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Introduction to CIELAP s Innovative Technologies Project

The State of the Debate

Over the past decade we have seen an enormous expansion in research and development of
innovative technologies such as various applications of biotechnology and nanotechnology.
Although much of this momentum comes from developed countries, involvement and even
leadership in aspects of these technologies are rapidly increasing ineowih fast-

growing economies, like China and India. This explosive growth offers many opgieguni

but also brings many conflicts and questions, including concerns over environmental
implications, access, proprietary rights, trade issues, and questions abow tie rol

international institutions such as the World Trade Organization (WTO) and\the U

Convention on Biodiversity (CBD).

This global expansion of new technology has received support and excited acclaim by
governments, researchers and industry groups for the possibilities it offersalédasen
criticized for a lack of deliberation and caution by some governments, sisemtdscivil

society organizations who are concerned about the pace at which these techaatogies
progressing and the potentially detrimental changes they could bring. Innovative
technologies are now a topic of some public debate around the world, with promoters and
opposition groups at times strongly divided over their potential risks and benefits. This
debate is very much at play in Canada, but only within a small segment of the general
population. The public remains largely outside the discussion, uncertain about tkeomerit
different claims and even what the fuss is all about.

Platform Technologies

Biotechnology is defined in Canadian legislationthesapplication of science and
engineering in the direct or indirect use of living organisms or parts or products of living
organisms in their natural or modified form#n its many applications, biotechnology, like
certain key technological developments such as electricity or informatiomolegy, has the
power to change the further direction of many technologies that shape the wag.wedan
change the way that we think of, acquire and use food, medicines, health care, and natural
resources. It has the potential profoundly to improve the lives of people, with appbcati
such as foods that carry vaccines, can grow in salt water, or have importdianalitvalue.

It also has the potential to profoundly damage the quality of life of many peuptiiféerent
species on the earth, as other technologies have as well.

Nanotechnology includes a variety of techniques that are used to manipulatelsnait ¢nia
nanoscale, the scale of atoms and molecules. Nanotechnology can bring together
different disciplines and applications, including biotechnology and robotic hybrids of
biological and synthetic origins. The increasing use of nanotechnology promesate
shifts even more dramatic than those of biotechnology alone.

Both of these technologies can be seeplat$orm technologieshat is, they are significant
breakthroughs that are central to the further direction of technologicalechaggciety in
crucially important ways.



Canadian Policy: Are We Speeding Through a Blinking Yellow Light?

Innovative technologies have raised many issues among a diversity diostigkeyroups.
From an environmental perspective there are several very broad concateshmilogy
often involves crossing the species barrier with recombined DNA. In natlorg] hy
crossings such as mules sometimes happen between related species, butthafigre
sterile. In animals, genetic mixing of unrelated species just daesur. But recombinant
DNA allows a virus or a plant gene to be inserted into a pig. What are theatignig? I
not yet completely clear.

Nanotechnology presents even more unknowns; what the chemical, biological, andcatologi
behaviour of virtually any substance at this scale is going to be cannot be preatickéhe
science to answer such questions just hgehbeen done or required by regulatory
authorities. It is a significant worry that not only are products being dewkeleiigout much
obvious concern for possible problems, but also that they are being sent out into tied exter
environment where they can disperse freely.

Despite the debate and uncertainty that exists, Canada is moving ahead to greseote t
technologies. A stated policy goal of the Canadian biotechnology strategyasition this
country as aesponsible world leader in biotechnologyhis position raises some red flags
regarding Canadscommitment to the precautionary principle. Canada and the international
community have in the past had to pick up the pieces after disastrous mistakes involving
technological innovation, including the ecological effects of persistent orgasticipes and
compounds and the human health problems related to the prescribed drugs thalidomide and
DES. What should have been learned from these experiences is that we need to ioadl pract
ways to implement a precautionary approach, even while exploring exciting neveeslian
knowledge.

Canadas policies on these new technologies are also troubling because they have been
informed primarily by possible economic benefits, while social and environnwamegrns

and uncertainties have not been very well examined. Carnaganology strategies need to
consider the international implications of our positioning, looking beyond economic benefits
to Canadians and Canadian companies to analyze social and equity dimensions in a global
context as well as domestically.

Public Involvement

Another issue is that the Canadian public has not been well informed about or engaged in
developing Canadsastrategy or approach to either biotechnology or nanotechnology. In fact,
there seems to have been considerable government resistance to citieensctivat have

been expressed about the need to examine risks more closely and to have requimgdfabeli
genetically engineered food. Similarly, consumer products that use ramuteyy

applications are currently being developed and sold to the public, though there is no
requirement for companies to identify what products these are. Unfortuniaitelpack of
attention to information needs for informed decisions by citizens, as well agpfewtunities

for meaningful public input, are not unique to Canada but are the case in many countries.

A barrier to citizen involvement in policies about new technologies is their tatfamd
scientific complexity. With very limited knowledge of the science, membgthe public



often feel intimidated and ddrknow how to begin navigating through the many questions
about potential benefits and risks. The patchwork of responsibilities for different
biotechnology applications in the regulatory framework is also confusing, maldng i
challenge for members of the public to understand or have any access t@regideisions
or policy making at the political level.

CIELAP s Innovative Technologies Project

This paper has been prepared as one initiative to help provide a better public undgrsfandin
issues in the ongoing development of these important new technologies. We hope that this
will allow members of the public to become more confident and interested in becoming
engaged in debate and decisions about these topics. Rather than providing a detailed
scientific and technical overview of new technologies, we have opted for d&birief
informative fact sheet description of important aspects of five specifiaoddmgies. Four of
these are applications of biotechnology, and one treats the whole subject of nanaggchnolo
Each of these topics forms its own chapter in this consolidated report. CIELAP is als
publishing each of these chapters as separate fact sheets. Both the $agasheets and

this whole document can be accessed on CIE&ARDsIte at www.cielap.org .

The new technology applications we have considered here are:

- Genetically Engineered (GE) Trees

- Genetic Use Restriction Technologies (GURTS) or Terminator Teaiyolo
- Biofuels and Biotechnology

- Nanotechnology

- Plant Molecular Farming (PMF).

