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PREFACE

The Wiley Biotechnology Encyclopedias, composed of
the Encyclopedia of Molecular Biology; the Encyclopedia
of Bioprocess Technology: Fermentation, Biocatalysis, and
Bioseparation; the Encyclopedia of Cell Technology; and
the Encyclopedia of Ethical, Legal, and Policy Issues in
Biotechnology cover very broadly four major contemporary
themes in biotechnology. The series comes at a fascinating
time in that, as we move into the twenty-first century,
the discipline of biotechnology is undergoing striking
paradigm changes.

Biotechnology is now beginning to be viewed as an
informational science. In a simplistic sense there are
three types of biological information. First, there is the
digital or linear information of our chromosomes and genes
with the four-letter alphabet composed of G, C, A, and
T (the bases guanine, cytosine, adenine, and thymine).
Variation in the order of these letters in the digital
strings of our chromosomes or our expressed genes (or
mRNASs) generates information of several distinct types:
genes, regulatory machinery, and information that enables
chromosomes to carry out their tasks as informational
organelles (e.g., centromeric and telomeric sequences).

Second, there is the three-dimensional information of
proteins, the molecular machines of life. Proteins are
strings of amino acids employing a 20-letter alphabet.
Proteins pose four technical challenges: (I) Proteins are
synthesized as linear strings and fold into precise three-
dimensional structures as dictated by the order of amino
acid residues in the string. Can we formulate the rules
for protein folding to predict three-dimensional structure
from primary amino acid sequence? The identification and
comparative analysis of all human and model organism
(bacteria, yeast, nematode, fly, mouse, etc.) genes and
proteins will eventually lead to a lexicon of motifs that
are the building block components of genes and proteins.
These motifs will greatly constrain the shape space that
computational algorithms must search to successfully
correlate primary amino acid sequence with the correct
three-dimensional shapes. The protein-folding problem
will probably be solved within the next 10-15 years.
(2) Can we predict protein function from knowledge of
the three-dimensional structure? Once again the lexicon
of motifs with their functional as well as structural
correlations will play a critical role in solving this
problem. (3) How do the myriad of chemical modifications
of proteins (e.g., phosphorylation, acetylation, etc.) alter
their structures and modify their functions? The mass
spectrometer will play a key role in identifying secondary
modifications. (4) How do proteins interact with one
another and/or with other macromolecules to form complex
molecular machines (e.g., the ribosomal subunits)? If
these functional complexes can be isolated, the mass
spectrometer, coupled with a knowledge of all protein
sequences that can be derived from the complete genomic
sequence of the organism, will serve as a powerful tool
for identifying all the components of complex molecular
machines.

The third type of biological information arises from
complex biological systems and networks. Systems infor-
mation is four dimensional because it varies with time.
For example, the human brain has 1,012 neurons making
approximately 1,015 connections. From this network arise
systems properties such as memory, consciousness, and
the ability to learn. The important point is that systems
properties cannot be understood from studying the net-
work elements (e.g., neurons) one at a time; rather the
collective behavior of the elements needs to be studied.
To study most biological systems, three issues need to
be stressed. First, most biological systems are too com-
plex to study directly, therefore they must be divided into
tractable subsystems whose properties in part reflect those
of the system. These subsystems must be sufficiently small
to analyze all their elements and connections. Second,
high-throughput analytic or global tools are required for
studying many systems elements at one time (see later).
Finally, the systems information needs to be modeled
mathematically before systems properties can be predicted
and ultimately understood. This will require recruiting
computer scientists and applied mathematicians into biol-
ogy —just as the attempts to decipher the information
of complete genomes and the protein folding and struc-
ture/function problems have required the recruitment of
computational scientists.

I would be remiss not to point out that there are many
other molecules that generate biological information:
amino acids, carbohydrates, lipids, and so forth. These too
must be studied in the context of their specific structures
and specific functions.

The deciphering and manipulation of these various
types of biological information represent an enormous
technical challenge for biotechnology. Yet major new and
powerful tools for doing so are emerging.

One class of tools for deciphering biological information
is termed high-throughput analytic or global tools. These
tools can be used to study many genes or chromosome
features (genomics), many proteins (proteomics), or many
cells rapidly: large-scale DNA sequencing, genomewide
genetic mapping, cDNA or oligonucleotide arrays, two-
dimensional gel electrophoresis and other global protein
separation technologies, mass spectrometric analysis of
proteins and protein fragments, multiparameter, high-
throughput cell and chromosome sorting, and high-
throughput phenotypic assays.

A second approach to the deciphering and manipulat-
ing of biological information centers around combinatorial
strategies. The basic idea is to synthesize an informa-
tional string (DNA fragments, RNA fragments, protein
fragments, antibody combining sites, etc.) using all combi-
nations of the basic letters of the corresponding alphabet,
thus creating many different shapes that can be used to
activate, inhibit, or complement the biological functions of
designated three-dimensional shapes (e.g., a molecule in a
signal transduction pathway). The power of combinational
chemistry is just beginning to be appreciated.
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A critical approach to deciphering biological informa-
tion will ultimately be the ability to visualize the func-
tioning of genes, proteins, cells, and other informational
elements within living organisms (in vivo informational
imaging).

Finally, there are the computational tools required to
collect, store, analyze, model, and ultimately distribute
the various types of biological information. The creation
presents a challenge comparable to that of developing
new instrumentation and new chemistries. Once again
this means recruiting computer scientists and applied
mathematicians to biology. The biggest challenge in this
regard is the language barriers that separate different
scientific disciplines. Teaching biology as an informational
science has been a very effective means for breeching these
barriers.

The challenge is, of course, to decipher various types
of biological information and then be able to use this
information to manipulate genes, proteins, cells, and
informational pathways in living organisms to eliminate
or prevent disease, produce higher-yield crops, or increase
the productivity of animals for meat and other foods.

Biotechnology and its applications raise a host of
social, ethical, and legal questions, for example, genetic
privacy, germline genetic engineering, cloning of animals,
genes that influence behavior, cost of therapeutic drugs

generated by biotechnology, animal rights, and the nature
and control of intellectual property.

Clearly, the challenge is to educate society so that
each citizen can thoughtfully and rationally deal with
these issues, for ultimately society dictates the resources
and regulations that circumscribe the development and
practice of biotechnology. Ultimately, I feel enormous
responsibility rests with scientists to inform and educate
society about the challenges as well as the opportunities
arising from biotechnology. These are critical issues
for biotechnology that are developed in detail in the
Encyclopedia of Ethical, Legal, and Policy Issues in
Biotechnology.

The view that biotechnology is an informational
science pervades virtually every aspect of this science,
including discovery, reduction to practice, and societal
concerns. These Encyclopedias of Biotechnology reinforce
the emerging informational paradigm change that is
powerfully positioning science as we move into the twenty-
first century to more effectively decipher and manipulate
for humankind’s benefit the biological information of
relevant living organisms.

Leroy Hood
University of Washington
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INTRODUCTION

If future generations mark the third millennium as the
age of biotechnology, they may well regard the dawn of
the twenty-first century as its birth. The mapping and
sequencing of the human genome is almost complete.
Products made with biotechnology, ranging from drugs to
pest-resistant crops, are becoming commonplace. Human
gene therapy is poised to make clinically significant
strides.

In the midst of these astounding developments, a
growing cadre of scientists and scholars are struggling
to understand the profound ethical, legal, and social
implications. Never before has humanity been able so
directly to manipulate the code of life. The result is
both opportunity and danger on an unprecedented scale.
How safe is biotechnology? In what ways will genetic
information affect our conceptions of who we are and
our relationships with each other? Will the promise of
eradicating genetic disease lead us to take untoward
experimental risks, or to impose these risks on vulnerable
subjects? Can democracy exist in a society in which only
the wealthy obtain access to new genetic advances? At
what point does a genetically modified human being cease
to be a member of the human species?

Our objective in producing the Encyclopedia of Ethical,
Legal, and Policy Issues in Biotechnology is to bring
together the best minds to describe these issues, analyze
their implications, and present public policy options. The
Encyclopedia contains 112 entries arranged in broad
alphabetical order. Related entries are cross-referenced.
Each entry includes a list of sources. Virtually all of the
entries have undergone peer review by two independent
reviewers. For the most part, we have asked authors
to be objective. Some entries, however, reflect partisan
viewpoints due to their subject matter and the background
of their authors. We hope we have made sure that,
whenever this occurs, it is obvious to the reader.

The potential audience for this Encyclopedia is
extremely broad, ranging from individuals with substan-
tial knowledge and experience in these fields to those just
embarking on their journey of understanding. We have
endeavored to make all of the entries useful to the for-
mer while still accessible to the latter. Yet many entries

xiii

address complex, technically demanding subjects, and we
apologize to readers who find specific entries either too ele-
mentary or too abstruse. In addition, completing a project
of this scope takes time. We recognize that, in a field as
dynamic as biotechnology, descriptions of developments in
science, ethics, law, and public policy rapidly become out-
of-date. We have undertaken to make entries as current
as possible.

Our ultimate goal has been to make this a compre-
hensive reference work. We began by forming an advisory
board of renowned experts, headed by David Blumenthal.
With their assistance, we created an exhaustive list of
topics and identified potential contributors. We aimed for
learned, highly respected authors, individuals who are
actively involved in their fields and consequently in great
demand. It was not always possible to engage their partic-
ipation. As a result, there are gaps in coverage, which we
mention here to dispel the notion that we simply failed to
identify important topics for inclusion. For example, while
individual entries describe a number of key government
agencies and offices that affect biotechnology policy, we
were unable to secure entries for some other government
agencies, government offices, industry groups, and inter-
est groups. We include profiles of a number of countries
with extensive involvement in biotechnology, but were
unable to obtain profiles for some of the countries on our
list. The Encyclopedia contains discussions of the views
of a number of religions toward biotechnology, but we
were unable to obtain discussions for Islam or Roman
Catholicism. Moreover, we originally intended to include
a separate entry on each topic from an ethical, legal, and
public policy perspective. This was not always possible.
Nevertheless, we feel that, for the most part, entries that
we were able to obtain from one or two of the perspectives
provide adequate coverage of the major issues from the
other viewpoints.

We wish to thank the authors, the members of the
advisory board, our editors at Wiley, our staffs, and our
families for their dedication and support.

Thomas H. Murray
Maxwell J. Mehlman
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INTRODUCTION

Relationships between academic institutions and indus-
tries have become central to the biotechnology enterprise,
and indeed, to all the life sciences in the United States.
Academic—industry relationships (AIRs) in biotechnology
are thought to serve a variety of purposes for participating
academic institutions (universities, their medical schools,
and their associated clinical teaching and research facil-
ities and their faculty), for industries, and for the larger
society. It is widely believed that AIRs facilitate the trans-
fer of new knowledge from the academic to the industrial
sector, and thereby the application of that knowledge
to the practical needs of human beings in this country
and around the globe. Funds from industry and from the
commercial sales of intellectual properties owned by aca-
demic institutions support research and training in those
institutions, and thus may spur the development of new
knowledge and young investigators needed by both uni-
versities and industries. Industry, in turn, benefits not
only from the profits realized from transferred academic
intellectual property but also from increased productivity
in its internal research resulting from enhanced oppor-
tunities to recruit talented scientists from academia and
from exposure of its investigators to ongoing academic
research.

The apparent growth of AIRs has also generated
ongoing concerns about their risks. The greatest potential
risks affect the academic enterprise. There are fears
that AIRs will retard scientific progress through a
number of effects: by involving the nation’s most talented
academic investigators in commercially relevant work,

thus distracting them from the pursuit of fundamental
questions whose answers will set the stage for the next
biological revolution; by promoting secrecy in academic
science, which will undermine scientific exchange that
is essential to optimal progress in the life sciences;
by involving young investigators in commercial projects
of lesser scientific interest and import, and thereby
compromising the quality of their training. Industrial
partners of AIRs, of course, also face potential downsides,
though these are primarily business risks of a type that is
routine in any for-profit enterprise. Academic institutions
may turn out to unproductive partners either because
cultural differences between universities and industries
cannot be successfully bridged, or because academic work
produces little commercializable intellectual property, or
because garrulous academics prove unable to protect
industrial secrets until they can be commercialized.

Given the stakes involved, it is not surprising that AIRs
in biotechnology and the life sciences generally continue
to attract considerable attention in the popular press and
to be the subject of both praise and deprecation (1-4).
This article reviews the status of AIRs in biotechnology at
the close of the twentieth century. We cover the following
relevant topics:

. The history of AIRs in biotechnology.

. The definition of AIRs.

. Their current prevalence.

. Evidence of their benefits and risks.

Evidence concerning their evolution over time.

S Ot W N

. The policy implications of these findings.

RECENT HISTORY OF AlRs IN BIOTECHNOLOGY

Relationships between academic life scientists and indus-
trial organizations have existed through much of the
twentieth century (5). Prior to the 1970s these interactions
consisted predominantly of consulting by academicians
retained by pharmaceutical companies to help with the
solution of particular research problems. Academically
based clinicians also participated in clinical trials to test
newly developed industrial products. Furthermore univer-
sities had been commercializing their intellectual property
on a modest scale since the 1920s, when the University of
Wisconsin created the Wisconsin Alumni Research Foun-
dation to hold the patent on the technology for irradiating
dairy products to instill them with vitamin D (6).

In the late 1970s and early 1980s, however, events in
science, law and public policy combined to expand the
potential value of AIRs in biotechnology. First and most
important was the biotechnology revolution itself. This
revolution represented the flowering of research invest-
ments by the federal government over 30 years following
the end of the Second World War. The signature break-
through heralding the new era in biotechnology was, of
course, the development of recombinant DNA technology
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by Cohen and Boyer in 1973, but parallel breakthroughs
were occurring in monoclonal antibody technologies, large-
scale fermentation, genetic sequencing, and genetic syn-
thesis. The arrival of these new techniques suggested that
academic research might have much more commercial
relevance, both short term and long term, than had been
supposed in the past, and also suggested that the next gen-
eration of dramatic pharmacological breakthroughs might
be based in the biological rather than, as previously, the
chemical sciences. During much of the early history of
the pharmaceutical industry, the primary source of new
agents was the chemical isolation and synthesis of natu-
rally occurring compounds that had been found to have
biological activity. Thus major pharmaceutical companies
had developed deep expertise in chemistry, but were ill-
prepared to take advantage of the biological revolution
occurring in university laboratories. It became a pressing
business priority therefore for the pharmaceutical indus-
try to develop relationships with universities. AIRs would
allow pharmaceutical companies to capture new intellec-
tual property arising in universities, and would facilitate
retraining of current industry investigators and/or recruit-
ment of new talent who could then work within industry
to exploit the new biotechnologies.

The dawn of the biotechnology revolution coincided with
policy developments that facilitated AIRs in biotechnology.
The 1970s were a time of deep economic anxiety for
the United States (7,8). Rising oil prices and decades
of complacency on the part of major U.S.industries
had combined to produce rapid inflation and stagnant
productivity at a time when Japanese industries were
thriving. A crisis of confidence in the U.S. economy ensued,
and the U.S. government began examining strategies for
restoring the vitality of the country’s economy. Policy
makers concluded that as one such strategy, the United
States should take better advantage of its large investment
in university research (9). They also concluded that lack
of incentives for universities and their scientists to exploit
the commercial potential of their work was a major
impediment to the success of this strategy. Congress
in 1980 enacted the Bayh-Dole Act, which enabled
universities to claim ownership to intellectual property
resulting from federally sponsored research. The law also
required that inventors within universities receive a share
of the gains from commercialization of these properties.
At least in theory, Bayh-Dole gave universities and their
scientists a financial motive to cooperate with industrial
partners.

Still another development, this one in patent law,
gave an additional boost to the development of AIRs.
In 1980 the Supreme Court ruled in the Diamond v.
Chakrabarty case that it was legal to patent new life forms
created as a result of biotechnological manipulation. Since
many of the most promising products of the biotechnology
revolution resulted from the creation of novel cells and
organisms that yielded valuable biological agents, the
Chakrabarty case reassured industries and universities
that the intellectual property likely to result from AIRs
(and other biotechnology endeavors) could be protected
under existing patent law.

Following these changes in science, policy, and law,
a number of highly publicized AIRs ensued. One of

the first, the subject of critical congressional hearings,
was an arrangement between the Massachusetts General
Hospital and a German chemical and drug company,
Hoechst A.G. Hoechst funded not only research at the
MGH but also the creation of a new department of
genetics and the construction of a research building. Other
large relationships developed in the early 1980s as well:
between Harvard Medical School and the Dupont Co.,
Monsanto and the Washington University, Bristol-Myers
and Yale University, and others. Equally interesting
was the emergence of small, biotech start-up companies
founded by and with university faculty members. These
included a number of enterprises that have survived to this
day: Amgen, Biogen, Genentech, Immunex, and Chiron,
to name a few. It is estimated that university faculty
participated in the founding of 500 such companies over
the 1980s and 1990s (8).

The participation of university faculty in founding
new companies was hardly unprecedented. During the
1960s a number of engineers had left universities
such as Massachusetts Institute of Technology, Stanford
University, and California Institute of Technology to
found the computer companies that gave rise to Silicon
Valley and Route 128. However, for the most part, these
professors cut their formal ties to the university, becoming
full-time business persons. In contrast, many university-
based biotechnology entrepreneurs wanted to maintain
their faculty positions even while they held major roles in
start-up companies. Some faculty became major equity
holders in for-profit enterprises, and then conducted
university-based research funded by those companies.
This reflected not only the business aspirations of faculty
but also the wishes of the venture capital companies
that funded their new start-ups. In many cases venture
capitalists felt that the success of the new businesses was
dependent on providing faculty with strong incentives
to stay involved and support the work of the start-
up. Whatever the cause, the participation of faculty in
founding new companies created a new and more intimate
form of AIR.

There was also ample precedent prior to the biotechnol-
ogy revolution for the funding of research in universities
by industry. Research relationships between universities
and companies were common in chemistry and engineering
disciplines prior to the biotechnology revolution, and even
after the arrival of the new biotechnologies, AIRs in chem-
istry and engineering were more prevalent than in the
biological sciences. In 1985, 43 percent of faculty principal
investigators in chemistry and engineering had research
relationships with industries, compared with 23 percent
involved in biotechnology (10).

Nevertheless, AIRs provoked greater controversy and
more soul-searching in the life sciences than had AIRs in
other fields. There were several reasons for this. First and
most important were the potential implications of AIRs
in biotechnology for health care services. The products
of AIRs were likely to yield pharmaceuticals and devices
that would be used in the treatment of patients. Observers
worried that conflicts of interest on the part of university
researchers might cause research bias that would ulti-
mately hurt patients. More immediately, some research
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sponsored by biotechnology companies required the use of
human subjects. Concerns arose about whether university-
based researchers would let financial interests compro-
mise their management of research subjects in ways that
could adversely affect their health in the short term.

Second, university research in biomedicine benefits
from billions of dollars annually in federal support.
Universities and researchers were very anxious that AIRs,
which support only about 14 percent of research in U.S.
academic health centers compared to 67 percent from
the federal government (11), not in any way compromise
the federal government’s or voter’s trust in academic
biomedical research (12). The federal government, through
the National Institutes of Health (NIH), was further
concerned that the participation of faculty in AIRs not
reduce the effectiveness of federal investments in research
or training (13).

Third, the fact that university researchers were
founding companies at a great rate, and staying in the
university, seemed to set AIRs in biotechnology apart
from AIRs in other fields. AIRs in biotechnology were
creating a cadre of faculty entrepreneurs who continued
to have teaching and administrative responsibilities in
universities, and continued to participate in federal
peer review and consulting roles, as though nothing
had changed. The conflicts of interest and conflicts of
commitment among such entrepreneurs were likely to be
particularly intense, but there was no way to ensure,
under then existing university policies, that colleagues or
outside clients would be aware of the existence of such
conflicts.

Fourth, the above concerns focused attention on the fact
that there was virtually no data in field of biotechnology
or any other academic discipline on the extent and
consequences of AIRs in universities. The balance of this
article explores these issues.

DEFINITIONS OF AIRs IN BIOTECHNOLOGY

Before trying to describe the extent and consequences of
AIRs in biotechnology, it is useful to define more precisely
what AIRs consist of from our standpoint: What exactly we
are describing. For the purposes of this discussion, AIRs
consist of arrangements between for-profit corporations
and academic institutions (or their faculty, staff, and
trainees) in which something of value is exchanged.
Commonly universities provide a service (e.g., research or
training) or intellectual property (in the form of a patent,
license, or advice) in return for financial considerations
of various types (research support, honoraria, consulting
fees, royalties, or equity) (14).

AlIRs in the health sciences can assume a variety of
forms. The following types of AIRs are among the most
common but by no means exhaust the alternatives:

1. Academic-industry research relationships (AIRRs):
the support by industry (through grant or contract)
of university-based research.

2. Consulting relationships: the compensated provision
of advice or information, usually by individual
faculty members, to commercial organizations.

3. The sale or licensing of patents by university to
industries.

4. The participation by academic institutions or
their faculty in the founding and/or ownership of
new companies commercializing university based
research: AIRs of this type often occur when cash-
poor start-up companies use small amounts of
equity to compensate faculty for consulting or other
services. However, academic institutions or their
faculty may also participate in the founding of new
commercial entities, sometimes taking much larger
amounts of equity in return for contributions of
intellectual property (14—16).

5. Academic-industry training relationships (AITRs):
industries provide support for the research or educa-
tional expenses of graduate students or postdoctoral
fellows, or contract with academic institutions to pro-
vide various educational experiences (e.g., seminars
or fellowships) to industrial employees.

These and other forms of AIRs may occur singly or
in combination. The mixed forms of AIRs (e.g., those
involving AIRRs and consulting or equity holding) often
raise the most troubling concerns about conflict of interest
because multiple relationships often involve more money
(both real and potential) than single forms of AIRs.

Most current information on the dimensions and
consequences of the AIR phenomenon in biotechnology
concerns AIRRs, and much of that information pertains
to AIRRs in the life sciences generally rather than
specifically in the subfield of biotechnology. For that reason
the ensuing discussion focuses particularly on AIRRs,
and often references the field of life sciences generally.
Nevertheless, where data specific to the biotechnology
area and data concerning other types of relationships are
available, we convey these as well.

PREVALENCE AND MAGNITUDE OF AIRs

The most recent nationally representative data on the
prevalence and magnitude of AIRs stems from surveys of
industries and faculty members in 1994 and 1995 (15,17).
A 1994 survey of senior executives in a representative
sample of life-sciences companies revealed that over
90 percent participated in some form of AIR. The most
prevalent form was retention of university faculty as
consultants (88 percent). Fifty-nine percent participated
in AIRRs and 38 percent in AITRs. Seven percent of
companies reported that faculty members were significant
equity holders in their companies (17).

A contemporaneous survey of 2052 faculty members
at the 50 most research intensive U.S. universities
revealed that 28 percent of respondents reported receiving
some research support from industrial sources (15). The
prevalence of support was greater for clinical (36 percent)
than nonclinical (21 percent) departments. Among a
subgroup of faculty whose research involved what the
authors defined as “biotechnologies” (recombinant DNA
technology, monoclonal antibodies, gene synthesis, gene
sequencing, tissue culture, enzymology, and large-scale
fermentation), 21 percent of principal investigators on
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research grants reported receiving research support from
industry. This subsample was specifically chosen to be
comparable to a 1986 survey of faculty using the same
biotechnology techniques (see below) (10,15). Thus, as of
the middle of the 1990s, between 20 and 30 percent of life-
sciences and biotechnology faculty in research-intensive
U.S. universities participated in AIRRs. There is no reason
to suppose that this number has declined since that time,
so current levels of faculty participation in AIRRs are
likely to be at least that high.

Characteristics of AIRRs in the life sciences suggest
that relationships tend on average to be small in size and
short in duration. Industry respondents indicated that
71 percent of AIRRs in 1994 and 1995 were funded at
less than $100,000 a year. Only 6 percent of responding
firms provided annual funding of $500,000 or more. For
84 percent of respondents whose firms had relationships
with academe, the typical relationship lasted two years or
less. The generally short duration of AIRRs and the small
funding levels suggest that at that time, the research
they supported tended to be targeted —that is, applied
rather than fundamental (17). AIRRs also constituted a
relatively small proportion of the total research funding
to universities in the mid-1990s: about 12 percent of the
total. (The 14 percent figure cited above refers to academic
health centers, which include teaching hospitals and which
are more heavily weighted toward clinical departments,
where the prevalence of AIRRs is higher).

Recent data about the prevalence of other types
of AIRs are scarce. The 1985 survey of biotechnology
faculty cited above indicated that 7 percent held equity
in a biotechnology company related to their own work,
while 47 percent consulted to industry. In a separate
survey of nearly 700 graduate students and fellows in
life-sciences departments at six leading universities,
19 percent reported receiving some research support from
industry (18). Krimsky et al. showed in 1988 that as
many as 31 percent of scientists in certain life-sciences
departments had some form of link to outside firms (19).

BENEFITS OF AIRRs

The best documentation of the benefits that result from the
relationships between academic institutions and industry
derive from studies of AIRRs. For this reason we primarily
focus AIRRs; however, we will comment on the benefits
that derive from other forms of AIRs when such data are
available.

The most obvious benefit of AIRRs is that these
relationships provide funds to support the research
conducted in academic institutions. In a 1994 survey of
senior research executives at 306 life-sciences companies
in the United States, respondents reported that their
companies supported more than 1500 academe based
research projects at a cost of over $340 million (17). Based
on these reports it was estimated that the life-sciences
industry as a whole supported more than 6000 life-
sciences, projects and expended $1.5 billion for academic
research in the life sciences.

Receipt of industry funds is not associated with
detectable adverse effects on academic productivity.

Indeed, if anything, AIRRs are associated with enhanced
productivity on the part of involved university investi-
gators. Faculty involved AIRRs exhibit higher levels of
research productivity than faculty without such relation-
ships. In a 1994-95 survey of over 2000 life-sciences faculty
in the 50 most research intensive universities, faculty with
funding from industry published significantly more arti-
cles in peer-reviewed journals in the previous three years
than faculty without AIRRs (15). Faculty benefit from
increased publications, since articles in peer-reviewed
journals represent one of the main criteria by which faculty
are awarded the trappings of academic success includ-
ing promotions, tenure, prizes, future research grants,
positions in professional organizations, and ultimately a
place in the history of the scientific endeavor (21). At an
institutional level more publications by faculty translate
into greater prestige and, perhaps, an increased ability to
attract top students, faculty, and future research funding
for universities.

In addition to publications, AIRRs are associated with
an increased likelihood of commercial activities on the
part of faculty and their institutions. Blumenthal and
colleagues (1996) found that compared to faculty without
AIRRs, those with industry funding were significantly
more likely to report that they had applied for a patent (24
vs. 42 percent), had a patent granted (12.6 vs. 25 percent),
had a patent licensed (8.7 vs. 18.5 percent), a product
under review (5.5 vs. 26.7 percent) a product on the market
(10.8 vs. 26.1 percent), or a start-up company (6.0 vs.
14.3 percent) (15). A number of benefits may accrue to
faculty as a result of the commercial opportunities that
are associated with AIRRs, including financial returns, the
opportunity to see the results of their research developed
into useful products and services, and perhaps enhanced
career opportunities in the industrial sector. Universities
benefit from faculty commercialization, since their polices
often provide the institution with the option to participate
in commercial ventures such as supporting the costs of
filing a patent in exchange for a portion of the licensing
revenues or by providing venture capital funding for a
start-up in exchange for a share of the future profits of
that firm.

Several other benefits accrue to universities, faculty,
and students as a result of AIRRs. For example, 66 percent
of faculty reported that research grants and contracts
from industry involved less “red tape” than those from
federal sources, 60 percent felt that AIRRs enhanced
career opportunities for students, 49 percent felt AIRRs
increased the prestige of their department, 37 percent felt
AIRRs contributed to their promotion and tenure, and
34 percent reported that these relationships led to salary
increases (15).

Like universities and their faculty, companies also
benefit from AIRRs. In our 1994 survey of life-sciences
companies 60 percent of firms with AIRRs have realized
patents, products and sales as direct result of those
relationships (17). In addition to direct benefits such as
patents, products, and sales, companies receive access
to ideas, knowledge, and a pool of talented potential
researchers. For example, 56 percent of companies with
AIRRs reported that they depend very much on these
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relationships to “keep staff current” with important
research, 53 percent depend on them to provide ideas
for new products and services, and 37 percent to aid in
recruiting able researchers. Only 29 percent reported that
they rely somewhat or very much on AIRRs to invent the
products that the company will license (17).

Perhaps one of the most important benefits of AIRRs
to industry may be that these relationships provide
sponsors with access to the most recent research results of
faculty — often months or years ahead of competitors. It is
common for most AIRRs to allow a sponsor 30 to 90 days
to review the results of the research they sponsored
prior to submission for publication. An executive of a
company said that in his field the published literature
is “miles behind the front line of what is happening in
universities” (16). For companies, especially those rapidly
developing fields such as human genetics, using AIRRs as
a means of access to new knowledge that is not yet public
may constitute a considerable competitive advantage over
companies without AIRRs.

Society ultimately benefits from AIRRs in terms of the
increased flow of research results from universities into
the industrial setting—a process often called technology
transfer. A study by Cohen, Florida, and Goe (1994) sug-
gested that collaborative research and development and
other forms of intimate interactions between university
researchers and industry personnel were more effective in
transferring information into the industrial sector than
communication through traditional academic channels
such as publications and presentations (22). Cohen and his
colleagues studied the extent, characteristics, and conse-
quences of university—industry research centers (UIRCs).
Based on a national survey of UIRC directors (response
rate 48 percent), they found that the overwhelming major-
ity of UIRCs were created with government support
(70 percent) and continued to derive about 86 percent
of their research funds from governmental sources. On
average UIRCs derived 46 percent of their funds from
the federal government compared to only 31 percent from
industrial sources. These data suggested the important
role of federal funding in creating and maintaining UIRCs
as a potential mechanism for technology transfer and indi-
cated that federal and industrial research coexist in close
proximity to university settings. Cohen and his colleagues
also found that UIRCs reported generating 211 patents in
1990. UIRC patent productivity per dollar invested was
about one-third of that observed in industrial research
and development (R&D) laboratories. Patent productivity
tended to be higher in small UIRCs, those predominately
funded by industry and UIRCs in the fields of biotechnol-
ogy and advanced materials. The biotechnology field was
also most productive among all scientific fields of new prod-
ucts from UIRCs. Twenty-two percent of UIRCs reported
spin-off companies resulting from their work (22).

Broader evidence of the localized benefits of AIRRs
have resulted from studies of what economists refer
to as “spill over.” In a seminal study Jaffe (1989)
found a positive association between university-based and
industrial innovation among companies in the same state,
as measured by the number of patents issued to the firms
between 1972 and 1986. In the drug industry, a 1 percent

increase in university-based, biomedical research was
associated with a 0.28 percent increase in the number
of patents issued to drug firms (23). Additional work by
Jaffe, Trajtenberg, and Henderson (1993) provided further
confirmation of spillovers in a study of whether patents
were more likely to cite earlier patents that originated in
the same geographic location compared to earlier patents
originating in other geographic settings (24). They found
that later patents were significantly more likely to cite
earlier patents that originated nearby than they were
to cite a control group of patents from the same field
and technological area that resulted from work done in a
different state, standard metropolitan statistical area, or
county.

In addition there are real, visible effects of AIRRs
on local economies. For example, academic researchers
have played a seminal role establishment of high
tech industries. Etzkowitz (1988), Etzkowitz and Peters
(1991), and Dorfman (1993) have documented the
role of investigators at the Massachusetts Institute of
Technology, Stanford University, and the University of
California in founding and staffing local biotechnology and
electronics companies such as Raytheon, Data General,
Digital Equipment Corporation, Genetics Institute, and
Biogen in the Route 128 area and Genentech in the
Silicon Valley (25—27). Creation of these firms/industries
no doubt included the creation of high-paying technical
and professional jobs, an increased source of tax revenues
for local economies, and an increased inflow of venture
capital and other research-related services into the local
economies.

RISKS OF AIRRs

As with all forms of individual and institutional behavior
AIRRs have risks that must be addressed. According to
Derek Bok, former president of Harvard University, AIRs
may “...divert the faculty. Graduate students may be
drawn into projects in ways that sacrifice their education
for commercial gain. Research performed with an eye
towards profit may lure investigators into conflicts of
interest or cause them to practice forms of secrecy that
hamper scientific progress. Ultimately, corporate ties may
undermine the university’s reputation for objectivity” (16).
This quote encapsulates many of the worst fears about the
potential negative influences of AIRs on the academic
enterprise.

A frequently cited risk of AIRs is the potential
for increased secrecy in academic science. Secrecy in
scientific research can take a number of forms including
delaying publications for an extended period of time,
faculty refusing to share research results and materials
when asked by other academic scientists, and the
keeping of trade secrets. Blumenthal and colleagues
(1997) found in their 1994-95 survey of academic life
scientists that 27.2 percent of researchers with AIRRs
delayed publication of their research longer than 6
months compared to 16.5 percent of faculty without
industry funding (p < 0.001) (15). Faculty with AIRRs
were significantly more likely than those without AIRRs
to report having denied other university faculty access
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to their research results or biomaterials such as cell
lines, tissues, reagents, and so on (11 vs. 8 percent,
p < 0.01). Participation in trade secrecy, defined as
information kept secret to protect its proprietary value
was significantly more prevalent among researchers with
AIRRs (14.5 percent) compared faculty without AIRRs
(4.7 percent, p < 0.001).

While secrecy may stem from individual scientists’
motivations and career aspirations, it is likely that the
policies of universities and corporate research sponsors
encourage secrecy as well. According to an NIH study in
the early 1990s, 20 percent of AIRRs permitted companies
to delay publications for longer than six months, so
that companies can review findings and secure rights to
commercializable products (28). More than 80 percent of
life science companies supporting research in universities
in 1994 reported that their agreements sometimes require
academic researchers to keep research results secret prior
to filing a patent (17). Cohen and colleagues found that
41 percent of UIRCs had restrictions on their ability
to communicate their research results to the general
public, 29 percent on their communication with faculty at
other universities, 21 percent on sharing information with
faculty in their own institution ,and 13 percent on sharing
information with scientists within their own research
center (22).

Another risk mentioned by Bok was that AIRRs may
have a negative impact on scientists in training. A 1985
survey of 693 advanced trainees in the life sciences at 6
universities found that 34 percent of respondents whose
projects were supported by industry felt constrained in
discussing their research results with other scientists (18).
Further this study found that graduate students and post-
doctoral fellows whose projects were supported by industry
reported significantly fewer publications on average (2.62)
than those with no industry support (3.67).

A third risk of AIRRs is that these relationships may
lure faculty away from basic research, which has long
been the mainstay of academics, towards research that
has commercial applications. Unpublished research by
Blumenthal and colleagues conducted in 1994 found that
more than half (54 percent) of all life scientists felt AIRRs
created pressures on faculty to “spend too much time
on commercial activities” (29). Blumenthal et al. (1996)
found that faculty members with industrial support were
significantly more likely than those without AIRRs to
report that their choice of research topics had been
influenced somewhat or greatly by the likelihood that
the results would have commercial application (35 vs.
14 percent, p < 0.001) (15).

A fourth risk associated with AIRRs is that too much
funding from industry may be associated with lower
research productivity on the part of involved faculty.
Faculty who received more than 66 percent of their funding
from industry published significantly fewer articles over a
three-year period, published in less influential journals,
and were less likely to report commercial outcomes
from their research than faculty with less support from
industry (15). This finding may reflect the faculty that
faculty with more than two-thirds of their funding from
industry are less able than others to attract peer-reviewed

support from governmental and nonindustrial funding
sources.

As with all business relationships there is the risk
that AIRRs may not produce the outcome(s) industrial
sponsors had predicted or hoped for. There are some data
to suggest that the behavior of faculty may cause some
AIRRs to be less useful to companies than when they were
conceived. In 1995, 33 percent of life science firms with
ATRRs reported that academic scientists had changed the
direction of research conducted under an AIRR to the
extent that the results were less useful to the corporate
sponsor than had been originally expected (17).

Bok articulated the greatest potential risk of AIRRs
when he wrote that these relationships may “undermine
the university’s reputation for objectivity.” The public’s
generous support for research is founded on the belief
that the results of research represent faculties’ best effort
to detect the truth, untainted by commercial interests.
Recent research regarding the effects of AIRs on the
outcomes of studies that examined the efficacy and
safety of calcium-channel antagonists in the treatment of
cardiovascular disorders suggests there may be cause for
some concern (30). Between March 1995 and September
1996 more than 70 studies were published that were
either supportive, neutral, or critical with respect to the
safety and efficacy of using calcium-channel antagonists in
the clinical setting (30). Stellfox and colleagues surveyed
the authors of these 70 papers about their relationships
with companies producing the antagonists or with
companies producing competing products. He found that
96 percent of authors whose research was supportive
of the use of calcium-channel antogonists had financial
relationships with companies that produced antagonists,
compared with only 60 percent of those whose research
was neutral, or 37 percent of those whose findings
were critical. Further he found that despite the fact
that 44 out of the 70 authors had AIRs only 2 of
the studies disclosed the authors’ relationships with
industry. As Stellfox and colleagues wrote, “We wonder
how the public would interpret the debate over calcium
channel antagonists if it knew that most of the authors
participating in the debate had undisclosed financial ties
with pharmaceutical manufacturers. .. .Full disclosure of
relationships between physicians and pharmaceutical
manufacturers is necessary to affirm the integrity of the
medical profession and maintain public confidence” (30).

Despite concerns, several of the risks associated with
AIRRs have not been substantiated. First, there is
no evidence that AIRRs have resulted in a diversion
of faculty effort from academic and administrative
commitments —so-called conflicts of commitment. Data
from Blumenthal and colleagues (1996) show that faculty
with AIRRs spent as much time per week teaching
undergraduates, graduate students, and postdoctoral
fellows as those without AIRRs (15). Also AIRRs were
associated with increased rather than decreased service
activities on the part of faculty to their institution and their
discipline. Faculty with AIRRs were significantly more
likely than those without AIRRs to have been chairs of
a departments, universitywide administrators, members
of review panels for federal agencies, editors or editorial
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board members of journals, the heads or associate heads of
research institutes, chairs of a universitywide committees,
or officers of professional associations (15).

AIRRs IN GENETICS (A SPECIAL CASE)

AIRRs in genetics differ significantly from the other life-
sciences fields in terms of their prevalence, magnitude,
benefits and risks. First, AIRRs are significantly more
prevalent in the field of genetics than the other
life-sciences fields. Based on a survey of 210 life-
sciences companies in the United States, Blumenthal and
colleagues (1997) found that after controlling for firm size,
companies conducting genetics research were significantly
more likely than nongenetics firms to support research
in universities (69 vs. 45 percent, p < 0.005) (31). Also
genetics firms were significantly more likely to support
research training than other life science firms (46 vs.
33 percent, p < 0.005).

Second, AIRRS in genetics are longer in duration and
involve more money that AIRRs in other life-sciences
fields (31). Among genetics firms, 19 percent of AIRRs
lasted three years or more compared to 14 percent among
nongenetics companies. Agreements of one year or less
were significantly less common in among genetics firms
than nongenetics firms (15 vs. 34 percent, p < 0.05).
Among large companies the median amount of research
support provided to universities by genetics companies
was $102,000 compared to $70,000 for large, nongenetics
companies.

Third, there is some evidence suggesting that AIRRs
in genetics have greater benefits in some respects than
AIRRs in other fields (31). Among faculty with AIRRs,
genetics researchers reported publishing more articles in
peer reviewed in the preceding three years (18 vs. 14.5),
participating in more service related activities within their
institution or discipline and publishing in more influential
journals than nongeneticists. Also genetics researchers
with industry support were significantly more likely than
other researchers with AIRRs to have applied for a patent,
received a patent, licensed a patent, or started a new
company.

Fourth, AIRRs in genetics are more prone to the
risks of data-withholding than those in the other life
sciences (31). Genetics firms with AIRRs were more likely
than nongenetics firms with AIRRs to report that their
agreements with universities required researchers to keep
results secret beyond the time to file a patent. Also genetics
researchers with AIRRs were significantly more likely to
report that trade secrets resulted from their university
research, to have delayed publication of their results in
order to file for a patent, and to have denied direct requests
from other scientists for access to their research results
and materials than nongenetics researchers with AIRRs.

AIRRs IN BIOTECHNOLOGY, 1985-1995

Since the mid-1980s the rate of faculty participation
in AIRRs has remained about the same (10,15). Based
on 1985 and an 1995 survey of academic biotechnology

researchers (faculty using recombinant DNA, monoclonal
antibodies, gene synthesis, gene sequencing, cell tissue
and culture, enzymology, and large-scale fermentation),
23 percent of biotechnology faculty in 1985 reported that
they were principal investigators on research grants or
projects funded by industry compared to 21 percent in
1995. For these faculty, industry supplied 7.4 percent of
their total research budgets in 1985, as compared with
5.8 percent in 1995.

The experiences of faculty members in 1985 and
1995 were similar in other ways as well. From 1985 to
1995 the percentage of biotechnology researchers with
AIRRs who reported that trade secrets had resulted
from their research increased slightly from 12 percent
to 17.2 percent. However, among those without AIRRs the
percentage who had engaged in trade secrecy doubled from
3 percent in 1985 to 6.6 percent in 1995. Similar results
were found regarding biotechnology researchers’ choice of
investigational topics. In 1985 and 1995, 30 percent of
those with AIRRs reported that their choice of research
topics had been influenced to some extent or to a great
extent by the likelihood that the results would have
commercial application. However, among those without
AIRRs the percentage who reported that their choice of
research topics had been influenced to some extent or to a
great extent by the likelihood that the results would have
commercial application doubled from 7 percent in 1985 to
14 percent in 1995.

IMPLICATIONS FOR POLICY AND MANAGEMENT

Persistent uncertainties about the scope and consequences
of AIRs in biotechnology somewhat complicate the
tasks of regulating and managing these relationships.
Nevertheless, it is possible to draw some reasonable
conclusions concerning these issues from existing data on
the prevalence, magnitude, benefits, risks, and historical
development of AIRs.

First, AIRs in biotechnology and the other life
sciences have documented benefits that constitute a
persuasive argument for continuing and even promoting
AlIRs of certain types and in certain situations. These
benefits are best demonstrated for AIRRs, patent and
licensing arrangements, and academe—industry training
relationships, and include increased funding for academic
research, possible increases in rates of patenting and
publishing on the part of academic investigators, income
from patents and licenses, and the apparent enhancement
of the educational experiences of trainees.

Second, many types of AIRs also pose real risks for
the academic institutions that participate in them. These
risks include reductions in the openness of communication
among investigators, channeling of research in more
applied directions, and threats to the public credibility
of the life sciences. With the exception of certain limited
situations, however, these risks seem not to present a
clear and immediate danger to the conduct of science
in universities or to their educational missions and do
not justify at this time limiting the freedom of academic
institutions to establish AIRs. This conclusion could
change as further information emerges concerning the
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long-term benefits and risks of AIRs both for universities
and for the scientific enterprise. For the time being,
however, policy and management should emphasize
disclosure on the part of life scientists, vigilance on the
part of academic and public administrators, and further
research into the positive and negative effects of these
relationships. In addition it would seem prudent for
academic institutions to avoid excessive dependence on
industrial relationships for research support. This will
minimize the chances that the effects of AIRs on the
norms and behaviors of universities will have significant,
lasting impact on the character of life science research.

Third, certain forms or combinations of AIRs pose
qualitatively greater concerns than others. Intense
conflicts of interest arise in equity-holding AIRs (especially
those where potential gains to investigators are large) and
in major, sustained consulting arrangements in which
faculty members derive appreciable amounts of their
annual income from one particular company or a small
number of companies. Public and private managers are
justified in subjecting these relationships to a higher
level of scrutiny, in limiting the size and number of such
relationships among their faculty, and, in certain cases, in
forbidding them altogether.

Another situation requiring different treatment is
AlIRs in which patients are directly involved, such as
research involving living human subjects. When academic
clinical investigators have financial relationships with
companies (usually in the form of substantial equity
positions or major consulting income) that may benefit
from their clinical research, the resulting conflicts of
interest create the appearance or reality that the interests
of human subjects may in some way be compromised.
This could occur, for example, if financially involved
clinical investigators failed to fully inform prospective
research subjects of the benefits and risks of the clinical
protocols, inappropriately pressed subjects who wished to
withdraw to remain in a research protocol, or engaged in
biased patient recruitment to increase the chances of a
successful outcome. The chances of such occurrences are
less for large-scale, multicenter clinical trials than for more
exploratory types of clinical investigation. Nevertheless,
even large-scale clinical trials may not be exempt from
such concerns when they occur in a discipline with a
small number of leading investigators who may all have
relationships with sponsoring companies.

One final situation that raises special issues is
when academic administrators develop personal financial
relationships with outside firms with which their faculty
are also involved. Such relationships have no documented
benefits but jeopardize the real or apparent ability
of universities to manage objectively their faculty
members’ AIRs.

A fourth conclusion is that it is neither practical nor
desirable for the federal government to dictate detailed
rules for management of AIRs in biotechnology or the other
life sciences across the United States. Past experience with
oversight of research involving human subjects suggests
the feasibility of permitting individual institutions to take
responsibility for overseeing AIRs. However, experience
with institutional review boards also suggests the need for

continuing federal supervision and review of universities
as they attempt self-regulation of sensitive ethical and
policy issues related to research. Such supervision and
review will undoubtedly be required for federal sponsors
of research in the area of AIRs.

With these conclusions in mind, the following specific
recommendations for universities and for federal research
sponsors seem appropriate. For academic institutions:

1. All universities conducting biotechnology and health
science research should require regular disclosure by
faculty (including those not receiving federal funds)
and senior administrators of financial relationships
with companies that have life-sciences or health care
interests. These disclosures should be reviewed care-
fully and confidentially by academic managers. Dis-
closure constitutes the minimal acceptable response
of academic institutions to the demonstrated risks
posed by AIRs in biotechnology and other fields. It
is also impossible for academic institutions to learn
from experience with AIRs if they do not know they
exist.

2. Academic institutions should develop explicit poli-
cies for deciding which AIRs in biotechnology are
desirable and undesirable. In this regard it would be
prudent for universities to prohibit research involv-
ing living human subjects on the part of investigators
with major financial interests in companies that may
benefit from the results of that research.

3. Academic institutions should avoid excessive depen-
dence on industrially sponsored research, given the
proven risks of such relationships. The definition
of excessive will undoubtedly vary from institution
to institution, but a reasonable rule would be to
keep industrial research support below one-third of
total funds for biotechnology and other life-sciences
research. Given dramatic recent increases in NIH
funding, meeting this target will be appreciably eas-
ier than it was in the 1990s.

For federal sponsors of research:

1. The federal government should not fund clinical
research when the principal investigator has a
personal financial relationship with a company that
may be affected by the outcome of that research.
Exceptions may be made in cases where the
relationships are minimal according to standards
defined by the federal government.

2. The federal government should not fund research
at institutions that do not have formal policies and
procedures governing academe—industry relation-
ships, or where such policies and procedures cannot
be fairly and effectively enforced. The latter cir-
cumstance would arguably exist when there is no
effective enforcement process, or where academic
administrators themselves share financial interests
in companies in which faculty members are also
involved.

Academic industry relationships in biotechnology and the
life sciences generally are part of the modern life-sciences
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economy. They cannot and should not be prevented. But
their benefits should not be exaggerated, nor their risks
minimized. Academic institutions are priceless resources
whose integrity and independence are critical to the long-
term health of the American people and the American
economy.
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INTRODUCTION

After nearly a century of neglect, agriculture is receiv-
ing increased attention from intellectuals concerned with
social ethics. Along with the ethical dimensions of agricul-
ture’s impact on the environment and nonhuman animals,
one fundamental ethical concern is the plight of the fam-
ily farm, the traditional farming unit around the globe.
The family farm is considered by many ethicists to have
special moral, cultural, or political-economic significance,
and various social and economic forces — especially new
agricultural technologies—appear to threaten to drive
the family farm to extinction. The increased reliance on
high technology approaches to farming, and the increasing
dependence of agriculture on other sectors of the economy,
especially manufacturing and petrochemical refining, is
referred to as the industrialization of agriculture. While
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the industrialization of agriculture has been a century-
long trend, the emergence of agricultural biotechnology in
the 1970s heightened concerns that the family farm was
becoming even more threatened. This is because agricul-
tural biotechnology was thought to benefit primarily (or
exclusively) large, already industrialized farms. If, as some
people argue, society has some ethical obligation to pro-
tect or save family farms, then industrialization overall,
and the new agricultural biotechnologies in particular, are
cause for serious ethical concern. Independent of religious
or environmental objections to biotechnology, there are
three “family farm critiques” of agricultural biotechnology.
These are based on the potential damage biotechnology
might inflict on (I) an important political-economic entity,
(2) a cherished symbol if not the embodiment of basic
moral values, and (3) the solution to long-term natural
resource problems.

INDUSTRIALIZATION OF AGRICULTURE

Industrialization of Agriculture: A Brief Overview

The “industrialization of agriculture” is a catchword for a
broad set of changes that have occurred in agriculture in
the United States and other developed countries over the
last one hundred years. Its main features are as follows:

o The transition from animal powered farming tech-
niques to machine power, with its attendant need for
electrical or petrochemical fuel.

o The transition from the use of inputs (seed, fertilizers,
and pest control measures) produced on the farm and
reused yearly to the purchase of inputs from nonfarm
sources, such as seed companies.

e The transition from small- to medium-sized farms,
worked by a farm family and a few hired hands, to
large-scale farms where all workers are hired and the
farm manager may not even be the farm owner.

e The transition from localized and seasonal farm
markets to regional, national and international
markets, and “seasonal” produce available year-
round.

e The transition from numerous independent farm
producers supplying markets and processing firms
to a relatively small number of large farm producers
supplying commodities under contract to processing
firms.

e The overall integration of agriculture into the larger
industrial society with farming conceived of as “just
another industry” akin to manufacturing or retail.

One could argue that the “industrialization” of agricul-
ture began when humans first began using fabricating
tools for farming, such as stone hoes, metal plows, or
leather harnesses for draft animals. Most observers of
agriculture, however, identify the beginnings of industri-
alization with the emergence of agricultural chemicals,
particularly fertilizers, in the late 1800s. A more signifi-
cant change in agriculture occurred with the development
and widespread adoption of mechanical technologies, espe-
cially the gasoline-powered tractor, in the 1920s in the

United States. Refinements and major breakthroughs
in agricultural machinery (combines, harvesters, and
postharvest storage technologies) and agricultural chemi-
cals (pesticides, herbicides, and animal pharmaceuticals)
continued throughout the middle twentieth century. After
World War II the pace of these developments accelerated.
In recent decades additional improvements in machines
and chemicals have been accompanied by the growing
use of computers in agriculture. Now we are witnessing
what some see as the culmination of technological indus-
trialization, the introduction of various biotechnologically
produced products for agriculture.

The industrialization of agriculture is not simply the
transition from a primarily manual-labor-based enter-
prise to a more technologically based production system.
The biological, economic, and sociological dimensions of
agricultural have changed in important ways as well.
For example, the basic biological unit of crop produc-
tion —the seed —has undergone significant changes. Soy-
beans and corn are no longer produced from the best seed
saved from the farmer’s previous year’s harvest. Seeds
are now biologically altered by scientists, patented (or
given other patent-like protections) and sold to farmers
annually. Hybridization, while augmenting desired traits
in plants (e.g., salt tolerance and drought resistance),
has made farmers dependent on external agents —seed
stores, seed companies, and researchers in agricultural
colleges —for the acquisition of their basic production
input. Similarly chemicals and gas-powered machinery
have to be purchased, often at considerable cost. Computer
usage requires expensive operating programs and train-
ing. Products of biotechnology such as bioengineered seed
or genetically altered animals also have to be purchased.
Each of these changes in farm technology carries the
attending consequence that agriculture increasingly must
rely on nonfarm sources for the biological and mechanical
inputs necessary for farming in its current form.

These changes have brought socioeconomic conse-
quences. Three in particular stand out: (1) The size of
farms has steadily increased since the turn of the twenti-
eth century, (2) the number of farms in the United States
has rapidly declined since around 1930, and (3) there has
been a sharp decline in the number of people involved
in agriculture —both owners and hired labor. The trend
in farm size is directly attributable to the nature of the
technological changes that have occurred in farming. It
is a generally recognized fact that technologies are not
what economists refer to as “scale-neutral.” Certain tech-
nologies tend to favor production systems or enterprises
of a particular size or scale. In agriculture, most of the
technologies introduced over the last 40 years tend to
favor large farm operations. Cost is a factor. Purchasing
chemicals or seed in large quantities reduces the per unit
or marginal cost of those expenses. Large operations are
typically in a better financial position to buy mass qual-
itites and thereby realize a savings. Cost is not the only
factor, however. While a large 400 horsepower grain har-
vester is expensive, it is also better suited to large fields.
Most of the important new technologies introduced into
farming since World War II have tended to be (and it is
frequently claimed were intended to be) more useful to
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large-scale farming operations. As large-scale farms have
grown larger, the total number of farms has declined along
with the number of people involved in farming. There are
several reasons for these related trends. The departure
of people from agriculture and the decline in the num-
ber of farms from 1930 to 1945 has been attributed to
the economic hardships farmers faced during the Great
Depression. Many lost their farms because of an inability
to purchase critical inputs and/or receive credit from failed
banks. Around 1940 many young farmers and male chil-
dren of older farmers went to serve in the war. Of those
who returned home, many preferred to forsake the hard
life of farming for alternative employment in newly sub-
urbanizing America. Others pursued advanced education
with the help of the GI Bill. The result was a rapid decline
in the total number of farms and farm-based employment.

Even 50 years after World War II farm numbers and
farm employment continue to decline. Urbanization, loss of
farmland, and the less-than-glorious nature of farm work
undoubtedly continue to contribute to this decline. It has
been argued that there has been a systematic attempt
by the federal government and nonfarm agribusiness
industries to consolidate production into fewer and larger
farms. The development of non-scale-neutral technologies
have contributed to that. Many small farms are now what
amounts to “hobby” farms that do not contribute in a
significant way to the total output of agricultural as a
whole. Middle-sized farms are forced either to get big or
be reduced to hobby-type farms.

