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Executive Summary

Executive Summary

Background

The Biotechnology Regulatory Services (BRS) program of the U.S.
Department of Agriculture’s (USDA) Animal and Plant Health Inspection
Service (APHIS) regulates the safe introduction (environmental release,
interstate movement, and importation) of genetically engineered (GE)
organisms. APHIS regulates under the authority of the Plant Protection
Act of 2000' (PPA), as amended, which combines the authorities of
several previous acts, including the Federal Plant Pest Act and the Plant
Quarantine Act (PQA). USDA first implemented regulations for GE
organisms in 1987, and they have been revised several times® to better
oversee new technologies and increase APHIS’ efficiency.

Under the Coordinated Federal Framework for Regulation of
Biotechnology (51 Federal Register (FR) 23302), USDA works with the
Food and Drug Administration (FDA) and the Environmental Protection
Agency (EPA) to ensure that the development and testing of
biotechnology products occur in a manner that is safe for plant and animal
health, human health, and the environment. USDA and EPA are the
agencies responsible for protecting U.S. agriculture and the environment.
EPA is responsible for the human/animal health and environmental safety
of any pesticidal substance produced in GE plants. FDA is responsible for
the safety of the whole food product other than the pesticidal component
regulated by EPA.

On January 23, 2004, APHIS published an announcement in the Federal
Register of its intent to prepare a programmatic environmental impact
statement (EIS) to evaluate the environmental impacts arising from
alternatives the agency is considering in the revision of its biotechnology
regulations. The decision to revise APHIS regulations grew out of
interagency discussions, which were led by the Office of Science and
Technology Policy and included EPA and FDA. This draft programmatic
EIS will thus analyze the environmental impacts on the human
environment resulting from APHIS’ current regulations for GE organisms
as well as to analyze the potential environmental impacts, if any, on the
human environment resulting from any revisions or changes to APHIS’
current regulations for GE organisms.

! The Plant Protection Act of 2000, 7 United States Code (U.S.C.) 7701.

% 68 FR 46434 (plant producing industrial compounds); 62 FR 19903 (extensions); 60 FR 43567
(notifications); 58 FR 17044 (notifications and petitions for nonregulated status); 55 FR 53275
(interstate movement of Arabidopsis); 53 FR 12910 (interstate movement of micro-organisms).



Purpose and Need

The U.S. Department of Agriculture (USDA) Animal and Plant Health
Inspection Service (APHIS) regulates the environmental introduction of
genetically engineered (GE) organisms, including crop and noncrop
plants, vertebrate and invertebrate animals, and micro-organisms. APHIS
regulations are grounded in the most up-to-date science and are designed
to provide a level of oversight appropriate for the safe introduction of GE
organisms. APHIS is considering whether revisions to its regulations are
necessary. One purpose of such revisions would be to address current and
future technological trends resulting in GE plants with which the agency is
less familiar, such as plants with environmental stress tolerance or
enhanced nutrition, and plants engineered for new purposes such as
biofuels or for production of pharmaceutical or industrial compounds.
Additionally, the regulations would be revised to ensure a high level of
environmental protection, to create regulatory processes that are
transparent to stakeholders and the public, to consider the efficient use of
agency resources, to ensure that the level of oversight is commensurate
with the risk, and to ensure conformity with obligations under
international treaties and agreements, such as World Trade Organization
(WTO) agreements. Any revision of the regulations would be consistent
with Executive Order 12866.

In accordance with the National Environmental Policy Act of 1969
(NEPA), as amended, the Council on Environmental Quality (CEQ)
regulations for implementing NEPA, the USDA regulations implementing
NEPA, and APHIS’ NEPA Implementing Procedures, APHIS has
prepared a draft EIS (DEIS). The purpose of this DEIS is to provide an
environmental analysis that compares the impacts of various alternatives
to the current regulations. The DEIS will inform the public about the
potential environmental impacts resulting from the possible regulatory
changes. The DEIS, along with public comments on the document, will
provide agency decisionmakers with a full range of alternatives, assist
them in selecting a preferred alternative, and help inform the
decisionmakers in the rule revision process.

Method

The analysis of the APHIS regulatory program and proposed alternatives
includes many issues affecting the current program. During a scoping
process, interested stakeholders, government agencies, and the public
raised issues that should be addressed in the preparation of the DEIS.
Public scoping for this DEIS started January 23, 2004, when APHIS
published a Notice of Intent (NOI) in the Federal Register to prepare an
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EIS and began accepting comments on 11 broad categories of questions
posed in the NOI. In addition to gathering written comments during the
comment period, APHIS gathered oral comments during meetings with
23 stakeholder groups in February and March 2004, as well as during a
meeting with the National Association of State Departments of
Agriculture (NASDA) in June 2004. APHIS also sponsored a survey of
its members by the National Plant Board (NPB) in regards to
biotechnology issues affecting State regulatory officials. The survey
results were posted on the NPB Web site® in February, 2006.

All comments and proposed alternatives received were evaluated on the
basis of whether they addressed the issues in question, whether they were
based on valid science, and whether they were reasonable and practicable.
The results of the scoping process assisted APHIS in the formulation of
the alternatives that are analyzed in this DEIS.

In this document, the various issues and regulatory alternatives are
examined by APHIS, the impacts of each alternative are presented, and
APHIS’ preferred alternative is described. The DEIS examines aspects of
the biological, physical, sociocultural, and economic environments that
may be affected by APHIS’ current biotechnology regulations and the
proposed alternatives described in this document. Because it is not
possible to compare the impacts of the alternatives under consideration
quantitatively, APHIS used qualitative parameters in its analysis.

Current APHIS Regulations

Current APHIS regulations for GE organisms are based on authority in the
PPA to regulate the introduction of organisms that may be plant pests or
for which there is reason to believe are plant pests. Applicants must
submit required information for environmental release, movement, or
importation for review by regulatory scientists who evaluate the risks
posed by the introduction and the procedures that the applicant will use to
minimize those risks. Depending on the nature of the GE organism, an
applicant applies for either a permit or a notification. APHIS authorizes
introductions after considering the organism, the nature of the genetic
engineering, and the ways in which the GE organism is likely to interact
with the environment.

A notification is a more streamlined authorization process that is used only
for plants with traits considered to be low risk. To qualify for a
notification, the GE plant must meet strict eligibility requirements to
ensure that it poses a minimal plant pest risk. The GE plant must also be

3 <http://nationalplantboard.org/docs/2006_brs_review.pdf>



grown under conditions designed to meet performance standards ensuring
confinement of the regulated material. The remaining organisms—
including plants that are genetically engineered to produce pharmaceutical
or industrial compounds—are subject to the permitting process.

Permits are designed to ensure the safe introduction of any GE organism
over which APHIS has authority. All required information submitted in a
permit application is reviewed by APHIS scientists. Confinement
conditions and standard operating procedures are tailored on a case-by-
case basis to maintain confinement of the GE organism throughout the
course of the introduction. APHIS requires that all plants genetically
engineered to produce pharmaceutical or industrial compounds be grown
under extremely strict management protocols. These plants are grown in a
way that maintains confinement of the plant to the release area, with
additional precautions taken to prevent the escape of pollen, seeds, or
plant parts from the field test site.

APHIS works to ensure that notification and permit holders maintain
regulatory compliance by providing guidance and through procedures that
include violation-prevention efforts, site audits and inspections,
documentation of compliance infractions, and mitigation and enforcement
actions to address any infractions. In addition, APHIS requires the
submission of field reports which, in addition to other information, must
inform the agency if any adverse effects are noted during any
environmental release of GE organisms.

After a GE organism has been field tested extensively and the developer
can show that the organism is not a plant pest and can safely be removed
from APHIS oversight, the developer may request the deregulation of the
organism by filing a petition for a “determination of nonregulated status.”
After the applicant submits the required data and it has been reviewed by
the agency, APHIS prepares an environmental assessment (EA) and if
warranted, an EIS to analyze the potential impacts the plant may have on
the human environment and seeks public comment as required by NEPA.
APHIS approves a petition only when it reaches the conclusion that
potential plant pest risks posed by the GE organism are not greater than
those posed by similar, non-GE organisms. Once APHIS has deregulated
an organism, it may be freely moved and planted without the requirement
of permits or other regulatory oversight by APHIS. Deregulated status
may be extended to GE organisms which APHIS determines are similar to
previously deregulated organisms. Conversely, given new information,
APHIS may determine that a previously deregulated GE organism poses a
plant pest risk and should, therefore, be brought back under agency
oversight.

Executive Summary
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Alternatives

APHIS developed specific regulatory alternatives to address each of

11* issues identified by the agency and elaborated upon through the
scoping process. This DEIS compares environmental impacts associated
with implementing each alternative. For each issue a “No Action”
alternative, in which pertinent regulations are not changed, was also
analyzed and considered. Each of the alternatives is analyzed in the DEIS,
and a Preferred Action, consisting of a combination of preferred
regulatory alternatives, is chosen.

APHIS is considering the broadening of its regulatory scope beyond
genetically engineered organisms that may pose a plant pest risk to
include genetically engineered plants that may pose a noxious weed
risk and genetically engineered organisms that may be used as
biological control agents. Do regulatory requirements for these
organisms need to be established?

Given the rapid advances in biotechnology, the present scope of
regulations may not be of sufficient breadth to cover the full range of GE
organisms and the full range of potential agricultural and environmental
risks posed by these organisms, including risks to public health.
Historically, APHIS has used only the authority in the PPA that was
originally granted in the Federal Plant Pest Act and the Plant Quarantine
Act. Specifically, the agency has used its authority to protect against plant
pests as the basis for regulating GE organisms. The PPA, however,
redefined authorities and responsibilities for the agency. Changes are now
being considered in recognition of these responsibilities and in light of
these new technologies.

APHIS is considering revisions to the regulations to increase
transparency and to address advances in technology that may create
new products and concerns. Should a new system of risk based
categories be designed to deal with new products and new concern? If
so, what criteria should be used to establish the risk-based categories?

Fundamentally, APHIS has always used a risk based approach in
regulating GE organisms. However, there is public interest in
understanding how APHIS regulates various types of organisms according
to risk and familiarity. In addition, there is a trend toward more highly
varied organisms and the risk assessment process may need greater
flexibility to handle this variety. In recognition of these issues, the agency

*1ssue 10 in the NOI involved relief of regulatory requirements for low-risk materials. Rather than list
regulatory relief alternatives separately, they have been incorporated into the discussion of the other
issues, where appropriate.
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Issue 4

is considering revising the regulations to make the use of risk-based
categories — where GE organisms are classified according to risk and
familiarity so that oversight and confinement vary by category — more
explicit. Redefined categories may provide added flexibility to better
regulate diverse organisms and new types of traits, and provide better
clarity to the regulated community and to the public, which may in turn
promote greater confidence in the system.

APHIS is considering ways to provide regulatory flexibility for future
decisions by accommodating commercialization of certain genetically
engineered organisms while continuing, in some cases, to regulate the
organisms based on minor unresolved risks. Other regulated articles
could be treated as they have been under the current system, in which
all regulatory restrictions are removed. What environmental factors
should be considered in distinguishing between these kinds of
decisions?

Once an article has been deregulated, APHIS cannot place any restrictions
or requirements on its use, short of re-regulating the article. Restrictions
and requirements have not been deemed necessary in the past because
BRS risk assessments have concluded that the GE plants APHIS has
deregulated pose no greater risks than conventionally bred plants.
However, APHIS recognizes that future development and
commercialization of plants with less familiar traits may pose new
challenges for the agency because even a thorough assessment may not
resolve all unknowns regarding an article proposed for deregulation.
These unknowns may justify continued scrutiny and data collection or use
restrictions, even while allowing planting of the article without a permit.
Therefore, APHIS is exploring a system that could give increased
flexibility for handling special cases involving less familiar traits by
creating provisions that allow for imposition of conditions for unconfined
release. This could facilitate commercialization, while requiring
appropriate restrictions or monitoring.

Are there changes that should be considered relative to environmental
review of, and permit conditions for, genetically engineered plants
that produce pharmaceutical and industrial compounds?

Genetic engineering technology has advanced to the point where
organisms can be developed that produce novel proteins and other
substances with biological activity or industrial utility. The gene products
made by pharmaceutical and industrial plants may have biological activity
or may pose other hazards not associated with proteins and other
substances commonly found in the food supply. In practice, any changes

Executive Summary
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in the confinement of plants producing pharmaceutical and industrial
compounds would be based on risk, not solely on the type of plant.

The definition of noxious weed in the PPA includes not only plants,
but also plant products. Based on that authority, APHIS is
considering the regulation of nonviable plant material. Is the
regulation of nonviable material appropriate and, if so, in what cases
should we regulate?

In some special cases, certain nonviable material originating from a field
test (e.g., cell debris, leaves, stems, roots, or seeds) may pose unique types
of environmental or human health risks. Currently, APHIS regulates
organisms that pose a plant pest risk and does not regulate nonliving
material derived from GE organisms. By definition, plant pests are living
organisms. However, the noxious weed definition offers an opportunity to
regulate nonviable plant products that could “injure or cause damage to
crops.” Because there may be cases in which potential risks could justify
the regulation of nonviable material, APHIS is considering whether it
should regulate nonviable material in those cases.

APHIS is considering establishing a new mechanism involving
APHIS, the States, and the producer for commercial production of
plants not intended for food or feed in cases where the producer
would prefer to develop and extract pharmaceutical and industrial
compounds under confinement conditions with governmental
oversight, rather than grant nonregulated status. What should be the
characteristics of this mechanism?

For organisms that cannot meet the criteria for deregulation, APHIS is
considering whether a new type of permitting system would be more
appropriate in terms of efficiency and effectiveness than the current
system. In addition, there is much public and State interest in these types
of plantings and a new mechanism may increase transparency and allow
for greater State involvement.

The current regulations have no provision for the low-level presence
of regulated articles in commercial crops, food, feed, or seed of GE
plant material that has not completed the required regulatory
processes.” Should low-level occurrence of a regulated article be
exempted from regulation?

5 Inthe NOI, the term adventitious presence was used to refer to the “intermittent low levels of
biotechnology-derived genes and gene products occurring in commerce that have not gone through
all applicable regulatory reviews.” However, APHIS realizes that this term means different things to
various interests around the world; hence, we will avoid its use elsewhere in the main body of the
EIS.
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Issue 9

As with traditional plant breeding, large scale annual field testing of GE
plants that have not completed all applicable reviews may result in
materials from these trials occasionally being detected at low levels in
commercial commodities and seeds. Current regulations do not expressly
allow for any such occurrence, though experience continues to show that
such occurrences can occur. In a 2002 Office of Science and Technology
Policy (OSTP) notice, APHIS committed to conducting a risk-based
regulatory program that minimizes the occurrence of these materials and
includes safety criteria under which these materials would be allowed at
low levels in commercial commodities and seeds.

Should APHIS provide expedited review or exemption from review
for certain low-risk, imported GE commodities intended for food,
feed, or processing that have received all necessary regulatory
approvals in their country-of-origin and are not intended for
propagation in the United States?

APHIS anticipates an increasing number of requests to import regulated
GE organisms that are not intended for propagation, such as organisms
that are intended for direct use as food, feed, or for processing. The
current regulatory system was designed to handle such requests using
permits and notifications. However, in anticipation of this increase,
APHIS’ goal is to design an efficient system that protects U.S. agriculture
and human health without erecting unnecessary trade barriers. To that
end, the agency has evaluated several different alternatives.

Currently, genetically engineered Arabidopsis spp. are exempt from
interstate movement restrictions under 7 CFR 340.2 because they are
well understood and extensively used in research. Should the
movement of genetically engineered Arabidopsis spp. or other GE
organisms be exempted from movement restriction?

Currently, genetically engineered Arabidopsis spp. and a few other
organisms are exempt from interstate movement restrictions under 7 CFR
340.2 because they are well understood and extensively used in research.
The agency is considering whether to expand the current exemption from
interstate movement restrictions to other well-studied, low-risk, GE
research organisms. Such a change would create a consistent, risk based
approach to organisms with similar risk profiles.

% 67 FR 50577
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What environmental considerations should be evaluated if APHIS
were to move from prescriptive container requirements for shipment
of GE organisms to performance-based container requirements,
supplemented with guidance on ways to meet the performance
standards?

APHIS regulations prescribe the use of several types of packaging to
prevent the escape, dissemination, and environmental persistence of GE
organisms. Nevertheless, based on APHIS’ experience, there are other
types of containers that can be used to safely move GE organisms. APHIS
often grants applicants a variance to use a different container to transport a
GE organism in a way other than prescribed by the regulations; however,
reviewing these requests takes agency resources. APHIS is considering
alternatives that will reduce the need for variances but still facilitate the
safe movement of GE organisms.

The Proposed Action

With respect to the issues and associated alternatives, APHIS has made a
preliminary determination that action should be taken, and that the action
will require revision of the regulations at 7 Code of Federal Regulations
(CFR) part 340. Regulatory revisions under consideration are based on
Agency experience and utilize new provisions of the PPA of 2000. They
have the potential to increase effectiveness, efficiency, and transparency
and decrease negative environmental impacts. They reflect the current
thinking and should not be considered as final or as a rule proposal.

APHIS’ preliminary determinations are discussed immediately below. For
the reader’s convenience, each determination as presented is accompanied
by a parenthetical reference to its corresponding issue number noted
earlier in this Executive Summary.

APHIS has made a preliminary determination that oversight should be
increased by expanding the scope of regulations to utilize authorities in the
PPA other than just the plant pest provision, specifically, the authority
over noxious weeds and biological control organisms (issue 1). The
noxious weed provision, in particular, will increase oversight of GE plants
by increasing the scope of what is regulated and by allowing a broader
consideration of risks. APHIS has also made a preliminary determination
to explicitly consider risks to public health in its regulation. Use of this
feature would allow APHIS to consider what is known about the potential
hazards of the introduced proteins and other substances to humans or
animals, if inadvertently consumed or released. This information could, in



turn, be used to impose appropriate regulatory safeguards on introductions
of GE organisms.

APHIS has made a preliminary determination to adopt an expanded tiered
permitting system based on potential environmental risk and familiarity
(issue 2). A detailed example of such a system is described in this DEIS.
The goals, with respect to the tiered system, are to increase transparency
with respect to how the agency handles various types of GE organisms and
also to be highly flexible, such that the agency could move GE organisms
among the tiers as new information becomes available. For well
characterized low-risk GE organisms, APHIS would continue to use a
process similar to the current notification process found in 7 CFR § 340.3;
however, a preliminary determination has been made that the term
notification should no longer be used. Notification would, for the most
part, become the lowest risk “permit” in order to increase transparency and
avoid confusion about the status of these organisms as regulated articles.

Other changes under consideration can be integrated easily into a tiered
permitting system. For example, the agency has made a preliminary
determination to exempt organisms in the tier type representing the most
studied and familiar GE organisms from the requirement of a permit for
interstate movement (issue 9). Likewise, the policy that the agency is
considering for dealing with low level presence of regulated
biotechnology materials, when detected in commercial seed and
commodities, could be linked to the tiered permitting system (issue 7).
APHIS currently thinks the safety criteria for the most familiar and lowest
risk permit tier type could also serve as the criteria under which APHIS
would not take or order remedial action when regulated materials are
detected at low levels in seeds or commodities.

The agency has also made a preliminary determination to adopt a new
system in which organisms could be fully deregulated or in which the
agency could retain oversight in specific cases as needed (issue 3). Itis
envisioned that the vast majority of organisms would be fully deregulated
and that this determination would be synonymous with deregulation under
the current system. The new system could include processes and criteria
to allow release and use, with some restrictions, for special cases where
there were minor risks that could be mitigated with conditions for safe
commercial use.

The Agency has also considered various alternatives with respect to
producing pharmaceutical compounds in plants, including whether food
crops should be used and whether they should be allowable for open air
introductions. APHIS has made a preliminary decision that under highly
stringent conditions and with abundant oversight, including a
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consideration of food safety, food crops can be safely used for production
of these compounds (issue 4). This does not mean that this option would
be allowed in all cases. Rather, should APHIS, based on its review of the
GE organism and consideration of the potential risks, allow open air
testing in appropriate cases.

The agency has made a preliminary determination to create a multi-year
permit for GE organisms, with stringent oversight, in cases where
developers are not interested or would not qualify for deregulation but
plan to produce under permit. This would cover situations where
producers are able to commercialize with relatively small plantings (e.g.
industrial and pharmaceutical plants) (issue 6). Regulatory rigor would
remain high to protect the environment, but efficiency and transparency
would increase. The State partnership would be strengthened under this
new system. The system would rely on multiyear permits and intensive
reviews of standard operating procedures (SOPs), as well as audits and
inspections. Though the new system under consideration could be used
for pharmaceutical and industrial plants, the agency might also find it
appropriate for other types of GE plants.

APHIS has made a preliminary determination that it would be beneficial
to regulate nonviable plant material originating from field tests (issue 5)
when there is reason to believe, based on scientific review, that such
debris might be harmful to the environment if it were allowed to remain.
Such an approach could allow the agency to retain oversight if regulations
or permit conditions are violated such that nonviable material poses a
hazard (e.g., potential food contamination).

APHIS has made a preliminary determination to have a new regulatory
mechanism to allow for imports of commodities for nonpropagative use,
that is, for food, feed, or processing, in cases where these commodities
might not have been deregulated in the United States (issue 8). With this
approach, we could establish criteria to ensure safety and allow for
additional environmental review when appropriate. Allowing such
imports without prior deregulation would not obviate the need to comply
with requirements at other agencies, such as FDA and EPA.

This document identifies alternatives which the agency has preliminarily
determined would increase regulatory efficiency. These alternatives could
be adopted independently of any other alternatives described in the EIS,
including any changes in regulatory scope. One provision, mentioned
earlier, is to exempt certain GE organisms from the need for a permit prior
to interstate movement (issue 9). Another is to allow for a mechanism by
which certain classes of GE organisms might be excluded from regulatory
oversight after review by the agency (issue 1). This provision would

Xi



relieve the need for event-by-event deregulation of that class of organism.
The agency also favors moving toward performance-based packaging
container requirements as opposed to the prescriptive system which
presently exists (issue 10). The agency recognizes that there are numerous
types of appropriate containers that can meet a given safety standard.

