human health impacts resulting from
nano-products. Additionally, it is likely that nano-
technology will converge with other technologies like
biotechnology.? In this instance, the split of responsi-
bility between Health Canada and the CFIA is likely to
be maintained for nanotechnology.

An examination of the literature reveals David For-
rest (1989) to be one of the earliest writers on the chal-
lenges of regulating nanotechnology. Forrest sug-
gested that regulation of this technology should occur
in four distinct phases based on the development of as-
semblers. Assemblers are machines that manufacture
objects on an atom-by-atom or molecule-by-molecule
basis. The development of assemblers will accelerate
bottom-up, rather than top-down, approaches to man-
ufacturing and machining. Top-down refers to preci-
sion machining that strips away material from the
macroscopic to the nanoscopic level. Bottom-up ap-
proaches use synthetic chemistry, bioengineering
tools, and devices like the nanohand to physically
place individual molecules into a predetermined loca-
tion.” Forrest believes that the development of assem-
bler technology and different levels of containment for
prerelease and postrelease of nanoassembling devices
is key to understanding how best to regulate this
technology. Forrest suggested the following phases for
regulating nanotechnology:

1. Preassembler: Regulators should assist in writ-
ing standards for developers and stimulate criti-
cal public debate about nanotechnology.

2. Postassembler, preassembler lab: Once assem-
blers are developed, regulators should help de-
velopers create safe ways to contain this tech-
nology. At this stage, the use of assemblers is
confined to laboratory conditions.

3. Postassembler lab, preactive shield: When
sealed assembler labs become available, scien-
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tists can begin developing advanced assemblers
and new materials. At this stage, assemblers are
still used for experiments and development
work and have limited commercial application.

4. Postactive shield: Assemblers can now be used
in a wide range of applications and settings.
Malfunctioning nanomachines can be moni-
tored, contained, or decommissioned. In theory,
measures should be in place to prevent runaway
replication and the uncontrolled release of
nanomachines that could damage ecosystems
and human health.

There are several similarities, and notable differ-
ences, between Forrest’s (1989) set of regulatory
phases for nanotechnology and how Canada regulates
GM organisms. The development of nanoassembler
technology is akin to developments in recombinant
DNA technology. Once recombinant DNA technology
became possible, developers used isolation and steril-
ization techniques to ensure that newly developed or-
ganisms were contained. The development and refine-
ment of agronomic traits in GM plants (e.g., herbicide
resistance) led to commercial applications for this
technology. Regulators assess the safety of these new
organisms prior to release into the environment and
marketplace. However, unlike Forrest’s phases, little
or no public consultation occurred in any of these
phases for GM foods. Additionally, GM plants have
been released into the environment with few existing
safeguards in place for monitoring, containing, or neu-
tralizing plants that may harm nontarget insects and
other organisms, facilitate the development of
superweeds through pollen flow, and potentially
damage the viability and marketability of organic
farming.

With biotechnology, the use of substantial equiva-
lence and reliance upon an artificial distinction
between product and process has fostered a regulatory
approach that excludes the public from participating in
ameaningful way. If future regulators of nanotechnol-
ogy adopt this approach, the public is likely to be
excluded systematically under the guise of science-
based assessment.

Lesson Two: Labeling

The issue of labeling GM foods has become com-
plex and divisive. In the past several years, many coun-
tries around the world have moved toward either vol-

untary or mandatory labeling regimes. In general,
countries of the European Union and several countries
in Asia and Oceania have adopted mandatory labeling
laws. Although there are differences (e.g., percent of
GM ingredients, store-bought vs. restaurant food, fin-
ished products like oils, etc.) in the application of these
laws, many of these countries have responded to con-
sumer concerns about the safety of GM foods, ethical
and religious concerns, and consumer rights and sov-
ereignty arguments by requiring some form of label-
ing. By contrast, two of the world’s largest producers
of GM foods (e.g., Canada and the United States) have
adopted voluntary guidelines for labeling. In Canada,
very few products are actually labeled in a positive
(e.g., “this product contains GM ingredients”) or nega-
tive (e.g., “this product does not contain GM ingredi-
ents”) way. In fact, strong pressure from food proces-
sors and retailers to pull from grocery shelves products
with any reference to genetic modification exists.* A
range of consultative exercises has taken place in Can-
ada to address some aspects of this debate. The Cana-
dian Biotechnology Advisory Committee (CBAC)
was created by the Canadian government to provide
independent advice to the seven ministers of the Bio-
technology Ministerial Coordinating Committee on a
wide range of social, ethical, and economic dimen-
sions associated with developments in biotechnology.
In 2002, CBAC published an article dealing with the
topic of labeling. In this article, CBAC explained how
they are balancing the different issues associated with
adopting a mandatory versus voluntary system in
Canada.