Current Structure of Agriculture

The term “structure of agriculture” refers to the overall
nature of the agricultural industry in terms of its economic,
sociological, and demographic features. The industrializa-
tion of agriculture has resulted in a restructuring of the
nature of farming in the United States and other devel-
oped nations. The composition of farming, for example, the
number and size of farms, who farms, and what the rela-
tionship is between farms and nonfarm enterprises, has
changed. Currently the United States has what is called a
“bipolar” agricultural structure. Of the nearly two million
farms in the United States, fewer than 25 percent produce
more than 80 percent of foodstuffs Americans consume.
About 15 percent of farms account for three quarters of
total agricultural sales (in dollars). The average income
for roughly 75 percent of U.S. farms is around $17,000.
Nearly all U.S. farms supplement their income with non-
farm income, and for most farms the nonfarm income
exceeds farm income. However, for most small farms,
the nonfarm income actually covers net farm losses. In
terms of size, nearly a million and a half of U.S. farms
are less than 80 acres, whereas some farms in Califor-
nia, Texas, and Florida are as large as 200,000 acres.
Ownership patterns have changed as well. While most
small- and mid-size farms are single-family proprietor-
ships or family-owned corporations, many of the largest
and greatest revenue-producing farms are owned by cor-
porations whose primary enterprise is not agricultural.
For example, many farms are owned by petrochemical
companies, restaurant chains, and a consortium of urban-
based investors. A legitimate question that can be raised

is why agricultural industrialization or the increasingly
bipolar structure of agriculture should be of any concern,
given that (1) less than 3 percent of the U.S. population is
engaged in farming and (2) Americans spend the smallest
portion of their income (15 to 18 percent) on food com-
pared with the rest of the world. One could argue that the
structural changes occurring are simply the logical result
of the technological transformation of agriculture. As long
as consumers continue to spend a relatively small por-
tion of their income on agricultural products and remain
happy with the outcome of agriculture’s industrialization,
there is little cause for concern, economic, ethical, or oth-
erwise. Some people believe, however, that there is cause
for concern.

Ethics and Industrialization

Consumers are generally satisfied with the relatively low
price of food and fiber products in the United States.
This establishes, for some, an ethical justification for
the industrialization of agriculture and its attendant
structural effects. Utilitarian ethical theory holds that
actions or policies are ethically sound if they result in
“the greatest good of the greatest number,” which many
utilitarian ethicists interpret to mean “most satisfied
preferences.” The longstanding goals of agricultural policy
and practices —including the development of agricultural
technologies —have been (1) enough food, (2) a safe food
supply, and (3) inexpensive food (the cost of the food
should be at a rate that will return a reasonable profit
to farmers). These three goals can be referred to as the
“QQP” outcome: sufficient quantity, adequate quality,
affordable (and profitable) price. It is generally held
that the U.S. food system has met these goals and any
utilitarian evaluation of the system would conclude that
the current nature of agriculture is not only acceptable
but also “ethically best.” However, this line of thinking
precludes customer awareness of agricultural processes.
Consumers may never see the process or even think about
the process that their food goes through before it reaches
their table. Some would say as long as people get their
food it does not matter to them what is going on in
the agricultural process. Therefore agriculture and the
technologies employed in food and fiber production can
remain “invisible” tools for the satisfaction of consumer
preferences and still be justified on utilitarian grounds.
According to utilitarian reasoning, it is only the increas-
ing visibility of some of the results of industrialization
(agricultural or otherwise) which accounts for questions
about the ethics of contemporary practices. The notice-
able environmental effects of agriculture processes, for
instance, water pollution, soil erosion, or even the smell of
diary or swine production, have begun to erode, though not
completely undermine, the “satisfied preferences” basis for
industrialized agriculture’s legitimacy. In the 1960s heavy
air pollution and fouled rivers led to concerns about the
legitimacy of the smokestack industry and forced changes
in practices and policies in that industry. If the impacts
of industrialization on small farms were to become as
apparent to the public as they are to residents of rural
communities, one might expect a change in attitudes and
policies toward the industrialization of agriculture. For the
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present, however, it appears that industrialization will be
endorsed despite the attempts of contemporary Agrarian
philosophers and small-farm activists to alert the public to
the negative impacts of industrialization. After all, in the
utilitarian calculus, the livelihoods of less than 2 million
people weigh lightly against the satisfaction of 260 million
others. Even so, there are strong ethical arguments about
why we should be concerned about industrialization and
the restructuring of agriculture.

ETHICS AND THE FAMILY FARM

Why Focus on the Family Farm?

In the 1960s and early 1970s, people concerned with social
ethics were alerted to the significance of agricultural
practices and policies through the publication of Rachel
Carson’s Silent Spring (1) and Ruth Harrison’s Animal
Machines, the New Factory Farming Industry (2). During
this time the focus of agricultural ethics was on
the environmental consequences of agriculture and the
treatment of nonhuman animals. The scope of agricultural
ethics began to broaden in the late 1970s, and its focus
began to shift. Films and television documentaries in
the United States highlighted the conditions of farm
labor. The public’s attention was caught by the successful
unionization of California farm labor. Food safety became
a matter of larger public concern as questions were raised
about the carcinogenicity of artificial food additives. U.S.
foreign aid, trade, and development policies came under
increased scrutiny after the sale of U.S. grain surpluses to
the Soviet Union and after the famine in Bangladesh. By
the early 1980s ethical analysis and critique of agriculture
was well underway. It was Wendell Berry’s The Unsettling
of America (3), however, that ignited the most focused
philosophical and ethical works in agricultural ethics.
Berry articulated and critiqued the whole philosophy of
modern agriculture. His work prompted social scientists,
ethicists, and philosophers to study the trends, meanings,
and normative implications of the modern agricultural
production with a focus on its impact on traditional family
farms.

Today agricultural or food system ethics encompasses
a broad range of ethical concerns—chemical use, farm
labor and management practices, impacts on animals,
environmental pollution and resource depletion, the
health of the land, food safety, and issues relating to
international aid, trade, and development. Yet, for many
agricultural ethicists, the key to understanding the ethical
depth and complexity of agriculture—and how many
of the practices of contemporary farming are ethically
objectionable —is the family farm. Berry argued that the
traditional family farm represents a way of life that
precludes its contributing to environmental or cultural
problems associated with industrialized agriculture. Most
agricultural ethicists see the family farm as Berry
characterized it: a standard against which most ethical
issues or problems in agriculture can be “tested.” There
are three ways in which the family farm serves as
this standard: (I) from a political-economic perspective,
the question of whether family farms can continue to

exist represents a test of the fairness or justness of
democratic, market-based societies, (2) from a cultural or
moral-value perspective, the question of whether values
associated with traditional family farms continue to
be viable serves as a test of the moral or spiritual
health of modern society, and (3) from the perspective
of our responsibility to future generations, the question of
whether environmentally sustainable practices of family
farms can be employed in modern farming tests the
legitimacy of current production practices. Acceptance of
the family farm as an ethical standard in any of these
three domains gives agricultural ethicists reasons to take
issue with biotechnology: Agricultural biotechnology may
threaten or undermine the family farm. As such, these
three perspectives together form what can be referred to
as “the family farm critique” of agricultural biotechnology.
Before proceeding to that matter, a brief examination
of the arguments supporting the ethical standing of
the family farm is in order. It should be noted that
the following sections, the terms agrarian populism and
agrarian traditionalism, when referring to contemporary
philosophies, are derived from Thompson et al. (4).

Agrarian Populism and Farmers’ Rights

Agrarianism is a philosophy that holds that farming is
an important social good. Farming is a profession or
occupation that ought to be respected, and in the legal-
political realm, protected. The United States has had a
long history of political and social concern for the plight
of farmers. In his Notes on the State of Virginia, Thomas
Jefferson argued that small-scale agricultural freeholders
are good citizens and essential for the political-cultural life
of the new nation being formed. They embody the “spirit of
independence,” but more important, a class of land-based,
geographically dispersed, independent laborers serve as a
political check against powerful urban interests and other
threats to democracy. According to Jefferson, farmers and
farm communities are to be encouraged and protected.
Jefferson’s ideas continued to be voiced in the cultural
practices and government policies of the United States for
more than a hundred years. It was not until the late 1860s
that small-scale farmers realized that the Jeffersonian
agrarian vision was being undermined. It was during
this time, that the combined effect of U.S. Department of
Agriculture programs, federal monetary policies, and the
growing political strength of banking and manufacturing
interests began to place small farmers in political and
economic jeopardy.

At the turn of the century, Agrarian Populism (after
the People’s Party, circa 1870—1920) resurrected political-
cultural arguments concerning the importance of small-
scale farms. According to Populists, farmers’ fundamental
rights (property rights and the right to self-determination)
were being deliberately violated or threatened by large
business enterprises and government programs. Populists
argued that small-scale farmers were entitled to “equal
protection under the law,” at the very least. Indeed,
big business and big government at the time were
acting to undermine basic principles of democracy and
free-market capitalism. Populists demanded reforms and
found some concessions. Nevertheless, the Agrarian
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Populist movement failed to protect small farms over the
longer term.

If the Populists had succeeded in all their demands
regarding the protection of small farms, industrialization
and structural change would not be an issue. Indeed, it
is partly the result of the failure of Agrarian Populism
as a political reform movement that Agrarian Populist
arguments remains philosophically significant position
to this day. As things stand, the philosophical tenets of
Agrarian Populism are the basis for an ethical analysis
and critique of contemporary agricultural practices and
policies, including biotechnology and biotechnology policy.
According to one contemporary spokesperson for Agrarian
Populism, Jim Hightower (5), the family farm remains
an important ethical, political, and economic entity: The
family farm is one of the last, if not the last, holdouts in
the attempt to secure fundamental values of democratic
societies — freedom, self-determination, and equality of
opportunity. While it may be no more important than,
for example, hardware stores or plumbers, family farms
are at the very least entitled to not be discriminated
against in markets or in public policy (including research
and development policies). The claim (like that of the
turn-of-the-century Agrarians) is that the government
and big business have conspired to drive family farms
out of business and out of existence. Government policies
encourage large farms, and large-scale agribusiness firms
are always waiting in the wings to scavenge the remains
of small farms unable to stay in production. It is unethical
that individual farmers’ rights and opportunities are
systematically being violated, whether it is deliberate
or simply the result of the socioeconomic system. It is
also a harbinger of the death of democracy and free-
market capitalism. According to Hightower and fellow
Populist Marty Strange (6), family farms are potentially
economically and politically viable despite what defenders
of current agricultural practices claim. This is true,
however, only if the government takes steps to protect
family farms. Family farms may have no intrinsic or
special ethical value to some, but they are valuable to
the greater society. As a matter of justice, governments
should guarantee that markets and policies are fair.

Agrarian Traditionalism and the Moral Value of Farms

Somewhat in contrast to Populism, Agrarian Tradition-
alism, exemplified in Wendell Berry’s work, holds that
traditional family farms have intrinsic or special ethi-
cal significance. Traditionalists agree with Populists that
family farms should be preserved and protected but for dif-
ferent reasons. According to Agrarian Traditionalism, the
family farm is at once the embodiment as well as the sym-
bol of a set of values and virtues that have inherent worth.
Among these values or virtues are self-reliance, commu-
nity, and communion with nature. Traditionalists argue
that the traditional family farm, by the very nature of
the activities that occur thereon, promotes those virtues.
Family farms engaged in the difficult labor of harness-
ing nature’s power in order to survive, foster strength
of will, courage, and self-determination among family
members. The nature of farm work and the need for
members of the larger farm community to help each other

during times of adversity fosters a sense of community
values —sharing benefits and burdens, joys and suffer-
ings. Those values and virtues are self-reinforcing and
above all healthy for body and soul. Traditionalists argue
that the modernization of farming — agriculture as a busi-
ness —degrades and threatens farming as a “way of life.”
There are differences within Traditionalism concerning
the precise meaning of the family farm as a moral ideal
in this regard. To some, family farms, even in the present
age, embody and promote those values or virtues. If fam-
ily farms are intrinsically good in so doing, an implicit
moral judgment might follow that everyone should engage
in family farming. Since this is not possible in modern
society, some traditionalists hold that while family farms
do embody these virtues, the more important point is that
they serve as symbols or paradigms for how fundamental
ethical virtues such as community and respect for nature
should be regarded. The family farm, in other words, is
a metaphor for the good life, ethically conceived, rather
than a profession or occupation to which all people ought
to devote themselves.

Whether Agrarian Traditionalism is understood as
advocating for the intrinsic value of actual family
farms or suggesting that the family farm serves as
a metaphor for the ethical life, a critique of modern
agriculture or modern society necessarily follows from
its tenets. Traditionalism holds that modern agricultural
practices are essentially inimical to self-reliance, moral
character, family values, and communities. Modern society
is business-oriented and materialistic, and decidedly out
of sync with basic human needs, especially spirituality.
Moreover modern agriculture and society are insensitive to
the rhythms of nature and the organic or holistic features
of the traditional family farm. If there are fundamental
ecological, psychological, and philosophical truths, modern
agriculture and society are alienated from these. Perhaps
it is not possible for everyone to experience these by
actually farming. They are nevertheless fundamental
ethical goods that would, if followed, lead to significant
changes in the way modern people live their lives.

Family Farms and the Future

Agrarian Populists and Agrarian Traditionalists share
the belief that since family farms have political-economic
or intrinsic ethical value, public policies should at least
preserve and protect family farms, if not actively promote
or encourage them. Agrarians’ arguments are increasingly
being joined by proponents of “sustainable agriculture,”
who find the structure of traditional family farms and
their farming techniques to be more consistent with
long-term environmental stewardship which is essential
for a sustainable planet. According to proponents of
sustainability, human beings have fundamental ethical
obligations to the future. Among these obligations is the
duty to not exploit natural resources to the point that
future generations will be unable to sustain themselves
though food and fiber production. Given that many if
not most modern industrial agricultural practices are
resource-depleting there is an ethical obligation to change
those practices. Taking this one step further, it has
been argued that present people have an obligation to
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leave for posterity sound democratic institutions and a
heritage of deep cultural and moral values. In each case,
then, sustainability advocates strike notes similar to the
Agrarians: Save the family farm, for political-economic,
cultural-moral, and environmental reasons. This also is a
matter of intergenerational justice.

In each of the positions described above, the ethical
argument implies a critique of many if not most contem-
porary agricultural practices and policies. Agriculture has
become in most developed nations a fairly large-scale,
high technology, inputs-dependent industry. Family farm
advocates have challenged large-scale corporate farm-
ers, government policy makers, and agribusiness inputs
manufacturers (chemical, mechanical, biotechnological) on
ethical grounds. They argue that not only should family
farms be protected or promoted, but many of the practices
and practices associated with modern agriculture must
be rejected. Family farm proponents have begun to tar-
get corporate and government/university actors involved
in research and development for foisting ever-increasing
industrialization on the farm sector. In essence, Agrarians
and advocates of sustainable agriculture have come to find
high technology —machines, chemicals, computers, and
now biotechnology —ethically indictable in the apparent
continuing demise of the traditional family farm. There
is a shared critique and a shared vision of what is wrong
with modern, industrial agriculture.

BIOTECHNOLOGY, INDUSTRIAL AGRICULTURE, AND
THE FAMILY FARM

Emergence of Agricultural Biotechnology

The first applications of biotechnology were primarily in
the medical/pharmaceutical field, such as in producing
bioengineered insulin. The earliest agriculturally related
products to emerge from genetic engineering were enzymes
for fermentation (mainly for cheese) and agents for
the biological control of pests, for example, bacillus
thuringiensis (Bt). These products of biotechnology were
not exactly the breakthroughs that the biotechnology
community and agriculturalists have envisioned in the
early 1970s (7). Rather, they were simply organisms
whose commercial use value was enhanced through
biotechnology, since genetic engineering made their large-
scale production more efficient and less costly.

In 1970 the commercial prospects for agricultural
biotechnology were made more attractive to the scientific
community and to industry with the passage of the
Plant Variety Protection Act (PVPA). PVPA provided for
patentlike protections for novel plant species, whether
the new or improved species was produced through
conventional plant breeding or through bioengineering.
PVPA’s legal protections were extended as a result of two
U.S. Supreme Court decisions (1980 and 1985), which
allowed complete patent protection of novel organisms
and plant species. The U.S. Patent and Trademark Office’s
decision (1988) to allow researchers at Harvard University
to patent a mouse that had been generically altered,
and this brought to completion the legal protections
necessary for researchers involved in biotechnology to
forge ahead with the development and commercial release

of biotechnology products and processes, including those
related to agriculture.

Agricultural researchers interviewed in a 1983 U.S.
National Science Foundation-sponsored study believed
that genetically engineered varieties of tomatoes and
wheat, for example, would be in farmers’ fields within five
to ten years (7). In fact those bioengineered species are
only now becoming commercially widespread. The overall
process of bringing commercial agricultural biotechnolo-
gies to the marketplace or to the farm has been very slow.
While pharmaceuticals and “biologics” (e.g., growth hor-
mones) for animal agriculture are becoming increasingly
available, the pace of the introduction of these has been far
less rapid than early proponents of agricultural biotech-
nology (researchers and corporate marketing agents) had
predicted and promoted. At present, the actual number
of products from biotechnology currently being used in
agriculture is not large. Nevertheless, given patents and
patentlike protections, and the prospects for large prof-
its from bioengineered agricultural products, that number
is likely to increase at a rapid rate. Estimates are that
market for U.S. agricultural biotechnology will grow from
approximately $400 million in 1998 to over $2 billion by
2008 (8,9).

Despite the risks generally associated with biotechnol-
ogy, there has been little public controversy over agri-
cultural biotechnology. Although the most sophisticated
application of genetic engineering to date (1998), cloning,
was performed on an agricultural animal, controversies
about cloning focused the possibilities of cloning human
beings and not on agricultural applications. Perhaps the
most contentious development in agricultural biotechnol-
ogy per se has been the introduction of bovine somatotropin
(bST), the nonsteroidal hormone capable of increasing milk
production in dairy cattle. Yet even the main objections
to bST, mostly at the public policy level and initiated by
consumer groups, have had to do with its safety relative
to human consumption of milk from bST-treated cows.
Its role in agricultural industrialization and restructur-
ing, while noted by some activist groups, has received
little public or governmental attention. This is under-
standable given the relatively little attention the larger
public devotes to anything related to agriculture —unless
it directly affects human health or the environment.

Reach of Agricultural Biotechnology

The industrialization of agriculture has had the effect
of blurring lines between research activities, industries,
and governmental activities that formerly were separable
and relatively isolated from each other. Agricultural
animal science research is now closely tied to human
medicinal and pharmaceutical research. Petrochemical
and pharmaceutical firms own seed companies and
animal-breeding facilities. Food safety oversight and
regulation now includes involvement from the Department
of Agriculture, the Food and Drug Administration, and
the Environmental Protection Agency. Each of these
connections suggest that agricultural production has
become more and more integrated into the larger
industrial society.
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One major goal of industrialization in any sector
of an economy is control. Industrialization requires
and enhances control over a production-distribution
system, whether it is the factory, the transportation of
products or marketing. This goal has permeated industrial
agriculture. Farmers and the firms supplying agricultural
technologies have always looked for ways of increasing
control over the production of food and fiber. Part of the
appeal of agricultural biotechnology is the promise of even
greater control over farming. Farmers and agribusiness
concerns differ, however, in what kinds of control they
wish to exercise over farming.

Agricultural biotechnologies can be categorized in
terms of what sorts of control they allow the farmer
over the production process. The most basic units in
agriculture are, for crops, the soil, water, and solar
resources and the plants or seeds to be grown. For
animal agriculture, they are the animals (swine, cattle,
chickens, etc.) and the foodstuffs necessary for producing
animal products. The longstanding goal of traditional
plant and animal breeding has been the introduction of
traits into plants and animals that would allow them
to be more productive relative to the conditions under
which they are grown, which includes both natural
circumstances (soil, water, etc.) as well as inputs such
as feed. Biotechnology, at least in theory, makes those
goals more attainable because genetic engineering is
quicker and more precise in the transference of the
genes controlling those traits. Plant varieties that are
pest resistant, drought resistant, better able to absorb
nutrients in the soil, and the like, are a desirable outcomes
of crop biotechnology. Similarly animals bioengineered to
withstand hostile climatic conditions or resist diseases
while continuing to produce milk, eggs, or lean muscle
tissue are important goals for animal biotechnology. Plant
varieties or animal species so engineered are in less
need of constant management of inputs and external
conditions. Therefore biotechnologically improved plants
and animals should give agricultural producers more
control over their production processes. The most desirable
products of biotechnology for industrialized farms thus are
bioengineered plant and animal species.

In the absence of a plant variety that is high-yielding
and resistant to pests or climatic stresses, a second level
of agricultural biotechnologies is desirable. These are
genetically engineered organisms or biotechnologically
produced substances that assist the plant in resisting
pests or diseases or taking up nutrients from the soil.
Bacillus thuringiensis (Bt, mentioned above) is one such
product. Bt is a bacterium, engineered so as to be deadly
to various species of caterpillar that are harmful to
vegetable (tomato, bean) plants but not harmful to the
plant nor other species (including humans). Organisms
that prevent frost damage to fragile young plants (e.g.,
potatoes, strawberries) have also been bioengineered. For
crop farming, these “external” control agents (sprayed
on crops) are obviously less desirable than a crop with
pest resistance or frost tolerance “built in,” but they are
nevertheless useful in helping control the environment in
which production occurs.

For animal agriculture, the second tier in biotechnology
is similar: organisms or chemical substances that might be

injected or added to feed in order to help prevent disease,
augment nutrition, and increase control of milk or egg or
meat production. Bovine somatotrophin (bST, also called
bovine growth hormone (BGH)) is one of these. When bST
is administered to dairy cattle, it increases milk output
without a corresponding need for increased animal feed
intake.

A third tier of agricultural biotechnology is concerned
with postharvest control over the products of agriculture,
whether plant or animal. Though some of these directly
benefit farmers, most are designed to reduce spoilage in
vegetables and grains and keep animal products fresh
and safe during transportation and marketing. Some
are designed to help control or speed up processing,
for example, bioengineered enzymes that are more
efficient than traditionally used biochemicals in the
fermentation of cheeses or beer. While some of these
third-tier products have become available for commercial
use in transportation, processing, and marketing, most
postharvest biotechnology products are still in the
developmental stage.

In fact most of the desired agricultural biotechnol-
ogy products and processes are still in the developmental
stage, and many will never reach commercial applica-
bility. Nevertheless, the energies and monies invested
in agricultural biotechnology suggest that the long-
touted “biotechnological revolution” in agriculture is quite
possible. Given the longstanding goal of increased produc-
tivity and its corollary, increased control in the produc-
tion—processing—distribution system, increased agricul-
tural biotechnology is desirable at least for its corporate
producers. This suggests an additional issue of control
associated with agricultural biotechnology. That is the
potential control of agriculture, including both large and
small farms, associated with the corporate entities who
are by and large the major proponents and suppliers of
agricultural biotechnology.

Biotechnology, Corporations, and the Family Farm

Technological change and economics of scale have placed
small- and medium-sized farms (both of which most likely
to be family farms) in a precarious position. According to
the theory of the “technology treadmill,” farms must be
able to adopt the latest, efficiency-enhancing technologies
as these technologies emerge from the research and
development process. Large industrialized farms are most
likely to be able to keep up with the acquisition of “new
and improved” technologies. Middle-sized and small farms
must either figure out ways to move toward adoption, or
fall off the treadmill. Small farms are most likely to fall.
The issue with agricultural biotechnology is the same.
Some of biotechnology’s real and potential products and
processes for agriculture may be scale neutral, equally
capable of benefiting small and large farms. However,
it has been claimed that most, including, for example,
bST, are not scale neutral, and appear to be designed
for large farming operations. Research and development
of agricultural biotechnology in universities (especially
in colleges of agriculture) has been criticized for being
financially and politically influenced by large-scale farm
operators. What large farms desire is what is produced.



16 AGRICULTURAL BIOTECHNOLOGY, ETHICS, FAMILY FARMS, AND INDUSTRIALIZATION

While the intention may not be to deliberately harm small
or medium family farms, the nature of the products and
processes developed does so anyway by exacerbating the
technology treadmill.

More significant is the fact that final product develop-
ment, production, and marketing of biotechnology prod-
ucts and processes is in the hands of large, in many cases,
multinational corporations. In fact much of the university-
based research is being funded by those corporations,
which include pharmaceutical firms, seed companies,
petrochemical giants, and global food-and-fiber products
distributors. The primary concern of these agribusiness
firms is to increase profits and market shares for their
products, and one way of doing so is to bring “new and
improved” agricultural biotechnology to the market as
quickly, and as often, as possible. In this regard corpo-
rate producers of agricultural biotechnology can control
the speed and direction of the technology treadmill. In
so doing, these corporations effectively control the further
industrialization of agriculture, with attendant implica-
tions for the restructuring of agriculture and the fate of
the family farm.

There are two likely outcomes of the way in which
agricultural biotechnology is currently being developed
and commercialized: Only large-scale farming operations
will be able to afford them, and only large-scale enterprises
will be able to efficiently and effectively employ the
products. The structural effects of these outcomes will
be reinforced by other current trends. For example, in the
broiler chicken industry, producers must purchase inputs
(chicks, feed) from a given firm and sell their products back
to that firm under a contractual tie between corporate
actors and on-farm producers. The small grower who is
unable either to afford the inputs or able to guarantee a
particular quantity at a particular weight at a fixed price
is effectively excluded from the market. With no viable
market for its products, the smaller farm will fall out
of agricultural production (other things being equal). In
the case of some of the new agricultural biotechnology
products, a similar contractual arrangement is taking
place. Growers who want to plant a particularly high-
yielding soybean hybrid bioengineered for tolerance to a
particular herbicide must agree in writing to purchase
both seed and the herbicide from the same corporation.
This may be contrary to growers’ best interests, given the
fact that the herbicide’s patent protection has run out
and other companies are producing identical herbicides
at a lower price. Moreover the seed-herbicide “package”
is expensive, effectively limiting its market to large
producers.

The nature of agricultural biotechnology’s products
then, combined with the fact that these products and
processes will be the domain of large corporate actors in
the food system, does not portend well for family farms.
Indeed, it may raise concerns for all of agriculture as
even large-scale farms find themselves increasingly tied to
nonfarm agribusiness corporations. Biotechnology per se
may not be the ultimate cause of further industrialization
or increasing bipolarization in the structure of agriculture.
Agricultural biotechnology may not be the cause of the
ultimate demise of the family farm in the United States.

Nevertheless, as a further and soon to be more pervasive
tool in the toolbox of agricultural researchers, on-farm
producers, and corporate producers and suppliers, it is and
will continue to be a contributing factor to the decrease in
the competitiveness and viability of small family farms.
Given the fact that only 20 percent or so of the large farm
producers account for over 80 percent of farm output and
sales in the United States, there is little incentive for
the producers and marketers of agricultural biotechnology
to focus their research and development efforts on small
farms’ needs or interests. Instead, the trend is likely to
continue that the big will get bigger and the small will
be placed in jeopardy if not driven to extinction. This
trend will be aided by the researchers and corporate
actors who have a vested interest in the success of the
“biotechnological revolution” in agriculture, that is, if the
trend is not halted by public policy or changes in consumer
tastes and preferences.

CONCLUSION

Agricultural ethics is the systematic application of
disciplinary tools from philosophy and ethics to the
problems and issues of agriculture. It focuses on
specific problems as well as on the ethical aspects
of agriculture or the agricultural/food system as a
whole. Agricultural ethics, as in other areas of applied
ethics (business ethics, medical ethics, etc.), is not
simply about identifying issues and concerns, however.
That would be only half its philosophical task, that
is, the description of problems, conflicts, values, and
orientations in agriculture —descriptive ethics. The other
more important task is prescriptive (proscriptive), the
work of normative ethics. Although agricultural ethicists
may be in no authoritative position to tell farmers,
agribusinesses, consumers, or public policy makers what
to do concerning such things as using pesticides, managing
livestock, or adopting new technologies, it is nevertheless
part of the responsibility of ethicists to articulate the
normative implications of actual or potential decisions.
If, for example, there is general agreement that people
have an obligation to future generations to leave a
habitable environment (and there seems to be some
such consensus), then when an ethicist shows how
a particular agricultural or natural resource-related
practice potentially endangers the environment, the
ethicist “proves” that the practice is unethical and
therefore must be stopped. The difficulties are (1) finding
the consensus we individually and collectively might have
regarding ethical obligations and (2) accurately describing
and analyzing the facts and ethical implications of specific
actions or general practices.

In the discussion of the utilitarian justification for
industrial agriculture, for example, a conclusion was
drawn that “quantity, qaulity, and price” represent widely
held and ethically acceptable goals for agriculture. This is
a legitimate inference, because with only a few exceptions
related to the environment or food safety, public actions
and public policy have not challenged agriculture so long
as QQP has been achieved. The task for the agricultural
ethicist in this case is to carefully analyze actions or
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developments in agriculture to see if there are any that
may be inconsistent with QQP in the present (e.g., the
use of some pesticides threaten food quality even if
unbeknownst to consumers) or in the future (e.g., the
control over agricultural production by a few corporations
raises the prospect of monopoly pricing). The normative
implications of finding such inconsistencies should be
clear: From a utilitarian perspective, inconsistencies
between practices or trends and QQP (or whatever goals
the public has for the food system) entail that those
practices or trends are ethically wrong and should be
corrected or stopped.

Rights-based analysis involves similar reasoning.
Suppose that we can identify a widely held rule or
principle concerning peoples’ rights as human beings or
as participants in a democratic, market-based society,
This rights-defining rule or principle may be implicit
in current policies or public thinking, or may be only
very general and vague, for example, “People should
have equal opportunities” or “People should be treated
fairly.” However implicit or vague, if we can also show
that something is happening in agriculture that may
undermine or infringe on those rights or entitlements,
we have arrived at a basis for judging that this particular
action, practice, or trend is ethically unacceptable.

In sum, it is not the practice of ethics or agricultural
ethics to preach or dictate. Rather, it is to show that
if there are dimensions of agriculture —including how
agriculturalists are themselves treated by nonagricultural
actors including governments — that are at odds with basic
ethical principles such as utility maximization, fairness,
or respect for the future, then these dimensions should be
seen for what they are — unethical. It is up to the relevant
actors to decide on the basis of this moral knowledge
whether or not they will do the right thing.

In any event, there is one thing normative ethical
analysis, in agriculture or elsewhere, a priori rejects:
Retreat to the claim “that’s the way it is.” Reviewing
past occurrences can give us perspective as to how
present circumstances have developed. However, we must
be careful to see “developments” or “trends” for what
they are: the collective results of individual decisions.
Sometimes those collective results are unintended. A
farmer purchasing a tractor or a sack of hybrid corn seed
in the 1930s could not have predicted that 50 years hence
the development of the tractor or hybrid seed would be
early occurrences in the process of transforming farming
into a high technology, international, corporate-controlled
agribusiness system. Nevertheless, in purchasing that
tractor and seed, the farmer made a decision that affected
the development of agriculture into the system before
as today. While normative ethicists cannot ask decision
makers to acquire predictive powers in all their actions,
ethicists can ask, indeed demand, that each of us be
more circumspect in our decisions and actions about the
potential grand-scale outcomes of small decisions. Trends
begin and end when individuals begin or end them.

From a normative ethical perspective, we are left
with a set of questions about the family farm, the
industrialization and restructuring of agriculture, and the
role of biotechnology and the purveyors of biotechnology.

e Has the industrialization of agriculture over the last
century been a good thing? For whom? According to
what ethical criteria (rights, utility, etc.)?

e Is the continuing industrialization a good thing?
Again, for whom and on what ethical basis?

o Is it ethically justifiable that small family farms
have been the major losers in the process of the
industrialization of agriculture? On what basis?

e Indeed, does society have any obligations to small
family farms?

e Are the new agricultural biotechnologies (individu-
ally or as a whole) good for agriculture? Are they
good for society? On what grounds?

e Are there ethical problems associated with the
research, development, or marketing goals or strate-
gies of the biotechnology entrepreneurs?

o What should society’s ethical judgment be regarding
the new agricultural biotechnologies and their
governmental and corporate “sponsors”? What should
the public’s response be?

These are the big questions to consider as the industri-
alization of agriculture nears completion in the United
States and most other developed nations. They merit ethi-
cal reflection.
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INTRODUCTION

Agricultural biotechnology has spawned heated contro-
versy. While human and biomedical applications raise
clear ethical issues, the ethics of food biotechnology are
less obvious, and concern may appear entirely misguided.
Changes to food stimulate reactions of intense emo-
tion, resentment, and resistance among some consumers.
These reactions are themselves complex, combining feel-
ings based on religious beliefs about genetic technology
in general, environmental impact, sympathy for animals,
or solidarity with small farm, organic and sustainable
agriculture movements with genuine concern about the
hazards and uncertainties associated with the consump-
tion of genetically modified foods and food products. For
some individuals, fear and resentment about human gene
technologies may be manifest in attitudes toward food
biotechnology (1,2). Whatever the ultimate basis, these
concerns about agricultural biotechnology often surface as
concerns about consuming food (3).

Scientifically and analytically trained observers of the
debate apply a narrower set of criteria to the evaluation
of food safety. Even when concern about environmental
impact is seen as valid, for example, experts do not
translate this into a legitimate basis for concern about the
consumption of food. As such, experts often dismiss the
broader public’s reaction to food biotechnology as muddled,
uninformed, and even irrational (4,5). Yet it should not be
surprising that public resistance to genetic technology
might center on food. Most people will rarely or never
face a personal choice about the more exotic and ethically
troubling applications of genetic technology, and few may
be willing to undertake what is necessary to influence
policy in a political forum. Everyone, however, makes
food choices everyday. It is natural that many of those
who experience the greatest anxiety and moral opposition
to genetic technology would express their concern most
vehemently with respect to food.

The inconsistency between expert and lay approaches
to the risk of genetically modified foods is the overarching
philosophical issue for food safety. Experts understand
food safety almost exclusively as a problem framed by the
conditional probability of injury or disease as a result of
consuming a food product, either once or over a lifetime.
For the expert, issues are relevant to food safety only to the

extent that they affect these probability estimates. To be
sure, the expert approach to risk entails ethical questions
of its own (discussed below). Nevertheless, it is reasonable
to conclude that the likelihood of injury or disease from
eating genetically modified foods is low, and can be reduced
to minimal levels with a modicum of cautionary practices.
To most experts, this conclusion establishes a sound basis
for repudiating many of the lay public’s concerns about
consuming genetically modified food. However, a different
philosophical interpretation of risk would countenance
a much broader array of factors, and would make each
individual the sovereign judge of whether the interests
threatened by genetically engineered food are vital. Such
an approach would emphasize an individual’s right to
choose whether or not to consume genetically engineered
food. Safety, in the sense of probable harm, would clearly
be relevant in this alternative view, but the appropriate
ethical response to risk might be to secure conditions of
individual consent, rather than to minimize probability of
injury or disease.

There has been comparatively little discussion of these
issues by professional bioethicists. Some of the key
philosophical questions can be highlighted, and a sketch
of each of the two contrasting approaches to risk can
be made. Perhaps the crucial policy questions revolve
around labeling of genetically modified foods, but legal
and economic issues contend with ethical concerns in
fixing labeling policies. Even the definition of a “genetically
engineered food” is open to debate.

BIOTECHNOLOGY AND FOOD

Recombinant DNA techniques have many applications
in the food system, and many of the key terms are
ambiguous. The phrase “whole foods” indicates foods that
have not been combined or adulterated; other foods are
“processed foods.” Apples, beef, whole-wheat flour, and
whole milk are whole foods. Sausages, breads, and cheeses
are processed. However, some foods, such as fruit juices,
vegetable oils, or skimmed milk, fit uncomfortably in this
simple dichotomy. The term “constituent” will be used
to identify the various parts (fat, fiber, vitamins, etc.) of
whole foods, while “ingredient” will be used to indicate a
food or additive used in processed food. “Contaminants”
such as pesticide residue, insect parts, or fecal matter
are unintentionally incorporated in both whole and
processed foods. “Adulterates” are impurities that have
been intentionally introduced, generally to enhance the
bulk or appearance of a commodity. Regulatory agencies
approve certain substances (e.g., dyes) as additives.
Nevertheless, philosophical controversies arise because
one person’s additive is another’s adulteration.

The term “genetically modified organism” (GMO) is
used commonly to include whole foods from plants
or animals whose germ plasm has been modified
using recombinant DNA techniques. The expression
“genetically modified food” would normally be given a
broader interpretation to include processed foods with
GMO ingredients. Such processed foods would involve
consumption of a GMO as an ingredient, though the
chemical properties of the GMO may be substantially
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affected by processing. The use of genetic engineering
in the food chain, however, is often indirect, as in the
case of recombinant rennet, where a bacteria is modified
to produce an enzyme used in making cheese. The use of
terminology in such cases can be controversial, but here we
will refer to all cases with the phrase “GMO.” However, all
foods are “genetically modified” in a broad sense. Virtually
all plants and animals consumed for human food are
the product of crossbreeding and genetic selection. Such
practices of genetic modification have been used since
antiquity, and for our purposes they do not count as
creating a GMO.

Key ethical and philosophical judgments depend on
the interpretation of terminology. One use of genetic
engineering is to develop DNA probes designed to increase
the accuracy and efficiency of meat and produce inspection.
The availability of such probes will significantly change the
procedures for monitoring food pathogens and enforcing
food safety regulations. These changes in procedure may,
in turn, have an impact on food safety. DNA probes are,
indeed, intended to enhance food safety, though whether
this result will occur can be disputed. However, DNA
probes do not in themselves alter the composition of foods
on which they are used. At the opposite end of the spectrum
are genetically modified plants and animals. Maize and
soybean, for example, have been modified through genetic
engineering to make the crops resistant to plant viruses
or the use of herbicide, and to synthesize the naturally
occurring substance bacillus thuringensus (Bt), which is
toxic to leipedoptera. The grain and oil derived from these
genetically engineered crops are consumed directly by
humans, and indirectly when the crops are fed to animals
who in turn produce milk and meat products.

A number of other food technologies stand in between
diagnostics, which do not alter the composition of food, and
genetically engineered crops or food animals, which clearly
have been altered. For example, recombinant rennet, the
enzyme essential to cheese making, was one of the first
commercial products from genetic engineering outside
of medicine. In nature, rennet is produced within the
gut of calves. Traditional rennet for cheese making has
been harvested from the entrails of slaughtered calves.
Genetically engineered bacteria modified to synthesize
the enzyme produce recombinant rennet in a process
similar to fermentation. Other bacteria have been modified
to synthesize bovine somatotropin (BST), which can be
administered to lactating dairy cows as a stimulant to
milk production. Such modifications can reasonably be
interpreted as changing the constituents of food, though
they do not involve genetic manipulation of the organism
that is thought of as the food source itself.

DNA itself is present in virtually all foods and food
ingredients, excepting only minerals (e.g., salt) and water.
The high temperatures used in many forms of food
preparation destroy DNA. Fresh fruits or vegetables and
raw milk or meat contain DNA in the forms in which they
are normally consumed. New food biotechnologies thus do
not introduce DNA into the human food chain. DNA is
nontoxic and is thoroughly metabolized in normal human
food consumption. Some applications of food biotechnology
result in direct human consumption of altered genetic

material. Some do not. Alterations in genetic material
are normally made to affect an organism’s production
of proteins, or to affect the regulation of the organism’s
cellular processes. Such changes affect the organism at a
phenotypic level. Phenotypic alterations could affect the
suitability of an organism for use as food.

Whether some, none, or all of these applications trigger
ethical issues depends on pragmatic circumstances. In
regulatory contexts, authority may be constrained by
legislation or bureaucracy. Regulatory decision makers
must decide whether a DNA probe or an intermediate
product (e.g., recombinant rennet or BST) is defined as
a food, an additive, an ingredient, or a contaminant in
order to know which regulatory criteria to apply. Often
such a judgment determines which agency or division
has jurisdiction. If reducing public exposure to injury or
disease is the overriding objective, applications that affect
food safety inspection procedures are more significant
(for good or ill) than genetically modified crops such
as herbicide tolerant soybeans or Bt maize. An entirely
different set of criteria may be appropriate when the
circumstances that lead to individual consumption of a
genetically modified substance are at issue, rather than
general public health. For example, a person who believes
that religious dietary rules prohibit the consumption of
genetic materials derived from specific animals will be far
more interested in the source of genes that ultimately find
their way into the food chain than in the material impact
of biotechnology on the probability of disease or injury.

FOOD: SAFE, PURE, AND WHOLESOME

Dietary rules have occupied a minor place in religious and
philosophical discourse from time immemorial. Semitic
dietary rules are well known. Christian rules have been
associated with specific rituals and seasons such as
Lent. In ancient Greece the Pythagorean cult of which
Plato was a member had a rule against eating beans.
In addition to explicit rules, all human cultures adopt
implicit beliefs about what is and is not considered edible,
and in what combinations or at what seasons edibles
may be eaten. Though the basis and meaning for food
regimes is a subject of debate among anthropologists,
there is no doubt that such regimes fulfill a minimal social
function. Every human society must have some means
for avoiding poisons. Such knowledge directs ordinary
food choices to plants and animals that are not acutely
toxic, and encourages practices of harvest, storage, and
preparation that minimize risk. Furthermore, since the
type and availability of edibles will vary according to
season, location, and climatic conditions of drought or
pestilence, this knowledge must be reproduced from day
to day, year to year, and generation to generation. Any
successful human society will have developed a food regime
that satisfies these conditions (6,7).

Food regimes thus represent an implicit knowledge
system of enormous complexity, and one that is highly
sensitive to technological transformation. Claude Lévi-
Strauss attributed deep significance to the emergence
of cooking, suggesting that a culture’s entire system of
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signs is rooted in this fundamental food technology. Lévi-
Strauss’s structuralism represents a view that might be
interpreted to entail hidden meanings wrapped up in food
beliefs and the potential for serious ethical considerations
when that system of belief is challenged. Yet even without
structuralism’s backing, it is easy to see why beliefs about
what is and is not food would become deeply interwoven
with a culture’s ideas about purity, hierarchy, and the
sacred. It is also easy to see why such beliefs would
become a minor battleground when distinct cultures
come in contact with one another and why minorities
would nurture food regimes as components of cultural
identity. Given this background, the emergence of the
modern system for state regulation of foods is one of
industrialization’s more remarkable achievements.

Pythagorean rules on beans aside, philosophers have
largely neglected food regimes, and the history of food
safety during industrialization has yet to be written
in a definitive fashion. Any concise overview is thus
necessarily speculative to some degree. Over a few
centuries, industrialized societies evolved a conception
of food safety in which impurities were thought to be
the primary cause of food-borne illness, a view that
evolved into the germ theory of disease in the nineteenth
century. Avoiding germ contamination was consistent with
a traditional emphasis on pure and wholesome foods. In
both traditional and early industrial food regimes, pure
and wholesome foods are “good for you” in the broadest
sense, meaning that they promoted physical health, a
positive mental outlook, and were socially acceptable. In
traditional societies, this was assured by following implicit
or culturally based rules about what could and could not
be eaten. Under industrialization, “pure and wholesome”
foods were those not contaminated or adulterated by
germs, residues or foreign substances (7).

In the emerging industrial food regime, science was
deployed first as a means of identifying impurities, and
then of measuring the risk associated with them. Regula-
tory policy was to protect the food supply from adulteration
by contaminants, and to weigh the benefit and risk from
additives and residues, removing offending substances
that posed significant risk. Many members of the lay pub-
lic probably retain this mental picture of food safety today.
It shares two important features with traditional food
regimes. First, the determination that a substance is or
is not food is the primary basis for a judgment of purity.
Second, risk is associated with a compromise in purity.
Until comparatively recently, most people would proba-
bly have also presumed a strong link between purity and
wholesomeness, or between nonadulteration of a food and
its nutritional or social acceptability.

Toxicologists, nutritionists, and other experts on food
have so modified this picture during the last quarter
of the twentieth century as to constitute its gradual
abandonment. Scientists have put complex interaction
among the chemicals that make up whole foods in place
of the idea that purity is equivalent to safety (8). Dietary
induced cancer is now thought to be caused by interaction
between two groups of food constituents, mutagens and
antimutagens, along with the genetic disposition of
the individual consumer. Furthermore mutagens and

antimutagens are thought to be found in virtually all foods.
The more general link between nutrition and health has
also shifted from eating pure foods derived from groups,
to the proper balance of fats, protein, carbohydrate, fiber,
and other food constituents. Most whole foods contain a
combination of all these constituents. This reductionist
view of food safety has made some experts skeptical
of regulatory approaches that require identification and
elimination of alleged carcinogens. It plays an important
role in the reasoning of scientists who evaluate the safety
of genetically modified foods.

At the same time physicians are diagnosing more and
more individuals as suffering from allergic reaction to
specific foods or to chemical sensitivities. True allergies
cause toxic and sometimes fatal reactions, usually within
a few hours of consuming the allergen. Food sensitivities
such as lactose intolerance cause less critical reactions
such as gastrointestinal distress. Individuals with specific
allergies or sensitivities have reasons to avoid foods
of uncertain origin, and they have raised a number
of questions about the effects of genetic modification.
However, some experts question the rising tide of allergy
diagnoses, claiming that most people with sensitivities can
consume moderate amounts of the given food, especially in
combination with other foods. There is thus controversy as
to whether the increase in allergy diagnosis is biologically,
psychologically, or culturally based, and an individual’s
view on this question often colors their assessment of
genetically modified food.

In summary, the starting point for any discussion
of food safety and biotechnology is an environment
where science has outrun cultural attitudes on purity
and wholesomeness, attitudes that have evolved as the
primary social basis for food safety over centuries, if not
millennia. The science itself is dynamic, and debates are
frequent. With this background in mind, it is remarkable
that there is relatively little debate among food safety
experts about the low probability of injury or disease from
consuming GMOs. Yet it is not surprising that the broader
public debate over GMOs should be affected by cultural
and technical disputes that attend food safety generally.

RISK, SAFETY, AND DELIBERATIVE RATIONAL CHOICE

Experts approach food safety as a problem of risk
assessment framed by the parameters of deliberative
rational choice. Some experts also presume a public health
philosophy that reflects a utilitarian approach to public
policy. Deliberative rational choice presumes that decision
makers see each course of action open to them as a means
for bringing about consequences. These consequences can
then evaluated in such a way that each course of action can
be understood as having an expected value. A given course
of action commonly has two or more possible outcomes. In
such cases the expected value of a given course of action
is derived by considering both the expected value of each
possible outcome, and the likelihood or probability that it
will occur. In common parlance, the risk of a given course
of action is a function of the probability that unwanted
consequences will occur, and the harm or loss associated
with those consequences (9).
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Deliberative rational choice can be applied to many
different kinds of choice situation. At the policy level, the
choice might concern whether to allow any genetically
modified foods on the market or whether to allow a
specific application of the technology (e.g., recombinant
rennet) on the market. In either case, the risk of the
policy would be found by assessing both the likelihood of
unwanted consequences and the harm or loss expected
to be associated with those consequences. Individuals
might also apply deliberative rational choice in making
individual food decisions. Here each food purchase or
consumption decision might be evaluated as having
an expected value (10—12). The risk of purchasing or
consuming a genetically modified food would, for the
individual consumer, be a function of the probability that
unwanted consequences would occur, and of the harm or
loss associated with those consequences, should they occur.

Regulators, scientists, and others who have contributed
to the literature on food safety appear to be applying a
framework of deliberative rational choice, though few say
so explicitly. They assume that consumers either apply or
intend to apply such a framework in their food choices.
Experts contributing to this debate rarely question the
assumption that consumers see food choice in terms of
instrumental rationality. Policy choices that end in general
dietary health and no increase in the rate of dietary
diseases or disorders are assumed to meet all relevant
ethical criteria. Such policies are seen as consistent with
public health and consumer wishes, and there is rarely any
acknowledgment that these two criteria could diverge.

Approaches to Food Safety

Given this general approach to risk, one might develop any
of several approaches to food safety, but three paradigms
dominate debate over food safety. Risk thresholds are
routinely applied to determine criteria for food safety in
most industrial countries. In the United States the Food
and Drug Administration applies threshold criteria to
genetically modified food. Risk-benefit averaging adapts
broadly utilitarian criteria to administrative decision
making. It differs dramatically from a threshold approach
in conceptual terms, but practical differences consist in
the fact that benefits are taken into consideration along
with risk. A third approach would allow market forces to
determine acceptable levels of risk.

Threshold Approaches. A food might be deemed safe if
the risk of any policy decision to allow it on markets falls
below a given threshold. Note that the level of risk might be
driven below a threshold by many different characteristics.

e An event that occurs relatively frequently but with
trivial harm or loss might be considered “low risk.”

e An event that occurs very infrequently may be
considered “low risk,” even if harm or loss in those
infrequent occurrences is comparatively significant.
In particular, an event likely to affect only a small
percentage of the population may be assessed as “low
risk,” even when it is very likely to affect that small
minority.

e Even the potential for catastrophic effects may not
bring a risk above the threshold, if the probability of
catastrophe is sufficiently small.

In practice, however, food safety policy makers have
adopted very conservative approaches to setting thresh-
olds. The U.S. debate over thresholds has centered on
the Delaney Clause, which stipulates that no carcinogenic
substances may be used as additives. Regulators have
interpreted the Delaney Clause as requiring “zero risk,”
or a threshold of zero for acceptable risks.

The zero-risk threshold has created enormous prob-
lems for regulators. Given the general parameters of
deliberative rational choice, regulators must consider any
scenario that leads to an unwanted outcome in making
a risk assessment. The only way that such a scenario
can be found acceptable under a zero-risk threshold is to
prove that there is a zero probability of its occurrence.
But statistical methods do not support such a proof. As
such, regulators have treated zero risk as “no measur-
able risk.” Even this approach has become problematic
as the general philosophy of food safety has become more
reductionistic. It is increasingly difficult to design experi-
ments that could establish meaningful probabilities, while
eliminating the confounding effects of other mutagens and
antimutagens that are natural constituents of food. Reg-
ulators and experts share a general consensus that the
zero-risk threshold is impossible to support with modern
scientific methods (see (13) for a related discussion on
workplace hazards).

Risk-Benefit. Frustration with thresholds has led to a
surge of interest in risk—benefit criteria. In this approach
a decision maker must weigh both risks and benefits in
assessing policy. Economists and nutritionists would be
consulted to assess the benefits of a genetically modified
food. Foods that return economic benefits to consumers,
farmers and the food industry, or that improve nutritional
quality might be found acceptably safe, even when risks
are nonzero, or even above de minimus levels. Such a
standard is currently used to assess risks associated with
chemicals regulated under the U.S. Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA). A risk—benefit
approach to genetically engineered foods could be given
one of several interpretations:

e Safety could be deemed acceptable whenever benefits
outweigh risks.

o Policies could be required to produce the optimal ratio
of benefit over risk.

e Policy could reflect a “mixed mode” of thresholds
and consideration of benefits, so options entailing
significant risk would not be considered, no matter
what level of benefit might be associated with them.

Additional technical parameters would have to be specified
before a formal risk—benefit can begin, as well.
Risk—benefit is attractive in part because it seems
more consistent with the utilitarian philosophy that
some associate with deliberative rational choice. Though
utilitarians differ over how to assess the expected value
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(utility) of a choice, they would advocate an approach of
predicting consequences for all affected parties, assigning
utility or value to these consequences, then selecting the
course of action that maximizes utility. The emphasis on
including consequences for all affected parties provides
a rationale for considering benefit as well as risk.
The struggle over which way to interpret risk—benefit
requirements applied to GMOs would be seen as part
of a larger problem in interpreting the maximization
requirement: Is it maximal total utility, is it average
utility, or is there some hybrid notion?

Market Solutions. Both approaches described above
assume that administrative decision makers will assess
risk and apply a policy decision rule to determine
when and whether consumers will be exposed to risks
associated with GMOs. An alternative approach would
stress providing individual consumers with information
about risks, and then letting market forces determine the
level of acceptable risk. In practice, such an approach has
many pitfalls. It would require difficult and contestable
judgments about how to provide information on the
probability of disease or injury that might be associated
with any consumer’s food decision. Furthermore, since
consumers are in the habit of assuming that foods on
grocery shelves meet standards of food safety, it is likely
that they would be slow to apply a more critical approach
to risk in their individual food choices. There is also
doubt that the average consumer has the ability to make
appropriate risk judgments.

For all these reasons, market solutions are often treated
more as a foil in technical debates over food safety
than as a serious alternative. However, experts tend
to presume that those who advocate labels for GMOs
are advocating a market solution (14—17). As such, they
evaluate the question of labels in light of standards
derived from deliberative rational choice. Labeling is seen
as a policy option that should be evaluated in light of
whether individuals use information on labels to satisfy
their personal values with respect to risk, safety, price,
taste, and the other characteristics affecting the expected
value of a food decision. The mere occurrence of a label
might lead some consumers to assume that a food is risky,
even when the substantive information would support a
different comparison. Labels for GMOs thus have a clear
potential for to suboptimal policy performance from a
deliberative rational choice perspective. This theme will
be revisited again in the discussion below.

Assessing Risk

Deliberative rational choice demands an assessment of
the probability and value of the consequences that might
be expected to ensue from general public consumption
of GMOs. Such assessments require epistemological and
methodological judgments that have ethical implications.
Although only a few authors have addressed the questions
of food safety for GMOs, there is an extensive philosophical
literature on risk and probability that is relevant to
this general problem. First, risk assessors must settle
questions about the interpretation of probability. Second,
they must have a general philosophy for distinguishing

risk and uncertainty, and must have norms for responding
to each. Third, they must make assumptions about
minimizing type I and type II errors. Finally, they must
decide between formal and informal risk assessment.

Interpretation of Probability. Three general approaches
to probability can be found in the literature, and
considerable innovation in the philosophy of probability
has taken place in the last decade. Classical probabilities
are derived from formal properties of the systems under
study. An ordinary die has six sides, and a “fair die”
can be defined as one for which the likelihood for each
face turning up on a given role is equal, or 1/6. From
this one can derive probabilities for combinations arising
from several dice thrown at once. Relative frequency is
a probability stated as the frequency with which a given
outcome occurs in a given population of trials. Subjective
probability refers to the confidence or expectation that a
given person has that a predicted event will occur, or that
a given proposition obtains.

Classical probability provides a formal specification
of probability that permits substantial development of
statistical theory. One may then treat both relative
frequency measurements and subjective probabilities as
situations where the analyst simply lacks an adequate
specification of the formal system. Bayes’s theorem
provides a way to combine relative frequencies with
subjective judgments, as well as to update results from
several trials. Uncertainty then reflects a measure of
how likely it is that any given statistical measurement
is wrong, given available evidence. Although classical
probability is generally thought to be inapplicable in most
problems of empirical risk assessment, statistical theory
and methods generally render philosophical questions
about which theory of probability is the true one moot
in practical situations.

Nevertheless, the potential for subjective interpreta-
tions of probability opens the door for dispute about the
legitimacy of any given risk assessment. Whose subjective
judgments are to count? Why should expert judgments
supplant lay judgments? These are easy questions to
answer in a purely instrumental context. Experts gen-
erally make more reliable judgments in virtue of their
expertise. Yet the questions may be asked as a challenge
to the authority of experts in making regulatory deci-
sions that affect the lay public. Here the above-mentioned
assumption that consumers are themselves deploying a
deliberative rational choice model becomes crucial, for if
that is so, relying on expert judgment may result in bet-
ter choices than if individuals make their own judgments
about risk. Even a resort to relative frequency does not
settle this issue, for there are value judgments embedded
in how to construct and evaluate the populations on which
relative frequency trials are based. Such concerns might be
more productively pursued within the framework of a gen-
eral rejection of some assumptions common in deliberative
rational choice (18).