We have provided basic information on the technology; some of the major players; potentia
benefits and concerns; the regulatory framework and agencies involved; andioriaina
implications. These are intended to give very condensed descriptions of theseaspemnis

of the technologies. Our thinking was to try to provide an introduction that could help orient
people in discussing what is, for many, completely new and often dauntingly coetblicat
material. CIELAP hopes to develop additional and more detailed discussion documents and
events for this project.

CIELAP s Involvement in Innovative Technology Issues

CIELAP has been concerned with the issue of biotechnology since the 1980s. The
organization held its first workshop on the subject in 1985 and prepared a report on the need
for the development of a comprehensive policy framework for the technologyas/ick

Since then, CIELAP has been active in policy research and public engagemauanyg tel
biotechnology, including the production o€Caizens’ Guide to Biotechnology 2002,

which is also available on the organizatgowebsite, www.cielap.org .



Some Conclusions

CIELAP is not opposed to all biotechnology, but we believe that some of these applications
have very inadequately understood risks. The regulatory system for them needs-to be
assessed, particularly with regards to making the road map for decisiomgmakies much
clearer. Government policy and support for these technologies needs to be more open to
perspectives from a broader section of the public. The government urgently needs to beg
consider how to regulate nanotechnology, perhaps starting with notification alglabe
requirements and moving forward to such matters as health, safety, and egatiesticig

and protocols. And developing practical ways to apply the precautionary principle
effectively to policy-making and specific decisions concerning theseewwdlogies should

be a high priority.



Genetically Engineered (GE) Trees

What are GE trees?

GE trees are trees which have had genetic material inserted into theic gedetthrough
the techniques of bioengineering. This is done to produce trees with a particillateatt
like resistance to a specific disease, or sometimes to block the expressioertain trait in
the trees. Such inserted genetic sequences are not necessarilyréerspeties, but can be
from a species of any kind, including insects or even viruses. Some examplesichljgnet
engineered characteristics include herbicide tolerance; cold adaptatioor, ltered lignin
production to make pulp production easier; delayed ripening of fruit to allow mechanical
harvesting or to permit longer shipping times; and prevention of flowering @pseguction
in order to speed growth rates for faster biomass production. Most of these & dree
intended for use in commercial tree plantations.

What potential benefits are claimed for GE trees?

Socioeconomic

Specific possibilities depend on the particular qualities that are linked to thegdes] but
claimed benefits involve economically valuable qualities like diseas¢aests faster rates

of growth, and decreased lignin (the material that gives stiffness to woodgsrfdreoulp
production. For example, papaya trees in Hawaii (a non-native, commercially gpeaies)
sustained heavy damage by the ringspot virus in the late 1990s, but the introduction of a
genetically engineered strain of papaya that contained genes from the farad oésistance
to the disease and helped save the export industry for the immediate future (though not
necessarily for the long-term, as noted below).

Environmental

Some researchers are trying to design GE trees for certain environmeefdsbeOne area
of research involves utilizing the capacity of various plants and micro-orgatasaisorb
and thus “mop up” particular pollutants. For instance, a York University scientighig to
produce a tree that incorporates genes from soil bacteria that could takeinpgenic
chemicals from soils contaminated by explosives in war zones and weapoasdest r
Other investigators are interested in engineering trees to haveraufaisiee of carbon
dioxide, a major “greenhouse” gas, in order to help slow climate change.

What sustainability concerns about the technology h ave been raised?

Ecological

Unlike annual field crops in agriculture, trees are a long-lived feature of Ereiscand
forests provide many ecological services, including habitat for an enonaroges of species
and the regulation of climate and rainfall regimes. Trees produce langgtigsaof pollen
and seed that can travel for many kilometres, and it is widely consideretinhethat trees
in unmanaged forests as well as in parks and on private property, including nurseries,
woodlots, and residential areas, would be genetically contaminated byeSE Tiiee escape
of genetic traits from GE tree plantations into native forests could potentiadyseaere
consequences. Specific effects could include contamination from the Bt toxjmdecte
kills butterflies and moths and could also affect their predators, including songbhrddow



lignin gene could lead to forest trees with lowered protection against hesyiirgect
attacks, and storms, and the gene for faster growth could lead to transgertitatreeit-
compete native vegetation for light, water, and nutrients. Because of the cayngiexi
interactions in forest ecosystems and the long life span of trees, impacesadifficult to
predict and could take decades or even generations to become evident.

Even deliberately engineered changes in GE trees may not create sireptirely desirable
solutions to perceived problems. Ringspot-resistant papaya trees, for instapceyiage

very susceptible to blackspot fungus. The ecological dictum that “You can never do only one
thing” is especially relevant to genetic engineering, in part becmrseexpression remains
highly complex and scientific understanding is far from complete. And as pasieexpe

shows, disease- and pest-resistance are not necessarily permaneapid rae of

reproduction by insects as well as other mechanisms in pathogens geaikraythem

eventually to adapt to new conditions.

To counter these various problems, some proponents of the technology have suggested that
GE trees be genetically engineered to make them sterile in order to aedilgatling with

other trees (using “Terminator technology” — see page 9), but environmeritalists

responded that sterile forests without flowers or seeds are problemagaisetlies. Many
forestry professionals consider that natural regeneration of foresthafvesting is a better
practice than replanting. Moreover, some scientists consider that géneingineered

sterility would not be reliable and could be overcome by the tree during it éfe

Ethics and equity

Some believe that access to the rich heritage represented by forestesossys right, and
that it would be compromised by replacing natural forests with patented GEdspecially

if the technology is controlled by private interests. In agricultumpssrMonsanto, which
holds patents to many GE crops, has initiated more than 100 civil suits. These invgke alle
patent infringement by farmers, many of whom claim that their crops had te@minated

by nearby GE crops. There are fears that a similar situation could deviidpees.

Economic

There is increasing consumer interest in and pressure for environmerifigbtiert

programs, such as that of the Forest Stewardship Council for “green” forestucts.
Producers who could not obtain such certification because of contamination by &E tree
would have to forego any associated economic benefits. This situation would also apply to
fruit growers for organic crop certification. For the same reason, envirdalyecertified
producers would face losses if their trees or crops were to lose theirtistatugh

inadvertent contamination by nearby GE trees.

What is the status of GE trees in terms of commerci alization?

