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ExXECUTIVE SUMMARY
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In the spring of 2003, the Union of Concerned Scientists (UCS) convened an expert workshop on protecting
the U.S. food and feed supply from contamination by crops genetically engineered to produce pharmaceuticals
and industrial chemicals. The experts who participated in that workshop wrote the technical report A Grow-
ing Concern: Protecting the Food Supply in an Era of Pharmaceutical and Industrial Crops independently
of UCS, which developed policy recommendations based on its own analysis of this report.

Below is the executive summary of the experts’ report, followed by the executive summary of UCS’s

conclusions and policy recommendations.

TECHNICAL REPORT
AUTHORS: David Andow, Henry Daniell, Paul Gepts,
Kendall Lamkey, Emerson Nafziger, and Dennis Strayer

Food crops, primarily corn, are currently being
genetically engineered to produce pharmaceu-
ticals and industrial chemicals. These crops are
referred to as “pharma” crops when they produce
drugs, hormones, and other therapeutic agents,
and industrial crops when they produce compounds
such as plastics for use in industry. Throughout
our report, the term pharma crop is used to
encompass both types.

While the commercial and health benefits of
these crops could be substantial, there are risks to
the food supply and the environment associated
with their commercial production. Many pharma
and industrial products could harm humans, live-
stock, or wildlife if ingested in active forms. Of
the many possible risks associated with these prod-
ucts, this report focuses only on those related to
contamination of the human food and animal
feed supplies.

There are two major routes by which pharma-
ceutical and industrial transgenes can inadvertent-
ly contaminate commodity crops and, therefore,

the food and feed supply. One of these is the

physical mixing of seed—pharma seed can be in-
advertently spilled or mixed during seed produc-
tion, harvest, storage, transport, and handling.
Contamination can occur by direct mixing of
the crops in the growing year or potential future
contamination from volunteer plants the follow-
ing year. The other route is pollen, which contains
the male reproductive cells necessary for the
fertilization of plants and the production of seed.
Pollen containing genes for the pharma product
can pollinate commodity crops, leading to con-
tamination during the growing year.

The Central Dilemma

The U.S. commodity corn and soybean
production systems are structured to mix grain
from many sources before it is ultimately used.
Without substantial modification, such a sys-
tem cannot protect the human food and animal
feed supply systems from contamination by
pharma crops.

This problem raises the fundamental dilemma
associated with pharma crops. The compounds
produced by genetically engineered pharma
plants are expected to lead to useful products that
would have beneficial effects on human or animal
health. At the same time, these compounds can
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contaminate the food supply and the environ-
ment, possibly resulting in detrimental health
effects on humans or animals and putting food
companies at risk for lost markets, legal liability,
and brand damage.

We addressed this problem by answering the
following question: Is it possible to design a sys-
tem for producing pharma products in genetically
engineered corn or soybean—two plants often
used or proposed for pharma production in the
United States—without contaminating human
food or animal feed?

Virtually Zero Contamination

In determining how to maintain a food/feed
supply without contamination by pharma and
industrial crops, our report first addresses the
meaning of the term “without contamination,”
then adopts the standard of virtually zero contam-
ination (rejecting a zero contamination standard
as impossible to attain). A virtually zero standard
recognizes the impossibility of preventing con-
tamination entirely.

By promoting a virtually zero contamination
standard, we advocate for pharma crop produc-
tion to be conducted in such a way that the likeli-
hood of contamination would be so low as to be
nearly zero. The adequacy of existing pharma crop
confinement systems is assessed against this stan-
dard throughout the report.

Report Outline

A Growing Concern identifies the points at which
commodity corn and soybean production—and
therefore the U.S. food and feed system—could
be contaminated by pharma crops.

Chapter 1 provides background material and
defines the scope of the report. Chapter 2 describes
the potential routes of contamination of non-
pharma corn and soybean, concentrating on those
related to pollen movement and seed mixing.

Chapter 3 discusses various methods by which
contamination could be blocked; these confinement
measures are broadly classified as zoning, spatial
separation, temporal separation, dedication of
machinery and infrastructure, physical and biolo-
gical confinement, and disallowing food and feed
crops as pharma crops.

The report then addresses the three phases of
corn and soybean production in depth, identifies
points at which food/feed crops are vulnerable to
contamination by pharma crops, and evaluates
the confinement measures suggested in Chapter 3.
Chapter 4 describes the seed production processes
for both crops; Chapter 5 addresses on-farm pro-
duction; and Chapter 6 examines post-harvest
shipping, handling, and storage.

Chapter 7 briefly addresses the potential for
using non-food/feed plants for pharma produc-
tion, recognizing that a full examination of this
topic is beyond the scope of this report. Chapter 8
synthesizes the report’s major conclusions and
makes recommendations.

Conclusions and Recommendations

The Current Corn and Soybean Production
Process. Our report concludes that the current
production process and production areas for corn
and soybean cannot be used without substantial
modification to ensure virtually zero contamina-
tion of the human food and animal feed supplies.

Recommendations:

* Eliminate as many steps as possible in each
of the seed development, seed production,
crop production, and handling, storage, and
delivery operations.