Risk and Uncertainty. Although statistical theory pro-
vides one approach to uncertainty, it demands evidence or
assumptions about the relationship between observations
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and the total population of instances for which observa-
tions might be made. In practical terms, this means that
one must have at least speculative knowledge of the mech-
anism or correlation thought to lie at the root of a risk.
This approach to uncertainty does nothing to address the
possibility that there has been some scenario or possibility
that no one has thought of. Yet entirely unknown risks do
materialize. When scientists developed the feeding strate-
gies that are now thought to have led to the variant of
encephalopathy associated with mad cow disease, prions
were not known as potential risk agents. It is clear that
many who raise questions about uncertainty associated
with human consumption of GMOs through the food chain
are referring to this kind of uncertainty, rather than the
sort addressed through standard statistical approaches.

Though it would be difficult to say how such uncertainty
should be measured, it is common to apply relative
quantitative judgments to the uncertainty that surrounds
GMOs as compared to traditional foods. Common practice
would also lead to the judgment that practices associated
with great uncertainty are thereby “risky.” Given the
vagueness and unmeasurability of this uncertainty, it
must be approached through subjective probability, if
it is to be incorporated into deliberative rational choice
at all. Here, again, the problem of whose judgments to
use (discussed immediately above), and whether Bayesian
techniques may be applied, reasserts itself. In general,
philosophers have concluded that experts are prone to
dismiss uncertainties too quickly, and to conclude that
highly novel practices are inherently risky. For their part,
risk experts have tended to demand at least a plausible
scenario for how an unwanted event might transpire
before they will seriously consider reviewing it in a risk
assessment (18).

Type I and Type Il Errors. In standard scientific research,
conservative practice demands that a result be rejected
unless uncertainty (in the technical sense) can be reduced
to the point that the research is 95 percent certain that
the result is true. Accepting a false result is a typeI
statistical error. A type II error occurs when one fails to
accept a result that is, in fact, true. In risk assessment,
early results often indicate risk but are not adequate
to corroborate that result with 95 percent confidence.
Should scientists minimize the chance of a type I error,
and withhold judgment until further studies are done?
Or should they minimize the chance of a type II error,
and announce that a risk is present, even though future
studies may well show that it is not?

Within the regulatory system for genetically engineered
foods, decision makers would certainly apply a principle of
caution (minimizing type II error) prior to the approval
or release of a given product. The situation can be
far more difficult if evidence for risk appears after a
substance is already on the market. Here the potential for
needless panic and economic loss often leads regulators
to regard relatively unconfirmed results pointing toward
risk as premature. Though no clear cases of type I/type II
dilemmas have yet occurred in the food safety regulation
of GMOs, uncertainty is itself treated as evidence for
type II error by some critics. It is not clear how regulatory
agencies would or should handle such cases (19).

Formal or Informal Risk Assessment. Risks for pesticides,
food additives and drugs are subjected to laboratory and
clinical research trials that establish measures of risk.
Many have argued that such formal procedures introduce
unnecessary costs in the development of a GMO. Instead,
they argue that adequate risk assessment can be done
simply by reviewing the nature of the planned alteration
subjectively. Reviewers would note that interventions
involving known allergens or that had a known potential
to create new proteins in food should undergo formal
risk assessment, but other GMOs would pass directly
into the food chain. Reviews would be done by individual
researchers or by Institutional Review Boards (IRBs) at
universities, laboratories, and within the food industry.
This is, in effect, the procedure currently used for assessing
the food safety risk of consuming organisms developed
through conventional plant and animal breeding. Critics
of agricultural biotechnology have vociferously opposed
the informal approach.

These two views split two key value assumptions of
deliberative rational choice. On the one hand, deliberative
rational choice is supposed to be deliberative, which would
imply careful review and objective assessment of all risks
for all affected parties. On the other hand, rational choice
is supposed to produce the best outcome, and if otherwise
acceptable products are never developed because process
of policy approval is too costly, that is a result hardly in
keeping with its spirit, (5,20-22).

RISK, PURITY, AND CONSENT

Traditional approaches to food choice combine the safety
of food with culturally based judgments about purity.
Anthropologists have studied these approaches, but no
philosophical literature articulates the ethical principles
on which they rest. One possibility is that people are
attempting to emulate deliberative rational choice through
their food traditions. An alternative possibility is that indi-
viduals and groups have been thought to have the right to
apply whatever standards of purity they deem appropriate
in making food choices. This alternative view finds philo-
sophical support in two complementary positions. First,
purity norms may function to promote rational ends, but
through a nondeliberative mechanism. If so, it may be
rational to rely on purity rules, even when deliberative
calculations indicate otherwise. Second, many bioethicists
have long argued that risks may only be imposed on sub-
jects with their consent. Together, purity rules and consent
criteria establish a procedural burden of proof for the
safety of genetically engineered foods and food products.

Risk and Purity

Anthropologist Mary Douglas has approached risk from
the standpoint of cultural norms that establish the most
basic categories of acceptable behavior. In any society
certain patterns of conduct are established as accepted
and unexceptional. Cultural norms and expectations
determine the boundaries for accepted conduct. Since
behavior that falls within these bounds is expected, it does
not occasion special consideration or deliberation. Douglas
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notes that food regimes and purity rules constitute
an important part of the implicit norms that provide
background rules for acceptable conduct in any society.
Conduct that challenges these boundaries is defined as
risky. Such conduct will either be repressed, or it will
require justification according to burdens of proof that are
also culturally determined (23,24).

From the standpoint of rational choice, cultural norms
function as pre-deliberative filters that limit the circum-
stances in which deliberation will be applied. Although the
range of deliberative choices in industrial societies is quite
broad, it is impossible for individuals or organizations to
apply the calculation and ranking entailed by deliberative
rational choice to every potential choice situation. People
simply do not have enough time and mental energy to
weigh the consequences of every possible action. As such,
rational behavior presupposes the existence of cognitive
filters that sort life’s options into categories. Some actions
require no deliberative attention, others do. Douglas’s
purity rules function as pre-rational filters that sort life’s
options into the unexceptional and the risky. Risky actions
require further consideration; they fall under a bias that
demands proof of their acceptability. Actions that are con-
sistent with purity norms do not trigger these additional
burdens of proof, which is to say that they are not risky.

Although this approach is tantalizingly close to the
rational choice paradigm, it is important to see that
it utilizes an altogether different conception of risk.
Crucially, there is no contradiction in saying that a given
action has a nonzero likelihood of causing harm, but is
not risky in virtue of the fact that it would not call for
deliberative consideration. To say that an action entails
risk in Douglas’s sense is simply to say that it is out
of the ordinary. Many daily activities—walking down
stairs, making a pot of coffee—are undertaken without
deliberative, conscious calculation. Bad things can happen
as a result of walking down stairs or making coffee, but
we do not apply a calculation of the probability of bad
consequences in ordinary daily pursuit of these activities.

A culturally based set of food purity rules would have
to be functionally rational in the sense that they would
have to limit the number of cases of accidental poisoning
as well as short-term disorders and dietary deficiencies. A
society with too many such incidents would experience any
number of weaknesses that would threaten its survival.
Indeed, if a food regime appears to functioning adequately,
it might be irrational for the cultural elite to expend time
and energy on a deliberative review of it. However, anyone
who violates these rules or who challenges them in any way
would be engaging in conduct that does call for deliberative
review, and quite possibly sanction. Such conduct would
be classified as risk (18).

The time-honored response to risk is to repress it, to
ban risky actions altogether. Responses to risk in complex
societies are more varied. One response is to initiate the
conscious, deliberative review of choice that leads one
eventually to an assessment of the probability that a given
course of action will result in harm or loss. However, other
responses may also be reasonable, including policy norms
that permit risky actions when affected parties have been
given the opportunity to give or withhold their consent.

New foods would thus not constitute a risk to an existing
food regime so long as practitioners of traditional purity
rules could continue their usual practices, experimenting
with novelty only under conditions of consent.

Purity rules have two important philosophical ramifi-
cations. First, they blur the distinction that experts draw
between safety understood as probability of harm or loss
and broader, culturally based views about what is or is
not acceptable food. When an observant Jew or Muslim
violates dietary laws, their conduct challenges tradition
in a manner that might be called “risky,” even though
it may have little objective probability of causing illness
or injury. The social, cultural, and individual objectives
being served through dietary rules may be much broader
than the expert’s conception of safety, and the attempt to
supplant them with a reductive approach to risk may itself
be perceived as a challenge to the cultural integrity of a
food regime (25). The policy debate that occurs in response
to this situation leads to political and ethical issues about
how expected value assessments of food safety should be
deployed, and whether they are consistent with consent
criteria, discussed below.

Second, while functionally rational, purity rules sug-
gest an approach to risk that is conceptually incompatible
with deliberative rational choice. It is meaningful to claim
that a given food or diet poses “no risk” on this view.
Advocates of deliberative rational choice translate this as
“zero risk.” They go on to assert that the zero risk goal is
irrational, implying that anyone who continues to address
dietary choice through a framework of purity rules is irra-
tional, hysterical, or at least profoundly misinformed. In
itself, this may not represent a deep philosophical prob-
lem. We have two ways to use our general concept of
risk, one in a general classificatory sense, the other to
specifically call attention to the probabilistic dimension of
unintended consequences. Pragmatic and contextual cir-
cumstances should determine which sense is in play at any
given moment. However, this pragmatic or contextualist
approach to risk is itself challenged by many who defend
a more essentialist analysis of risk. Here genetically engi-
neered foods become a case for a larger philosophical
dispute (26).

Risk and Consent

Literature on risk and consent emphasizes situations in
which individuals will be exposed to hazards as a condition
of employment, medical treatment, or involvement in
scientific research. In the almost unanimous opinion of
scholars who have written on the subject, such risks may
not be imposed on conscious and competent individuals
without their consent. Individuals may claim a right to the
information needed to evaluate the likely consequences
of such risks, and to withhold consent, or exit from the
risky situation. When such risks are imposed without
consent, the party imposing risk may be held responsible
for damages, and it is morally culpable for imposing risk,
even when damages do not actually occur.

Classic environmental risks from air or water pollution
present an altogether different situation. The entire popu-
lation in a region is typically exposed to such risks, and it is
in no position to claim a right of exit. There is debate as to
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the significance of these cases for consent criteria. On one
view, such risks differ in their nature, and must be eval-
uated according to criteria of general public good, rather
than consent. On another view, pollution risks differ only
in virtue of the fact that it is difficult to identify the source
of pollution, and hence difficult to discern who should be
culpable for imposing risk without consent (27-29).

Food safety risks introduced through the food chain
bear some similarity to environmental risks. Once a
genetically engineered variety of corn or soybean is
combined with other bulk crops, it is very difficult to
trace the source and content of any given commodity
lot. Processed foods with variable ingredients have long
been sold, and it would be impossible to argue that
consumers have been able to claim a right to reject
food constituents on an ingredient by ingredient basis.
However, it is also true that religious minorities have
successfully maintained an ability to exercise dietary
rules. Individuals with very idiosyncratic beliefs about
diet and health have been able make food choices based on
those beliefs, mainly by eating a diet consisting in whole
foods. GMOs challenge their opportunity to do this, for
there may be no way to determine whether any given
whole food commodity may contain grains, meats, or milk
products derived from GMOs (30).

Food biotechnology’s challenge to consent is procedural.
One need not show that GMOs pose measurable risk to
individual consumers in order to show that they challenge
an individual’s right of consent. As noted above, this right
is typically exercised against a broad range of challenges
to an existing dietary regime, not simply against the
probability that the individual will suffer from injury
or disease. As such it is useful to review some of the
reasons why individuals might prefer not to eat genetically
engineered foods.

1. Religious objections. Genetic engineering raises
religious issues for many individuals. At least three
types of religious concern may be relevant to food.

e Genetic engineering is wrong. Clearly, individuals
who believe that all forms of genetic engineering
are wrong may have a legitimate reason to avoid
genetically engineered food.

e Dietary rules. The question of whether a particular
food biotechnology is consistent with a given sect
or congregation’s interpretation of dietary rules
(e.g., kashrut) must be left to religious authorities.

e Sanctity of life. Some critics of biotechnology
have extended a religiously based concern about
commercial exploitation of genetic technology to
animals and plants.

2. Mistrust of science. Many do not trust scientists
or scientific pronouncements in the wake of well-
publicized mistakes and deceptions. This mistrust
takes at least three forms.

o Safety concerns. Though no evidence suggests that
GMOs increase the probability of disease or injury,
many are unwilling to rely on existing studies or
the word of scientists.

e Reflexive risk inferences. Some people infer that if
scientists and regulators are unwilling to provide
information through food labeling (discussed
below), the technology must be dangerous.

o Increasing power of scientific elites. Some may
resist genetic technology because the see it as one
instance of a general loss of individual autonomy
in complex society.

3. Broader consequences. Consumers may feel that food
choices provide them the best opportunity to voice
concerns about environmental, social, or animal
impacts of food biotechnology.

4. The yuk factor. Many find genetic engineering
aesthetically repulsive. Since individual aesthetics
are an intrinsic dimension of food choice, it is
reasonable for individuals to cite their aversion as a
basis for withholding consent.

Any of these reasons might provide an individual with a
reason to reject food biotechnology as a personal choice,
and to regard it as “impure” or “unwholesome” (31).

FOOD LABELS

The larger philosophical issue is that experts and a
segment of the lay public may be applying different
philosophical frameworks to food safety. Experts define
food safety quite narrowly, with respect to the conditional
probability of disease or injury associated with the
consumption of genetically modified foods. Technical
problems of risk assessment aside, they see little ethical
basis for concern about GMOs. Some in the lay public are
applying a form of purity rules or have one or more of the
concerns noted above. They claim a right to exit from the
emerging food regime that includes GMOs. This tension is
manifesting itself as a dispute over the need for labeling
of genetically modified foods.

The labeling dispute replicates issues in the larger
dispute. On the one hand, food labels can be seen as
instruments that enable rational choice. In this view,
information placed on the label of a food has ethical
significance to the extent that it helps consumers realize
the optimizing objectives of deliberative rational choice.
Information must be true, but it must also be usable.
It must help consumers reach the goals they seek to
implement. To the extent that these goals are limited
to health concerns, the only basis for distinguishing one
product from another is when there is some reason to
associate a measurable probability of disease or harm. The
paradigm cases in the United States have been tobacco and
saccharin, both subjected to mandatory labels in the wake
of scientific studies. Lacking studies that identify risk from
GMOs, there is no basis for requiring labels.

On the other hand, those who claim a right to
know whether any given food is the product of genetic
engineering or other forms of food biotechnology are
demanding a right of exit. They see food labels as
mechanisms for securing consent, without regard to
whether or how they will use the information on labels
in making food choices. Even those who plan to eat GMOs
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may believe that the right of consent should be protected.
Their mistrust of food biotechnology may, ironically, be
based on suspicions that arise in the wake of resistance to
labeling that arises on the part of the expert community.

The philosophical perspectives of rational choice and of
consent thus present radically different burdens of proof
for evaluating a policy on the labeling of GMOs, just as
they do for evaluating the broad questions of risk and
safety themselves. The likely consequences of labeling
may be largely irrelevant to an advocate of consent, and
the rational choice view that labels must be constructed
so as to enable better choices will be seen as paternalistic.
On the other side of the controversy, experts fear that
poorly informed individuals will misinterpret labels, that
they will make unwise food choices, and that labels will
stigmatize GMOs without basis (32).
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INTRODUCTION

As we cross the threshold into the new millennium,
agriculture is on the brink of a new technological era.
Biotechnology is dramatically changing the landscape of
modern agriculture. In the mid-1990s there were more
than 1200 biotechnology companies in the United States
(1). This number is expected to increase dramatically in
the new millennium. In the year 2000, farm-level sales of
biotechnology products are expected to be in the tens
of billions of dollars (2). One of the most promising
areas of agricultural biotechnology is the area of pest
resistance. Biotechnology has made it now possible to
produce naturally occurring proteins that act as pesticides
in quantity in microbial organisms or plants. The ability
of a microbe or crop plant to produce pest resistance may
obviate the need for harsher and less selective synthetic
pesticides (3). In addition to pest resistance, a variety of
crops have been engineered to produce increased levels of
desired nutrients or to impart them with other desirable
characteristics such as cold tolerance (3). Regulatory
agencies, such as the U.S. Environmental Protection
Agency (EPA) have been struggling to keep up with these
rapidly developing technologies and to establish regulatory
programs that promote the beneficial uses of the new
products, while attempting to protect the public health
and the environment from the associated potential risks.
This article focuses on EPA’s regulation of agricultural
biotechnology under the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA) (4) and the Federal Food,
Drug, and Cosmetic Act (FFDCA) (5).

AGRICULTURAL BIOTECHNOLOGY

Since 1962, when Rachel Carson’s seminal work, Silent
Spring (6), first awakened the country to the risks
of chemical pesticides, the public has been skeptical
of the government’s ability to protect them and their
environment from the hazards of pesticide use. While
in recent years public attention has increasingly focused
on the risks of pesticides in food, particularly the
risks to small children, many pesticides may also pose
significant risks to farm workers, consumers, and the
natural environment. Within three decades following
the publication of Silent Spring, environmentalists and
consumer groups repeatedly called upon the government,
in particular EPA, to push for the reduction of pesticide
use. Despite these efforts, in 1991 alone, approximately
4.1 billion dollars worth of pesticides, roughly 320 million
kilograms of pesticides, were used in the United States
(7). EPA has registered over 19,000 pesticides, containing
913 different active ingredients (8).

In the 1990s dramatic changes began to take place,
especially with regard to an ever-increasing number of
pesticide products derived from biotechnology processes.
The promise of these pesticides stems from the potentially
lower risk to humans and the environment. This is
due to their greater specificity to the target pest than
chemical pesticides, their tendency to have lower toxicity
than chemical pesticides, and the tendency of many
biotechnology pesticides to have limited persistence in

the environment. The universe of biotechnology pesticides
is large and diverse, and it includes microorganisms such
as bacteria, fungi, algae, protozoa, and viruses, which act
as pesticides by producing toxins, acting as parasites, or
acting through competition and macroorganisms such as
parasitic wasps or plants that produce substances that
exert a pesticidal effect.

What is Biotechnology? Biotechnology, in its broadest
sense, is the use of living organisms, be they plants,
animals, or microorganisms, to make or modify products.
While there does not appear to be one standard definition
of “biotechnology,” most definitions are broad enough
to cover a wide array of processes including genetic
engineering and more traditional processes such as plant
breeding and fermentation. The U.S. government has
defined “biotechnology” as the “use of various biological
processes, both traditional and newly devised, to make
products and perform services from living organisms
or their components” (9). For centuries, biotechnology
has been used to manufacture products such as bread,
beer, wine, yogurt, and cheese (10). For thousands
of years traditional plant breeding has enabled the
production of crop plants with desired traits such as
high seed yields and increased resistance of pests and
environmental stresses (11). For example, early farmers
are believed to have created wheat over 5000 years ago
by combining traits from three different species (12). By
repeatedly selecting plants that exhibit the desired traits
and crossbreeding them with closely related plants over
several generations, traditional plant breeders were able
to create plants with a desired combination of traits (11).
However, traditional plant breeding is limited by two
major constraints: (I) Removing undesirable traits from
the original cross can take generations and often takes
years; (2) only closely related plant species can be directly
bred together, severally limiting the gene pool available.
Genetic engineering enables plants to be developed that
cannot be produced through traditional plant breeding
(12).

In recent years, through the use of recombinant
DNA (rDNA), researchers have been able to “genetically
engineer” organisms by moving genes from one organism
to another. Recombinant DNA technology allows the
isolation and characterization of specific pieces of DNA
from one organism and transfer of the DNA sequences
into another organism. The term “genetic engineering”
generally refers to the use of recombinant DNA (rDNA),
cell fusion, or other novel bioprocessing techniques (13).
Recombinant DNA technology has dramatically increased
the speed of inserting a desired trait into a plant (11).
Moreover rDNA techniques eliminate the problem of
undesirable traits being introduced into the plant along
with the desired genes (14). Additionally rDNA techniques
can be used to move desired genes from virtually any types
of living organism, be it plant, animal, or microorganism,
into the plant (14).

How is Biotechnology Used in Agriculture? For the
past 10 years, EPA has exercised regulatory oversight
over genetically engineered microbial organisms that act
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as pesticides. Because microbial pesticides are living
organisms and have the potential to reproduce and spread
on their own in the environment, they pose the potential for
unique risks. Thus EPA’s regulatory scheme for microbial
pesticides is somewhat different from that for conventional
chemical pesticides. Nevertheless, microbial pesticides are
similar to conventional pesticides in that they are “applied
to” crops, and thus they are in many ways regulated
like traditional pesticides. In the past several years,
however, EPA has been faced with a completely new
class of genetically engineered pesticidal products that
poses a new set of regulatory challenges. In the 1990s
significant technological advances were made in altering
plants to produce pesticidal substances. That rDNA
technology has advanced to the point where researchers
are able to more easily move genes from microorganisms,
animals, or other plants into agricultural crop plants. For
example, through these new rDNA technologies, plants
can be made to produce toxins normally produced only
by microorganisms such as the Bacillus thuringiensis
(Bt) insecticidal delta-endotoxin. Bt acts by forming a
protein crystal, referred to as the delta endotoxin, that
becomes toxic upon ingestion by the insect. EPA considers
the pesticidal substances produced by plants and the
genetic material necessary to produce them to be “plant-
pesticides.” Although EPA does not yet have in place a
final comprehensive regulatory scheme to address plant-
pesticides, the biotechnology industry has advanced to the
point where it is commercializing products, and thus,
for the past several years, EPA has been regulating
these products under a proposed regulatory scheme.
EPA has issued several Experimental Use Permit (EUP)
applications and registration applications for the Bt delta-
endotoxin produced in various plants. (See section on
FIFRA below.) EPA also has granted applications for
tolerance exemptions for residues of pesticidal substances
produced in plants as a result of genetic engineering.

Some of the agricultural crops that have been developed
through this type of genetic modification in recent years
include corn, cotton, and potato plants that have been
genetically modified to contain a bacteria gene that leads
to the production of the Bt insecticidal toxin, squash that
has been genetically modified to contain a virus gene that
leads to the production of a viral coat protein to make
the plant resistant to infection by viruses, and cotton
and soybean plants have been genetically modified to
contain bacteria genes that cause the plants to tolerate
herbicides that are applied to the plant. Recombinant
DNA techniques also are being used to produce a new
class of animal hormones, the somatotropins, such as the
bovine somatotropin (BST) hormone, which was approved
by the Food and Drug Administration (FDA) in 1993 for
use in lactating dairy cows to produce more milk.

EPA received the first EUP application for the Bt toxin
produced by a genetically engineered plant, cotton, in
November 1991. In the years following the Bt in cotton
EUP, EPA has granted EUPs for Bt in potatoes and corn
and a number of registrations for Bt in cotton, potatoes,
and corn. EPA has also granted exemptions from the
requirement of a tolerance for a number of Bt plant-
pesticides. In addition EPA has registered and granted a

tolerance exemption for the potato leafroll virus resistance
gene and has granted a number of tolerance exemptions
for a variety of viral coat proteins in raw agricultural
commodities. Currently EPA is reviewing a number of
EUP registration, and tolerance exemption applications
for other plant-pesticide products. It is anticipated that
number of applications for EUPs, registrations, and
tolerances for plant-pesticides will continue to grow at
a rapid pace.

What is the Significance of Agricultural Biotechnology?

Risks. Many of the risk considerations for biotechnology
pesticides are similar to, if not the same as, those
for traditional chemical pesticides. In general, EPA has
expressed a view that traditional chemical pesticides pose
greater environmental risks than biochemical, microbial,
or plant-pesticides (15). As with any pesticide risk
assessment, the underlying considerations for analyzing
risks posed by biotechnology pesticides are the potential
for humans and other nontarget organisms to be exposed
to the pesticide, and the hazard (usually toxicity) of
the pesticide to nontarget organism, humans, and the
environment. For biotechnology pesticides, as with other
pesticides, hazard will be determined by the chemical
and toxicological properties of the pesticidal substance.
Exposure, on the other hand, will be determined somewhat
differently for biotechology pesticides than for traditional
chemical pesticides. For traditional pesticides the primary
factors in determining exposure is the amount of chemical
that is introduced into the environment and the likelihood
that humans or other nontarget organisms will come into
contact with the chemical. Because microbial and plant-
pesticides are produced by living organisms, however,
exposure issues are more complex for these substances
and are dependent, in large part, on the biological
characteristics of the organism itself. For example,
exposure to a plant-pesticide could be determined by
factors such as whether the production of the plant-
pesticide is limited to particular plant parts (e.g., leaves,
stems, fruit, or roots) and what organisms consume or are
associated with those plant parts.

Moreover one of the most significant exposure consid-
erations for microbial pesticides and plant-pesticides not
seen for chemical pesticides is the potential for spread
of the living organism or the organism’s genetic mate-
rial. For example, plants can reproduce sexually and/or
asexually, and as a result the genetic material that was
introduced into the plant and that enables the plant to pro-
duce plant-pesticides could spread through agricultural or
natural ecosystems. Thus, if a plant that produces a plant-
pesticide has the capacity to spread in the environment, or
to spread its genetic material to other plants, there would
be a greater potential for increased exposure to nontar-
get organisms than there would be for a plant-pesticide
produced in a plant that can only grow in a limited geo-
graphic area or does not have the ability to cross-fertilize
with other plants in the environment. This is a particular
concern for plant-pesticides produced in plants that have
wild relatives in the United States. If these wild relatives
acquire the ability to produce the plant-pesticide, through
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cross-fertilization, many additional nontarget organisms
could potentially be exposed to the pesticide.

The potential for a genetically modified organism
(GMO) or its genetic material to spread from one plant
to another raises additional risk issues beyond those
of exposure to humans and nontarget organisms. One
potential risk of biotechnology products parallels the risk
of the introduction of any nonnative species into a new
environment (15). Small genetic manipulations can result
in significant changes in an organism’s ability to survive
and flourish in a particular ecosystem (12). There are
dozens of examples of the disastrous, but unpredicted,
effects of the introduction of nonnative species into the
environment displacing native species (13). Genetically
modified organisms introduced into the environment could
have similar impacts (13). The risks that appear to be most
significant are that a genetically engineered plant might
become a weed or pest itself or that it might outcross
with related species to create new weeds or pests (13).
Once released into the environment, the spread of a
GMO may be difficult, if not impossible, to control (13).
One of the most cited concerns about plant-pesticides is
the concern over the potential for the development of
“superweeds” through the outcrossing of plants producing
plant-pesticides to wild relatives. If the ability to produce a
plant-pesticide that, for example, makes a plant resistant
to insect or viral pests is spread to a wild relative and
passed on to subsequent generations of that relative,
there is the potential that the wild relative, by virtue
of its newly acquired ability to resist insects or viruses,
could become a hardy weed. Development of such a
weed has the potential to disrupt agricultural or natural
ecosystems. For a transgenic plant to transfer its genes to
related existing weed species, however, wild relatives of
the transgenic plant must grow in the geographic areas
where the transgenic plant is introduced (13). Most crops
grown in the United States are of foreign origin. Thus the
risk of hybridization between transgenic crops and wild
relatives is unlikely in the United States. Many domestic
crops including soybeans, corn, and wheat have been bred
to the point where they have lost their ability to compete
with wild species in the environment. Thus these crops are
unlikely to become weeds when genetically altered (12).

Another issue that has received considerable attention
is the potential for plant-pesticides in foods to pose a risk
of allergenicity to humans. The primary concern appears
to be that if a gene that leads to the production of a plant-
pesticide is moved from one plant, for example, a peanut,
into another plant, for example, corn, people who know
they are allergic to peanuts will not know to avoid the
corn plant. Thus, if the plant-pesticide derived from the
peanut plant contains an allergen from the peanut plant,
allergic consumers could be put at risk (14,15). Other areas
of potential adverse effects on the environment center on
specific plant-pesticides or categories of plant-pesticides.
For example, some environmental organizations have
expressed their concern that engineering plants to produce
viral coat proteins has the potential to result in the develop
of new unintended viruses.

In addition to the risk concerns described above, public
interest organizations have articulated other concerns that

are more philosophical, ethical, or religious in nature.
For example, the movement of genes from animals to
plants may be of concern to subpopulations of people with
special dietary preferences such as vegetarians or persons
who observe kosher (Jewish) or halal (Muslim) laws (17).
Other philosophical issues that have been raised include
a concern that the prospect of “human-made” organisms,
even if they pose no risk to humans or the environment,
may threaten the concepts of “wildness” and “wilderness”
(18, p. 33). Some argue that while biotechnology pesticidal
products may be environmentally preferable to traditional
chemical pesticides, the focus on developing these products
may be diverting attention from the more important goal of
developing a system of sustainable agriculture (19, p. 67).

Probably the most significant concern with agricultural
biotechnology stems from the fact that the risks of biotech-
nology are uncertain. Although the risk of a genetically
modified organism released into the environment creat-
ing a new superweed or disrupting the balance of natural
ecosystems may be small, the consequences could be disas-
trous and potentially irreversible (15). The precise nature
and magnitude of the risk is difficult to predict because
of the almost infinite variety of potential genetically mod-
ified organisms, the reproductive ability of GMO’s, the
complexity of the natural balance of ecosystems and the
dearth of long-term data (15).

Benefits. To many, agricultural biotechnology products
hold the promise of a less risky substitute for traditional
chemical agricultural products. The use of rDNA technolo-
gies has enabled organisms, particularly plant varieties,
to be developed that either could not have been devel-
oped through traditional plant breeding or could only be
developed through traditional techniques with a great
amount of time and difficulty. Chemical pesticides often
are of relatively high toxicity. Many, but not all, traditional
chemical pesticides are toxic to a broad range of organisms,
including humans. In addition the manner in which tra-
ditional pesticides are applied —often sprayed over large
areas — could result in significant exposure to nontarget
organisms. Biotechnology pesticides, on the other hand,
are generally of low toxicity, target-specific, and produced
in relatively small quantities in the organism. Because
plant-pesticides are generally produced in small amounts
in the plant, nontarget organisms are not as likely to be
exposed to these pesticides as they are to pesticides that
are sprayed over large areas. Moreover, even if nontarget
organisms are exposed to plant-pesticides, because these
pesticides are often of low toxicity and are generally tar-
get specific, nontarget organisms are not as likely to be
adversely affected by these pesticides as they are with
pesticides that are more highly toxic or toxic to a broad
spectrum of organisms. For example, the Bt. toxin is spe-
cific to specific groups of insects (e.g., Lepidoptera) and is
not toxic to humans or other mammals.

One example of where a plant-pesticide is believed to
have the potential for significant environmental benefits,
is viral coat protein-mediated resistance. By genetically
modifying plants to produce certain viral coat proteins,
researchers have been able to produce plants that are
resistant to infection by particular viruses. For viruses
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spread by vectors such as insects, the most common
agricultural practice for preventing viral attack is the
use of chemical pesticides to control the insect vector that
spreads the virus. It is believed that the use of viral coat
protein-mediated resistance would reduce the need for
these chemical pesticides. In addition to the environmental
benefits of viral coat protein-mediated resistance, there is
a high potential for significant economic benefits. Another
potential environmental benefit is the reduction of runoff
of agricultural chemicals such as pesticides and fertilizers,
which can contaminate surface and ground water (11).
For example, rDNA technique may be used to create
plants with improved photosynthetic and nitrogen fixation
capabilities, thereby reducing the need to apply fertilizers
(11). Moreover, some of the most environmentally friendly
herbicides with relatively low toxicity, low soil mobility,
and rapid biodegradation are also the herbicides that are
the most nonselective, and thus the most likely to kill
crops plants along with the weed (11). Farmers are often
forced to apply more selective and more toxic herbicides as
a result (11). The use of genetically modified herbicide
tolerant crop plants may benefit the environment by
causing a reduction in the use of highly toxic herbicides.
Environmental organizations have expressed concerns
that plants that have been genetically modified to be
tolerant to herbicides could actually result in an increase
in herbicide use because herbicides would be able to
be directly applied to crop plants without killing them
(18). Industry groups, however, assert that these plants
will enable farmers to reduce the number of herbicide
applications by allowing farmers to target the timing of
herbicide application to after the plant has emerged, when
herbicides are most needed (20,21). Herbicide tolerant
plants are not considered to produce plant-pesticides
because the substances they produce are not intended
to prevent, destroy, or repel pests. Thus these products
would not be covered by the plant-pesticide policy or rules.
EPA is planning to develop a separate policy for these
plants. Other potential benefits of plant-pesticides may
not yet be apparent. Nevertheless, many scientists believe
that the technological advances in this area hold out great
promise for the future.

Public Perception. The intensity of the public response
to the 1992 FDA policy on foods derived from new plant
varieties, as well as the public concerns surrounding
FDA’s approval of the BST milk, illustrates the important
function that public perception will play in defining the
role of agricultural biotechnology in the marketplace. As
others have pointed out, while many new technologies will
soon be commercially viable, they all will not automatically
be put to use—consumers will be the ultimate judge of
emerging technologies (22). Key to the success or failure
of new biotechnology products will be the ability of the
government agencies responsible for regulating these
technologies, such as EPA, to effectively communicate
to the public the risks and benefits of these products
and the public’s resulting acceptance or nonacceptance.
Many people are skeptical of any new technology. This
skepticism is even more pronounced with biotechnology,
which could be difficult for the layperson to understand

because it is surrounded by many uncertainties. A recent
survey conducted to gather information on consumer
attitudes about the use of biotechnology in agriculture and
food production concluded that one of the most important
factors influencing public perception of biotechnology is
the perceived credibility of public policies and regulations.
This survey found that while most consumers supported
the use of biotechnology in agriculture and food production
(22), they also favored an active role for government
agencies in establishing biotechnology regulations that
ensure environmental protection and food safety (22). Thus
EPA must be mindful that the public will be looking to it,
not only to evaluate the risks and benefits of biotechnology
pesticides in order to develop a regulatory program that
will protect humans and the environment but also to
effectively communicate with the public on these issues.
Possibly the most serious public concern over agricultural
biotechnology is the use of the technology in the production
of food crops (23).

HOW IS AGRICULTURAL BIOTECHNOLOGY REGULATED?

The Coordinated Framework

The U.S. government’s first systematic attempt to address
the regulation of biotechnology in a comprehensive fashion
was with the publication of the 1984 document entitled
Proposal for a Coordinated Framework for Regulation
of Biotechnology (24). The purpose of this document
was “to provide a concise index to U.S. laws related to
biotechnology, to clarify the policies of the major regulatory
agencies that will be involved in reviewing research and
products of biotechnology, to describe a scientific advisory
mechanisms for assessment of biotechnology issues, and
to explain how the activities of the Federal agencies in
biotechnology will be coordinated.” In 1986 the Office of
Science and Technology Policy (OSTP) published in the
Federal Register a Coordinated Framework for Regulation
of Biotechnology; Announcement of Policy and Notice
for Public Comment (the Coordinated Framework) (25).
This document made clear that the Executive Branch
believed it could adequately regulate biotechnology under
its existing authorities and did not intend to seek
new legislation to address emerging technologies. The
Coordinated Framework described in detail the roles of
the five federal agencies with significant involvement in
the regulation of biotechnology: FDA, the United States
Department of Agriculture (USDA), EPA, the National
Institutes of Health (NIH), and the Occupational Safety
and Health Administration (OSHA). The Coordinated
Framework was created to harmonize the regulation of
biotechnology between several federal agencies and to
address gaps and overlaps between and among agencies
(15). The Coordinated Framework contains four major
conclusions: (1) Existing federal statutes are sufficient
to regulate biotechnology, (2)federal agencies should
regulate “products” rather than the “process,” (3) the
safety of biotechnology products should be addressed
on a case-by-case basis, and (4)the efforts of all
agencies involved in regulating biotechnology should
be coordinated (13). The Coordinated Framework gave
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EPA the primary responsibility over the environmental
regulation of biotechnology.

Under the Coordinated Framework, the regulatory
approach taken by U.S. regulatory agencies, including
EPA, has been to rely on existing statutes and to focus on
the “product” rather than the “process” used to create the
product (15). The thinking underlying this approach is that
rDNA technology in itself does not create risk, and thus
does not necessitate an entirely new regulatory system
(15). Instead, certain types of products of biotechnology
may pose risks that can be addressed in the same fashion
as risks posed by traditional “chemical” products.

EPA’s Statutory Authority

EPA’s primary authority for regulating agricultural
biotechnology products can be found in two statutes:
the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA), 7U.S.C. §136—136y, and the Federal Food, Drug,
and Cosmetic Act (FFDCA), 21 U.S.C. §301 et seq. Since
EPA was created in 1970, it has had responsibility for the
regulation of pesticides under both laws. Reorganization
Plan No. 3 of 1970, 84 Stat. 2086. Under FIFRA, EPA
is responsible for regulating the distribution, sale, use,
and testing of pesticides to prevent unreasonable adverse
effects to humans and the environment. In evaluating
a pesticide, EPA balances the potential human and
environmental risks against the potential benefits to
society of using that pesticide. Under FFDCA, EPA has
the authority to set tolerances for pesticide chemical
residues in or on food. In establishing tolerances, EPA
evaluates the impacts of human dietary exposure to the
pesticide residues. EPA also regulates biologicals and
biotechnology products that are not pesticides, food, or
drugs under the Toxic Substances Control Act (TSCA), 15
U.S.C. §§2601-2692. TSCA grants EPA the authority to
screen new chemical substances and impose controls to
prevent unreasonable risks and, through rule making, to
acquire information and impose restrictions to prevent
unreasonable risks on existing chemical substances.
Although some agricultural biotechnology products may
fall within the purview of TSCA, the majority of
agricultural biotechnology products regulated by EPA are
considered pesticides under EPA’s broad definition of the
term, and thus are regulated under FIFRA and FFDCA.

FIFRA. Section 2(u) of FIFRA defines the term “pes-
ticide” as “(I) any substance or mixture of substances
intended for preventing, destroying, repelling, or mitigat-
ing any pest, (2) any substance or mixture of substances
intended for use as a plant regulator, defoliator, or des-
iccant ....” This definition is very broad and can include
living organisms and substances produced by living organ-
isms as well as traditional chemical pesticides. The defini-
tion of “pesticide” in FIFRA does not depend on the process
by which a particular pesticide is produced. EPA has inter-
preted this definition to include biological pesticides and
genetically engineered pesticides.

Section 3 of FIFRA provides that no person may
distribute or sell in the United States any pesticide that
is not registered under the Act. FIFRA Section 3(c)(5)
requires that before a pesticide can be registered, it

must be shown that when used in accordance with
widespread and commonly recognized practice, it will
not generally cause “unreasonable adverse effects on the
environment.” The term “unreasonable adverse effects on
the environment” is defined in FIFRA Section 2(bb) as any
unreasonable risk to humans or the environment, taking
into account the economic, social, and environmental
costs and benefits of the use of any pesticide or human
dietary risk resulting from pesticide residues in food
inconsistent with the safety standard under Section 408
of FFDCA. Thus FIFRA involves a balancing of the risks
presented by the use of the pesticide against the benefits
associated with the use of that pesticide. The procedures
governing the regulation of pesticides are set forth in 40
CFR Parts 152 through 172. One of the most important
requirements is that the registrant or applicant submit
data in support of registration. 40 CFR Part 158 sets
forth data requirements for conventional pesticides and
microbial pesticides (specifically at 40 CFR 158.740), and
provides for the submission of comprehensive health and
environmental effects data. EPA has not yet established
specific data requirements for plant-pesticides. In addition
to submitting required data, an applicant for registration
must submit all proposed labeling with the registration
application. FIFRA Section 2(p) defines the term “label”
as the written, printed, or graphic matter on, or attached
to, the pesticide. The term “labeling” under FIFRA
includes the label as well as all other written, printed,
or graphic matter that accompanies the pesticide or
to which reference is made on the label. Registered
pesticide products must bear a label or labeling that
contains certain information, including precautionary
statements, warnings, directions for use of the product,
and an ingredient statement. FIFRA requires users
of pesticides to follow all label directions. A product
whose label or labeling does not contain the information
required by EPA or that sets forth false or misleading
information is misbranded pursuant to FIFRA Sections
2(q) and 12(a)(1)(E). For conventional pesticides, many
risk reduction measures are achieved through labeling
restrictions. As discussed below, however, many of these
types of restrictions may not be appropriate for plant-
pesticides.

FIFRA also provides EPA with a number of other
regulatory tools beyond the registration authority. For
example, large-scale field testing of pesticides is necessary
to evaluate the efficacy of a potential product and to
obtain data needed to support registration under FIFRA
Section 3. This large-scale testing is regulated under
Section 5 of FIFRA. Under this section, EPA is authorized
to issue experimental use permits (EUPs) for limited
use of an unregistered product for an unregistered use.
Before an EUP is issued, EPA must determine that
the field test will not cause an “unreasonable adverse
effect” on the environment. For most new pesticides,
EPA grants conditional registration while it continues
to evaluate whether the pesticide product qualifies for full
registration. Under Section 3(c)(7) of FIFRA, conditional
registration is granted when EPA lacks sufficient data to
make a final determination on a full registration. Finally,
under FIFRA Section 25(b), EPA may exempt from some
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or all requirements of FIFRA, by regulation, any pesticide
determined to be (1) adequately regulated by another
federal agency, or (2) of a character that is unnecessary to
be subject to the Act in order to carry out the purposes of
the Act.

FFDCA. EPA regulates pesticide residues in or on food
under the authority of Section 408 of FFDCA. Under
FFDCA Section 408, any pesticide chemical residue in
or on food is deemed to be unsafe unless a tolerance, or an
exemption from the requirement of a tolerance, for such
pesticide is established and the pesticide is within the
tolerance limits. The term “pesticide chemical” is defined
in Section 201(q) of FFDCA as “any substance that is a
pesticide within the meaning of [FIFRA] ....”

Thus pesticide chemicals subject to Section 408 of
FFDCA are defined by reference to the definition
of pesticide under FIFRA. Section 408(b) of FFDCA
authorizes EPA to promulgate regulations to establish
tolerances for pesticide chemical residues in or on food
if EPA determines that the tolerance is “safe.” This
section goes on to provide that “safe” means that EPA
has determined that there is a reasonable certainty
that no harm will result from aggregate exposure to
the pesticide chemical residue, including all anticipated
dietary exposures and all other exposures for which there
is reliable information. Thus unlike FIFRA, FFDCA only
addresses human dietary risks. FFDCA Section 408(c)
authorizes EPA to promulgate regulations exempting any
pesticide chemical residue from the necessity of a tolerance
when the exemption is safe.

In 1996 both FIFRA and FFDCA were amended by
the Food Quality Protection Act (FQPA). FQPA amended
FIFRA such that a registration cannot be issued for a
pesticide to be used in or on food unless the residues of the
pesticide in the food qualify for a tolerance or an exemption
from tolerance. FQPA also modified FIFRA Section 2bb by
incorporating the FFDCA safety standard into the test for
determining whether a pesticide poses an unreasonable
adverse effect. FQPA also amended Section 408 of FFDCA
to require EPA to give special consideration to exposure of
infants and children to pesticide residues.

EPA REGULATION OF AGRICULTURAL BIOTECHNOLOGY

Microbial Pesticides

EPA has regulated naturally occurring microbial pesti-
cides, such as Bt, for many years. Microbial pesticides are
regulated in much the same way as traditional pesticides
at the large-scale testing and registration stages. For the
past 10 years, however, EPA has been concerned about the
potential for adverse effects associated with small-scale
environmental testing of certain microbial pesticides, both
naturally occurring and genetically engineered. Small-
scale testing of most traditional pesticides generally is
considered to pose very limited risks, and thus is not
usually regulated by EPA. Because microbial pesticides
are living organisms that have the potential to reproduce
and spread in the environment, however, even small-scale
testing has the potential to present unreasonable adverse
effects on the environment.

Section 5 of FIFRA authorizes EPA to issue EUPs for
the testing of new pesticides or new uses of existing
pesticides. Under EPA’s existing regulations at 40 CFR
Part 172, EUPs are generally issued for large-scale testing
of pesticides. A large-scale test under Part 172 includes
any terrestrial application on a cumulative acreage of
more than 10 acres of land or any aquatic application on
more that 1 acre of surface water. EPA has generally
presumed that tests conducted on 10 acres or less of
land or 1 acre or less of water (small-scale tests) would
not require EUPs. The Agency has determined, however,
that small-scale tests conducted with certain naturally
occurring and genetically engineered microbial pesticides
may pose sufficiently different risk considerations from
tests conducted with convention chemical pesticides so
that a closer evaluation at the small-scale testing stage is
warranted.

In October 1984, EPA published a policy statement
entitled Microbial Pesticides: Interim Policy on Small
Scale Field Testing (26). In June 1986, EPA reiterated
the provisions of the Interim Policy Statement as
part of the Office of Science and Technology Policy’s
Coordinated Framework for Regulation of Biotechnology.
These policy statements described EPA’s concern about
the potential for adverse effects associated with small-
scale environmental testing of certain microbial pesticides.
To address this situation, these statements required that
EPA be notified prior to initiation of small-scale testing
of all nonindigenous and genetically engineered microbial
pesticides. The purpose of the notification was to allow
EPA to screen these small-scale tests and determine
whether the tests should be carried out under an EUP
that allows EPA oversight. In addition the 1986 Policy
stated EPA’s plan for future rule making in order to codify
the interpretation set out in the policy.

After almost 10 years of deliberation and a series of
EPA and federal government-wide policy statements that
were made available to EPA’s Scientific Advisory Panel
(SAP) and the Biotechnology Science Advisory Committee
(BSAC), on January 14, 1993, the EPA issued a proposed
rule that was a somewhat revised version of the 1986 policy
(27). The rule would codify the early screening procedure
in the Coordinated Framework by requiring notification
before the initiation of small-scale field testing of certain
microbial pesticides in order to determine whether an EUP
is necessary. Under the proposed rule, testing conducted in
facilities designed and operated to adequately contain the
microbial pesticide would not be subject to the notification
requirements.

EPA received comments in response to the proposed
rule making from trade associations, business firms,
public interest groups, scientific researchers, and state
and federal agencies. Perhaps the most controversial
issue that arose during the lengthy development of this
rule was the issue of what constitutes the appropriate
scope of regulation. The proposal identified three options
for defining the scope of genetically modified microbial
pesticides subject to notification requirements. EPA’s
preferred option provided the most clear-cut scope of
regulation — namely microbial pesticides whose pesticidal
properties have been imparted or enhanced by the
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introduction of genetic material that has been deliberately
modified. EPA developed this option based on comments
from the public in response to earlier Federal Register
announcements, the SAP subpanel, the BSAC, and other
agencies including USDA. The Agency preferred this
option because it believed that it covers the appropriate
microbial pesticides and has a high degree of regulatory
utility. The majority of comments supported this option.
The commenters generally agreed that EPA’s preferred
option was more clear-cut and that the decision of whether
notification is necessary should not be left solely to the
judgment of the researcher. In 1994 EPA issued the final
microbial rule (28). The final rule included EPA’s preferred
option for the scope of regulation from the proposed rule.
The final rule also included a mechanism to exempt, by rule
making, additional microbial pesticides or categories of
microbial pesticides from the requirement for notification
as data and experience permit.

One other issue that was somewhat controversial was
that of whether EPA should require notification for “non-
indigenous” microbial pesticides. Under EPA’s 1984 Policy
Statement and the 1986 Coordinated Framework, EPA
had been requiring notifications to be submitted for all
small-scale testing of nonindigenous organisms. In all of
the scope options presented in the proposal, EPA pro-
posed to no longer require notifications for any nonindige-
nous microbial pesticides that have not been genetically
modified. EPA based this decision on its belief that con-
tinued imposition of the notification requirement on these
microbial pesticides would constitute duplicative oversight
because the USDA’s Animal and Plant Health Inspection
Service (APHIS) already regulates small-scale testing of
these organisms. Some commenters supported EPA’s deci-
sion to exclude nonindigenous microbial pesticides from
notification, while others believed that EPA should reg-
ulate any nonindigenous microbial pesticide that is not
regulated by another federal agency. EPA responded to
these comments by stating that it continues to believe
that the vast majority, if not all, nonindigenous microbial
pesticides are reviewed by APHIS. However, to address
the concerns of some commenters that there might be a
regulatory gap, EPA revised the language in the final rule
to state that only those nonindigenous microbial pesticides
that have not been acted upon by APHIS (i.e., either by
issuing or denying a permit or determining that a per-
mit is unnecessary; or when a permit is not pending with
APHIS) are exempt from the notification requirement.

The final rule also contains several provisions that
were not very controversial and were not changed
significantly from what was proposed. In the final rule,
testing conducted in facilities designed and operated to
adequately contain the microbial pesticide would not
be subject to the notification requirements. Records
describing containment, however, would be required to be
developed and maintained. The final rule also includes
provisions that will enable EPA to address situations
where small-scale testing results in unanticipated and
untoward effects. Section 172.57 requires persons using
microbial pesticides in small-scale tests to submit any
information they obtain concerning the potential for
unreasonable adverse effects from the microbial pesticide,

and Section 172.59 enables EPA to take immediate actions
to prevent use of a microbial pesticide if such use would
create an imminent threat of substantial harm to health
or the environment. Finally, the rule amends 40 CFR
§172.3 to clarify its rationale for presuming that an EUP
is not required prior to small-scale testing with most
pesticides. As explained in the preamble to the final rule,
Section 172.3 is modified to clarify that the determination
of whether an EUP is required would be based on risk
considerations, rather than on a definitional presumption
about whether a substance is a pesticide. This clarification
has general applicability to all pesticides and is not limited
to microbial pesticides.

Plant-Pesticides

EPA’s first attempt to describe its plans to regulate plant-
pesticides was in early 1994. On January 21, 1994, EPA
held a joint meeting of a subgroup of the Agency’s SAP
and BSAC to address certain scientific issues related
to the regulation of pesticidal substances produced in
plants. For the meeting, EPA made available to the
public a draft proposal of a comprehensive policy and
four draft proposed rules (together referred to as the
“draft proposal”) that were developed under FIFRA and
FFDCA. On November 23, 1994, EPA published in the
Federal Register somewhat modified versions of these
draft documents (together referred to as “the proposal”)
(29-33). The proposal is intended to clarify the status
of plant-pesticides under FIFRA and FFDCA and outline
the scope of what types of plant-pesticides EPA believes
warrant regulation based on risk—benefit considerations.
Under the proposal many plant-pesticides would not be
subject to regulation because they pose a low potential for
risk to humans and/or the environment. Others would be
subject to regulation but would be regulated somewhat
differently than conventional pesticides because of the
unique nature of plant-pesticides. The proposal outlines
how EPA intends to assess plant-pesticides at different
stages of environmental testing and at the sale and
distribution stage. In developing this policy, EPA worked
closely with two other federal agencies that also have
regulatory jurisdiction over agricultural biotechnology
products, to integrate the three agencies’ regulatory
programs and minimize duplicative regulation. Those
agencies are APHIS, which regulates certain genetically
modified plants, including plants that are modified to
produce pesticidal substances, and FDA, which regulates
nonpesticidal substances in food plants as food additives
under FFDCA.

As described above, FIFRA defines the term “pesticide”
very broadly, and under this definition both the “plant”
and the pesticidal substances produced in the plant are
considered to be “pesticides.” However, in 1982 EPA
promulgated a regulation under FIFRA Section 25(b)
that exempted all biological control agents from the
requirements of FIFRA, except for certain microorganisms
(34). This exemption was promulgated because EPA found
that macroorganisms used as biological control agents
were adequately regulated by other federal agencies such
as APHIS. Plants, as biological control agents, were
implicitly exempted from regulation under FIFRA through
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this exemption. EPA does not believe is it necessary to
revoke this exemption for the plant itself. Instead EPA
intends to focus on the pesticidal substance produced by
the plant. This is consistent with EPA’s past actions. For
example, EPA does not regulate chrysanthemums, but
it regulates the pesticidal substance pyrethrum that is
produced by the chrysanthemum when it is extracted
from the plant and applied onto other plants as an
insecticide. However, prior to 1994, EPA had not clearly
stated its policies for regulating pesticidal substances that
are produced in living plants and not extracted from the
plants (i.e., substances produced in plants naturally, or
through genetic engineering or other technologies, that
actually exert their pesticidal effect while still in the
plant). It is these substances that EPA considers to be
plant-pesticides and that are the subjects of the proposal.
One point that should be emphasized is that in the
proposal, EPA has defined the pesticidal active ingredient
as including not only the substance that is produced in the
plant for the purpose of inducing the pesticidal effect but
also the genetic material necessary for the production of
that substance. To understand why EPA is including this
genetic material in the definition of active ingredient, it is
necessary to understand how a plant-pesticide is created.
There are three primary steps involved in creating a plant-
pesticide: (I)isolating the gene to be transferred from
the source organism to the plant, (2) adding regulatory
DNA sequences to the gene so that it will be properly
expressed in the gene (these regulatory DNA sequences
typically are derived from plant viruses), and (3) moving
the gene to the plant. The last step can be accomplished by
using physical methods such as microinjection and biolistic
delivery (firing very small metal particles coated with
DNA into plant tissues) or by using biological vectors such
as the soil bacterium, agrobacterium. There are several
reasons why EPA included the genetic material as part
of the active ingredient. First, it is the genetic material
that is actually added to the plant and that leads to the
production of the substance that ultimately results in the
pesticidal effect. Moreover EPA is not only concerned with
the environmental risks associated with the pesticidal
substance itself but also with potential environmental
impacts associated with the spread of genetic material.
Finally, from a practical standpoint, it may be easier to
detect, for monitoring or enforcement purposes, the genetic
material in a plant than the pesticidal substance itself.
Under EPA’s definition of plant-pesticide, all sub-
stances produced by plants and intended for a pesticidal
purpose are within EPA’s jurisdiction, whether the plant
is genetically engineered or not. However, just because a
substance is considered to be a plant-pesticide, it does not
necessarily mean that EPA will regulate it under FIFRA.
The Agency believes there are many plant-pesticides that
do not warrant any regulation under FIFRA because they
pose a low probability of risk and will not cause unrea-
sonable adverse effects on the environment. One category
of plant-pesticides that EPA believes does not warrant
regulation are those that will not cause new exposures to
nontarget organisms. EPA is proposing to exempt from
FIFRA regulation those plant pesticides that are not new
to the plant (i.e., derived from closely related plants). Thus

the Bt delta-endotoxin would not be exempt when it is pro-
duced in corn, for example, because the delta-endotoxin is
derived from a bacterium rather than from a plant that
is closely related to corn. A pesticidal substance that is
naturally produced by a certain variety of corn and is
introduced into another variety of corn, however, would be
exempt. Another category that EPA is proposing to exempt
are those plant-pesticides that would not be expected to
adversely affect nontarget organisms because they are less
likely to be directly toxic because of their mechanism of
action. This category consists of plant-pesticides that act
primarily by affecting the plant so that pests are inhibited
from attaching to the plant, penetrating the plant’s sur-
face, or invading the plant’s tissue. Thus a substance that
acts by causing a structural barrier to pest penetration in
the plant would be exempt. EPA also believes that coat
proteins from viruses pose low risks and do not warrant
regulation under FIFRA.