The environmental impacts of the changes discussed above have been
analyzed in the chapter 4.C of this document. The environmental
protections provided by these changes would either exceed or be
approximately equal to the current system. In some cases, APHIS favors
changes because of additional protections. In other cases, a similarly
protective regulatory mechanism is favored because it is either more
efficient or more transparent than the current mechanism.

Administrative Changes to APHIS Rules

As a part of the revision to 7 CFR part 340, APHIS may also make several
administrative changes to its rules in order to improve their clarity,
coordination, and execution. No significant environmental impacts from
these changes are anticipated.

Public Comment Sought

This DEIS is a comprehensive document designed for more
environmentally informed decisionmaking for future regulation of GE
organisms under the agency’s purview. APHIS now seeks public
comments on this DEIS. Following consideration of the comments,
APHIS will issue a final EIS in accordance with NEPA. Supplements to
the final EIS may be necessary as new or improved processes are
developed, changes occur in the program or its administration, or coverage
of the document is expanded.

xii Executive Summary
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The U.S. Department of Agriculture (USDA) Animal and Plant Health
Inspection Service (APHIS) regulates the environmental introduction of
genetically engineered (GE) organisms, including crop and noncrop
plants, vertebrate and invertebrate animals, and micro-organisms. APHIS
regulations are grounded in the most up-to-date science and are designed
to provide a level of oversight appropriate for the safe introduction of GE
organisms. APHIS is considering whether revisions to its regulations are
necessary. One purpose of such revisions would be to address current and
future technological trends resulting in GE plants with which the agency is
less familiar, such as plants with environmental stress tolerance or
enhanced nutrition, and plants engineered for new purposes such as
biofuels or for production of pharmaceutical or industrial compounds.
Additionally, the regulations would be revised to ensure a high level of
environmental protection, to create regulatory processes that are
transparent to stakeholders and the public, to consider the efficient use of
agency resources, to ensure that the level of oversight is commensurate
with the risk, and to ensure conformity with obligations under
international treaties and agreements, such as World Trade Organization
(WTO) agreements. To this end, this draft environmental impact
statement (DEIS) was prepared to provide agency decisionmakers with a
full range of regulatory alternatives and assist them in selecting a preferred
alternative.

A. Background

Over the past 2 decades, it has become clear that genetic engineering is a
powerful tool for creating improved crop varieties that can be integrated
into existing agricultural production systems, and it has the potential to
benefit agriculture, the environment, human health, and the U.S. economy.
The International Service for the Acquisition of Agri-Biotech Applications
has recently reported that GE crops were grown on 222 million acres (or
90 million hectare (ha)) in 2005 by 8.5 million farmers in 21 countries.
This marks an 11-percent increase from 200 million acres in 2004. The
United States was the largest adopter of GE crops, with 123 million acres
planted in 2005.” Consistent with the Coordinated Framework for
Regulation of Biotechnology (51 Federal Register (FR) 23,302 (June 26,
1986)), USDA works with the Environmental Protection Agency (EPA)
and the Food and Drug Administration (FDA) to make sure that the
development and commercialization of GE agricultural products are done
safely.

7 http://www/isaaa.org/kc/
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USDA first implemented regulations (7 Code of Federal Regulations
(CFR) part 340) for GE organisms in 1987. Under these regulations,
plants, micro-organisms, fungi, insects, and mollusks were subject to
regulation if they have the potential to pose a plant-pest risk as defined in
the regulations. The regulations established a permitting system to
authorize importation, interstate movements, and environmental release of
GE organisms.

The regulations have been revised several times® to accommodate new
technologies and to increase APHIS’ efficiency. For example, a revision
in 1993 introduced the notification option for authorizing introductions.
This process was more streamlined than a permit application but originally
could be used for only six crops considered by the agency to be low risk
and with which the agency was highly familiar. In addition, the genes and
transformation methods used had to comply with specific safety criteria
that established a very low potential to pose a plant-pest risk.

Another revision in 1993 established a process in which an applicant could
petition the agency to determine if a GE plant should be deregulated. In
considering a petition, APHIS carefully reviews the data submitted by the
applicant, typically amassed during several years of field testing, and also
weighs other information, including pertinent scientific studies. APHIS’
analyses are grounded in almost 100 years of experience protecting U.S.
crops from plant pests, beginning with the enactment of the Plant
Quarantine Act (PQA) of 1912. APHIS deregulates a biotechnology-
derived plant if the agency finds that the plant poses no plant pest risks to
the United States.

In 1997 the regulations were again revised. At that time, the eligibility for
the notification procedure was extended to cover all plants with the
exception of federally listed noxious weeds and other plants considered by
APHIS or a State government to be weeds in the area of the proposed field
test. The other eligibility requirements remained the same.

APHIS is again considering whether there is a need to revise its
regulations. The need for these considerations and consequently the need
for an EIS are being driven by several timely issues, most of which are
associated with emerging technologies used to develop the organisms
regulated by APHIS. Crop plants bearing genes for insect resistance and
herbicide tolerance currently make up the bulk of APHIS-authorized
introductions, but there are many genes being studied with which APHIS

% 68 FR 46434 (plant producing industrial compounds); 62 FR 19903 (extensions); 60 FR 43567
(notifications); 58 FR 17044 (natifications and petitions for nonregulated status); 55 FR 53275
(interstate movement of Arabidopsis); 53 FR 12910 (interstate movement of micro-organisms).
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may be less familiar. For example, one new trend is the use of GE plants
traditionally used for food and feed as a means to produce not food but
compounds for pharmaceutical or industrial use. Another trend is the
growing diversity in the types of genes being tested, for example, the
enormous number of genes emerging from the rapidly expanding field of
plant genomics research.

APHIS anticipates that a growing number of permit applications will be
submitted to the agency for the introduction of organisms with traits such
as increased nutritional quality, enhanced agronomic performance,
improved disease resistance, or the production of novel substances. In
addition, many of the GE plants now being field tested were produced
without using plant pests or plant-pest genetic sequences. Researchers are
also beginning to focus more on perennial plants, such as grasses or trees,
which may be capable of establishing and persisting outside the site of
introduction. (See table 1-1 for a list of crops and traits that APHIS
expects to be developed in the future and possible concerns that have been
raised regarding the field testing of those materials.)

Our evaluation of the current program is being driven by a need to respond
to emerging trends such as those exemplified in table 1-1, and in the
process, the agency will consider opportunities for utilizing the expanded
regulatory authority that exists in the Plant Protection Act (PPA) of 2000.
In addition, the revisions would address process efficiency to reduce
regulatory burdens and make better use of APHIS resources by focusing
oversight where it is most needed.

Table 1-1. Types of Crops and Traits in APHIS-Regulated Articles and
Possible Issues Raised By Field Testing Them.

Crop or Trait Issues for Field Testing

Perennial crops Environmental persistence
Pharmaceutical or industrial compound Inadvertent commingling of potentially

produced toxic materials with food
Stress or disease resistance Development of invasive weeds
Altered nutritional qualities Impacts on herbivores
Phytoremediation Concentration of toxic substances
Insect resistance Development of resistant insects
Herbicide resistance Changes in herbicide usage

APHIS also hopes to increase the transparency of its regulatory processes
and to engender greater public participation in APHIS decisionmaking.
The purpose of this DEIS is to provide a detailed environmental analysis
that compares the impacts of the Action alternative (i.e., revising the
regulations) with the No Action alternative (i.e., retaining the current



regulations). A decision to revise APHIS regulations may involve many
individual changes, and each proposed change will be discussed and
analyzed separately, for the sake of clarity.

The EIS will help guide agency decisionmaking in selecting between the
alternatives and should also contribute greatly to the transparency of the
process by providing ample opportunity for public input and comment on
the DEIS and by laying out clearly the rationale for any changes.

B. APHIS Statutory Authority

This section discusses APHIS’ general statutory authority to regulate GE
organisms as known or potential plant pests.

In 1987, APHIS regulated GE organisms under the authorities of the
Federal Plant Pest Act (FPPA)(7 United States Code (U.S.C.) §§ 150aa—
150jj, repealed), and the PQA (7 U.S.C. §§ 151-167, repealed) by issuing
regulations that effectively classified most GE organisms as plant pests or
potential plant pests. The regulations govern the “introduction of
organisms and products altered or produced through genetic engineering
which are plant pests or which there is reason to believe are plant pests.”
The introduction of such organisms is prohibited unless APHIS authorizes
the introduction.

To date, APHIS has authorized over 15,000 field releases involving GE
organisms.” Of these, the vast majority involve GE plant species. Less
than one percent of the total number of authorized field releases involved
nonplant species.

APHIS currently derives its authority to write regulations from provisions
of the PPA, which is a part of the larger Agriculture Risk Protection Act of
2000. The PPA (7 U.S.C. § 7701 et seq.) was enacted in June 2000 to
consolidate and expand several older laws relating to the regulation of
plant pests and diseases, including the FPPA, the PQA, and the Federal
Noxious Weed Act (formerly 7 U.S.C. § 2801 et seq.). The PPA was
enacted to strengthen and clarify USDA’s authority to protect American
agriculture against invasion by foreign plants pests and diseases, and the
Act specifically provided authority over biocontrol agents. The PPA
repealed these old laws but included a savings clause (7 U.S.C. § 7758(c))
which provided that regulations promulgated under them would remain in
effect until APHIS issued new regulations under the PPA. APHIS’ current
regulations are, therefore, based on its authority to regulate plant pests
originally granted in the FPPA and PQA.

° http://www.isb.vt.edu/cfdocs/foe:dtests1.cim
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The PPA provides APHIS with broader authority to regulate GE
organisms than the previous statutes. The PPA confers very broad
authority on the Secretary of Agriculture to prevent the dissemination of
plant pests, noxious weeds, and biological control organisms into or within
the United States.

In the PPA, Congress recognized that—

““...the unregulated movement of plant pests, noxious
weeds, plants, certain biological control organisms, plant
products, and articles capable of harboring plant pests or
noxious weeds could present an unacceptable risk of
introducing or spreading plant pests or noxious weeds
(7U0.S.C. §7701(7)).”

Congress charged the Secretary of Agriculture with the task of facilitating
exports, imports, and interstate commerce in agricultural products, “in
ways that will reduce, to the extent practicable, as determined by the
Secretary, the risk of dissemination of plant pests or noxious weeds”

(7 U.S.C. § 7701(3)).

Under the PPA, APHIS is responsible for preventing the importation and
interstate dissemination of plant pests and noxious weeds. The PPA
authorizes APHIS to regulate, “any plant, plant product, biological control
organism, noxious weed, article, or means of conveyance” that could
spread a plant pest or noxious weed (§ 7712). The definition of “plant
pest” in the PPA is broad and includes living organisms that could injure,
damage, or cause disease in any plant or plant product (§ 7702(14)). The
definition of “noxious weed” in the PPA is arguably even broader than the
definition of plant pest; it includes—

“...any plant or plant product that can directly or indirectly
injure or cause damage to crops (including nursery stock or
plant products), livestock, poultry, or other interests of
agriculture, irrigation, navigation, the natural resources of
the United States, the public health, or the environment.
(7702(10)).”

The PPA also granted broad authority over biological control organisms,
defined as, “any enemy, antagonist, or competitor used to control a plant
pest or noxious weed” (7 U.S.C. § 7702(2)).

APHIS regulates potential plant pests and potential noxious weeds both
those that are naturally occurring and those that are genetically
engineered. APHIS’ regulations in 7 CFR § 330.200 are applicable to



persons seeking to import or move interstate, plant pests and noxious
weeds that are naturally occurring and have not resulted from genetic
engineering. Regulations in 7 CFR part 340 apply to introductions of GE
organisms but apply only to GE organisms that are plant pests or potential
plant pests: APHIS does not currently regulate GE organisms as potential
noxious weeds. Under current regulations, APHIS treats regulated GE
organisms similarly to naturally occurring plant pests or potential plant
pests. In both cases, a permit must be obtained from APHIS prior to
importation, interstate movement, or environmental release, for example,
field testing.

C. Interrelationships with Other Federal Agencies

Under the current system of regulating plant pests and potential plant
pests, APHIS has broad jurisdiction over GE organisms that have been
developed for release into the environment. Two other agencies also have
regulatory authority over many GE organisms. Through a registration
process that is independent of APHIS, EPA regulates the sale, distribution,
and use of pesticides in order to protect health and the environment. This
includes pesticides that are produced by organisms developed using
techniques of modern biotechnology.

Under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA),
the Biopesticides and Pollution Prevention Division of the Office of
Pesticide Programs regulates the distribution, sale, use and testing of
pesticidal substances produced in plants and microbes as well as the
microbes themselves if EPA considers them to be biocontrol agents or
pesticidal in function. Under FIFRA, EPA also regulates the herbicides
that are applied to GE herbicide-tolerant crops, and under the Federal
Food, Drug, and Cosmetic Act (FFDCA), EPA regulates pesticide
residues. Additionally, under section 5 of the Toxic Substances Control
Act (TSCA), EPA acquires information in order to identify and regulate
potential hazards and exposures of all new chemicals intended for entry
into commerce that are not specifically covered by other regulatory
authorities, for example, substances other than food, drugs, cosmetics, and
pesticides. TSCA’s applicability to the regulation of products of
biotechnology is based on the interpretation that micro-organisms are
chemical substances under TSCA.

FDA is responsible for ensuring the safety and proper labeling of all plant-
derived foods and feeds, including those developed through genetic
engineering. All foods and feeds, whether imported or domestic and
whether derived from plants modified by conventional breeding
techniques or by genetic engineering techniques, must meet the same
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rigorous safety standards. Under the FFDCA, it is the responsibility of
food and feed manufacturers to ensure that the products they market are
safe and properly labeled. In addition, any food additive, including ones
introduced into food or feed by way of plant breeding, must receive FDA
approval before marketing. To help sponsors of foods and feeds derived
from GE plants comply with their obligations, FDA encourages them to
participate in its voluntary consultation process. In that process, sponsors
provide to FDA data and information that summarizes the basis on which
the sponsors have concluded that a GE food is as safe as comparable non-
GE food in the food supply. FDA believes that developers of
bioengineered food that is intended to be commercially marketed have
followed the recommendations in FDA's guidance documents for
consulting with FDA.

APHIS has consulted with and requested both agencies’ input during the
preparation of this DEIS. Both agencies have provided their comments to
APHIS, and APHIS now invites both agencies to comment on this
published draft. Itis APHIS’ intention that the alternatives analyzed in
this DEIS will be consistent with the Coordinated Framework and will be
compatible with the authorities of EPA and FDA. This DEIS will not
affect the authorities of EPA, FDA, or any other agency, nor is it APHIS’
intention for the proposed revision process to have any such effects. The
proposed revision process will not force EPA, FDA, or any other agency
to revise its regulations.

D. Biotechnology Regulatory Services Regulatory
System

Companies and organizations that wish to introduce a regulated GE
organism into the United States must obtain APHIS permission if that
organism is a plant pest or is believed to be a plant pest. Applicants must
submit all plans for interstate movement, importation, or environmental
release for review by regulatory scientists, who evaluate the procedures
that the applicant will use to ensure that the GE organism will not escape
into the environment or persist there. Depending on the nature of the GE
organism, an applicant files either a notification or a permit application.
APHIS evaluates the application to determine whether the proposed
testing or movement conditions are adequate to confine the GE organism.
Biotechnology Regulatory Services (BRS) of USDA—-APHIS also works
closely with States to be sure that they are aware of environmental releases
taking place within their jurisdiction, to explain how the releases are
performed and confined, and to allow them to request any additional
conditions in accordance with the PPA. To ensure compliance with the



1. The
Notification
Process

permitting conditions, BRS inspects release sites and audits records
maintained by permit holders.

Currently, most regulated GE plants are introduced (i.e., imported, moved
interstate, or released into the environment) under “notification,” which is
a streamlined review process. Applicants may use the notification process
only for plants with traits that BRS considers to have little potential to
pose plant-pest risks and with which the agency is highly familiar.
Examples of plants introduced under the notification process are those
altered to induce insect resistance or herbicide tolerance.

To qualify for the notification process, the GE plant must meet six
requirements to ensure that it does not pose a potential plant-pest risk:

1. The plant species must be a species that APHIS has determined may
be safely introduced; it may not be a plant recognized by APHIS as a
noxious weed; nor can it be a noxious weed in the area where any
field testing is proposed.

2. The introduced genetic material must be stably integrated.

3. The function of the introduced genetic material must be known and
its expression in the regulated article does not result in plant disease.

4. The introduced genetic material does not produce an infectious
entity, toxicants to nontarget organisms likely to feed or live on that
plant species, or products intended for pharmaceutical or industrial
use.

5. The introduced genetic sequences derived from plant viruses do not
pose a significant risk of the creation of any new plant virus; and

6. The plant has not been modified to contain certain genetic material
derived from an animal or human pathogen (7 CFR § 340.3(b)).

Applicants must also agree to adhere to performance standards set forth by
APHIS for proper confinement of the GE plants. The goal of proper
confinement is to ensure that the GE plants do not persist in the
environment. APHIS requires that applicants provide detailed information
about the plant (e.g., the source and identity of any genes introduced, the
method of genetic engineering, and the size, duration, and location of the
field release). If a plant does not meet the criteria for notification, the
applicant must obtain a permit (7 CFR § 340.4) in order to introduce the
organism.
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When APHIS receives a notification application, it is reviewed by a staff
biotechnologist to verify that the application is complete and that the GE
plant proposed for introduction meets the criteria for a notification. If
BRS completes the review process and finds that all regulatory
requirements have been met, the notification is authorized in a process
termed “acknowledgement,” and the applicant is free to proceed with the
proposed introduction under the terms of the notification after the
acknowledgement. BRS’ acknowledgement of a notification usually
applies for 1 year from the date of introduction (7 CFR § 340.3(e)(4)).

The permit process is for GE plants that cannot be introduced under
notification—such as plants that produce pharmaceutical or industrial
compounds—and for any nonplant GE organisms covered in the
regulatory definition of “plant pest.” Conditions imposed on field releases
performed under a permit are typically more restrictive than those imposed
on releases done under notifications, and according to APHIS regulations,
the applications may take up to 120 days to process. Applicants must also
apply for permits for the interstate movement or importation of a regulated
article, which take up to 60 days to process. Upon approval, permits are
generally valid for 1 year from the date of issue and are renewable.

For an environmental release, permit applicants must provide APHIS with
details about all introduced genetic material and gene products, the
biology of the organism, its origin, its intended use, and procedures for
field production and isolation. For movement or importation permits,
applicants must also disclose the destination, the means of movement, and
procedures to safeguard against the escape of the GE organism. For the
importation of a GE organism, an applicant must submit an application for
each individual shipment. Using the information supplied by the
applicant, APHIS scientists create a set of permit conditions with which
the applicant must comply or face potential enforcement action. Although
there are some conditions common to most permits for GE plants (e.g.,
sound agronomic practices), permit conditions for nonplant GE organisms
are developed on a case-by-case basis.

Applicants may also request nonrenewable, “comprehensive” permits,
under which multiple phenotypes, genes, and donors, and all anticipated
field test sites and movements for a single crop are included in a single
application. Very few applications for comprehensive permits are
received.

APHIS forwards the applications for all permits and notifications, with
any confidential business information (CBI) redacted, to State regulators
in the States to which regulated articles will be moved or in which a field
release is planned. This is done to notify States of the requested action
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and to allow States to review and comment on proposed releases,
importations, or movements. The response from individual States varies:
some agree to the proposed introduction under the conditions imposed by
APHIS while others request additional permit conditions. For various
reasons (e.g., lack of resources), some States choose not to respond.

Most permits and notifications are done under a categorical exclusion
under APHIS’ NEPA implementation regulations; however, if a permit
application or notification involves new species or new organisms or novel
modifications that raise new issues, APHIS will prepare an environmental
assessment (EA) in compliance with the National Environmental Policy
Act of 1969 (NEPA), as amended, the Council on Environmental Quality
(CEQ) regulations for implementing NEPA, the USDA regulations
implementing NEPA, and APHIS’ NEPA Implementing Procedures. In
the EA, APHIS assesses the potential for the proposed introduction to
cause significant impacts to the human environment. APHIS makes draft
EAs available to the public for comment, responds to these comments, and
publishes a final EA before it determines whether the permit will be
granted. If APHIS determines in the EA process that the proposed
introduction of a GE organism will cause significant impacts to the human
environment, NEPA requires that an EIS be prepared prior to deciding
whether to allow the introduction to proceed.

Developers of new GE organisms can petition APHIS for a “determination
of nonregulated status.” In the petition, a company or organization must
submit data to demonstrate that the organism poses no greater plant-pest
risk than the non-GE version of the organism. The necessary data
includes, at a minimum, a description of the biology of the organism
before it was genetically engineered; differences between the GE
organism and the original organism; and field reports for all releases the
petitioner conducted involving the GE organism. Depending on the
organism and the GE trait involved, the petitioner may also need to
consult with EPA or FDA. To date, GE plants are the only GE organisms
that have been deregulated through the petition process.

Before a GE organism can be deregulated, APHIS prepares an EA or an
EIS, in compliance with NEPA, to analyze the impacts the organism may
have on the human environment. This assessment includes an
examination of potential impacts on plant and animal life and specifically
looks for possible impacts on threatened and endangered species (TES),
using an ESA assessment which asks specific questions regarding the
likelihood that the deregulation of a GE plant would impact TES or critical
habitat. APHIS’ TES analysis takes into account the likelihood that a
deregulated GE plant may be adopted and grown throughout the United
States. APHIS publishes in the Federal Register all EAs and EISs it
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develops and seeks public comment, in compliance with the National
Environmental Policy Act of 1969 (NEPA), as amended, the Council on
Environmental Quality (CEQ) regulations for implementing NEPA, the
USDA regulations implementing NEPA, and APHIS’ NEPA
Implementing Procedures. APHIS approves petitions only when it reaches
the conclusion that potential plant-pest risks are no greater than those
posed by appropriate non-GE comparator organisms. Petitioners are
notified within 180 days after receipt of their completed petition that it has
either been granted or denied. According to the regulations, APHIS may
approve a petition “in whole or in part.” However, to date, no petitioner
has requested, nor has APHIS granted, partial approval of a petition for
nonregulated status.