* Develop corn and soybean production and
management systems that will ensure virtu-
ally zero contamination of the food and feed
supplies through collaboration between



industry, academia, and regulatory bodies.
If broad-based consensus cannot be reached,
it would be inadvisable to initiate further
use of corn and soybean as pharma crops.

Future Prospects for Pharma Corn and
Soybean. Theoretically, the goal of virtually zero
contamination could be achieved using corn and
soybean as pharma crops, but this would require
such substantial changes in production practices,
management systems, and oversight that a major
effort will be required. Our conclusion is that the
pharma crops system must be completely separate
from the food/feed system. Specifically, although
pharma corn and soybean could be grown either
in geographically isolated regions of the country
or embedded in areas of commodity crop produc-
tion, both would require new production systems
be put in place.

It would be possible to produce pharma crops
in areas isolated from commodity crop produc-
tion if geographic isolation zones and the neces-
sary management and oversight can be established
and maintained in a way that ensures virtually
zero contamination of the food and feed supplies.
Similarly, it would be possible to grow corn and
soybean pharma crops embedded in the same areas
as corn and soybean commodity production if
appropriate management, spatial separation, and
biological confinement can be developed, im-
plemented, and enforced in a way that ensures
virtually zero contamination of the food and
feed supply.

An appropriate management and oversight
system would involve considerable discipline and
reproducibility in the production process, prede-
termined performance standards, documentation
and auditing, and third-party monitoring and
approval. Such a system and any associated biol-
ogical confinement must also include redundancy
and fail-safe mechanisms.
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Recommendations:

* Develop the infrastructure and information
needed to implement and maintain pharma
crop production in areas geographically
isolated from commodity crops. Specifically,
synthesize studies of pollen flow, isolation,
and crop production areas to determine
whether further research is needed to estab-
lish the scientific basis for geographic
isolation zones.

* Develop strategies that would allow individ-
ual growers or groups of growers to develop
case-by-case plans for well-defined spatially
separated production areas embedded within
commodity production areas. These strate-
gies would need to meet the specific man-
agement, separation, confinement, and
oversight objectives outlined above.

Use of Non-Food/Feed Crops. Our report
suggests that non-food/feed crops should be seri-
ously considered as pharma crops in order to en-
sure virtually zero contamination of food and feed.
However, additional safeguards will be necessary,
including: confinement management systems and
third-party oversight similar to that proposed for
corn and soybean; barriers to pollen and seed gene
flow (e.g., no wild relatives, low propagule viabil-
ity, sterility); minimum production areas for the
pharma crop; and limited acreage for the non-
pharma crop.

Recommendations:

* Encourage research on non-food/feed
crops as potential pharma crops.

* Develop the information and technology
necessary for pharma crop production in
non-food/feed crops as soon as possible to
ensure virtually zero contamination of the
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food/feed supply and enable pharma crop
production to succeed. This may require
some research incentives, as our genetic en-
gineering expertise with other crops is not
on the same level as corn and soybean.

CONCLUSIONS AND POLICY
RECOMMENDATIONS OF THE
UNION OF CONCERNED SCIENTISTS
AUTHORS: Margaret Mellon and Jane Rissler

CS carefully reviewed the technical report

A Growing Concern: Protecting the Food
Supply in an Era of Pharmaceutical and Industrial
Crops and developed its own conclusions and
policy recommendations. We strongly agree with
the experts’ major conclusion that corn and soy-
bean cannot be used for pharma crop production
without major changes designed to protect our
food system from contamination.

UCS strongly agrees with

the experts’ major conclusion
that corn and soybean cannot be
used for pharma crop production
without major changes designed
to protect our food system

from contamination.

Since contamination of the food supply is like-
ly to be ongoing, we believe that pharma crops
should not continue to be developed. Considering
the serious potential health and economic conse-
quences of a contamination event, UCS recommends
that the United States Department of Agriculture
(USDA) halt the outdoor production of genetically

engineered pharma and industrial crops immediately,

until a system is put in place that can produce drugs
and industrial substances without putting our food
system and food industry at risk.

UCS also recommends that the USDA explore
the indoor cultivation of engineered food and feed
crops to produce drugs and industrial chemicals.
This system would employ artificially illuminated
facilities such as caves or secure greenhouses, oper-
ated in conjunction with a new management
system along the lines discussed in Chapter 6
of the technical report.

We agree with the report’s authors that it might
be possible in the future to put together an effec-
tive new system that would allow corn or soybean
to be used as pharma crops. But as the experts
make clear, such a system would require extensive
changes. Establishing that system, especially if
it permits pharma crop production embedded
in commodity crop regions, would require new
management systems, new regulations, new
restrictions on farmers who do not grow pharma
crops, and new equipment and technologies—
all built from the ground up. Although theoreti-
cally possible, the magnitude of this undertaking
leads us to doubt that the USDA could establish,
monitor, and ensure the successful operation of
the new system.

The best way to reap the benefits of pharma
crops and simultaneously protect the food system
is to stop now and begin investing in other methods
of biopharmaceutical production such as alterna-
tive crops and fermentation and cell culture sys-
tems. Therefore, UCS recommends that the USDA
spearhead a major campaign to encourage and fund
alternatives to the use of food and feed crops in
pharma and industrial crop production, particularly
the search for suitable non-food)feed crops. We agree
with the experts that this effort should begin as
soon as possible and should include incentives
that enable scientists to explore new crops and
agronomic systems.