In addition to the low potential for risk associated
with these categories of plant-pesticides, EPA believes
that these plant-pesticides may have significant benefits
associated with them because they could be used as
alternatives to more toxic and persistent conventional
pesticides.

Although EPA scientists and the members of the SAP
and BSAC that have evaluated these exemptions believe
that the plant-pesticides proposed for exemption pose low
risks, many environmentalists are concerned that the
exemptions are too broad. These concerns seem to stem,
in large part, from the uncertainty surrounding many
of the issues and the historical lack of experience with
plant-pesticides. Some have suggested that EPA should
require ongoing monitoring of exempt plant-pesticides. In
response to this concern, EPA is considering proposing a
regulation that would require reporting of adverse effects
information for exempt plant-pesticides. This regulation
would be similar to FIFRA Section 6(a)(2), which requires
reporting of unreasonable adverse effects information
for all registered pesticides. If EPA does impose such
a requirement, the next issue to consider is how EPA
will react if it finds that a particular plant-pesticide,
or category of plant-pesticides, is riskier than EPA
believed when it exempted it. Currently, under FIFRA
Section 25(b), to exempt a pesticides, EPA must go through
notice and comment rule making. It follows that to repeal
an exemption, EPA also may be required to go through
rule making. Rule making can be a lengthy process,
particularly when coupled with the FIFRA requirement
of submittal of all proposed and final regulations to the
SAP and USDA for comment. A statutory amendment that
would authorize EPA to repeal exemptions with a more
abbreviated process would enable EPA to more quickly
gain regulatory control over plant-pesticides found to pose
unreasonable adverse effects.

Under the proposal, once it is determined that
a substance is a plant-pesticide subject to FIFRA
regulation, the regulatory process is similar to, with some
modification, the regulatory process for all pesticides. Prior
to sale or distribution, if a crop is to be used as food or
feed at any test acreage, an EUP would be required.
For crops that will not be used as food or feed, and if
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subject to the authority of the Plant Pest Act, an EUP
would be required when environmental testing will be
on greater than 10 acres of land or greater than one
surface acre of water. Currently, for all pesticides, the
10-acres requirement is triggered when the cumulative
acreage of environmental tests reaches ten acres. In the
proposal, EPA indicates that it is considering changing
this requirement for plant-pesticides so that an EUP
is required when a single environmental test exceeds
10 acres. EPA is also considering a number of other
options for EUP triggers. One option is to utilize APHIS’s
determination that a plant is no longer a regulated article
as the point at which regulatory responsibility is handed
off from APHIS to EPA. If a plant-pesticide is not subject
to the authority of the Plant Pest Act, an EUP would
be required at first introduction into the environment
regardless of acreage. If a producer has been granted an
exemption by APHIS from permitting requirements under
the Plant Pest Act, an EUP would be required at the time
the exemption is granted.

Before sale or distribution of a plant-pesticide, a
producer must obtain a registration under FIFRA
Section 3 if the plant-pesticide is not otherwise exempt.
Where there is food or feed use at sale or distribution,
the potential registrant must further fulfill the necessary
FFDCA obligations. FIFRA Section 3 requires that all
registered pesticides be labeled. Labeling includes both
the written, printed, or graphic material on, or attached
to, the pesticide or any of its containers or wrapper and all
other written, printed or graphic material accompanying
the pesticide at any time. An improperly labeled pesticide
is considered to be misbranded and in violation of
FIFRA. As noted earlier, EPA generally relies on labeling
requirements to impose risk reduction measures on the
use of traditional pesticide products. For example, EPA
regulations at 40 CFR 156.10 contain extensive labeling
requirements dealing with, among other things, warnings
and precautionary statements and directions for use.
Other labeling restrictions are imposed, case by case,
through the registration process. Restrictive labeling
may include anything from requirements that personal
protective equipment such as gloves and respirators
be used to reduce the risk to pesticide users, to the
requirement that a buffer zone be provided around fields to
prevent risks to bystanders from spray-drift, to geographic
restrictions on the use of certain pesticides to reduce the
risk to endangered species or other beneficial organisms
that occur in a limited geographical area. These labeling
restrictions are translated into use restrictions via FIFRA
Section 12(a)(2)(G), which provides that it is unlawful for
any person to use any registered pesticide in a manner
inconsistent with its labeling. EPA has stated that it
recognizes that many types of restrictive labeling that
it relies on to regulate traditional chemical pesticides
may not be appropriate for plant-pesticides. For example,
geographical limitations on the use of the plant-pesticide
may not be meaningful if the plant that produces the
pesticide can reproduce and spread in the environment
beyond those geographical limits. Similarly other use
restrictions (e.g., prohibiting use within 50 feet of a
stream, river, or lake) may not be effective if seeds

from plants that produce plant-pesticides are saved and
planted during subsequent growing seasons. Such seeds
would not be labeled, and the farmers using these seeds
might not even be aware that the seeds were from plants
that had been engineered to produce a plant-pesticide.
Although EPA recognizes that the more typical labeling
restrictions may not be meaningful for plant-pesticides,
it is not yet clear how EPA will adapt its regulatory
practice to these new forms of pesticides. The success of
EPA’s plant-pesticide program will depend, in large part,
on EPA’s ability to diverge from its historical reliance on
labeling restrictions to achieve risk reduction. Because
traditional restrictive labeling is not likely to result in
true risk reduction for plant-pesticides, EPA will need to
consider whether registrations should not be granted for
plant-pesticides that pose significant risks in the absence
of meaningful risk reduction. Despite the problems with
traditional risk reduction labeling, EPA recognizes that
other forms of labeling may be useful for plant-pesticides.
Specifically, EPA is considering requiring labeling on bags
of seeds containing plant-pesticides that inform farmers
or other users of the type of pesticide that the plants
will produce and against which pest it is active. This
information could help prevent unnecessary application of
additional pesticides to the plants that already produce
plant-pesticides.

If a plant-pesticide is being used in food or feed,
EPA has two options in its regulation under FFDCA:
It can set a tolerance for the plant-pesticide, or it can
exempt the plant-pesticide from the requirements of a
tolerance. FIFRA and FFDCA are independent statutes:
A plant-pesticide that is exempt from regulation under
the proposed scope for FIFRA is not necessarily exempt
from regulation under FFDCA. Moreover, the two Acts
have different, but overlapping, purposes: Under FIFRA,
EPA considers all environmental and human health
risks, whereas, under FFDCA, EPA focuses on the risks
posed by human dietary consumption. In the proposal,
under FFDCA Section 408(c), EPA would exempt certain
categories of plant-pesticides from the requirement of a
tolerance. The plant-pesticides that EPA believes warrant
review, and thus would not be exempted, are those that are
most likely to result in new or different dietary exposures.
The proposal would exempt the following:

1. Plant-pesticides produced in food and derived from
closely related food or nonfood plants.

2. Plant-pesticides produced in food and derived
from food plants that are not closely related to
the recipient food plant and would not result
in significantly different dietary exposure when
produced in the recipient food plant. “Results in
significantly different dietary exposure” can be
interpreted in a number of ways:

a. The pesticidal substance is produced in inedible
portions of the source food plant, but in the
recipient plant, the pesticidal substance is
present in the plant’s edible portions.

b. The pesticidal substance is produced in the
immature but not in the mature edible portions of
the source food plant, but in the recipient plant,
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the pesticidal substance is present in the mature
edible portions.

c. The pesticidal substance is from a source food
plant normally cooked or processed and is
produced in a recipient plant that is not normally
cooked or processed prior to consumption.

d. The pesticidal substance is derived from a
source food plant that is not a major crop for
human dietary consumption (i.e, not wheat, corn,
soybeans, potatoes, oranges, tomatoes, grapes,
apples, peanuts, rice, and beans or any other
crop that EPA has determined is a major crop for
human dietary consumption) and is introduced
into a recipient plant that is a major crop for
human dietary consumption.

EPA also is proposing to exempt from the requirement of a
tolerance the coat proteins from plant viruses and nucleic
acids. EPA believes that tolerances are not necessary for
coat proteins from viruses because virus-infected plants
have always been a part of the human diet without any
known adverse human health effects. It is necessary for
EPA to address nucleic acids under FFDCA because they
are considered part of the pesticidal active ingredient. EPA
plans to exempt these substances from the requirement of
a tolerance, however, because nucleic acids are present in
the cells of every living organism and thus are ubiquitous
in the food supply. Because of their ubiquity in the food
supply and because they lack any toxicity when consumed
in food, EPA does not believe tolerances for nucleic acids
are necessary to protect the public health.

During the five years since it first published its
plant-pesticide proposal, EPA has issued a number of
registrations and granted several tolerance exemptions
for a variety of plant-pesticides. EPA has not, however,
completed or published a set of final regulations governing
plant-pesticides. The reason for the delay most likely stems
from the controversies surrounding the plant-pesticide
debate. One of the most significant controversies involves
the strongly opposing views on whether genetically
engineered food should be required to be labeled. Many,
particularly in the European Community, believe that
all genetically modified foods should be labeled so that
consumers are fully informed. Thus EPA’s position on
whether to require labeling may have serious implications
also with regard to international trade. In addition serious
concerns have arisen regarding the risk that plants
producing pesticidal substances such as the Bt toxin on
a continual basis may hasten the development of pest
resistance to these beneficial pesticides. This is a very
difficult issue that EPA has not yet come to grips with.
These and other issues will have to be resolved before
EPA’s plant-pesticide program will be fully in place.
Perhaps only time and experience will tell how to address
these difficult and uncertain issues.
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INTRODUCTION

Governmental oversight of the foods made with the
techniques of the new biotechnology offers examples of
the spectrum of possible approaches and their ripple
effects. FDA’s official risk-based policy has served the
public interest well, but the agency appears to be
retreating to a more politically correct, defensive posture
that is closer to the European approach. The European
experience provides striking illustrations of what can
happen when regulatory policy is built on a foundation
of invalid scientific assumptions, gratuitous controversy,
and political and ideological goals. The outcome is
expensive, expansive, and irrational regulation —which
leads, in turn, to narrower application of the technology,
and fewer benefits. The arguments that have been
marshaled during the policy “debate” over biotechnology
regulation are revealing. Those who would encourage
unnecessary regulation sometimes argue that, in the
face of uncertainty, it is only prudent to “err on the
side of safety,” to avoid taking any chances, and act
instead on the basis of the worst-case scenario—the
“precautionary principle.” A related argument is that even
if only a handful of adverse events (e.g., toxicity caused
by the consumption of genetically engineered plants) are
prevented by government oversight regimens, not to act
would be unconscionable and would amount to putting a
price on human life. But the principles of “erring on the

side of safety” and the pricelessness of life do not withstand
rigorous scrutiny. What appears to be the “safe” choice
may, upon analysis, actually pose greater risk. One must
consider the risks of various alternative courses of action;
forgoing new technology can put lesser theoretical risks
ahead of known, palpable, existing ones.

Despite their many advantages, gene-spliced organ-
isms —sometimes called genetically modified (GM)—are
controversial in some parts of the world. In Europe, for
instance, there has been widespread public opposition
to importing gene-spliced corn and soybeans. Foods pro-
duced through gene splicing must be labeled as such, and
most major supermarket chains and food producers have
said they will not sell them. Threats by antitechnology
activists of boycotts and hostile publicity have induced
several companies doing business in the United States to
reject gene-spliced ingredients used to make their prod-
ucts. For instance, the Japanese breweries Kirin and
Sapporo, whose beer is popular in the United States,
have announced that they will phase out their use of
gene-spliced corn. Two of the largest U.S. producers of
baby food, Gerber and Heinz, have promised not to use
gene-spliced materials —even if what they use instead is
nutritionally inferior or less safe. As an example, they will
reject materials from corn plants modified so that they do
not need to be sprayed with toxic chemical insecticides.

Scientists around the world agree that introducing
genes from other organisms does not make plants less safe
either to the environment or for humans to eat. Dozens of
new plant varieties produced through hybridization and
other traditional methods of genetic modification enter the
marketplace each year, without special scientific review
or labeling for consumers. Moreover many of these foods
on the market are from “wide crosses,” hybridizations in
which genes are moved from one species or one genus
to another to create a variety of plant that does not
exist in nature. While such changes may sound dramatic,
the results are as mundane as a tomato that is more
resistant to disease, or that has a thicker skin that won’t
be damaged during mechanical picking. Plants that have
undergone those slight but important alterations have
been an integral part of European and American diets
for decades. However, these scientific and commercial
realities have often been lost in the nether world of
regulatory politics.

FOOD BIOTECH’S VENERABLE PAST AND PROMISING
FUTURE

The almost unimaginably wide spectrum of foods con-
sumed throughout the world owes its existence to both
the ingenuity of history’s cooks and the practitioners of
biotechnology. Microorganisms were creating and improv-
ing humans’ food and drink long before anyone knew that
microorganisms existed. In time —but still without know-
ing what was happening biologically — early practitioners
of biotechnology learned to exploit the fermentative action
of microorganisms to produce such things as cheese, bread,
and alcoholic beverages. Still later, food producers began
to isolate favored microbial cultures with highly descrip-
tive names such as Penicillium roqueforti (used to make
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Roquefort cheese) and Lactobacillus san francisco (for San
Francisco-style sourdough bread). It is no coincidence that
some of the past century’s most sophisticated microbiol-
ogy applied to beverage production has been performed
in the laboratories of companies like Guinness, Carlsberg,
Kirin, and Bass. Vastly popular regional foods produced by
fermentation include milk products (yoghurt, sour cream,
buttermilk, kefir), preserved vegetables (cabbage, olives),
tempeh, sufu, tofu, soy sauce, and natto.

The modification of crop plants has been performed
ever since ancient agriculturists selected and cross-bred
plants with desirable traits, often creating domesticated
relatives of wild species. The rediscovery in 1900 of
Mendel’s concepts of inheritance ushered in the scientific
application of genetic principles to crop improvement.
Since then, each scientific advance has increased our
ability to improve predictably the genotype (and more
important for the farmer, food manufacturer, and
consumer, the phenotype). Currently a combination of
several techniques is routinely used to improve plants.
For example, an existing plant might have been modified
by many generations of classical breeding and selection,
and more recently by techniques developed during the
past half-century, including somaclonal variation and wide
crosses with embryo rescue. These plants are being further
improved by the newer molecular techniques such as
recombinant DNA (rDNA), or “gene splicing,” and can
then be reintroduced into a classical breeding program
from which its descendants eventually will be released
into commerce.

In this century plant breeders have increasingly used
hybridization to transfer genes from certain noncultivated
plant species to a variety of a different (but closely related)
species. These “interspecific” transfers of traits from wild
species to domesticated relatives in the same genus
stimulated attempts at even wider crosses, including
those between members of different genera. These “wide
crosses,” that transcend natural barriers to mating, have
been facilitated by “embryo rescue” or culture techniques
in which a sexual cross yielding a viable embryo but
abnormal endosperm is “rescued” by culturing the embryo.
This is done by providing the hybrid embryo with the
life support normally supplied in the early stages of
development by maternal tissue and the endosperm. A
number of plants resulting from wide crosses have been
used in further breeding, extensively field tested, and
marketed in the United States and elsewhere. These
plants include commonly available varieties of tomatoes,
potatoes, corn, oats, sugarbeets, rice, and bread and durum
wheat (1).

The use of molecular techniques for the genetic
manipulation of plants enables scientists to direct the
movement of specific and useful segments of genetic
material readily between unrelated organisms. These
techniques offer several advantages and complement
existing breeding efforts by increasing the diversity of
genes and germ plasm available for incorporation into
crops. The numerous molecular techniques for genetic
manipulation of plants can be divided into two main
types — vectored and nonvectored. Vectored modifications
rely on the use of biologically active agents, such as

plasmids and viruses, to facilitate the entry of the foreign
gene into the plant cell. Nonvectored modifications rely on
the foreign genes being physically inserted into the plant
cell by such methods as electroporation, microinjection,
or particle guns. In both kinds of approaches, new DNA
enters the plant’s genome and is stably maintained and
expressed. A landmark report from the U.S. National
Research Council concluded that:

Recombinant DNA methodology makes it possible to
introduce pieces of DNA, consisting of either single or multiple
genes, that can be defined in function and even in nucleotide
sequence. With classical techniques of gene transfer, a variable
number of genes can be transferred, the number depending on
the mechanism of transfer; but predicting the precise number
or the traits that have been transferred is difficult, and we
cannot always predict the phenotypic expression that will
result. With organisms modified by molecular methods, we are
in a better, if not perfect, position to predict the phenotypic
expression (2, p. 13).

Crops modified by molecular and cellular methods should
pose risks no different from those modified by classical genetic
methods for similar traits. As the molecular methods are more
specific, users of these methods will be more certain about the
traits they introduce into the plants (2, p. 3).

Far from eliciting concern, techniques that yield a better-
characterized and more predictable plant variety should
be welcomed as a means for improving food. The new
biotechnology lowers even further the already minimal
risk associated with introducing new plant varieties into
the field and the food supply. The use of the latest
biotechnology techniques makes the final product even
safer, as it is now possible to introduce pieces of DNA
that contain one or a few well-characterized genes.
In contrast, the older genetic techniques transferred a
variable number of genes haphazardly. Users of the
new techniques can be more certain about the traits
they introduce into the plants and about the presence
of unwanted, deleterious genetic changes. Thousands
of products from plant varieties crafted with the older
techniques have entered the marketplace in the last three
or four decades, and only three products (two squash
varieties and one potato type) had unsafe levels of toxins;
in addition one celery variety caused allergic skin reactions
in some farm and supermarket workers. But today’s
more precise gene-splicing techniques mitigate against
any repetition. A group of chefs who announced a boycott of
biotechnology-produced foods in 1990, lacked perspective
on the new products’ pedigree —that is, on the continuum
between conventional and new biotechnology. They were
against the use of plants engineered with the newest,
most precise, and sophisticated techniques, while they
lacked any scruples about using the mutant peaches
we call “nectarines,” the genetic hybrid (of tangerine
and grapefruit) known as “tangelos,” or the genetically
improved oats, rice, and other plants that have resulted
from wide crosses (3).

Many of the improvements introduced by gene-splicing
enable plants to grow with less agricultural chemicals such
as pesticides and herbicides, and in regions that have salty
or other low-quality water. They offer increased yields
with lower inputs, and diminish the runoff of chemicals
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into waterways, so they are favorable to the environment.
It is difficult, however, to pass on inflated regulatory costs
for these kinds of improvements whose value is obscure to
consumers.

FDA’S OVERSIGHT OF NEW CROP VARIETIES

FDA, which is responsible for the safety and wholesome-
ness of the nation’s food supply (excepting only most meats,
which are regulated by the U.S. Department of Agricul-
ture, USDA), monitors the continuing progress of new
biotechnology-derived products. The agency’s policy on
foods derived from new plant varieties —whether crafted
with conventional or new biotechnology or other tech-
niques —was published in 1992. It set out a carefully
considered, scientific, and “transparent” —that is, clear
and predictable —regulatory approach.

The 1992 Policy

FDA’s approach to safety assessment of new varieties of
crops developed by both traditional and newer methods of
genetic modification (4) (Fig. 1) is based on the agency’s
long-standing oversight of “old” biotech-derived varieties
commonly introduced into the U.S. marketplace (5). Foods
derived from new plant varieties are not routinely
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subjected to extensive scientific tests for safety, although
there are exceptions. The usual practices employed by
plant breeders—such as chemical and visual analyses
and taste testing— are generally recognized as adequate
for ensuring food safety. Additional tests, however, are
performed when required by the product’s history of use or
scientific judgment. For example, potatoes are tested for
the glycoalkaloid solanine, because this natural toxicant
has been present at toxic levels in some new potato
varieties.

FDA’s 1992 regulatory approach identifies scientific
and regulatory issues related to characteristics of foods
that raise safety questions and that elicit a higher level
of FDA review. Such characteristics, which are further
discussed below, include the presence in the new variety
of a substance that is completely new to the food supply,
the presence of an allergen in an unusual or unexpected
milieu, or increased levels of toxins that are normally
found in foods. Consistent with scientific consensus about
recombinant DNA techniques, the use of any particular
technique(s) of genetic manipulation does not in itself
determine the need for or the level of governmental review.

The “Guidance to Industry” section of the 1992 policy
statement instructs developers to consider initially the
characteristics of the host plant that is being modified, the
donor organism that is contributing genetic information,

Unexpected Expected
or unintended or intended
effects effects
I I
Safet Safety
Safety Safety assessmyent: assessment:
assessment: assessment: introduced new or modified
the host plant the donor(s) proteins carbohydrates,
fats, or oils
Is food from Is food from Unusual or toxic
~<—No donor — donor components?
commonly commonly Nutritional
allergenic? allergenic? alterations?
T .
' Changes in
Yes Yes digestibility?
o [
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I biological function?
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| tant !
mportant Macroconstituent
nutn;r:]tsevglthm — No in the human or
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Figure 1. Food and Drug Administration
(FDA) safety assessment of new varieties of
crops.
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and the genetic material and substances being introduced
or modified. The guidance section also provides criteria
that enable developers to determine whether a substance
intentionally introduced or altered by genetic modification
will require premarket approval as a food additive. In
general, premarket review is not required for introduced
or modified proteins of known function if they are derived
from food sources or are substantially the same as existing
food substances, are not known to be toxic or to raise food
safety concerns, and will not be a major constituent of
the diet. New carbohydrates with unusual structural or
functional groups or oils that contain new, unusual fatty
acids may require premarket approval as food additives.

The question whether biotech-derived foods should be
labeled as such has received a disproportionate amount of
attention. The primary reason is not ambiguity in either
the science or law; rather, it is that the issue has been
a focus of activists’ attention. Their attention to this
issue is yet another manifestation of anti-biotechnology
activists’ attempts to use overregulation to retard the
progress of every stage of biotechnology R&D. They have
lobbied against laboratory research, then against scale-
up and against testing and commercial uses of products.
Finally, thwarted in their desire to get the FDA to require
clinical trials or case by case evaluation of biotech-derived
foods, activists have retreated to demanding labeling that
would reveal when new biotechnology techniques were
used in a food’s manufacture. The ostensible rationale for
such a requirement is that information is power and that
consumers can never know too much about the products
they buy. Especially for foods, the more information the
better, goes the mantra. But that’s not necessarily true.
A message can mislead and confuse consumers if it is
irrelevant, unintelligible, or crafted to tell only part of the
truth. Moreover a requirement for labeling carries added
production expenses and raises costs to both producers and
consumers that can constitute a barrier to the development
of and access to new products.

To serve the consumer best, regulation should focus
on genuine risks and should require only disclosure of
information about a food’s origin or use that is relevant
to safety and that supports informed choice. Mandatory
labeling of all biotech foods would achieve none of this.

Labeling has become a key issue for gene-splicing
applied to food production. Labels that warn of gene-
spliced ingredients in food are fundamentally different
from the labels currently on food —that list calories,
fat content, and so on—because these represent a mod-
est, one-time expense for food producers. By contrast,
gene-spliced fruits, vegetables, and grains would have
to be continually segregated through all phases of pro-
duction — planting, harvesting, processing, and distribu-
tion — adding costs and compromising economies of scale.
The need to segregate gene-spliced foods, especially the
thousands of processed foods that contain small amounts
of derivatives of corn or soybeans, would raise production
costs and pose a particular disadvantage to products in
this competitive market with low profit margins.

FDA’s long-standing commonsense approach to food
labeling has been that label information must be both
accurate and “material.” FDA does not require a “product

of biotechnology” or “genetically engineered” label for foods
from plants or animals that have been improved with
rDNA techniques. In the 1992 food policy statement, the
FDA said that labeling is required “if a food derived
from a new plant variety differs from its traditional
counterpart such that the common or usual name no
longer applies to the new food, or if a safety or usage
issue exists to which consumers must be alerted.” The
statement of policy also emphasized that, as for other foods
derived from new plant varieties, no premarket review or
approval is required unless the characteristics of the new
biotechnology products raise explicit safety issues. It noted
that these safety issues could be raised by food from new
plant varieties however they were created. The safety
issues include the introduction of a substance that is new
to the food supply (and, hence, lacks a history of safe use),
increased levels of a natural toxicant, changes in the levels
of a major dietary nutrient, and transfer of an allergen to
a milieu where a consumer would not expect to find it (e.g.,
a peanut protein transferred to a potato).

FDA clarified that if a new food raises any of these
safety issues, it could be subject to FDA regulations for
premarket testing, product labeling, or removal from the
marketplace. FDA cited the example of new allergens in a
food as a possible material fact whose omission could make
a label misleading. The agency reiterated that the genetic
method used in the development of a new plant variety is
not considered to be material information because there
is no evidence that new biotech foods are different from
other foods in ways related to safety. Therefore FDA said
that product labeling will not be required to include the
method of development of a new plant variety. Biotech
foods would not be required to be labeled as such.

The 1992 FDA policy statement has already been
tested and validated. A 1996 report in the New England
Journal of Medicine reported that allergenicity common
to Brazil nut proteins was transferred into soybeans
by genetic engineering and was readily identified by
routine procedures (6). The plant breeder, Pioneer Hi-Bred
International, was required to and did consult with the
FDA during product development. During the course of
consultation and subsequent analysis, the allergenicity
was identified. Confronted with the dual prospects of
potential product liability and the costs of labeling all
products derived from the new plant variety, the company
abandoned all plans for using the new soybeans in
consumer products. Not a single consumer was exposed to
or injured by the newly allergenic soybeans. In what might
be considered a “positive control,” the system worked.

The approach taken by FDA in its 1992 policy statement
is consistent with scientific consensus that the risks
associated with new biotechnology-derived products are
fundamentally the same as for other products (2). Dozens
of new plant varieties modified with traditional genetic
techniques (e.g., hybridization and mutagenesis) enter the
marketplace every year without premarketing regulatory
review or special labeling (7). As discussed above, many
of these products are from “wide crosses” in which genes
have been moved across natural breeding barriers (without
rDNA techniques). None of these plants exists in nature.
None requires or gets a premarket review by a government
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agency. (Safety tests by plant breeders are primarily
taste and appearance and, in the case of plants with
high levels of known intrinsic toxicants —e.g., tomato and
potato—Ilevels of certain alkaloids.) Nonetheless, they
have become an integral, familiar, and safe part of our
diet: wheat, corn, rice, oats, black currants, pumpkins,
tomatoes, and potatoes.

There are other reasons why special regulations and
labeling requirements are often not in the best interest
of consumers. As food producers know well, requiring
a label can add significantly to the production costs
of certain foods, particularly those that are produced
from pooled fresh fruits and vegetables. To maintain
the accuracy of labels, recombinant DNA-modified fruits
and vegetables would have to be segregated through all
phases of production — planting, harvesting, processing,
and distribution—which adds costs and eliminates
economies of scale. Added production costs, in turn, raise
consumer prices and disadvantage products in the highly
competitive, low profit-margin marketplace of processed
foods.

Superfluous labeling requirements for new biotech
products would constitute, in effect, an unwarranted and
punitive tax on the use of a new, superior technology.
The requirement would exact excess costs and reduce
profits to plant breeders, farmers, food processors, grocers,
and others in the distribution pathway. The power of
regulatory disincentives is such that this burden could
virtually eliminate new biotechnology tools from food
research, development and production. For example, as
required in the European Union, the United Kingdom
introduced mandatory labeling of gene-spliced foods in
1998, which Britain’s agriculture minister called “a
triumph for consumer rights to better information,”
and which the country’s additives and novel-foods chief
regulator characterized as “a question of choice, of
consumer choice.” But as a direct result of the labeling
law, there’s hardly any choice there now at all: The new
law sparked a stampede by manufacturers, retailers, and
restaurant chains to rid their products of any genetically
modified ingredients so that they would not have to alter
their labels and risk losing sales.

It is unclear how far these scientifically dubious food
label requirements will extend. Will special labels be
required for foods such as pizza or burritos contain-
ing cheese made with new biotech-produced chymosin
(rennin), for chickens raised on feed from new biotech-
manipulated corn, and for cattle vaccinated with a new
biotech vaccine? Will labels be required if highly sensi-
tive analytical techniques detect one part per million of
recombinant DNA in a food?

An analysis of the economic impacts of a labeling
requirement for new-biotech foods by the California
Department of Consumer Affairs (CDCA) predicted that
the additional costs would be “substantial,” and that
“while the American food processing industry is large,
it is doubtful that it would be either willing or able to
absorb most of the additional costs associated with labeling
biotech foods” (7). The analysis concluded that “there is
cause for concern that consumers will be unwilling to pay
even the increased price for biotech foods necessary to

cover biotechnology research and development, much less
the additional price increases necessary to cover the costs
associated with labeling biotech food.”

The CDCA assessment implies another outcome of
unwarranted but compulsory labeling. Overregulation will
reduce competition and, therefore, increase prices, and
overpriced biotech products would be limited to upscale,
higher-income markets. Wealthier consumers would be
able to pay more for the “boutique” products, while the
less affluent would simply do without them.

Itis noteworthy that FDA’s current approach to labeling
was upheld indirectly by a federal appeals court, which
found in a pivotal 1996 decision regarding another product
of biotechnology that food labeling cannot be compelled just
because some consumers wish to have the information.
That case, International Dairy Foods Association v.
Amestoy (92 F. 3rd 67; 2nd Cir. 1996), involved a Vermont
state law requiring labeling of dairy products from cows
treated with a gene-spliced protein that increases the
productivity of dairy cows. In overturning the law, the
appeals court found that such regulation merely to satisfy
the public’s alleged “right to know” is a constitutional
violation of commercial free speech. “Were consumer
interest alone sufficient, there is no end to the information
that states could require manufacturers to disclose about
their production methods,” the court wrote.

Although FDA’s 1992 food biotech policy is scientifically
defensible and favors the public interest, as discussed
below, the agency has shown a willingness to ignore
scientific consensus, bow to political pressure, and
accommodate activists’ whims.

FDA'’s Volte-face on Biotech Food Policy

In 1993, only a year after publishing the progressive
and scientific food biotech policy described above, FDA
informally announced plans to require registration of all
new biotechnology foods. FDA never published a proposal,
but various agency officials announced repeatedly that one
was being prepared. The new policy would have directly
contradicted the widely praised 1992 policy statement that
specified that new biotechnology foods would be treated in
the same manner as other, similar foods. The ostensible
rationale for this volte-face in policy was the gratuitous
“controversy” over biotech foods in Europe and the United
States, fueled by activists who are ideologically opposed to
the new biotechnology (8).

The actions of antitechnology activists have shown that
their agenda is neither a good-faith attempt to air issues
of technological risk, nor an attempt to offer innovators
and consumers a greater spectrum of choices. Rather,
they wish to control what research is performed, what
techniques are permitted, and what products are brought
to market. Academic freedom, industrial innovation, free
markets, and consumer choice are among their victims.
The controversies about the new biotechnology are only
a microcosm of that struggle. Activists’ minds will not
be changed by scientifically reasonable arguments, by
assertions of the primacy of empirical evidence and the
scientific method, or by invoking the benefits to the
public of new products and choices. The activists’ modest
success at discouraging prospective end-users of new
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biotechnology products from accepting them is worrisome,
for if end-users such as food producers and consumers
do not want the products, plant biologists, breeders, and
farmers will stop developing and growing them, and the
technology will no longer be widely used. The major
exceptions will be in which the inflated price of the
final product can offset the cost of making it. Inevitably,
with lowered demand for and acceptance of gene-spliced
products, there will be less interest in and resources for
basic research on plants for food, fiber, and medicines.

Overregulation, in the form of additional risk assess-
ment (e.g., case-by-case review) or risk management (e.g.,
labeling) is interpreted by the public as a warning of
potential risk. This is evident from the observations of
Barbara Keating-Edh, representing the consumer group
Consumer Alert, before the National Biotechnology Policy
board, a group established by Congress and located within
the NIH, September 20, 1991:

For obvious reasons, the consumer views the technologies that
are most regulated to be the least safe ones. Heavy involvement
by government, no matter how well intended, inevitably sends
the wrong signals. Rather than ensuring confidence, it raises
suspicion and doubt (9, emphasis in original).

Since 1993 FDA has generally been receptive to activists’
demands. The agency has seemed more concerned about
placating activists than ensuring access by consumers to
the fullest array of improved foods and providing opportu-
nities to American companies for product innovation.

At the direction of Vice President Gore’s domestic policy
staff, in 1993 FDA announced a policy that would require
selected foods to be registered with the agency before
being sold to consumers (10). Extra government scrutiny
certainly makes sense when there is uncertainty about
health risks or a reason to suspect a problem such as
the presence of toxins or allergenic components. In this
proposal, however, the FDA decided to require registration
only of those foods made with the most precise state-of-the-
art biotechnology techniques. While in the first instance
there was to be only a requirement for registration of new
products at FDA’s Center for Food Safety and Nutrition,
officials could, of course, request additional information
and testing for individual products. Such a policy would
confer no public-health advantage but would discourage
research that could produce foods of better quality and
greater variety. The inevitable result of such regulation
would have been more responsibility and bureaucracy
for FDA but more limited choices for consumers at the
supermarket or greengrocer.

Scientific and professional groups—including the
Chicago-based Institute of Food Technologists and the
University of California’s Systemwide Biotechnology
Program — objected strenuously to the unscientific basis of
the proposal. Only after the Republican-controlled 104th
Congress made pointed inquiries about the plan did FDA
officially withdraw the proposal —deleting it in early 1995
from the agency’s regular report to OMB of regulations in
preparation. The proposal was gone but not forgotten.

In July 1996 FDA began, in a peculiar and surreptitious
way, to circulate the news of new requirements. A seven-
page document, “Foods Derived from New Plant Varieties:

Consultation Procedures,” went out to state officials (11).
In it, FDA adopts a pretense that the new policy is
applicable to all new plant varieties and not just those
produced with the new biotechnology. The agency’s intent
is transparent, however: Oversight of the consultation
process rests with the Biotechnology Evaluation Team,
and the degree of detail requested from the plant’s
developer would only be available for those crafted with
new biotechnology.

Again signaling apparent willingness to retreat from
its scientifically sound 1992 policy, in late 1999 the agency
held a series of public meetings around the country to
inform the public “about current FDA policy for assuring
the safety of bioengineered foods [and to ask] whether
this policy should be modified,” according to the agency’s
press release. This was a thinly veiled invitation for anti-
biotech activists to stuff the ballot box and demand more
stringent regulation — and that is exactly what happened
at the meetings, held in Chicago, Washington, DC, and
Oakland.

In Chicago, three hundred prospective speakers showed
up, the vast majority of them from radical environ-
mental groups, to denounce gene-spliced food as, vari-
ously, unproven, dangerous, worthless, unnatural, and
anti-religious. Interestingly many members of these anti-
biotech organizations registered merely as “consumer,”
presumably so their groups could in effect have multiple
representatives. There were also two panels (whose mem-
bers were selected by FDA), with long-time antagonists of
biotechnology heavily represented. Outside the meeting,
many of the activists mugged for the cameras, staging
mini-morality-plays in which, for example, children cos-
tumed as monarch butterflies fled in mock terror from a
figure dressed as a huge ear of gene-spliced corn.

These most recent attempts by FDA to regulate biotech
foods in a discriminatory way reverse the agency’s 15-year-
old guiding principle for the oversight of biotechnology:
Regulation should focus on real risks and should not
turn on the use of one technique or another. These
tenets have provided effective oversight for thousands
of new biotechnology products, including drugs, vaccines,
diagnostic tests, and foods. Ironically, as discussed above,
as recently as May 1992 FDA formally reiterated this
policy for foods, affirming that new biotechnology foods
would be treated no differently from those produced with
other techniques and that oversight would be risk-based.

In several ways the FDA’s new policy will discourage
the application of biotechnology to foods. The data
requirements are substantial; FDA lists nine categories
of obligatory information:

1. Name of the bioengineered food and the crop from
which it was derived.

2. Description of the various intended uses of the
bioengineered food, including animal feed uses.

3. Information concerning the sources and functions of
introduced genetic material.

4. Information on the purpose or intended technical
effects of the modification, and its expected effects

on the composition or characteristics of the food or
feed.
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5. Information about the identity and function of the
newly introduced genetic material and new gene-
expression products, including an estimate of the
concentration of any expression product in the
bioengineered crop and the food derived from it.

6. Comparison of the composition and characteristics
of the bioengineered food with the food derived from
the parental variety or other commonly consumed
varieties.

7. Information about the identity and levels of toxicants
that occur naturally in the food.

8. Discussion of the available information concerning
the potential for altered allergenicity (ability to elicit
an allergic reaction) in the bioengineered food.

9. Any other information relevant to the safety and
nutritional assessment of the bioengineered food.

The detail is far greater than would be required for
food products made with less-precise, less-sophisticated
techniques; if applied to traditionally crafted plants these
new, draconian requirements would spell the end of new
varieties of apples, pears, strawberries, or wheat, for
example. Imagine trying to determine the function of
poorly characterized genes situated on whole chromosomes
and newly introduced into a new cultivar of wheat by the
wide cross-hybridization of wheat and a wild grass to
which it is distantly related.

FDA’s new policy will entail significant costs for the
government and industry, and by extension, the public,
in those few instances where food producers actually
decide to apply biotechnology to foods and attempt
to negotiate the new regulatory hoops. According to
FDA’s description of the new regulatory scheme the
Biotechnology Evaluation Team will always consist of no
fewer than six FDA staff, drawn from different parts of
the agency. There will be endless and conflicting demands
for information about each product, causing delay and
uncertainty among manufacturers. Another disadvantage
of the new regulatory regime is that every biotechnology
product will be placed squarely in the sights of anti-
biotechnology activists: according to FDA, the results
of consultations with industry will be available on the
Internet.

The policy is intentionally murky about whether
developers of new biotech foods are required to consult with
the agency, although in private conversations Dr. James
Maryanski, the biotechnology coordinator in FDA’s Center
for Food Safety and Nutrition, has protested that
these “requirements” are “only suggestions.” However,
the reality is unequivocal: A “suggestion” from the
nation’s most ubiquitous and draconian regulator is
akin to an armed mugger “suggesting” you turn over
your wallet. In practice, this is mandatory premarket
regulation —applied uniquely to biotech-derived foods.
And it is extra-legal regulation, in the sense that it is
not the product of the rule making required by law.

The bottom line is that the policy will, in effect, impose
a tax on the use of biotechnology for food production.
This discriminatory treatment will discourage research on
more varied, appetizing, and nutritious foods —research
that has given us low-saturated-fat oils, seedless grapes,

tangelos, and the like. American farmers and food
processors will be less competitive, consumers will be
deprived of new choices and the price of biotech-derived
foods will be inflated.

OECD’S BIOTECH FOOD POLICY

The Paris-based Organization for Economic Cooperation
and Development (OECD) has endorsed a policy for
biotech foods similar to FDA’s 1992 approach. In its
1993 publication, Safety Evaluation of Foods Derived
by Modern Biotechnology, OECD invoked the concept of
“substantial equivalence” (borrowed from the U.S. FDA’s
medical device regulations), the crux of which is that
new foods that are “substantially equivalent” to other
varieties should be regulated “in the same manner as
their analogous conventional counterparts” (12). In other
words, no additional regulatory requirements, such as
notification, review, or labeling, should be required. Safety
Evaluation of Foods Derived by Modern Biotechnology
spells out clearly the rationale, theory, and practice for
applying the principle of “substantial equivalence”:

Historically, foods prepared and used in traditional ways
have been considered to be safe on the basis of long-term
experience, even though they may have contained natural
toxicants or anti-nutritional substances. In principle, food has
been presumed to be safe unless a significant hazard was
identified.

Modern biotechnology broadens the scope of the genetic
changes that can be made in food organisms, and broadens the
scope of possible sources of foods. This does not inherently
lead to foods that are less safe than those developed by
conventional techniques. Therefore, evaluation of foods and
food components obtained from organisms developed by the
application of the newer techniques does not necessitate a
fundamental change in established principles, nor does it
require a different standard of safety.

[TThe precision inherent in the use of certain molecular
techniques for developing organisms for use as food should
enable direct and focused assessment of safety where such
assessment is desired. Knowledge obtained using these
methods might also be used to approach safety assessment
of new foods or food components from organisms developed by
traditional methods.

For foods and food components from organisms developed
by the application of modern biotechnology, the most practical
approach to the determination of safety is to consider whether
they are substantially equivalent to analogous conventional
food product(s), if such exist. ...The concept of substantial
equivalence embodies the idea that existing organisms used
as food, or as a source of food, can be used as the basis for
comparison when assessing the safety of human consumption
of a food or food component that has been modified or is new.

If one considers a modified traditional food about which
there is extensive knowledge on the range of possible toxicants,
critical nutrients or other relevant characteristics, the new
product can be compared with the old in simple ways.
These ways can include, inter alia, appropriate traditionally
performed analytical measurements (for example, alkaloid
levels in potatoes, cucurbatin in vegetable squash cultivars,
and psoralens in celery) or -crop-specific markers, for
comparative purposes. The situation becomes more complex
as the origins/composition/exposure experience decreases, or
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if the new products lack similarity to old established products
or, in fact, have no conventional counterpart.

A demonstration of substantial equivalence takes into
consideration a number of factors, such as:

e knowledge of the composition and characteristics of the
traditional or parental product or organism;

knowledge of the characteristics of the new component(s)
or trait(s) derived, as appropriate, from information
concerning: the component(s) or traits(s) as expressed
in the precursor(s) or parental organism(s); transfor-
mation techniques (as related to understanding the
characteristics of the product) including the vector(s)
and any marker genes used; possible secondary effects
of the modification; and the characterization of the
component(s) or trait(s) as expressed in the new organ-
ism; and

knowledge of the new product/organism with the new
component(s) or trait(s), including the characteristics
and composition [i.e. the amount of the component(s)
or the range(s) of expression(s) of the new trait(s)] as
compared with the conventional counterpart(s) (i.e. the
existing food or food component).

The OECD document elaborated “principles for the
application of substantial equivalence to the assessment of
organisms developed by the application of biotechnology”:

e If the new or modified food or food component is
determined to be substantially equivalent to an existing
food, then further safety or nutritional concerns are
expected to be insignificant.

e Such foods, once substantial equivalence has been
established, are treated in the same manner as their
analogous conventional counterparts.

e Where new foods or classes of new foods or food com-
ponents are less well-known, the concept of substantial
equivalence is more difficult to apply; such new foods or
food components are evaluated taking into account the
experience gained in the evaluation of similar materials
(for example, whole foods or food components such as
proteins, fats or carbohydrates).

e Where a product is determined not to be substantially
equivalent, the identified differences should be the focus
of further evaluations.

o Where there is no basis for comparison of a new food or
food component, that is, where no counterpart or similar
materials have been previously consumed as food, then
the new food or food component should be evaluated on
the basis of its own composition and properties.

The consideration of safety may include the need to
evaluate possible effects occurring through cooking or other
processing. For example, trypsin inhibitors from certain
leguminous plants, such as the cowpea trypsin inhibitor, have
a long history of safe consumption when properly cooked.
However, if the cowpea trypsin inhibitor is expressed in other
plants, the safety question relates to whether the normal
use of these plants as food involves cooking sufficient for its
inactivation.

Another consideration [related to whether a new food is
substantially equivalent to another] is the influence of the
newly introduced modification(s) on the nutritional value
of the food or food components(s). For the majority of
modifications being carried out, such changes are unlikely.

Nonetheless, when modifications are directed at metabolic
pathways of key macro- or micro-nutrients, the possibility of
an impact on nutritional value is increased. Such impacts are
of potential significance in cases where the modified food or
food component may become a major dietary source of the
nutrient affected.

It is obvious from the foregoing that in order to apply
substantial equivalence generally, as well as to specific
cases, judgments by regulators are necessary. And therein
lies what has become in practice an anomaly: Contrary
to the concept as conceived at the OECD, national
regulators and others have often defined virtually any
change wrought by molecular techniques as yielding a
food or food component that falls outside the realm of
substantial equivalence and that, therefore, requires more
extensive review and evaluation. Although FDA does not
apply the term “substantial equivalence” to its oversight
of food, the concept is implicit. As described above,
FDA’s 1992 official policy defines certain safety-related
characteristics of new foods that, if present, define “non-
substantial-equivalence” and require greater scrutiny by
the agency. These include the presence of a substance that
is completely new to the food supply, an allergen presented
in an unusual or unexpected way (e.g., a peanut protein
transferred to a potato), changes in the levels of major
dietary nutrients, and increased levels of toxins normally
found in foods. (The absence of such characteristics, in
effect, defines foods that are substantially equivalent to
antecedent products.) Foods lacking characteristics that
raise these safety issues need not be subject to premarket
FDA review.

OTHER INTERNATIONAL AND SUPRANATIONAL
APPROACHES

The European Union

The European Union (EU) announced controversial
rules for the labeling and sale of new biotechnology-
derived foods in December 1996, after months of
acrimonious debate (13). The now-mandatory labels will
add significantly to the costs of processed foods made from
fresh fruits and vegetables. The precise costs will vary
according to the product. But a company using a gene-
spliced, higher-solids, less-watery tomato (more favorable
for processing), for example, must bear the additional
costs of segregating the product at all levels of planting,
harvesting, shipping, processing and distribution. Labels
must appear on minestrone soup, indicating the presence
of gene-spliced tomato, potato or other products (at least
any amount above an arbitrary one percent threshold).
The added production costs are a particular disadvantage
to products in this competitive, low profit-margin market
segment, and at best, will likely relegate many gene-
spliced products to the status of expensive “boutique”
foods, out of the reach of less affluent consumers (15).
As discussed above, labeling requirements have virtually
eliminated biotech foods from the shelves of European
retailers.

The EU compromise was reached after five years
of negotiations by a joint committee of the European
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Parliament and the EU Council of Ministers (which
represents the 15 states). The Council and the European
Commission had preferred to require labeling only when
the new food or ingredient was “significantly different”
from its predecessors; but the European Parliament had
its way, and labeling is required for “live” genetically
modified products — those that could, in theory, grow if put
in soil, such as tomatoes or potatoes. The compromise has
not mollified the radicals. A new “technical amendment”
to the regulation adopted by the European Commission on
April 2, 1997, would require the labeling of seed products
that will give rise to transgenic plants. The European
Novel Food Regulation, with or without the April 1997
amendment, is irrelevant to public health. A label that
says “genetically modified” provides no useful or material
information to consumers—but at significant economic
and societal cost.

Quite apart from gene-splicing considerations, other
parts of the regulation also fail to take scientific
principles and precedents into account. For example,
new varieties of wheat improved by the introduction of
genes from hardy grasses (a common plant-improvement
strategy) might be deemed “different in comparison with
a conventional food or food ingredient.” Under which
circumstances, says the regulation, the varieties are “no
longer equivalent” to preexisting foods or ingredients, and
would require special —and costly —labeling. (Consider,
also, that using sophisticated analytical techniques, the
chemical composition of English potatoes can easily be
distinguished from those grown in Italy; under the
regulation, the two varieties —even if the same species
and cultivar —would arguably be nonequivalent and need
to be distinguished by labeling.)

As often happens with political compromises by
poorly informed, paternalistic politicians, the citizenry are
compromised by an outcome that makes neither scientific
nor economic sense. The unnecessary and arbitrary novel
food regulation constitutes, in effect, a punitive “tax” on
regulated products or activities, which, in turn, creates
a potent disincentive to product development and use.
Finally, the EU’s regulation and its tax are incompatible
with the U.S. policies and may well precipitate trade
conflicts or even a trade war—-corollaries of the law of
unintended consequences.

Japan

The Japanese government has made no pretense of
adopting policies that are consistent with the scientific
consensus that the new biotechnology is an extension,
or refinement, of older genetic techniques, or with the
spirit of the OECD’s “substantial equivalence.” Rather,
the Japanese Ministry of Health and Welfare (MHW) has
imposed a strict regulatory regime specific to foods and
food additives manufactured with rDNA techniques (16).
This regime captures virtually all rDNA-derived products
for case by case review and subjects them to extraordinar-
ily stringent standards for manufacture, documentation,
record keeping, characterization of the source organism
and the actual food products, and so on—a far higher
standard than any other class of food, except perhaps for
the preparation of Fugu, a fish much favored in Japan that

contains a potent and potentially fatal neurotoxin. Because
food products’ profit margins are low, discriminatory and
unnecessary regulation is a strong disincentive to using
a new technology. Predictably, regulatory disincentives
have prevented Japan from exploiting its experience and
traditional strengths in agriculture and the production of
fermented foods and beverages.

In 1986 MHW promulgated guidelines concerning the
manufacture of new-biotechnology products, loosely based
on the OECD 1986 report, “Recombinant DNA Safety
Considerations” (18), but failed to incorporate the spirit
of “substantial equivalence.” MHW also has regulatory
responsibility for food additives, and in 1991 issued a policy
statement, “Basic Principles on Safety Assurance for Foods
and Food Additives Produced by Biotechnology” (17). A
year later the MHW issued two guidelines for the new
biotechnology used in food production: a Manufacturing
Guideline (GMP, or Good Manufacturing Practice) and a
Safety Assessment Guideline. In December 1999 MHW
announced that beginning in April 2001 mandatory tests
on the potential health risks of genetically modified
(GM) foods would replace voluntary testing, and also
that products approved and considered “safe” would be
identified by labels as having been produced by the
new biotechnology (18). However, as of March 2000,
there remained uncertainty about how this would be
accomplished and whether the labels would, indeed,
indicate “safety.” The confusion lies in the existence of
conflicting (August 1999) draft regulations of the Ministry
of Agriculture, Forestry, and Fisheries, which require 30
food ingredients containing gene-spliced ingredients to
be labeled as such, and that products with a mixture of
gene-spliced and non-gene-spliced ingredients be labeled
as “undifferentiated” (18).

In theory, the Japanese adhere to the concept of
“substantial equivalence” as articulated by the OECD
(vide supra), but in practice their primary regulatory
trigger is process based —that is, the use of recombinant
DNA techniques—and there are unprecedented and
irrational admonitions that “recombinants themselves are
not to be consumed” (19).
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INTRODUCTION

Biotechnology in agriculture has gained as much attention
for its social and political controversies as it has for its
science and its promise for food and fiber production.
Those controversies as they pertain to different types of
scientific products and processes are the main subject

of this article. One polar view holds that agricultural
biotechnology is the primary key to providing for future
world food needs. The opposite view is that biotechnology
products subject agriculture, people, and food availability
all to potentially grave risks —too much so as some see
them. These opposing positions as well as myriad centrist
views have led to legal, regulatory, and other political
activity and conflicts that are described here. In the process
of engendering conflict, they also have led to a complex and
growing maze of statutes, regulations, and international
agreements that govern agricultural biotechnology to the
satisfaction of almost no one. Those institutional rules and
dissatisfactions are also covered here.

LEGAL FRAMEWORK

Two types of genetically engineered products have
received the greatest attention in agriculture. The first
is recombinant products such as hormones that are added
to living organisms through application or injection. The
second is transgenic manipulation, in which genes of one
organism are engineered into another, often of a very
different species. Since the two types of products are
quite distinct in technology and in approach, they have
evoked unique interests within the governing process in
recent years. Considerable irony exists in these unique
interests because, at least in the United States, the
essence of legislation actually proceeded the emergence
of agricultural biotechnology products. Precedents were
set long before the new technology arrived.

U.S. Domestic Legislation: Protecting Property

The generic legal framework for biotechnology plant
products is the Plant Patent Act (PPA) of 1930 (1).
It was essentially a matter of protecting profits for
those building an industry on new products. So was
subsequent legislation. The intention was to provide
protection of intellectual property developed primarily by
agribusiness companies (2). The Act allowed patent-style
protection for new plant innovations, which sets those
important legal precedents. PPA, however, had limited
utility since it only covered asexually reproducing plants,
which included grafting but not new seeds. That obviously
failed to cover much of the U.S. plant industry, as became
startlingly clear in the 1940s with the introduction of corn
hybridization.

As a corrective, the Plant Variety Protection Act
(PVPA) of 1970 extended important features of the
1930 legislation. Specifically, it gave intellectual property
protection for 20 years to sexually reproducing plants that
hold over time their uniform characteristics. Far more
products were able to get certificates of protection. PVPA,
however, had significant exemptions, for research efforts
to develop new products and for crop growing purposes,
or farmer-to-farmer sales. These exemptions meant that
plant industries still had relatively limited product control
as well as incentives to litigate. In 1994 these two problems
with PVPA were marginally narrowed by Congress, but
not anywhere to the satisfaction of industry.

Much of the logic for plant protection was touched on
but not actually extended to livestock and other animals
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in the Animal Patent Act of 1986 (3). It, like a subsequent
act in 1988, failed. Nonetheless, arguments made in the
congressional hearings combined with federal genetics
privacy legislation which protects DNA, provided the
eventual basis for certifying animal innovations as well
as plant species (4). But federal administrators rather
than Congress were to become the actual arbitrators.

Evolution: Litigation and Regulation in the United States

The congressional emphasis on property protection rather
than the direct topic of biotechnology products is not
surprising. Historically U.S. federal legislation develops
only in the vaguest sense and with minimal explicitness.
Then bureaucracy takes over. Many issues simply get
avoided for political reasons, although administrators are
often forced to eventually rule as part of their legal duties.
Either that or the courts rule. Those reasons lie in part
with the complex and shared governing powers within
the policy-making process. Powers are both divided and
separated as well as shared from one institution to the
next. This brings very different and more compromised
results than the far more explicit and integrated
policy processes that characterize parliamentary forms
of national government, which dominant in most other
democratic regimes. With more executive control in
keeping agencies accountable, governing in parliamentary
nations is far less fragmented.

Within the United States, Congress disposes of
policy initiatives half-heartedly. The presence of both
active federal courts and of technical administrative
agencies explains why. With their involvement Congress
understands full well that most of its policy decisions will
be refined further through judicial litigation and through
agency regulation when enabling authority exists. Thus
Congress has rarely tried to resolve all relevant issues
in statutory law. That, of course, is why congressional
initiatives on protecting plant and animal properties were
necessarily to be evolving rather than dealing with all
possible new products and resulting legal concerns (5).

It was clear from legislative hearings on all of the
major acts that property protection was not the only
issue up for contest. Most of those who testified as
critics in the hearings addressed side issues such as
animal well-being, environmental impact, human health
as linked to new products, and such economic and
social consequences of biotechnology as resulting financial
concentration in farming (6). Some of those concerns led to
the aforementioned plant variety exemptions for research
and for growers.