Unlike medical and industrial applications in biotechnology, where there has belen muc
interest by investors, it has mainly been forest products corporations and goverantent
universities in forested countries like Sweden which have funded GE tree redaarch.
Canada, the Canadian Forest Service and some companies are investidy oh i@ejects,
which include limited field trials, on a number of GE tree species, such as Vvianbaees,
spruce, tamarack, poplar, and willow. In the U.S., large scale commeramalizatild be on



the horizon for forests in the Southeast and Northwest (this, however, is beintyactive
opposed by many citizen groups). In China, it has been reported that more than 8000 square
kilometres have already been planted with GE poplar in efforts to reversekhaf forest

cover.

What about government oversight and policy?

Research and development (R&D)

Canada, which has about 10% of the world’s forests and is a major forest products producer,
is spending only a modest portion of its biotechnology research dollars in the natuetees
sector, which includes GE trees.

Regulatory framework

As with other biotechnology applications, the regulatory frameworkCanada is a
patchwork, with no single agency in charge overall of biotechnalegylation. Depending
on the specifics of the application, the main departments responsiiela Industry;
Agriculture and Agri-Food; Health; Environment; Natural ResourEes)eries and Oceans;
and International Trade. Field trials are approved for getigtmagineered plants —“Plants
with Novel Traits” or PNTs — by the Plant Biosafety OffigBO) of the Canadian Food
Inspection Agency. However, much of the forested crown land in daama within
provincial jurisdiction, and provincial decisions would be required for usekofrees there.
Elsewhere, there have been individual countries within the EU, sucheasezwhich have
outlawed GE trees. In the U.S., despite the salvage of Hawapaya industry through the
technology, that state’s legislators have recently banned outdoor fielddri@& trees.

Liability regime

There is no legislated liability regime in Canada. In Canatlase who promote
biotechnology are subject to the traditional common law rules of l@wility. If the use of

biotechnology causes damage to a person, their property or their ecanterests, the
producer or user of that biotechnology may or may not be held liablbdbdamage by a
court. The common law, as it has developed in Canada, may nokideflenough to meet
the unique and novel challenges raised by the potential for harm ttathyology may
cause. Biotechnology raises general policy issues that shoulddbheek by legislators rather
than judges. A strict liability regime, entrenched in legiskgtiwould hold producers of
biotechnology responsible for damage to human or environmental health.

Transparency and citizen engagement

The main avenue provided for formal citizen input about the technology is the Canadian
Biotechnology Advisory Committee (CBAC), set up through the Canadian Biotegynolo
Strategy and assisted by the Canadian Biotechnology Secretarigt (CBS

What international implications are there?

There are many concerns in the South that forest-based livelihoods and cultures would be
negatively affected by ecological change and access issues.

As well, the U.N. Convention on Biodiversity’s Cartagena Protocol requires thesp@arthe
treaty to obtain prior consent for the introduction into the environment of genetically
modified organisms if this involves the intentional crossing of international bousidarie



Canada has ratified the Convention on Biodiversity but has only signed the Cartagena
Protocol; the U.S. has not signed or ratified either.) However, although them@esce that

tree pollen can travel hundreds of kilometres, this Protocol does not apply to transboundary
movement through insects, birds, or wind borne pollen and seeds. Nevertheless, a statement
from the Eighth Conference of the Parties Regarding Genetically Engih€eees held in

March 2006 recognized potential social, environmental and transboundary impacts and
recommended that the parties take a precautionary approach.

Additional sources of information specific to GE Tr ees

The website of the organization Northwest Resistance Against GenetiteEngg
(NW RAGE), at www.nwrage.org

The Canadian Institute for Environmental Law and Polidyise Regulation of
Agricultural Biotechnology in Canad@dNovember 1999) and Citizens’ Guide to
BiotechnologyMarch 2002)



Genetic Use Restriction Technology (GURT) or Termin  ator
Technology

What is GURTSs or Terminator Technology?

Usually simply called Terminator, GURTSs is the term used at the Unitedn¥and in the
scientific community and is applied to plants that have been geneticalheengi to restrict
their ability to reproduce or to exhibit other specific traits.

V-GURTSs (Varietal GURTS), which refers to restrictions on reproductionptdrat variety,
also called the Technology Protection System (TPS) by the company holdirgj psatent,
involves a several-step gene sequence that results in killing a plant’sseesfsecified time,
usually very late in its development. Thus, these Terminator crop seeds aned¢sige
sterile, and can’t be used to produce next season’s crop.

T-GURTSs (Trait GURTS) genetically modify plants so that particularraensially valuable
traits, such as resistance to herbicides, are expressed only if the gesestened on” by
spraying the young plants or soaking the seeds with a proprietary cherhea&ialbility of

the seeds of these crops can (in theory) be designed to be unaffected. This kincaifyexter
activated gene-switching molecular mechanism is called an induggiens and can be

used for both T-GURTs and V-GURTSs.

What potential benefits are claimed for GURTSs?

Socioeconomic

These technologies were developed primarily as a means of protectingheesripading
patented crop varieties from the unauthorized use of seeds saved from egfierRatent
protection laws are the standard approach for this purpose, but are difficult tegnforc
GURTSs are intended to create built-in patent protection. Some promoters claiwittha
better patent protection, more commercial effort can be expended to improvievafiet
minor crops, with gains from added value and increased yields.

T-GURTSs have the questionable benefit of allowing farmers not to use the ahemic
treatment and therefore to continue to use ordinary methods and to save and use seeds,
though the advantages of the engineered traits must be foregone.

Ecological

Transgenic plants have genetically contaminated other species, andnmaps and

individuals are alarmed about the unpredictable effects of geneticallgagttrops on wild

plant populations. Promoters believe Terminator technology would reduce (though it would
not eliminate) this threat, since wild plants that are pollinated by Termicrajos will

produce (largely) sterile seeds. However, it should be noted that genetieezirg, like all
technologies, will have a certain failure rate, which has not at this time betsefyre
determined; its success as a biosafety tool cannot be guaranteed.

Along similar lines, the biotechnology company Maxygen has been developing ajtectmi
get rid of foreign DNA from genetically modified (GM) plants. The idet@ imcorporate a



gene that, alongside the other inserted genes, will snip out DNA sequeneesrbgénetic
markers placed around the foreign gene sequence. It is not certain, howevern, thhethe
technique will work as intended, or what its failure rate might be.