A Final Note on the Relationship between
the Experts’ and UCS’s Recommendations
The conclusions and policy recommendations
of the Union of Concerned Scientists are based on
the expert analyses in the technical report, but are

solely the views of UCS. One of our policy
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recommendations—that the outdoor production
of genetically engineered pharma food and feed
crops be halted immediately—is not addressed in
the technical report and is not necessarily shared
by its authors.
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INTRODUCTION, CONCLUSIONS, AND RECOMMENDATIONS
OF THE UNION OF CONCERNED SCIENTISTS

AUTHORS: Margaret Mellon and Jane Rissler

Food crops, primarily corn, are currently being
genetically engineered' to produce drugs, vac-
cines, and industrial chemicals. These crops are
referred to as “pharma” crops when they produce
therapeutic agents, and industrial crops when they
produce compounds used in manufacturing or
other industries. Although this discussion primar-
ily covers pharmaceutical applications, we believe
most of the analysis also applies to industrial
applications and often use the term pharma to
encompass industrial uses.

The developers of pharma crops hope they will
reduce drug production costs compared with cell
culture or fermentation systems and, in some cases,
make possible the production of drugs that can-
not be produced at all by other systems. However,
substances produced by pharma and industrial
crops—including hormones, vaccines, diagnostic
compounds, and plastics that were never intended
to be eaten—can be toxic or harmful if acciden-
tally ingested.

Pharma and industrial crops are visually in-
distinguishable from food and feed crops,* so
without efforts to segregate the two, potentially
harmful substances can easily move into the food
system—directly as a result of physical seed mix-
ing or indirectly through biological routes such
as pollen transfer. Pollen transfer can also move
pharma and industrial genes to the seed system,

where these genes can perpetuate themselves
unnoticed.

BUILDING TOWARD A CRISIS

Pharma crops have been under development
in both the laboratory and field for more than a
decade. They are of interest from a food safety
perspective because almost all drugs are intention-

ally bioactive and many have effects at low con-
centrations (Freese 2002b; UCS 2003, 2004).

Substances produced by

pharma and industrial crops—
including hormones, vaccines,
diagnostic compounds, and plastics
that were never intended to be
eaten—can be toxic or harmful

if accidentally ingested.

Although the Union of Concerned Scientists
(UCS) is unaware of any publicly available figures
on the extent of the pharma crop industry, it is
certainly only a fraction of the size of the com-
modity crop system. U.S. Department of Agricul-
ture (USDA) information provides a glimpse into
this young industry: according to its data on field
tests of genetically engineered crops (ISB 2004),

1 Genetically engineered crops are also referred to as transgenic or genetically modified (GM) crops or genetically modified organisms (GMOs).

2 Food is consumed by people; feed is consumed by livestock and other animals.
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the department has approved at least 125 and
perhaps 200 or more applications to test pharma
and industrial compounds in engineered crops
since 1991.> More than 15 companies, along with
five universities, have been involved in pharma
and industrial crop field testing. Corn is the crop
of choice; others include soybean, rice, sugarcane,
tomato, safflower, and tobacco.

The reported acreage of pharma and industrial
crop trials in the USDA database is small. Because
many applicants withhold acreage from the public
as confidential business information, we do not
know the size of unreported or total field trial
acreage. We do know, however, that the USDA
anticipates a significant increase in the number of
requests for field tests and the scale of production
over the next few years (USDA APHIS 2003a).

If the industry were to expand, eventually there
could be hundreds or even thousands of products.
So far, none of the substances produced in

pharma crops have been approved by the Food
and Drug Administration (FDA) for use as phar-
maceuticals, although several are in clinical trials
(BIO 2002). Chemicals produced by several en-
gineered crops have been commercialized for
research or industrial uses (Feedstuffs 2002;
ProdiGene 1997).

The Problem Surfaces

The common practice of growing pharma
and industrial crops in areas where food and feed
versions of the same crops are grown facilitates
contamination of the food supply via both biol-
ogical and physical routes.* More than two years
ago, recognition of the industry’s growth and its
potential risks led UCS, Friends of the Earth, and

The common practice of
growing pharma and industrial
crops in areas where food and
feed versions of the same crops
are grown facilitates contami-

nation of the food supply.

other environmental and consumer groups to urge
the federal government to strengthen regulations
protecting the food system (Brasher 2002; Freese
2002b; Hileman 2002).

Environmentalists’ concerns were validated by
the fall 2002 discovery that pharma corn plants
had emerged as volunteers in a Nebraska soybean
field, were harvested, and subsequently contami-
nated a grain elevator full of commodity soybeans
(Gillis 2002a). ProdiGene, the company produc-
ing this pharma corn, was also responsible for
pharma corn discovered in an lowa soybean field
later that fall (Gillis 2002b).