But for the most part these things were left to be at
least partially resolved in other, mostly nonpatent federal
institutions. So they evolved in those places to set legal
case law. Federal courts were involved at first, and again
most explicitly in interpreting property protection since
that had been the emphasis of legislation.

While litigation has been prolific, only three cases merit
specific comment for their precedent setting nature for
biotechnology. A California state case, Moore v. Regents
of the University of California, ruled that biotechnology
industries can utilize genetic raw materials freely and to
their own purposes, regardless of donor circumstances.

Even more landmark, however, was the earlier U.S.
Supreme Court ruling in Diamond v. Chakabarty. The
Chakabarty decision affirmed that traditional patent law
is indeed still patent law, that there are no differences in
law between the animate and inanimate innovation. The
legal distinction is rather between what nature produces
and what humans engineer. This case not only supported
the biotechnology industry, it also dealt with living
bacterium and thus extended plant protections to animals.
The federal patent office moved under this authority in
1988 to certify the famous Harvard mouse. Ex parte
Hibberb then moved to clarify which products could receive
utility patents. The courts ruled that when Congress did
not explicitly exclude plants from such patents, it left
intact all forms of procedural plant protection. Armed
with that interpretation, and confident that it is also
extended to animals, industry firms moved successfully
to prosecute numerous patent violations as well as to
patent more and more products (7). There, however, still
remained a downside for industry: Patent protection for
plants and animals is hard to obtain because of the nature
of both these products and the utility patent process. To
gain protection, inventors must prove novel and useful
application, describe the invention well enough to let
others with necessary skills recreate it, and demonstrate
true innovation as opposed to a simply logical extension of
past ideas. Protecting trade secrets is allowed within that
legal context.

The regulatory arena has been no less active than the
courts in promulgating legal precedents that shape the
law for biotechnology, indeed far more so. Using and inter-
preting patenting and other regulatory processes shaped
by Congress through enabling legislation, administrators
have become prominent and consequential public poli-
cymakers. Both the U.S. Patent and Trademark Office
(PTO) within the Department of Commerce and the U.S.
Department of Agriculture (USDA) share specific patent
responsibilities which lead to frequent interpretive differ-
ences. USDA in the 1990s had very explicit opposition, for
example, to patenting an entire species, which its officials
argue cannot represent a new discovery. PTO disagrees,
leaving resolution to continue into the future.

Points of administrative confusion and conflict are
far more than just over patent interpretations since
myriad other nonpatent agencies have agricultural
biotechnology jurisdictions or at least interests. This opens
a whole Pandora’s Box of American public policymaking
for product review. Most notable of the agencies are
the federal Food and Drug Administration (FDA) and
the Environmental Protection Agency (EPA). USDA’s
traditional agency in this area of food safety also is
important but inclined to be less critical of biotechnology.
The Animal, Plant, Health Inspection Service (APHIS)
nonetheless adds to the regulatory muddle through
PPA. Under the long existing Public Health Service
Act and other lesser statutes, FDA has clear authority
to regulate and ensure the safety of foods derived
from new plant varieties and, therefore, new techniques
of production. This entails what can be an extensive
product safety review. EPA has contrasting and less
clear authority to mandate and review environmental
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impact statements. It has been at this juncture where
transgenic manipulation has been separated in impact
from recombinant technologies. EPA has been concerned
that new products with variable gene structures may
contaminate existing and especially wild or natural
settings. This could threaten existing strains of plants
and animals ranging from commercial canola to migratory
salmon. To respond to this problem, EPA has moved to
regulate and test all new agricultural varieties which
promise plant protection under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA).

EPA’s response infuriated most of the active U.S.
scientific community, including eliciting a direct and angry
critique from 11 scientific societies (8). This was, they
argued, neither EPA’s job nor was it a scientifically sound
conclusion (9). The case nonetheless shows a great deal
about the effect American politics has on a fragmented
and barely integrated regulatory process that opens its
official doors to nearly any and all interest groups and
citizen complaints. If complainants fail to be content
with decisions in one place, they simply look for other
agencies with which to complain. When APHIS says no
to a complaint, for example, the complaintant goes on to
EPA —and looks and hopes for a different response on
different grounds. In effect, the United States regulates
agricultural biotechnology to ease public fears more than
to bring forward sound and lasting scientific decisions.
Dissenting social forces move, for example, from PTO to
USDA patent officials to FDA to EPA to APHIS. Animal
Patent Law hearings, as noted, were places where many
nongermane issues were raised.

A good example of cultivating the public can be seen in
another task of USDA’s Office of Agricultural Biotechnol-
ogy (10). Since 1987 this office has taken a neutral stance
on product innovations and on biotechnology itself. Yet
it further opens up decision-making units within govern-
ment to intense lobbying and media coverage from any
dissenting social faction. Federalism, or the separation of
American governments into three levels of government,
does even more of the same. When no federal agen-
cies respond, agricultural biotechnology critics become
politically active within the American states and even
localities. Chicago provides a superb illustration with its
decision to insist on consumer labeling for any food prod-
uct that may be adulterated by agricultural biotechnology,
either through recombinant or transgenic processes. Quite
clearly, those who wish to promote this biotechnology
industry in the United States face a costly, cumbersome,
and uncertain structure of governance. Yet biotechnology
critics and opponents love that structure for the many
obstacles it provides.

Agricultural Biotechnology in Other Countries

As the above makes abundantly clear, the United States
can hardly have a systematic and supportive public
policy to promote agricultural biotechnology. Things
within governing structures are just too cumbersome for
that to be the case. Yet, on a comparative basis, U.S.
governments have been generally friendlier to agricultural
biotechnology than have those of almost all foreign
governments (11). There are some exceptions. Germany,

Australia, and Japan actively support the industry,
because in large part both agriculture and high levels
of industrialization matter to their political economies.
That support, however, has not quelled loud and extensive
public criticism in those countries. China with its major
worries over food supplies and Brazil with its aspirations
as a leading world food producer tend also to be supportive
yet not particularly activist in their biotechnology political
agendas.

Much of Europe as well as countries of the South-
ern Hemisphere are far more skeptical. France as a
recent convert to conservation policy links agricultural
biotechnology to those concerns, particularly in protecting
indigenous germ plasm. Industry is also not advantaged in
the United Kingdom, where both government and public
skeptics about technology’s effects on a prominent farm-
ing sector prevail. With such splits as between France and
Germany, and with family farming revered throughout
most of Europe, no common laws on anything of sub-
stance have passed. The European Parliament has, despite
the splits, passed a nonbinding resolution against animal
patenting, seen the introduction of several resolutions
attacking plant patents, failed to come up with a proposal
for a European initiative supporting and regulating agri-
cultural biotechnology, and condemned the international
European Patent Office for actually approving an animal
patent as it did in 1992 (12). Europe, as a consequence,
lags several years behind the United States in actual pub-
lic policy supports for the industry. Moreover its federated
European Union (EU) governing structure is proving to
be even as cumbersome and fragmented as the United
States on biotechnology matters in agriculture, only just
not within the individual countries.

Despite serious food and trade needs as well as
rapidly growing human populations, countries of the
Southern Hemisphere also act skeptically. Culture plays
a major role in structuring negative responses as does
the importance of farming in each nation’s politics.
The greatest reluctance, however, comes from fears of
further domination by the United States and other
highly developed industrial nations. Exploitation has
long been a dramatic political issue in Asia, Africa,
and Latin America. Its importance has only escalated as
industry firms have moved into underdeveloped countries
in major initiatives to research as well as to market
biotechnology products. Pioneer Hi-Bred International,
with its offices in over 30 countries, has become for many
an archetype of the fearsome multinational corporation.
Thus, while governments around the world could quite
easily promote agricultural biotechnology because of their
more integrated parliamentary structures, these countries
have demonstrated the ease with which they can also react
reluctantly.

International Cooperation

Agriculture has long been a policy area marked by sub-
stantial efforts at international cooperation. In part, this
is because agriculture and now agricultural biotechnology
are subject to agreements between so many participant
nations within several international agencies. From world
food needs to nutrition problems of the poor, the United
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Nations has played an activist role in fostering various
agreements. That has worked in part because there has
been much to agree on in promoting solutions to world
farm, food, and fiber problems. Humanitarianism is a
common goal, one easily favored. Agricultural biotech-
nology, however, brings no such consensus, as those
nation-by-nation differences discussed above would obvi-
ously suggest. Disagreements abound and limit any efforts
to think that global cooperation on this subject will ever
take on either a voluntary or a legal status. There was
passed in 1992, though, a UN Convention on Biological
Diversity. While the United States did not ratify the con-
vention, it still participates actively in its frequent and
ongoing conferences. The biggest controversy surrounding
the convention has been over the issue of a legally bind-
ing protocol governing the release of genetically modified
organisms in developing countries. While an earlier UN
report by 15 experts saw no need for such a protocol, it still
passed but has not yet been adopted. Opposition of major
agricultural biotechnology producer countries favored a
voluntary protocol and numerous future meetings were
planned and held to facilitate discussions (13). No sub-
stance has yet emerged. That both irritates friends and
foes of the binding protocol and reveals again the lack of
authority to be found in international cooperation.

The UN, however, is not the sole international agency to
be involved with or split by controversy. Global standards
on health and environmental protection are developed by
the World Trade Organization (WTO). On those grounds
WTO voted to delay action on rBGH, which meant that
the EU’s ban on the product remained in place. The
World Health Organization (WHO) advocated strategies
for assessing foods produced by biotechnology. And the
Organization for Economic Cooperation and Development
(OECD) has directed its mostly European member
countries to carefully scrutinize agricultural biotechnology
products. As a member of all three organizations, the
United States stood as a biotechnology proponent and
faced formidable opposition from many developing nations
and several European countries. Once again, none of
these three organizations have actually changed global
production or trade conditions. They have, however,
increased negative attention to biotechnology as applied
to food products.

Much of that negative attention goes back to the UN
as well as its relatively independent suborganizations.
Two strong suborganizations have along with central
UN deliberations had the strongest impact. The UN
Food and Agriculture Organization has both recognized
the promise of agricultural biotechnology and issued
conditions under which its application should continue.
FAO wants that biotechnology to be used only for highly
planned special circumstances and specified problems, to
be adapted to local infrastructure needs, to wrestle with
the complexity and equality of property rights issues,
and to ensure food and environmental safety along with
fostering biodiversity. FAO clearly holds that what it
calls “novel foods” should be subject to use with extreme
caution. Such concerns impose further checks on the
actions of agricultural biotechnology producer countries,
further limiting and restricting their market inroads.

The same is true of the UN Environmental Programme
(UNEP). Along with FAO, UNEP produces extensive
research and information. But unlike FAO, UNEP takes
a more activist and indeed interventionist position
as well, especially through its Environmental Law
Programme (ELP). The ELP promotes the development
of international legal instruments, develops international
environmental law aimed at sustainable development,
provides technical and legal assistance to countries with
developing and transitional economies, and exercises
leadership in implementing environmental law both
internationally and nationally. It has become clear
from recent actions of the 1990s that ELP/UNEP has
concerned itself extensively and provocatively with food
biotechnology products and practices. Its partner in all
such instances has been OECD. That partnership, like
OECD more generally, has focused more negative than
positive attention on such agricultural issues. Thus the
balanced result of voluntary member organizations has
proved more negative than positive for the whole of
worldwide agricultural biotechnology.

SOCIAL PROMISE OF AGRICULTURAL BIOTECHNOLOGY

There is no mystery why agricultural biotechnology has
been subject to so much social and political concern.
Two related reasons explain it. World politics has
long been influenced by Malthusian fears. Economist
Thomas Malthus determined in the early 1830s that food
production was increasing at a far slower rate than was
the rate for the human population. Yet industrialization of
agriculture occurred in the twentieth century, and the food
production rate of growth outpaced the population rate of
growth by 3 to 2 between 1950 and century’s end. Still,
however, fears of food shortages remain real, for a very
good reason. The world’s population of 6 billion people is
expected to peak at nearly 11 billion by 2050 (14).

These contrasting observations have affected politics
and social values at two levels. First, Malthusian fears
have led at least indirectly to massive government inter-
vention in agriculture over time. Nations have supported
agricultural expansion, policies to bring about a more
educated and productive farm population, and research
that has hastened farm industrialization and moderniza-
tion (15). All that has been especially true of the United
States. But the U.S. model of agricultural education,
research, and outreach or extension assistance to farm-
ers has been exported to other nations worldwide. Thus
proactive and interventionist government in agriculture
has prevailed. No country trusts agriculture only to the pri-
vate market. The contrasting belief that the world will not
experience long-term food shortages has produced a rather
different political scenario in more recent years. While food
availability fears still exist, governments have become
more skeptical of their own agricultural expenditures and
involvement. A view exists that Malthusians have always
been wrong and will continue to be wrong in the future. As
a consequence fear no longer drives, though it does still in
tandem influence, agricultural policy initiatives. The pri-
vate sector, or market, also gets much of the credit so far
for having avoided food shortages. Some trust in business
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has then emerged from some parts of governments. This
enhances the influence of agribusinesses. However, since
much of the social base of fears of a food-short world are
gone, more stern critics of agriculture also have emerged.
These new critics are much less inclined than previous
generations of critics to support commercial agriculture
and research at any social and economic cost. Indeed, the
new critics want instead to closely scrutinize any costs
of a further developing agriculture, especially one led by
market considerations which may not take into account
human safety, cultural values, or essentials of nutrition.
Those contrasting views of advocates and skeptics both
get played out daily in agricultural policy making and in
the media. Nowhere is that more true than for transgenic
agricultural biotechnology. Without the fear factor of
Malthus, agricultural biotechnology has been the subject
of intense calls for regulation, as can be surmised from the
previous section. Government therefore intervenes in what
is often less than a supportive fashion for industry. At the
same time, few interests want agricultural biotechnology
to truly fail—but rather just to be safe (16). Exceptions
do exist, mostly from those widely labeled to be modern
Luddites. The general view of both industry and most
critics of agricultural biotechnology, though, is much the
same: Support for or opposition to the social promises and
fearful circumstances that emerging technologies seem
possibly to produce. Agricultural technology then is the
subject of both severe complaints as well as valued for
what it may offer in the near- and long-time future. This
makes for conditions that fail to bring about extensive and
comprehensive public policy. No politicians wish to decide.
That social promise, as well as the diverse fears that
come with it, need to be specifically examined in order to
make sense of this rather dizzying politics, for the promises
are immense and of far more than marginal social value.
So too are the fears. Promised contributions of agricultural
biotechnology include the obvious one of finalizing the clos-
ing of the gap between food availability and food needs.
What began with commercial industrialization of agricul-
ture and moved from a green revolution of hybridization
into molecular biology now can be turned toward engi-
neering plants and animals whose genetic characteristics
make for more food. By identifying those genes, by mark-
ing them, and by transferring them to host organisms,
better products can result. “Better,” however, does not
just mean more world food to those doing agricultural
research. “Better” also means foods that are, for instance,
more nutritious, build in pesticide control genes, and foster
a resulting ecological improvement from reduced agricul-
tural chemical use. That value-laden term of the advocates
of “better” also implies social gains as new biotechnol-
ogy products use nutrients more efficiently and so lead
to higher yields that also promise to limit destruction
of old growth wildernesses for farming and ranching (5).
Even with the increased financial costs of the technolo-
gies, they might bring economies of production scale as
well and therefore at least some lower food costs. “Better”
also means food products that are less prone to spoilage,
have longer shelf lives, and are less subject to bacterial
contamination. The social concern over wasted foodstuffs
may thus be addressed. Perhaps “better” also means foods

that have more appealing taste and can find usable mar-
kets where only limited ones existed before (17). That has
compounding importance when these more tasty and now
marketable products can substitute for foodstuffs grown in
short supply on environmentally fragile lands or by using
high levels of degrading chemical inputs.

The “better” arguments are countered by fears of
worsening food conditions. To opponents, “worse” also
means many things. The range of possible difficulties go
from the creation of pesticide resistant bacteria and other
pests to the loss of genetically proven and strong seed and
animal strains, to the contervailing view that food will
be less nuitrious over time. A major disagreement over
“worse” owes to what will be the nature of a specific food
product. What are the religious implications of a Muslim
or Jew eating plants expressing pig genes? What is the
likelihood of a fish allergic consumer being ravaged by
eating a tomato expressing trout genes? Both the public
and the media pay widespread attention to such fears for
quite obvious reasons.

With these conditions in mind, U.S. government
regulators have approved the following sorts of products,
which in total still number less than two dozen by
FDA. A few more are approved by other regulatory
agencies depending on their jurisdiction. There are
far fewer approvals worldwide. Recombinant bovine
somatotrophin (rBST) came first. It falls into the
category of more product, or milk, with more efficient
nutrient use by cows. Adoption in the United States has
become relatively high but plagued with significant milk
producer expense. European countries still await approval,
which is hardly surprising since they have—for trade
reasons — long banned imported meat raised with growth
hormones. Beyond rBST, there are varieties of marketed
biotechnology substances. Calgene brings a transgenically
altered and more lasting and transportable tomato. Large
firms, mostly Monsanto, have introduced products to
deal with agricultural chemicals and use, both for plant
survival and to reduce applications. There are on the
market soybeans and canola that can withstand herbicide
application, canola that produces improved oils, and
corn that resists some insects. Despite these innovative
products, however, there is little to conclude from them
about the future successes of agricultural biotechnology.
These are simply too few of these innovations yet on
the market to comment on and assume success of the
technology in attaining its social promises. Yet from the
above illustration two fears about “worse” have come to
life: the example of a tomato expressing trout genes and
the death of monarch butterflies eating too near pesticide
resistant crops.

All that anticipated value then is still but the
visionaries’ promise of agricultural biotechnology: more
food, less future starvation, a more secure environment,
and more choices of affordable products. Small wonder
that these new food technologies have been widely
championed, especially with some fears coming real. The
scientific and industrial advocacy, however, is enhanced
further by the accompanying advent of new mechanisms
for business and profit. There exists substantial room
for firms to make money by developing new products
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with all those desirable characteristics (18). Some are
large firms such as Monsanto and Pioneer that have
set up extraordinarily large scientific enterprises to
foster the new technologies. Monsanto, for example, has
invested more than four billion dollars in agricultural
biotechnology. Others are far smaller firms set up by
entrepreneurs who organize around a single product, often
with state government backing to enhance area economic
development. Both types have in general found appeal
among finance capitalists and stock market investors,
which further drives advocacy of the technology. Industry
and scientific jobs and technically sound advancement are,
of course, powerful social motivators for investors and for
governments. Combined with all the visionary promises,
profits and their additional potential add real social luster
to agricultural biotechnology and lend it greater social
legitimacy. The technology is therefore a dramatic social
and political force. Yet that economic promise is still to be
proved. Monsanto supports its agricultural biotechnology
science by selling more herbicides, many corporate stock
prices have experienced declines, some firms have failed,
and some states have divested their investments as far too
costly to state budgets.

BUT THERE ARE THOSE LOOMING CRITICS

These broad-ranging promises, however, are only predic-
tions premised on the good guesses of a very able but
always limited scientific community. So too are social
fears. No one can be exact as to what will actually occur,
either as a benefit or as a consequence of agricultural
biotechnology. That uncertainty produces, first of all, con-
siderable perceived risk and, second, opens up political
and economic doors to every advocate who holds a con-
trary position. To the great frustration of public policy
makers, no one can give either outright assurances or
absolute reasons for resistance to biotechnology. Thus, for
scientists and industry, there are a great many opposing
and competing views from formidable critics that espe-
cially plague them. Some common and recurring critical
assessments that filter down to and move the national
publics at large need highlighting.

These can be typed and analyzed in five general but not
mutually exclusive categories: the philosophy-and-ethics-
of-risk problem, the agricultural-sustainability problem,
the farm problem, the Jeremy Rifkin problem, and the
opposing-coalition problem. Each will be explained in full,
not because of the importance of any one of them. Rather
the explanations are sequenced according to the formal
logic and indeed science of their advocates’ opposition. The
most scientifically logical problems come earliest, Then, in
descending order, the problems become even more purely
political and driven by the competing social values of and
myths held out by the opponents. To an important extent,
however, a degree of both logic and politics can be found
within each type of critical disagreement because there
are so few hard, or perfect, pieces of evidence.

The Philosophy-and-Ethics-of-Risk Problem

At the center of the debate for those critics are the
growing relationships between scientists, the universities

that employ them, and the industries that offer grants
and contracts to university budgets and researchers (19).
The role that government plays in encouraging applied
research, cutting university budgets, and supporting
economic growth and development also enters in according
to these critics. The basic skeptism results from beliefs that
as these forces became more interdependent, scientific
inquiry lost its former neutral ethics of research. Ethical
values, for reasons of scientific self-preservation, had to
give way to science’s move to the center of social and
economic service (20). As a consequence scientists lost
much of their traditional culture of critical and objective
inquiry. This, of course, is a harsh view.

The harshest charge of those who see this problem goes
beyond that perversion-of-science charge. It emphasizes
that in pursuing social and economic relationships,
scientists fail to adequately consider even the possibilities
of the negative consequences of their actions. What they
learn might hurt. In drawing an analogy that simplifies the
problem, one critic raised the specter of Dr. Frankenstein.
Frankenstein was not scientifically wrong for what he did
in creating the monster. He was wrong in not anticipating
what might result (21). Thus he failed to take any action
to prevent disasters that may occur. Scientists at the
center of society are thus myopic, inclined not to analyze
everything that should be subject to inquiry. Finding likely
consequences may be a threat. At least some of that myopia
is tied to budget constraints but even more is linked
to doing whatever best serves the new scientific culture
of interdependent rather than independent relationships
with those who fund research.

Beyond this generic concern there are few agreements
as to what are the specific risks of biotechnology and
what should be done about them. An extreme position
is that science should ensure that any genetic creations
that escape to the environment should quickly die and
never become ecological contaminants (22). Doing so
certainly makes avoiding risk the highest priority of
agricultural biotechnology. Many such proponents favor
no-risk tolerance laws. These critics look to China as the
object lesson for this concern over preserving natural or
indigenous germ plasm, species, and plant varieties. Due
to massive manipulation of plants and animals, China has
not seen the semblance of a normal environment for over
1000 years. Major loss of varieties has occurred.

Others, however, have less comprehensive and restric-
tive concerns. Some will even accept low levels of risk.
Biotechnology, according to others, should not be injuri-
ous to animals as a basic ethical standard (23). An ironic
expression of risk is the likelihood of producing too much
food and destroying in the process social and institutional
stability in the world order (24). On an entirely different
level, communication specialists argue for getting citizens
involved in assessing risks (25). With increased public
involvement of citizens, risk-minimizing benefits of two
kinds accrue. First, the likelihood of public opinion hav-
ing too much faith in that culturally changing science is
minimized. Increased social scrutiny results. A compet-
ing concern comes from the came critics. They note that
despite perhaps misplaced faith in science, the public also
has simultaneously developed a highly critical view of gov-
ernment and other social institutions. Should those views
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be moved further by food system or environmental failure
laid to agricultural biotechnology, public opinion would
become irrationally cynical of these new technologies and
lead to hostile and even backward controls.

Thus, with a philosophical framework intact of
minimizing risk, ethics and developing standards still
mean several different things to several different critics.
That does not imply, however, that these critics have
not made their mark. The EPA takes a strongly risk-
averse approach, even in confronting organized scientists.
USDA’s Office of Agricultural Biotechnology publicly and
politically holds a neutral position to ensure confidence
and avoid charges of product advocacy over that of the
public interest. Finally, USDA’s APHIS has also taken an
innovative stand by establishing standards for releasing
information and encouraging a dialogue with various
segments of society (10). Avoiding risks of various kinds
has certainly penetrated the public policy process and
the attendant debate over regulatory standards. That, of
course, complicates U.S. national politics, especially in
bringing hypothetical fears to a cautious public that might
well revolt. European politics is hardly immune to the
same problems.

Agricultural-Sustainability Problem

While discussions of agricultural biotechnology have been
a mix of effusiveness, critical thought, and social attention,
other innovative approaches to the Malthusian fear of
world food shortage have been in evidence. A prominent
one is sustainable agriculture, the search for methods of
production and food products that will not lead either
gradually or even in a crisis to production disasters.
Lester Brown’s Worldwatch argues first and foremost for
long-term sustainability over biotechnical advancement
as do Rodale industries, both two organizations that
reach countless Americans and a great many residents
of other countries worldwide. The sustainability debate in
agriculture is often linked to better and more productive
agricultural biotechnology (26). This linkage is but more
of the idea that biotechnology offers food and production
needs almost limitless social value. The logic, given earlier,
is obvious but unproved.

Not all observers agree with the positive linkage,
though, including many in USDA’s original office of
sustainable agriculture. The reasons for the disagreement
are complex and not as intuitively obvious as ones that in
a positive way link biotechnology and sustainability (27).
Part of the reason for obfuscation of problems lies in
the origins of sustainable agriculture. Although not all
of its advocates agree, sustainability has its origins in
organic farming. As such, much of both its rhetoric and
science are anti-chemical input with a championing of
healthy ecological conditions. As sustainability developed
its own goals, though, it moved its position from no
chemicals to reduced chemicals. Sustainability advocates,
accordingly, mostly want food that is healthier to consume
and healthier for long-term soil and water resources. Thus
not all these advocates are extremists in their beliefs.
They also want food that is less expensive for producers
to grow as the amount of expensive agrochemical
inputs are decreased. The latter point has gained these

advocates a growing number of supporters among farmers
and within several federal agencies in the United
States. Research support is established and considerable.
Sustainability has become popular enough that most
USDA agencies try to promote it at least at the margins.
The Extension Service promotes it more aggressively
through its farmer assistance outreach in some regions
of the country. The U.S. South is especially sustainability
conscious. Sustainable advocates in general are also more
impressed with precision farming innovations rather than
biotechnology, which holds up another roadblock for many.

Opposition from some sustainability segments nonethe-
less charges agricultural biotechnology interests as bring-
ing forth several production negatives. They tend to argue
the following: that biotechnology is owned and controlled
by large industries that have records of environmental
abuse rather than of contribution, that biotechnology in
agriculture can have no life without this corporate con-
trol, that diversity in agriculture will further give way
worldwide to specialized and large-scale crop and animal
production, that all of this takes decision making away
from local farmers who now often creatively address their
own sustainability and environmental needs, and finally,
that the sum total effect is to distance people and producers
from what is grown and how it is grown.

Stewardship over natural resources, as a consequence,
is likely to disappear as a human value. These are
another set of very harsh and especially cynical views.
The cynicism and the targets of attack make them less
potent than are the arguments of advocates against
risk. Despite what seems the marginal status of the
most extreme sustainability critics, these views have
enough attention in public, farm, and policy-making circles
worldwide to be a considerable factor in evaluating policy
options. The 1999 move of the Henry Wallace Institute for
Alternative Agriculture, with its sustainability emphasis,
to the worldly acclaimed Winrock International has
enhanced that research identification. The anti-business
concerns are nonetheless particularly persuasive in
bringing opposition in developing nations to the policy
wants of heavily industrialized, biotechnology-producing
agricultural nations.

The Farm Problem

It seems unlikely at first thought that farmers, producers,
and growers would present agricultural biotechnology
with an obstacle. The farm problem, however, exists as a
major one for industry and science. Production agriculture,
even through the present, is treated both in the United
States and in much of the world as a unique economic
sector deserving special government assistance (28). Even
as farming loses its economic uniqueness, a raft of
institutional structures can still be found that protect
producers against market failure, natural disaster, and
even economic loss. The reason owes to another irony of
production agriculture: Just after Malthus was spreading
his fears, the United States entered a period through
today and into the foreseeable future that has brought food
supplies that are too large, farm prices that are too low, and
accompanying failures and farm losses among producers.
Technological innovations kept that spiral in place (29).
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In a nation that was settling its frontiers and attracting
massive development, failures of this magnitude among
so many national agricultural institutions were found to
be politically unacceptable.

First, considerable social and political investment had
been made in increasing the number of producers, getting
them to frontiers, keeping them productive, and even
giving them land. Nations as diverse as Japan and
Mexico passed legal structures either to keep farm prices
artificially high and away from a worldwide market or
simply to give expropriated lands to peasants. The belief
was and still remains the simple one that producers as
providers of food and stewards of both natural resources
and national security deserve special treatment. As
Jeffersonian Democracy spread in the United States, a
myth emerged that family farmers were important and
should be preserved for reasons of protecting basic social
values (30). This played out as the widespread social belief
that family farming structures of production deserved
protecting against large industrializing farm and ranch
holdings (31). Other nations were not immune to this
notion of farming as a basic social value, and protectionism
became a common worldwide practice.

Farm failures were unacceptable from a second perspec-
tive as well. Not only was national development important
and existing on a powerful base of social values and myths,
farmers were also acquiring vast political importance in
agrarian and in evolving nations. Farm power was insti-
tutionalized in the United States in its own structures
within Congress and in administrative agencies. Farmers
felt entitled to assistance, and government officials treated
them as if they indeed were. Homestead laws were passed,
railroad transportation was regulated, a huge agricultural
establishment of research and education was put in place,
marketing supports were advanced, and, as farm failures
continued, direct government payments to farmers were
made. Farmers and organized farm interests zealously
protected all this. Congress proved the best vehicle for
protection because congressional members from rural dis-
tricts and states were anxious to serve local constituents,
especially where they could effectively destabilize regional
politics (32). Similar ventures worked worldwide to play
off and protect myths of agrarians as special and often
unassailable interests.

Thus, when agribusiness industry took on economic and
political significance, farmers won concessions frequently
and with a political flair. In the United States, patent
laws allowed farmers to sell certified products to others
as these were left over from individual production efforts.
Until patent law cases were more effective, farmer actions
were often abusive. Yet only in 1994 did the courts limit
farmers against industry. In Asgrow v. Winterboer, the
U.S. Supreme Court ruled that it was quite excessive for
a single family farm to stockpile and sell enough soybean
seed to plant 400,000 acres. As long as farmer interests
work to compromise with those other social and economic
interests in their nation, however, farmers still hold potent
influence. Environmental and farm trades among other-
wise competing interests are a good example, one directed
harshly and in tandem against biotechnology industries.

The emergence of opposition to agricultural biotechnol-
ogy shows that influence with clarity, at least relative to

countering industry and science. Dairy farmers delayed
the opposition of rBST for years. They argued, through
to the present, that the cost of the technology was too
high for smaller-scale farmers to bear. Economic benefits
could go primarily to larger-sized producers who enjoyed
economies of scale in distributing costs throughout large
herds. This smaller-scale producer fear argued that rBST
would further increase escalating farm size and disrupt
the widely valued structure of family farm production.
Several other biotechnology products have been opposed
for similar reasons of costs and farm structure. These
controversial products range from strawberries that can
withstand lower temperatures and not freeze as well as
transgenic innovations that at considerable expense added
preservation qualities and had longer shelf lives. Opposi-
tion also was strong against adding transgenic innovations
in farm animals. In all these cases farmers wanted pro-
tection from changes and competitive circumstances in
their own operations. They wanted to preserve their own
current animal breeding plans, keep personal costs low,
resist greater agribusiness dependency, and continue to
produce with well-understood and familiar practices. As
a result much of the farm problem over biotechnology
has been directed against agribusiness corporations and
production structures that are far from the traditions of
family farming. This same farm problem perspective has
also been directed against other than biotechnology pro-
ducers, for instance, against those proposing irradiation of
food for longer shelflife. This rather populist rhetoric finds
considerable public support as well, and it has gained a
number of limited-technology champions within Congress
and numerous state legislatures.

Agricultural biotechnology thus comes constantly
against prevailing social sentiments that are protective
of family farming. The tendency is for liberal, progressive,
and populist elements in agriculture to generate much
of this daily opposition. A long and enduring tradition
of ideological farm protest has always split farm sectors
in many nations, including the United States (33). The
farm problem, however, is not restricted only to populist
opposition. Many mainstream general and commodity
farm interest groups have cooperated in challenging
some biotechnology products and attacking agribusiness
projects. What to support and what to oppose is in many
of these cases a matter of primarily what farmers like
and what they do not. Farmers, for obvious reasons,
like and support new pesticide resistant crops. Yet they
dislike many other products because these disrupt existing
and widely accepted production and even marketing
practices. That opposition results from all types of
producers, regardless of political ideology and farm size.
It gets played out in all of the institutions of government
that have long provided farm services. This indicates that
the farm problem will continue to plague at least some
biotechnology innovations, as well as others, into the more
than immediate future.

The Jeremy Rifkin Problem

It may seem unfair to personalize a critical problem with
the name of a single human being. Yet Jeremy Rifkin
and his unrelenting and vitriolic opposition to agricultural
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biotechnology deserve special note for personalizing and
spreading this dissenting style of politics. Rifkin is a
guru, the one who founded the word of warning. His
works have spread internationally and he would probably
welcome the guru label, since he has personally and
continuously contested genetic research since the mid-
1970s. Labeling the problem after Rifkin also calls
attention to the widespread growth of public interest
groups that lobby against the unintended externalities of
agricultural biotechnology and for alternatives to genetic
experimentation. For example, Greenpeace has been a
Rifkin disciple organization in Europe, bringing this same
type of opposition and same rhetoric to nearly the whole
of that continent’s extreme Green politics.

In this and other issue areas, individuals have a
strong tendency to be better identifiable than their
own organizations. That is, Rifkin matters more than
Greenpeace, or even more than his own group. As
entrepreneurs, such people have founded numerous
organized political interests, sought grants and donations
to get and keep them going, made extensive contacts
in policy-making and media circles, and lobbied as
near free agents with their own personal agendas (34).
Their organizations are often quite small, sometimes
with no members. In opposing agricultural biotechnology,
scientists and industry have often been confounded by
the importance of these personalities, ranging from the
aforementioned Lester Brown to the Land Institute’s
Wes Jackson and including the agrarian poet from
Kentucky, Wendell Berry. As well-recognized entities,
these individuals keep the attention of much of society
because they personally make claims that followers
enthusiastically disseminate. They matter less because
of what they say than how and to whom they routinely say
things.

Rifkin epitomizes this approach and came to command
ongoing media coverage after the publication of his highly
critical and controversial book, Algeny (35). Politically,
even as a distinct outsider from government, Rifkin
remains a major contact or at least reference for those
who wish to investigate what might be the seamy side
of agricultural biotechnology. Having only very small
financial resources compared to the largest agribusiness
firms, the Rifkins of international politics raise enough
money to mount obstacles through law suits, frightening
scenarios released to the press, and ongoing exposure to
electronic media hosts who include them in news reports.
With political and social institutions around the world both
skeptical of new technologies and lacking integregation,
Rifkin and other public interest entrepreneurs have
proved to be influential in both starting and formulating
debates. By articulating the semblance of public policy
plans and by always having a story that reporters enjoy
and pick up, public interest groups like that Rifkin follower
Greenpeace often appear far better at basic politics than
do advocates of emerging agricultural biotechnology. That
explains why in the United States these people have
won permanent friends in such agencies as FDA, EPA,
and USDA’s Food Safety Inspection Service. The same is
true in the UN. In Europe they have won even more
policy-making friends and have been very influential

in delaying product introductions. This is true even in
countries that are strong in biotechnology research. Yet
even some developing nations are homes to the critic
entrepreneurs, especially by using international grants.
Others from developed countries also influence domestic
policies in such developing countries. Robert Rodale of
Rodale Press gained frequent attention for being the
worldwide exporter of organic farming. And his successors
have recently used Rodale’s publications to link organic
farming to biotechnology skeptism.

The Coalition Problem

Closely tied to the Jeremy Rifkin problem is that
of coalition politics. Political coalitions are formed
when different organized interests and social segments
cooperate on public policy questions (36). The basic
objective of a coalition is bringing together various
interests so that they can share resources of money,
political and media contacts, and even skill in order
to win their agreed-upon common goals. Proponents of
causes related to agricultural biotechnology have formed
coalitions in order to gain government cooperation. Critics
of biotechnology have organized coalitions in order to
delay or prevent product introduction and regulatory
approval. The coalition problem results because critics
are more advantaged by such cooperation than is science
and industry. That, for instance, makes Rodale Press
opposition to biotechnology especially formidable when
it is linked to the idea of organic production.

The explanation as to the opponents’ advantage is
quite simple. First, critics aim to stop something. Second,
stopping or halting a product or technology is but a matter
of creating doubts. Third, critics need not share all of the
same values as reasons for their common opposition. They
only need to agree to cooperatively bring impediments into
the policy process. Thus minimal cooperation is necessary,
and no plans for the details of future policy need be
formulated. Their politics is really only about saying “no”
in a unified voice. The more who say “no” together, the
stronger is the coalition.

Proponents of biotechnology have contrary disadvan-
tages. Given the uniqueness of products and technology,
scientists and agribusiness firms must decide whether or
not any cooperation is worthwhile. Cooperation on secur-
ing a patent or on approving a single pesticide is a task for
the stockholder firm, not the entire industry. Moreover,
too much cooperation between advocates of agricultural
biotechnology may release trade secrets and give away
firm advantages in the marketplace. That explains why
most universities, research facilities, and corporations
lobby on their own. And it explains why they also sup-
port more generically active common trade associations,
the Biotechnology Industry Organization or the National
Agricultural Biotechnology Council, when obvious policy
questions such as binding international protocols unite
the diverse proponents. This quite clearly is neither as
simple or as easily agreed upon a cooperation as that of
the opponents collectively and loudly saying “no” (37). Far
more strategic options need be considered by proponents
in order to pursue collective ends or even merely share
information. As a consequence opposing coalitions tend to
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grow to the largest possible numbers while coalitions of
proponents tend to be kept far smaller, and therefore more
internally conciliatory and politically weakened.

The net result is that coalitions tend then to be
especially favored by Rifkin-style public interest groups.
When Rifkin’s Foundation on Economic Trends worked
to stop the introduction of rBST, coalition politics was
the obvious and favored route. All of the other three
types of critical opponents were brought together to
force greater study and long and costly industry delays.
Sustainable agriculture specialists raised their questions
under Rifkin’s direction. Populist, smaller-scale dairy
producers engaged with Rifkin in active social protest in
favor of family farming. Academics who studied philosophy
of science and policy ethics willingly shared their skeptical
information (38). On the other side, as more industries that
were once hoping to produce BST disassociated themselves
from the innovation, Monsanto was left nearly alone
to lobby for regulatory approval and against legislative
roadblocks. In a more recent and publicly inspiring effort
to capture attention, Rifkin helped organize the Pure
Food Campaign. Nationally and internationally prominent
chefs with important local followings gained Rifkin’s views
extensive publicity, even on cable TV’s The Food Channel.
The Beyond Beef Coalition was similarly conceived and
attended.

The conclusion as to the impact of the coalition
problem on science and industry is easy to draw: When
it comes time to challenge agricultural biotechnology in
public policy making, the interests are easily merged of
those who represent each of the opposition problems.
The critics do not exist in political isolation nor
have secrets to necessarily withhold from one another.
Thus critics of agricultural biotechnology may each be
relatively small and resourceless and anti-science, but
they still exist in cooperation with one another, with a
resulting considerable political influence over corporate
and research innovations.

SOCIAL IMPACT ON AGRICULTURAL BIOTECHNOLOGY

The social impact of agricultural biotechnology is full of
both promise and fear, but for the foreseeable future,
that impact is problematic. Sound sciences and capable
industries make projections that must be far from reliable
forecasts. Intelligent critics raise questions that are logical
and rationally derived. As a consequence these emerging
technologies may yield great benefits but they might also
offer several social and political problems. No one knows.
All extrapolations are only guesses as to probable impact.

The more immediate question for the early decades of
the twenty-first century is on what social and political
impact affects agricultural biotechnology. Answers exist
for this query. First, any world order for governing
agricultural technology’s future will be fragmented
and full of inconsistencies nation to nation. Second,
what people believe even mythically in each society
will exert strong political pressures that influence
product and technology innovations. Rational science
will not preordain adoption outcomes because near
perfect information is never possible to have. National

politics, as affected by international events, will prove
determinate. Third, existing evidence indicates that a
skeptical public, responsive public officials, and numerous
critical positions on this technology will put distinctive
and either unfortunate or fortunate limits on its ability to
offer the social values it otherwise might. There exists a
general suspicion both of new technologies and of corporate
enterprises, especially in developing countries (39). That
explains why public interest groups, as well as many
academics, so often predict food scares that seldom, but
certainly could, bring about the anticipated disasters (40).
The rhetoric seems believable. The unfortunate plight
of the monarch butterfly as it feeds close to genetically
altered crops is an example that adds to the believability of
critical commentaries. So too is the Muslim who confronts
a tomato having a pig gene. People and politicians
worldwide like change to be slow; and they can from
that value position be easily influenced and mobilized by
social and political critics to impose impediments from an
anti-science perspective. Agricultural biotechnologies for
these reasons will not soon escape either its controversies
or its difficult politics.
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INTRODUCTION

Agriculture in the United States is extremely productive
today because of extraordinary natural resources and
technological efficiency. The present capacity of the U.S.
agricultural production system (from field to fork) is a
result of scientific contributions made by both the private
and public sectors. It rests on a foundation of basic and
applied research outcomes delivered to the intended users
through multiple technology transfer mechanisms.

Science in general, and U.S. agricultural research in
particular, has been for the most part exempted from reg-
ulatory oversight, with some notable exceptions. Research
scientists have for some time been expected to comply with
federal regulations regarding the handling of radiological
materials, and they are required to obtain institutional
permission to conduct research with human subjects. Fed-
eral law also sets strict standards for the care of research
animals. In recent times research scientists have been
required by federal law to obtain certification to handle
registered pesticides, although many types of hazardous
chemicals (including experimental pesticides) have long
been exempted from federal regulation in small-scale tests.

One notable exception to this regulatory pattern for
research activities is the strict federal requirement on the
interstate shipment of plant pest, pathogens and noxious
weeds. To move a “regulated article,” from one state to
another, or to import a “regulated article” requires a
permit under the Federal Plant Pest Act. The Plant Pest
Act is administered by the United States Department of
Agriculture (USDA) through the Animal and Plant Health
Inspection Service (APHIS), a division of the USDA’s Food
Safety and Inspection Service (FSIS) (1).

Thus, for the most part, during the first three-quarters
of the twentieth century agricultural researchers in the
public and private sectors were mostly free to manipulate
the genetics of animals and plants, and even microorgan-
isms, with little government oversight or regulatory atten-
tion. The freedom to investigate all types of organisms for
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applications to crop and livestock improvement came to
be a common expectation. New technologies emerged and
flourished, as did U.S. agricultural production.

In the United States this virtual absence of scientific
regulation seemed to work, and when something untoward
happened, solutions were modest. This point is perhaps
best typified by the federal government’s response to the
1969 release of a potato clone named Lenape. This cultivar
was soon discovered to have a significant concentration
of poisonous glycoalkaloids in the tubers, under most
commercial growing conditions. Lenape was the product of
a conventional breeding program that had used some wild
species as parents to obtain superior potato chip processing
quality. It has been presumed that the wild parentage
brought to the progeny high glycoalkaloid concentrations
that later required its withdrawal from commercial
production. The federal government’s response to public
concerns was to establish, through the U.S. Food and Drug
Administration (FDA), requirements for establishing the
safety of newly released cultivars. The agency’s Generally
Regarded As Safe (GRAS) guidelines asked plant breeders
to give self-assurances that what was about to be released
was at least as safe as the cultivar(s) to be replaced. This
“self-policing” approach to the problem was generally well
received within the scientific community. And it was fairly
typical of the federal government’s hands-off approach
to research-related concerns for environmental, public
health, and food safety issues. The GRAS guidelines are
still in place, but there is no GRAS police force.

AGRICULTURAL BIOTECHNOLOGY

In the early 1970s, the relationship between society
and the scientific community began to change as a
result of research breakthroughs in the ability to
manipulate the cells, tissues, and the genetic code of
plants and animals (2). These collective technologies
were subsequently called biotechnology. Understanding
the technology’s components is necessary for gaining an
understanding of the shift that occurred in the regulation
of biotechnology in general, and agricultural biotechnology
research in particular, by the federal government.

Tissue and Cell Culture

The culture of living tissues, and subsequently of
individual living cells, has long been available to research
scientists. Plant tissue culture dates back six decades.
But in the 1970s scientists discovered how to chemically
dissolve cell walls and grow single protoplasts (naked
plant cells). This represented a technological advancement
of significance to plant researchers. Similarly, in the
animal science research community, the ability to culture
animal tissue and individual cells opened up new areas of
investigation. At the time, none of these discoveries were
considered to represent a risk worthy of federal regulation.

Regeneration

Subsequent research discoveries allowed the regeneration
of individual cells and tissues into once again whole organ-
isms, through a phenomenon called totipotency (which is

actually very poorly understood). This remarkable biolog-
ical characteristic means that certain types of individual
living cells have all of the genetic information necessary
to become a complex organism, and can do so when given
the right culture conditions.

Regeneration of plants and animals also was not
considered worthy of federal regulatory attention. This
was true until recently when the cloning of some higher
animals (notably with the cloning of the sheep named
Dolly) raised public concerns regarding the ethics of a
technology that might lead to the cloning of humans. Still,
no federal regulations for sheep cloning are being seriously
considered.

Transformation

The third emerging technology is genetic transformation
which was first described in bacteria. This discovery had
obvious applications to higher organisms, once it was
understood that complex organisms could be reduced to a
single cell (or small group of cells), transformed, and then
regenerated. Taken together, tissue or cell culture, genetic
transformation, and regeneration have become the tools of
genetic engineering (a.k.a. biotechnology).

PLANT GENETIC ENGINEERING

The genetic engineering of plants first occurred in 1982 at
the University of Wisconsin. Researchers there genetically
engineered a protein from sunflower into a bean plant.
This “genetic transformation” technology later became the
standard for genetically engineering plants. Involved in
genetic transformation processes are the following steps.

Identification of a specific genetic sequence

Isolation of the sequence by the use of restriction
enzymes

Matching the result to a promoter sequence

Application of a gene vector
e Insertion into a host plant’s genome
e Regeneration.

Both the vector and the promoter DNA sequences are
essential to the transformation process. A marker gene
(e.g., a gene for antibiotic resistance) is also desirable in the
genetic construct to more easily identify the successfully
transformed cells or tissues.

The terminology associated with genetic engineering
requires some explanation. Restriction enzymes were
first named because when they are applied to cultures
of a bacterophage, the plague’s (i.e., infected bacteria’s)
growth is “restricted.” Subsequent research showed that
the restricted infection was due to the presence of enzymes,
but it was not known why they restricted plague growth. In
the end it turned out to be the result of ribonucleases (RNA
enzymes). These enzymes were cutting the DNA at specific
sites in the DNA sequence, thus restricting infectivity. The
proteins came to be termed “restriction enzyme” (because
the bacteria’s growth was restricted). Technically they are
more accurately called endonucleases, since they cut the
DNA sequences internally (endo).
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Gene vectors come in many forms, but the most
commonly used (and highly efficient) vector in plants was
found in the plant pathogen Agrobacterium tumafasciens.
This pathogen has a wide host range and induces a cancer
like growth near the soil line, which accounts for the
common name for the disease, crown gall (3).

Significant research funding in the 1970s from the
National Institutes of Health (NIH) for investigation of
crown gall was likely a consequence of their interest in
the cancer-like growth promoting characteristic of the
pathogen. Thus, as a benefit of cancer research, plant
pathologists were able to discover that a plasmid (an extra-
chromosomal ring of DNA) harbored a sequence for tumor
induction (commonly referred to as the TI plasmid) (4).
The plasmid had the capacity to insert itself into host
DNA, so it could serve as a vector for attached DNA. The
attachment of cloned DNA to the TI plasmid came to be
called a construct and targeted sequences could be used to
transform plants that were susceptible to Agrobacterium
tumafasciens.

It was soon discovered that in order to get the DNA
sequences to express themselves effectively, a promoter
sequence had to precede the gene of interest. The
commonly used promoter sequence during the early years
of plant research was also from a plant pathogen, the
cauliflower mosaic virus.

All of this is important to subsequent regulation of
biotechnology by the Animal and Plant Health Inspection
Service (APHIS) of the U.S. Department of Agriculture
(USDA) under the Plant Pest Act, as we will see later.

HISTORY OF BIOTECHNOLOGY REGULATION

In 1974 a group of about 300 concerned scientists met at
the Asilomar Conference Center in Monterey, California,
to discuss their concerns for the safety of research with
recombinant (a.k.a. rDNA) organisms (5-7). At that
time virtually all genetic engineering was being done
with bacteria. There were no biosafety standards for
the handling of these biological materials in research
laboratories. Moreover much of the biotechnology research
at the time was medically related, often involving
human pathogens. Fear of an epidemiological disaster
that might result from an unintended release of a
genetically engineered human pathogen prompted the
Asilomar conference. From that conference emerged a set
of voluntary guidelines that set levels of containment for
the handling of recombinant organisms, primarily based
on human disease hazards (8,9). That is, the disease risk
of the research organisms being handled helped determine
the levels of containment, which increased with the level of
concern for human pathogenicity. The guidelines described
handling and containment protocols for various types of
research microorganisms.

NIH Guidelines

The Recombinant DNA Guidelines were to be adminis-
tered by NIH, and they were to be voluntary (10—12).
In response, the NIH created the Office of Recombinant
DNA Activities (ORDA). ORDA relied on a panel of experts

to review application and make recommendations to the
director of NIH on proposed research protocols.

The NIH guidelines were more than self-policing. The
awarding of federal funds for research projects required
compliance with the guidelines. It was commonly asserted
at the time that voluntary compliance by the private
sector and nonfederally sponsored public sector research
was virtually 100 percent. Some individuals concluded
that the threat of civil penalties for negligence induced
many public and private laboratories to adopt the NIH
rDNA guidelines, even though technically they were
not required to do so. Although never tested in court,
it is presumed that with NIH approval the researcher
was doing what a reasonable and prudent scientist
would have done. Negligence would then be hard to
prove. Thus the endorsement by the NIH’s Recombinant
DNA Advisory Committee (RAC) became a standard
for research protocols for new and novel recombinant
organisms, but only for contained laboratory research.

By the early 1980s it became obvious that biotechnology
would have many applications in agricultural science (13).
What was not known at the time was how to provide
biosafety assurances for field-testing (i.e., tests to be
conducted outside of a contained laboratory or greenhouse)
with organisms of recombinant parentage (14—17). The
NIH guidelines were strictly for controlled laboratory
facilities, and inasmuch as they were primarily based
on human pathogenic traits, the 1982 announcement of
transgenic sunbeans drew attention to biosafety issues,
rightly or wrongly. Many felt that something had to be
done by the USDA to ensure the safety of organisms being
handled in research activities outside of containment (at
least for the projects if funded). Thus began USDA’s two-
track approach to biosafety assurance.

USDA'’s Two Track Approach

The USDA is a complex structure with responsibilities
that required it both to promote and to regulate scientific
activities. At the time (early 1980s) the Assistant Secretary
for Science and Education, Dr. Orville Bentley, foresaw a
need to extend the NIH recombinant DNA guidelines to
cover field experimentation with plants and animals. This
would be done in ways to provide public assurances of
the safety of research funded through his office. At the
same time, NIH was expressing little interest in assuming
responsibility for safety assurances for the environmental
release of recombinant DNA organisms. And thus
was born the idea for an Agricultural Biotechnology
Research Advisory Committee (ABRAC), patterned after
the NITH RAC. (To be factually accurate, the Committee
on Biotechnology of the National Association of State
Universities and Land-Grant Colleges first proposed to
the USDA that it should use the NIH rDNA guidelines
model for the oversight of field tests with recombinant
organisms.) Additionally ABRAC was given staff support
by the Office of Agricultural Biotechnology (OAB), which
was obviously patterned after the NIH ORDA. But
ABRAC/OAB was to address the biosafety (i.e., the
environmental and public health) questions arising from
research tests conducted outside of containment facilities.
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Simultaneously, the regulatory arm of the USDA
(which houses APHIS) began exploring its authority
under the Federal Plant Pest Act to regulate genetically
engineered plants as plant pests. This created a dual track
situation and set up an interesting dynamic between the
research side and the regulatory side of the same federal
department.

Meanwhile, other federal regulatory agencies were giv-
ing thought to asserting their authorities to regulate
biotechnology in ways that would impact agricultural
research. The Food and Drug Administration (FDA) ini-
tiated notable regulatory activities, under the U.S. Food,
Drug, and Cosmetic Act. Also the U.S. Environmental
Protection Agency (EPA) became active under the Federal
Insecticide, Fungicide, and Rodenticide Act and the Toxic
Substances Control Act.

Coordinated Framework

By 1983 it was becoming obvious that a plan was
needed for assuring the safety of biotechnology (18). Some
interest groups argued that regulation was needed at the
federal level, to coordinate better regulatory actions, and
perhaps to preclude state-by-state, or county-by-county, or
even city-by-city regulation of biotechnology research and
commercial development. At the time one of the greatest
fears of the technology’s champions was a patchwork quilt
of federal, state, and local government regulations that
would make product commercialization not feasible.

In response to this need the White House Office of
Science and Technology Policy (OSTP) called together
federal regulatory and research agencies to map out a
coordinated plan for the regulation of biotechnology. In
June 1984 the OSTP published in the Federal Register a
proposed Federal Coordinated Framework for Regulation
of Biotechnology (herein after referred to as the Federal
Coordinated Framework) (19,20). Intense public debate
ensued, and the debate still has not subsided.

There were two fundamental principles of the Federal
Coordinated Framework:

o No new laws were needed to regulate biotechnology,
because existing laws were adequate.

e All regulations would be based on the product, not
the process, of biotechnology (21).

Both points need some explanation.

Leading proponents of biotechnology, particularly the
pharmaceutical industry, argued strongly at the time that
sufficient regulatory authority already existed to ensure
the safety of biotechnology (research and commercializa-
tion) and that no new laws were needed. It was argued,
particularly strongly, that the pharmaceutical, drug, and
medical device industries were already subject to extensive
clinical trials and product registration. Adding another
layer of regulatory oversight would unfairly and unneces-
sarily slow the development of the commercial products
from this new and exciting technology.

Opponents of the Federal Coordinated Framework
came from many sectors, including the scientific com-
munity that was, as noted above, unaccustomed to reg-
ulatory oversight for research activities heretofore not

regulated. Environmental interest groups saw the Coordi-
nated Framework as inadequate, and they registered their
concerns during the public comment period. Interestingly
the U.S. Department of Interior, which historically has
responsibilities for aquatic organisms through the Fish
and Wildlife Service, was not invited by OSTP to par-
ticipate in the first rounds of the Federal Coordinated
Framework’s development. This later turned out to be a
major oversight, as aquatic species, especially genetically
engineered fish, soon became one of the major environmen-
tal safety concerns. No provision for regulatory oversight
of fish or shellfish, or even informal research guidelines,
were proposed through the Federal Coordinated Frame-
work. Additionally the USDA’s Food Safety and Inspection
Service (FSIS), and FDA have long sought for themselves
regulatory authority over fish and shellfish. Thus, with no
existing law and no place at the table, a biosafety void was
created.