Since 1987, APHIS has overseen the deregulation of more than 70 GE
organisms, all of which are plants. Of these approved organisms,
approximately 40 percent were engineered for herbicide tolerance and
approximately 25 percent for insect resistance. Corn, tomatoes, and cotton
are the most frequently deregulated organism. (See
<http://www.aphis.usda.gov/brs/not_reg.html>.) Each deregulation to
date covers not only the original transformed genotypes described in the
petition but all progeny that may be subsequently created from the original
genotypes. If APHIS becomes aware of information that indicates that a
deregulated article poses a plant pest risk, it can be re-regulated by the
agency.

If an applicant wishes to seek nonregulated status for a GE organism that
is similar to one already deregulated by the agency, the applicant may file
an extension request. The agency reviews data submitted by the applicant
and then determines if the new organism is in fact the same as the
previously deregulated organism with respect to risks. If so, the agency
can extend the nonregulated status to cover the new organism. Also,
APHIS can, in the absence of an applicant’s request, independently
determine that a particular organism is sufficiently similar to a previously
deregulated organism such that it can be granted nonregulated status.

It is the responsibility of APHIS to establish and enforce regulations that
protect American agriculture, the food supply, and the environment while
allowing for the safe field testing, importation, and movement of GE
organisms. APHIS determines the conditions under which GE organisms
can be introduced into the United States and allows their introduction only
after all necessary safeguards are put into place. Failure to adhere to
APHIS regulations and all permit conditions can result in serious
penalties, which can be up to $500,000 for all violations adjudicated in a
single proceeding. In addition violators may be held responsible for any
necessary remediation.
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APHIS-BRS’ compliance unit works to ensure that notification and
permit holders maintain regulatory compliance by providing guidance and
through procedures that include violation-prevention efforts, site audits
and inspections, documentation of compliance infractions, and mitigation
and enforcement actions to address any infractions. In addition,
researchers are required to inform APHIS if any adverse effects are noted
during the field testing of GE organisms. Compliance specialists and
APHIS inspectors perform both targeted and random inspections and
audits of field releases to thoroughly monitor potential compliance
problems.

E. Scoping

The analysis of the current APHIS-BRS regulatory program and proposed
alternatives cover many issues affecting the current program. Such issues
were identified in a scoping process during which interested stakeholders,
government agencies, and the public raised issues that should be addressed
in the preparation of the final EIS. Public scoping is required under the
National Environmental Policy Act of 1969 (NEPA), as amended, the
Council on Environmental Quality (CEQ) regulations for implementing
NEPA, the USDA regulations implementing NEPA, and APHIS’ NEPA
Implementing Procedures. Scoping for this DEIS began on January 23,
2004, when APHIS gave notice in the Federal Register (69 FR 3271) of
its intent to prepare a DEIS. The notice listed a range of issues to be
discussed in the EIS:

1. Should APHIS continue to regulate GE organisms solely on the basis
of potential risks as plant pests, or should they also be regulated based
on other potential risks such as those for noxious weeds and biological
control organisms?

2. Should a new system of risk-based permit categories be designed to
deal with new products and new concerns?

3. Should APHIS continue to accommodate commercialization but in
some cases grant conditional approvals when additional information is

needed about particular regulated articles proposed for deregulation?

4. Should APHIS modify its rules for regulating and confining plants
producing pharmaceutical and industrial compounds?

5. Should APHIS regulate nonviable plant material derived from
regulated plants?
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6. Should there be a new mechanism to provide oversight for
pharmaceutical plants and other GE plants that are being produced
commercially?

7. Should low-level occurrence of a regulated article be exempted from
regulation?

8. Should low-risk organisms intended for importation for a
nonpropagative use be exempted from regulatory review or be subject
to expedited review?

9. Should interstate movement of GE Arabidopsis or other GE organisms
be exempted from movement restrictions?

10. Should APHIS consider relieving other regulatory requirements when
the environmental risk is low?

11. Should APHIS switch from prescriptive packaging-container
requirements to performance-based ones?

The notice solicited public involvement in the form of written comments
regarding the above issues and alternatives for regulatory revision.

Written comments were accepted from the public during an extended
comment period which lasted until April 13, 2004. (See
<http://www.aphis.usda.gov/brs/eis/eis_comments.html> and appendix C.)

Oral comments were received from stakeholders (the regulated
community, nongovernmental organizations, and university faculty)
during meetings with APHIS staff, occurring late February and early
March 2004. Twenty-three groups participated in the comment process,
and all comments were transcribed and have been made available on the
APHIS Web site. (See

<http://www.aphis.usda.gov/brs/stakeholder minutes.html> and appendix
D.) In addition, APHIS-BRS sponsored a 3-day conference and workshop
with the National Association of State Departments of Agriculture
(NASDA) in June 2004. During this meeting, State agriculture personnel
were able to voice their concerns and suggestions for APHIS’ rule revision
process. (See appendix E for a summary of the results of the NASDA
discussions.)

F. Scoping Analysis and Documentation

All comments and proposed alternatives received were evaluated on the
basis of whether they addressed the issues in question, whether they were
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based on valid science, and whether they were reasonable and practicable.
The results of the scoping process assisted APHIS-BRS in the formulation
of the alternatives that are analyzed in this DEIS. Relevant issues raised
through the scoping process were incorporated into the formulation of the
regulatory alternatives as described in chapter 2.

A summary of the public comments, those of the stakeholder sessions, and
those of NASDA representatives are provided in appendix C, D, and E
respectively. For the sake of transparency, the actual text of all public
comments and the transcripts from the stakeholder sessions have been
published on the APHIS Web site.

G. Requirements for Further Environmental Analysis

This DEIS is a programmatic document that analyzes the environmental
impacts of an entire regulatory program. As such, the DEIS addresses
these impacts at a general level because of the broad area over which these
impacts might occur. Project-specific NEPA analyses and documentation
on proposed actions, such as permit applications and deregulation
decisions, may be prepared on individual project levels, and public
involvement will be solicited in accordance with the National
Environmental Policy Act of 1969 (NEPA), as amended, the Council on
Environmental Quality (CEQ) regulations for implementing NEPA, the
USDA regulations implementing NEPA, and APHIS’ NEPA
Implementing Procedures. These NEPA analyses will be tiered to this
DEIS and other applicable EISs where appropriate.

APHIS will issue a final programmatic EIS that addresses public
comments received on this DEIS, in accordance with NEPA. Supplements
to the final programmatic EIS may be necessary as new or improved
processes are developed, changes occur in the program or its
administration, or coverage of the document is expanded. Two classes of
supplements will be produced:

¢ Insignificant Supplements: Supplements that cause no substantive
change in emphasis or classes of activities and do not have significant
environmental impacts (40 CFR § 1508.27).

e Significant Supplements: Supplements that substantively change
program emphasis or that have potentially “significant” impacts to the

environment (40 CFR § 1508.27).

Insignificant supplements will be made by the APHIS Administrator or his
or her delegated representative with appropriate public notification.

I. Purpose and Need
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Significant supplements will be subjected to NEPA analysis and put in
force with the appropriate NEPA documentation and determination as
required by CEQ and APHIS NEPA implementing regulations.
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Il. Proposed Program Alternatives

Genetic engineering refers to the process in which genes or other genetic
elements from one or more organisms are inserted into the genetic
material of a second organism using molecular biology methods. Moving
a new gene or genes in this way allows researchers to introduce useful
new traits into an organism from individuals of the same species or from
unrelated species.

The U.S. Department of Agriculture (USDA) Animal and Plant Health
Inspection Service (APHIS) is responsible for regulating the introduction
(importation, interstate movement, and environmental release) of
genetically engineered (GE) organisms that are known to, or could, pose a
plant-pest risk. GE organisms are considered to have the potential to pose
a plant-pest risk if the donor organism, recipient organism, vector, or
vector agent used in their creation is a member of a genus (listed in the
regulations at 7 Code of Federal Regulations (CFR) part 340) known to
contain plant pests.

APHIS established Biotechnology Regulatory Services (BRS) in August
2002, by combining units within the agency that dealt with various aspects
of the regulation of biotechnology. APHIS exercises its authority through
regulations (7 CFR part 340) promulgated under the Plant Pest Act
(FPPA). APHIS has regulated biotechnology since 1987, ensuring the
safety of 15,000 authorized field releases.

A. Biotechnology Regulatory Services’ Goals

BRS’ goal is to protect America’s agricultural and natural resources by
ensuring the safe development of GE organisms using a risk-based
regulatory framework, grounded in science. In the implementation of our
mission and vision, BRS has established five guiding principles, consistent
with Executive Order 12866, that set program direction and provide the
foundation for decisionmaking:

1. Rigorous, thorough, and appropriate regulation supported by strong
compliance and enforcement.

2. Transparency of the regulatory process and regulatory decisionmaking.

3. A science-based system in place to ensure sound decisionmaking and
assure safety.
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4. Communication, coordination, and collaboration with the full range of
stakeholders.

5. International leadership in capacity building for science-based policy
and standards.

How the Draft Environmental Impact Statement Was
Developed

APHIS has more than 19 years of experience safely regulating the
introduction of GE organisms, operating under the five guiding principles
listed above. To ensure that these regulatory goals can continue to be met,
APHIS decided to undertake an evaluation of potential revisions to
APHIS’ regulations to address changes that have occurred in the field of
agricultural biotechnology since the agency’s regulations were first
published in 1987.

On January 23, 2004, APHIS published in the Federal Register a Notice
of Intent (NOI) to prepare a programmatic environmental impact
statement (EIS), in compliance with the National Environmental Policy
Act (NEPA) and APHIS’ own NEPA implementation rules. The NOI
posed several questions in broad categories related to issues that could be
of concern. The 60-day comment period closed on March 23, 2004, but
was extended on March 26 for another 15 days, closing on April 13, 2004.
Approximately 4,000 public comments were received and reviewed by
APHIS. Approximately 3,600 of these comments were form letters that
expressed general opposition to GE organisms with particular concern
being directed at plants genetically engineered to produce pharmaceutical
compounds. These and all other comments were analyzed, and APHIS
collected all unique issues.

In February and March 2004, the agency held meetings with numerous
stakeholders—including biotechnology crop manufacturers, university
researchers, food milling and processing organizations, and public-interest
citizens’ groups. In June 2004, APHIS met with representatives from
State departments of agriculture to get their perspective on its regulatory
program for biotechnology.

APHIS used all the comments that it collected from the Federal Register
notice and various meetings in scoping the draft EIS (DEIS) to ensure that
the agency was addressing all pertinent issues and that the EIS examined
appropriate environmental impacts that could possibly result from
revisions to the regulations. The results of the scoping process are
summarized throughout this chapter in the context of the major issues
discussed in the NOIL.

II. Proposed Program Alternatives



Next, APHIS developed alternatives, that is, specific actions that might be
taken to address each of the issues identified by the agency. These
alternatives were then elaborated through the scoping process. The
alternatives were independent of each other but not mutually exclusive:
the alternative chosen to address one particular issue would not necessarily
dictate which alternative would need to be chosen to address a different
issue. In several cases, more than one alternative could be adopted to
address a single issue. For each issue, APHIS articulated a “No Action”
alternative, which means the pertinent regulations would not be changed.
When appropriate, alternatives incorporated suggestions derived from the
public scoping process.

B. Issues and Alternatives

In this section below, each of the issues," is restated along with a list of
possible alternatives for action.

1. Issue 1 APHIS is considering the broadening of its regulatory scope beyond
genetically engineered organisms that may pose a plant pest risk to
include genetically engineered plants that may pose a noxious weed
risk and genetically engineered organisms that may be used as
biological control agents. Do regulatory requirements for these
organisms need to be established?

Given the rapid advances in biotechnology, the present scope of
regulations may not be of sufficient breadth to cover the full range of GE
organisms and the full range of potential agricultural and environmental
risks posed by these organisms, including risks to public health.
Historically, APHIS has used only the authority in the PPA of 2000 that
was originally granted in the FPPA and the PQA. Specifically, the agency
has used its authority to protect against plant pests as the basis for
regulating GE organisms. The PPA, however, redefined authorities and
responsibilities for the agency. Changes are now being considered in
recognition of these responsibilities and in light of these new technologies.

Alternatives Relating to the Scope of Regulations
Consideration of Noxious Weed Risks

Certain organisms that can cause harm or injury to plants or plant products
are defined by the PPA as “plant pests” (7 United States Code (U.S.C.)

10 |ssue 10 in the NOI involved relief of regulatory requirements for low-risk materials. Rather than list
regulatory relief alternatives separately, they have been incorporated into the discussion of the other
issues, where appropriate.
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7702(14)). APHIS has used its authority to regulate the introduction and
movement of plant pests as the basis for its regulation of GE organisms.
Specifically, APHIS regarded any GE organism as a regulated article if the
donor organism, recipient organism, vector, or vector agent used to alter or
produce the organism is a plant pest. In addition, APHIS asserted its
authority if there was a reason to believe the organism could pose a plant-
pest risk. The “reason to believe” clause has generally been interpreted to
mean that APHIS has ultimate discretion in determining whether a given
organism has the potential to pose a plant-pest risk. As a matter of
practice, the agency has used this discretion any time there was
uncertainty with respect to an organism’s plant-pest potential. Because
most GE plants use sequences from plant pests, and because the reason-to-
believe clause broadens the scope of agency discretion, APHIS believes
that its current regulations provide very broad jurisdiction over GE plants.

The question has arisen whether a GE organism that does not present a
potential plant-pest risk might pose other potential risks that are addressed
by the PPA. One of the reasons for this question is the growing use of
gene regulatory sequences from sources other than plant pests, whereas in
the past, most gene regulatory sequences were from plant viruses or plant-
pathogenic bacteria. A report by the National Academy of Sciences’
National Research Council (NRC), entitled Environmental Effects of
Transgenic Plants: The Scope and Adequacy of Regulation (NRC, 2002),
suggested that USDA should clarify the scope of its coverage. In NRC’s
opinion, some GE plants not automatically meeting the regulatory
definition of a plant pest “lead to instances where public health or
environmental issues might not be adequately addressed.” The NRC also
argued that USDA should regulate all transgenic plants, as there is no
scientific basis on which to forecast which ones might pose a risk.

Recently, new types of traits have been engineered, such as GE plants that
produce proteins and other substances for use in pharmaceutical or
industrial products. These types of traits would not be likely to confer a
plant-pest risk to the plants but may pose other types of risks (e.g., health
risks to humans) or environmental risks (e.g., toxicity to animals) that may
not involve injury to plants or plant products. APHIS does not currently
regulate GE plants or other organisms on the basis of their potential to
pose these types of risks.

Therefore, APHIS is exploring the use of other authorities, in addition to
its plant-pest authority, that might be appropriate to regulate GE
organisms. Specifically, the PPA authorizes the regulation of “noxious
weeds,” which are defined as:
“...any plant or plant product that can directly or indirectly
injure or cause damage to crops (including nursery stock or
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plant products), livestock, poultry, or other interests of
agriculture, irrigation, navigation, the natural resources of
the United States, the public health, or the environment.

7 U.S.C. 7702(10).”

Proposing to regulate under the “noxious weed” provisions of the PPA
would not mean that APHIS has determined that all GE plants are noxious
weeds. However, APHIS has reason to believe it is possible for a plant to
be genetically engineered with genes that might give the plant the
characteristics of a noxious weed, and APHIS wants the ability to ask not
only whether a GE organism is a plant pest, but also whether a GE plant
may be considered a noxious weed.

There are many instances in which the noxious weed authority would
allow APHIS to assess risks beyond plant pest risks. Many developers are
combining multiple GE traits in a single plant variety, and these gene
combinations may have noxious weed effects but no plant pest effects.
For example, a plant could be genetically engineered with genes to
increase its fitness to the point where the plant could become invasive in
the wild. This situation could be exacerbated if the plant had weedy wild
relatives. Alternatively, a plant could be engineered to produce a
substance with the potential to be toxic, allergenic, or otherwise
biologically active in humans, and its unconfined release could pose risks
to public health. Some plants engineered to produce pharmaceutical or
industrial compounds might be examples. GE plants may also be
developed with transgenes of unknown function, and it would be
important for APHIS to be able to look at the broadest range of possible
impacts resulting from releasing the plant in the environment.

The use of this authority could, therefore, provide APHIS with additional
information to ascertain whether the introduction of any GE plant intended
for use in the environment could result in agricultural or environmental
harm. Of particular interest is that, using the noxious weed provision,
APHIS would have authority to consider public health effects of GE
plants. This could be used to consider the safety of a new protein or other
substances both in setting conditions for environmental release and in the
decision to deregulate. APHIS might require that questions of food safety
be addressed before deregulating a GE plant.

One active area of research is in the use of genetic engineering to produce
and enhance biological control organisms, which are defined in the PPA
as, “any enemy, antagonist, or competitor used to control a plant pest or
noxious weed” (7 U.S.C. 7702(2)). At present, such organisms would be
regulated as GE organisms by APHIS only if they also fit the plant-pest
criteria used in the definition of a regulated article. However there is
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concern that all genetically engineered biological control organisms
should be evaluated, using the broader authority in the PPA, until it has
been determined that they do not pose risks to agriculture and the
environment. The rationale is that many biological control organisms
used to date have themselves been plant pests, or if not, they are used in
such a way that they interact directly with plant pests or noxious weeds in
order to exert their intended effect. Thus, it is appropriate to evaluate
genetically engineered biological control organisms to ensure that they do
not pose a direct or indirect plant pest or noxious weed risk. These
changes should enhance the agency’s ability to prevent the dissemination
of plant pests and noxious weeds by expanding the scope to include some
organisms that might pose such risks, but that are not expressly covered in
our current regulations.

Event-based Versus Trait-based Regulation

Currently, APHIS regulates GE organisms as “transformation events.” An
event is a single successful insertion of a gene or gene fragment into a
cell’s genetic material or a successful deletion of a gene or gene fragment
from a cell. Each event can be genetically unique, even if the event results
from a single transformation experiment in which many individual cells
were treated under identical conditions. Biotechnology techniques allow
scientists to regenerate entire organisms, such as whole plants, from a
single cell. A plant produced from one transformed cell may also be
called an event.

Typically, APHIS receives field test applications from researchers who
wish to test a population of genetically identical plants resulting from a
single transformation event. Each transformation event is given individual
consideration by APHIS biotechnologists for introductions authorized
under notifications and permits and when a petition for determination of
nonregulated status is received. This approach is compatible with a
definition of a regulated article that includes the noxious weed and
biological control organism provisions as well as potential plant pest risk.
One alternative is to continue to regulate on an event-by-event basis, but
to utilize new provisions in the PPA, specifically those for noxious weeds
and biological control agents as described above.

Although the NRC has stated that an event-by-event approach, that is,
using genetic transformation alone, is a practical and useful trigger for
regulation, the NRC has consistently stated that once a GE organism is
deemed subject to regulation, the focus should be on the assessment of the
phenotype of the GE organism which results from the genetic engineering
process (NRC, 1989; NRC, 2000; NRC, 2002). An alternative approach
to event-by-event regulation would be a trait-based approach. GE plants
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would be regulated based on the engineered genes in the plant (the
genotype) and the traits resulting from those genes (the phenotype),
particularly traits that cannot be expressed by an organism through any
means other than genetic engineering. Such traits are functionally
unknown in the organism and may have ecosystem-level effects and
effects on the fitness of the organism that are also unknown. This is of
special concern for organisms that have wild or feral, sexually compatible
relatives in the environment (Strauss, 2003). An important difference in
this approach as compared to APHIS’ current system is that once an
organism of a particular phenotype was deregulated, plants produced
subsequently using genetic engineering that have the same transgene and
phenotype would be considered familiar, and, therefore, they would not
trigger regulation.

If a trait-based alternative were adopted, APHIS would still need to rely
on one or more provisions in the PPA, regulating each novel phenotype
and assessing whether it created the potential for the GE organism to be a
plant pest or noxious weed. From a regulatory standpoint, APHIS could
elect to concentrate its resources on those organisms developed through
genetic engineering that exhibit novel phenotypes, that is, phenotypes
unknown within the species or within sexually compatible relatives and
exclude from regulation those organisms that have a familiar phenotype.
Questions regarding familiarity are based on available scientific data, such
as data published in scientific journals, data developed by permit
applicants, and information collected by the agency itself.

APHIS would then focus on plant phenotypes with which there is little or
no experience in the plant-breeding, agronomic, or ecological
communities. Organisms exhibiting phenotypes not possible to generate
through any means other than genetic engineering would be considered
regulated articles. However, APHIS recognizes that the agency may, over
time, gain familiarity even with completely novel traits, for example, a
trait for environmental stress tolerance that enabled the plant to thrive
outside the normal range of the parent plant or its relatives.

Excluding Certain Organisms Based on Risk

The agency is considering whether organisms should be excluded from
regulatory oversight after it is demonstrated that they pose no risk or
which are adequately regulated by another Federal agency. It has been
suggested that existing scientific data be used to identify GE organisms
that require little or no oversight based on the plant—trait combination
(Hancock, 2003). The specifics of how the exclusion mechanism would
work could be either an administrative action, analogous to a deregulation
under the current system, or a rule-making mechanism that would be
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followed for all excluded organisms or classes. If deregulation or some
synonymous mechanism were to be used as the exclusion mechanism, it
would be applied to classes of organisms, not individual events.

The agency may wish to use such a mechanism to exclude certain types of
organisms that APHIS deems safe based on an extensive history of safe
use (e.g., the nptll gene). GE organisms that are regulated effectively by
other agencies (e.g., a GE biological control organism regulated by the
Environmental Protection Agency (EPA) under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA)) might be excluded as well.