These incidents underscored how easily food
system contamination could occur and galvanized
food processors, UCS, and other groups to press
even harder for USDA and FDA action. Some
have asked the federal government to tighten its
requirements on food crops used as pharma and
industrial crops and even urged the exclusive use
of non-food crops (for example, GMA 2002,
2003). Others have called for a ban on the use
of food crops as pharma crops and for restricting
pharma crop production to indoor facilities

(Freese 2002b).

3 The uncertainty about the number is a result of USDA policy that allows applicants to withhold information from the public as confidential business

information. For lists of pharma and industrial crop field trial applications, see Freese (2002a) and USDA APHIS (2004a).

4 We use the term “contamination” here to refer to seeds or genes that are unwanted in a particular place for one reason or another. Corn, for example, is

unwanted in soybean shipments, where it is properly called a contaminant. The term has no negative connotation other than the sense that a particular entity

is for some reason unwanted or inappropriate where it is found.



The Government’s Response

The two federal agencies charged with oversee-
ing pharma and industrial crops responded to the
growing concern by strengthening their oversight.
The FDA proposed new, but voluntary, guide-
lines for the industry (FDA 2002), and the USDA
strengthened the permit conditions that apply to
field tests of genetically engineered pharma and
industrial crops.’

In a May 2002 letter to pharma crop develop-
ers, the department detailed permit conditions
applying to pharma barley, corn, rice, sugarcane,
and tobacco, and required crop-specific confine-
ment measures such as isolation distances and
flower bagging (USDA APHIS 2002). The letter
also advised pharma crop growers in general terms
to consider post-harvest restrictions such as mon-
itoring for volunteers and cleaning seeding and
transplanting machinery to prevent seed mixing.

In March 2003, the department requested
comments on steps it had taken to strengthen
its 2002 requirements (USDA APHIS 2003a).°6
Among the new provisions were requirements
for longer isolation distances in corn (no growing
corn within one mile of a field test site involving
open-pollinated corn), submission and approval
of seed cleaning and drying procedures, and im-
plementation of training programs for test site
personnel. The USDA also announced it would
increase the number of on-site inspections.

Finally, the department issued a letter to
pharma crops permit applicants in January 2004
providing greater detail on the kind of informa-
tion to include in permits, including product
description, confinement methods, and packag-
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ing requirements (USDA APHIS 2004b). The
letter also contained proposed criteria for ap-
proved training programs and standard operating
procedures such as the cleaning of equipment
and storage facilities in pharma crop operations.

Although these steps show that the USDA has
put together many of the elements of a compre-
hensive management system to oversee pharma
and industrial crop production, they have failed to
allay concerns. The system, despite being headed
in the right direction, is still a work in progress.
The piecemeal manner in which its provisions
were issued makes it unclear whether they are
voluntary or mandatory. In addition, the USDA
has not addressed the possibility of a ban on
food and feed crops as pharma crops.

The USDA system is also unsatisfactory be-
cause its goal is ambiguous. It fails to state wheth-
er the department aims to prevent food system
contamination completely or just reduce pharma-
ceutical substances to “safe” or “acceptable” levels.
The lack of a clearly defined goal makes it diffi-

cult to evaluate the system’s effectiveness.

The Industry’s Response

Recently, the industry has begun developing
voluntary systems to protect the food and feed
supply from pharma crops. A working group of
the Biotechnology Industry Organization, the in-
dustry trade association, has developed a confine-
ment strategy for pharma crops based on a critical
control points approach. Although the details
have not yet been published, the regime appears
to envision a comprehensive “closed-loop” system
separate from commodity crop production (Keon

5 The USDA’s permit authority derives from its ability to restrict the movement of plant pests under the Plant Protection Act. 7 USC 7701-7772.

6 In August 2003, the department issued an interim rule that requires plants engineered to encode compounds for industrial use be introduced only under permit

(USDA APHIS 2003b). This rule makes it possible for the department to apply conditions applicable to pharmaceutical-producing crops to industrial crops as

well. The rule will remain in effect only until December 31, 2004.
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2004; Phillips 2004). UCS is interested in learn-
ing more about the plan, but we are skeptical of
any wholly voluntary approach.

The UCS Response

In 2003, UCS undertook its own project to
examine the feasibility of protecting the U.S. food
and feed system from contamination by new crops
genetically engineered” for pharma and industrial
purposes. We wanted to know whether any of the
options for confinement, including some not con-
sidered by the USDA, alone or in combination,
would be sufficient. The question our project
sought to answer is whether it is possible to use
food crops to produce large numbers of drugs
and plastics without contaminating the U.S.
food and feed system.

A STANDARD OF COMPLETE PROTECTION

Pharmaceutical substances vary in their
effects, the levels at which they cause problems,
and whether they remain active after ingestion.
While many substances clearly represent a prob-
lem even at very low levels (e.g., orally adminis-
tered hormones), others may not. This suggests
that some pharmaceuticals could be present in
the food system without ill effects and raises the
question of whether the standard for regulation
ought to be complete prevention of contamina-
tion or reduction of contamination to “safe” or
“acceptable” levels.

UCS believes the USDA should adopt the
most stringent standard possible—complete
protection of the food system—for three reasons:

1. The discovery of a pharmaceutical in food
could have enormously disruptive effects
regardless of the substance’s effects or the
levels at which it is found.