What sustainability concerns have been raised?

Socioeconomic

The major issue is the impact on Indigenous peoples and the 1.4 billion people who depend
on farmer-saved seeds for their lives and livelihoods. Poor farmers, who make up about half
the world’s agricultural producers, mostly in the South, depend on saving seeds from
previous crops and would not be able to afford commercial seeds each year or ibhalshem
required to switch on the value-added T-GURT characteristics.

Many Indigenous peoples view Terminator as an attack on cultural and spiatiabs
based on honouring fertility. Contamination through cross pollination could disrupt seed
exchanges and other customary practices.

The greatly increasing consolidation and vertical integration of the agnotedifseed
industry raises concerns about fewer options and reduced leverage for farmgrsngbimg
trend toward control over the seed market by a few multinational companies isagyecbhy
GURTSs, an approach which is very expensive to develop but which promises major new
market opportunities for companies able to fund the R&D.

Ecological

The pollen from Terminator plants could contaminate and kill seeds of other nearby plants
Thus, neighbouring crop seeds in the first generation could be rendered sterile, umséknow
to the farmers harvesting them. Wild plant populations could be reduced or endangered.

Treatments used to activate Trait technology in seeds or plants could be etiglogica
damaging in various ways. The antibiotic tetracycline, for instance, has beestsadgas

one such gene-switching substance, but increasing its use in the environment coultdeadd to t
growing problem of anti-microbial resistance in disease-causing taacter

With commercialization of these technologies the genetic diversityeaforld’s major food
crops will be narrowed, thus increasing their vulnerability to disease antsiasecreducing
local crop adaptation to local conditions.

What is the status of these technologies in terms o f commercialization?

In 1998 the first patent on Terminator was jointly awarded in the U.S. to a cotton and
soybean seed company, Delta & Pine Land Company, and the U.S. Department of
Agriculture. The “suicide seeds” gave rise to intense controversy, and in 1999, Monsant
the world’s largest GM seed company, declared that it would not commertiedize
Terminator technology. Nevertheless, a number of multinational companies cdrtrdee
research in GURTSs and to obtain patents. There have been greenhouse trials of the
technology in the U.S., but no field trials to date there, in Canada, or elsewhere.
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What about government oversight and policy?

In 2000, governments at the United Nations Convention on Biodiversity (CBD) creded a
factomoratorium which recommends countries not approve Terminator technology for field
testing or commercial use. Canada has ratified the CBD, but the Unitediaistest. In

March 2006, the Conference of the Parties (COP) to the CBD met in Curitiba, Brakil
rejected language for a case-by-case risk assessment approaatutbddtave undermined

the moratorium, which is ongoing until ended by the parties. The next COP is in 2008.
Some 500 civil society groups from around the world, including farmers’ organizations,
church groups, development agencies, and others supported the moratorium, and most are
calling for a lasting ban as well as national bans.

Canadian Government policy

Canada states that it “neither promotes nor opposes” GURTS, but has taken actions in U.N
meetings to end the moratorium. Along with New Zealand and Australia, Canada is
generally seen as allied with the U.S. and industry on Terminator; Agrealiwar Agri-Food
Canada is considered the main driver of government policy on GURTS.

Regulation

A number of different federal departments are involved in a patchwork of lemislat
originally created for controlling other products, substances, and processasailhe
departments responsible for different aspects of biotechnology regulatiodeardéalth
Canada, Environment Canada, the Department of Fisheries and Oceans (DFO), and the
Canadian Food Inspection Agency (CFIA). The regulatory approach is exdimgtyce-
based and in the main does not consider socio-economic concerns.

There is no Canadian legislation that puts in place a liability regime. In Canada,
biotechnology issues are subject to the traditional common law rules of ciityialfi the

use of biotechnology causes damage to a person, their property or their ecoremestsint

the producer or user of that biotechnology might or might not be held liable for that damage
by a court. The common law, as it has developed in Canada, may not be flexible enough to
meet the novel challenges raised by the potential for harm that biotechnologgtammsic

may cause. These technologies bring up general policy issues thataresselved by
legislators rather than judges. A strict liability regime, entreshalméegislation, would hold
producers of biotechnology responsible for damage to human or environmental health.

There is no legislatively mandated labeling for foods or other commodities pobbyic
transgenic organisms, including GURT. However, products generally cannot hedesif
organic if they are from GM organisms, a fact which could affect organic ggofve
Terminator crops (and potential contamination from them) became a reality.

What international implications are there?

As well as concerns about impacts on poor nations, farmers, and Indigenous peoples, there
are unresolved questions about the rights involved in saving seeds. There are alstiypotentia
conflicting national approaches about intellectual property (patent protegtien)

genetically modified plant traits and about trade barriers related tddiipsad their

justification. Such issues can produce strong political pressures both for and agains
harmonization internationally.
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Additional sources of information specific to Termi nator Technology

Website of ETC Group, an Ottawa-based organization opposed to Terminator
Technology www.etcgroup.org and the Ban Terminator Campaign website
www.banterminator.org

The Canadian government website on biotechnology, www.bioportal.gc.ca
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Biofuels and Biotechnology

What do the terms biofuels and biotechnology refer to?

Biofuelsare fuels produced from biological sources, such as corn, sugar cane, straw or wood
chips. (“Fossil fuels” — oil, coal, and natural gas — are also derived from @imgedources,

but have been created in their present form by geological processes livesrof years.)

The two most widely used biofuels today are ethanol and biodiesel. Both mainlyaserve
replacements or supplements for gasoline, diesel, and other transportatioifoafslis
sometimes referred to as grain alcohol, and is made by a fermentatiors pusteg crops

like corn and sugar beets as the feedstock. It can be blended with gasoline to rgn today
vehicles, or, with modest engine modifications, can be used as a fuel by Bsatlieselis

plant oil extracted from oil seeds like canola and refined; it can be used as are addit

gasoline or alone as a fuel very similar to diesel. New processas@etly being

developed that allow production of bio-based ethanol and diesel fuels to be made from more
easily obtained straw, wood, and similar cellulosic materials, ratherrtbrarstarches,

sugars, and oils that have value as human food.