Another example of a GE organism which might be considered for
exclusion would be one in which DNA used to develop a GE plant was
derived from the same species or a sexually compatible species
(intrageneric). Highly domesticated plant species with no wild or weedy
relatives that have been genetically engineered with intrageneric DNA
would be expected to pose environmental impacts comparable to the same
plants modified via conventional breeding (Strauss, 2003). Conventional
plant breeding is considered to be a safe process with few significant
environmental impacts, except for a few isolated cases (NRC, 1989;
2000). More importantly, agricultural science has experience in managing
the type of risks that may rarely occur. For well over 100 years, plants
have been modified using classical and other breeding techniques for the
safe development of new varieties that have been evaluated through
standardized, structured variety trials. Plant breeders have many
established protocols for handling and eliminating undesirable phenotypes
produced as a byproduct of creation of genetic variation, and these
protocols are applied when any type of plant is used in breeding programs,
including GE plants. Therefore, for plants genetically engineered using
intrageneric DNA, the risks appear no greater than for plants produced via
conventional breeding, which are not subject to Federal regulation.

A mechanism to exclude certain organisms from regulatory oversight
could be used in association with any scope of regulation under
consideration, including the No Action alternative. The consequence of an
exclusion is that the excluded item is no longer considered by APHIS to
be a regulated article. APHIS envisions that the regulated community
could apply for an exclusion, or an exclusion could originate within the
agency itself. Exclusions would apply to classes of organisms based on
the engineered trait. For example, one might exclude all organisms in
which the only transgene expressed was a particular marker gene. The
exclusion decisionmaking process would be fully documented and NEPA-
compliant, and it would include opportunity for public comment.
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Alternatives Related to Issue 1

1. No Action—continue to regulate GE organisms as potential plant
pests, and use genetic transformation as the trigger for regulation
(event-by-event).

2. Expand the scope of what is regulated by adding considerations of
noxious weed risk and regulating GE biological control organisms in
addition to evaluating plant pest risks, and use genetic transformation
as the trigger for regulation. Continue to regulate event-by-event.

3. Expand the scope of what is regulated by adding considerations of
noxious weed risk and regulating GE biological control organisms in
addition to evaluating plant pest risks. Use novelty of the trait in the
species as the trigger for regulation.

In addition, the following alternative could be used in conjunction
with any of the above to exclude certain organisms based on risk:

4. Exclude specific classes of highly familiar organisms and highly
domesticated, nonweedy crop plants and, potentially, those regulated
by another Federal Agency from regulation.

2. Issue 2 APHIS is considering revisions to the regulations to increase
transparency and to address advances in technology that may create
new products and concerns. Should a new system of risk based
categories be designed to deal with new products and new concern? If
so, what criteria should be used to establish the risk-based categories?

There is public interest in understanding how APHIS regulates various
types of organisms according to risk and familiarity. In addition, there is a
trend toward more highly varied organisms, and the risk assessment
process may need greater flexibility to handle this variety. The current
system of notifications and permits needs to be more transparent to the
public, and developers have a vested interest in knowing how organisms
that they are developing will be regulated. In addition, the term
“notification” has proven somewhat misleading in that it does not clearly
convey that these introductions are subject to full APHIS oversight: no
GE organisms may be imported, moved interstate, or released into the
environment without active approval from APHIS. In recognition of the
issues above, the agency is considering risk-based categories in which GE
plants are classified according to risk and familiarity so that oversight and
confinement vary by category. Redefined categories may provide added
flexibility to better regulate diverse organisms and new types of traits and
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provide better clarity to the regulated community and to the public, which
may in turn promote greater confidence in the system.

APHIS currently uses a two-tiered approach to evaluate the risk of
introducing GE plants. Introductions of GE plants that meet specific
eligibility criteria based on their very low plant-pest potential can be
authorized using the notification option, while plants that do not meet the
eligibility criteria and all other types of organisms must use the permit
option. The notification option has been an effective regulatory tool: the
process features a simplified submission format, expedited agency review,
and reduced regulatory burdens for both applicants and the agency while
still ensuring safety. As part of the notification process, APHIS
biotechnologists review all applications individually; APHIS requires
effective confinement measures; all field releases are subject to inspection;
and APHIS can impose severe penalties for noncompliance. Any new
system that APHIS considers will incorporate salient aspects of the
notification system to ensure the continued safe introduction of GE plants.

The types of organisms authorized under permit are highly varied, and the
risk assessment process needs great flexibility to handle this variety.
Within the class of organisms that require permits, there are subclasses
such as micro-organisms, insects, and plants, including pharmaceutical
and industrial plants, which do not meet the eligibility criteria for
notification. Though each of these subclasses uses the same basic
permitting procedure, reviews and assessment are done on a case-by-case
basis and mandated permit conditions are unique for each permit.
Pharmaceutical and industrial plants are subject to additional conditions,
as detailed in the March 10, 2003, Federal Register notice (APHIS, 2003)
and other guidance on the APHIS-BRS Web site.

APHIS is considering whether greater clarity will be provided by revising
existing tiers and creating additional tiers, such that similar organisms
could be grouped into tiers, thereby allowing for the applications and
reviews to be structured in the most appropriate way for the organisms in
that tier type. The appropriate tier for an organism expressing a transgenic
trait or group of traits would be determined by various risk factors
associated with the introduction of a particular GE organism. Similar to
current practice, APHIS would consider several factors, including the
biology of the organism, the nature of the transgenic traits expressed by
the organism, the degree to which APHIS was familiar with the organism
and the traits, and the size and duration of the introduction.

In scoping meetings held with stakeholders in January 2004, several
industry representatives expressed a preference for a case-by-case review

without tiers. Their opinion was that this approach was the most firmly
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grounded in science because no preconceptions or assumptions entered
into the evaluation. One example the stakeholders raised is the permitting
of plants producing pharmaceutical or industrial substances. Placing a
particular GE organism into a risk category because it produces a
substance with pharmaceutical or industrial properties does not take into
account the nature of the substance itself. For example, the substance may
have already passed food-safety assessment by FDA and, therefore, likely
poses no risks to the human environment. The stakeholders felt that a
case-by-case evaluation reduces arbitrary placement into risk categories.
It is not APHIS’ intent to create risk categories that do not take into
account the nature of the substance itself or to evaluate organisms based
on preconceived notions or assumptions that are not grounded in science.
The intent of creating a tiered system is to create greater predictability and
transparency for both the regulated community and the public and to
allocate agency resources effectively. A pure case by case approach
would not meet APHIS needs, because it would be more difficult for the
public and the regulated community to ascertain from the results of each
determination whether there is a predictable and consistent method for the
determinations,. In addition, this system would use more agency
resources because even GE organisms with which APHIS has a great deal
of experience would require a full, individualized analysis.

Alternatives 3 and 4, below, propose increasing the number of tiers to
reflect the diversity of GE organisms that APHIS must evaluate. The
difference between alternatives 3 and 4 is that the fourth alternative
proposes to establish a separate permit type specifically for the regulation
of nonplant GE organisms, for example, micro-organisms, insects, and
other animals that can be plant pests. Tiers would be based on potential
risks and familiarity with the organisms, and the degree of confinement
and oversight would vary by tier type. As under the current system, the
permit requirements could be tailored, based on APHIS' evaluation of the
organism. Familiarity is important because unfamiliar organisms may
pose risks that the agency does not currently recognize and with which the
agency may have little mitigation experience.

Although APHIS currently sees very few permit applications for nonplant
GE organisms, the agency recognizes that, based on advances described in
the scientific literature, applications for the introduction of nonplant GE
organisms may begin to increase. Increased numbers of applications and
agency experience gained with nonplant GE organisms may, at some
point, justify the creation of dedicated risk-assessment tiers for these
organisms. Alternative 3 would require creation of tiers for plants and
nonplant organisms alike in the revised rules, whereas alternative 4 allows
for creation of tiers for plants while continuing to handle nonplant GE
organisms on a case-by-case basis for the foreseeable future.
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Issue 3

Alternatives Related to Issue 2

1. No Action—continue to use a two-tiered system (notifications and
permits).

2. Abolish categories and treat all future proposals for the introduction of
GE organisms on a case-by-case basis.

3. Establish a tiered permitting system for all organisms based on newly
devised criteria.

4. Establish a tiered permitting system for plants based on newly devised
criteria and evaluate permit applications for introductions of nonplant
organisms on a case-by-case basis.

APHIS is considering ways to provide regulatory flexibility for future
decisions by accommodating commercialization of certain genetically
engineered organisms while continuing, in some cases, to regulate the
organisms based on minor unresolved risks. Other regulated articles
could be treated as they have been under the current system, in which
all regulatory restrictions are removed. What environmental factors
should be considered in distinguishing between these kinds of
decisions?

Once an article has been deregulated, APHIS cannot place any restrictions
or requirements on its use, short of re-regulating the article. Restrictions
and requirements have not been deemed necessary in the past because
BRS risk assessments have concluded that the GE plants APHIS has
deregulated pose no greater risks than conventionally bred plants.
However, APHIS recognizes that future development and
commercialization of plants with less familiar traits may pose new
challenges for the agency because even a thorough assessment may not
resolve all unknowns regarding an article proposed for deregulation.
These unknowns may justify continued scrutiny and data collection or use
restrictions, even while allowing planting of the article without a permit.
Therefore, APHIS is exploring a system that could give increased
flexibility for handling special cases involving less familiar traits by
creating provisions that allow for imposition of conditions for unconfined
release. This could facilitate commercialization, while requiring
appropriate restrictions or monitoring.

Under the current system, APHIS has not placed any restrictions or
requirements on the use of a GE organism that has been fully deregulated
because a GE organism is not fully deregulated until a thorough review
concludes that it poses no plant-pest risks.
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In evaluating the data submitted by the applicant, the agency considers the
biology of the plant, potential interactions between the plant and the
environment, and the nature of the inserted gene. Key biological features
of the plant that are considered are whether it is an annual or perennial
plant, whether it has sexually compatible relatives in the United States,
whether the plant exhibits weedy characteristics, and how the plant is
pollinated. The nature of the inserted gene is also considered. Some data
requirements may relate specifically to the function of the gene. Other
data requirements are more general and are aimed at determining whether
the engineered crop has unanticipated characteristics that would render it
phenotypically different than the non-engineered counterpart.

APHIS has deregulated more than 70 organisms representing 12 plant
species. Although not every one of these organisms is being grown
commercially, many of them have been adopted by farmers both in the
United States and elsewhere (ISAAA, 2006). In spite of widespread
cultivation of GE crops, there have been no reports of deregulated GE
plants causing harm to agriculture or the human environment.

Most of the deregulated plants exhibit one of two traits—herbicide
tolerance or insect resistance—and APHIS has extensive experience
evaluating the agronomic and environmental impacts of these traits.
APHIS has deregulated plants with other traits, such as viral disease
resistance and altered fruit quality, and there most likely will be an
increase in the types of trait—plant combinations proposed for
deregulation.

The development of plants with less familiar traits may pose new
challenges, and a thorough assessment may not resolve all unknowns
regarding an article proposed for deregulation. These unknowns may
justify continued scrutiny and data collection or restrictions on use.
Therefore, APHIS is exploring partial deregulation to increase its ability to
address risks by applying appropriate restrictions or monitoring
requirements while accommodating commercialization.

Although APHIS has not approved the partial deregulation of any
regulated article to date, a system in which partial oversight could be
retained would allow the commercial production of a regulated article with
appropriate restrictions or requirements. For example, an applicant may
have geographically limited field-performance data for a crop intended for
nationwide release. The placing of restrictions on the crop could enable
the commercial sale and growth of the crop in regions where its
performance is well documented but require that additional data be
collected in specific geographic regions. This partial oversight might be
accomplished under the current regulations by choosing to deregulate
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in part or through some new regulatory mechanism designed specifically
to deliver such flexibility. Another example where restrictions might be
used to address a minor risk includes plants engineered for environmental
remediation of heavy metals. Because of the potential environmental
benefit, deregulation might be desirable; however, complete deregulation
would be inappropriate due to the need to ensure proper disposal of plant
material after remediation had occurred.

Currently, all deregulated GE plants can be used in breeding programs
without regulatory restrictions. This is consistent with the findings that
they pose no plant pest risks. Thus, if two deregulated plant lines with
different traits are bred together or “stacked,” the new line with the two
traits combined is not regulated. Implementing a mechanism for partial
deregulation might also give the agency a useful additional mechanism to
place restrictions on certain stacked traits. While this has not been
deemed necessary for the plant—trait combinations that have been
deregulated to date, it might be a mechanism that could be deployed in the
future for less familiar traits.

APHIS would use this mechanism only if there was a reason to believe
there would be an interaction with certain other genes or traits that could
result in environmental harm. In these cases, if a developer wanted to
cross a partially deregulated plant with another variety that was not
allowed under the terms of the deregulation, the developer might have to
treat the offspring of the cross as a regulated article and additional review
would be required before the new variety could be approved for
unconfined release. This approach would allow APHIS to mitigate any
additional potential environmental effects that might arise as a result of
stacking of particular types of genes in certain plant species.

The proposed alternative would retain the option for full removal of
agency oversight (currently obtained through deregulation), but also allow
for a new option that allowed for a continued level of oversight as
necessary to mitigate minor risks. The alternative would also allow the
agency to conditionally approve petitions if to do so would mitigate any
adverse environmental impacts that may result from the use of the article.

Alternatives Related to Issue 3
1. No Action—continue with a system granting full nonregulated status
to crops that removes them from all regulatory obligations under

7 CFR part 340.

2. Continue to allow for the option of granting full nonregulated status
and develop appropriate criteria and procedures through which crops
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4.

Issue 4

can be removed from permitting but some degree of agency oversight
as necessary to mitigate any minor risks is retained.

Are there changes that should be considered relative to environmental
review of, and permit conditions for, genetically engineered plants
that produce pharmaceutical and industrial compounds?

Genetic engineering technology has advanced to the point where
organisms can be developed that produce novel proteins and other
substances with biological activity or industrial utility. The gene products
made by pharmaceutical and industrial plants may have biological activity
or may pose other hazards not associated with proteins and other
substances commonly found in the food supply. APHIS will examine this
issue in the DEIS, taking into account the current rigorous permit
conditions, multiple annual inspections required for these plants, and the
nature of the compounds produced by these plants. In practice, any
changes in the confinement of plants producing pharmaceutical and
industrial compounds would not apply solely to those plants, but to a risk
tier that might include those plants.

Currently APHIS permit conditions prescribe various measures, used in
combination, to create a confined field release. These measures can
include:

e Geographic isolation of the field test from other growing crops,

e Temporal (time of planting) separation of the field test from plants
of the same species to prevent simultaneous availability of viable
transgenic pollen and receptive flowers outside the test plot,

e Physical barriers to gene flow (e.g., bagging flowers),

¢ Biological barriers to gene flow (e.g., male sterility), and

e Requirement for dedicated planters and harvesters and APHIS-
approved cleaning protocols for other equipment

The measures are crop-specific and are determined by plant biology
factors, such as whether the plant is an annual or perennial, whether it has
sexually compatible relatives in the United States, whether the plant
exhibits weedy characteristics, and how the plant is pollinated. In addition
to the stringent permit conditions, multiple annual inspections ensure
compliance.

For example, if corn is used to produce a pharmaceutical substance and an
applicant wishes to perform a field test of this plant, no other corn may be
grown within 1 mile of the field-test site (68 FR 11337). This distance is
eight times the distance required in the production of foundation corn
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seed. In APHIS’ experience, plants expressing pharmaceutical or
industrial traits are no more likely to escape from field tests or persist in
the environment than plants expressing other traits. However, it has been
suggested that plants engineered to produce substances not intended for
food use, as handled under APHIS’ current regulatory system, pose
unacceptable risks to human health, the environment, and to trade.

Several alternatives to address this issue are under consideration.
Alternative 2 is a variation on the No Action alternative in which GE
plants producing proteins or other substances whose safety has not been
addressed would have much more restrictive requirements for outdoor
testing, but would not be banned from consideration for outdoor testing.
Alternative 3 is the most restrictive approach to GE plants producing
pharmaceutical or industrial substances, namely that no such plants would
be considered for outdoor testing. The only way these plants could be
grown would be under contained conditions, for example, in enclosed
growth chambers or other facilities such as abandoned mines, so that
environmental releases are highly unlikely. A corollary of this approach,
Alternative 4, is that no plants producing pharmaceutical or industrial
substances may be released into the environment if that plant species is
used for food or feed purposes. Nonfood or nonfeed plants expressing
pharmaceutical or industrial traits could be field tested under an APHIS
permit but with stringent conditions.

In Alternative 5, field tests of nonfood or nonfeed plants would be allowed
under APHIS permit, and field tests of food or feed crops would also be
allowed if the food safety issues have been addressed. This review would
guarantee that, should the confinement measures used with an APHIS-
permitted field test fail, any escape of the plant from the test site would
not result in any significant harm to humans or the environment.

Alternatives Related to Issue 4

1. No Action—continue to allow food and feed crops to be used for the
production of pharmaceutical and industrial compounds and to allow
field testing under very stringent conditions.

2. Continue to allow food and feed crops to be used for the production of
pharmaceutical and industrial compounds. The agency would impose
confinement requirements, as appropriate, based on the risk posed by
the organism and would consider food safety in setting conditions.

3. Do not allow crops producing substances not intended for food uses to
be field tested, that is, these crops could be grown only in contained

facilities.
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4. Allow field testing only if the crop has no food or feed uses.

5. Allow field testing of food/feed crops producing substances not
intended for food uses only if food safety has been addressed.

5. Issue 5 The definition of noxious weed in the PPA includes not only plants,
but also plant products. Based on that authority, APHIS is
considering the regulation of nonviable plant material. Is the
regulation of nonviable material appropriate and, if so, in what cases
should we regulate?

In some special cases, certain nonviable material originating from a field
test (e.g., cell debris, leaves, stems, roots, or seeds) may pose unique types
of environmental or human health risks. Currently, APHIS regulates
organisms that pose a plant pest risk and does not regulate nonliving
material derived from GE organisms. By definition, plant pests are living
organisms. However, the noxious weed definition provides authority to
regulate nonviable plant products that could “injure or cause damage to
crops.” Because there may be cases in which potential risks could justify
the regulation of nonviable material, APHIS is considering whether it
should regulate nonviable material in those cases.

The agency considers non-living material generally not to be a significant
risk to the environment because non-living material cannot result in the
dissemination or persistence of GE organisms. Most, if not all, field tests
of GE organisms conducted under an APHIS permit result in nonviable
material being produced in the form of nonpropagable GE material (e.g.,
cell debris, leaves, stems, or roots) in addition to the desired product (e.g.,
seeds). The desired product is removed by the researcher, and byproducts
are disposed of according to the terms of the permit, which may include
such methods as autoclaving, placing in a landfill, burying, plowing into
the soil, or burning. The purpose of these processes is to ensure that any
residual propagable material is destroyed so that it cannot escape into the
environment at large. The current regulations focus on the destruction of
viable propagules as these items have the potential to produce a new
generation of the organism.

The noxious weed definition in the PPA includes plants as well as plant
products thus providing an opportunity for APHIS to expand its regulatory
scope. This does not mean that APHIS has determined that all GE plants
are noxious weeds, but this would allow the agency to ascertain if the
nonviable material could pose agricultural or environmental harm.
Therefore, APHIS is considering whether it might be advantageous (e.g.,
in cases where permit conditions had been violated or when the nonviable
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Issue 6

material was determined to be toxic) to regulate nonviable material that
might pose an environmental risk.

Alternatives Related to Issue 5
1. No Action—do not regulate nonviable GE material.

2. Regulate nonviable GE plant material in certain circumstances, based
on the risks posed.

3. Regulate all nonviable GE plant material.

APHIS is considering establishing a new mechanism involving
APHIS, the States, and the producer for commercial production of
plants not intended for food or feed in cases where the producer
would prefer to develop and extract pharmaceutical and industrial
compounds under confinement conditions with governmental
oversight, rather than grant nonregulated status. What should be the
characteristics of this mechanism?

For organisms that cannot meet the criteria for deregulation, APHIS is
considering whether a new type of permitting system would be more
appropriate in terms of efficiency and effectiveness than the current
system. In addition, there is much public and State interest in these types
of plantings and a new mechanism may increase transparency and allow
for greater State involvement.

Currently, GE plants producing pharmaceutical or industrial compounds
or expressing other traits not intended for food/feed uses have not been
deregulated. APHIS anticipates that field tests for these plants would
likely be conducted annually, in the same location, and under the same
permit conditions each year; however, APHIS’ regulations require a full
permit application for these plants year after year and repeatedly
reviewing identical annual applications would be very inefficient. A new
type of permitting process could continue to ensure safety but increase the
efficiency of issuing annual permits for repeating field tests. This
mechanism might also apply to other types of GE organisms or
appropriate activities, such as repetitive research.

Due to the value of the pharmaceutical or industrial substances
synthesized by these plants, after the plants are harvested under APHIS-
approved permit conditions; the valuable substance may be extracted from
the plant material, and the substance may be sold commercially. It is
possible and even likely, that many of these substances do not pose a
human-health risk in food and also that they do not pose a risk to
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agriculture or the environment. However, some of these substances may
be allergenic, toxic, or otherwise biologically active in humans and APHIS
requires extraordinary safeguards to ensure that they are not found in
commodity food or feed channels.

Alternative 2 would create a new permitting process, which begins with
the submission of a full permit application for the first annual cycle of the
field tests. This application would receive full APHIS review, permit
conditions and confinement measures would be prescribed, and, if all
regulatory requirements are met, the permit would be issued. For
subsequent years, the applicant would submit a multiyear plan that
integrates all standard operating procedures (SOPs) and all management
practices designed to confine the planting and minimize its potential to
cause environmental impacts. After APHIS review and approval of the
management plan, the applicant would be issued a multiyear permit
designed specifically to address the needs and issues surrounding
production. APHIS would also consider measures such as Quality
Control/Quality Assurance procedures, ISO quality management
standards, and other technical standards, if appropriate. The applicant
would be required to conduct the field release in all subsequent years
exactly as prescribed in the permit. APHIS would monitor SOPs for
repetitive activities. Any changes to the original permit application or
approved SOPs would have to be submitted to APHIS for approval prior
to implementation. These fields would still be subject to inspection. Also,
APHIS would rely on additional auditing to ensure compliance with all
conditions and to ensure activities are conducted according to approved
SOPs.