Following a substantial period of public criticism, the
Federal Coordinated Framework was formally announced
in June of 1986 as a plan for biosafety assurance (22).
Lead agencies were identified with specific responsibilities.
Regulations were to be built on existing legal authorities,
and with a focus on the product, not the process of
biotechnology.

The second point of consideration became an issue
of contention when defining the scope of regulatory
authority, especially for obtaining White House approval
to implement the regulations (23). Regulation of the
products (not the processes) required that any regulatory
wording could not single out biotechnology as a process.
The regulations had to identify the product that was being
regulated, and only if it specifically represented a biosafety
hazard requiring federal regulation. This seemingly logical
approach to regulation fit well with the needs of the
pharmaceutical industry that had long been required to
verify product safety, quality, and efficacy. Under the
new rules this assurance was irrespective of whether the
product was recombinant or conventional. Policy makers
argued that it does not matter whether insulin was to be
provided as a recombinant product or not. The process
was irrelevant. It was, they said, the product that was
important for making biosafety assurances.

As one might guess, significant problems occurred
in several areas of scientific research from this policy
since heretofore many research activities, for the most
part, were not regulated. As noted above, this was
particularly true for agricultural science. Many scientists
shuddered to think that a federal regulatory apparatus
would be imposed on their activities, on an experiment-
by-experiment basis.

In the worse case scenarios, some critics lamented, a
new, perhaps unforeseen hazardous consequence might
occur in field tests with rDNA organisms. Would the
transferred genes be stable? Would the traits be expressed
in ways that heretofore were not seen? Would pleiotropic
effects be expressed? Would recombinant organisms
have a superior ecological advantage or greater fitness
over natural types? Would unknown or unanticipated
characteristics cause environmental, public health, or
safety problems?
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An additional biosafety issue that needed to be
addressed was the capacity of biological organisms
to reproduce and disseminate, once released into the
environment. Would the Genie, once out of the bottle,
become an unretrievable problem? Could experiments be
designed to contain or mitigate an organism released
into the environment? And who would do the biological
monitoring?

To implement the Federal Coordinated Framework,
USDA decided to move ahead with its two-track
approach (24). This led to some interesting consequences.

APHIS began, in quick succession, its proposed rule
making, followed 30 days later with final rules to regulate
the “products” of plant genetic engineering, using its
Federal Plant Pest Act authority (25). The final rule
clearly states “genetic engineering” as the regulatory
trigger, thus seemingly violating the product-not-the-
process terms of the Federal Coordinated Framework.
The intended regulatory targets were the plant pathogen-
derived vectors and promoters of genetically engineered
plants. Through this regulatory strategy the plants
themselves would become the regulated articles as “plant
pests,” under the Federal Plant Pest Act. The White House
policy reviewers allowed this curious strategy. This way
APHIS regulatory authority was put in place for plant
biotechnology.

Simultaneously USDA’s Science and Education Office
drafted guidelines for field testing recombinant organ-
isms (26). The guidelines met with mixed results.

First, the ABRAC guidelines attempted to prescribe
physical and biological “confinement” practices in antici-
pation of field experiments yet to be proposed. That task
proved to be too daunting. The deployment of recombinant
DNA confinement methods on so many forms of organisms
was evolving faster than the advisory committee could
come up with procedures that could be accepted as rea-
sonably safe. Notably, drafts of the ABRAC guidelines
met with severe criticism, leading to more revisions and
considerable frustration by ABRAC members.

Second, federally funded scientists were required to
get both a permit from APHIS and an ABRAC review of
their research protocol. The science community saw this
as double jeopardy (27).

Also applicants expressed frustration with the delays in
obtaining their reviews. Some ABRAC members began to
question the validity of their own decision-making process,
and the legitimacy of using peer review for biosafety risk
assessments (28).

Meanwhile, USDA’s Science and Education office cre-
ated the National Biological Impact Assessment Program
(NBIAP) with responsibility for facilitating safe agri-
cultural and environmental biotechnology research (29).
NBIAP was to monitor progress, foster biosafety commu-
nication, and focus research activities on priority biosafety
issues. As an independent office, the NBIAP could work
across agency lines and with institutions external to USDA
to identify emerging biosafety issues and expedite solu-
tions. During a very short period of time, and with limited
funding, the USDA’s Cooperative State Research Service,
working with several Land-Grant University partners,
developed a protocol:

o A biotechnology information bulletin board (a fore-
runner World Wide Web)

o A compilation of all APHIS generated Environmental
Assessments for field testing permits as a CD-ROM

e An expert system for assisting scientists with
completing an application for an APHIS permit

e An annual international conference, co-sponsored
with U.S. EPA and Environment Canada, on
biosafety research results

e A $1.7 million competitive grants program in
biotechnology risk assessment research

To this last point Section 1664 of the 1990 Farm Bill
established a competitive grants program in biotechnology
risk assessment to begin answering some of the risk
assessment questions brought forward by the critics of
agricultural biotechnology.

NBIAP continues today, renamed as the Information
Systems for Biotechnology (ISB), with modest USDA
funding to Virginia Polytechnic Institute and State
University (Virginia Tech).

THE APHIS REGULATORY PROCESS

As noted earlier, under the requirements of the Federal
Coordinated Framework, APHIS could not seek new legal
authority. APHIS had to use the provisions of the Plant
Pest Act to write regulations to assure the safety of
recombinant plants being tested outside of containment.
This required some significant reinterpretations of the
Plant Pest Act, including promulgating provisions to
regulate the movement of articles intrastate as well as
interstate, and the use of on-site inspections to verify
the conditions stated in the application for a permit. Some
individuals said that the statutory authorities that APHIS
had to claim for these activities exceeded those assigned in
the Plant Pest Act, including the regulation of genetically
engineered plants as a “plant pest.”

The National Environmental Policy Act (NEPA)
requires a federal agency, when making a decision that
may have a significant impact on the environment, to
conduct an Environmental Assessment (EA) of the various
options considered, and to post the reasons for the final
determinations. Although some said it was unnecessary,
APHIS decided to comply with the NEPA by requiring each
permit application, and the agency’s own determination
of plant pest status, to undergo its own EA, on a permit-
by-permit basis. This decision was no doubt driven by the
experience of other federal agencies (e.g., the Department
of Health and Human Services, DHHS) challenged in
federal court by the Foundation on Economic trends on
procedural missteps.

Implementing the provisions in the NEPA caused
APHIS to hire or reassign considerable staffing to prepare
the lengthy documents assessing the environmental
consequences of a proposed experiment with a genetically
engineered plant. This in turn required that the
applications for an APHIS permit had to provide
information sufficient for the agency to make its
determination and complete an EA. From this emerged
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the NBIAP idea of designing an expert system that would
build on the experiences of past permit applications and
the associated EAs. The expert system was to ensure the
design of safe experiments with genetically engineered
organisms and to facilitate the drafting of similar
permit applications. Secondarily, the expert system was
to facilitate, to some extent, compliance with ABRAC
guidelines. NBIAP software was developed and distributed
in 1988, and updated versions were periodically made
available free of charge to scientists upon request. Sample
paragraphs were offered by the expert system for adoption,
revisions, or technical correction, based on previously
successful applications. Applicants made responses to
a series of organism-relevant questions relating to the
permit decision-making process. Key biosafety questions
were developed to identify high-risk situations. Responses
to some of the critical expert questions resulted in advice to
the applicant that under no circumstances would APHIS
be likely to issue them a permit. The NBIAP expert
system software was well received by some, but it was not
extensively used by the scientific community, for reasons
that were never well understood.

Following the preparation of EA by APHIS, one of two
determinations was made, each requiring more documen-
tation by APHIS. If there was a Finding of No Significant
Impact (FONSI), the document was filed with the EA, and
the availability of the EA and FONSI documents was then
announced in the Federal Register. When more than 300
Environmental Assessment/FONSIs had accumulated,
NBIAP assembled the documentation into a searchable
database and issued it on a CD-ROM, as a service to the
research community and biotechnology interest groups.

If the EA made a finding of a significant impact,
the agency would have been required, under NEPA, to
prepare an Environmental Impact Statement (EIS). An
EIS is often an enormously large document and always
requires considerable technical detail, large amounts of
information, and sophisticated analysis. Some critics note
that to their surprise, APHIS never made a finding
of significant impact for a proposed field test with a
recombinant plant, and thus was never required to write
an EIS. In response to this criticism, APHIS countered
that if a permit application was submitted that would
have led to a conclusion of a significant environmental
impact, the applicant was so notified and was provided
an opportunity either to redesign the experiment or to
withdraw the application. Inasmuch as the application
process was not a public record, little information exists
beyond FONSIs.

In the 10 years following the initiation of the APHIS
permit process, more than 3000 field trials were conducted
in the United States, and more than 30 products were
commercialized. This high level of success is related to a
number of legal, policy, and political issues that needed to
be resolved to make the APHIS permit process work.

LEGAL, POLICY, AND POLITICAL ISSUES

APHIS had a number of issues that needed to be resolved
for the successful implementation of the agency’s field-
testing permit system. In the end APHIS was successful

in resolving most of these issues, and this required them
to expend a lot of time and attention on their resolution.

Conflicting Legal Authorities

In 1990 Congress proposed to hold hearings on the
Omnibus Biotechnology Bill (OBB) that would have
standardized the regulation of the process of biotechnology
research and the commercialization of the resulting
products through one federal agency (30,31). Although
not specifically named in the bill, it was presumed at
the time that the U.S. Environmental Protection Agency
would be assigned the authority to administer the OBB.

The OBB had both opponents and proponents who
were equally outspoken. A congressional hearing placed
those issues on the table and the divisions were
clearly evident. Proponents liked the idea of “one-stop
shopping” through a centralized regulatory process that
would end “shopping around” and would promote the
consistent application of biotechnology regulation with
an environmental perspective.

Opponents of the proposed bill (primarily the biotech-
nology industry) were very content with their regulatory
experience, particularly with the APHIS office that issued
the field-testing permits, because they understood the
procedure. Under the careful guidance of attorney Terry
Medley, the unit gave careful and courteous attention to
their “customers” (in the sense of Ed Deming’s Total Qual-
ity Management). Although criticized as being too helpful,
the unit became known as an office that returned its phone
calls and answered correspondence in a timely manner.
As a consequence permit applicants became supporters
and strong defenders of the existing APHIS regulatory
process, and the services provided. (An interesting histor-
ical comparison could be made with the EPA regulatory
office. EPA was viewed at the time, as an adversary of the
technology and less than helpful to their applicants.)

Thus, when Congress presented the OBB for public
comment, strong industry support for the existing regula-
tory procedures defended the status quo, and the Federal
Coordinated Framework continued as originally devised.

Policy Conflicts

Regulatory policies that were in conflict with other agen-
cies were addressed by APHIS through ongoing conver-
sations, staff exchange, and high-level consultations. This
open dialogue with other agencies avoided conflicts (and
the consequent interference) with APHIS’s regulatory
decisions. When questions arose regarding lead-agency
responsibilities, APHIS was quick to move to a satisfac-
tory resolution. For example, when EPA had overlapping
authority with APHIS on plant pathogenic microorgan-
isms with pesticidal properties, they conferenced to work
out the differences. As a result of these patterns, it
became relatively easy for APHIS staff to understand
their authorities vis-a-vis other regulatory agencies, and
to act decisively.

Political Issues

APHIS was particularly effective in providing information
through congressional hearings during the uncertain
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early years of regulating agricultural biotechnology.
Even during highly charged hearings, APHIS presented
carefully thought out arguments for why it was necessary
to apply the Plant Pest Act for the regulation of plant
biotechnology products.

It is important to note that the political milieu of the
federal government during this period was a Republican
White House and a Democratically controlled House of
Representatives. Traditionally it is said that Republicans
favor industry and business, while Democrats favor
environmental stewardship, equity, and other issues that
may be at odds with commerce. This placed APHIS in
an awkward situation, seemingly in need of representing,
through the USDA, a pro-industry approach to biosafety
assurance. It provided opportunity for special interest
groups to prod members of Congress to hold hearings, some
of which were designed to embarrass the administration.
Thus a spotted congressional record exists on APHIS’s
accomplishment, probably reflecting the political situation
of the time more than the merits of the accomplishments
of APHIS.

Special Interest Groups

The Environmental Defense Fund, the National Wildlife
Federation, and the Foundation on Economic Trends
provided a continuing challenge to the APHIS regulatory
process (32,33). This effort met with mixed results (34).

Retrospectively, these special interest groups probably
provided an important public service as watchdogs to the
biotechnology regulatory process. They no doubt deserve
credit for serving as a public conscience for agricultural
biotechnology. And they served well as an information
funnel for APHIS. Many of their arguments were founded
on solid science and careful investigation. However, more
often their arguments showed an absence of any scientific
knowledge, one way or the other. This left many observers
to question the validity of regulatory decisions being made
by APHIS. But this was an important contribution as
well, as it helped identify areas needing more research to
uncover the scientific facts required for better regulatory
decision making. And it was a constant reminder that not
all things that matter can be quantified.

Section 1664 of the 1990 Farm Bill established a
Biotechnology Risk Assessment Research program, as a
1 percent set aside of USDA’s outlays for biotechnology
research (yielding about $1.7 million annually). It was
understood at the time that this provision in the Farm Bill
was placed into law at the insistence of environmental
interest groups. The funding allowed establishment
of a targeted competitive grants program to begin
answering some of the risk assessment questions brought
forward by both critics and the regulators of agricultural
biotechnology. This competitive grants program, although
opposed by some influential leaders in the scientific
community (who saw it as an unnecessary admission
of biotechnology’s risks), was able to resolve some of
the questions raised by outspoken critics of agricultural
biotechnology. The program continues today, but with less
than enthusiastic support from either the USDA or the
agricultural research community.

Trade Groups

The Biotechnology Industry Organization (BIO) and the
National Association of State Universities and Land-Grant
Colleges’ Committee on Biotechnology were the primary
trade groups interacting with APHIS during the early
years of agricultural biotechnology regulation (35,36). The
trade groups tended to operate as a counterbalance to the
special interest groups by seeking to voice the concerns
of the public and private sectors over unneeded and
unnecessary regulatory burdens. APHIS was responsive
to this perspective by periodically reviewing its permit
application procedures, by disseminating information
on permits issued and eventually, by the mid-1990s,
converting to a notification procedure for six crops
(and later, additional ones) that eliminated the need
to apply for a permit under fairly broad circumstances.
The APHIS notification procedure greatly facilitated field
experimentation in prescribed areas, which was justified
by the Agency’s accumulated experience and knowledge
derived by that time from issuing hundreds of permits for
field tests, which were all carried out safely.

An additional influential trade group was the National
Agricultural Biotechnology Council (NABC) that per-
formed a different service for APHIS (37). NABC was a
coalition of universities that annually sponsored a forum
for dialogue primarily focused on the biosafety issues
of agricultural biotechnology. The proceedings of their
annual meetings clearly depict a pattern of an evolving
consensus on how to approach the biosafety questions of
agricultural biotechnology research.

Science Community

The scientific community became divided on the issues
of biosafety, mostly along scientific discipline lines. Plant
pathologists gave arguments that the Federal Plant Pest
Act was, scientifically, not a legitimate legal authority for
regulating the products of agricultural biotechnology (38).
They used contemporary scientific information to question
the supposition that a disarmed TI vector or a promoter
sequence from a virus could in any way lead to a plant
becoming a plant pest. To many plant pathologists this
supposition was an absurdity (39,40).

To the molecular biologists, the APHIS regulatory
approach seemed overly heavy-handed, unnecessary and
probably an impediment to the agricultural applications
of biotechnology (41,42). Molecular biologists appeared at
the time to be giving little attention to the environmental
consequences of field releases with genetically modified
organisms, even though problems might occur in very low
frequency.

Ecologists had a very different perspective. They fore-
saw that severe consequences could result from “releases”
of recombinant DNA, based on other “environmental disas-
ters,” such as the gypsy moth, Dutch elm disease, and the
kudzu vine (43,44). Several serious and scholarly treat-
ments of the issues of biosafety were published during
this period. The failure to resolve the differences among
the plant pathologists, molecular biologists, and ecologists
stemmed from the absence of a factual basis for decision
making.
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It must be noted that APHIS never asserted that its
regulatory authority was based on risk. It was merely
a determination of whether or not the organism was
a plant pest, and therefore a regulated article. At the
time many individuals in the scientific community seemed
to have been arguing for a risk-based determination of
the safety of recombinant organisms being tested in the
environment. This would have been a major challenge
for APHIS, since much of the necessary information was
missing (and still is) for a thorough risk assessment of
proposed field tests with recombinant DNA organisms.
Moreover the fundamental risk analysis paradigm, as
presented in the 1983 National Research Council’s “Red
Book,” proposed a conceptual separation between risk
assessment and risk management (45). Risk assessment is
a science-based, stepwise process, for which the first step
is hazard identification. Part of the biosafety controversy
was over arguments that biotechnology in and of itself
represents a hazard, and therefore the whole process
needed to be regulated. Others argued that biotechnology
was not in and of itself a hazard, and thus not a risk. Out
of this paradigm difference came the product versus the
process debate. The Federal Coordinated Framework sided
with the second view (i.e., regulating the product). But the
argument continues today as to whether biotechnology
itself represents a hazard, and thus should be subject to
risk assessment (46—48). APHIS redirected this argument
by asking whether or not the organism was a plant pest,
and thus a regulated article.

Another complication regarding the application of
the 1984 Red Book approach to risk analysis was
the identification of the appropriate authority for risk
management. According to the Red Book, a firewall
needs to be created between risk assessment and risk
management. The first activity is a scientific process
used to derive a science-based recommendation, while
the second process is policy implementation that takes
into account scientific fact and public consideration. The
scientific community in general has long been resistant to
the notion that anything other than scientific fact should
be used to decide the safety of an organism (49). However,
in a democracy, sometimes the best scientific evidence is
not sufficient to gain social or market acceptance.

The APHIS strategy to focus on a determination of
pest status completely avoided the risk assessment/risk
management question, but much of this finesse was lost
on the scientific community. The science-oriented critics
of APHIS were focused on an all together different set of
questions.

Industry and Academe

The transactional cost of complying with the federal
regulatory permit application process segmented industry
from academe. Many of the larger companies that
were investing heavily in agriculture biotechnology
(e.g., Monsanto, Calgene, CIBA-Geigy) could afford staff
assistants and legal support to help in the preparation of
lengthy permit applications for field tests. Universities,
on the other hand, argued that they could not afford
to hire such staff. Thus the regulatory burden fell upon
the shoulders of the individual faculty member wishing

to conduct the field research. During the early years of
APHIS permit issuance, the ratio of private to public
sector was approximately 9 to 1. This caused considerable
alarm, as it appeared that the regulatory apparatus was
interfering with the normal flow of research activity from
the laboratory to the field, at least at the public institutions
and federal research laboratories.

It was this point of concern that caused the NBIAP
to conduct a national survey in 1990 on the impact of
regulating agricultural and environmental biotechnology
research in both the public and private sectors (50).
The survey method was face-to-face interviews with
open-ended questions. The questions were designed to
determine the degree of interference with the research
process being caused by regulatory requirements, with a
particular focus on APHIS.

The results of the NBIAP survey were surprising,
from two perspectives. First it was discovered that there
was not a big backlog of research results awaiting field
testing for lack of permits. Interviews with university
scientists mostly noted their apprehensions, but little
specific biological material could be cited as ready but not
yet tested. Moreover a significant portion of the private
sector’s permits had been issued by APHIS to private
sector and university scientist working in partnerships to
jointly conduct field tests with recombinant plants. But,
inasmuch as the permit was issued to the private company,
the participation of the public institution was lost in the
calculated ratio of private to public sector permits.

Second, when asked about the transactional costs
for university scientists, an APHIS officer described a
permit request they received from a university scientist
that had been handwritten on yellow paper, with an
attached hand-drawn diagram of the genetic construct
and a crude plot map of the proposed test site. To APHIS’s
credit, they began to work with the scientist to develop
an adequate permit application that had the required
information. APHIS eventually issued a field test permit
to the institution. This test became the university’s first
sanctioned field test of a recombinant plant. In defense
of APHIS, and contrary to alleged burdens of the permit
application process, it is to their credit that they did not
summarily reject the application but instead worked with
the scientist to assemble a proper application for a permit.

The results of the NPIAP survey clearly demonstrated
high levels of satisfaction with APHIS’s permit appli-
cation process, services, and the professionalism of the
agency’s staff. As noted earlier, this was very likely
the consequence of their customer-focused attention, in
the sense of Ed Deming’s Total Quality Management,
a then-contemporary model for the federal government.
Ironically this also led to criticism that APHIs was too
friendly with its permit applicants. One then needs to ask,
what is the proper balance between government agency
responsiveness and regulatory adversity?

Trading Partners

U.S. agriculture has maintained for decades a positive
trade balance that is derived from its reliability as
a source of many types of commodities. Among these
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commodities are the basic grain and oil crops that are
traded internationally as a very profitable business.

Early in the process of identifying the benefits of
agricultural biotechnology, it became apparent that the
acceptance of recombinant commodities by U.S. trading
partners would become a key issue, if U.S. agricultural
biotechnology-derived commodities were to be accepted
in global commerce. Recombinant corn, soybean, and
cotton are just some of the commodities that are now
a point of contention in international trade markets. This
pattern will undoubtedly continue to grow unless some
significant change comes about. What is not known is
the market receptivity and consumer acceptance of those
recombinantly derived commodities. One could conclude
that the eventual consumer receptivity of the products
of agricultural biotechnology will depend more on the
regulation of the process (as Europe has done), rather
than regulation of the products (as the United States has
done).

Early on, APHIS saw the need to begin discussions with
our economic trading partners. This was done through the
Paris-based Organization of Economic Cooperation and
Development (OECD). Through this forum APHIS began
the process of finding common ground and agreement
on biotechnology regulations impacting agricultural prod-
ucts. The OECD was in a good position to provide a forum
for the discussion of how to harmonize biosafety assur-
ances. Working through the U.S. Department of State,
and by coordinating USDA activities, APHIS gave early
leadership to the development of documents that set out
concepts and expectations for regulatory requirements.
This turned out to be difficult in Europe, which is noted
for its resistance to the application of biotechnology to food
products. After 15 years of discussion and consensus build-
ing, there are no formal agreements on the acceptance of
the products of U.S. agriculture biotechnology. Some farm
organizations are now calling for farmers not to plant seed
of biotechnology-derived cultivars. They say the prospects
for the loss of international markets are too great of a risk.

State and Local Governments

APHIS actively sought the cooperation and compliance
of state and local governments that were expressing an
interest in creating competing regulatory mechanisms
under their own jurisdiction. Concerns that a “patchwork
quilt” of regulatory requirements could emerge no doubt
motivated APHIS to give extra attention to these
governmental units. This was done through listening
sessions, workshops, and shared documentation. APHIS
contained earlier proposals to create subfederal-level
regulatory requirements for biotechnology. Had this
conflict not been resolved, the pace of U.S. biotechnology
commercialization would undoubtedly have been slowed.

THE ROAD MAP

APHIS co-sponsored with several other federal regulatory
agencies a forum for discussions on the public and private
sector’s development of a road map to bring the products
of biotechnology forward to commerce. This discussion

proved enlightening, as it soon became clear that the
conflicting requirements of the various agencies were going
to slow the process of product commercialization. Out of
these discussions came interagency agreements for better
coordination of the product commercialization process.

A particularly difficult issue for APHIS was the process
of no longer regulating the products of agricultural
biotechnology as they entered commercialization. This
was approached by APHIS in several ways, including the
eventual certification that a trait was not a plant pest (51).
This certification allowed an owner to take a product to
commerce, certified by APHIS as an unregulated article.

APHIS also made the determination that it was the
genetic trait, not the specific cultivar, that would be
certified as not a plant pest. This became important to
plant-breeding programs. If a transformation trait could
be subsequently moved by conventional plant-breeding
methods, once certified by APHIS as not a plant pest, it
would not require another round of permit applications
and certification. That is, if a recombinant potato plant
carrying the Bt endotoxin were to be subsequently crossed
by conventional plant-breeding methods to another potato
cultivator, the progeny would not be an APHIS-regulated
article. This opened significant opportunity to exploit plant
genetic engineering, relatively free from federal regulatory
oversight, using conventional plant-breeding methods.

A RETROSPECTIVE VIEW

During the first 15 years of APHIS regulating the products
of biotechnology, the following significant outcomes have
occurred:

e Plant genetic engineering in both the public and
private sector is now mostly conducted under a
notification process that represents minimal burden
to the scientific community.

e More than 3000 field tests have been conducted
without a significant incident.

e Thirty commercial products of agricultural biotech-
nology research are now a market reality. These
include genetically engineered corn, soybeans, pota-
toes, tomatoes, squash, cotton, tobacco, and papaya,
which carry in various combinations resistance to
plant viruses, tolerance to stress, herbicide tolerance,
improved product quality, insect resistance, and male
sterility (for making hybrid seed).

Meanwhile ABRAC was decommissioned and the Office
of Agricultural Biotechnology no longer exists (52,53).
The National Biological Impact Assessment Program’s
functions have been distributed within the USDA,
although a modest special research grant to Virginia Tech
continues to provide biotechnology information services to
the public and private sector scientific communities. The
NASULGC Committee on Biotechnology was disbanded in
1997, after a 15-year history of institutional services and
information exchange (54).

Two distinct areas remain in need of resolution.
First, the Federal Coordinated Framework’s approach to
regulating the products (not the process) of biotechnology
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has left a regulatory incongruency that will not be
easily resolved with our European trading partners. The
European Community (EC) has shown a preference for
regulating the process of biotechnology apart from other
regulatory requirement for the products of commerce.
This distinction rose to white-hot intensity in the early
1990s when our European trading partners wanted to
establish a “fourth criterion” for registering the products
of biotechnology. Heretofore the three standard criteria
for registering a product of commerce were safety, efficacy,
and quality. Europeans at the time were proposing the
fourth criterion that would answer the question, “Do we
need it?” In the United States there is no such regulatory
authority, since the marketplace is expected to determine
whether or not the product has market value or meets
a social need. The EC, on the other hand, through its
fourth criterion, was proposing that a social-need standard
should be imposed on the products of biotechnology. This
proposal still seems to be floating in the gap between the
U.S. approach to regulating biotechnology and that of our
European trading partners.

Second, U.S. policy has established that the products of
biotechnology will not be required to be labeled unless
the product has a distinctly identified allergen, such
as a peanut protein. Our European trading partners,
on the other hand, are approaching a consensus that
all the products of biotechnology must be labeled.
This represents a major challenge for U.S. agriculture
production inasmuch as many of our grains and oil seeds
are commonly blended from multiple sources prior to
shipping to Europe. Maintaining product identity seems,
at least to the export/shipping industry, not to be feasible.
Labeling everything as “may contain recombinant DNA”
is simply uninformative.

LESSONS LEARNED

In the years that have passed since the development of
the Federal Coordinated Framework a few biotechnology
regulation-lessons have been learned. We now know that:

e Assigning regulatory functions based on existing
authorities (as was done by the Federal Coordinated
Framework) probably hastened the commercializa-
tion of the products of biotechnology. This is the
conclusion drawn in a study for the OECD that
compared the progress of agricultural biotechnology
in those countries with a specifically implemented
biotechnology regulatory authority. In these coun-
tries (e.g., Germany, the Netherlands, and Belgium)
commercialization of the products of agricultural
biotechnology seems to be going slower (55).

e Divergent views on the safety of biotechnology had
to be expressed through public dialogue, and NABC
met this need very well.

e Communication of perspectives was essential for
establishing regulatory positions and aligning public
policies that allowed safe field testing with recombi-
nant organisms.

o The experience with ABRAC/OAB indicates that the
success of the NIH-RAC was not transferable for

biosafety assessments of field testing protocols for
recombinant organisms.

e It would seem that the designation of lead regulatory
agencies is necessary to avoid multiple reviews, which
can become inefficient and unworkable.

e Research projects focused on biosafety questions can
fill information gaps and thus help to resolve oth-
erwise contentious public health and environmental
protection issues.

What remains to be determined is the level of consumer
acceptance of the products of biotechnology (56). Is there
a linkage between the type of regulatory approval that
is used to provide biosafety assurance and the level of
consumer product acceptance? This question needs to be
resolved.
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INTRODUCTION

Despite the widely recognized potential of agricultural
biotechnology to improve the quantity and nutritional
quality of the world’s food supply, the first commercial
products elicited extraordinary levels of controversy over
issues of human and environmental safety as well as
social values. This article examines the reasons why so
potentially useful an application of molecular techniques
to improving the nutritional status of populations
has proved so controversial in the United States,
Europe, and elsewhere. Focusing on the situation
in the United States, it reviews key policy issues
related to nutrition —economics, marketing, risk, and
regulation —that have affected acceptance of the first
genetically engineered food products. It reviews evidence
indicating that early public acceptance of genetically
modified foods was product-specific; people were willing
to accept products believed beneficial, safe, and consistent
with personal values. Because the failure to label
genetically modified foods undermined public trust in
industry as well as in government, the chapter addresses
implications of the present controversy for future product
development, industry actions, and public policies.

FOOD BIOTECHNOLOGY: PROMISE OR REALITY

Food biotechnology — the use of recombinant deoxyribonu-
cleic acid (rDNA) and cell fusion techniques (“genetic
engineering”) to confer selected characteristics upon food
plants, animals, and microorganisms —is well understood
as a means to increase agricultural productivity, especially
in the developing world. The great theoretical promise of
biotechnology is that it will help solve world food problems
by creating a more abundant and more nutritious food
supply (1). Despite this widely recognized and undisputed
promise, food biotechnology has elicited extraordinary lev-
els of controversy. In the United States and especially
in Europe, the first commercial food products of genetic
engineering have been greeted with suspicion by the pub-
lic, vilified by the press, confonted with boycotts and
legislative prohibitions, and threatened with trade bar-
riers. Such reactions reflect widespread concerns about
the safety of the products, as well as about their eco-
nomic impact, environmental effects, ethical implications,
and social value (2). The reactions also reflect public fears
of the unknown dangers of genetic engineering, along
with deep distrust of the biotechnology industry and its
governmental regulators. Biotechnology industry leaders
and their supporters, however, have tended to dismiss
such concerns as antiscientific and irrational, to consider
“biotechnophobia” as the single most serious threat to
research and commercialization, and to identify as their
most important challenge the need to convince the public
that the products are safe as well as beneficial (3).

The divergent viewpoints derive directly from the
conflict between the two fundamental goals of the food
biotechnology industry: to benefit humanity by developing
agricultural products that will improve the nutritional
status of populations, and to benefit the industry itself
through successful marketing of products. Although the

new products might well be expected to meet both
goals, such is not always the case. The lack of a viable
market constitutes a major barrier to research on food
problems of the developing world, and the industry’s
need for rapid returns on investment drives virtually all
decisions related to research and development. Indeed,
financial imperatives have caused industry leaders to view
legitimate public questions about the use, safety, or social
consequences of particular food products as threats to
the entire biotechnology enterprise and to make defensive
marketing decisions that have only undermined public
trust.

Theoretical Potential

There seems little doubt that biotechnology holds great
promise for addressing world food and nutrition problems,
most notably the overall shortfall in food production now
expected early in the twenty-first century. No theoretical
barriers impede the use of the techniques of molecular and
cellular genetics to improve the quantity and quality of the
food supply, increase food and environmental safety, and
reduce food costs. Table 1 lists the wide range of potentially
beneficial applications of food biotechnology now under
investigation or theoretically possible. Such applications

Table 1. Theoretical and Current Applications of Food
Biotechnology

e Improve the nutrient content, flavor, texture, or freshness of

fruit and vegetables

Increase levels of vitamins, protein, and other nutrients in

plant food crops

Modify seed storage proteins to increase concentrations of

limiting amino acids

e Reduce saturated fatty acids in plant seed oils

e Increase plant production of specialty chemicals such as

sugars, waxes, phytooxidants, or pharmaceutically active

chemicals

Enable fruits and vegetables to remain fresh during

processing, transport, and storage

Decrease levels of caffeine or other undesirable substances in

plant food crops

Increase resistance of crops to damage by insect, fungal, or

microbial pests

e Increase resistance of crops to “stress” by frost, heat, salt, or

heavy metals

Develop herbicide-resistant plants to improve weed control

e Enable crop plants to be grown under conditions of low input

of fertilizers, pesticides, or water

Enable major crop plants to fix atmospheric nitrogen

e Develop plant foods that contain “vaccine” antigens

Increase the efficiency of growth and reproduction of

food-producing animals

Create disease-resistant animals

Develop animal veterinary vaccines and diagnostic tests

Enable cows to produce milk containing human milk proteins

Alter mosquitoes so they prefer animal blood to human, or

convey vaccines

o Create microorganisms, enzymes, and other biological
products useful in food processing

e Develop microorganisms capable of converting environmental
waste products — plastics, oil, pesticides, or PCBs—into
usable animal feeds
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could well increase world food production, especially
given the conditions of climate, soil, and environmental
degradation characteristic of many developing countries.
The potential benefits constitute the principal basis for
industry arguments that biotechnology is not only the
most important scientific tool to affect food production
in the history of the world, but the only solution to
the expanding global needs for food (4). These promises,
however, have not yet been fulfilled, nor are they likely
to be achieved in the immediate future, not least because
many of the listed applications pose technical problems of
formidable complexity. The slow progress of biotechnology
in addressing world food problems should not imply that
such problems cannot be solved. Given sufficient time,
commitment, and funding support, technical barriers can
be overcome. Whether doing so will help feed the world,
however, is a matter of considerable debate.

Economic Realities

Investment Demands. Rather than technical problems,
the most important barriers to addressing world food
problems derive from the industry’s need to recover
research costs and maximize returns on investment.
The potential returns are enormous; worldwide sales
of genetically-modified crops could reach $300 billion
by 2010 (5). To date, however, stock market returns
have not reflected such projections. Although the food
biotechnology industry increased in sales, revenues, and
numbers of companies and employees in the 1990s, net
losses also increased. The Monsanto company has been
a notable exception; its stock prices rose rapidly in the
mid-1990s and its agricultural products continue to be
highly profitable (4). The generally poor performance of
other food biotechnology stocks has been attributed to
uneven management, corporate shortsightedness, and
product failures. More recently international resistance
to genetically modified foods has affected sales and
confidence in the industry. Low levels of government
investment also have impeded industry growth, as most
federal biotechnology funding has supported drug rather
than agricultural research. Only recently has the U.S.
government begun to support agricultural biotechnology
research to any significant extent.

The immediate need for returns on investment requires
the industry to focus development efforts on products that
are technically feasible and economically productive rather
than on those that might be more useful to the public
or to developing countries (6). Thus product development
efforts concentrate on traits that most benefit agricultural
producers and processors: control of weeds, plant diseases,
ripening, insects, or herbicide resistance (7). For example,
the Monsanto company’s research budget (which is more
than twice that of all of the public sector tropical
research institutes combined) is applied almost entirely to
temperate-zone agricultural problems (8). The company’s
principal agricultural products are soybeans and other
plants genetically modified to resist the company’s flagship
herbicide, “Roundup,” and “Bt corn” containing a insect-
inhibiting toxin naturally produced by the soil bacterium
Bacillus thuringiensis. Monsanto began selling “Roundup
Ready” soybeans in 1996; by 1998 they had been planted

on one-third of U.S. soybean farmland and covered
25 million acres (10.1 million hectares). By 1999 more
than 35 percent of U.S. corn and 45 percent of soybean
acres were grown from genetically modified seeds, and
total worldwide acres devoted to such crops were expected
to triple within the next five years(9). Monsanto’s
research “pipeline” mainly emphasizes “Roundup Ready”
crops designed for animal feed, although a high-
carotenoid canola oil designed to prevent vitamin A
deficiency is a rare nutritionally focused exception (4).
Projects to improve the nutritional content of basic food
sources are expensive to produce and unlikely to be
affordable by the populations they would most benefit.
Although Third World agricultural problems and their
biotechnological solutions are well defined, and many
sources of private and public funding are available
to support such projects, the sources are fragmented
and poorly coordinated and often favor the priorities of
the donors rather than recipients (10). Despite recent
advances in cassava biotechnology, for example, nearly
all international budgets for such research have been
reduced (11). Ultimately biotechnology may well improve
the world’s food supply but to date it has not done so to
any appreciable extent.

Marketing Barriers. To ensure adequate returns on
investment, the biotechnology industry must create and
sell new products. Because the United States vastly
overproduces food, new products must compete in a
market that is already highly competitive. In 1997, for
example, the U.S. food supply provided an average of
3,800 kcal (18.2 MJ) per day for every man, woman, and
child in the country, an increase of 500 kcal (2.0 MJ) per
day since 1970 (12); most adults require one-half to two-
thirds that amount and children much less. Because the
amount of energy that any one person can consume is
finite, such overproduction implies that a choice of any
one food product will preclude the choice of another,
making the food-marketing system extremely competitive.
Food marketers compete for consumer purchases through
two principal means: advertising and new product
development. Retail sales of food and beverages generate
about $800 billion annually in the United States, and
food marketers spend $11 billion on direct consumer
advertising, and about twice that amount on retail
promotion. They introduce about 15,000 food products into
the marketplace every year (13). Nevertheless, the food-
processing sector rarely grows by more than 1 percent a
year, a rate considered stagnant by comparison to that
of other industries. In so competitive an environment,
biotechnology is viewed as a critically important process
for developing new products that will increase economic
returns.

SAFETY ISSUES

From their inception, gene cloning experiments elicited
safety concerns, mainly focused on the potential hazards of
releasing new organisms with unknown properties into the
environment. At a conference in 1975, scientists suggested
stringent guidelines for research studies employing
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Table 2. Safety Issues Raised by Food Biotechnology

e Adverse changes in the composition, absorption, or
metabolism of key nutrients

Unanticipated health effects resulting from genetic changes
Increases in levels of naturally occurring toxins or allergens
Activation of dormant toxins or allergens

Introduction of known or new toxins, allergens, or
antinutrients

e Induction of resistance to useful antibiotics through use of
antibiotic marker genes

Adverse environmental effects on wildlife and ecosystems

e Adverse changes in the nutrient content of animal feed

e Increased levels of toxins in plant byproducts fed to animals

rDNA techniques. The following year, the National
Institutes of Health required researchers to follow similar
guidelines. In subsequent years, as understanding of the
techniques improved, concerns about safety diminished
and the guidelines were modified accordingly. From
the standpoint of the biotechnology industry and its
supporters, genetically engineered foods are no different
from foods produced by conventional genetic crosses; If
they induce any risks at all, these are small and greatly
outweighed by benefits. Nevertheless, the common genetic
techniques for modifying foods, especially those involving
bacteria that cause plant diseases (e.g., crown gall),
antibiotics as part of the selection process, and genes
from one living species inserted into another, continue
to elicit debate. Table 2 summarizes the principal safety
issues raised by the use of food biotechnology. Although
most such concerns remain theoretical, some that could
affect human nutritional status and health have a limited
basis in observation or experiment, as discussed below.

Unintended Consequences: Tryptophan Supplements

Critics of food biotechnology insist that without prior
experience, the techniques raise safety concerns that are
difficult to define, predict, or quantify. As an example,
they point to the demonstrable hazards of genetically
engineered nutritional supplements of the amino acid
tryptophan. Tryptophan is a normal constitutent of all
body proteins that is sometimes sold as self-medication
for insomnia and other conditions. In 1989 health offi-
cials linked tryptophan supplements from a single man-
ufacturer to eosinophilia-myalgia syndrome, an unusual
syndrome of muscle pain, weakness, and increased blood
levels of certain white blood cells (eosinophils). Eventu-
ally, more than 1500 cases of illness and nearly 40 deaths
were attributed to the supplements. Because tryptophan
is an essential component of body proteins, investigators
believed that the amino acid itself could not have caused
harm, but that toxic contaminants must have developed
during the manufacturing process. This process involved
genetically modifying a strain of bacteria to produce
unusually high levels of tryptophan, and then concentrat-
ing, collecting, and purifying the amino acid. To date, the
toxin remains incompletely characterized. Although the
genetic techniques do not appear to be directly at fault,
their use in modifying a strain of bacteria created a situa-
tion — albeit inadvertently — that favored the formation of

toxic products (14). This example suggests that concerns
about the unknown hazards of biotechnology cannot be
dismissed out of hand.

Allergenicity

Because genes encode proteins, and proteins are aller-
genic, the introduction of allergenic proteins into previ-
ously nonallergenic foods could be another unintended
consequence of plant biotechnology (15). In support of this
idea, a biotechnology company transferred an allergenic
protein from Brazil nuts to soybeans, and researchers con-
firmed that people who are allergic to Brazil nuts react
similarly to soybeans containing the transgenic Brazil-nut
protein (16). The company had developed the Brazil-nut
soybeans as a means to increase the content of methionine,
a sulfur-containing amino acid, in poultry feeds. Feathers
contain high levels of sulfur-containing amino acids, and
poultry feeds must be supplemented with methionine — at
additional cost— to promote optimal growth. Because the
Brazil-nut protein is especially rich in methionine, its
gene was a logical choice as donor. Nuts, however, are
often allergenic; the researchers happened to have col-
lected serum samples from people known to be allergic to
Brazil nuts. Thus they had in place all components neces-
sary to test for allergies to Brazil-nut proteins, a situation
that is rarely the case for other food allergens.

True allergies to food proteins can be documented in
less than 2 percent of the adult population, but many more
people might be expected to develop food sensitivities
as proteins are increasingly added to commercially-
prepared foods. Soy proteins, for example, already are
very widely used in processed foods, and genetically
modified soy ingredients already are widely prevalent in
the food supply (17). Most biotechnology companies use
microorganisms rather than food plants as gene donors,
however, and their proteins do not appear to share
sequence similarities with known food allergens. Few
have as yet entered the food supply, but their allergenic
potential is uncertain, unpredictable, and untestable (18).

As discussed below, allergenicity raises complex
regulatory issues. Under a policy developed by the U.S.
Food and Drug Administration (FDA) in 1992, company
scientists were required to—and did—consult agency
staff about the need for premarket testing. Because testing
demonstrated transmission of the allergenic protein,
the company would have had to label its soybeans as
genetically modified. Because the company could not
guarantee that people would not eat soybeans intended for
animal feed, it wisely withdrew the transgenic soybeans
from the market. Supporters of the FDA policy interpreted
these events as a clear demonstration of the policy’s
effectiveness. Others, however, argued that the policy
failed to protect the public against less well-studied
transgenic allergens to which they might be sensitive
and therefore favored industry. Critics were especially
concerned about the lack of a requirement for labeling, as
avoidance is often the only effective way to prevent allergic
reactions. In 1993 the FDA requested public comment on
whether and how to label food allergens in transgenic
foods and later proposed rules to help resolve safety issues
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related to allergenicity, but by mid-2000 had taken no
action on the matter.

Antibiotic Resistance

Genes for antibiotic resistance are used as part of selection
processes. They can be expressed in transgenic plants
when under the control of genes taken from higher
organisms (but not bacteria), raising the possibility that
they could be transferred to bacteria in the human
intestine. Most experts consider this possibility remote
but not entirely impossible, and antibiotic resistance
is a principal concern of critics of genetically modified
foods, especially in Europe. To avoid this possibility,
the FDA suggests that companies evaluate the risks
of transferring resistance to the antibiotics they are
using, avoid using antibiotics effective against human
diseases, and especially avoid using antibiotics uniquely
effective against certain conditions (e.g., vancomycin and
staphylococcal infections) (19).

REGULATORY ISSUES

Current debates about the regulation of food biotechnology
center on the conflict between issues of safety on the one
hand and a broad range of ecological, ethical, and societal
issues on the other (20). For the industry and its support-
ers, safety is the only issue of relevance; because science
supports the safety of most genetically engineered prod-
ucts, unnecessarily restrictive regulations appear to create
barriers to further research and economic growth. Critics,
however, view regulations as needed to protect the public
not only against known safety risks but also against those
that cannot yet be anticipated. They view safety as only
one component of a far broader range of concerns about
the impact of biotechnology on individuals, society, and the
environment —issues that might also demand regulatory
intervention. For government officials, biotechnology regu-
lation must find the proper balance between oversight and
encouragement of industry efforts to develop and market
new food products (21). Current U.S. regulatory policies
affect three aspects of food biotechnology directly — food
safety, environmental protection, and intellectual property
rights —and affect international trade indirectly. Thus
far, these policies have achieved a balance that neither
satisfies industry nor consumer groups.

Food Safety

In 1986 the U.S. White House developed a “Coordinated
Framework” for regulating biotechnology based on the
premise that the techniques led to products no different
from those developed through -conventional genetic
methods. Thus existing laws and agencies should be
sufficient for regulatory purposes. At the time regulation of
food biotechnology involved no less than 3 offices reporting
directly to the president; 4 major federal agencies; 8
centers, services, offices, or programs within agencies;
and 5 federal committees—all operating under the
authority of 10 distinct Acts of Congress (1). As might be
expected, critics identified obvious flaws in this regulatory
framework, among them lack of coordination, duplication

of effort, overlapping responsibility, and gaps in oversight.
The principal laws affecting food safety preceded the use
of genetic engineering, however, and did not necessarily
apply to the new methods.

This uncertain regulatory status caused the food
biotechnology industry to demand more precise guidance
from FDA. In response, FDA developed a formal policy for
the regulation of genetically-modified plant foods (22). The
policy presumed that foods produced through recombinant
techniques raised no new safety or nutritional issues
and therefore could be regulated by FDA’s existing
policies for foods considered Generally Recognized as Safe
(GRAS). Instead, safety evaluation would focus on changes
in the “objective characteristics” of foods—changes in
nutrient composition or new substances, toxins, or
allergens. FDA would invoke requirements for premarket
safety evaluation, premarket approval, or labeling only
when those characteristics were sufficiently altered. The
biotechnology industry welcomed this policy as a strong
incentive for investors, but consumer groups judged it
inadequate not least because the foods would not be
labeled. As early as 1992 it became evident that consumer
choice in the marketplace would influence acceptance
of genetically modified foods (23), and a federal study
recommended a review of the entire regulatory framework
in order to establish a more equitable balance between
promotion of industry and protection of the public (21).
By late 1994 the FDA had approved the marketing of
tomatoes genetically altered to reach optimal ripening
after harvest, milk from cows treated with recombinant
growth hormone, virus-resistant squash, insect-resistant
potatoes, and herbicide-resistant cotton (used to make
seed oil for animal feed), and soybeans, none of which
addressed nutritional characteristics directly.

Environmental Impact

The “Coordinated Framework” affirmed that the U.S.
Department of Agriculture (USDA) and the Environmen-
tal Protection Agency (EPA) were the primary agencies
for regulating agricultural biotechnology. The EPA was to
regulate recombinant plants developed to control insects
and other pests, and it did so by requiring biotechnol-
ogy companies to obtain permits prior to the manufacture
or release of their agricultural products. The EPA poli-
cies were designed to address concerns that widespread
agricultural use of new kinds of living species might
present direct risks to human health—risks generally
agreed to be minimal. Instead, environmentalists were
concerned that transgenic crop plantings might pose eco-
logical risks — displace existing plants and animals, create
new plant pathogens, disrupt ecosystems, or reduce crop
diversity. They predicted that widespread use of genet-
ically modified crops such as those containing the gene
for Bt toxin might undermine ongoing efforts to pro-
mote sustainable agricultural practices by selecting for
Bt-resistance (24). They also argued that increased plant-
ing of herbicide-resistant crops would increase reliance on
toxic chemicals to manage pests (25). In 1994 the EPA
proposed to extend pesticide laws to transgenic “plant-
pesticides” such as Bt and to require their registration,
meaning that manufacturers would have to conduct tests
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of their nutritional and ecological impact as well as label
them (26). Despite the EPA’s assurance that the regula-
tions would resolve uncertainties and attract investors,
the rules appeared to favor large, established companies
but discourage small, innovative companies.

Environmentalists were concerned that the proposals
did not place enough emphasis on crops designed to resist
chemical herbicides. Their ecological concerns have been
encouraged by subsequent observations and research.
Since 1996 researchers have reported preliminary signs
of Bt-resistance in cotton plants and among moths and
tobacco budworms, transmission of herbicide resistance
from oilseed rape (canola) to related weeds, and higher
mortality rates among bees fed proteins isolated from
genetically modified rapeseed. Most famously, monarch
butterfly larvae consuming pollen from Bt corn were
reported to grow more slowly and die more quickly than
larvae not exposed to such pollen (27). Although these
observations are preliminary and require confirmation,
they suggest a rational basis for environmentalists’
fears that weeds and insects can develop resistance to
currently available control methods, transgenic toxins
can kill “friendly” insects such as bees and monarch
butterflies, and genetically modified pollen can cross-
fertilize conventional and organic crop plants. By late 1999
the EPA had not yet issued final rules on its plant-pesticide
proposals.

Intellectual Property Rights

The U.S. intellectual property laws grant rights to
patent owners to exclude everyone else from making,
using, or selling the protected product for at least 17
years. Patents were first granted for plant varieties
developed through asexual propagation in 1930. In 1970
Congress extended these rights to new varieties of plants
developed through traditional genetic methods of sexual
propagation. In 1980 the Supreme Court granted patent
rights to microorganisms developed through recombinant
techniques, and the Patent Office issued the first patent
for such an organism. Patent rights were further extended
to transgenic plants in 1985 and to animals in 1988 (28).
The patenting of transgenic microorganisms and plants
provided a major incentive for the growth of the food
biotechnology industry. Within just a few years, however,
industry and government officials in the United States,
Canada, and Europe began challenging patent awards.
By 1995, however, the U.S. Patent Office had issued 112
patents for genetically engineered plants. Among these
were exclusive patent rights to one company for all forms
of bioengineered cotton and to another for all uses of
“antisense” genes such as those used to create tomatoes
with a long shelf life (discussed below). The breadth of
such patents seemed excessive and various groups soon
filed lawsuits. Patent issues are especially pressing for
Monsanto, as its U.S. patent for the Roundup herbicide
expires in 2000.

The patenting of animals has generated even greater
debate, particularly from animal-rights organizations and
other groups who believe that the genetic engineering
of farm animals might adversely affect family farmers,
be cruel to animals, and endanger other living species.

Table 3. Principal Arguments for and Against the Patent-
ing of Transgenic Animals

Arguments in favor

e Patent laws regulate inventiveness, not commercial uses

o Patenting is an incentive to research and development

o Patenting enables the biotechnology industry to compete in
international markets

Patenting is preferable to trade secrets

e Patenting rewards innovation and entrepreneurship

Arguments opposed

Metaphysical and theological considerations make patenting

untenable

e Patenting involves inappropriate treatment of animals

o Patenting reflects inappropriate human control over animal

life

Patenting disturbs the sanctity and dignity of life

e Most other countries do not permit patenting of animals

o Patenting could cause adverse economic effects on developing
countries

e Patenting promotes environmentally unsound policies

e Animal patents will increase costs to consumers and
producers

e Animal patents will result in further concentration in
agricultural production

e Patent holders will derive unfair benefits from royalties on

succeeding generations of patented animals

The successful cloning of a sheep (“Dolly”) in 1997 (29)
only heightened concerns about the ethics of “tampering”
with animal life. The principal arguments for and
against the patenting of genetically engineered animals
are summarized in Table 3. Perhaps in response to
concerns about such issues, the Patent Office ceased
issuing patents for transgenic animals in 1988. In
1993 it resumed processing of the nearly 200 animal
patent applications that had accumulated during that
“self-imposed moratorium,” but fewer companies were
attempting to patent farm animals by that time, largely
because persistent technical problems and costs had
encouraged them to shift to more profitable areas of
research.

PUBLIC PERCEPTIONS

Because food is overproduced, the food industry is so com-
petitive, and overseas sales of American products are so
important to the economic viability of agricultural produc-
ers, biotechnology companies have long viewed consumer
acceptance of genetically modified products as critical to
the industry. Thus various agencies in the United States
and many other countries have conducted surveys of pub-
lic perceptions of food biotechnology. In the United States
these surveys cover a 15-year period. Despite differences in
methods, year, and subjects, they have produced remark-
ably consistent information over time, and they reveal
an internally consistent logic of considerable predictive
value. They also explain why the responses to genetically
modified foods in the United States have differed so sub-
stantially from those in Europe. Although U.S. survey



72 AGRICULTURAL BIOTECHNOLOGY, POLICY, AND NUTRITION

respondents have only a limited understanding of science
and technology, they hold high expectations that food
biotechnology will produce benefits for them and for soci-
ety as a whole. Surveys find respondents to be concerned
about the potential and unknown dangers of genetically
modified foods, but believe that the benefits outweigh
risks. For example, 75 percent answer yes to the question,
Do you feel that biotechnology will provide benefits for
you or your family within the next five years? The surveys
indicate clearly that respondents prefer some transgenic
food products to others, most favoring products that appear
beneficial to health or society, save money or time, are safe,
or improve the environment. For example, 77 percent of
U.S. respondents say they would be likely to buy geneti-
cally modified foods that protected against insect damage
or required fewer pesticide applications (30).

Safety considerations, although often the focus of
biotechnology debates, do not emerge in these surveys as
the most important public concern. Instead, respondents
appear most troubled by ethical issues related to food
biotechnology. They are more willing to accept genetically
modified foods that involve plants rather than animals,
that do not harm animals, and that do not involve the
transfer of animal genes into plants (31). These views
derive from value systems that encompass issues that
extend beyond food safety to include fundamental social,
cultural, and religious beliefs. The surveys also reveal
substantial public distrust of government credibility in
safety matters, its ability to regulate food biotechnology
appropriately, and the ability of the biotechnology industry
to make decisions in the public interest. Perhaps for
these reasons, surveys invariably find a large majority
of respondents to want genetically modified foods to be
labeled. Demands for labeling of genetically modified foods
are especially prominent in Europe where nearly everyone
(96 percent in Great Britain) favors such action (32).

If industry leaders view public opinion as irrational
and as evidence for the need to educate consumers about
the safety and benefits of biotechnology, they are missing
the most strikingly useful conclusion to be drawn from
these surveys. Prior to 1996, consumer attitudes toward
food biotechnology in the United States and in Europe
were largely product specific. People were willing to
accept genetically modified products perceived as valuable
to public health and welfare (33). From the surveys it
should have been evident to industry that most consumers
would accept genetically modified products if they were
demonstrably beneficial to the public as well as to the
industry’s economic interests. The failure of genetically
modified foods to address needs perceived by the public as
important, and the industry’s refusal to label the products,
explain much of the subsequent resistance to the products,
especially in Europe.

PREDICTIVE IMPLICATIONS: RECOMBINANT PRODUCTS

For the first recombinant products approved for sale
in the United States, survey results suggested an
analytical framework —based on the value of a product,
its safety, and its ethical value—for predicting the
degree of difficulty a product might experience with

Table 4. Analytical Framework for Predicting Public
Acceptance of a Genetically Modified Food Product

1. Is the food safe for people and for the environment?
2. Is the food valuable? Will it:

Increase nutrient content?