The discovery of contaminating substances can
cause enormous disruption throughout the food
chain as elevator operators and others attempt to
clear the system of contaminated product. As
demonstrated by the StarLink incident in 2000,
the costs of such disruption can run into the
hundreds of millions of dollars.®

UCS believes the USDA should
adopt the most stringent standard
possible—complete protection

of the food system from pharma

crop contamination.

Contamination of food by pharmaceutical
substances poses especially large risks to retail
food companies. Consumers who unwittingly
ingest pharma products in foods are likely to
direct their ire—and their lawsuits—against the
companies that sold them the food. Apart from
any legal liability, the publicity associated with
such incidents could severely damage valuable
brands. Purveyors of organic food products are
at special risk because many consumers expect
organic food to be free of all engineered genetic
sequences and products, not just pharmaceuticals.

Importantly, contamination can have negative
economic consequences even if the substances in-
volved do not cause demonstrable harm to con-
sumers or are present below legal tolerances. For
many consumers, the publicity surrounding the
discovery of any amount of drugs in a well-known
brand of breakfast cereal or taco shells would be
more than enough reason to turn toward compet-
itors” products. Such changes in consumer prefer-
ences can cost food companies millions of dollars.

7 Non-engineered crops are also being used for industrial purposes but generally warrant less concern than engineered crops. Genetic engineers can introduce a

virtually unlimited set of new bioactive gene products into plants, making possible a large range of engineered crops with novel substances.

8 In 2000, the StarLink corn variety containing a novel gene product not approved for food uses was nevertheless planted by farmers and sold into the food

system (Lambrecht 2001).



A government policy aimed at ensuring safe
levels of pharma genes in corn flakes would in-
evitably permit some level of pharmaceutical sub-
stances in foods—and a successful pharma crop
industry could mean thousands of such substanc-
es. We believe consumers and food companies
alike simply will not accept a government pro-
gram that sanctions drugs in the food system. Put
another way, “Only Safe Levels of Drugs in U.S.
Food” is untenable as a motto for the USDA
pharma crop program. The only acceptable goal
of U.S. pharma crops policy is to keep pharma-
ceutical and industrial substances out of food
altogether.

It is worth noting that food companies are not
the only entities at economic risk from pharma
crop contamination. An incident involving the
discovery of drug genes in food could also deliver
a devastating blow to the future of food biotech-
nology, which is already under pressure (Nazure
Biotechnology 2004). Many consumers in other
parts of the world are uneasy about genetically
engineered food, and the discovery of pharma
genes in grain destined for a country with a high
level of consumer resistance could do serious
harm to the agricultural biotechnology industry.
As is the case for food companies, even if a bio-
tech firm can demonstrate that its substances are
only present in food at low or “safe” levels, that
would not likely be enough to quell the uproar.

2. A regulatory system establishing toler-
ances for pharma crops would be a waste
of resources.

A policy of reducing pharma contamination
to acceptable levels would require a regulatory
system to evaluate substances and establish toler-
ance levels designed to protect public health. Such
a system, processing hundreds or even thousands
of applications for pharma and industrial chemi-
cals, would be expensive to set up and operate. It
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would require scientifically trained professionals
to conduct food safety evaluations and other per-
sonnel to enforce requirements once they are set.
This expenditure of professional and other resources
is not justified considering that none of the sub-
stances are intended for food use in the first place.
It would be much more efficient to set up a sys-
tem that prevents contamination completely.

3. Risk assessments are imperfect.

Even if the government did set up an expensive
regulatory system, the public might still not be
confident that the approved levels of pharma com-
pounds did not threaten its health. The regulatory
evaluations of compounds would be based on risk
assessment, an imperfect science dependent on
what is known about the chemical activity and
toxicity of substances, the degree to which they
are in active or inactive form, and whether there
are thresholds below which they are not harmful.
Accurate assessment, therefore, requires an under-
standing of the connections between chemicals
and a variety of disease or health-related end points.
This understanding is incomplete at best. (Scien-
tists know more about cancer, for example, than
developmental disorders.)

In short, risk assessment science is not suffi-
ciently robust to guarantee that all harmful chemi-
cals will be screened from the food supply. In many
cases, society must accept risk assessment as the
best that can be done to inform regulatory deci-
sions about chemical substances. That argument
does not apply in this case.

For these reasons, UCS advocates complete
contamination prevention—a strict performance
standard—as the goal of federal regulatory policy
for pharma and industrial crops. (This standard,
which has been refined by the authors of the fol-
lowing technical report and articulated as “virtu-
ally zero contamination,” is discussed in greater

detail in Chapters 1 and 8.)
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CAN THE FOOD SUPPLY BE
COMPLETELY PROTECTED?

As discussed above, pharma crops have been
under cultivation for more than a decade. During
that time, the crops have been placed under prog-
ressively stronger regulatory regimes. But these
regimes have not been designed to meet the goal
articulated above: the complete protection of the
food supply. The task before us is to determine
how, from this point forward, we can achieve
that goal.

To help understand the challenges of meeting
such a goal, UCS asked a straightforward ques-
tion: is strict confinement possible? To focus our
efforts, we limited the crops to corn and soybean.