Alternatives Related to Issue 6

1. No Action—continue to authorize field tests of crops not intended for
food or feed use under permit. Require application and review of
these permits on an annual basis.

2. Allow for special multi-year permits, with ongoing oversight. The
new system would maintain these crops under regulation, but APHIS
oversight would be exercised in a different manner than under the
current system of permits.
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Issue 7

The current regulations have no provision for the low-level presence
of regulated articles in commercial crops, food, feed, or seed of GE
plant material that has not completed the required regulatory
processes.* Should low-level occurrence of a regulated article be
exempted from regulation?

As with traditional plant breeding, large scale annual field testing of GE
plants that have not completed all applicable reviews may result in
materials from these trials occasionally being detected at low levels in
commercial commodities and seeds. Current regulations do not expressly
allow for any such occurrence, though experience continues to show that
such occurrences can occur. In a 2002 Office of Science and Technology
Policy (OSTP) notice,'> APHIS committed to conducting a risk-based
regulatory program that minimizes the occurrence of these materials and
includes safety criteria under which these materials would be allowed at
low levels in commercial commodities and seeds.

Adventitious presence in the NOI referred to low levels of biotechnology-
derived genes and gene products occurring in commerce that have not
gone through all applicable regulatory reviews. However, APHIS realizes
that this term means different things to various interests around the world;
hence, its use elsewhere in the main body of the EIS will be avoided.
Many groups, including some importers of U.S. agricultural products, use
the term to refer to the presence of any biotechnology-derived products
when found in a product that is intended to be free of such materials, even
when the biotechnology-derived products completed deregulation by
APHIS and all other applicable reviews. Once the materials have
completed all applicable reviews, they are considered as safe as other non-
GE varieties and, as such, are not regulated. Thus, APHIS views the
presence of deregulated materials as a marketing issue outside of its
authority.

In practice, APHIS has considered these situations on a case-by-case basis
and believes there are situations in which occurrence of regulated material
at low level should be non-actionable, meaning that commodities or seeds
with the low levels of the regulated articles could be moved and otherwise
introduced without a need for permits or notifications. These
determinations are based on safety and might be made in cases where the
material is similar to a deregulated GE organism and APHIS determines
that the presence of the regulated material does not pose a plant pest risk.

"in the NOI, the term adventitious presence was used to refer to the “intermittent low levels of
biotechnology-derived genes and gene products occurring in commerce that have not gone through
all applicable regulatory reviews.” However, APHIS realizes that this term means different things to
various interests around the world; hence, we will avoid its use elsewhere in the main body of the
EIS.

12 67 FR 50577
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In other instances, in which the regulated material is very different from
any deregulated GE organisms and there may be a potential plant pest risk,
APHIS has determined that any amount would be considered actionable
and the agency would act as necessary under the regulations to prevent
dissemination of the regulated material. In all cases, APHIS completes a
risk assessment to determine the agency response. It is important to note
that under the current system and any proposed revision to the system, the
developer is still responsible for complying with regulations. Thus, the
material might be safe and non-actionable, but the developer might still be
found to be in violation and subject to penalties. On March 29, 2007,
APHIS published its Policy on Responding to the Low-level Presence of
Regulated Genetically Engineered Plant Materials in the Federal Register
(72 FR 14649).

APHIS and the U.S. government have been aware for some time that the
occasional detection of regulated material in commercial crop seeds is a
potential outcome of field tests conducted under experimental protocols
generally used for notifications. This is due to cross pollination and also
commingling from shared equipment and facilities. In the majority of
cases, this low level occurrence will be of minimal risk, and this should be
accounted for in any regulatory scheme since oversight should be
commensurate with risk. In addition, new incidents will inevitably result
from the importation of seeds and commodities from countries where such
material has been fully approved but has not completed all U.S. reviews.

There have been several incidents where regulated articles have been
detected in commodities or seeds. In one of the first, the agency became
aware that there were low levels (<1 percent) of plant varieties that had
not been deregulated in the United States in imported seeds. These
varieties were evaluated by FDA to determine that there were no food-
safety issues. The seeds were genetically engineered to be herbicide
tolerant, and the imported varieties were very similar to a variety that had
been deregulated in the United States. The developer filed extension
requests (7 CFR § 340.6(e)) that, if granted by APHIS, would result in
nonregulated status being extended from a previous deregulation to cover
the imported varieties as well. While intended to be an expedited review,
the required data package and established review practices are such that
extension requests can be similar in terms of regulatory burden to regular
petitions for nonregulated status. The extension requests for the crop were
granted, but it became apparent that it would be advantageous to have a
policy for dealing with low-level presence of regulated articles that met
certain safety criteria.

In another case, a company found that some of their breeding lines being
used for production of commercial seed were, in fact, a different line that

Il. Proposed Program Alternatives 37



38

had not been deregulated. However, as with the previous example, the
line that had not been deregulated was very similar to a line that had
already been deregulated. All expressed proteins were identical. In this
case, USDA quarantined the seeds and EPA issued a “Stop Sale Order” to
halt commercial sales of seed for planting and restrict seed movement
except for specifically identified regulatory needs or destruction. USDA,
in conjunction with EPA, undertook an extensive investigation into the
unauthorized movement, release, and sales of the corn seeds for planting.
The company was required to remove all seeds from the commercial sales
channel, and APHIS provided regulatory oversight for the destruction of
the remaining stocks. Based on its own safety assessment, which
concluded that there were no safety issues, APHIS decided that it would
not attempt to remove any low levels of this variety that might exist in
commodities.

In yet another case, a small number of volunteer plants from a previous
field test were harvested with a subsequent crop resulting in a very small
amount of regulated debris in the harvested crop. In this case, APHIS
considered this debris as unacceptable because of the nature of the protein
involved. Accordingly, the agency took action to ensure that the crop was
quarantined and subsequently destroyed.

APHIS recognizes the need for a clear regulatory approach to address the
science issues described above, and many stakeholders have advocated
that establishing this policy should be a very high priority for APHIS."
These stakeholders include industry associations, crop associations, and
commodity trade organizations. Also, in August 2002, the Office of
Science and Technology Policy initiated the coordination of a
Government-wide approach involving the establishment of early food-
safety assessments at EPA and FDA, and the revision of APHIS’ field
testing program.

APHIS has already made some important changes. Permit requirements
for the field testing of plants with genes producing pharmaceutical
compounds have been strengthened significantly, as announced in the
March 10, 2003, Federal Register notice (APHIS 2003). Plants with
genes producing industrial compounds are now subject to the permitting
system as described in the August 6, 2003, interim rule (finalized on

May 4, 2005), whereas, some of these plants previously qualified for field
testing under notification. Pharmaceutical and industrial plants are
confined with such stringency that their testing and production is not
expected to result in detection in commercial products.

13 on March 30, 2007, APHIS published its “Policy on Responding to the Low-Level Presence of
Regulated Genetically Engineered Plant Materials (http://www.aphis.usda.gov/brs/
fedregister/RBS_20070330a.pdf).
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APHIS would generally consider any presence of materials engineered for
pharmaceutical or industrial uses as actionable, but changes might be
possible under the new regulations for specific organisms such that they
could be reclassified based on safety. Thus, if the regulated gene products
have been reviewed for food safety and meet the criteria that APHIS
establishes in the revised regulations, presence of the material may not be
cause for agency action. The safety criteria that APHIS establishes will be
applied to any such occurrence of a regulated article, regardless of whether
it occurs in commodities or seeds that are domestic or imported. The goal
of revising APHIS regulations on this issue is to create a uniform policy
for regulated gene products so that public, foreign, and domestic
stakeholders can be assured of the safety of any gene product that occurs
at low levels in commercial commodities and seeds.

Alternatives Related to Issue 7

1. No Action—allow field testing to continue using current confinement
strategies to reduce the likelihood of regulated articles occurring in
commercial commodities or seeds.

2. Establish criteria under which occurrence of regulated articles would
be allowable, that is, considered not-actionable by APHIS. Do not
allow field testing of crops that do not meet all of criteria, including
addressing food safety issues if applicable (i.e., if the GE plant is a
food crop).

3. Establish criteria under which occurrence of regulated articles would
be allowable, that is, considered not-actionable by APHIS. Allow
field testing and impose confinement strategies based on whether a
plant meets the criteria.

4. Impose a very strict confinement regime on all field tests, as is
currently done for pharmaceutical and industrial crops that would
further reduce the likelihood of regulated articles occurring in
commercial commodities or seeds.

8. Issue 8 Should APHIS provide expedited review or exemption from review
for certain low-risk, imported GE commodities intended for food,
feed, or processing that have received all necessary regulatory
approvals in their country-of-origin and are not intended for
propagation in the United States?

APHIS anticipates an increasing number of requests to import regulated
GE organisms that are not intended for propagation, such as organisms

that are intended for direct use as food, feed, or for processing. The
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current regulatory system was designed to handle such requests using
permits and notifications. However, in anticipation of this increase,
APHIS’ goal is to design an efficient system that protects U.S. agriculture
and human health without erecting unnecessary trade barriers. To that
end, the agency has evaluated several different alternatives.

APHIS recognizes the need to reevaluate requirements for imported
commodity shipments containing GE plant products that are intended for
food, feed, or other uses and not intended for propagation. APHIS
requires an importation permit for GE plants for food, feed, or for
processing, such as canola for processing into oil and feed, or fresh fruits
and vegetables for direct consumption if they have not been deregulated.
However, because these materials will be used only for nonpropagative
purposes, they can be presumed to pose less risk to agriculture than an
equivalent crop intended for large-scale planting due to the reduced
magnitude of environmental exposure. On rare occasions, APHIS has
allowed certain materials to be imported, on a case-by-case basis, for
nonpropagative purposes if the agency is familiar with the plant-trait
combination, and determines that the intended use poses a low risk of
environmental harm and environmental persistence.

In reevaluating its regulations, APHIS recognizes that in many cases it
may not be necessary to perform full environmental risk assessments for
GE plants imported for nonpropagative uses to ensure environmental
safety, recognizing that other safety issues may also be subject to EPA and
FDA oversight. Because these materials are not intended for field testing,
it is an inefficient use of APHIS resources to subject them to the same
scrutiny given materials proposed for full deregulation. An appropriate
risk assessment could be based on APHIS’ familiarity with the GE trait,
the biology of the plant, its intended use, proposed containment measures,
and any environmental review data generated by the exporting country’s
regulatory body.

In addition to domestic environmental concerns, APHIS recognizes that
regulations on imported commodities have international implications. For
example, the Cartagena Protocol on Biosafety (CPB)
(http://www.biodiv.org/biosafety/default.asp) is an international treaty that
provides a framework for the safe transboundary movement of living
genetically modified organisms (LMOs) with the goal of protecting
biodiversity. While the United States is not a party, U.S. exporters need to
comply with regulations implemented by importing parties in accordance
with the CPB. Currently, distinctions are made within the CPB between
the importation of LMOs intended for intentional introduction into the
environment and LMOs imported only for food, feed, or for processing
(LMOFFPs), and the Protocol describes a separate, less burdensome
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procedure governing the importation of LMOFFPs. The different
procedures set out under the CPB reflect the understanding that these
imports will generally pose a substantially lower potential risk to the
environment or to biodiversity than LMOs intended for field testing.

APHIS needs to consider how its regulatory changes might coordinate or
conflict with existing international agreements related to agriculture, food,
or trade. At the same time, APHIS needs to continue to provide leadership
for countries in the early stages of developing their own regulations.

Alternatives Related to Issue 8

1. No Action—continue to evaluate commodity importation requests on a
case-by-case basis.

2. Establish criteria that will be applied to determine the appropriate level
of risk assessment for imported GE commodities. This alternative
could include a decision to exempt certain organisms or to allow
importation under conditions that minimize environmental release.

3. Disallow importation of any commodity pending full APHIS approval
for deregulation.

4. Accept any importation of a product from a foreign country that has
evaluated the safety of the product and approved it for unconfined
environmental release.

5. Accept any importation of a product from a foreign country that has
evaluated the safety of the product and approved it for unconfined
environmental release using a review process equivalent to APHIS’.

9. Issue 9 Currently, genetically engineered Arabidopsis spp. are exempt from
interstate movement restrictions under 7 CFR 340.2 because they are
well understood and extensively used in research. Should the
movement of genetically engineered Arabidopsis spp. or other GE
organisms be exempted from movement restriction?

Currently, genetically engineered Arabidopsis spp. and a few other
organisms are exempt from interstate movement restrictions under

7 CFR 340.2 because they are well understood and extensively used in
research. The agency is considering whether to expand the current
exemption from interstate movement restrictions to other well-studied,
low-risk, GE research organisms. Such a change would create a
consistent, risk based approach to organisms with similar risk profiles.
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The 2002 NRC report entitled Environmental Effects of Transgenic
Plants: The Scope and Adequacy of Regulation (NRC, 2002) cited the
need to focus regulatory oversight on GE plants that pose the highest risk
while not placing unnecessary burdens on those posing low risk. APHIS
recognizes that it is important to find ways to reduce regulatory costs and
burdens when risk is low. One approach is to expand the provision for
unregulated interstate movement of certain well-studied research
organisms that present little, or no environmental risk. Such an action
would be based on risk and available scientific data. This expansion could
offer substantial regulatory relief to small startup companies, public
institutions, and academic researchers, whose resources are often strained
to comply with regulations for GE organisms.

Alternatives Related to Issue 9

1. No Action—Require interstate movement authorizations for all
organisms on the list in 7 CFR § 340.2(b).

2. Exempt a class of GE plants or organisms that are well-studied and
present little or no environmental risk from permit requirements for
interstate movement as is currently done for Arabidopsis.

3. Create a process to apply for an interstate movement exemption for a
particular species.

What environmental considerations should be evaluated if APHIS
were to move from prescriptive container requirements for shipment
of GE organisms to performance-based container requirements,
supplemented with guidance on ways to meet the performance
standards?

APHIS regulations prescribe the use of several types of packaging to
prevent the escape, dissemination, and environmental persistence of GE
organisms. However, based on APHIS’ experience there are other types
of containers that can be used to safely move GE organisms. APHIS often
grants applicants a variance to use a different container to transport a GE
organism in a way other than prescribed by the regulations but reviewing
these requests takes agency resources. APHIS is considering alternatives
that will reduce the need for variances but still facilitate the safe
movement of GE organisms.

Alternative 2, below, proposes to replace the current list of prescribed
transport containers with performance standards for all containers used to
move regulated articles. In other words, rather than describe in the
regulations how containers must be constructed, APHIS would specify
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what the containers must do and how they must perform, namely they
must prevent spillage, leakage, escape, and other environmental releases
of regulated articles. Having performance standards for transport
containers would obviate the need for variances and would therefore
reduce the burden on applicants as well as increase the efficient use of
APHIS resources. The regulated community would be responsible for the
design of appropriate containers that will prevent environmental releases.
Each applicant would certify that the proposed transport containers will
meet APHIS performance standards. The use of containers that fail to
meet those standards will result in an APHIS enforcement action.

Alternative 3 proposes to add new APHIS approved containers to the
current list in the regulations, thus reducing the number of variance
requests that must be processed and reducing the regulatory burden on
applicants. These new container types could reflect the specialized needs
of applicants who would in the past have been forced to ask for a variance.

Alternatives Related to Issue 10

1. No Action—retain current list of approved containers and issue
variances when necessary.

2. Switch to performance-based standards for all transport containers.

3. Expand current list of approved containers and issue variances when
necessary.

C. Alternatives Rejected From Further Consideration

APHIS assembled a comprehensive list of regulatory alternatives and
alternatives that might be implemented in the regulatory revision process.
The original list of alternatives was intended to be inclusive rather than
selective, so initially APHIS considered all ideas. The agency individually
evaluated each alternative on the basis of legality, environmental safety,
efficacy, and practicality to identify which alternatives would be further
considered during rulemaking. Based on this evaluation, APHIS rejected
several alternatives. In the interest of transparency, these alternatives are
discussed briefly below along with the specific reasons for rejecting each.

One regulatory alternative that APHIS considered but rejected was not to
regulate GE organisms at all. FDA and EPA would continue to examine
the impacts of the subset of GE organisms over which they have authority,
but APHIS would no longer consider the risks to U.S. agriculture posed by
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the release of GE organisms. APHIS is forced to reject this alternative as
unreasonable due to a clear Congressional mandate as stated in the PPA—

“...the unregulated movement of plant pests, noxious
weeds, plants, certain biological control organisms, plant
products, and articles capable of harboring plant pests or
noxious weeds could present an unacceptable risk of

introducing or spreading plant pests or noxious weeds...
§ 402(7).”

Without APHIS oversight, GE organisms with the capability of becoming
plant pests or noxious weeds could be released, thus causing an
“unacceptable risk” to the practice of agriculture in the United States.
Allowing such risks would be a clear dereliction of APHIS’
congressionally designated duty. The proposed wholesale deregulation of
all GE organisms must, therefore, be rejected.

The opposite alternative, which APHIS considered but also rejected, was
that the release of all GE organisms be forbidden. APHIS determined that
this alternative is unreasonable. GE corn, soybeans, and cotton plants that
have completed the deregulation process are planted on more than

100 million acres in the United States. GE crops are grown on more than
200 million acres worldwide. A ban of all GE organisms would
necessitate a complete restructuring of American agriculture as well as the
seed industry and cause profound disruption of international trade in
agricultural commodities. These crops are regarded as safe based on
experience and the potential benefits that they bring to agriculture would
not be realized if there was a complete ban. Lastly, such a ban would
contravene clear congressional directives in the PPA. The Secretary of
Agriculture is directed, through APHIS, to facilitate—

“... the smooth movement of enterable plants, plant
products, biological control organisms, or other articles
into, out of, or within the United States... (and to facilitate)
exports, imports, and interstate commerce in agricultural
products and other commodities that pose a risk of
harboring plant pests or noxious weeds in ways that will
reduce, to the extent practicable, as determined by the
Secretary, the risk of dissemination of plant pests or
noxious weeds... § 402(3)(5).”

The question as to how to balance this facilitation with the protection of
U.S. agriculture is unequivocally answered by Congress, which states
that—
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“...decisions affecting imports, exports, and interstate
movement of products regulated under (the Plant Protection
Act) shall be based on sound science... § 402(4).”

A risk-management process based on sound science must, therefore,
consider a growing body of scientific evidence documenting the safe use
of GE organisms in U.S. agriculture, and in the rest of the world, to
determine whether their use poses any unacceptable risks. Because
Congress has mandated a science-based approach in APHIS regulations
and because there is no basis in science for banning all uses for GE
organisms, a blanket ban of GE organisms would contravene
congressional intent and must be rejected.

APHIS rejected two other alternatives because they removed all APHIS
oversight of important issues, risking serious compromise of
environmental safety. The first of these involved the regulation of
imported GE plants. It was proposed to allow the exporting country alone
to determine the safety of GE commodities imported into the

United States. APHIS concluded that delegating all authority to the
exporting country, regardless of that country’s regulatory scheme for GE
organisms and its ability to implement those regulations, would create an
unacceptably high risk that an organism with which APHIS was
unfamiliar could be imported and cause significant environmental damage.
Similarly, APHIS rejected an alternative to allow permit applicants to
select any transport container, at their discretion, for the interstate
movement of GE organisms. APHIS oversight of transport containers is
crucial to the safe interstate movement of GE organisms. This oversight is
most effective and efficient if exercised early in the movement process,
when specifying the criteria for transport containers.

Finally, APHIS considered and rejected alternatives for dealing with the
interstate movement of well-studied, low-risk research organisms because
they provided incomplete solutions. APHIS considered two alternatives—
one dealing solely with exemptions for specific GE plants and one dealing
solely with exemptions for specific micro-organisms. Either of the
alternatives could be adopted, but neither dealt with the issue in its
entirety. APHIS deemed a provision dealing with both groups of
organisms more effective.
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[1l. Affected Environment

Under the Plant Protection Act, APHIS has been authorized to regulate the
importation, interstate movement, and environmental release (field testing)
of GE organisms that are potential plant pests, GE organisms that are
potential noxious weeds and GE organisms that are biological control
organisms. The importation and interstate movement of GE organisms are
extremely unlikely to affect the environment because the organisms
remain under containment throughout the process. The release of GE
organisms into the environment, under APHIS oversight, may result in
environmental effects.

It is possible for the APHIS-authorized field testing of a GE organism to
occur, with appropriate conditions to ensure confinement, in any U.S.
State, commonwealth, or territory. Therefore, the geographic extent of the
affected environment under consideration in this DEIS is the entire

United States and its territories. Environmental releases of regulated
articles will occur in discrete locations known by APHIS, under conditions
designed to confine the article to the field test site. If APHIS deregulates a
GE organism, the organism could be released anywhere in the

United States because APHIS considers a deregulated GE organism to
pose no plant pest risks.

This chapter introduces those aspects of the natural and physical
environment, as well as interrelated socioeconomic factors that may be
affected by the current regulations administered by APHIS-BRS as well
as the alternatives as described in this DEIS. Chapter IV.A further
discusses and analyzes, in depth, those issues identified by the agency and
by the public and other stakeholders during scoping, including aspects of
the environment that have the potential to be significantly affected by
current or proposed APHIS-BRS program activities. The following topics
will be presented in this chapter:

Plants

Insects and animals
Agronomic practices
Micro-organisms
Socioeconomic issues

Plants—Plants engage in numerous physical and biochemical processes
which affect humans and the environment. Plants produce food and fiber
for humans and for animals, both domesticated and wild. Plants alter the
atmosphere, removing carbon dioxide from the air and adding oxygen.
They modulate air and soil temperature and create microenvironments for
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other organisms. Plants modify soil structure through root growth and
stabilize soil, thus reducing erosion, and plants add organic matter to the
soil which feeds micro-organisms and improves soil quality. Plants also
interact with each other by competing for sunlight, water, and soil
nutrients. In addition, plant reproduction affects the environment through
the release of pollen, fruits, and seeds. Weeds are plants which can
compete so effectively with crop plants that they may reduce the value of
the crop. Plants produce a large variety of chemical substances that may
affect the local environment or provide economic value to humans. Like
classical breeding, genetic engineering can alter the value of a plant to
humans and may also affect one or more of the physical or biological
interactions between plants and their environment.