Increase food availability?

Decrease food cost?

Improve food taste?

Grow better under difficult conditions?
Reduce use of herbicides and pesticides?

3. Is the food “ethical”? Does it avoid:

Harm to animals?

Insertion of animal genes into plants?

Economic harm to small farms or businesses?
Economic harm to populations in developing countries?

public acceptance. Table 4 outlines the questions that
comprise this framework. The more positive the answers,
the more likely consumers were to accept the product.
To the extent that the answers were negative or
equivocal, consumer resistance was likely to increase. This
framework predicted the degree of acceptance of products
released through 1995. Beginning with the release of
recombinant soybeans and corn in 1996, however, policies
regarding labeling, food safety, and international trade
also influenced public acceptance.

Pharmaceuticals: Insulin

By the early 1990s the FDA had approved at least
15 recombinant drugs for use in human subjects.
Recombinant insulin, for example, received approval in
1982 and was of unquestionable utility (6). It solved
problems of scarcity and quality; it could be produced
in unlimited amounts, and its amino acid structure
was identical to that of human insulin and therefore
superior to insulin obtained from the pancreas of pigs
or cows. It was safe and raised no ethical considerations.
Recombinant insulin readily met all three criteria for
consumer acceptance, and it is neither surprising nor
inconsistent that it and other recombinant drugs were
accepted without protest in the United States as well as
in Europe.

Enzymes: Chymosin

Recombinant enzymes used in food manufacture also
were readily accepted. Chymosin, an enzyme used to
coagulate milk to make cheese, was traditionally extracted
from the stomachs of calves and sold as part of a
mixture called rennet. It was difficult to extract, varied in
quality, and was scarce and expensive. Through genetic
techniques, the gene for chymosin could be transferred
to bacteria that produced the enzyme in large quantities.
The recombinant enzyme was approved for food use in
1990 (6). This action elicited no noticeable complaints from
biotechnology critics, perhaps because the manufacturer
did not publicize the enzyme’s recombinant origins but also
because obtaining the nontransgenic enzyme required the
slaughter of baby calves. Transgenic chymosin also met
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the three criteria for consumer acceptance: It was more
useful, ethical, and just as safe as the enzyme it replaced.

Hormones: Bovine Somatotropin (rbST)

The history of recombinant bovine somatotropin (rbST),
the first product to be approved by the FDA under its 1992
food biotechnology policy, best illustrates how issues of
safety, societal benefit, and ethics contribute to consumer
resistance. The product, a growth hormone that increases
milk production in cows by at least 10 to 20 percent,
elicited considerable debate in the United States in the
mid-1990s and, more recently, in Canada and Europe. Its
name reflects the controversy: proponents generally use
the scientific name, rbST, whereas critics call it Bovine
Growth Hormone (rBGH). For purposes of consistency,
this article uses rbST. The Monsanto company developed
rbST in the mid-1980s and promoted it as a method to
increase the efficiency of dairy farming. Although such
efficiency would seem to be of great benefit to consumers,
critics soon raised questions about the product’s effects on
human health, animal welfare, and the economic viability
of small dairy farms (6). They were especially concerned
that rbST-treated milk would not be labeled as such. When
the FDA approved Monsanto’s rbST as a new animal
drug in 1993, it ruled that labeling would be misleading
as treated and untreated milk were indistinguishable by
available methods. The level of protest against rbST was
extraordinary; Supermarket chains announced that they
would not carry milk from rbST-treated cows, and several
states enacted legislation banning the hormone. Some
dairy companies, concerned about consumer reactions,
began to label their products as “BGH-free,” but industry
groups challenged the legality of this practice. The FDA
permitted that designation to be used if accompanied by
a disclaimer: “No significant difference has been shown
between milk derived from rbST-treated and non-rbST-
treated cows” (34). Protest against rbST could easily have
been anticipated, as rbST raised safety, value, and ethics
issues addressed by the questions in Table 4.

Safety Issues. Bovine somatotropin stimulates milk
production, and the natural hormone is always present in
cow’s milk in low concentrations. Milk from rbST-treated
cows contains both the natural hormone and rbST; these
are almost identical. The hormone itself is unlikely to
be harmful to humans, even though its concentration is
higher in milk from treated cows. Its protein structure
differs from that of the human hormone and is not
biologically active in people. Like all proteins, the cow
hormone is largely broken down in the human intestinal
tract. In 1990 Monsanto-sponsored scientists reported that
rbST milk was safe for human consumption and that the
FDA studies had answered all safety questions. That same
year FDA scientists reviewed more than 130 studies of the
effects of rbST on cows, rats, and humans and concluded
that the hormone did not adversely affect human health.
The publication of this last report in a prestigious scientific
journal was judged “unprecedented,” as it appeared that
the FDA was favoring a drug it had not yet approved.
However, other expert groups also concluded that milk

from rbST-treated cows was essentially the same—and
as safe —as milk from untreated cows (35).

Despite this evidence critics continued to raise safety
concerns about two factors that might be present in rbST
milk: antibiotics and insulinlike growth factor-I (IGF-I).
The concern about antibiotics derives from observations
that cows treated with rbST develop udder infections
(mastitis) more frequently than untreated cows (36).
Because the infections are treated with antibiotics that
linger in milk and meat, it is theoretically possible that
consumed antibiotics could contribute to human antibiotic
resistance. Although federal regulations require testing
for antibiotic residues in milk, the FDA tests for only a
small fraction of animal drugs in common use —just 4 out
of 82 in one study —leading to charges that the agency
lacks a comprehensive strategy for monitoring such drugs.

The IGF-I issue derives from concerns that the
increased concentration of this factor in milk from
rbST-treated cows might stimulate premature growth
of infants or cancers in adults. Although IGF-I appears
to be denatured in infant formulas and seems unlikely
to be absorbed in significant amounts by the human
digestive tract, the factor is readily absorbed from
milk, is biologically active in rats, and is associated in
epidemiological studies with increased risk of prostate
cancer in men (37) and breast cancer in premenopausal
(but not postmenopausal) women (38). Although the
clinical significance of these observations is unknown, they
have encouraged dairy and consumer groups to demand
further examination of the data and to file suit against the
FDA; they also have been used as a basis for refusal to
license rbST in Canada and Europe.

Value Issues. For many years milk production in the
United States exceeded demand, resulting in large sur-
pluses of dairy products. The use of rbST was expected
to further increase milk production. Biotechnology compa-
nies contended that use of the hormone would reduce farm
costs because equivalent amounts of milk could be pro-
duced by fewer cows. Although it might seem logical that
creation of more surplus milk would lead to lower prices,
dairy prices are tightly linked to federal support programs
and unlikely to change very much. Given this situation,
rbST offered no evident cost benefits to consumers.

Ethical Issues. Because rbST-treatment of cows
increases milk production, concerns have been raised
about effects of the drug on the health and reproductive
ability of animals. The more milk cows produce, the
more likely they are to develop mastitis. In addition
rbST is delivered through injection and can cause
localized reactions at the point of entry. Despite industry
assertions that appropriate herd-management practices
can minimize such problems, they were reported regularly.
In addition, increasing the supply of milk might be
expected to accelerate long-standing trends toward the
elimination of small dairy farms, and most commentors
believed that at least some dairy farmers would be forced
out of business. For these reasons, answers to some of the
ethical questions are negative or equivocal.
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Consumer Reactions. Taken together, public scepticism
about rbST related to nearly all of the areas of concern
listed in Table 4, suggesting that this product was
an unfortunate first choice for commercialization. U.S.
farmers already overproduced milk, and rbST offered
no evident benefit to consumers in availability, price,
or quality. That the product affected milk also was
unfortunate, as this food often is promoted as conveying
an image of purity. The primary beneficiaries of rbST
therefore appeared to be its manufacturers and the
large dairy farmers who were best able to exploit its
use. Despite considerable resistance from farmers, the
company has said that rbST broke even in 1996 and
has been profitable ever since, but its annual report does
not permit independent verification of this assertion (4).
Because the use of rbST to produce commercial milk
is not labeled, public acceptance of the hormone in the
U.S. remains uncertain. One indicator of public opinion is
the spectacular growth in sales of organic (“BGH-free”)
milk since 1996 (39). In Europe, use of the hormone
is prohibited at least until the end of 1999. Although
several international committees have reaffirmed the
safety of rbST, European Community members have not
yet reached consensus on its approval (40). In Canada,
applications to market rbST have been pending for more
than 15 years, largely because of conflicting opinions about
the safety of the products for both cows and people. These
events also could have been predicted from the questions
in Table 4.

Foods: The “Flavr Savr’”’ Tomato

Americans expect tomatoes to be available on a year-
round basis. In 1997 farmers produced nearly 16 pounds
(7.3 kg) per capita of fresh tomatoes and another
73 pounds (33.1 kg) for processing (12), but supermarket
tomatoes, bred for disease resistance, appearance, and
durability, have long been the bane of consumers longing
for “backyard” taste and freshness. Beginning in the
mid-1980s, Calgene, a California-based biotechnology
company, invested $25 million and 8 years of effort to
develop a tomato with a reversed (and therefore blocked)
gene for ripening that would allow it to be picked and
marketed at a more mature stage of taste (6). Calgene
expected this “Flavr Savr” tomato to capture at least
15 percent of the market for fresh tomatoes as soon
as it became available, and the company planned to
sell—and label —it as genetically engineered to taste
better. As the first company to develop a genetically
modified food, Calgene worked closely with FDA to
determine the tomato’s regulatory status. FDA insisted
that review committees focus exclusively on the tomato’s
safety and judged concerns about ethical issues or labeling
as irrelevant. The agency decided in 1994 that all safety
and nutritional questions about the new tomato had
been resolved and approved its marketing. Although
some groups threatened boycotts and “dumpings,” most
analysts believed that consumers would accept the tomato
if its improved taste seemed worth the premium price,
initially expected to be twice that of conventional tomatoes.
From the answers to the questions in Table 4, some
consumer resistance should have be expected. Although

the Flavr Savr was as safe and nutritious as market
tomatoes, it raised issues related to impact on small
growers, and its benefit to the public was restricted to
taste. Its higher costs, however, identified the Flavr Savr
as a luxury product targeted to an upscale market. To
Calgene, the tomato was well worth the huge investment
of time, money, and effort as it paved the way for
subsequent approval of the company’s seed oils and
other genetically modified crops. Eventually the Flavr
Savr proved impossible to grow and ship in adequate
quantities, and its acceptance in the markeplace could not
be tested (41).

Food Crops: Soybeans and Corn

Experts predict that within five years virtually all of U.S.
agricultural exports —worth $50 billion annually —will
be transgenic or combined with genetically modified
bulk commodities. Any resistance to acceptance of
transgenic soybeans and corn would pose a serious
economic threat (42). In the United States these products
encountered little public opposition, perhaps because
they are mainly fed to animals and their environmental
hazards seem geographically remote from most people.
Alternatively, the lack of protest reflected ignorance of the
extent to which genetically modified ingredients pervaded
the food supply (17). Also, until quite recently, most
press reports about genetically modified crops appeared
exclusively in business pages. Europeans, however, could
not help but be informed; at the peak of coverage early
in 1999, the seven largest British daily newspapers ran
nearly 2000 column inches (5,000 cm) of copy about
genetically modified food, nearly all of it unfavorable (43).

The controversy in Europe began in 1996 with the
first marketing of unlabeled recombinant soybeans and
corn. Since then the European Union and various
member countries have issued outright bans, prohibitive
regulations, or labeling requirements. Food producers
and retailers have refused to use genetically modified
ingredients in their products and have withdrawn
products containing them from sale (9). The intense
resistance in Europe, so much more extreme than in
the United States, is nevertheless related to a similar
set of consumer issues. Many Europeans have long-
standing traditions of animal welfare, vegetarianism,
and other value systems that might affect attitudes
toward food biotechnology, as well as memories of Nazi
eugenic experiments during World War II. In addition
concerns about the spread of antibiotic resistance,
fears generated by the 1996 food safety crisis over
“mad cow” disease, and, more recently, alarms raised
by outbreaks caused by foodborne pathogens have
reduced public trust in government as well as in
industry. European consumers, also were reacting to the
perceived arrogance of American officials and companies
who seemed to be forcing U.S. exports “down their
throats” (44). In this context the aggressive marketing
of unlabeled genetically modified soybeans and corn by
American biotechnology companies only intensified public
resistance. An advertising campaign by the Monsanto
company emphasizing environmental and nutritional
benefits of biotechnology through slogans such as “While
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we’d never claim to have solved world hunger at a
stroke, biotechnology provides one means to feed the
world more effectively,” and “Food labelling. It has
Monsanto’s full backing,” produced the opposite of the
effect intended and only increased public suspicion of
genetically modified foods (45). Also inciting protest was
the company’s investment in “terminator” technology, a
method for ensuring that genetically modified crops could
not produce viable seeds. This technology would protect the
company’s proprietary rights to the seeds but adversely
affect Third World farmers who grow 15 to 20 percent
of the world’s food from saved seed (46). Calls for an
international ban on terminator research also brought
negative public attention to food biotechnology.

By the late 1990s European surveys revealed nearly
unanimous public support for labeling of food products
containing genetically modified ingredients. Labeling
requires strict segregation of genetically modified from
conventional corn or soybeans and the use of genetic
tests to distinguish them. Because of cross-pollination,
some mixing of genetically modified with conventional
field crops is inevitable, and authorities have yet to agree
on the lowest level of “contamination” permissible for
products to be labeled “GM-free.” Labeling also has trade
implications. Any differences between the food regulations
of one country and another must be “harmonized” by the
international Commission (Codex Alimentarius) that sets
food standards. For several years, the Commission has
considered standards for mandatory labeling of genetically
modified foods but has yet to reach consensus (47).

POLICY IMPLICATIONS

Although consumers in the United States have been
slow to oppose genetically modified foods, organized
opposition appears to be growing. When the USDA
proposed that standards for foods designated as “organic”
could include those that had been genetically modified,
275,000 people wrote letters of protest and the agency
was forced to withdraw the suggestion. Although news
articles critical of biotechnology had been published for
years in environmentalist and other specialist magazines,
mainstream publications have begun to feature the issue
and to raise public awareness. Coalitions of consumer
groups, religious groups, chefs, and scientists have filed
lawsuits and organized petition campaigns to force the
FDA to require labeling and safety testing for transgenic
products. One consumer organization collected nearly
500,000 signatures on a petition calling for mandatory
labeling. By the end of 1999, 68 percent of American adults
polled by Gallup wanted genetically modified foods to be
labeled even if it meant paying higher prices (48). Feeling
the pressure from organic competitors, the Gerber’s and
Heinz baby food companies have announced that they
will not allow genetically modified ingredients in their
products, as has the Archer-Daniels-Midland Company.
In response to European rejection of genetically modified
corn, the American Corn Growers Association advised its
members to consider planting only conventional seeds in
spring 2000. Labeling of genetically modified products

seems likely to occur in the United States as well as in
Europe.

In promoting public acceptance of the first genetically
modified products, industry leaders focused on safety
as the sole basis for discussion and characterized other
concerns as unscientific or irrational. The industry’s
dismissal of concerns other than safety and its opposition
to labeling missed an important point: Initial views of food
biotechnology were product specific and, as such, were
consistent and predictable. If the marketplace was to be
allowed to determine the success of genetically modified
products — as it does with all others — the products would
have to be labeled. If the products were valuable to
consumers, the label should have encouraged purchases
as well as trust in the industry (18). The failure to label
could well have been the single factor most responsible
for the hostile European reception to genetically modified
soybeans and corn.

The controversy over food biotechnology derives directly
from the conflict between the industry’s need to be
profitable and the desire of consumers for products
that are economically and socially valuable, as well as
safe. To frame the debate in terms of rational science
versus an irrational public is to do a disservice to
both. Biotechnology is not inherently dangerous, and it
should be capable of doing much good. The public is not
inherently irrational and should be capable of judging
whether genetically modified products are worth buying.
This analysis suggests that the public will continue
to be unconvinced that genetically modified foods are
necessary or safe as long as the principal beneficiaries
of the technology are the companies themselves. The
current debates about genetically modified foods offer the
industry an opportunity to address consumers’ concerns
about the credibility, safety, and ethical implications of
the products. To improve credibility, the industry must
bring its rhetoric more in line with reality. If industry
leaders continue to state that food biotechnology is
necessary to solve world food problems, they should be
investing substantial resources into research on those
problems. Companies, for example, could institute tithing
programs that apply 10 percent of income to Third World
research and development projects that might never prove
profitable. Such programs might help convince the public
that the industry recognizes its own conflict of interest
and distinguishes its societal from its investment goals.
Of course, the most effective way the industry can achieve
credibility is to be credible. If biotechnology companies
want to convince the public that their products are
beneficial, they should develop beneficial products — those
that promote public goals and truly promote sustainable
agriculture, prevent environmental degradation, and
improve nutritional quality.
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INTRODUCTION

The world economy is currently undergoing major
structural changes. A central factor in these changes has
been the development and diffusion of fundamentally new
kinds of technologies, in particular, computers and the new
biotechnologies. Social and economic changes that result
from these profoundly enhanced capacities in science and
technology are visible in every sphere of human life from
health, transportation and communication to agriculture
and the food system. However, each change is associated
not only with new benefits but also with new risks,
latent complications, and long-term consequences that
are often poorly understood. Some have argued that the
new biotechnologies may be the most radical experiment
humankind has ever carried out on the natural world, in
many ways representing our fondest hopes and aspirations
as well as our darkest fears and misgivings. The technology
according to some actually touches the core of our self-
definition (1).

The new tools are arguably the ultimate expression
of human control both helping us to shape and define
nature itself as well as our very sense of self and society.
The changes brought by biotechnology could deeply affect
our individual and collective consciousness, the future of
our civilization, and the biosphere itself. Until recently
far more public attention has been focused on the other
great technology revolution of this century, computers
and telecommunications. However, after nearly 40 years
of parallel development, the information in life sciences
is slowly beginning to fuse into a single technological and
economic force. Computers are increasingly being used to
decipher, manage, and organize the vast genetic informa-
tion as a new resource of the emerging biotechnology econ-
omy. This new field called “bioinformatics” is being used
to download the genetic information of millions of years of
evolution and thereby creating a powerful new genre of bio-
logical databanks. This new genetic information database
may be used by researchers to remake the natural world.
As Jeremy Rifkin has noted “These changes represent a
turning point for civilization. We are in the throes of one
of the great transformations in world history” (1, p. 4).

In the area of agricultural biotechnology, the president
of a large U.S. public university noted, “Our society has
moved into the era of high technology ... as we move
into the new millennium, we will see more technological
changes than we have experienced over the entire history
of our nation. It promises to be one of the most exciting
and challenging times in the history in mankind.” He
further observed, “Biotechnology, genetic manipulation
and engineering research will have tremendous impact
on the crops and animals we grow for food, affecting
agriculture in ways never before dreamed possible” (2,
p- 3). According to Rifkin (1), global agriculture could find

itself in the midst of a great transition in world history,
with an increasing volume of food and fiber being grown in
enclosed tissue culture vats. The shift to indoor agriculture
could bring significantly low prices, more abundant
supplies of food, and massive displacement of millions
of farmers in both the developing and developed world.

Despite the enormous optimism in the scientific com-
munity, national and state governments, and the private
commercial sector, the applications of biotechnology have
been fraught with concern and controversy within the both
the scientific community and the broader public. Much of
the initial public concern has centered on human and
animal health and environmental safety issues. Issues
of the environmental impact of the creation, mass pro-
duction and wholesale release of thousands of genetically
altered life forms into the environment and the poten-
tial irreversible change and wholesale reseeding of the
earth’s biosphere has been raised. Many groups of scien-
tists and environmentalists and the local citizen groups
have raised safety issues regarding the unexpected but
possible consequences of introducing new life forms such
as the production of a toxic secondary metabolite or pro-
tein toxin or the undesired self-perpetuation and spread
of the organism. In agriculture, some have suggested that
living natural inputs may be even more dangerous to soci-
ety than the artificial products they replace. In addition
there is concern that genetically engineered crops bearing
resistance to nature herbicides may become weeds. Some
fear that these herbicide-resistant crops may even cross
with weedy relatives and spread resistance into sectors of
the weed flora. In the area of human safety there has also
been concern raised about the safety and human health
issues surrounding genetically modified foods and phar-
maceuticals. In the case of human health, these include
potential allergenic or toxic effects resulting from genetic
changes that are not completely understood.

THE FOURTH CRITERION

The debate, however, cannot be reduced to a simple risk
controversy that focuses on health and environmental
safety issues. While the three standard criteria often
utilized to evaluate and approve new products and
processes have been (I) human safety, (2) animal and
environmental safety, and (3) efficacy, increasingly over
the last couple of decades, a fourth criterion or fourth
hurdle for product approval and regulation has been
proposed. This refers to the social and economic effects
of the product or a technology. With many citizens in
both the United States and Europe the issue of food and
agriculture modified from modern molecular genetics and
biotechnology elicit deeper concerns about the relationship
to the natural environment where there are strong
dimensions of social and political risk. Increasingly it
is recognized that the issues of agricultural biotechnology
are not purely technical but also concern the balance
between the different worldviews and values that enter
the scene of each national regulation and product approval
process. Assessing the risk associated with agricultural
biotechnology therefore becomes a complex problem that
is being heatedly debated. Many efforts have been directed
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against the use of the fourth criterion on the basis that
it inhibits trade and is in violation of a number of global
trade agreements. Despite the explicit prohibition of the
use of the fourth criterion to inhibit trade, the social
criteria are being implicitly or explicitly included in a
number of policy debates and decision-making processes.
As a result of these developments and experiences with
previous technologies, an increasingly accepted position
among technology assessment professionals is that (1) all
technologies have multiple effects, (2) many of these effects
are potentially harmful and require conscious decisions,
and (3) these critical decisions entail social, economic and
moral as well as scientific analysis (3,4).

In the early 1990s this broader fourth criterion was
employed in the European Common Market’s ban on
growth hormones in food products. At that time the
Advocate General of the Court of Justice in the European
Communities released an opinion on the legality of the
hormone stating that “it was appropriate and justifiable
to prohibit the administration of the five substances
for fattening purposes, even in the absence of scientific
evidence showing that they were harmful. A total
prohibition was the only solution which could bring an
end to the distortions of competition and barriers to intra-
Community trade in meat, eliminate risks to public health,
even if they were purely hypothetical ones, and avoid a
further reduction in consumption” (5, p. 1).

Similarly, in the Austrian biotechnology regulations,
the social and economic criteria are clearly present. Their
regulations state that products containing or consisting
of genetically engineered organisms must not cause any
social unsustainability, no unbalanced burden on society
or any social group that is unacceptable for economic,
social, or moral reasons (6). Arguments regarding health
or environmental risk are frequently countered with
fears of socioeconomic hazards. In practice, the two
perspectives are exceedingly difficult to separate. The
absence of risk to environment, life, and limb appears to
be the necessary, but inadequate, condition for acceptance
among increasingly larger percentages of the Austrian
population. As a consequence Austria passed paragraph 63
of the Genetic Engineering Act of 1994 which required that
the genetically engineered products be assessed for the
possible risk of social unsustainability before they could be
licensed. These provisions seem to contradict the European
Union (EU) Commission’s ruling because they include
aspects of assessment according to socioeconomic criteria
that had been clearly rejected as the fourth hurdle to
licensing. According to the EU Commission, socioeconomic
criteria cannot be assessed by scientifically clear criteria
and therefore would likely provoke legal issues and lead
to a drain of capital.

Despite the EU’s policies and prior to the passage of
the Act, the Austrian parliament voted unanimously to
set up a parliamentary inquiry commission to investi-
gate technology assessment issues based on the example
of genetic engineering. In its report in 1992, the com-
mission demanded that social sustainability be taken
into consideration in addition to the ethical require-
ments and environmental impact. One member of the
commission indicated that the concept of social sustain-
ability should entail safeguarding the balance of interests

and the maintenance of consensual value orientations.
Moreover, the inquiry commission recommended informa-
tion for the public, participation by the public, mandatory
disclosure (annual report on all genetic engineering activ-
ities), and measures to promote the public discussion of
genetic engineering. Paragraph 63 of the Austrian Genetic
Engineering Act specifically stated that genetically engi-
neered products must not lead to social unsustainability
and would not be approved for use “if it may be assumed
on a technical basis that such products would lead to an
unbalanced burden on society or on social groups, and if
this burden no longer appears acceptable to the population
for economic, social or moral reasons” (6, p. 303).

To implement the socioeconomic criteria for product
approval, several models were explored. One focused on
creating an interdisciplinary expert panel to design future
scenarios and test them scientifically for their compatibil-
ity with the Constitution and societal values. The decision
on introducing technology was to reside in diverse politi-
cally authorized groups. Criticisms of this scheme included
the fact that experts would not be able to obtain consensus
because of the pluralistic values of these groups. A second
model involved the idea that anything that is accepted
by society is socially sustainable. However, this meant
turning the agendum into research on societal acceptance
and focusing on the manipulation of public opinion and
the creation of acceptance. The third approach focused
on the participatory process where social sustainability
would remain a transparent and preliminary working
term only put into practice if a situation demanded it. The
requirement that certain agricultural biotechnology prod-
ucts must not cause social unsustainability made them a
mandate for public discussion and negotiation. The state’s
function was to provide a framework for the public dia-
logue to occur and to guarantee that framework from a
legal point of view. However, it is unlikely that anyone
was considering participatory procedures when social sus-
tainability was conceptualized. It was something viewed
instead as an expertise type of administrative procedure.
Nevertheless, in time meaningful participatory procedures
were developed for technology assessments, and they are
now in place in Austria.

The compromise in Europe has been to introduce the
precautionary principle to address uncertainty without
specific reference to the fourth criterion or socioeconomic
concerns. In the recent KEuropean Union’s directive
on genetic engineering and international laws, the
precautionary principle was upheld. While it comes in
many interpretations, the principle is that whenever there
is a serious threat of irreversible damage, any lack of
scientific evidence must lead to postponement or avoidance
of the biotechnology. Built into this conclusion is time for
deliberation. The use of precautionary measures allows
for selection among possible risks and consideration of
the severity of those risks. The decision regarding risks
depend on who is affected in which ways and who derives
which benefits, and this ultimately takes on socioeconomic
dimensions.

The fourth criterion has also entered the discussion
and negotations for an international biosafety protocol.
In 1998 an ad hoc working group on biosafety met
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and heard concerns from many members of developing
countries about the impact of transgenic crops on their
farming communities, and they voiced their support for
adding socioeconomic issues to the protocol (7). The ability
to implement certain new biotechnology products varies
greatly across countries and regions (e.g., the enforcement
of obligatory resistance management strategies for Bt
crops will be difficult in a country like India, and there
are legitimate concerns that where such strategies fail,
the commercial usefulness of Bt transgenic crops will
be limited to just a few years). Those advocating for
socioeconomic factors in the biosafety protocol argue that
it is important for individual countries to be free to
examine, case by case, the social and economic impacts
of an imported biotechnology. The decision to subjugate
national interest to that of free trade is particularly
problematic in the case of a developing country’s
agriculture where impact of biotechnology on farming
systems will differ greatly from that in industrialized
countries. Moreover the regulatory interests of countries
that will primarily export genetically modified crops and
animals will differ from those that do not have a domestic
biotechnology industry. The immediate economic benefits
of a burgeoning agribiotechnology market unencumbered
by regulatory controls pose potential barriers to free trade,
and these benefits will accrue to corporations based in
countries that are in a position to export the genetically
modified products. Therefore individual countries must be
allowed to consider the socioeconomic impact of importing
genetically modified plants and animals on a case by case
basis in order to ameliorate the effects of disparities (7).

As noted earlier, some countries of the European Union,
in particular, Austria, Denmark, Sweden, and Finland,
have expressed the need to interpret the European
directive on the deliberate release of living modified
organisms in order to permit them to consider the
socioeconomic impacts. The Norwegian Gene Technology
Act developed by a non-EU country goes even further.
The Act states that in “Deciding whether or not to grant
the application, significant emphasis shall also be placed
on whether the deliberate release represents a benefit
to the community and a contribution to sustainable
development” (7, p. 698). The Norwegian interpretation
takes the discussion one step further: If there is any
question that a negative impact may arise, this doubt
must comply with environmental and the social factors
that take priority and override the particular application
of the biotechnology.

In another recent example of the potential utilization
of broader socioeconomic criteria, Switzerland was faced
with a Gene Protection Initiative that demanded the
government to outlaw the release of genetically altered
organisms into the environment as well as the patenting
of transgenic animals and plants, of their components,
and of the relevant processes. This initiative, defeated
in a national vote, demanded that experiments of all
genetically modified organisms require proof of the lack
of alternatives and a statement of ethical responsibility.
Schatz (8) noted that despite Switzerland being the
corporate headquarters of a number of multinational
biologically based corporations, the public has begun to

view companies around the world as heartless giants and
choose the high tech products of those giants as targets
of their frustration. The Swiss basically have begun to
doubt that their elected representatives can reign in the
international conglomerates.

In contrast, the U.S. Executive Branch concluded a
review of literature on the social consequences of rBST
with this revealing sentence: “At no time in the past
has the U.S. Federal Government prevented a technology
from being adopted on the basis of socioeconomic conse-
quences” (9). Despite this statement the recent report from
the U.S. National Research Council (4) entitled Under-
standing Risk: Informing Decisions in a Democratic Soci-
ety, has moved the U.S. debate on technology impact from
a narrow scientific discussion of risk assessment to the
broader issue of risk characterization. The committee was
asked to review “the appropriateness of including in risk
characterization such considerations as economic factors,
equity issues, risk mitigation and tradeoffs, and technical
control feasibility as well as environmental-equity issues
and other issues of social context” (4, p.x). They were
also charged to examine ways for improving public par-
ticipation and building trust. As a consequence the study
addressed such issues as the social, behavioral, economic,
and ethnical aspects of risk that were viewed as relevant
to the content or process of risk characterization (4).

This brief discussion illustrates that the social and
economic concerns about biotechnology have become part
of the policy and regulatory process. To date, these
concerns have only selectively become a fourth criterion
or fourth hurdle. The extent to which these concerns are
made explicit may vary, but they are inherent in the
debates in both the developed and developing nations.
Therefore it is important for scientists, regulators, policy
makers, and citizens to understand and evaluate not only
elements of human safety, animal safety, environmental
risks, and efficacy but also the range of socioeconomic
impacts and concerns.

The potential social and economic impacts of agricul-
tural biotechnology on the food and fiber system and
society are just emerging. Consequently the proposed
implications of biotechnology for the system represent
only possible scenarios. The socioeconomic effects may
include impacts on: (1) farmers, rural communities, and
the food system; (2) the organization and structure of
agribusiness and industry; (3) consumers; (4) science and
technology transfer; and (5) the global economy and devel-
oping nations. The social impacts and consequences of
any technology are likely to be dispersed in both time
and space and occur through a wide variety of mecha-
nisms. The social impacts of technology are controversial,
in part, because the mechanisms that link technological
innovations to their eventual consequences are generally
opaque to both developers of the innovation, scholars of
technology, policy makers, and citizens.

FARMERS, RURAL COMMUNITIES, AND THE FOOD
SYSTEM

The impact of agricultural change on rural communities
is largely proportional to the level of local dependence
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on agriculture. Today nationwide, fewer than 40 con-
gressional districts have more than 20 percent of their
population living on farms. The overwhelming majority of
farms that once existed in the United States no longer
exist, and production is highly concentrated among the
remaining farms characterized by productivity-enhancing
technology. In 1978 there were 2.3 million farms in the
United States while there were less than 2.0 million by
1999. Only 6 percent of U.S. farms, involving primar-
ily the super-large farms, receive the majority of farm
receipts (10). Over the last century, agricultural technolo-
gies have emerged that use ever greater levels of capital
to enable fewer people to produce the nation’s food. As a
result income and opportunities have shifted from farms to
the companies that produce and sell goods to farmers. As
farmers focused on producing undifferentiated raw com-
modities, food system profit and opportunities have shifted
to the companies that sell the farm inputs, and process,
package, and market food. Consequently from 1910 to
1990 the share of the agricultural economy received by
farmers dropped from 21 to 5 percent (11). Agricultural
biotechnology will likely continue this trend with the prof-
its accruing to the industries developing the biotechnology
products. Finally, and importantly, a trend that appears
in all sectors of American agriculture is a widening spread
between what farmers receive for their production and
what consumers pay at the supermarket.

The industrialization of agriculture in the United
States has almost one-third of the total value of production
of U.S. farms generated under contractual arrangements
and mostly under market contracts. Large agricultural
integrators tend to avoid capital investment in the means
of production and pass the risk and costs on to their
contract growers or to society at large. Under these
conditions farmers contract to sell their products to a
specific processor or contractor, but the farmer owns the
product and the risks until the product is sold and makes
all the managerial and production decisions. Production
contracts are also increasing with the contractor owning
the livestock or crop and paying the producer a flat fee plus
additional payments for performance-based incentives.
Under these conditions the producer or farmer becomes
very similar to industrial laborers. The poultry industry is
perhaps the most industrialized subsector of agriculture
with 89 percent of poultry farms using contracts and
about 86 percent of the total value of poultry production
grown under contract. Competition in the hog, cattle,
and lamb industries has been declining even before the
recent rise in livestock contracting with the proportion
of the market controlled by the four largest steer and
heifer slaughter firms increasing from 36 percent in 1980
to 72 percent in 1990 and 82 percent in 1994 (10). The
vast majority of small farms, however, are now buffered
from the effects of technological change, since the farm
is no longer the primary source of income for their
owners. Consequently biotechnology will probably have
less impact on the total number of farms in the United
States and developed countries than previous mechanical
and chemical technologies adopted by farmers during the
last 50 to 75 years. Moreover it is likely biotechnology will
not greatly exaggerate the decline in the number of farms,

although it will certainly maintain present trends, which
indicate that farming will continue to be one of the fastest
declining occupations.

To better understand the potential impact of tech-
nologies such as agricultural biotechnologies, it may be
important to briefly review the concept of the technolog-
ical treadmill. Numerous scholars have argued that new
production technology allows farmers to reduce the costs of
production with early adopters of the technology reaping
substantial profits. They produce more than their neigh-
bors can with a comparable investment of time, labor, and
capital. As more and more people adopt the new technol-
ogy, however, total production rises and prices begin to fall.
Those operating with the old technologies find themselves
operating at a loss, and they often go out of business. On
the other hand, those who adopt the new technology, find
that higher profits disappear and they are producing more
food to retain the same income level. However, the tread-
mill is more than a technology transfer. It also accounts
for how societies consisting of many independent, owner-
operated farms become societies that consist of a small
number of land and capital-owning investors with masses
of workers relegated to wage labor. The social transition
described by the technological treadmill process is thus a
change in social structure. The fundamental change that
occurs is a shift from owner-operators, each with control
over their work activity and relatively equal opportunity to
succeed, to a society of owners and managers of capital who
control the work life of laborers and who determine future
directions of society through their investment policies and
practices (12).

Genetic engineering is likely not the most important
technology implicated in this transition, particularly in
industrialized countries where this transition occurred
long before the development of biotechnology. This
technology may be far more important in affecting the
social structure of agricultural economies in the developing
world. Small farmers in those nations constitute a
significant if not majority portion of the population, and
they will become displaced or marginalized as urban
populations begin to rely increasingly on industrialized
agriculture from Europe, North America, Japan, and
Australia. Even the successful few and large producers
will have to share a larger portion of their farm profits
with the companies that produce the biotechnology and
become more dependent on those companies in a manner
not unlike those of wage laborers dependent on their
employers.

Other changes and impacts on family farms and rural
communities include the shift in returns on production
from labor to capital. Capitalists use technology to gain a
larger share of the value of their product at the expense
of labor. A new technology lowers costs and eventually
dominates the industry. Those who work in the industry
then are forced to accept wages offered by the owners
of the technology. Thompson and others argue that this
shift violates a farmer’s right, for it reduces the farmer’s
autonomy and control in disposing of his primary assets,
land and labor. Kloppenburg and his colleagues (13) have
proposed a further impact that concerns the loss of a moral
economy associated with traditional agriculture. They
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argue that the institution of alienable property rights in
land introduced commercial practices into food production
that have inexorably undercut the moral economy. They
propose that rural and urban people can invigorate a
moral economy for contemporary agriculture that will
reverse the commodifying influence of technology and its
attendant impact on the human condition. The underlying
assumption here is that if capitalism systematically
consigns labor to a situation of wage servitude, it cannot
be considered morally legitimate.

The extent of biotechnology’s influence on the trend
toward fewer and larger farms depends, in part, on
how adoption effects the cost structure of farms. If
biotechnology development significantly alters costs,
returns, competitive positions, and the special location
of production, and if certain trade and farm policies
are implemented, the potential impact of biotechnology
could be relatively important. It has been argued that
these new technologies, like those of previous generations,
will be adopted by well-financed, innovative farmers who
are presumed capable to run the competitively large
farms. However, others have argued that biotechnology
innovations will provide widespread benefits to the full
range of farmers because new technologies will be used in
traditional ways. Regardless of which farmers are likely
to benefit, however, biotechnology will probably increase
the value added off farm at the expense of value added on
farm.

Other significant changes in the farming community
may result if the information and products of this
technology bypass the Cooperative Extension system
and the agricultural cooperatives. Previous products and
information of biological research have been disseminated
through the Cooperative Extension system. However, the
development of new seed and chemical packages through
biotechnology has emerged from private research. Public
sector scientists may have limited knowledge with which to
support extension education programs, with a consequence
that extension, and potentially agricultural cooperatives,
may gradually be reduced to playing a secondary role
in farm change. Moreover many agriculturally based
rural communities will continue the ongoing process
of shrinkage and consolidation, as producers, and local
supply and marketing firms continue to decline in
numbers. Biotechnology may also accelerate the trend
noted above regarding the integration of contract farming,
already common in the United Status, where commodities
such as poultry and most processed vegetables are
produced on contract. These arrangements will further
reduce the autonomy of farmers and will certainly reduce
their contact with and need for extension education,
agricultural cooperatives, and local farm suppliers. The
new biotechnologies may also restructure the relationship
between farmers and researchers. Until very recently
farmers were seen as a primary clientele of public sector
research. However, the entry of molecular biology into
agricultural research has increasingly been accompanied
by the insertion of the agribusiness sector between farmers
and researchers. As a result it is quite possible that the
interests of agribusiness sector will dominate the agenda
setting in the public research arena (2).

Michael Gertler (14), participating in a National
Agricultural Biotechnology Council annual meeting,
focused on several reasons why he thought agricultural
biotechnologies may become, or should be, social issues
in rural agricultural communities. He noted that with
the advent of the agricultural biotechnology products,
some of which are proposed as environmentally friendly
such as herbicide-resistant crops, the farmer is likely
to incur increased costs and risks without assurance
of gains. The use of expensive genetically engineered
seeds do not guarantee a commensurate increase in
yields. Furthermore supply companies and firms licensing
particular generically engineered organisms are adept at
charging what markets bear with the economic benefits
arising from these technologies likely to be accrued by
those holding the patents.

A second concern Gertler observed is the industrial-
ization and accelerated structural change in the farm
sector noted earlier. Biotechnology is being introduced in
the context of increasing the industrialization of farm-
ing. This technology is an important development in
responding to environmental, agronomic, and veterinary
problems encountered when industrializing livestock and
crop production. Gertler argues that it may permit further
industrial development without addressing fundamental
contradictions and efficiencies of this system. Although
biotechnology may appear to be scale neutral, the level
of investment required, the increased risk, and need for
higher levels of management mean that larger and more
capitalized farmers will likely benefit disproportionately.
Moreover biotechnologies may create deeper divisions
between farmers subscribing to different models or sys-
tems of production, between farmers and nonfarm rural
populations, and between farmers and the nonrural pub-
lic. For example, organic farmers may feel even more
marginalized as the traditional industrialized agricultural
food system embraces these new technologies and public
section research is directed more extensively to production
systems that overlook their needs. The organic growers,
however, may experience increased demand from con-
sumers distrustful of these new genetically engineered
food products. Another potential impact is on the self-
esteem of farmers as they are transformed from prac-
titioners into the objects of agricultural practice. The
proliferation of new genetically engineered products and
processes may inhibit the ability of farmers to make edu-
cated choices with respect to crops and inputs appropriate
to their regions and cropping systems. Gertler concludes
by observing that farmers may eventually become more
like consumers, less able to distinguish quality because of
product proliferation, lack of information, and misinfor-
mation.

Perhaps the broadest analysis of potential social and
economic impacts of modern technology and the new
agricultural biotechnologies on rural communities focuses
on the sweeping challenges to democratic rights that it
poses. Langdon Winner argues that technical changes
have the social effect that are equivalent to legal or
constitutional changes. Here citizens would not tolerate
such sweeping changes coming through government
without due process, but scientists and business leaders
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are able to bring about wrenching social change through
the process of the introduction of new technologies that
is totally isolated from public influence or participation.
For Winner and others this amounts to a total usurpation
of the most fundamental democratic rights and has been
the basis for proposing the need for a fourth criterion to
regulate technology (12).

Others such as Wendell Berry (15) have argued that
industrialization undermines the moral meaning of work
which is considered both the formation and expression
of personal identity. The hard work that is necessary
for traditional farming has the effect of providing the
farmer a well-developed sense of self, an identity that
attaches naturally to a set of interests arising from work.
In contrast, Berry argues that the factory pattern of
life encourages people to identify with leisure activities
and to acquire interests that are not related to their
identity or self-expression. This ecological perspective of
work is embedded in his vision of community. Farmers
depend not only on each other but on tradespeople,
merchants and other members of the rural town. These
constitute particular nonuniversal dependencies that
establish strong moral bonds to specific community
members. In such a community the farmer is linked to
others in the community by their work activities that form
their personalities and identities. As a consequence, Berry
argues, community becomes meaningful as an ethical
concept (15). The extent to which biotechnology continues
a process of industrializing farming, its impact, in Berry’s
terms, goes far beyond the farm itself.

AGRIBUSINESS AND INDUSTRY

Many business and government leaders view biotech-
nology as a force to not only restructure farming and
rural communities but also to catalyze a major change in
the structure of worldwide agribusiness. They note that
the application of molecular biology permits the various
segments of the world’s largest industrial sector, agribusi-
ness, to form logical linkages to other economic sectors
as was never before practical. This $1.3 trillion agribusi-
ness sector, not counting feed and fiber, consists of four
basic elements: input suppliers, growers, processors, and
consumers. The system has experienced mechanical and
chemical eras that contributed to increased productivity
and efficiency and will likely continue to make signifi-
cant contributions in the future. However, according to
a number of business leaders, the new biological and
biotechnological era will further increase both efficiency
and productivity along with the ability to change the qual-
ity of food and feed. It will lead to consolidation and new
forms of vertical and horizontal integration of the food
industry (2,16).

The formation of new biotechnology companies
increased dramatically, starting with the founding of
Genentech in 1976, with more than 250 small venture
capital biotechnology firms founded in the United States
over the next decade. Proliferation of these risk-tasking
companies helped raise billions of dollars from private
investors and gave the United States a comparative lead
in the early stages of biotechnology commercialization.

By the late 1980s the number of these firms had grown
to over 600. Despite consolidation which began in the
industry with mergers, bankruptcies, and major multina-
tional corporation investments, the number of companies
have continued to grow. By 1998 the Genetic Engineering
News, Guides to Biotechnology Companies, listed over
3500 companies worldwide and approximately 1500 in
the United States with a substantial number involved
in agriculture (17). However, multinational corporations
now clearly dominate biodevelopment. These corporations
presently control nearly a third of the fledgling bioindus-
try, a figure predicted to rise to 50 percent in the near
future.

During the 1980s and continuing throughout the 1990s,
these multinational corporations began diversifying into
every field or specialty that uses living organisms as a
means of production. The new biotechnologies appear
to further reduce the distinctions among the tradi-
tional industrial sectors, rendering corporate boundaries
virtually unlimited. These large multinational corpora-
tions specializing in chemicals, food, and pharmaceuticals
have taken the leadership in agricultural biotechnology
research and development (e.g., American Cyanamid, Agr
Evo, Dow Chemical, Dupont, Eli Lilly, Merck, and Mon-
santo). At the forefront is Novartis, formed in 1996 by the
merger of Sandoz and Ciba-Geigy. Novartis is now the
world’s largest agrochemical company, the second largest
seed firm, the third largest pharmaceutical firm and the
fourth largest veterinarian medicine company (16). At the
same time companies like Monsanto moved rapidly to
expand and consolidate their market share of several
key crops with their genetically engineered seeds. For
example, in 1997, 15 percent of the U.S. soybean crop was
grown from genetically engineered seeds. By 1998 this had
grown to 44 percent of the soybean crop and 36 percent of
the nations corn crop with Monsanto’s Round-up Ready
(herbicide resistant) seeds controlling a majority of the
market. In 1998 U.S. farmers planted more than 50 million
acres of genetically modified crops about six times the
acreage planted with such crops just two years earlier (18).
Worldwide it was estimated that in 1999 GM crops were
grown on over 100 million acres (19). Indeed, two-thirds
of the genetically engineered crops available in 1999 are
designed specifically to increase the sale of herbicides and
pesticides produced by the companies selling the genet-
ically engineered seeds (20). Lappe and Bailey conclude
their analyses of the U.S. and international agricultural
biotechnology developments by noting that never before in
the history of the world has such a rapid and large-scale
revolution occurred in a nation’s food supply. According to
bioindustry analysts, by the year 2025 some 70 percent of
the industrial economy and 40 percent of the entire global
economy will have, at its base, some form of biotechnology.

Michael Pollan, a writer for The New York Times,
recently noted that with the advent of biotechnology,
agriculture is entering the information age with a
small number of multinational corporations positioned
to become another Microsoft, supplying the proprietary
operating systems to run the new generation of plants
and animals (21). Most analysts predict biotechnology
will continue and accelerate the trend toward increasing
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concentration of power in a small number of large
multinational corporations. Consequently development
and commercial control of agricultural biotechnology will
be in the hands of corporations that transcend geography
boundaries and hold limited national allegiance. Within
this context people question how we can ensure that
democratic participation will occur in the decision-
making processes surrounding the development and
commercialization of biotechnology. This is difficult
within the national boundaries and generally prohibited
internationally given current government structures.

CONSUMERS

For consumers, the new biotechnologies could mean
dramatic improvements in the productivity and efficiency
of food production and processing, and the expansion and
extension of food and nonfood uses of raw agricultural
commodities. Consumers could benefit in the form of
reduced prices, increased food safety, and more nutritional
foods. Products in the pipeline, for example, could produce
plants that lack allergenic proteins or have a healthier oil
composition and may also provide benefits for developing
countries such as the pro-vitamin A and iron-enriched
rice (22). The new technologies also have a potential to
change the very nature of food itself and to expand a range
of possible food products. It is now possible to consider the
production of new fabricated foods in which basic foods are
broken down into their component parts (e.g., starch, fat,
and sugar) and recombined into wholly new types of food.
However, to date, the new food products and processes
have been met with mixed reactions. On one level are the
concerns about food safety from unexpected allergenic or
toxic foods resulting from the insertion of a foreign gene
into crops, food, or animals. At issue is whether a foreign
gene can activate the expression of a latent toxic gene. On
a more subtle level, the new biotechnologies may make
it far more difficult in the future for the consumer to
determine the composition of the food and to maintain a
balanced diet.

Another impact of biotechnology has been the stimula-
tion of new moral and ethical debates among consumers
and the general public regarding the limits of science.
Public concern about a range of scientific developments,
including biotechnology, are resulting in a decline in pub-
lic confidence in science and increasing public perception
of the likelihood of environmental risks from genetically
altered bacteria, plants, and animals. Krimsky and Wrubel
argue that on the basis of their analysis the level of pre-
market public scrutiny of some of the first products of agri-
cultural biotechnology has been unprecedented. Citizens
are demanding earlier entry points and broader partic-
ipation in technological decisions (23). The development
of biotechnology is stimulating a wider range of public
concerns about science that extend beyond human health,
environmental risks, food safety, and animal health issues
and includes such concerns as negative socioeconomic con-
sequences and the morality of tampering with nature and
life itself. Many environmental and consumer groups view
transgenic food as a symbol of the assault on traditional

sources of food. At issue here is the dignity of the food
supply even more than its safety.

In 1999 reacting to the escalating public concern,
several European supermarket chains banned GM (genet-
ically modified) products from their house brands. More-
over in Britain, Unilever and Nestle announced that they
would phase out genetically modified ingredients in their
products. Meanwhile the European Union decided that
products in which more than 1 percent of one of the
ingredients was transgenic should be labeled and that
the introduction of new GM crops would be suspended
for several years. Even in the U.S. the Federal Drug
Administration chose to hold public hearings around the
country on whether it should adjust its role in regu-
lating GM crops. These hearings were often confronted
by consumer protests against “foods created by alter-
ing genes” (frequently characterized as “Frankenfoods”).
Finally, leading food manufacturers in the U.S., Gerber
and Heinz announced that they would permit no GM foods
in their products. Many analysts have concluded that the
next few years will be crucial for the future of GM crops and
that in the end consumers, rather than the farmers that
the industry had long considered its primary customers,
will decide the fate of GM foods (22).

While, a small number of groups oppose any form
of genetically modified food, the general focus of public
policy consumer concerns has turned towards the question
of labeling. Krimsky and Wrubel (24) note that labeling
transgenic food would enable consumers to express social
values in their food preferences, which is consistent with
the trend towards “green consumerism.” In 1999 labeling
genetically modified food was high on the agenda of the
Codex Alimentarius Commission with members of the
European Union who were conscious of public pressure
over GM foods; they argued that any food containing
detectable GM ingredients should be labeled (24). From
recent analyses of public and consumer concerns about
biotechnology in Europe, people seem prepared to accept
some risks as long as there is a perception of usefulness
and no moral concern. But crucially, moral doubts act as
a veto irrespective of people’s views on use and risk.
In one study the finding that risk is less significant
than moral acceptability in shaping public perceptions
of biotechnology held true for each European country and
across all six specific applications of biotechnology (genetic
testing, medicines, crop plants, food production, research
animals, and xenotransplants). In the same survey,
74 percent of the respondents consider that genetically
modified foods should be labeled and 60 percent believe
that there should be public consultation about new
developments in biotechnology (25).

In a column in Nature, the editor stated that the
genetically modified foods debate needs a recipe for
restoring trust. While there is no simple institutional
formula for achieving this, some of the principles include
(1) acceptance for the need to ensure the regulation of
genetically modified foods based on the soundest possible
science, (2) acknowledgment of the current limits to
scientific certainty, (3) the need to find ways of facilitating
public access to credible scientific information and of
communicating it in a responsible form, (4)the need
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for honest brokers, and (5) taking into account in food
regulations broad public concerns. The editorial concluded
if labeling all foods produced by genetically modified
techniques turns out to be a necessary step in regaining
trust on both sides, it should be a small price to pay (24).

SCIENCE AND TECHNOLOGY TRANSFER

Perhaps the most dramatic, immediate impact of the
new biotechnologies is on science itself. During the
last 20 years, the convergence of a number of new
scientific techniques and biotechnologies, legal policy, and
commercial developments has had a major impact on the
way in which knowledge is generated and commercialized
and on the evolution of agriculture and our food system.
While some argue that biotechnology is a continuation of
the application of biological techniques to improve plants,
animals, and microorganisms, many biologists contend
that biotechnology has revolutionalized the field. The
knowledge and tools generated by molecular biology and
biotechnology have stimulated a great deal of enthusiasm
and redirected large sums of money in an effort to
pursue knowledge in this area. At the federal level,
financial support for biotechnology has grown steadily
since the mid-1980s and reached several billion dollars
annually in the 1990s. While 80 percent of the federal
nonmilitary research budget has been devoted to the
National Institutes of Health (NIH) program, support
for agricultural biotechnology has been relatively meager,
constituting less than 3 percent of federal expenditures for
biotechnology.

The techniques and tools of biotechnology are facili-
tating basic research efforts to understand the intricate,
complex, functioning of living organisms at the molecular
and cellular level. This reductionist approach, often called
logical positivism, continues and extends the basic meth-
ods and approaches of modern science. Modern biology
attempts to reduce nature to small, definable pieces, sub-
ject to human manipulation, and separated from broader
questions of value. From this perspective, scientists con-
trol, measure, reduce, and divide nature in order to
generate knowledge. Biotechnology, particularly in agri-
culture, may truncate both the time and space required
to develop new plant, animal, and food products. How-
ever, one concern is that this approach, while providing
important but only partial knowledge, is rapidly becom-
ing the dominant epistemology, often to the exclusion of
important alternative ways of knowing. As a consequence
lack of adequate support has occurred for critical com-
plementary research to molecular biology and genomics
agendas, and this includes whole-plant and animal-level
research (e.g., traditional plant breeding), systems-level
research programs (e.g., agroecology, farming systems),
social assessments, and indigenous knowledge (2).

Another development stimulated by agricultural
biotechnology with implications for the generation of
knowledge is the increased concentration of research
funds, scientific talent, and intellectual property at a small
number of public and private institutions. In the public
sector, every U.S. state could afford and has had conven-
tional soils, breeding, and pathology programs. Every state

cannot afford and will not be able to have a comprehensive
agricultural biotechnology program. By the late 1980s and
early 1990s, for example, eight states accounted for over
half of the State Experiment Station expenditures and
nearly half of all science years for agricultural biotechnol-
ogy research (26). It is unclear how the absence of diverse
and heterogeneous institutions and groups of scientists
will affect the generation and dissemination of knowledge.

The new agricultural biotechnologies are also contribut-
ing to a changing collaborative relationship between the
universities and industries. While partnerships between
universities and industries have existed for several
decades, the new types of university and industry relation-
ships in biotechnology are generally more varied, wider
in scope, more aggressive and experimental, and more
publicly visible than the relationships of the past. The
legal/contractual bases for these relationships depend on
the goals and institutional characteristics of the partners,
and consequently involve diverse approaches including:
large grants and contracts between companies and univer-
sities in exchange for patent rights and exclusive licenses
to discoveries; programs and centers organized with indus-
trial funds at major universities, that give participating
private firms privileged access to university resources and
arolein shaping research agendas; professors, particularly
in the biomedical sciences serving in extensive consulting
capacities on scientific advisory boards or in managerial
positions in the firms; faculty receiving research funds
from private corporations in which they hold significant
equity; and public universities establishing for profit cor-
porations to develop and market innovations arising from
research (27).

A notable example of these new types of collaborative
arrangements between universities and industry is
the five-year $25 million “strategic” research alliance
announced in late 1998 between the University of
California, Berkeley’s College of Natural Resources and
a unit at the Swiss biotechnology giant, Novartis. While
large multimillion dollar industry grants to universities
are not unheard of, this agreement applies not to a
single researcher or team focusing on a specific topic but
rather to the entire department of plant and microbiology.
Under the agreement the Novartis until will provide funds
and access to proprietary technology to Berkeley faculty
members and graduate students, and in return it will
receive first rights to negotiate licenses up to one-third of
the inventions that result. Novartis is also considering the
development of a facility on or near the Berkeley campus
for 20 to 30 of its own scientists who would be available to
work with university researchers and to share equipment
and space (28).