Biotechnologyin the broadest colloquial sense means the use of biological processes to create
various products, such as cheese or new varieties of plants. Statistics &ahdtaOECD

also use a broad definition of biotechnology in compiling sectoral economiticsatihe
application of science and technology to living organisms as well as parts, tsraddc

models thereof, to alter living and non-living materials for the production of knowledge
goods and services.”As we use it here, the term refers to techniques for manipulating tissue,
cellular and genetic material, especially transferring genes frenomganism to another,
sometimes of a different species, in order to create special new chatiasten the

genetically treated (dransgeni¢ organism. Biofuels can be made by conventional
fermentation and other processes without any use of transgenic biotechnology. toweve
there can be biotechnology applications used in creating biofuels. These include using
transgenic feedstock crops, such as Bt corn or certain GE poplar trees, in ordeaseinc
yields or to alter other crop traits to improve processing. As well, biotechnaogyecused

to produce and modify the enzymes and yeasts used in making ethanol; cellulose-based
ethanol from materials like wood chips or sawdust rather than grains gneatigses the
potential of the technology.

What potential benefits are claimed for these techn  ologies?

Environmental

The most difficult problem in addressing climate change is replacing theftedsiused in
transportation. While a hydrogen-based transportation sector is a long-term gpyassibil
requires a huge and expensive investment in new infrastructure, and is not withoudlpotenti
environmental and other concerns. Biofuels are another option that, by contrast(ai@h be

! Munn-Venn, Trefor and Paul MitcheBjotechnology in Canada: A Technology Platform
for Growth,published by The Conference Board of Canada, 2005
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are being) used today with relatively minor changes to vehicle engines ang fueli
infrastructure.

Biofuels would also reduce acid precipitation and a number of air pollutants lbe@ncar
monoxide and particulate matter.

Ethanol can replace environmentally problematic anti-knock compounds and increase octa
in gasoline.

Socioeconomic

Use of biofuels could support farmers’ incomes almost everywhere in the workl aiimast

all countries can grow feedstock crops. The present transportation fuel sugsiyreé
globalized system based on unevenly distributed petroleum resources, and biofuelduse coul
lessen risks of interruption because of terrorist actions, war, and stormsitkeaHe

Katrina.

It is claimed that some 70% of an ethanol plant’s revenues are typicailygfen 150 km
of the facility; rural municipalities would benefit from local economic\aisti

What sustainability concerns about biofuels have be en raised?

While most of the impacts of these technologies are seen as potentiallyeposiich
depends on specifics.

Environmental

There are questions about how much actual reduction in greenhouse gases would occur if
biofuel crops exclusively used fossil fuels for fertilizer feedstock, hangestjuipment, and

the like. Badly managed biofuel crops could increase rates of soil depletion and.e/usi
important issue relates to land use limits and priorities: will biofuel creptadie native

forests and grasslands with genetically engineered monoculturesetingagenetic cross-
contamination and diminishing important habitat; and/or displace food crops, reducing food
supplies? In part, this depends on the particular technologies used; some recenboonversi
technologies can make use of waste cellulosic materials like stragoamtlusks and can

use native species like switchgrass for ethanol production. At present, biofuelgiprouc
relatively minor, and would have to increase substantially before largececapetition for

land use became a problem. It is clear, however, that simply substituting bfofuelssil

fuels without substantial efforts to curb energy demand and improve efficiencyas not
sustainable strategy.

What is the status of biofuels technology in terms of commercialization?

Biofuel technologyhas been in use since World War Il. In the 1970s, responding to dramatic
global jumps in oil prices, Brazil undertook a major initiative to reduce its oilndigmee by
developing an ethanol-based transportation system. Using its sugar canedssog ke and

a variety of policy instruments from subsidies and tax breaks to mandated reqtsréne

biofuel use, by the mid-80s almost all new car sales were ethanol vehiclesol Eg®&there
declined with falling oil prices in the following decade, but a decision in 2003 to require
flexible-fueling capability in vehicles changed the economics significamitl ethanol
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production and vehicle use once again expanded. Global production of ethanol has doubled
since 2000, and biodiesel nearly tripled. After Brazil, the U.S. comes sicetignol

production, chiefly using corn, while Europe produces almost all of the world’s biqgdiesel
largely from rapeseed and sunflower seed@anada produced 245 million litres of ethanol in
2004, and renewable fuels associations would like to double that by 2010.

Specifically in the biotechnology resource sector in Canada, there are some Zinbiotpc
compansies (though not necessarily involved with biofuels), with about $13 million invested
in R&D.

What about government oversight and policy?

Biofuels policy

In Canada, there are modest initiatives to support quality and availabiitgfaoéls through

an online supplier registry by Natural Resources Canada. Saskatchewamranecently,
Ontariohave developed programs to support ethanol production; Ontario has a target of 5%
ethanol in gasoline by January 1, 2007.

Federal biotechnology policy and support for Research & Development

The Canadian Biotechnology Strategy of 1998 proposes as its main theme that Gankada s
position itself to be a responsible world leader in biotechnology, including explesitian

to ethical and social responsibilities. The Strategy sets up the Canaati@echBoblogy
Secretariat (CBS), which assists an external advisory committeatia@n Biotechnology
Advisory Committee (CBAC) and a federal ministerial committee ofth& departments
involved, which are Industry; Agriculture and Agri-Food; Health; Environment; Natura
Resources; Fisheries and Oceans; and International Trade. In Canadiag¢otd
expenditures for biotechnology R&D nearly tripled between 1997-98 and 2003-04, going
from $254 million to $717 milliod. Canada’s federal tax credit program for scientific
research, the Scientific Research and Experimental Development (SR&&Jpampt is
considered one of the best such mechanisms in the world for supporting biotechnology
research.

Regulation

Regulation of biotechnology in Canada is a confusing patchwork of legislation tyigina
created for controlling other products, substances, and processes. The main déepartme
responsible include Health Canada, Environment Canada, the Department of Fasiteries
Oceans (DFO), and the Canadian Food Inspection Agency (CFIA). For biofuslsntel
regulations might include laboratory biosafety guidelines, CFIA environmegalations

2 Hunt, Suzanne C. And Janet L. Sawin and Peter Stair, “Cultivating Renewabteatiies
to Oil,” Ch. 4 inState of the World 2008y Worldwatch Institute (New York: W.W. Norton
& Company, Inc., 2006)

% In Biotechnology in Canadabove, Reference 1

4 Statistics Canad&anadian Trends in Biotechnology 2dition,2005
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dealing with field trials (for feedstock crops), or thanadian Environmental Protection Act
(CEPA) regulations for Living Modified Organisms (for yeasts).