Insects and Animals—Many insects and other animals are intimately
associated with plants. These associations can be harmful, as in the case
of animals that feed on plants, causing injury or even the death of the
plant, resulting in economic losses. There are also positive associations—
animals like bees and hummingbirds pollinate plants, and ladybugs eat
harmful insect pests. In other cases, the association may be neutral, that
is, the animal may merely live on or near the plant. GE traits in plants
may alter these associations or create new ones.

Agronomic Practices—The vast majority of plants that APHIS has
permitted for field testing, and ultimately deregulated, have contained GE
traits, specifically, herbicide tolerance and insect resistance, that directly
affect agronomic practices, that is, the methods a grower uses to grow the
crop. As GE crops continue to be developed, APHIS expects many new
traits to be expressed such as ones affecting nutritional quality, ones
enabling environmental stress tolerance, and new traits for disease or
insect resistance or herbicide tolerance. Some of these traits, like those
affecting nutritional quality, may have little or no impact on agronomic
practices. Others, like those for stress tolerance, may markedly affect how
crops are grown. For example, a drought-tolerant crop could change how
a farmer manages soil water. Drier fields could, in turn, affect insect pest
populations and disease prevalence and, thus, further alter how the farmer
manages the crop. Novel disease resistance, insect resistances, or
herbicide tolerance traits could be expected to alter agronomic practices
much in the same way as the currently available traits do, that is, some
practices would change in frequency, others may be eliminated, and some
new practices may be added, depending on the trait.

Micro-organisms—Plants also have a variety of interactions with micro-
organisms. Certain soil microbes, like Rhizobium bacteria and some
fungi, associate with plant roots and provide additional nutrition to the
plants via various mechanisms. Conversely, many micro-organisms
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(bacteria, fungi, and viruses, among others) cause serious plant diseases,
resulting in enormous economic losses. There are also neutral
associations—many yeasts, for example, live on plant leaves without
causing any harm to the plant; other micro-organisms help decompose
dead plant material in the soil. Creating disease-resistant plants through
genetic engineering could change some of these negative associations but
other GE traits, such as those affecting nutritional quality or plant
structure, could alter other plant-microbe interactions.

Socioeconomics—Although most Americans are not producers of
agricultural commodities, the availability, variety, price, and safety of
food and fiber crops affects the lives of all Americans. By extension,
changes to the methods of agricultural production in the United States may
also affect anyone who produces, sells, processes, or consumes these
products. Beyond ensuring that GE crop plants pose no plant pest risks,
APHIS needs to consider and address, when appropriate, the social,
cultural, and economic effects resulting from any significant
environmental impact of regulating GE plants and from changing APHIS’
regulatory approach.
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V. Environmental Consequences

In the United States, genetically engineered (GE) organisms have been
field-tested since the 1980s and grown commercially on millions of acres
since the mid-1990s. Developers and researchers monitor field tests while
growers, extension agents, and researchers scrutinize commercially grown
GE crops. The Animal and Plant Health Inspection Service (APHIS) is
not aware of any verifiable reports of environmental harm or harm to
human health resulting from such field tests or from commercial use of
GE plants.

The agency recognizes, however, that it cannot make general conclusions
about the safety of GE organisms based on the existing body of science.
In addition, new technology can lead to the development of novel types of
GE organisms that may have a greater propensity for environmental
impact, both positive and negative, than those field-tested to date.
Therefore, even though past environmental releases have been conducted
safely and commercial products are being safely grown and consumed,
APHIS will continue to rigorously scrutinize new scientific developments
as well as the potential environmental impacts of any proposed changes in
its regulations.

This chapter examines how the implementation of current APHIS
biotechnology regulations and possible changes in them might impact the
quality of the environment.'

Section A of this chapter provides general background information for
nonspecialist readers to better understand the discussions that appear later
in the document. This section is divided into four subsections:

e Section A.1 provides an overview of plant and seed biology and
concludes with a general discussion of the future of agricultural
plant biotechnology.

e Section A.2 provides a general introduction concerning how the
potential effects of GE organisms on the environment are typically
assessed.

e Section A.3 discusses general topics relevant to the consideration
and risk assessment of GE plants.

' The scientific information in this chapter was subjected to a peer review in accordance with
guidance issued by the Office of Management and Budget and by the USDA. For more details about
the peer review process for this draft EIS and for the peer review process in general, please see
<http://lwww.aphis.usda.gov/peer_review/peer_review_agenda.shtml>.
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e Section A.4 closes this chapter with further illustrations of how
potential impacts of GE plants on the human environment are
assessed. This subsection discusses several examples of GE
modifications for specific plant qualities. Accompanying these
examples are brief descriptions of some of the risk assessment
issues associated with each of the modifications.

Section B of this chapter describes the regulatory features of APHIS’
current system and how these features function together to reduce the
likelihood of significant negative impacts.

Section C of this chapter describes the impacts of the individual No Action
alternatives with respect to 10 specific issues. For each issue, the No
Action alternative is followed by an analysis that compares it to one or
more alternatives for new approaches.

A. Impacts of Genetically Engineered Organisms

This subsection briefly introduces the general ways in which plants,
animals, insects, and micro-organisms affect the environment. Because
GE plants currently comprise most of the releases of GE organisms into
the environment, this subsection provides a general introduction focused
on two broad plant related topics: 1) plant biology and crop improvement
and 2) seed biology and commercial seed production.

a. Plant Biology and Crop Improvement

Plants exist in agricultural, managed ecosystems and wild, unmanaged
ecosystems, and they interact with the environment in both (Janick

et al.,1981). What follows is a summary of basic plant interactions in
three defined contexts—the physical environment, the physiological
environment, and the ecological environment.

The discussions are brief and broad but provide a basis for understanding
how plants function in the environment and why plant breeders are
attempting to modify those functions. Generally, breeders are attempting
to enhance plant performance, which relates to a plant’s ability to benefit
from its positive interactions with the environment while suffering
minimally from negative interactions (Allard, 1964).

For this discussion, genetic engineering is considered one tool among

others that are available to plant breeders to add a desirable trait to a plant
variety.
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(1) Physical Environment

Except for parasitic plants, which grow partially within other plants, and
epiphytic plants, which grow on other plants, most plants grow partially
embedded in soil or in or on water. Many plants are capable of limited
directional growth but most plants cannot move large distances (Wareing
and Phillips, 1981); therefore, they are forced to obtain nutrients and water
from nearby sources.

Terrestrial plants produce roots to absorb water and nutrients from the soil
and to anchor themselves physically in the soil, but roots also directly
affect the soil. Roots create spaces in soil for the passage of air, water,
and soil organisms. In addition to these physical changes, roots release
organic compounds which alter nutrient availability and accelerate soil
development. As roots die and decompose, they contribute organic matter
to the soil, improving its texture and its ability to retain water and
nutrients. Plant roots also anchor soil particles and reduce soil erosion
(Brady, 1974).

Plant breeders are frequently interested in developing varieties with robust
growth, including root growth. Root-growth traits may alter nutrient
absorption and drought tolerance but may also affect soil water
distribution and irrigation practices and possibly soil stability and erosion.
Among the GE traits currently under APHIS’ oversight, only a few have
the purpose of altering plant morphology. However, APHIS anticipates
that altered morphology traits may be developed by researchers more
frequently in the future.

Because adequate water is essential for survival and growth, plants have
developed elaborate systems to absorb, transport, and retain water (Janick
et al., 1981). Although roots can grow toward sources of soil water, soil
water generally can move in the soil faster than roots can grow to reach it.
Plants, therefore, use their own tissues to store water when it is readily
available and use various means, such as waxy leaf coatings, to restrict
water loss when water is not available (Esau, 1977). Some water loss is
unavoidable, however; and through transpiration, plants lose water from
aboveground surfaces and convey water from the soil into the air.

Depending on the environment to which a plant is adapted, too much or
too little water may be harmful or fatal. Some plants have adapted the
means to temporarily withstand flooding or drought, and plant breeders
are actively working on developing these traits in crop plants in order to
enable crop production in areas with less than optimal water availability.
Drought tolerance may increase the range of environments where a crop or
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wild plant can grow successfully and alter water management practices for
growers.

Green plants have a profound affect on the Earth’s atmosphere. As a
result of photosynthesis, plants remove carbon dioxide from the air and
produce carbohydrates, which plants use as their primary form of stored
energy, as well as to increase biomass. The oxygen produced as a
byproduct of photosynthesis is released by plants back into the
atmosphere. Plants also reverse this process when carbohydrates are
utilized for energy, producing carbon dioxide and water while using up
oxygen (Bidwell, 1974).

Plants have anatomical, morphological, and physiological adaptations to
allow the exchange of internal oxygen and carbon dioxide with gases in
the atmosphere while conserving water to maintain a healthy water
balance. Traits that modify these plant characteristics could affect
photosynthesis, water efficiency, and irrigation practices.

Light provides the energy driving the photosynthetic process. During
periods of inadequate light, plants cannot produce new carbohydrates and
are forced to use stored carbohydrates to survive. When light is limited,
such as when plants grow in shade, the plants that best exploit the
available light may outcompete less efficient plants (Janick et al., 1981).
Plants use both structural means, such as producing larger leaves or
growing taller then their neighbors, and physiological means, such as
producing more chlorophyll, to better utilize limited amounts of available
light (Bidwell, 1974). Plant breeders exploit these adaptations to produce
crop varieties that make the most of available light. Plants able to better
exploit sunlight may grow successfully in environments previously
unsuitable for crop production. In addition, a plant that uses light more
efficiently may be grown at higher density (i.e., more plants per acre),
thereby changing some crop-management practices.

(2) Physiological Environment

A plant’s physiological environment, in general, refers to a plant’s
surroundings that influence its activities at a biochemical level—
specifically, its ability to absorb, produce, and store nutrients and other
substances.

Photosynthesis is a critical plant activity. It involves three processes:
absorption and retention of energy from sunlight, conversion of light
energy into chemical energy, and stabilization of chemical energy into
stored energy in the plant (Bidwell, 1974). The process of photosynthesis
can be accomplished in several subtly different ways. Variations in
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photosynthetic processes have evolved that enable adaptation to specific
environmental conditions, such as low light or restricted water. These
adaptations may be biochemical or anatomical, resulting from one or more
genetic changes in the plant. Although breeders have been trying to
improve photosynthetic efficiency for many years, success has been
limited for a variety of reasons (Richards, R.A., 2000). Alterations to
photosynthetic efficiency may affect yields but increased yields may be
dependant on additional water and fertilizer. Changes in photosynthetic
efficiency may change overall environmental fitness which could affect
both crops and wild plants bearing the traits.

Although they produce carbohydrates to be used as energy via
photosynthesis, plants are still reliant on the soil as a source of mineral
nutrition. Nitrogen, phosphorus, potassium, iron, magnesium, and other
elements must be absorbed by plant roots and transported to tissues where
they participate in myriad biochemical reactions necessary for plant
survival and growth. For the most part, these minerals are either already
present in the soil or have been added by a grower in the form of fertilizer.
Plants rely on the fact that soil water dissolves the minerals and makes
them available for uptake by the roots (Van der Have, 1979). It may be
possible to produce plants through genetic engineering that are better able
to take up minerals from the soil or that are able to use soil minerals more
efficiently. Such traits could increase plant fitness and possibly alter crop
management practices, specifically how much fertilizer a grower needs to
use to achieve optimal yield.

Certain symbiotic soil micro-organisms associate with plant roots to
increase nutrient availability. For example, Rhizobium bacteria associate
with the roots of some plants, mostly legumes, take nitrogen from the air
(which cannot be used directly by plants) and convert it into ammonium,
which can be taken up by plant roots. Certain soil fungi, called
mycorrhizal fungi, associate with plant roots making some soil nutrients,
like phosphorus, more available for uptake (Brady, 1974). Breeders are
interested in increasing the number of plant species able to associate with
these micro-organisms, and other researchers are working with the micro-
organisms themselves to improve their efficiency as nitrogen-fixing
symbionts. Increasing the benefit obtained from symbiotic relationships
with soil microbes, through genetic changes in either the microbe or the
plant, may increase plant fitness, increase the geographic ranges of some
crops and possibly lessen the amount of fertilizer growers need to apply or
otherwise change soil fertility management practices.

In addition to carbohydrates, fats, and proteins made by plants for growth,
plants also make a wide variety of additional substances called secondary

metabolites. Secondary metabolites do not appear necessary for growth
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but many have important functions in such areas as disease resistance,
reproduction, and herbivory reduction (Verpoorte et al., 2002). Many of
these substances are of interest to breeders, either because the secondary
metabolite makes the plant more tolerant of environmental stress or
because the metabolite is valuable to humans for pharmacological or other
purposes. Altering secondary metabolite production may change
environmental stress tolerance, or it may result in a plant with higher value
as a crop because the metabolite itself is useful.

(3) Ecological Environment

In most environments where plants grow, one or more resources (e.g.,
light, water, nutrients, and space) are in limited supply, and plants growing
together in the same location are generally competing with each other for
the same resources. When the plants are a managed crop, the grower
attempts to supply limited resources to the crop so that the individual
plants are not competing with each other and are each growing at or near
full potential (Janick et al., 1981). However, other plants growing with the
crop can also benefit from the resources provided by the grower and take
them from the crop. These plants are considered weeds and are removed
when possible to reduce unnecessary competition and waste of resources
intended for the crop. Breeders are always looking to develop crops that
make more efficient use of resources to reduce competition and reduce
inputs from the grower. In unmanaged environments, wild plants also
compete for resources, but because no grower is supplementing their
supply of resources, plants with more competitive adaptations and more
efficient resource use may tend to grow better and reproduce more than
their less competitive neighbors.

Two positive interactions between plants and other organisms, Rhizobium
bacteria and mycorrhizal fungi, were discussed above. There are other
examples of positive associations between plants and other organisms.
Plants are pollinated by a variety of insects, birds, and mammals. Many
animals assist plants by disseminating their fruits and seeds; still other
animals, such as ladybugs, help plants by eating insect pests, like aphids.
Other associations appear neutral, as far as the plant is concerned. In
some cases, plants provide a beneficial habitat for the organism, for
example, when a spider builds a web using a plant for support. Another
kind of neutral association between plants and other organisms occurs
after plants die. Dead plant material provides food to a wide variety of
organisms from vertebrate and invertebrate animals to thousands of micro-
organisms, which all feed on the plant debris until it is completely broken
down. APHIS is unaware of research into GE traits altering these types of
positive and neutral interactions between plants and other organisms;
however, the agency anticipates that such traits, if developed, could affect
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plant fitness and may also affect the associated organisms, as well as other
organisms.

There are many associations between plants and other organisms in which
the plant suffers some harm. The organism may eat the plant or feed from
the plant. For example, caterpillars, aphids, and nematodes all get
nutrition from plants at the plant’s expense. Organisms such as bacteria,
fungi, and viruses cause plant diseases that can either kill the plant or
weaken it so that it cannot reproduce or compete with weeds. The
organism may use the plant to launch an attack on other plants, as a means
of completing its life cycle, or as a place to overwinter. Obviously,
breeders care a great deal about minimizing the occurrence and intensity
of these negative interactions and focus significant efforts to develop
disease resistant crops (Fehr, 1987). Complicating the use of disease-
resistant crops is the evolution of new strains of disease organisms that can
overcome the plant’s resistance. Disease and insect resistance derived by
either genetic engineering or conventional breeding are traits with which
APHIS is very familiar, and the agency anticipates continued interest in
the development of these traits. Such traits could be expected to increase
plant fitness, change crop-management practices (especially pesticide use)
and potentially raise questions of impacts on nontarget organisms and
development of resistance within pest populations.

In general, APHIS expects plant breeders to continue to improve crop
performance and value using traditional breeding and GE traits. APHIS
currently examines the potential impact of the trait on the health of the
plant and on the environment with which the plant interacts.

b. Seed Biology and Commercial Seed Production

This section will look at the biological nature of seeds and will briefly
describe how seeds are produced for commerce.

(1) The Role of Seeds

Seeds produced by plants have been the foundation of agricultural
development by the human race for well over 10,000 years. During this
time, humans have progressively transformed selected plant species from
wild progenitors into highly specialized crops. Seeds are used as a source
of energy and nourishment for human and animal consumption. They
produce fibers used in clothing and construction. They are a source of raw
materials for manufacturing an ever-broadening array of commercial
products, and they are becoming an increasingly valuable source of
renewable energy. The market value of agricultural seeds produced for
planting each year is tens of billions of dollars worldwide. The world
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production of major grains and oilseeds produced from seed is
approximately 2.5 billion tons, worth more than $1/2 trillion.

(2) The Biology of Seeds

Seeds contain the genetic instructions passed down from their parents and
serve as the conduits for transferring that genetic information to the next
generation. Plants have developed a wide array of mechanisms to increase
the chances of successfully passing genetic information on to the next
generation.

Most crop plants reproduce sexually, which increases variation among the
offspring and has advantages in natural evolution, but sexual reproduction
requires a carefully orchestrated interaction between male and female
gametes. Successful mechanisms involve variations in flower
morphology, mechanisms of pollen dispersal, self-incompatibility (a
mechanism to promote outcrossing), and sensitivity to environmental cues.

Knowledge of these reproductive strategies has enabled humans to
transform wild progenitors into agronomically useful crops through many
generations of crossing plants followed by the selection of desirable
individuals in the progeny. These same reproductive strategies, however,
can create challenges for maintaining genetic purity of seeds, particularly
in crops that utilize natural environmental conditions to aid pollen and
seed dispersal.

Although there are many physical variations, all plants produce flowers
with the same basic anatomy. The stamen contains the male reproductive
parts (anthers), which produce pollen. The pistil carries the stigma (the
pollen receiving structure) and contains the female reproductive parts
(ovules), which house the egg cells.

“Complete” flowers contain both male and female reproductive parts.
Plants with perfect (complete) flowers are largely self-pollinated, although
it is still possible for pollen from another plant to cause fertilization under
certain conditions. This can have a significant impact on the genetics of a
population.

The flowers of some plants require cross-pollination (i.e., pollination by
another flower). Maize tassels, for example, produce flowers that do not
usually develop female structures and produce only pollen. The flowers
on the rachis (ear) do not develop male floral structures and require pollen
from the tassel for pollination. This mechanism of separating male and
female flower parts increases the probability of cross-pollination. The
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flowers of some plant species (termed self-incompatible) cannot pollinate
themselves, which maximizes mixing of genes between plants.

It is important to understand that most plants, including crop plants, fall
somewhere in the middle of these extreme reproductive strategies. Self-
crossing plants are rarely 100 percent self-fertilizing, and many cross-
pollinating plants are not entirely self incompatible. This leads to a range
of observed outcomes that must be considered when discussing plant
reproduction.

(3) Pollen and Seed Dispersal

Forcing cross-pollination in crops with perfect self-pollinated flowers,
such as soybean and wheat, requires that either pollen be inactivated or
anthers be physically removed before they mature and release pollen. In
either case, the pollen from another plant is delivered to the stigma.

In plants that are self-incompatible or have separate male and female
flowers, pollen must be delivered to the female flowers by wind dispersal,
animals, or, in most cases, insects. Corn pollination, for example, relies
on wind dispersal of pollen. This reproductive strategy requires the corn
plant to produce a large abundance of pollen that must travel through the
air before landing on female flowers on the same or another plant.

Plants that rely on cross-pollination create challenges for those concerned
with genetic purity: breeders, seed producers, grain growers, and
sometimes consumers. For example, with few exceptions, the female
flowers of corn will accept pollen from any corn plant. The seed industry
continues to refine isolation standards and develop novel genetic, physical,
and chemical mechanisms to minimize cross pollination (for corn, see
Beck, 2004), and employs the latest pollen dispersal models to predict loss
of genetic purity under field conditions (Fonseca et al., 2004).

(4) Seed Development, Maturation, and Long-term Viability

After fertilization, the developing seed becomes the primary recipient for
water and photosynthetic products of the plant, rapidly gaining weight due
to embryo development. The seed must store the chemicals that will be
used to feed the growing seedling at the early stages of seed germination.
The chemical composition of a seed is determined by genetic and
environmental factors. Carbohydrates, fats and oils, and proteins are
among the most important seed-stored compounds.

Wild plants must disperse their seeds into the environment in order to
propagate and they have evolved a variety of mechanisms to accomplish
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this. In general, humans have selected for crops that have reduced or
entirely lost their ability to disperse seeds as part of the domestication
process. This greatly improves the ability of farmers to collect the seeds
for use as food or for propagating their crops. Still, many crops have not
been fully domesticated and may retain some portion of their ancestral
seed dispersal mechanisms. For example, in oilseed rape or canola the
loss of grain prior to harvest represents a significant production problem.
Even in crops that are highly domesticated, seeds retention is rarely
perfect and seeds may be dispersed during the harvesting process.
Mechanisms of seed dispersal are relevant to the discussion of gene flow
into unmanaged environments.

After physiological maturity, the seeds of many species dehydrate, which
helps seeds survive cold winters and dry periods. These seeds have the
ability to dehydrate to very low moisture content while remaining viable,
even though their moisture content is 8 percent to 12 percent (well below
the 70 percent water that makes up all living tissues in plants). Not all
seeds, however, will undergo dehydration: seeds from plants adapted to
tropical environments usually do not dehydrate as much as those from
temperate climates. At low temperatures and moisture content, seed
metabolism diminishes and seed aging slows. Depending on seed
composition, original seed quality, and storage conditions, seeds can be
stored for several months to several years in an insect-free, low
temperature, and dry environment. In some instances, seeds have been
known to survive for 100 years or more.