The Experts’ Workshop

UCS brought six experts together in 2003 to
work through the problem and provide analysis
and advice. The workshop participants included
experts with long experience in U.S. corn and
soybean production as well as scientists with
expertise in biological, physical, and management
approaches to confinement.

As background for the workshop, UCS first
asked the group to compile a list of all potential
confinement measures applicable to pharma corn
and soybean and assess their strengths and weak-
nesses. The experts not only considered measures
currently employed by the USDA, but also
indoor production, disallowal of food crops, and
new methods based on sophisticated molecular
biological techniques. We then asked the work-
shop participants to determine the points in corn
and soybean production at which contamination
of the food and feed supply is likely to occur. The
objective was to assess the effectiveness of each
confinement measure in blocking identified
routes of contamination.

9 Corn is a highly outcrossing crop while soybean is predominantly self-pollinating.

To structure the analysis, corn and soybean
production was divided into three phases: seed
production, on-farm production, and post-harvest
grain handling, storage, and shipping. Contami-
nation would need to be blocked in all three
phases to completely protect the food system.

UCS did not ask the experts to debate
the wisdom or appropriateness of a zero con-
tamination standard, nor did we ask for policy
recommendations. We simply asked, “What
confinement measure or set of measures, if any,
would ensure complete protection of the U.S.
food and feed supply from contamination by
pharma crops?”

We chose to focus on corn and soybean for the
following reasons: 1) corn is the most commonly
engineered crop for both pharmaceutical and in-
dustrial chemical production, and soybean, though
not used as frequently as corn, has been used for
antibody and industrial enzyme production;

2) because corn and soybean are major U.S. com-
modity crops, common ingredients in processed
food, and important agricultural exports, their
contamination by pharma products could cause
substantial disruption to the food supply and
export markets and pose risks to human health;
and 3) because corn and soybean represent oppo-
site ends of the outcrossing spectrum,’ they pro-
vide an opportunity to consider the relative
importance of biological and physical contamina-
tion routes in the food system.

After the day-and-a-half workshop, the experts
undertook a highly collaborative process that re-
sulted in the technical report A Growing Concern:
Protecting the Food Supply in an Era of Pharmaceu-
tical and Industrial Crops. UCS edited the text for
clarity and consistency, but the analysis, conclu-
sions, and recommendations presented in Chap-
ters 1 through 8 are solely those of the experts.



UCS REVIEW OF THE TECHNICAL REPORT
The Experts’ Analysis

Chapter 1 provides background material and
explains why the technical report was prepared.

Chapter 2 provides details on the two major
routes of contamination: physical mixing of seed
and biological transfer of pollen.

Chapter 3 lays out the confinement options
available to block contamination by these routes.
The list of options considered by the experts is
surprisingly long, ranging from zoning to cutting-
edge molecular interventions, and the options
vary considerably in effectiveness, readiness,
and expense.

In general, it was disappointing to learn that
new molecular interventions, although promising,
are only partially effective at best, and for the most
part are not yet ready for deployment. Chloroplast
engineering only recently became available to
control pollen flow in soybean. Other approaches
such as genetically engineered male sterility, cleis-
togamy, and apomixis are currently unavailable
in either corn or soybean.

Similarly, complex genetically engineered seed
sterility mechanisms are still in the experimental
stage and may never be effective enough by them-
selves to completely block the movement of pharma
crop genes in corn and soybean. On the other
hand, innovative management systems appear to
be evolving toward a potentially significant role
in confinement.

Chapters 4, 5, and 6 form the heart of the
analysis by describing the three major phases of
corn and soybean production chains: seed pro-
duction, on-farm production, and post-harvest
handling, storage, and transport. Each of these
chapters identifies points of vulnerability to con-
tamination through pollen dispersal and seed
mixing, and evaluates the applicability of relevant
confinement options.
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Chapter 7 briefly discusses non-food and non-
feed crops that may be pharma crop candidates.

The analyses in Chapters 1 through 7 are rich
in detail and insight, and we recommend the en-
tire report to readers—especially those who might
be tempted to skip right to the excellent summary.

In Chapter 8, the experts elegantly synthesize
their analyses and present their conclusions and
recommendations. Although they were not asked
to comment on the stringent “no contamination
of the food system” or “complete protection of the
food system” standard advocated by UCS, the re-
port authors took the initiative to discuss and re-
fine the concept in Chapter 8. Without prompting
by UCS, the experts endorsed the appropriateness
of a “virtually zero contamination” regulatory
standard in the context of pharma crops.

A glossary of technical terms appearing in the
text has been prepared by UCS and can be found
at the end of the report.

The Experts’ Conclusions
The major conclusion of the technical report is:

As they are currently produced, stored, and
transported, corn and soybean cannot be used as
pharma crops in the United States while ensuring
virtually zero contamination of the food and feed
supplies.” (Conclusion #4)

Nevertheless, the experts go on to say that a
virtually zero contamination standard could theo-
retically be achieved if “substantial changes in
production practices, management systems,
and oversight” of pharma corn and soybeans
were implemented.