There is no legislated liability regime in Canada. In Canada, those who promote
biotechnology are subject to the traditional common law rules of civil liabifithe use of
biotechnology causes damage to a person, their property or their economitsinteees
producer or user of that biotechnology may or may not be held liable for thatelagnag

court. The common law, as it has developed in Canada, may not be flexible enough to meet
the unigque and novel challenges raised by the potential for harm that biotechnology may
cause. Biotechnology raises general policy issues that should be resolvgidlajoles rather

than judges. A strict liability regime, entrenched in legislation, would hold peoslod
biotechnology responsible for damage to human or environmental health.

What international implications are there?
The widespread introduction of biofuels worldwide would have positive implications for
national security for many countries, and could contribute significantly &dimgethe
international targets in the Kyoto agreement for reducing greenhousmigages.
Additional sources of information specific to biofu els and biotechnology
The Canadian Biotechnology Secretariat's website, www.biogateway.gc.ca
Worldwatch Institute’sState of the World 200€hapter 4 (seReferences endnote 2)

The Canadian Institute for Environmental Law and PoligyGitizens’ Guide to
BiotechnologyMarch 2002)
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Nanotechnology

What is nanotechnology?

Nanotechnology includes a variety of techniques that are used to manipulatelsrait¢hia
nanoscale, the scale of atoms and molecules. One nanometre (hnm) equals one bidionth of
metre, about the width of 10 hydrogen atoms; a DNA molecule is 2.5 nm wide, and a red
blood cell is about 5,000 nm across. A human hair is about 80,000 nm in diameter.
“Atomic force” microscopes are needed to “see” material at thismely small scale.

The building blocks for nanotechnology are simply the chemical elements apdwais

which make up all materials. However, substances at the nanoscale (that is, 1 - 100 nm) have
very different properties, such as changed colour, elasticity, strengthicaheeactivity, and
electrical conductivity, from those they have in everyday human experietieeratcroscale

or even the microscale. Developing ways to use and control these novel propeitiats is
nanotechnology is about.

For example, some molecules can be configured in unusual ways that give tirrteattr

almost like comic book super-heroes. Buckyballs (also called fullereneschmically

referred to as nano-C60) were discovered in 1985 and are hollow spheres of 60 carbon
molecules. They can withstand enormous pressure and could be used as nano-containers, for
instance for delivering drugs to highly specific sites in the body. Carbon nanatedée
stretched-out buckyballs, with single- or multiple-sheeted walls; thesiatenes lighter and

many times stronger than steel, and can be either semi-conductors or iasulaiey may be

used in energy-related applications, or added to materials to improve streingt wit

increasing weight. Quantum dots are semi-conductor nanoparticles thdifearent

colours depending on their size; they can be used to track or monitor various substances, such
as biological materials in medical research.

What potential benefits are claimed for nanotechnol ogy?

Coatings and powders containing nanoscale particles are now being used in consumer
products to make fabrics stain-resistant or for ultraviolet protection in g@msand cosmetic
creams. Nanoscale silver inhibits bacterial growth and is used to coat woungdress

Promoters are predicting huge future breakthroughs in many beneétdal fThere is an
enormous and ever-growing number of potential applications in the near-term in medicine
electronics, energy and materials conservation and environmental cleahage ificlude

such things as highly targeted delivery of medications (for example, antirchings going
directly to the interior of cancer cells, killing those cells without the dféets associated

with chemotherapy today), better water filtration, energy-saving improverirebatteries

and fuel cells, and diagnostic sensors to detect pathogens and chemical cosamina

®> Shand, Hope, and Kathy Jo Wetter, “Shrinking Science: An Introduction to
Nanotechnology,” Ch.7 iBtate of the World 2008y Worldwatch Institute (New York:
W.W.Norton & Company, Inc., 2006)
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Further down the road, researchers are working on molecular nanotechnologg,taimi
make self-assembling nanoscale molecules for creating devices tk®weie circuitry
actually manufactured at the molecular levghnobiotechnology takes the technology even
further, and is about developing engineered organic-inorganic hybrids: DNA, ¢ieiisg
viruses, or microbes that can be made to incorporate or utilize synthetic consgonent
perform some human-directed function. For example, researchers at MI'edepdtie

April 2006 on-line journaBciencehat they have used genetically modified viruses to
assemble a positive electrode that works as a component of a conventional lithium-ion
battery. However, this electrode can outperform those used in today’'s commeterada

in that it can store up to three times the energy. To make the electrode, thehezsdast
engineered viruses, which are made of proteins, to incorporate some additional DNA
sequences. These genetic sequences direct the viruses’ proteins to form withmanoew a
acid that binds to cobalt ions. The genetically altered viruses then can, in a solution, coa
themselves with cobalt ions. After reactions with water, cobalt oxide, an adJaattery
material, can be produced. The MIT scientists hope to make negative electroe#sasiw
eventually to have viruses actually assemble the positive and negative etetttodehigh-
capacity battery.

What sustainability concerns about the technology h ave been raised?

It should be noted that nanoscale particles can be found in the natural environment under
certain conditions, such as salt nanocrystals in ocean air or nanoparticlesuhdtom

nearly all combustion. However, with the exploding growth in nanotechnology, expasures t
synthetic nanomaterials for researchers, workers, and consumers taitllgancrease, with
unknown results.

Toxicity

Toxicity studies on engineered nanoparticles are now underway. In geobsthnces at the
nanoscale are more reactive and toxic than at the micro- or macro-scaie déssage to
lungs, brains, and hearts has been found in animal species exposed to carbon nanotubes and
buckyballs. One concern is that nanoscale particles could be able to penetiert® ibahe
body that exclude larger particles. A German product described as “nano’ic-Néep, a
protective sealant for glass and ceramics — was introduced as an aerosfurdpeajirst

time in March 2006. It was withdrawn after two days when a number of consuhners w
used it reported coughing and breathing difficulties; six people were hospitaiite
pulmonary edema, but all were released within a few days. The product had preweusly b
marketed for four years in a pump container with no reported problems. However,saerosol
alone can sometimes cause respiratory distress, and since the preaijpt’ssrsecret it is

not proven that it actually contains nanomaterials or that they are the solecdfdhece

problem.