(5) Accumulation of Storage Materials

Seeds, primarily cereals and legumes, make up 70 percent of the food
consumed in the world. Seeds store large amounts of chemical substances
such as proteins, carbohydrates, and lipids (fats and oils), in order to
provide food to the seedling at the early stages of germination and growth.

Proteins are made primarily of amino acids. Enzymatic proteins catalyze
biochemical reactions in plant cells. Some proteins make up structural
components of cells and others are important stored food components of
many seeds, especially legumes.

Carbohydrates are the most important storage compounds in the seeds of
cereal crops. Starch and hemicellulose, the two main forms of
carbohydrates stored in seeds, are the source of simple sugars needed for
germination.

Lipids or fats serve as energy storage within the seed and are an important
part of all cell membranes. Lipids are also used in food and animal feed
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and in industrial applications. Fatty acids from seeds contain larger
amounts of unsaturated fatty acids (those containing one or more double-
bonds within their molecule) than lipids of animal origin, and these plant
lipids are used increasingly in processed foods.

DNA is a natural component of all plant tissues, including seeds. The
DNA content of the seed is vital because it provides the biochemical
instructions for germination growth and development of the new plant.
DNA is broken down during digestion when eaten, and its consumption in
food, regardless of genetic information content, has no impact on human
health.

(6) Opportunities for Genetic Modification

Nutritional studies also indicate that seeds are important sources of
vitamins, antioxidants, and phytohormones. During the past 2 decades,
there have been major advances in the understanding of biosynthetic
processes controlling the synthesis and accumulation of these products in
seeds. In concert with the development of molecular biological
techniques, this knowledge has made it possible to modify seeds from crop
plants to improve human health and produce raw materials for nonfood
uses. Transforming seeds for these purposes may involve the addition of
genes not currently present in the plant. Numerous studies to date indicate
that seeds of some plants can be induced to synthesize and accumulate
various novel compounds. For plants that will be produced in large scale
such transformations need to be made with minimal effect on seed
development, seed physical characteristics, and viability. It is likely the
accumulation of normal seed storage components will need to be modified
as well if seeds are to accumulate new compounds in sufficient quantity.
A new genotype with poor agronomic characteristics and low capacity for
seed production will not survive long in the seed industry.

(7) Commercial Seed Production

Before the 19" century, farmers generally saved seed for next year’s
planting, and seed commerce was limited to the replacement of stocks that
had become mixed or degraded. The advent of modern plant-breeding
methods has led to the importance of seed as a commercial product valued
for its particular trait purity and quality components.

The increased sophistication of plant breeding to produce crops meeting
very specialized needs and market niches has in recent decades increased
the need for high standards of seed genetic purity in order to ensure
identity preservation in increasingly diversified markets. In addition, the
production practices associated with certification of seed have become an
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important tool for controlling fungal, bacterial, and viral pathogens that
depend on seed transmission for the spread of disease (Cook, R.J., 2000).

This section of the document describes in broad terms the two paths taken
by commercial seed producers in developing and producing seed:
traditional breeding and genetic engineering.

As background, these discussions are preceded with information
concerning the trade and value of commercial seed. Additionally, to assist
in understanding, basic information is included concerning plant
pollination and a description of the differences between breeder seed,
foundation seed, and certified seed during seed stock production.

Commercial Seed Trade and Value

Seeds are internationally traded commodities. The United States is the
largest producer and consumer of seeds in the world. An estimated

$5.7 billion worth of commercial seeds are produced annually in the
United States, which has a 19-percent share of the $30-billion world seed
market. Maize seed is the largest segment of the U.S. domestic-planting
seed market valued at $2.2 billion. Annual U.S. seed exports and imports
are estimated roughly at $800 million and $400 million, respectively, thus
providing a net trade surplus. The United States exports seeds mainly to
Mexico, Canada, Italy, Japan, and Argentina; imports come mainly from
Canada, Chile, the Netherlands, and China.

In the United States, farmers purchase a large portion of seeds from
commercial sources, and the commercial sector is engaged in production,
conditioning, distribution, and marketing of seeds. Government policies
and regulations impact interstate movement of seeds within the

United States, and have an even greater effect on international seed
commerce. These laws, policies, and regulations control plant variety
protection, variety registration, truthful labeling, phytosanitary
certification, and seed certification. Science-based policies and
regulations are vital to the harmonization of the protocols for import and
export among countries to promote global seed trade.

Self-pollinating Plants Versus Outcrossing Plants

For commercial seed producers, one of the principal seed quality concerns
is genetic purity. To discuss genetic purity it is useful to divide plants into
self-pollinated and outcrossing because genetic purity is linked to these
modes of seed fertilization. Of course, all combinations of intermediates
and some unusual cases exist.
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It is simpler to produce seeds from self-pollinating plants than from
outcrossing plants. Seed production of self-pollinated plants starts with
the production of so-called breeder seed by self-pollination in research
nurseries, followed by repeated cycles of seed production in plots that are
checked for off-types. Self-pollinated plants are well-adapted for
inbreeding and, as a result, are less likely to be used as commercial
hybrids.

In outcrossing plants, the chain of breeding and production steps includes
opportunities for both pollen flow and mixing. Insect pollination of
outcrossing plants is common, and when it occurs it adds complexity to
pollen control. It is much easier to produce hybrid varieties in outcrossing
plants, and this makes the use of hybrids much more common in
outcrossing crops than in self-pollinating ones.

Crop Improvement Through Traditional Breeding

Delivery of genetic improvements is one of the most important roles of the
seed industry. Conventional breeding, at its most basic, is a process in
which differences in plants are observed in small populations. The
differences are compared with the needs of the person doing the selection
for the best plants, and the plants that most fit the selector’s needs are
saved and perpetuated. Other variants are eliminated from selection. In
modern plant breeding, breeders apply the principal of selecting favorable
varieties using a range of modern methods including genetic, molecular
biology, and statistical analysis.

Breeder Seed

Breeder seed is usually produced in research nurseries where individual
plants can be inspected and where pollination control can be maintained.
Intensive observation of individual plants allows high levels of purity to
be maintained. The use of breeder seed keeps the seed system from
accumulating unintended genes indefinitely over time. For some
noncommercial and traditional landrace or heirloom varieties, there may
not be an effective breeder’s seed system.

Foundation and Certified Seed

Lower grades of seed are produced from breeder seed. Foundation seed is
produced directly from breeder seed or other foundation seed under
conditions designed to maintain specific genetic purity and identity of the
seed. Certified seed is produced from breeder or foundation seed under
conditions designed to maintain satisfactory genetic purity and identity.
Certified seed is the highest grade of seed ordinarily planted by farmers.
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For outcrossing plants, unintended crossing during open pollination is the
major source of unintended (“off-type”) pollinations in the field. Isolation
and borders effectively limit the level of unintended off-types in the final
product and their use is supported by decades of experience with plant
breeders and the seed industry. Experimentation has shown that
pollination of outcrossing plants declines rapidly with increasing distance
from the source. The vast majority of unintended outcrosses and off-type
plants come from adjacent fields, although rare, long-range crossing does
occur. The advent of DNA-detection technology provides a sensitive
means for monitoring gene transmission and has led to recent
controversies over inadvertent trait occurrence which, in turn, has lead to
tightening of production standards and practices for all seed-production
systems. Regardless, for an open-pollinated plant, outcrossing at low
frequencies will always be a possibility.

The other possible source for unintended presence of off-type genotypes in
seed of both outcrossing and self-pollinated plants is commingling. Seed
mixing during harvest, transport or storage tends to be a large source of
impurities. In outcrossing plants, industry experience indicates that field
contamination is a more frequent source of off-type genotypes than is
mixing in planting, harvest, transport, and processing. However, careful
application of the procedures for field production, transport, and
processing of corn, for example, normally results in the production of both
hybrid and self-pollinated seed that is at least 99 percent pure.

Technical Innovation and Seed

Breeding makes changes by combining great numbers of genes and sorting
out useful changes by selecting among progeny. Genetic engineering
selects a specific DNA sequence and makes it work in a new place. The
changes made by genetic engineering are minor in comparison to the
amount of DNA in the plant, typically 1 or 2 genes inserted among
approximately 30,000. After a trait has been successfully incorporated, it
can be added to other varieties of the same species by conventional
breeding techniques.

The emergence of specialized food crops (e.g., zero trans fat crops) and
nonfood varieties (pharmaceutical and industrial plants) increases the need
to consider heightened standards for preventing pollen outflows and seed
mixing in specialty seed production and brings up the special need to
isolate nonfood varieties from food varieties.

IV. Environmental Consequences



Seed Quality and Regulation

The primary quality characteristics are physical purity, presence of other
crop seeds and weed seeds (especially noxious weeds), germination,
varietal purity, disease status, and moisture. Special germination tests for
difficult conditions may add important information. However, the
customer cannot readily observe the quality of purchased seed. Seed laws
ensure that the seed merchant is providing accurate information. Both
Federal and State governments have seed laws, and the International Seed
Testing Association provides global standards for germination testing for
international commerce. All official seed-certifying agencies belong to
the Association of Official Seed Certifying Agencies (AOSCA), which
establishes minimum standards for each crop. Individual certifying
agencies may set higher standards than AOSCA, but not lower.

Many countries have customer-protection regulations that require varieties
to meet performance standards. Varieties that meet the standards are
described and registered and are then eligible for certification. The

United States has few regulations of this type. Certification by the
Organization for Economic Cooperation and Development provides
international mutual recognition of certification. In the United States, both
varieties and genes can be patented. Varieties can also be protected under
plant breeder rights. The International Union for the Protection of New
Varieties of Plants coordinates a simplified plant breeder’s rights system
with standardized claims.

c. The Future of Agricultural Plant Biotechnology

The first decade of commercial plant agricultural biotechnology has seen
remarkable growth, from a mere 6 million acres in GE crops in 1996 to
more than 220 million acres in 21 countries in the 2005 growing season.
This represents between 4.5 and 6.3 percent of the world’s total arable
land. The year 2005 also marked the point where cumulatively more than
1 billion commercial acres of GE crops had been grown worldwide. This
rapid growth has more recently slowed due to a combination of many
complex market factors. This situation is further exacerbated by the fact
that the vast majority of GE crop plants only carry two production-
oriented traits—glyphosate herbicide resistance and insect resistance, and
some regional markets for these two traits may be reaching near
saturation.

Notwithstanding these concerns, continued worldwide expansion in the
use of GE plants is likely. This is exemplified by the activities of
government regulators around the globe who are working to create
regulatory regimes which allow GE plants and plant products to reach the

IV. Environmental Consequences 65



66

marketplace while assuring that the products are safe for people and the
environment. Concomitant with this governmental activity, the academic,
nonprofit, and corporate communities are working on creating new
identity preservation, quality and trait assurance programs, and market-
channeling mechanisms to allow GE plant products to flow in commerce
without the inadvertent contamination of other products.

Looking to the future, there are four areas of GE crop trait developments
that may experience rapid growth and significant worldwide
commercialization in the next decade. These developing crop traits would
focus on efforts to address environmental stress on plants, and to produce
plant-derived biofuels, plant-produced proteins, and substances with
industrial applications.

Due to a decreasing supply of high-quality crop production land, drought,
desertification, salinization, and global warming, there is a critical need
for culturally acceptable food, fiber, and feed plants that can flourish
under these environmental stresses. There is a broad scientific effort to
identify and introduce traits that will allow plants to deal with these
environmental stresses, especially for use in developing nations.

With the rapid escalation in petroleum and fossil-fuel prices, significant
scientific effort is being expended to develop renewable plant-derived
fuels. The most interesting GE plant-derived biofuels from an
intermediate-term development period of 10 to 15 years are ones that may
be grown, extracted, and utilized without further modification or with
limited modification, much like existing biodiesel products. Members of
the plant kingdom are capable of synthesizing an extremely wide variety
of chemical substances and are fully capable of producing large, complex
proteins in useful quantities.

The next 10 years will see an increase in the development of GE plant-
derived protein products such as vaccines, enzymes, biologicals, and new,
custom-designed, therapeutic proteins to treat cancer, birth defects, and
chronic ailments.

The fourth area that seems destined for increased development and
commercialization in the next decade is nontraditional industrial chemicals
such as adhesives, improved or unique plant-derived fiber, lubricants,
pharmaceuticals, nutritional supplements, and food-derived health
supplements.
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2. Assessing
Effects on the
Human
Environment

To understand how APHIS’ current biotechnology regulations and
possible changes to them might impact the quality of the human
environment, it is important to understand the basic principles and
approach for conducting risk assessments of GE organisms.

To begin, this section gives a general introduction to how potential effects
of GE organisms on the human environment are typically assessed.

Section A.3, which immediately follows, discusses several issues of
potential impacts that have been and will continue to be considered in
completing risk assessments for specific GE organisms.

Section A.4 then discusses several examples of GE modifications for
specific plant qualities and elaborates on the risk assessment issues
associated with them. Among other modifications, this subsection
provides information concerning GE insect-resistant crop plants modified
to express genes from Bacillus thuringiensis (Bt).

As a reminder, it is critical to note that the particular regulatory action and
decision required determines the type of risk assessment performed as well
as the specific NEPA environmental documents that are prepared.
Moreover, both the risk assessments and the NEPA documents are always
prepared on a case-by-case basis. The specific regulatory action and
decision required will dictate which NEPA environmental document will
be prepared (i.e., a categorical exclusion, an environmental assessment, or
an EIS). We emphasize that this DEIS does not contain risk assessments
for specific organisms since those assessments are done on a case-by-case
basis. The purpose of this DEIS is to analyze the environmental impacts
on the human environment resulting from APHIS’ current regulations for
GE organisms as well as to analyze the potential environmental impacts, if
any, on the human environment resulting from any revisions or changes to
APHIS’ current regulations for GE organisms. Project-specific analyses
and documentation on proposed actions performed under the regulations,
such as permit applications and deregulation decisions, may be prepared
on individual project levels, and public involvement will be solicited in
accordance with the National Environmental Policy Act of 1969 (NEPA),
as amended, the Council on Environmental Quality (CEQ) regulations for
implementing NEPA, the USDA regulations implementing NEPA, and
APHIS’ NEPA Implementing Procedures. These analyses will be tiered to
this DEIS and other applicable EISs.

Since the advent of biotechnological methods, a wealth of experience with
risk assessment has been accumulated worldwide, resulting in a robust
international consensus on the general principles and methodology for risk
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assessments regarding GE organisms. The overall methodology for risk
assessment typically follows a number of steps:

1. Hazard identification—An identification of any novel genotypic and
phenotypic characteristics associated with the GE organism that may
have adverse effects in the potential receiving environment;

2. Likelihood estimation—An evaluation of the likelihood of these
adverse effects being realized, taking into account the level and kind of
exposure of the likely potential receiving environment to the GE
organism;

3. Consequence evaluation—An evaluation of the consequences should
these adverse effects be realized;

4. OQverall risk estimation—An estimation of the overall risk posed by the
GE organism based on the evaluation of the likelihood and
consequences of the identified adverse effects being realized; and

5. Risk management—A recommendation as to whether or not the overall
risks are acceptable or manageable, including, where necessary,
identification of strategies to manage these risks, including monitoring.

In the process of conducting the steps outlined above, a risk assessment
takes into account the relevant characteristics of the recipient organism,
host organism, or parental organisms; the inserted genes and sequences
and related information about the donor(s) and the transformation system;
the resulting GE organism; the detection and identification of the GE
organism; the organism’s intended use (e.g., the scale of the activity—
field test or commercial use); and the likely receiving environment.

For the purposes of further describing risk assessments for GE organisms,
this subsection discusses several issue areas of potential impact that have
been and will continue to be considered in completing risk assessments for
specific organisms.

The issue areas discussed below are: potential changes in weediness and
invasiveness; potential effects of GE plants on soil; and potential impacts
of GE plants on human health.

a. Potential Changes in Weediness and Invasiveness

A key consideration in assessing the potential risks of GE plants is
whether or not changes in weediness or invasiveness have occurred or are

likely to occur as a result of the genetic modification.
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(1) Crop Plants and Weediness

Plants can evolve into weeds in three basic ways: (1) wild plants can,
through unintentional selection in managed settings, gain the ability to
invade managed habitats; (2) genes can be exchanged between cultivated
crops and wild (noncultivated) relatives such that the wild relatives
become weeds; and (3) weedy traits can be selected in crop plants such
that the crop itself becomes a weed. It has been suggested that certain
traits introduced through genetic engineering of crop plants might confer
weedy characteristics to the plants, thereby, creating new weeds in
managed areas. However, it is unlikely that new weeds or invasive plants
would be created in this way (Martinez-Ghersa, 2003).

There are many common definitions of a weed, but most involve not a
specific biological feature but rather how weeds are regarded by people
(Booth, Murphy, and Swanton, 2003; King, 1966). The term “weed” is
commonly defined as a plant growing where it is not wanted, due to its
interference with human activities or human welfare (Anderson, 1977).
For the purposes of this DEIS, the weediness of GE plants and wild
relatives with acquired GE traits in agroecosystems and other areas
managed by humans will be discussed separately from the invasiveness of
these plants into unmanaged ecosystems.

There are also several common definitions of “invasive species” in the
scientific literature (Richardson et al., 2000; Colautti and Maclsaac, 2004;
Pysek et al., 2004). In this DEIS, an invasive species is defined as an
introduced species that has a substantial or transformative impact in the
unmanaged environment.

All crop plants can be considered weeds when they persist as volunteers
growing from seed left in a field after harvest. However, some plants have
more weedy characteristics than others. Using common definitions such
as the one given above, it is not possible to know whether any plant, GE or
not, will be considered a weed in some particular instance. APHIS
approaches this dilemma by comparing the biology of the GE plant to its
nonengineered counterpart, usually the same plant without the GE trait."
In this way, conclusions can be drawn as to whether a GE plant is different
than its nonengineered counterpart in its basic phenotypic characteristics
and life history. It may be difficult to predict, based on phenotype,
whether or not a GE plant would become a weed, but any significant
change in environmental fitness might trigger the need for heightened

IS APHIS has developed and made available on the Internet,
http://www.aphis.usda.gov/brs/international _coord.html, a list of biological characteristics that
petitioners for nonregulated status should address in their data set. The list is found in appendix Il of
the Canada/U.S. 2001 Bilateral Agreement on Agricultural Biotechnology.
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scrutiny. To date, the incorporation of GE traits in crop plants has not
resulted in the creation of novel weeds.

(2) wild Relatives With Acquired Genetically Engineered Traits As
Weeds

Many of the concepts and proposed mechanisms by which transgenes
might increase the fitness and consequently, the weediness of plants would
also apply to their wild relatives (Jenczewski, Ronfort, and Chevre, 2003).
An important difference, however, is that crop plants often are themselves
not very weedy and have a low propensity for persistence when not
managed in an agricultural context. In contrast, wild relatives, by their
nature, may have weedy characteristics and an ability to persist in the
environment. Hybridization of many species of traditional crop plants
with their wild relatives is well established, and it is believed that the
resultant gene flow may contribute to the evolution of weediness
(Ellstrand, Prentice, and Hancock, 1999), but such instances are rare
(Martinez-Ghersa, 2003).

In classic studies on the origin and evolution of weeds, Baker (1965, 1974)
listed characteristics typically associated with weedy plants. The
following is that list as adapted by Rissler and Mellon (1996):

1. Seeds germinate in many environments.

2. Seeds remain viable a long time.

3. Plants grow rapidly through vegetative phase to flowering.

4. Plants produce seeds continuously as long as the growing season
permits.

5. Flowers are self-compatible but not obligatorily self-pollinated.

6. Pollen from flowers that are cross-pollinated is carried by
nonspecialized flower visitors (usually insects) or by wind.

7. Plants produce large numbers of seeds in favorable environmental
circumstances.

8. Plants produce seeds in a wide range of environmental circumstances.

9. Plants are adapted for both long-distance and short-distance dispersal.
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10. If perennials, the plants have vigorous vegetative reproduction or
regeneration from fragments.

11. If perennials, the plants readily break near the soil line to prevent easy
withdrawal from the soil.

12. Plants compete by special means such as forming rosettes, choking
growth, or producing toxic chemicals.

Keeler (1985) reviewed the evolution of weeds from crop plants focusing
on the characteristics described by Baker that may distinguish weeds. She
listed characteristics associated with weediness in certain species and
noted that many of these characteristics are known to be controlled by
single genes. Her work showed uneven distribution of such characteristics
among crops, weeds, and other plants. While the most serious weeds had
an average of 10 or 12 weedy characteristics, other randomly surveyed
plants averaged 7, and crop plants averaged only 5. Thus, it seemed
unlikely that most crops would acquire enough of these characteristics to
become weedy, even if the traits could be inherited as single loci. While
noting several limitations to her study, she concluded that GE crops with
low weediness and no weedy relatives are no more likely to be the source
of significant weed populations than their nonengineered counterparts.

However, Williamson, studying invasiveness, concluded that neither those
traits listed by Baker, nor any others, can accurately predict which plants
could become weeds (Williamson, 1993). He proposed, rather, that any
such list of characteristics would have to be specific for groups of closely
related species and noted that small genetic changes can sometimes spur
large ecological changes. He concluded that GE plants have the potential
to become weeds because the genetic changes may have unexpected
environmental effects; however, he also concluded that the proportion of
GE plants that will become weeds is very small (Williamson, 1993). This
conclusion was based on an earlier study of invasive species which had led
to his formulation of the “10:10 rule.” According to this rule,
approximately 10 percent of introduced species will become established
and truly naturalized, and 10 percent of those will become pest species.
Hence, for introduced species, as a rough estimate, only 1 percent will
become pest plants. This rule could be applied equally well, and with
equal validity, to traits that have been introduced using conventional
breeding, such as pest resistance, or those which can be acquired naturally
or introduced through conventional breeding efforts, such as herbicide
resistance.