After examining economic issues (e.g., costs of
labeling, segregation, identity preservation, and the
need to comply with international trading agree-
ments), CBAC concluded that not enough support in
Canada exists to recommend either a mandatory or
voluntary labeling system at this time. Because other
bodies, including the Canadian General Standards
Council and Codex Alimentarius Commission, are
currently working on this issue, CBAC concluded that
adopting a mandatory labeling system is premature.’
They underscored this observation by pointing out that
“All GM products on the market have been approved
as safe for health and the environment by the responsi-
ble regulatory authorities” (CBAC, 2002, p. 6). In
other words, science-based assessment has deemed
these products safe. Anyone who asks for mandatory
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labeling must be opposed to science-based assessment
and therefore must be responding illogically and
irrationally to science and technology.

One of the main arguments given for not requiring
mandatory labeling of GM foods is based on the pro-
cess versus product distinction referred to in the dis-
cussion on substantial equivalence. In Canada,
approximately 50 novel foods have been approved by
Health Canada and the CFIA. To date, all plants pro-
duced through recombinant DNA technology have
been defined as plants with novel traits. The CFIA
(2002b) asserted that “[all PNTs] have undergone a
full, comprehensive, and rigorous safety assessment
prior to release into the environment” ( 5). Once
approved, PNTs may be sold as food. If the novel food
does not contain any allergens, no labeling is required.
Presumably, if a novel food contains a protein known
to trigger allergic reactions in some individuals (e.g.,
nuts, gluten, dairy), labeling for the allergen is
required but not for the process by which the food was
produced.® In other words, Canadian regulators pro-
hibit labeling that gives consumers an opportunity to
discriminate against approved foods based on process
rather than product distinctions. In reality, many con-
sumers see process and product as important to deci-
sions they make on a wide range of items.’

The lesson for future technologies like nanotech-
nology is that labeling is likely to be a complex regula-
tory and public relations nightmare. It is likely that
debates over mandatory and voluntary labeling and
process versus product will emerge when consumers
are exposed to more products produced by
nanotechnology.

Lesson Three:
Precautionary Principle

In recent years, the precautionary principle, also
known as the precautionary approach, has become a
central feature of many national and international laws
and treaties. Various articulations of this principle can
be found in Principle 15 of the Rio Declaration on En-
vironment and Development (United Nations, 1992),
the Maastrict Treaty (European Union, 1992), the
Cartegena Protocol on Biodiversity (United Nations,
2000), and at least 10 other environmental treaties.
Principle 15 defines the precautionary principle as

... in order to protect the environment, the pre-
cautionary approach shall be widely applied by

States according to their capability. Where there
are threats of serious or irreversible damage, lack
of full scientific certainty shall not be used as a
reason for postponing cost-effective measures to
prevent environmental degradation. (United
Nations, 1992, Principle 15)

Known as a better-safe-than-sorry approach, the
precautionary principle is playing a strong role in de-
bates on nuclear safety, greenhouse gas emissions and
global climate change, and the safety of GM organ-
isms. It is likely that proponents and regulators of
nanotechnology will have to deal with the precaution-
ary principle in explicit ways. The social and scientific
uncertainty resulting from innovations in nanotech-
nology will be significant, and identifying lessons
from how the precautionary principle is being applied
to biotechnology may be valuable.

In Canada, the Canadian Environmental Protection
Act (1999) mandates use of a precautionary approach.
Chapter 33 of the Act states, “Whereas the Govern-
ment of Canada recognises the integral role of sci-
ence . . . social, economic and technical matters are to
be included in that [assessment] process.” From the
perspective of regulators like Health Canada, applica-
tion of the precautionary principle is a distinctive part
of science-based risk management. In other words,
risk assessment is done first and the precautionary
principle is applied later when developing options that
are guided by values and priorities.® The Royal Society
of Canada’s report (2001) on the regulation of food
biotechnology also refers to the importance of using a
precautionary approach for assessing the safety of GM
organisms. The expert panel recommended that more
attention be paid to the reproductive biology of modi-
fied plants, their toxicological properties, and
potential impacts on ecosystems.