Ecological

A 2004 report on nanoscience and nanotechnology by The Royal Society and The Royal
Academy of Engineering in the U.K. stated that almost nothing is known about the behaviour
of nanoparticles in environmental media, and recommended that until more is known, the
release of manufactured nanoparticles and nanotubes into the environment be avaided as
as possible. Two years later, research has barely begun on ecologittal éfiit a 2005
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study of buckyballs in the environment discovered that they are toxic to soilibaater that
in water they clump together, forming nanoparticles that are soluble, gespreoperty since
buckyballs individually are insolubfe The above-mentioned Royal Society report makes a
distinction between nanoscale materials that are incorporated into pamsiottsrlike
computer chips and the free release of nanoparticles and nanotubes. The lagter seem
potentially more risky, and even with the present limited production raisesomsesbout
nanomaterials in the waste streams from laboratories, industrial and hfiecildees.

There is also concern about potential dangers of nanobiotechnology or synthetic biology i
engineered “biological machines” are released into the environment -yasitgie be for
environmental remediation or to mitigate climate change, for exampleibledsszards

related to control or misuse of such synthetic life forms have not been addressed.

Equity and social issues

Many countries in the South are afraid that their traditional commodities oalhaswource
industries could become unnecessary, and that they will face massive induspiiatisand
worker displacement.

Military applications

In 2002, MIT established the Institute for Soldier Nanotechnologies. Batslésumprove
“soldier survivability” are being designed to incorporate sensors and protebte® dnd
coatings to allow the suits to detect and neutralize chemical and biologing.age

What is the status of nanotechnology in terms of co mmercialization?

As noted above, consumer applications in cosmetics, sunscreens, paints, sports equipment
such as tennis racquets, fabric treatments, and medicine are already imrcahuse. The

Project on Emerging Nanotechnologies (given below as an additional source of fitfoyma

has an inventory of over 200 such products, and that is not considered an exhaustive list. The
scale of R&D aimed toward near-future commercial use is enormous and gropitiy; ra

the rush to patent nanoscale products and processes has been likened to “biotechnology on
steroids.”

What about government oversight and policy?

Federal nanotechnology policy and support for research and development (R&D):

In policy statements, Industry Canada and other agencies have statedabetmalogy

will be vitally important for Canada’s future economic development. The Nati@sadrch
Council (NRC) in conjunction with the University of Alberta in Edmonton established the
National Institute for Nanotechnology (NINT) in 2001. Because there is no simglew

for information and policy on this wide- reaching technology, it is difficult toadiscjust
how much is being spent in total on R&D. Policy comments are almost entirely about
research and business opportunities, with little or no official discussion of health,
environment, or social issues.

® Press release on website, Center for Biological and Environmental Nanooeghnol
(CBEN), Rice University, June 23, 2005
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Transparency and citizen engagement
There is no formal ongoing mechanism for civil society input about nanotechnologygolicie
in Canada.

Regulatory framework and labeling requirements

Canada and other governments have so far taken the position that a nano-scalassiiérial
the same substance as at the micro- and macro-scales, and does not needaral addit
regulation beyond what is required for ordinary uses of that substance. (Thistes thespi
fact that the novel properties exhibited at the nano-scale are precigellgeglk applications
are useful.) Even cosmetics, which Canada has recently required fortthienérso label all
their ingredients, do not have to reveal that nano-scale particles of compoundsiare use
Neither do other products, including food. Some governments, however, have begun to
instance, the European Commission asked for public comment on nanotechnology risk
assessment.

Liability regime

There is no legislated liability regime in Canada. In Canatlase who promote
biotechnology are subject to the traditional common law rules ofl@bility. If the use of
biotechnology causes damage to a person, their property or their ecantrests, the
producer or user of that biotechnology may or may not be held liabkhdbdamage by a
court. The common law, as it has developed in Canada, may nokiéeflenough to meet
the unique and novel challenges raised by the potential for harm ttathmology may
cause. Biotechnology raises general policy issues that shoulddieek by legislators rather
than judges. A strict liability regime, entrenched in legisigtiwould hold producers of
biotechnology responsible for damage to human or environmental health.

What are the international implications?

There is a rush to control the burgeoning patent rights in what is likely the eetth&ogy
platform” — that is, an innovation like electricity, which is central to furtterelopments in
many diverse fields. Control over nanotechnology’s fundamental tools and procdlkskes wi
very important for shaping applications, having access to benefits, and avoiding and
mitigating health, environmental, and other problems. China is already ptayary

significant role in nanotechnology development, as is India. The poor and politically
disadvantaged, both countries and individuals, should be concerned about being left out of
this new knowledge- and technology-based revolution. Since nanoscale techndgogies a
have the potential to revolutionize design and manufacturing of new matercds a@any
sectors, developments could cause disruption and dislocation to workers and economies tha
depend on traditional commodities.

Additional sources of information specific to Nanot echnology

Worldwatch Institute’sState of the World 200&hapter 5 (seReferencesendnote 1)

The Massachusetts Institute of Technology (MIT) jouiiredhnology Review its
online edition at www.technologyreview.com frequently reports on nanotechnology
developments
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The Woodrow Wilson International Center for Scholars in partnership with the Pew
Charitable Trusts launched the Project on Emerging Nanotechnologies in April 2005;
its website is www.nanotechproject.org

The Royal Society and the Royal Academy of Engineering of the U.K. prdduc
major report in July, 2004, which is available online at
www.nanotec.org.uk/finalReport.htm
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Plant Molecular Farming (PMF)

What is plant molecular farming (PMF)?