It has been suggested that the release of organisms with novel phenotypes
bears similarities to the introduction of nonnative species (Marvier, 2001).

IV. Environmental Consequences 71



72

However, the usefulness of such a model for evaluating the risks of GE
crops has been questioned (Hancock and Hokanson, 2001). The argument
against exotic plant species as a useful analogy is that many of them are
already good colonizers in their native habitats and carry an array of traits
associated with weediness. Thus, when they are introduced into a new
environment where there are few or none of the factors which may have
limited their numbers in their native environment, populations can
sometimes explode to fill an ecological niche.

There are examples of nonnative plants, such as field bindweed,
quackgrass, and Canada thistle in heavily managed habitats, and kudzu,
purple loosestrife, and cheatgrass in less-managed or unmanaged habitats,
becoming weeds and causing significant impact to the environment,
resulting in huge economic costs. This is in contrast to the antecedents of
most GE crops, which are generally poor colonizers outside of the
agroecosystem designed for their cultivation.

The traits selected for domestication and the ongoing development of most
crop plants typically have made them less fit than their undomesticated
counterparts in situations where the crop plants are not managed (Gepts,
2004). Although there are exceptions, as discussed above, crop plants
generally have relatively few weediness traits. Thus, there are multiple
and complex constraints that limit the weediness and invasiveness of
typical agronomic crops and in most cases, only one such constraint would
be removed by the addition of a single gene through genetic engineering.
Hancock and Hokanson (2001) concluded that the risk of deploying GE
plants can be effectively determined by considering the phenotype
conferred by the transgene and the invasiveness of the antecedent crop.

Crawley et al. (2001) performed one of the few studies of GE plants where
potential weediness and invasiveness were measured directly. This was
done by monitoring different habitats for 10 years following the
cultivation of four different GE crops, namely herbicide-tolerant sugar
beet, maize, and rape, and potato producing either a Bt toxin or pea lectin.
In none of the cases did the researchers find the GE crops to have
increased fitness over that of the conventional controls, and no unintended
effects for the particular crops were identified. The most important factor
to consider in interpreting these results, however, is that the particular
traits studied would not be expected to increase fitness, except for the Bt
toxin under certain conditions. The authors noted that the results might be
different for other types of traits, such as drought tolerance or certain pest
resistance genes that might confer a fitness advantage under field
conditions.
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Pest resistance genes have been the focus of much attention in regards to
plant fitness. Virginia Polytechnic Institute and State University’s
Information Systems for Biotechnology, with support from USDA,
sponsored a workshop on “The Ecological Effects of Pest Resistance
Genes in Managed Ecosystems” (Traynor and Westwood, 1999). Many
participants felt that the types of pest-resistance traits being tested or
released commercially were not fundamentally different from those
introduced through conventional breeding and as such, would present
similar ecological risks. However, some participants disagreed and
contended that some transgenes could have a much greater impact on
weediness. Most participants agreed that gene stacking (i.e., insertion of
multiple transgenes) to confer a broad spectrum of pest resistance would
be less predictable, with respect to ecological consequences, than single-
trait resistance.

Snow et al. (2003) reported field studies of wild sunflower populations
carrying a Bt crylAc transgene acquired via experimental hybridization to
a noncommercial GE crop line and backcrossed into the wild-type plants.
The Snow team observed decreased insect pest damage and increased
fecundity (seed production) for the experimental unmanaged populations
carrying the transgene versus those without it. This observation suggests
the possibility that, by conferring increased fitness, the transgene could
have an ecological impact on wild sunflower populations, by increasing
the number of modified plants within a population, by creating more such
populations, or by creating more extensive seed banks of such plants.

(3) GE Crops and Invasiveness

In addition to the development of weediness, there is concern that GE
crops may escape cultivation and persist to a significant degree in
unmanaged ecosystems. It is also conceivable that a transgene from a GE
crop could be transferred via cross-pollination to a wild relative of the
crop, producing hybrid offspring containing the transgene that could
themselves persist in the environment, or through introgression (by
repeated natural backcrossing), resulting in the incorporation of the
transgene in the genome of the wild relative.

(4) Gene Flow via Escape of GE Crops

For a GE crop to become established in an unmanaged habitat, seeds or
other propagative structures must be transported from cultivated land to
the habitat. This can occur via seed spillage during the movement of
harvesting equipment between cultivated fields or during the transport of
harvested seed, or seed can be moved by animal activity, wind, or water.
The abandonment of farms or fields is another potential method of GE
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crops being introduced to an unmanaged environment, but only for
deregulated GE crops.'® Nonseed propagative plant material, such as
stolons or rhizomes, could be moved via mowing equipment or by animal
activity, wind, or water. However, the movement of seeds or other
structures is independent of any transgenes in the crop genomes with
which APHIS is familiar, so the escape of a GE crop is not inherently
more likely than the escape of any other crop (Keeler, 1985). Although it
is conceivable that transgenes increasing seed-dispersal rates could be
engineered into crop plants, it is highly unlikely that this would be done.
A primary goal for crop variety development is the prevention of seed loss
via seed dispersal mechanisms (Frary and Doganlar, 2003) because the
seed or fruit is usually the plant part with the highest value. However, if
seed-dispersal genes were to be altered in a crop plant, the resulting GE
plants would merit increased scrutiny to verify that gene flow was not
increased in ways causing significant environmental effects.

(5) Gene Flow Via Hybridization With Wild Relatives

The exchange of genes between crop plants and sexually compatible wild
plants has occurred ever since plants were first domesticated. It is
possible that a transgene could be established in the genome of a wild
relative of the GE crop as a result of an initial hybridization between a GE
crop and its wild relative, followed by introgression of the transgene into
the wild relative’s genome (Gealy, Mitten, and Rutger, 2003; Halfhill et
al., 2004; Légere, 2005; Pilson and Prendeville, 2004). For a transgene to
become incorporated in a wild crop relative, crop pollen carrying the gene
would first need to be carried via wind or insects or other pollinators to a
plant present in the crop field as a weed or present in a nearby unmanaged
habitat. Conversely, pollen from a wild crop relative in the unmanaged
habitat could be carried via wind or insects or other pollinators to a crop
plant growing in a cultivated field. Hybrid seed produced in the crop field
would have to be harvested along with the crop and be spilled onto
noncultivated land, as discussed above, or dispersed by an animal,
whereas, the movement of crop pollen onto uncultivated land could result
in the production of hybrids with no seed movement necessary.

Hybridization between a GE crop and a wild relative is dependent on
several key factors: simultaneous flowering, sexual compatibility, and
proximity sufficiently close to allow pollen movement between the two
plants. The first two factors are determined by the specific crop and wild
relative, and can result in little or no outcrossing, as in the case of wheat,
or frequent outcrossing, as in the case of rice, (Ellstrand, Prentice, and

'8 Under the terms of APHIS permits, fields planted with regulated GE plants may not be abandoned
until it is established that there is no potential for any GE plants to volunteer in subsequent growing
seasons.

IV. Environmental Consequences



Hancock, 1999). However, even when a crop can hybridize with a wild
relative, the plants must be close enough together to allow pollination to
occur. Again, this factor is different for every crop plant and depends on a
variety of characteristics (including whether the crop is pollinated by
wind, insects, or other pollinators), to what extent the crop is self-
pollinated, how long-lived the pollen is, and how the crop is cultivated.
However, these parameters have been studied in-depth in many
agronomically important crops, and the Association of Official Seed
Certifying Agencies has established standard growing conditions for crop
seed production in many crops which result in very low levels of
outcrossing (AOSCA, 2003).

(6) Invasiveness Potential

Only a small fraction of introduced species become successfully invasive
(Ellstrand and Schierenbeck, 2000), and there is no evidence that crops
improved via genetic engineering are more likely than conventional crops
to be invasive. The potential for a GE crop or a GE crop/wild-relative
hybrid to become invasive depends, first, on the ability of the plant to
become established in the environment and second, on its ability to
successfully persist and thrive. Very few crops have been shown to be
persistent and invasive outside of cultivation (Hancock and Hokanson,
2001)." Initial establishment of a crop plant will depend on the crop’s
ability to survive without any human intervention. This includes
successfully competing with other plants for nutrients, water, pollinators,
and sunlight; surviving attacks by diseases, insects, and other herbivores;
and producing sufficient progeny or propagative structures to maintain its
presence in the environment (Brown and Mitchell, 2001; Ellstrand and
Schierenbeck 2000; Mitchell and Power, 2003). The particular transgene
introduced into the crop may also have some effect on the plant’s survival.
Because the weediness and invasiveness of a particular crop is known
throughout the U.S. range where the crop is produced, the invasiveness of
a GE crop possessing one or more transgenes can be estimated by
evaluating the environmental fitness impacts of the individual introduced
genes (Hancock and Hokanson, 2001).

In the case of GE crop/wild hybrids, establishment will depend on the
fertility and overall vigor of the hybrid plants and their progeny (Vacher
et al., 2004) as well as on the nature of the transgene. For example,
naturally occurring hybrids between wheat and its distant relative jointed
goatgrass are occasionally found, but the hybrids are usually self-sterile

17 Crops considered to be persistent and sometimes invasive include barley, rapeseed, rice,
sorghum, sunflower, and wheat. Crops considered to be persistent but not invasive include apple,
asparagus, blueberry, cranberry, pear, poplar, spruce, and strawberry (Hancock and Hokanson,
2001).
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due to a lack of proper chromosome pairing (Guadagnuolo, Savova-
Bianchi, and Felber, 2001; Morrison et al., 2002; Seefeldt et al., 1998).
However, it is also possible for interspecific and intergeneric crosses to
exhibit enhanced fitness through heterosis, an increase of genetic diversity
caused by hybridization (Vacher et al., 2004). A hybrid may possess a
novel combination of traits, making it more able to adapt to an ecological
niche than either of the parents (Ellstrand and Schierenbeck, 2000). In
other words, each type of hybrid may exhibit unique and possibly
unexpected characteristics. For example, hybrids between oilseed rape
and wild radish are more fit when wild radish is the maternal parent
(Gueritaine et al., 2002). But even so, fitness is very low and dependent
on the particular environmental circumstances (Al Mouemar and
Darmency, 2004; (Gueritaine et al., 2002). Fortunately, years of
experience with cultivation and plant breeding have resulted in an
extensive and growing body of information regarding the likelihood of
hybridization between crops and their wild relatives and the fitness and
fertility of these hybrids (Arriola, 1997; Stewart, Halthill, and Warwick,
2003).

(7) Persistence of GE Crops in Natural Environments

The likelihood for a GE plant to persist in the environment depends
primarily on the plant species and on the ecosystem in question, including
competing species, diseases and herbivorous pests, and the physical
environment. One factor that can be analyzed experimentally is whether
the GE version of a crop plant has better field performance, that is, is more
fit, or persists longer than a conventionally bred version of the crop. A
recent study asked this question using GE and conventional varieties of
corn, oilseed rape, sugar beet, and potato growing for 10 years in

12 natural habitats in Britain. The transgenes studied were for herbicide
resistance, Bt toxin, and pea lectin (Crawley et al., 2001). The study
found that none of the GE crops were more fit or persisted longer in the
environment than the conventional crop counterparts. Establishment of
seedlings of the herbicide-resistant corn and rapeseed was significantly
lower than for the conventional versions of the crops, and survival of the
GE potato lagged behind that of conventional potato (Crawley et al.,
2001). However, it must be noted that none of the transgenes at issue in
the study were intended to increase plant fitness in natural habitats.

There is little evidence that beneficial agronomic traits moved into crops
via conventional breeding have led to the development of invasiveness in
crop plants (Duvick, 1999). Similarly, it is unlikely that the mere entry of
a GE crop plant into an unmanaged ecosystem will result in the permanent
establishment of the plant in that ecosystem. To evaluate the
environmental impact of a GE crop, researchers begin with the body of
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knowledge developed through years of cultivating the non-GE version of
the crop, including any information about its weedy or feral tendencies. It
is then possible to superimpose any effects of the transgene on the already
familiar traits of the non-GE crop (Parker and Kareiva, 1996). A
systematic experimental approach, where the field performance of a GE
crop and its non-GE counterpart are thoroughly compared in the
greenhouse and in the field, should indicate whether the transgene has any
unexpected effects on characteristics that could contribute to invasiveness
(Wang et al., 2003).

The transgene may or may not confer any advantage to the GE plant,
depending on the nature of the gene, the ecosystem, and the presence of
human intervention or other factors that may provide sporadic or
continuously acting selection pressure such as herbicide application, insect
or disease attack, or environmental stress. Without this pressure, the
transgene’s effects would not be expected to manifest themselves, and the
GE plant would be expected to be phenotypically indistinguishable from
its non-GE counterparts in that particular environment (Vacher et al.,
2004). For example, a transgene conferring herbicide tolerance would not
increase fitness for the recipient plant unless the natural habitat was
regularly treated with the appropriate herbicide (Pilson and Prendeville,
2004; Metz, Stiekema, and Nap, 1998). Lacking such management, the
GE plants would not be expected to be any more fit than conventional
plants of the same species (Pilson and Prendeville, 2004; Gueritaine et al.,
2002). If, however, regular herbicide applications were used, the GE
individuals could have a significant advantage over their non-GE
counterparts. However, not every transgene would be expected to respond
to selection pressure. For example, a crop containing a transgene that
alters a food-quality trait is unlikely to have any effect on plant fitness
because there is unlikely to be a corresponding selection pressure for the
trait (Parker and Kareiva, 1996).

If the transgene confers insect or disease resistance, the recipient plant
may gain a fitness advantage, but only if the insect pest or disease
organism ordinarily acts to control the normal distribution or role of that
plant in that particular environment (Parker and Kareiva, 1996). In that
case, it would be expected for the GE plant, whether crop or wild-relative
hybrid, to have a fitness advantage over other plants in the environment
(Vacher et al., 2004). The greater the impact of the insect pest or disease
on the vigor and reproductive potential of the plant population, the more
likely it is for the GE plant to have a fitness advantage over non-GE
counterparts (Parker and Kareiva, 1996). Over the course of many
generations, with continuous selection pressure from the insect pest or
disease, the GE plant could become invasive, in the case of a crop plant, or
could replace the non-GE population, in the case of a GE wild relative.
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If the transgene in question confers an agronomic characteristic, such as
drought tolerance or increased photosynthetic efficiency, the recipient
plant could become invasive or replace its non-GE counterpart but only if
a corresponding environmental stress consistently acts to control the plant
populations in that ecosystem (Pilson and Prendeville, 2004).

APHIS anticipates that as plant genetic-engineering technology advances,
applicants will propose, with greater frequency, field tests of plants with
traits such as increased photosynthetic efficiency and tolerance to various
environmental stresses. Such traits, either singly or in combination, could
contribute to the invasiveness of a GE crop, or GE crop/wild-relative
hybrid, or introgressed progeny. However, given that most crop plants are
not naturally invasive and that most cultivated crops possess several
domestication traits (Frary and Doganlar, 2003; Gepts, 2002), such as
dwarfing, nonshattering seed heads, and larger fruits, which usually are
disadvantageous in unmanaged ecosystems, it has been proposed that a
single plant would have to possess several transgenes conferring improved
fitness characteristics before it would become invasive (Hancock and
Hokanson, 2001). The insertion of multiple genes affecting fitness in a
single plant, so-called stacking, is more likely as genetic engineering
technology advances, and plants with such gene stacks would receive
additional scrutiny to determine their potential for weediness or
invasiveness.

A single instance of gene flow to an unmanaged ecosystem or a transgene
into a wild relative may not result in the development of an invasive
population of GE plants (Ellstrand and Schierenbeck, 2000; Siemann and
Rogers, 2001). Even if the initial introduction succeeds, a lag time of
several generations may be necessary during which time the introduced
species may undergo genetic adaptation, ultimately making the plants
better able to survive in their new environment than other species or non-
GE populations of the same species (Siemann and Rogers, 2001; Willis,
Memmott, and Forrester, 2000). Multiple introductions via repeated
instances of gene flow may be necessary before a potentially invasive
species can become established (Pilson and Prendeville, 2004; Ellstrand
and Schierenbeck, 2000). Delays in the development of invasiveness may
also depend on the crop or crop relative in question (Ellstrand and
Schierenbeck, 2000). For example, trees, shrubs, and other perennial
plants with long reproductive cycles may take decades or longer to
develop invasiveness, assuming no human intervention, while annual
plants or short-lived perennials may become invasive only a few years
after an inadvertent instance of gene flow (Ellstrand and Schierenbeck,
2000). Minimizing the size and frequency of transgene flow to
unmanaged ecosystems is, therefore, the most direct way to minimize the
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development of invasiveness both in the short term and over long lag
periods.

b. Potential Effects of GE Plants on Soil

In assessing the potential risks of GE plants, another key consideration is
whether or not modified organisms will alter or impact the soil
environment.

Plants and the soil and water environments in which they reside are
inarguably intertwined. The plant-soil matrix is a complex environment of
interactions between abiotic and biotic components. These interactions
can be considered on both a small and large scale.

On the small scale, seeds germinate within the soil; the resulting seedlings
and plants interact with the soil and also the micro-organisms and water
within it to obtain nutrients. The nutrients fuel vital functions, such as
growth and reproduction. The soil is then enriched through plant
decomposition by scavengers and other soil-dwelling organisms.

Interactions also exist on a large scale. Traditional agricultural practices,
including tillage, irrigation, and herbicide and pesticide use have
significant and predominately detrimental environmental impacts
(Ammann, 2005). Both scales of interactions should be considered when
evaluating the potential effects of GE plants on soil and water
environments.

Soil is a highly dynamic environment. A single gram of soil typically
contains millions of individual organisms, including several thousand
species of bacteria alone (Torsvik et al., 1994). These organisms enable
decomposition, which leads to soil formation, aeration, and nitrogen
fixation, and aid in root function (Giller et al., 1997). The immense
number of organisms and the complicated and poorly understood
relationships between these organisms, the environment, and plants
complicate the analysis of the potential effects of introducing GE plants
and other organisms (Lilley et al., 20006).

The text that follows discusses the factors that are considered when
evaluating the potential effects of particular genes on the soil and
groundwater environments.

(1) Accumulation and Persistence

Some traits added to plants via genetic engineering involve the production
of one or more substances that the plant would normally not produce.
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Novel chemical substances produced by GE plants may enter the
environment from leaf shedding, root exudates, and decomposition
(Donegan et al., 1997). If these substances do not dissipate at a rate at
least equal to the rate of the products’ entry to the soil system,
bioaccumulation and biomagnification may result. Bioaccumulation is the
increase in concentrations of chemicals in biological systems over time as
compared to the chemical’s concentration in the environment. This occurs
when a chemical becomes more and more concentrated as it moves up the
food chain.

Additionally, herbivorous animals that feed on these plants and
subsequently die, either due to natural causes or due to consuming a
pesticidal substance such as a Bt toxin, may also add these novel chemical
substances to the soil environment. The substances in the plant may not
necessarily be in the same form in the insect. For example, the Bt
protoxins made by insect-resistant GE plants are modified in the guts of
susceptible insects (Hofte and Whiteley, 1989).

Bt crops offer the best-studied example to date of accumulation,
persistence, and residual toxicity within the soil (Clark et al., 2005; Hofte
and Whiteley, 1989; Saxena et al., 1999). For example, studies have
compared the decomposition rates of Bt and non-Bt crop residues,
although with inconsistent results (Cortet, 2006; Stotzky, 2004). The
binding of chemical substances by soil particles is also a factor. The Bt
toxins adsorb and bind rapidly (< 30 minutes) to clays and organic matter
within the soil, allowing the Bt toxins to persist and also to remain toxic to
insect larvae (Stotzky, 2000, 2002). In nonflooded soils, the Bt toxins
released from root exudates and biomass of Bt corn were bound to soil
particles and remained larvicidal for at least 180 days (Tapp and Stotzky,
1998), and toxins remained detectable in the biomass of Bt corn 3 years
after incorporation into soil (Saxena and Stotzky, 2003). The Bt
endotoxin associated with Bt crops appears to degrade rapidly in water,
with a half-life between 4 and 10 days, depending on the presence of
micro-organisms (Douville et al., 2005). This result suggests that the
persistence of Bt toxin in water bodies adjacent to land planted with Bt-
engineered crops is not a significant concern; however, more studies need
to be done to further evaluate persistence in soil and sediments in water
bodies. Obviously, soil and natural bodies of water are not sterile
environments, and many abiotic and biotic factors will affect persistence
such as soil type, aeration, water movement, and soil biota activity.

GE plants may add more than novel chemical substances into the soil.
DNA is also released into the soil as organisms decompose. Clay minerals
bind DNA molecules and can prevent vertical movement of DNA within
the soil and thus, delay DNA degradation by protecting free DNA from
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degradation (Greaves and Wilson, 1970). The presence of DNase in the
soil can also affect the accumulation and persistence of DNA in soil
(Blum, Lorenz, and Wackernagel, 1997; and Dunfield and Germida,
2004). Studies so far have demonstrated persistence of GE DNA in soil
from several days (Widmer et al., 1997) to at least 2 years (Gebhard and
Smalla, 1999). The impacts of DNA in the soil are discussed later in this
section.

Biomagnification and bioaccumulation of products released by GE
organisms should be considered and compared with similar, potentially
cumulative effects from traditional crops (Sanvido et al., 2006). APHIS is
unaware of any studies or data demonstrating bioaccumulation or
biomagnification as a result of planting GE plants. In cases where,
biomagnification and bioaccumulation are likely, expression of transgenes
in GE organisms can be manipulated in ways that may mitigate those
undesirable phenomena. For example, new techniques that limit the
expression to specific plant parts rather than the whole plant or prevent
expression except in the presence of specific environmental stimuli can
significantly limit how much of these products enter the soil.

(2) Water and Movement Away From the Site

Water can move products from GE organisms away from the immediate
site of entry into the soil environment. Precipitation, runoff, and irrigation
will provide transport for these products through the soil column. These
products can enter groundwater, where they may be transported to larger
undergroun