Some organizations like the Canadian Chamber of
Commerce (2002) have been quite critical of the use of
a precautionary approach by the government of Can-
ada. The Chamber is a national and international advo-
cacy group representing the interests of business. With
respect to the precautionary principle, the Chamber
stated,

There has been an apparent shift in certain parts
of the federal government, particularly Health
Canada and Environment Canada, away from
risk-based assessment of environmental and
health risks which considered many factors to a
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more hazard-based approach where, in cases
where the science is not sufficiently strong to be
indicative of action, the precautionary principle
is invoked and precipitous and costly action is
called for. (Canadian Chamber of Commerce,
2002, 1)

The Chamber also recommends that precautionary
measures be cost-effective and based on risk manage-
ment principles and current science and that the use of
socio-economic modeling tools for comparing
nonmarket benefits with real-dollar costs be discontin-
ued. In other words, science-based assessment should
be used exclusively in the regulation of products that
may generate environmental and human health risks.
If science fails to demonstrate significant risk and risk
management can be used to control exposure to haz-
ards, then application of the precautionary principle is
unfounded.

If a precautionary approach is used as a risk man-
agement tool, then how do regulators of biotechnology
assess complex and uncertain topics like allergenicity
and toxicity? Health Canada applies a weight-of-
evidence approach that is based on experimentally
generated data (International Food Biotechnology
Council & ILSI Allergy & Immunology Institute,
1996). In the case of allergens in food, Health Canada
compares characteristics of proteins from novel foods
with known allergens. The molecular weight, rate of
digestion, and amino acid sequence are used to predict
allergenicity. A weight-of-evidence approach also
considers consistency of the data, biological plausibil-
ity, and the overall strength of evidence.’

It is likely that developments in nanotechnology
will require new approaches for addressing uncer-
tainty and heightened understanding of how risks and
benefits should be balanced. Strong application of the
precautionary principle during early stages of risk
management may negate the benefits of pursuing this
kind of science. Conversely, not recognizing and cur-
tailing serious risks (e.g., runaway replication) comes
with serious costs, too.

Conclusion

Examples of how Canada has failed to include the
public in discussions on how to regulate biotechnol-
ogy are instrumental for understanding the possible
pitfalls associated with future regulation of nano-
technology. Confusion over the use of substantial

equivalence, a failure to put in place mandatory label-
ing laws for GM foods, and reconceptualization of the
spirit of the precautionary principle erodes trust and
makes governance more complex.

Notes

1. On November 23, 2001, several governmental agencies in-
cluding Health Canada, the Canadian Food Inspection Agency,
Agriculture and Agri-Food Canada, and the Department of Fisher-
ies and Ocean released an action plan for addressing the conclu-
sions of the Royal Society of Canada (2001) report. In this plan,
these agencies indicate that substantial equivalence represents a
safety standard approach and not a decision threshold.

2. A typical strand of DNA is only two nanometers wide.
Nanotechnology could be used for building DNA one base pair at a
time. Additionally, nanoassemblers could be used for placing or
repositioning preconstructed segments of DNA (Hubert, 2001).

3. Scientists at Denmark Technical University are working on
the nanohand. The nanohand uses a microcantilever system for
manipulating nanostructures. See http://www.mic.dtu.dk/research/
Nanohand/Nanohand.htm#about.

4. In August 2001, a large Canadian grocery chain known
as Loblaws pulled products from their shelves with genetically
engineered—free labels. This outraged many Canadians and
prompted groups like the Council of Canadians to picket and boy-
cott their stores. Incidentally, the Food and Drugs Act (1985)
explicitly allows positive and negative labeling like genetically
engineered—free labels as long as such labels are truthful (Section
5.1) and do not promise unsubstantiated health benefits (Section
3.1).

5. Codex develops voluntary food standards for protecting
health and promoting fair practices in the international trade of
food. Canada chairs the Committee on Food Labelling.

6. Some Canadian organizations like the Consumers Associa-
tion of Canada (CAC) believe that it is inappropriate to distinguish
with labeling between different kinds of food modifications. For
instance, the CAC points out that novel foods have been made over
the years with advanced hybridization and accelerated mutagene-
sis. Like with recombinant DNA technology, these techniques pro-
duce plants with characteristics that are unlikely to occur naturally.

7. Consumers have boycotted products manufactured by
nonunionized workers, child laborers, and those made with ques-
tionable environmental practices. An increase in the sale of or-
ganic produce illustrates that distinguishing between process and
product is untenable.

8. See http://www.hc-sc.gc.ca/english/protection/precaution.
html.

9.See www.emcom.ca for a discussion on how a weight-of-
evidence approach can be used for assessing the risks of endocrine
modulating substances.
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