Plant molecular farming is the use of genetically modified plants to prquharenaceutical
products or industrial chemicals. These “plants with novel traits” (PNTs) have be
developed by inserting new genes, usually from other species, that itis¢rptant to

produce the desired substance. The plant can be directed to make that substamdatac

in specific parts of the plant, such as seeds or leaves. The compound can then bée extracte
from the “platform” plant species crop and refined for use; the remainingmketial is
destroyed. Platform species commonly used in the research today include coe),(mai
tobacco, tomatoes and potatoes; these are advantageous because their productjoesechni
are well known and their genetics have been well-studied. More recently, nompecgss

like duckweed and mouse-eared cress (Arabidopsis) have also been used ih nesksarc

What potential benefits are claimed for PMF?

Socioeconomic

A major claim is that much pharmaceutical production done in this way would be
substantially cheaper and would result in significantly increased avVigyianid lowered

drug costs and prices. This is because the source of many products used in medicine,
including drugs, diagnostic materials, blood products and hormones, is biological in origin
and expensive to produce in conventional ways from plants, animals, or from microbes in
bioreactors. Using plants to manufacture these compounds could increase the guantitie
produced, and do it more quickly and cheaply. This technology could also be used for many
industrial chemicals. For example, the enzyme used in cheese production gragins

from the stomachs of calves; since the 1990s, almost all of North American producti@n of thi
enzyme has been from microbial bioreactors, but this is generally acfginsive

technology. PMF alternatives could lower these production costs, although this does not
necessarily translate into lower prices for consumers.

Better patient care

As well, some promoters envision using PMF to produce vaccines and other drugs tleat can b
given orally, rather than by using syringes, thus making their use easidresrigpand also
cheaper to administer. Production in plant-based systems also eliminatsk ttie r
contamination of the final product with animal viruses and prions that constitute a potentia
threat to human health.

What sustainability concerns about PMF have beenra  ised?

Human health

Because the reason for this particular application of biotechnology is to prodatethat
produce biologically active substances, there are strong concerns about inativentemt
exposure to these plants and the compounds they are programmed to make. Among other
possible ways, such exposure could happen through contaminated harvesting equipment,
intermixing of transgenic plants or seeds with those intended for the food supply, or worker
exposure directly. Even if such transgenic crops are grown in greenhoisesskible for
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natural disasters and accidents to occur that could result in unforeseen papitsoferr
contamination.

Ecological and economic issues

Field crops are always invaded by disease, insects (whether pestsiqrslliogjust local
inhabitants), weeds, deer, raccoons, and other animals. And the soil ecosystem involves
earthworms, insects, and bacteria. All these living organisms could be affedtegsting
pollen or plant material that is biologically active. As well, genetic comtatoin of food

crops or closely related wild species through wind-borne pollen is a concerof. tiidise
scenarios could have severe economic implications for farmers and so@etyeral.

What is the status of PMF in terms of commercializat ion?

Currently there are no commercial applications approved for use in Canada.offimgad
field trials have been allowed here. Some pharmaceutical PMF products in thevd.S. ha
reached the stage of clinical trials.

What about government oversight and policy?

Research and development (R&D)

The bulk of Canada’s millions of dollars spent on biotechnology research is in the health
field.. More than half of its biotechnology companies are in this sector, and in 2003 there
were over 10,000 health-related biotechnology products or processes that were stagje

of approval. However, little of this health-related biotechnology R&D is gpaltyf for

PMF applications.

Regulatory framework

Health Canada and the Canadian Food Inspection Agency (CFIA), along with Environment
Canada and possibly other government departments that make up the patchwork of Canadian
agencies responsible for different aspects of biotechnology regulation hansdeefor PMF
applications.

Liability regime

Canada does not have a legislated liability regime for any biotechnolpligadions,

including PMF. In Canada, those who promote biotechnology are subject to the traditional
common law rules of civil liability. If the use of biotechnology causes danceg@erson,

their property or their economic interests, the producer or user of that bioteghmaggr

may not be held liable for that damage by a court. The common law, as it has dituglope
Canada, may not be flexible enough to meet the unique and novel challenges raised by the
potential for harm that biotechnology may cause. Biotechnology raises Igavlernaissues

that should be resolved by legislators rather than judges. A strict liabtjitywe, entrenched

in legislation, would hold producers of biotechnology responsible for damage to human or
environmental health.

Transparency and citizen engagement

The formal avenue of public input into government policy is the Canadian Biotechnology
Advisory Committee, though its involvement from civil society has primarily lfiesn the
scientific community and commercial interests. Because of potentiditbearal the
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possibility of indoor production in greenhouses, there is probably less opposition from
environment and other groups to PMF applications, despite their risks, than to ggnetical
modified trees and food crops intended for widespread, unconfined use.

What are the international implications?

The potential for more widely available and much cheaper pharmaceuticadspotimise
from this technology to many poorer countries. However, the risks to biodivardity a
human health are also arguably great, particularly if PMF is practicedimirges with less
capacity for scientific monitoring and stringent regulatory oversight.

Additional sources of information specific to PMF

The Canadian Food Inspection Agency website at www.inspection.gc.ca

24



Additional Sources of Information

Government of Canada

The Government of Canada’s BioPortal the online gateway to the latest government
information on biotechnology
http://www.bioportal.gc.ca/

The Government of Canada’s BioStrategy- offers information about Canada’s strategy for
Biotechnology
http://biostrategy.gc.ca/

Canadian Biotechnology Advisory Committee CBAC provides advice to the federal
government on ethical, social, regulatory, economic, scientific, environmentaéattd
aspects of biotechnology

http://www.cbac-cccb.ca/

Concerned about Biotechnology

Union of Concerned Scientists an independent nonprofit alliance of more than 100,000
concerned citizens and scientists.
http://www.ucsusa.org/

Greenpeace Canada an independent not-for-profit organization concerned about Genetic
Engineering
http://www.greenpeace.ca

ETC group —a charity dedicated to the conservation and sustainable advancement of cultural
and ecological diversity and human rights
http://www.etcgroup.org/

Pro-Biotechnoloqy

Biotechnology — Good to Grow- a corporate sponsored organization that advocates the
positive aspects of biotechnology
http://www.biotechgoodtogrow.com/

BIOTECanada — a not-for-profit, industry-funded association promoting public awareness
and acceptance of biotechnology
http://www.biotech.ca/

Council for Biotechnology Information — an organization that communicates the benefits

and safety of agricultural and food biotechnology
http://whybiotech.com/
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