More specifically, the technical report con-
cludes that pharma corn and soybean could be
grown either in isolated regions of the country
away from the major areas of corn and soybean
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The experts conclued that corn

and soybean—as currently produced,
stored, and transported—cannot be
used as pharma crops while ensuring
virtually zero contamination of the

food supply.

production, or even within the Corn Belt—pro-
vided completely new systems are put in place.
Briefly, according to the experts, it would be
necessary to establish geographic isolation zones
with new management and oversight regimes in
order to grow pharma crops in isolation from
other commodity crops.

To grow pharma crops embedded in areas
of traditional commodity crop production, the
experts say an even more elaborate system would
be required:

An appropriate management and oversight
system would require considerable discipline and
reproducibility in the production process, prede-
termined performance standards, documentation
and auditing, and third-party monitoring and
approval. Furthermore, this system and any
associated biological confinement must include
redundancy and fail-safe mechanisms to safe-

guard the food and feed supply.” (Conclusion #6)

The Experts’ Recommendations on
Continued Use of Corn and Soybean

To prepare for the implementation of new
pharma crop production systems, the authors had
three key recommendations. First, “Studies of
pollen flow, isolation, and crop production areas
should be synthesized to determine whether fur-
ther research is needed to establish the scientific
basis for geographic isolation zones” (Recom-
mendation #5).

Second, “Strategies should be developed that
would allow individual growers or groups of
growers to develop case-by-case plans for well-
defined spatially separated production areas
within commodity production areas” (Recom-
mendation #6).

Finally, the experts stressed that if the use of
corn or soybean as pharma crops is to succeed,
“The infrastructure and information needed to
develop, implement, and maintain pharma crop
production in areas geographically isolated from
commodity crops and/or embedded in commod-
ity production areas must be developed as soon
as possible” (Recommendation #7).

The Experts’ Recommendations
on Non-Food/Feed Crops

The experts also considered crops other than
food and feed crops for pharma crop production,
and the resulting need to find and/or develop
alternative crops. They concluded that, “To
ensure virtually zero contamination from future
pharma crops, the use of non-food/feed crops
should be considered seriously” (Conclusion #9).

The experts recommended that, “The infor-
mation and technology necessary for pharma
crop production in non-food/feed crops should
be developed as soon as possible to...enable
pharma crop production to succeed” (Recom-
mendation #9).

Understanding the key role of funding in
groundbreaking projects, the experts also noted
that developing alternative crops “may require
some research incentives, as our genetic engineer-
ing expertise with other crops is not on the same
level as corn and soybean” (Recommendation #9).

The Experts’ Recommendations
on Research Needs

The experts acknowledge the fact that “none
of the proposed strategies—non-food/feed crops,
geographic zoning, or local physical and biologi-



cal confinement—is ready for immediate use in
pharma crop production” (Chapter 8, p. 119).

In response, they have compiled a list of research
gaps that need to be addressed immediately in
order to develop the scientific basis for ensuring
virtually zero contamination of the food and feed
system. These gaps include new crops for pharma
and industrial use, geographic zoning, and local
confinement (which encompasses new molecular
methods such as nuclear male sterility and chloro-
plast engineering).

Also threaded through the report’s chapters
are the experts’ recommendations for establishing
new management systems designed “from the
ground up” to address confinement issues.

UCS CONCLUSIONS AND
RECOMMENDATIONS

UCS has reviewed the technical report careful-
ly and we strongly agree with the experts’ major
conclusion that corn and soybean cannot be used
for pharma crop production while completely pro-
tecting our food system from contamination—at
least without major changes in the pharma corn
and soybean production system. Since changes on
this scale have yet to be implemented, we believe
that contamination of the food system may have
already occurred and may become more likely dur-
ing all three phases of pharma crop production.

In our view, the United States should not
continue to develop pharma crops while contami-
nation is likely ongoing. Even though the scale of
pharma crop production is small in comparison
with commodity crop production, it is significant
enough to threaten the food supply. Furthermore,
the industry has commercialized several research
and industrial chemicals, has several pharmaceuti-
cal products in clinical trials, and has already sub-
mitted 100 to 200 applications to the USDA for
testing additional products in more than 30 states.
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Considering the serious potential health and
economic consequences of a contamination event,
UCS recommends that the USDA halt the outdoor
production of genetically engineered pharma and
industrial crops immediately, until a system is put in
place that can produce drugs and industrial substances
without putting our food system and food industry
at risk.

UCS recommends that the USDA
halt the outdoor production of
genetically engineered pharma and
industrial crops immediately, until a
system is in place to produce drugs
and industrial substances without

putting the food system at risk.

UCS also recommends that the USDA explore
the indoor cultivation of engineered food and feed
crops to produce drugs and industrial chemicals.
This system would employ artificially illuminated
facilities such as caves (Bouchie 2001) or secure
greenhouses, operated in conjunction with a new
management system along the lines discussed in
Chapter 6.

We agree with the technical report that it
might be possible to put together an effective new
system that would allow corn or soybean to be
safely used as pharma crops. But as the report
makes clear, such a system would require exten-
sive changes. The experts identified a large num-
ber of points of vulnerability in the commodity
production system, and blocking contamination
at each of those points, through all three phases of
production, represents an enormous challenge—
not only to regulatory agencies and biotechnology
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companies but also to farmers who would have to
modify many parts of their operations.

Establishing a new system, especially one that
would allow pharma crop production embedded
in commodity crop regions, would require new
management systems, new regulations, new restric-
tions on farmers who do not grow pharma crops,
and new equipment and technologies. Although
theoretically possible, the magnitude of this under-
taking leads UCS to doubt that the USDA could
establish, monitor, and ensure the successful
operation of the new system.

We believe the United States stands at a cross-
roads on pharma crops. It can develop a com-
pletely new system that will allow the safe use of
corn, soybean, and other food and feed crops as
pharma crops, or embark on a campaign to devel-
op alternative crops. Either way will take time
and the investment of scientific, legal, and man-
agement resources.

The analyses in the following technical report
have forced us to conclude that the better option
is disallowing the use of food crops and working
to find and develop alternative pharma crops. It
is a difficult choice. Everyone can agree that lower
drug production costs are a desirable goal, and we
recognize the fact that corn and soybean have sub-
stantial advantages as pharma crops. That being
said, the food system that extends from field to
fork both here and abroad is vital to our health
and central to our economy.'® We must not put
this system at any further risk of contamination.'

The best way to reap the benefits of pharma
crops and simultaneously protect the food system
is to stop now and begin investing in other meth-
ods of biopharmaceutical production such as

alternative crops and fermentation and cell cul-
ture systems.'” This may be a challenge, but it is
one well within the capability of the U.S. agricul-
tural, pharmaceutical, and industrial establish-
ment. Society has every reason to expect that a
concerted effort to develop non-food pharma
crops and improve fermentation and cell culture
systems will succeed.

Therefore, UCS recommends that the USDA
spearhead a major campaign to encourage and fund
alternatives to the use of food and feed crops in pharma
and industrial crop production, particularly the
search for suitable non-food/feed crops. We agree

The best way to reap the

benefits of pharma crops and
simultaneously protect the food
system is to stop now and begin
investing in other methods of
biopharmaceutical production such
as alternative crops and fermen-

tation and cell culture systems.

with the experts that this effort should begin as
soon as possible and should include incentives
that enable scientists and agronomists to explore
new crops and agronomic systems.

It should be noted that the use of non-food/
feed crops would substantially reduce the poten-
tial for pharma crop contamination of the food
supply but not eliminate it entirely, since pharma
crop debris and seeds could still commingle with

10 In 2001, the food and fiber system, including trade, farm, and services, accounted for 12.3 percent of the U.S. gross domestic product (Edmondson 2004).

11 A 2004 editorial in Nature Biotechnology took a similar position, endorsing “foolproof segregation between food crops and drug crops” and rejecting the use

of food crops in drug production. In its words, “Let’s grow pharma plants, but let those plants be Arabidopsis, or flax, or duckweed.”

12 A leading example of drugs successfully produced in plant cell culture is the anti-cancer drug taxol. See Freese (2002b), Appendix 5, and references therein for

examples of other drugs that have been produced in cell culture.



food and feed crops. In addition, alternative
pharma and industrial crops could pose risks to
the environment. We therefore urge that the pro-
cess for identifying non-food/feed crop alterna-
tives include the goal of selecting candidate plants
that would pose minimal risks to both the food/
feed system and the environment.

Among the alternative crops considered in
Chapter 7, tobacco is the furthest along in devel-
opment. At least one company, Planet Biotech-
nology, has produced a pharma product in
engineered tobacco that has progressed to
clinical trials (BIO 2002).

While tobacco is not eaten, it is ingested by
people who smoke and chew tobacco products,
and as noted above, pharma tobacco, like other
alternative crops, would pose a small risk to the
food supply and unknown risks to the environment.
Therefore, any system used to produce pharma
tobacco should be operated in conjunction with
a management system especially designed for
this crop. In addition, the federal government
should thoroughly examine the potential for en-
gineered-tobacco products to contaminate the
food/feed supply, consumer tobacco products,
and the environment before approving them
for commercialization.

Looking to the Future:
a Bio-based Economy
The analysis described above is based on

current market conditions, in which genetically
engineered pharmaceutical and industrial crops
are essentially niche crops within a commodity
grain system dominated by food and feed crops.
Some have suggested that these conditions may
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change in the coming decades—that U.S. agricul-
tural production may shift away from food and
feed crops toward a wider deployment of industri-
al crops, including those grown as energy crops,
chemical feedstocks, and other industrial sub-
stances. The aim of this so-called bio-based econ-
omy would be to substantially replace fossil fuels
with crop-based products.

Bringing such a vision to fruition would
constitute a major transformation of American
agriculture. The experts’ analysis suggests that
efforts to promote a bio-based economy need to
take into account threats to the food system, and
to the extent that new energy or feedstock crops
are genetically engineered to produce novel sub-
stances, these crops would pose threats similar
to those discussed above. For this reason, serious
efforts to create a bio-based economy would
require a strategic rethinking of the relationship
between industrial and food systems, and any
decisions that would move U.S. agriculture in
that direction should involve all the stakeholders,
including consumers, food companies, and
scientists.

A Final N