The wuniversity and the private sector have very
different goals for research and ways of pursuing those
goals. When collaborating, the consequences of these
two distinct and complementary research communities
can be both positive and negative. In the United
States, for example, university—industry collaboration
may bring useful products to market more rapidly and
promote U.S. technological leadership in a changing world
economy. Second, in light of funding stagnation within
U.S. Department of Agriculture (USDA) and in many
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states, such collaborations are a means of raising new
funds for university research and support for graduate
education. Third, these joint efforts may expand the
scientific network, increasing communication between
some university and industry scientists and provide some
university scientists access to cutting-edge research tools,
proprietary materials, and vast databases owned by the
particular company (29).

However, a number of concerns have been voiced
regarding the impact of these new relationships. First,
long-term research, previously a major emphasis of the
public sector, may decline. The private sector has short-
term proprietary goals, and as a consequence funding for
research is also generally short term, spanning one or two
years. In contrast, nearly all the federal NIH extramurally
funded programs and USDA Hatch-based funded projects
are for three years or longer. Moreover dependence on
private sector funds will generally change not only the time
frame but also the stability of funding. It seems unlikely
that these university—industry relationships will provide
stable long-term funding, nor will they significantly
address the capital needs of the universities. For example,
in a study of executives of 210 agricultural, chemical,
and pharmaceutical corporations, 59 percent reported
supporting university research totaling $340 million for
more than 1500 projects. However, most said their support
lasts two years or less and involves research contracts for
less than $100,000 (30).

Universities are also concerned about ensuring that
research projects are generally originated by faculty
members and not adopted as a result of outside pressure,
either implicit or explicit. If a sufficiently large and
influential number of academic scientists and engineers
become involved with industry, a whole range of research
agendas, traditionally the purview of the university
community, might be de-emphasized. Furthermore the
scientific community could become desensitized to the
environmental or social impacts of proprietary research.
Some research that lacks commercial application could be
neglected entirely.

As noted earlier, with increased focus on knowledge
and technology as intellectual property, particularly in
the biological arena, there has been an enormous increase
in patents, licensing, and material transfer agreements.
Many analysts suggest that these new practices and
processes may impede or limit the pace and direction
of scientific efforts, restrict scientific communication, or
undermine an academic scientist’s ability to carry out
research. The potential restriction of communication is
particularly true of university scientists with private
sector grants, who often must delay public discussion
of work, or its results, pending review by the sponsoring
company. Even some scientists with public funding feel
inhibited about discussing their work, for fear that some
private company with the money, equipment, and time
will utilize their ideas and perform the experimental work
before they can (29). Companies sponsoring university
biomedical research often ask scientists to go beyond the
standard secrecy requirements needed to obtain a patent
for products related to their research. While NIH calls for
a delay of only one or two months while an application

is filed, 58 percent of the companies in a recent survey
ask researchers to keep data secret for more than six
months (31). The net effect of these various developments
appears to be a reduction of the free flow of information.
Many have argued that open communication and the
freedom of thought is the best path towards realizing
the social benefit from science (12).

A final impact involves potential conflicts of interest
and/or scientific misconduct. In interviews, public and
private sector scientists alike stress the potentially
detrimental effects of restrictive agreements between
the universities and corporations. These effects include
favoritism, unwarranted financial advantages through
privileged use of information or technology derived from
the publicly funded research, and shelving of research of
interest to the public but not to the corporation (2). In a
recent article entitled “University—industry research must
get closer scrutiny,” Mildred Cho observed that “one major
reason for concern is that if faculty members are profiting
financially from their research either through royalties
from, or as investors in, companies that market products
based on their discoveries, the outcome or direction of their
work may be affected. They might, for example, be tempted
(consciously or unconsciously) to design studies that are
more likely than not to have an outcome favorable to
the product” (31, p. B4). A recent study (32), for example,
designed to measure how drug company money might
influence scientists, points directly toward a need for
disclosure of industry relations and funding sources. This
study found that 96 percent of the researchers who wrote
favorable articles about a controversial class of drugs
for treating hypertension and angina also had financial
ties to the marketers of those drugs. In contrast, among
those who published articles critical of the drugs, only
37 percent had financial ties. Conflicts were disclosed
in only 2 of the 70 papers. As one researcher at George
Washington Medical Center noted, researchers like to
think that they are not influenced by their financial
ties, “but the pressures may be too subtle for them to
realize” (33, p. A41). These divided loyalties and conflicts
of interest betray the public trust. According to Krimsky,
the most significant social consequence of change within
scientific institutions is “the disappearance of a critical
mass of elite, independent and commercially unaffected
scientists to whom we turn for vision and guidance when
we are confronted by technological choices” (3, p. 79).
Thompson (12) has further noted that as little as the public
might care about the institutional effects of biotechnology
within science, they may well be among the most far-
reaching.

DEVELOPING COUNTRIES AND THE GLOBAL ECONOMY

The new technologies offer the hope of increasing crop
yields where population growth is outstripping the
food supply. Microbiology in conjunction with plant
propagation and breeding is already creating more
drought and resistant varieties of cassava, oil palms, and
groundnuts. Yet despite biotechnologies’ great promise
for feeding the world’s rapidly growing population,
particularly in developing countries, science and policy
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makers admit it will not be easy to ensure that this
technology has the desired positive effects. Much that
has been said about the social consequences for family
farming and rural communities in industrialized countries
applies more dramatically to the resource poor farmers
in developing countries. Several analysts have predicted
that biotechnology will have an unfavorable impact on
the rural poor in Africa, Asia, and Latin America while
benefiting relatively better-off farmers in those regions.
As farms become larger and fewer, more people both in
absolute numbers and as a percentage of the population
in developing countries are being affected. Those who are
affected are much worse off to begin with and are more
vulnerable to displacement.

There is legitimate concern arising that the developed
nations will use the new technology to undercut tradi-
tional Third World exports, such as vanilla, sugar, cocoa
butter, and other important cash crops. Genetic engineer-
ing processes are being used to transform the production of
certain agricultural commodities into industrial processes.
In principle, any commodity that is consumed in an undif-
ferentiated or highly processed form, could be produced
using new biotechnological processes, and product sub-
stitutions could be easily introduced. Similarly, although
with greater difficulty, tissue culture techniques could be
used to produce edible plant parts in vitro. Several compa-
nies are now capable of final production of a natural vanilla
product in the laboratory. A genetic modification of oilseed
plants to convert cheap oils (e.g., palm or soybean oil) into
high-quality cocoa butter is well advanced. Biotechnology
is also being used to produce substitutes for sugar as an
industrial sweetener. Even moderate success in realizing
these product substitutions would have profound effects
around the world, most immediate and important would
be the restructuring of global markets (34—36).

Another concern is that biotechnology will increase
the disparities between the developed and developing
nations. With the shift in applied research and associated
product development from the public to the private
sector, the benefits from the new biotechnologies may
become less widely available. Furthermore the products
developed are unlikely to be ones that are important
to the poor developing countries, particularly in the
tropics. Only a small amount of the estimated $2.5 billion
dollars of research spending on agricultural biotechnology
around the globe is carried out in the developing
world. According to Robert Herdt, from the Rockefeller
Foundation, between $50 and $75 million per year is spent
on agricultural biotechnology in the developing world,
with about half of that conducted by the Consultative
Group for International Agricultural Research (CGIAR)
centers. However, the financial support for that system
has weakened in significant part because of declining
U.S. support. While the International Service for Applied
Agricultural Agrobiotechnology data on field trials of
genetically engineered crops reveal over 3700 trials of
genetically engineered crops through the end of 1995, none
of the field trials to date has been directed specifically at
increasing output. Instead, most of the work has been
done on transforming crops to be herbicide resistant
(40 percent) and insect resistant (22 percent). Research

on some of the traits most needed in the developing world
such as the ability to tolerate low soil fertility, the ability
to tolerate soil salinity or alkalinity, and techniques for
producing biological pesticides has gone unstudied. This
could further widen the gap between the agricultural
production methods in the North and the less developed
practices in the South (37).

A further concern revolves around the controversy over
the property rights in genetic resources. Biotechnology
is playing a key role in conserving genetic diversity
worldwide at the same time as it is accelerating the
privatization of these genetic resources. Biotechnology is
providing new incentives to patent commercially valuable
genetic resources as well as providing the means to
both enhance those resources and protect them from
patent infringement. It has been argued that native
genetic resources (i.e., germ plasm or seeds) are owned by
indigenous farmers, by their governments, or collectively,
by the whole society and considered the common heritage
of humankind. Intellectual property rights may deprive
farmers in developing countries of something they
currently have. Farmers are losing the right to plant
seed freely from land races or other publicly available
varieties (12). This is probably unlikely since most legal
codes protect any existing uses of the raw materials
from which new seed varieties or plants are derived.
For example, the convention on Biological Diversity,
which came into force in December 1993, provides an
internationally legally binding instrument that explicitly
recognizes national sovereign rights over the genetic
resources existing within a country’s territory (38).
However, although indigenous farmers may have a legal
right to use plants in traditional ways, they lack the
resources and knowledge to protect those rights. Moreover
many countries, especially developing countries rich in
genetic diversity, have called for measures to protect their
interests and to insure that they share in the benefits
derived from the use of their resources by others (39).
Issues of ownership, access to genetic resources, and
intellectual property protection of genetically engineered
products are currently receiving considerable attention in
various international forums. These complex and highly
politically charged debates will likely continue into the
future.

Finally, many developing countries have no basic and
limited applied research capacity, marginal capabilities
to adapt biotechnological advances to local conditions,
and few resources to attract transnational corporations to
conduct their own research. In conclusion, agricultural
biotechnology may shift the geographic location of
agricultural production from one Third World country
to another or from the Third World to the First World.
The literature on social consequences of agricultural
biotechnology for developing countries includes very little
in the way of detailed ex ante studies. However, for
many Third World countries that are dependent on
one or two agricultural commodities for their continued
viability, this production and market restructuring, and
increased productivity gaps, could result in a collapse
in existing markets. Significant numbers of farmers and
farm workers could find themselves with no products to
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sell. This could increase the already high Third World
debt and exacerbate the deficit imbalance of payments
in Third World countries. If this were to occur, political
instability, already a problem in the developing world,
would doubtless increase.

STRATEGIES FOR INCORPORATING THE FOURTH
CRITERION

This article has discussed a number of both positive and
negative social and economic impacts biotechnology may
have on (I)farmers, rural communities, and the food
system; (2) the structure and organization of agribusiness
and industry; (3) consumers; (4) science and technology
transfer; and (5) developing countries and the global
economy. Genetic engineering and biotechnology are
areas in which nontechnical decision-making inputs, on
initially technical issues, are found to be increasingly
important. It was noted that reduction of risks to health
and environment are usually emphasized as the task
of any regulation but that goals based on social and
ethical principles also appear within the scope of genetic
engineering laws and regulations. Indeed, it is argued
that the health and environmental risks, as well as the
socioeconomic hazards, are difficult to separate. Moreover
the issues of risk to environment, life and limb appear
to be a necessary but inadequate conditions for public
acceptance. Although the socioeconomic criteria, often
referred to as the fourth hurdle or fourth criterion,
have been clearly rejected in licensing, it is equally
clear that socioeconomic criteria are being taken into
account in numerous contexts (e.g., the Austrian Genetic
Engineering Act; the Norwegian Gene Technology Act; the
UNEP Technical Guidelines for Safety and Biotechnology;
release applications for genetically engineered organisms
in Denmark, Sweden, and Finland; the Swiss Gene
Protection Initiative).

As a consequence a number of alternatives have
emerged for incorporating the socioeconomic issues into
a broader public discussion and eventually into decision
making. One process or procedural approach described by
Thompson (12) is discourse ethics where certain morally
relevant constraints on discourse must be met for it to
be reasonably successful. First, discourse must be open to
all competent speakers whose interests will be affected.
Second, people must be free to construe the issue and their
own interests in whatever terms they deem appropriate.
Third, participants must be free of rigid inflexibility
that precludes them from adopting a hypothetical stance
toward their own and others’ interests and values. Fourth,
the process must be free of external coercion and, fifth,
statements must be focused exclusively on establishing the
best reasons for accepting a prescription or conclusion (12).
Thompson admits that since these conditions are rarely
met, actual public debates over biotechnology are unlikely
to reach an ethically defensible consensus. However, the
debates will be greatly enhanced if informed by efforts
to approximate these ideal discourse conditions —if not
in a public forum, then at least under some controlled
circumstances in which these issues can be seriously
pursued.

Seifert and Torgensen (6) also examined various mech-
anisms whereby socioeconomic criteria can be included
in the decision-making process for new technologies such
as genetic engineering. Their discussion of the Austrian
efforts focused on incorporating social sustainability in
consideration of regulations for genetic engineering. They
suggested three forms to enhance broader participation
in the debates. The first is discursive meditation whose
main emphasis is on clarifying controversial issues. The
best example of this process in the United States is the
annual public forum conducted by the National Agricul-
tural Biotechnology Council that brings together diverse
participants and stakeholders in the arena of agricultural
biotechnology to discuss and clarify concerns surrounding
agricultural biotechnology. Consensus conferences are a
second form that serves the task of a development of a
political will. Institutional innovations to provide for inde-
pendent mediation among competing positions on issues
like biotechnology is a third form. For example, the Dutch
consumer protection organization Consumer and Biotech-
nology is an example of such an institutional innovation.
The function of this institution is to mediate among non-
governmental organizations, the biotechnology industry,
the authorities, agricultural associations, and consumer
organizations.

All these processes and procedures, however, have two
fundamental problems. First, the results are generally
not binding and require the approval of the decision
makers for their implementation. To partially overcome
this limitation in Denmark, for example, the institution
of consensus conferences was established in association
with the parliament so that the results of the procedures
and process could be considered in parliamentary decision
making as quickly as possible. The second problem
concerns the vulnerability of key parties to manipulate
the results. In all the processes there is a risk of being co-
opted or overwhelmed by powerful interests and ultimately
serving only as justification for the implementation of
these new technologies. Therefore the goals and motives
of the organizers, the credibility of spokespersons who
both raise and discuss the range of issues surrounding
biotechnology, the funding sources for these procedures
and processes, the process by which content, scope, and
audience for these processes are made, and how this
information and the outcomes of the conferences will be
pursued must be kept as transparent as possible.

Barling and his colleagues (40) in examining social
aspects of food and agricultural biotechnology in Europe
have observed that public concern about these new
technologies are primarily focused on issues of trust, choice
and care for a sustainable society of natural balance.
They have recommended improving consumer choice and
promoting greater public involvement in decision making.
Complementing labeling, they propose transparency right
through the food chain. This would entail the use of a
comprehensive system of segregation and certification
of genetically modified crops and their products from
nongenetically modified crops at each stage of the food
chain, and for this to be reflected in the final labeling
information. This degree of transparency, they argue,
would allow consumers to make more fully informed choice
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of foodstuffs in line with their more deeply felt values on
such issues and would provide for a more democratic
and participatory basis for transparency. Finally, in
attempting to predict the effects of the use of genetically
modified organisms in agriculture and food production,
they propose integrating the precautionary principle more
actively into risk management. As noted earlier, the
precautionary principle is applied in circumstances of
scientific uncertainty reflecting the need to take action
in the face of potentially serious harm in the absence
of scientific proof. As a consequence the precautionary
principle is not simply a matter of science but is socially
and politically informed. They argue that the incorporation
of wider social concerns, as articulated by different social
actors, should be included in risk analysis to produce
a more socially embedded and accepted process of risk
analysis of the applications of modern biotechnology.
This would build greater trust in and acceptance of
the regulatory process and provide a more socially
responsible, plural, and accountable form of decision
making. Implementation, of course, remains quite complex
and highly problematic.

While efforts to enhance the dialogue and to ensure
wider participation in the debates is laudable, Young-
berg (41) at a National Agricultural Biotechnology Coun-
cil annual meeting challenged the participants to move
beyond preoccupation with the dialogue process and to
begin to explore new and innovative ways to involve
the broader society such as the sustainable agriculture
community in the biotechnology decision-making process
itself. He noted that there is a critical difference between
broad participation in the dialogue about biotechnology,
and the actual involvement in planning and decision-
making phases of agricultural biotechnology research
development and the introduction of these technologies
into the marketplace. He continued by suggesting that
the time has come for the biotechnology industry to begin
exploring the principles and processes of participatory
decision making and to initiate a serious assessment of
ways to implement concrete decision-making opportuni-
ties involving all elements of the agricultural biotechnol-
ogy constituency, including farmers, public interest group
representative, and other citizens. He concluded by noting
that the dialogue offers only sporadic, short-term oppor-
tunities for interaction while ongoing relatively intimate
interactions characteristic of participatory decision mak-
ing would create authentic opportunities to directly influ-
ence the biotechnology agenda. This action would likely
create greater trust, result in more comprehensive and
enlightened planning that includes meaningful consider-
ation of the socioeconomic issues, potentially save money,
time, and resources, and make possible endorsement not
mere acceptance of the new agricultural biotechnologies.

CONCLUSION

Although introduced as the fourth criterion, it may be
more appropriate in evaluating public research agendas
as well as the regulation and approval of new agricultural
biotechnology products and processes to consider the
broader socioeconomic effects as the first criterion.

As most scientists and policy analysts acknowledge,
biotechnologies are the tools and means to achieve
particular socioeconomic goals. These biotechnologies are
options, albeit compelling options, among many and
involve choices. As such they should be framed and
evaluated in terms of local, regional, national, and
international social goals and values. In the final analysis
the key question is not how we learn to accept and live with
the new biotechnologies but rather under what conditions,
price, costs, gains, and benefits on a personal, community,
national, and global scale. In a democracy the public has
an obligation and a right to be informed, to participate, and
to shape the developments of technology in terms of the
broader socioeconomic values of their respective society.
The effective public representation of the public interest
also ensures that society avoids the potential abuses of
power by those with vested interests (16). In the case of
agricultural biotechnology as we have seen, the public is
increasingly exercising their obligations and rights.

Thompson concludes his thoughtful analysis of the
ethics of food biotechnology by looking at the relationship
among science, trust, and democracy. He notes that to
the extent “that democracy is understood as a form of
government distinctive for its receptivity to participation
and resting upon consent of the governed, the events
that turn ordinary people into enemies of science can be
seen to compromise government, rather than science” (12,
p- 237). How we balance scientific criteria embedded in
traditional risk analysis and the social criteria embedded
in the fourth criterion may well determine the extent to
which the future of biotechnology is able to live up to its
promise as the first important science of the twenty-first
century.
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BACKGROUND

Since 1981, when scientists at Ohio University were
credited with producing the first genetically modified
animals by transferring genes from other animals into
mice, there have been significant scientific advancements
in the field of animal biotechnology. Despite these
advancements, genetically modified animals intended
for human food use have not yet been commercially
distributed in the United States. The use of animal
biotechnology for human food use, however, is expected
to become prevalent within the next decade.

To date the primary focus of biotechnology policy
has been directed toward agricultural biotechnology
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products —which have been marketed in the United
States for a number of years. Agricultural biotechnology
products have been highly controversial and have been
subject to significant criticism from a variety of interest
groups, scientists, and members of the public (particularly
in Europe). Many observers expect the controversy and
criticism directed toward genetic modification of animals
to be even more intense.

Although not actually involving genetic manipulation
of animals, the public’s reaction toward the use of
recombinant bovine somatotropin (rBST), also known as
recombinant bovine growth hormone (rBGH), in cows is
instructive (1). In 1993, after a comprehensive review of
safety and efficacy, the Food and Drug Administration
(FDA) approved a new animal drug application (NADA)
for a product, called Posilac, that contained rBST. The
genetically engineered hormone, which was found by FDA
to be identical to natural pituitary-derived bovine growth
hormone, was approved for injection into cows to increase
milk production. (Although the cows received the rBST
injections, they were not genetically modified (2).)

Subsequently, based on the alleged impact on cow
health and milk, numerous challenges were made to FDA’s
finding that food products from cows treated with rBST
are safe for human consumption (3—6). Challengers argued
that the possible adverse health effects of Posilac were not
addressed, in part because long-term toxicology studies to
ascertain human health safety were not required by FDA
or conducted by the NADA applicant, Monsanto.

In response to these challenges, the FDA conducted a
comprehensive audit of the human food safety sections of
the NADA supporting the drug approval (2). The audit
reviewed all of the studies relied upon to determine
the human food safety of rBST. FDA concluded that an
examination had not been performed on antibody data
during the course of the original review of the Monsanto
application (2). FDA subsequently reconsidered all of the
studies and concluded that there were no new scientific
concerns regarding the safety of milk derived from cows
treated with the drug (2). The determination that long-
term studies were not necessary for assessing the safety of
rBST was based on studies that demonstrated that rBST
is biologically inactive in humans even if injected, and
that rBST and pituitary-derived bovine growth hormone
are biologically indistinguishable.

The public’s reaction toward the use of rBST in cows
provides evidence of the extensive controversy that may
result when changes are made to animals that affect the
human food supply. Not surprisingly, the controversy is
expected to be even more intense if genetic modifications
are involved.

Compared with agricultural biotechnology, however,
the visceral reaction opposed to the use of biotechnology
techniques may be tempered in the United States by the
fundamental difference between the current regulation by
FDA of agricultural biotechnology and genetically modi-
fied animals intended for human food use. Whereas most
genetically modified agricultural products are currently
only subject to a voluntary notification system by FDA,
genetically modified animals intended for human food use

are subject to extensive agency regulation. FDA is cur-
rently reevaluating its policy toward agricultural biotech-
nology and is considering adopting a mandatory review
policy. The mandatory and arduous nature of animal
biotechnology regulation may satisfy the “safety” concerns
raised by critics of biotechnology as applied to agricul-
tural products, and could conceivably mitigate opposition
to genetically modified animals. Other issues, however,
including religious and/or ethical-based concerns, could
subject animal biotechnology to the same public backlash
that has recently plagued agricultural biotechnology.

BENEFITS OF ANIMAL BIOTECHNOLOGY FOR HUMAN
FOOD USE

Biotechnology Overview

The Genetic Code. Living organisms contain cells
that contain DNA (deoxyribonucleic acid) in their
chromosomes. DNA contains the genetic code, or the
genome, for an organism. The genetic code is derived
from a four-letter alphabet, A,C,G,T (Adenine, Cytosine,
Guanine, and Thymine), and based on the sequence and
number of genes, the hereditary traits and characteristics
of the living organism is determined.

The chemical and physical composition of DNA does not
vary from organism to organism. It is only the sequence
and number of letters in the genome that create differences
between different living organisms—the physical and
chemical composition of the actual DNA, and letters
themselves, are constant from organism to organism.
In practice, this means that DNA from any organism
is capable of functioning even if it is transferred into a
different organism.

Definition of Biotechnology. Biotechnology has been
defined as the manipulation of the DNA molecules of living
organisms. By means of selective breeding of animals
and crops, humans have practiced basic biotechnology for
centuries. The transfer of DNA occurs naturally through
sexual reproduction and has been utilized in plant and
animal breeding programs for centuries in order to alter
the traits in living organisms.

Modern biotechnology techniques, however, are techno-
logically superior to traditional breeding in that (1) precise
genetic manipulation can alter specific genes while leaving
others unchanged and (2) genes not native to an organ-
ism may be added from a distinguishable organism (i.e., a
distinguishable species).

Intragenetic combinations involve the transfer of genes
that are native to a species (e.g., adding an additional
growth hormone gene that is ordinarily found in the
species). Intergenetic combinations, which involve the
addition of a nonnative gene from one species to another
(e.g., adding a nonnative disease resistance gene from
one species to another), allow the transfer of desirable
traits found in nature from one organism to another. In
other words, rather than relying solely upon conventional
breeding, which can be structured to exploit traits that
exist naturally within a breed, intergenetic combinations
permit the breeder to add genes from outside the
breed. Furthermore unlike conventional breeding, specific
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genes can be added or modified within a breed without
potentially altering other genes as well. In other words,
biotechnology permits the transfer of DNA from one
species to another; DNA may be exchanged between
plants, animals, bacteria, or viruses in order to alter the
genetic information contained in the genome.

Examples of Animal Biotechnology

Fish. Fish comprise a significant portion of the diet and
are a major source of protein for people throughout the
world. At present, the majority of animal biotechnology
research is being conducted on fish. Seafood has been
the focal point of animal biotechnology research due to
the simpler biological make-up of fish compared with
farm animals. Although no transgenic fish have yet been
approved for food use in the United States, investigations
of transgenic fish are being conducted throughout the
world at the present time.

Research on seafood biotechnology is currently focused
on a variety of genetic changes, including (1) improving the
growth rate of fish, (2) increasing fish size, (3) improving
the food conversion capabilities of fish, (4) improving the
nutritional profile of fish, (5) altering the color, flavor,
or texture of fish, (6) improving disease resistance of
fish, (7) improving temperature resistance of fish, and
(8) using fish as “biopharm animals” to create drugs or
other chemicals for human use.

Meat and Poultry. In comparison with fish biotechnol-
ogy, genetic modification of farm animals is still in its
infancy. Genetic modification of farm animals is generally
far more complex than for plants or fish due to the genetic
complexity of the organisms, and difficulties with embryo
transfer. Biotechnological developments ultimately may
be capable of increasing the muscle mass of cattle (i.e., cat-
tle with less fat), increase growth, improve digestive capa-
bilities, increase disease resistance, and improve the nutri-
tional profile of meat and poultry products (including eggs).

Meat and poultry are currently produced by numer-
ous breeds and varieties based on years of domestication
and selection. Genetic modifications, however, are capa-
ble of adding traits and characteristics that are currently
impossible to develop under conventional breeding tech-
niques. For example, it may be possible to genetically
modify poultry to improve digestive function —such that
the poultry would be capable of digesting lower-quality
animal feeds (which are less expensive and readily avail-
able even in developing nations). Animals may also be
genetically altered to produce a human or veterinary drug
or biologic, food additive, or other product that can be har-
vested from the milk, blood, or other tissues of the animal
(i.e., a “biopharm animal”).

Animals may also be genetically altered to improve
disease resistance to specified pathogens. Such genetic
alterations could complement animal vaccination pro-
grams, and decrease the human health risk associated
with ingestion of meat and poultry. In addition genetic
modification could reduce or eliminate the need to use
antibiotics, and thus may help to address the potential
problem of antibiotic resistance.

Finally, poultry could also be genetically modified to
improve the nutritional profile of whole eggs for human
ingestion. For example, in the near future it may be
possible to create eggs with high levels of protein and
lower levels of cholesterol.

REGULATORY CATEGORIES OF ANIMAL
BIOTECHNOLOGY

For regulatory purposes FDA has characterized uses
of animal biotechnology into three major categories,
each subject to special regulatory issues: (1) biopharm
animals, (2) somatic cell therapy, and (3) transgenic gene
modification.

Biopharm Animals

Biopharm animals are animals that have been genetically
modified to produce a human or veterinary drug or biologic,
food additive, or other product that can be harvested
from the milk, blood, or other tissues of the animal (7).
The genetic modification is designed to harness the
metabolic capabilities of the animal to produce a product
in lieu of using chemical synthesis or other traditional
production methods (7). Although biopharm animals that
are salvaged may also end up in the human food supply, the
vast majority of biopharm animals are not in themselves
intended for human food use. Rather, only the products
harvested from the milk, blood, or other tissues of the
animal are ordinarily intended for human use.

In general, products derived via biopharm animals will
be regulated by the regulatory agency with experience
in regulating that type of derived product, regardless of
the breed of the biopharm animal or the method used to
genetically modify the animal (8).

For example, if a genetically modified animal produces
a human biologic (which is expected to account for the
majority of products derived from biopharm animals),
FDA’s Center for Biologics Evaluation and Research
(CBER) would conduct the safety and efficacy review
(although if the biopharm animal were also used for
human food use, FDA’s Center for Veterinary Medicine
(CVM) would be expected to consult with CBER regarding
food salvage and safety issues).

A guidance document issued by CBER in 1995, entitled
Points to Consider in the Manufacture and Testing of Ther-
apeutic Products for Human Use Derived from Transgenic
Animals, provides an overview of the FDA regulatory
considerations associated with biopharm animals. The
guidance document outlines FDA’s concerns with regard
to the use of transgenic animals to produce FDA-regulated
drugs and biological products for human use.

Among the issues CBER will evaluate are (I)the
generation and characterization of the transgene con-
struct, (2) creation and characterization of the transgenic
founder animal, including genetic stability and expression,
(3) establishment of a reliable and continuous source of
transgenic animals, (4) generation and selection of the pro-
duction herds, (5) maintenance of the transgenic animals,
including monitoring, feeding, and use of by-products,
and (6) purification and characterization of the transgenic
product.
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Somatic Cell Therapy

Somatic cell therapy involves treating somatic cells, cells
of the body that compose the tissues and organs, with new
DNA to change the function of the recipient somatic cell.
Somatic cell therapy may be accomplished via individual
animal injections that modify specified cells in the body in
order to express a protein, hormone, or enzyme. Individual
steers, for example, could be modified to produce more
muscle mass without having to modify the breeding herd
(thereby avoiding calving difficulties that might be caused
by additional muscle mass in a brood cow) (9). Somatic cell
therapy does not ordinarily change the heritable traits of
the animal.

Somatic cell therapy is expected to be ordinarily
regulated by the FDA and subject to NADAs, unless
the purpose is to prepare animals to be used in the
production of regulated biopharm animal products (8). In
addition, if the genetic modification more appropriately
falls within the regulatory category of a food additive or
color additive, FDA is expected to review the product under
its food-related regulatory requirements rather than its
drug-related requirements.

Transgenic Breed Modification

Transgenic breed modification involves germ line modifi-
cations made to affect growth characteristics or quality of
food products derived from the target animal. The mod-
ifications are made to eggs or sperm and are heritable.
FDA has indicated that animals derived from traditional
breeding and selection, including artificial insemination
and in vitro fertilization (IVF), would be excluded from the
definition of transgenic breed modification animals (8).

As with somatic cell therapy, transgenic breed modifi-
cations are expected to be ordinarily regulated by the FDA
and subject to NADAs. As with somatic cell therapy, if
the modifications more appropriately fall within the food
additive or color additive requirements, FDA is expected
to review the applicable products under those regulatory
requirements rather than its drug regulatory require-
ments.

U.S. REGULATORY AGENCIES: OVERVIEW

The FDA is the primary U.S. regulatory agency responsible
for regulating genetically modified animals intended for
human food use. Although other regulatory agencies, such
as the U.S. Department of Agriculture (USDA) and Envi-
ronmental Protection Agency (EPA) may share jurisdiction
over animal biotechnology in certain circumstances, FDA
will be the focal point in the United States for establishing
regulatory policy over animal biotechnology.

FDA is composed of five separate centers, and the center
responsible for regulating a specific product derived via
animal biotechnology will vary depending on the product
type rather than the process used to create the genetic
modification. It is anticipated that CVM will be responsible
for regulating the majority of products derived via animal
biotechnology. CVM is responsible for regulating “animal
drugs,” which are defined as including most products
intended to improve (I) animal growth, (2) animal feed

efficiency and digestive capabilities, (3) animal carcass
characteristics, and (4) animal disease resistance (i.e., an
antibiotic effect).

Other centers within the FDA, however, may have
primary responsibility for regulating certain types of
animal biotechnology products. It is anticipated that FDA’s
Center for Food Safety and Applied Nutrition (CFSAN), for
example, would have primary responsibility for regulating
animal biotechnology intended to improve the nutritional
profile of food used for human use. Genetically modified
fish, such as that intended to increase the level of omega-3
fatty acids present in the fish (in order to improve the
nutritional profile of the fish when ingested by humans),
would likely be regulated as a “food additive” by CFSAN.
It is anticipated, however, that CVM may also play a
significant role in reviewing the product due to CVM’s
expertise in evaluating animal health issues. CFSAN
would also be expected to have primary responsibility over
animal biotechnology used to improve the color profile of
animals intended for human use. It is anticipated that
salmon, genetically modified to contain increased pink
muscle tissue, would primarily be regulated by CFSAN as
a “color additive.”

FDA’s Center for Drug Evaluation and Research
(CDER), which is primarily responsible for reviewing the
safety and efficacy of drugs intended for human use,
would have primary jurisdiction over drugs produced
for human use from biopharm animals (i.e., animals
genetically modified to produce drugs for human use
that are harvested from animal milk, blood, or other
tissue). Similarly CBER, which is primarily responsible for
reviewing the safety and efficacy of biologics (e.g., vaccines
and many products derived via biotechnology) intended for
human use, would have primary jurisdiction over biologics
produced for human use from biopharm animals.

USDA’s Animal and Plant Health Inspection Service
(APHIS) is responsible for regulating animal “biologics.”
It is therefore anticipated that a genetic modification of
an animal intended to produce a vaccine-type response to
a disease in the animal (an immune-response) would be
primarily regulated by APHIS. If applicable, APHIS would
also conduct a food safety review for animal vaccines.

For products of animal biotechnology regulated by
CDER and CBER, however, if the genetically modified
animals are also intended for human food use, CVM
would consult with the appropriate FDA center regarding
the safety of the genetically modified animal for human
food use.

Finally, numerous federal and state regulatory agen-
cies, including the U.S. Fish and Wildlife Service and EPA,
may have partial regulatory responsibility to review the
environmental effects of animal biotechnology (e.g., intro-
duction of genetically modified fish into the environment).
For animal biotechnology applications that are managed
by CVM, it would be expected that the assessment of
potential environmental effects of such products would be
coordinated by CVM under the National Environmental
Policy Act (NEPA). Table 1 identifies the regulatory agen-
cies expected to assert primary jurisdiction over various
types of animal biotechnology products.
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Table 1. U.S. Regulatory Agencies: Expected Primary Jurisdiction Over Biotechnology Products

Type of Product

Primary Agency Jurisdiction

Biopharm animal

Produces a human drug

Produces a human biologic (e.g., vaccine)
Produces a food additive for use in human food
Produces a color additive for use in human food
Produces an animal drug

Produces an animal biologic (e.g., vaccine)

FDA, CDER
FDA, CBER
FDA, CFSAN
FDA, CFSAN
FDA, CVM
USDA, APHIS

Somatic cell therapy or transgenic gene modification

Increases animal muscle mass

Increases animal growth

Reduces the amount of fat present in the animal

Improves digestive capabilities of the animal

Improves animal disease resistance via a vaccine
antibody/antigen response

Improves the nutritional profile of an animal for improved
nutrition upon ingestion by humans®

Modifies the color of the animal for improved appearance for
human food use®

FDA, CVM (animal drug)
FDA, CVM (animal drug)
FDA, CVM (animal drug)
FDA, CVM (animal drug)
USDA, APHIS (animal biologic)

FDA, CFSAN (food additive)

FDA, CFSAN (color additive)

%One example would be the genetic modification of fish to increase omega-3 fatty acid content.

50One example would be the genetic modification of fish to increase the amount of pink muscle, which would be more aesthetically pleasing when intended
for human food use. This would be a complex issue, however, as the “color additive” review would not assess animal health. Accordingly, it would not be
surprising if CVM consulted with CFSAN regarding animal health issues. In addition, FDA could attempt to regulate such fish via the NADA process.

FDA REGULATION OF BIOTECHNOLOGY

Background: FDA Regulation of Biotechnology in General

Congress has not enacted any new statutory provisions
specifically governing products derived via biotechnology
processes. In 1986 the FDA issued a General Statement
of Policy on Biotechnology (10) that indicates that because
FDA regulates products rather than processes, products of
biotechnology may be regulated under existing statutory
authority. The Policy established the following general
principles that should be followed in determining the
safety of food produced by biotechnology (11):

1. The cloned DNA, as well as the vector DNA, should
be properly identified.

2. The details of construction of the production
organism should be available.

3. There should be information documenting that the
inserted DNA is well characterized (i.e., the exact
nucleotide sequence of the insert and any flanking
nucleotides should be characterized) and is free from
sequences that code for harmful products.

4. Food produced should be purified, characterized, and
standardized.

The Policy also included a variety of considerations that
should be evaluated for determining the safety of food
produced by microbial isolation that has been genetically
manipulated (11):

1. The microbial isolate used for production should be
identified taxonomically, and if the strain of the
isolate has been genetically manipulated, it should

be determined whether each strain contributing
genetic information to the production strain is
identified.

2. The cultural purity and the genetic stability of the
isolate should be maintained.

3. Fermentation should be performed with a pure
culture and monitored for purity.

4. It should be determined whether the microbial
isolate used for production also produces antibiotics
or toxins.

5. It should be determined whether the isolates are
pathogenic.

6. It should be determined whether viable cells of the
production strain are present in the final product.

In addition a 1992 federal government oversight document
confirms that federal government regulation should focus
on the characteristics and risks of the biotechnology
product—not the process by which it is created (12).
Where oversight is warranted, the extent and type of
oversight measure(s) must be commensurate with the type
of risk being addressed, must maximize the net benefits of
oversight by choosing the oversight measure that achieves
the greatest risk reduction benefit at the least cost, and
must consider the effect that additional oversight could
have on existing safety incentives (12).

FDA Regulation of Genetically Modified Animals Intended
for Food Use

Overview. The FDA has determined that existing FDA
regulatory requirements are capable of ensuring the safety
and efficacy of genetically modified animals intended
for food use. FDA officials have noted that regulatory
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determinations will focus on the resulting product of
the biotechnology method, rather than the process (9),
and that, accordingly, most genetically modified animals
intended for human food use will be regulated as new
animal drugs (9).

In 1994 FDA published a status report summariz-
ing proposed regulatory approaches and issues for FDA
regulation of animal biotechnology (8). The status report
identifies several considerations underlying FDA’s over-
sight of animal biotechnology products. First, FDA will
seek consistent regulation of similar products. Second,
the use of existing statutory authority and administrative
processes is expected to save resources, offer a measure of
consistency, and minimize disruption by taking advantage
of many existing regulations, FDA’s scientific surveillance
staff, and existing FDA guidelines. Third, a mechanism
should be established to inform the public which animal
biotechnology products are regulated by FDA. There is no
centralized program currently regulating investigations
and field trials of transgenic animals, though there is
a program for transgenic plants. Fourth, clear lines are
needed to define those types of animal biotechnology where
governmental oversight is required and those where it is
not. Fifth, scientific flexibility will be required by FDA,
particularly with regard to safety assessments.

FDA Regulation of Animal Drugs. The vast majority of
genetically modified animals intended for human food
use are expected to be regulated by FDA as animal
drugs. As noted, FDA focuses on the effect of a product
in determining regulatory jurisdiction, rather than the
process used to produce the product. For example, growth
hormones may be delivered to animals via injection,
somatic cell therapy, or transgenic breed modification.
Regardless of which method is used, the animals receive
additional growth hormone. Accordingly, each of these
methods would be regulated by FDA under its animal
drug regulatory requirements (9).

Drugs are defined under the FFDCA as including
(1) articles intended for use in the diagnosis, cure, mitiga-
tion, treatment or prevention of disease in man or other
animals (13), and (2) articles (other than food) intended
to affect the structure or function of the body of man or
other animals (e.g., production drugs and hormones, anes-
thetics, contraception drugs). Animal drugs do not include
vaccines designed to prevent animal disease (which are
regulated as veterinary biologics by APHIS), or food or
color additives (e.g., genetic modifications that change the
color of fish, or improve the nutrition of animal meat
for human food consumption). Finally, genetic modifica-
tions developed via traditional breeding techniques are
not regulated by FDA as animal drugs.

It is interesting that animal clones are currently not
expected to be regulated as animal drugs. If a clone is
identical to a traditional animal (i.e., it is not a clone of a
transgenic animal), FDA is not likely to assert jurisdiction
since there would be no distinction between the cloned
animal and the traditional animal. FDA’s Center for
Veterinary Medicine regulates products (not processes),
and cloning is a process.

If, however, cloning is used to “produce” transgenic
animals that produce an animal drug, CVM would regulate

the production of the animal drug and require NADA
approval. It is unclear, however, if FDA would regulate
the safety of food derived from cloned animals that
are not genetically modified. Theoretically the cloned
animals would be indistinguishable from their noncloned
parents — and therefore should not present a food safety
concern (14).

For all animal drugs, FDA is responsible for evaluating
(1) the safety and efficacy of the drug on the target
animal, (2) labeling and promotional claims for the animal
drug product, (3) environmental safety, (4) manufacturing
and quality controls (ensuring that the product may be
consistently manufactured to comply with established
specifications under good manufacturing practices), and
(5) the safety profile of the animal drug when provided
to animals that are ultimately ingested by humans (e.g.,
toxicity and potential for adverse health effects).

Ordinarily, with regard to human food safety concerns
based upon animal drug residues, FDA is expected to focus
primarily upon the effect of potential chronic low level
exposure to the drug residues. Drug residues are ordinarily
not expected to produce acute toxicity in humans. For
traditional animal drugs, FDA ordinarily relies upon
toxicological studies to determine the “no observed effect
level” (NOEL)—which is defined as the highest dose at
which the drug produces no adverse effect. Based upon
the NOEL, FDA utilizes a safety factor to establish an
“acceptable daily intake” (ADI)—which is defined as the
highest amount of drug residue that should be safely
allowed in the edible tissues of the target animal.

As part of the NADA review process, FDA also
stringently reviews all drug residues remaining in human
food. For instance, an FDA regulation provides the
following with regard to analytical methods used to
identify and evaluate drug residues (15):

Applications shall include a description of practicable methods
for determining the quantity, if any, of the new animal drug in
or on food, and any substance formed in or on food because of its
use, and the proposed tolerance or withdrawal period or other
use restrictions to ensure that the proposed use of this drug will
be safe. When data or other adequate information establish
that it is not reasonable to expect the new animal drug to
become a component of food at concentrations considered
unsafe, a regulatory method is not required.

FDA has also provided the following examples of the types
of studies that may be used to evaluate the existence
and safety profile of drug residues potentially found in
food-producing animals (15):

1. Complete experimental protocols should be employ-
ed for determining the drug residue levels in
the edible products (including residues present
in muscle, liver, kidney, fat, and possibly skin,
milk, and eggs), and the length of time required
for residues to be eliminated from such products
following the drug’s use (studies should be conducted
under appropriate conditions of dosage, time, and
route of administration to show the levels of the
drug and any metabolites in test animals during
and upon cessation of drug treatment).
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2. If an animal drug is provided via animal feed or
water, appropriate consumption records of the med-
icated feed or water and appropriate performance
data for the treated animal should be evaluated.

3. If an animal drug is to be used in more than
one species, drug residue studies or appropriate
metabolic studies should be conducted for each
species that is food-producing.

4. If residues of the animal drug are suspected or
known to be present in litter from treated animals, it
may be necessary to obtain data with respect to such
residues becoming components of other agricultural
commodities because of use of litter from treated
animals.

For genetically modified animals, FDA will evaluate how
different the transgenic animal is from the traditional
animal. FDA will ordinarily conduct a case-by-case assess-
ment based on molecular biology research, toxicological
studies, and perceived stability of the gene pool. As noted,
however, the statutory human food safety requirements
for genetically modified animals are the same as those for
other animal drugs. FDA is therefore expected to require
the food products produced from genetically modified ani-
mals to be as safe as those from nontransgenic animals.

However, the standard battery of toxicology studies
used to establish the safety of “traditional” animal drugs
are not expected to be appropriate for assessing the safety
of a transgene in a genetically modified animal. Unlike
traditional drugs, the genetically modified genes will not
be eliminated from the animal, and therefore the concept
of a “withdrawal period” would not apply. Accordingly
the safety profile of the genetically modified gene and
any expression products must be evaluated — and if safety
issues arise due to expression products, FDA may be
required to establish an appropriate tolerance for a level
of acceptable use.

In evaluating the safety profile of genetically modified
animals, FDA may also take into consideration the fact
that mammals are often important indicators of their
own safety, since adverse consequences of introduced
genetic material will generally be reflected in the growth,
development, and reproductive abilities of the mammals.
Accordingly, if genetically modified mammals are healthy,
FDA should be expected to take this fact into consideration
when conducting its scientific analysis.

Fish, however, are known to produce toxins that
are harmful to humans—but for which the fish have
developed a natural resistance. Accordingly, unlike
mammals, healthy fish may impose safety issues when
intended for human food use —and the FDA is therefore
unlikely to rely on the health of genetically modified fish
as demonstrative of safety for human health.

REGULATION OF BIOTECHNOLOGY BY AGENCIES
OTHER THAN THE FDA

USDA

Animal and Plant Health Inspection Service. APHIS
regulates animal biologics, plants, plant pests, and
nonhuman animal pests. The Animal Virus, Serum, and

Toxin Act of 1913, which provides for the regulation of
veterinary biological products (16), defines a veterinary
biological product as including:

all viruses, serums, toxins (excluding substances that are
selectively toxic to microorganisms, e.g., antibiotics), or
analogous products at any stage of production, shipment,
distribution, or sale, which are intended for use in the
treatment of animals and which act primarily through
the direct stimulation, supplementation, enhancement, or
modulation of the immune system or immune response.
The term “biological products” includes but is not limited
to vaccines, bacterins, allergens, antibodies, antitoxins,
toxoids, immunostimulants, certain cytokines, antigenic or
immunizing components of live organisms, and diagnostic
components, that are of natural or synthetic origin or that
are derived from synthesizing or altering various substances
or components of substances such as microorganisms, genes
or genetic sequences, carbohydrates, proteins, antigens,
allergens, or antibodies (17).

USDA issues licenses for biological products and establish-
ments if the applicant meets standards designed to ensure
the safety, purity, potency, and efficacy of the product (18).
Animal biologics derived from biotechnology are expected
to be regulated in the same manner as products that are
prepared via conventional techniques (19). APHIS has also
published a guidance document describing its method for
conducting a risk analysis for veterinary biologics (20).

Food Safety Inspection Service. The Food Safety
Inspection Service (FSIS) regulates products prepared
from domestic livestock and poultry pursuant to the Fed-
eral Meat Inspection Act (FMIA) (21) and the Poultry
Products Inspection Act (PPIA) (22). The FSIS is required
to inspect meat and poultry products intended for human
food to ensure they are wholesome, not adulterated, and
properly marked, labeled, and packaged. Although both
FDA and USDA share adulteration and misbranding juris-
diction over meat and poultry products, FSIS has primary
jurisdiction over general compliance issues (22).

FSIS also regulates the slaughter for food use
of livestock and poultry involved in biotechnology
experiments under its regulations for livestock and poultry
involved in research (23). FSIS regulates the slaughter
of genetically modified animals (including experimental
animals) somewhat differently than conventional animals.
Specifically, FSIS has noted: “For nontransgenic livestock
or poultry derived from transgenic experiments, the data
should be submitted to FSIS, and would have to show that
the animals to be slaughtered for food use do not have the
experimental transgene, and consequently are equivalent
to the parental line and, thus, are not adulterated as
a result of the experiment” (24). If an animal with a
transgenic modification is to be slaughtered, review and
approval in accordance with the regulations would be
required (25).

In general, for genetically modified meat and poultry,
FSIS is expected to consult with FDA regarding safety
and labeling issues. The FDA is expected to have primary
responsibility for evaluating the safety and efficacy of the
genetically modified animals intended for human food use.
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FSIS, however, would still be responsible for conducting
the inspections of genetically modified meat and poultry.

Environmental Issues and EPA Involvement

EPA regulates all pesticides under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) and controls
the use of genetically engineered microorganisms under
the Toxic Substances Control Act (TSCA). EPA is not
principally involved in regulating genetically modified
animals intended for human food use, but rather it is
expected to consult with FDA and USDA in evaluating
environmental issues.

Significant environmental concerns may arise when
genetically modified species are released into the envi-
ronment. A genetically modified gene may spread more
widely than anticipated, and environmental and ecologi-
cal changes may occur as a result of competition between
the transgenic variety of the species and the natural vari-
ety. Accordingly environmental issues and biocontainment
strategies are expected to be evaluated in addition to the
more traditional safety and efficacy review.

CONCLUSION

The majority of genetically modified animals intended
for human food use are expected to be regulated by
CVM as animal drugs. CVM does not currently intend
to issue a standard set of guidelines on how the food safety
determination for transgenic animals should be conducted.
Accordingly CVM advises companies seeking approval for
genetically modified animals to consult with CVM in order
to develop appropriate protocols for evaluating human food
safety issues.

The legal and regulatory climate appears hospitable
toward the development of genetically modified animals
for human food use. The federal food and drug laws
provide the FDA with a degree of regulatory flexibility,
and within the next decade, as FDA conducts its
safety evaluations for these products, modifications to
the existing regulatory regime may be implemented
without substantial difficulties. The genetic modification of
animals for human food use is still in its infancy, however,
and the public and political reaction to such products is
largely unknown at the present time.
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INTRODUCTION

How far do we need to regulate xenotransplantation, the
use of animal organs, tissue, and cells for transplantation
into human subjects? Xenotransplantation offers life-
saving potential and brings hope of an end to waiting lists
for transplants, and current ethical dilemmas surrounding
who should receive transplants, at a time when demand
for organs outstrips supply. However, xenotransplantation
also involves fears about crossing the barriers between
the species which are the result of gradual evolutionary
changes over millions of years. This creates a real risk that
human patients may be harmed by infections, transferring
with the animal organs, cells, or tissue. Retroviral
infection of transplant patients might take years before
emerging as new diseases and could meanwhile spread to
wider populations, creating public health implications.
Regulatory provisions, nationally and internationally,
address many of these fears.

In the United States, regulatory policy is based mainly
on 1996 Federal Drug Administration (FDA) Guidelines.
These provide for patient protection, through informed
consent and patient autonomy provisions. There are strin-
gent biocontainment and long-term post-operative moni-
toring provisions that involve major restrictions on civil
liberties. The Guidelines also supplement existing Ani-
mal Welfare Laws, and provide detailed risk management
strategies regarding the use of donor animals.

Patent laws are also central to regulatory frameworks
for xenotransplantation. Genetically engineered (trans-
genic) animals are likely to be used as donors. For
example, transgenic pigs have been designed to include
human genetic material in order to reduce rejection prob-
lems associated with the use of animal organs (e.g.,
transgenic pig hearts). Transgenic techniques (in effect,
transgenic animals) have been patented, by corporations
who own patents to the associated immunosuppressive
drugs. The advantages of using transgenics include a pos-
sible reduction in acute rejection. The risk of viral infection

crossing from animal to human remains. Moreover, the
use of drugs to suppress the rejection of organs, also sup-
presses the immune system, and may open the way for
viruses, contained in the donor animal’s DNA, to transfer
more easily into human patients. There are also questions
about the long-term viability of xenografts within human
beings, including the ability of animal organs to perform
effectively within another species.

There are also concerns about rearranging the DNA
and genome of animals, and using patent laws to claim
ownership over animals and thus control their availability
or use in xenotransplantation. There are deep-seated legal
concerns in Europe that conceptually the patent regime
does not, or ought not to, extend to life forms. A movement
toward the treatment of life as a commodity is central to
this concern. Corporate “creators” of transgenic animals
are likely to impose controls on the centers chosen for
xenotransplantation clinical trials, which will promote
corporate and not public interests. Transplant centers
wishing to advance research in xenotransplantation, and
provide greater equality of access to the new techniques,
may be tempted to proceed using “natural” animals
and develop new immunosuppressive drugs. This is
permitted within the terms of the FDA Draft Guidelines.
However, the risk of zoonosis (infectious agents crossing
from animal to human) might be equally high whether
transgenics or natural animals were used as donors in
xenotransplantation procedures.

The lack of federal legislation, or an advisory agency,
may possibly lead to a two-tier development of clinical
trials, one using transgenics and the other using natural
animals. Given the unquantifiable nature of any viral
infection of the patient, and/or the public at large,
there is growing national concern about the appropriate
level of regulatory intervention. Xenotransplantation may
continue to exist in a largely unregulated setting similar
to existing provisions concerning assisted reproduction
and human-to-human transplants. Policing of the FDA
Guidelines, through the Institutional Review Board
(IRB), at a local level, is clearly inadequate. Long-term
monitoring of patients to detect viral infections may raise
insurmountable restrictions on civil liberties. On the other
hand, if there were to be viral infection of the public by
xenotransplant recipients, it may be too late to regulate.

In the international context, the World Health Orga-
nization (WHO), the Council of Europe, the European
Union, and the Organization for Economic Cooperation
and Development (OECD), have all addressed the risks
and benefits of xenotransplantation, emphasizing the need
for international cooperation on appropriate public health
policies and regulation. International concerns center on
issues of justice, equality of access, and the availability
of xenotransplantation in Third World countries. Interna-
tional conventions may be needed to avoid the possibility
of forum shopping, as has occurred in the context of human
organs for transplants. Forum shopping involves patients
searching out a market where organs from wild, poorly
screened animals are procured for use by transplant cen-
ters, in lucrative safe havens provided by countries where
no xenotransplant regulations exist. These centers would
offer tempting solutions to desperate patients. Any result-
ing viral infections would not respect political boundaries.
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Internationally there may also be an inadequate scientific
base on which to decide whether xenotransplantation
ought to go ahead and what level of regulatory supervision
would be appropriate to minimize risks.

Recent reports that infections may be able to cross over
from animals into human cells add fuel to the view of some
experts that a moratorium is appropriate. A moratorium
on human cloning was proposed by the National Bioethics
Advisory Commission, and accepted by President Clinton.
However, it would appear xenotransplantation is not
currently on the Commission’s agenda. There is therefore
increasing need for public debate and informed dialogue
between scientists and lawyers. Discussion might center
on regulatory polices that balance the benefits of research
into new medical treatments, against the risks of emergent
retroviral infection in patients, that could develop into
public health concerns. Ought we to wait, or to go
ahead now to regulate or permit a largely free market
in xenotransplantation? Do the perceived risks outweigh
the benefits of this frontier surgery? Or should we be
looking to alternative sources for transplant material,
such as embryonic stem cells or cloned material? Perhaps
we should change the laws on organ and tissue donation,
or develop more artificial spare parts for human patients?
There is clearly a need for further public debate.

REGULATORY CONTEXT

Encouraging Increased Organ Donation

There is a severe shortage of organs from human donors
for transplantation. The 1998 United Network for Organ
Sharing (UNOS) statistics indicate a huge waiting list of
patients, many of whom will die before a suitable organ is
available. For UNOS statistics see: www.unos.org. As of
December 1999 there were 69,550 patients on the national
waiting lists. During 1999 only 21,941 transplants were
carried out, spread over 272 medical institutions. The
United States government has proposed measures to
allocate organs to those most in need, which UNOS has
opposed. Other countries experience similar shortages
(e.g., statistics from the OECD in Ref. 1). Current
legislation, the National Organ Transplant Act 1984 (2),
relies on donations that are voluntary. Donor status
depends on statements in driver’s licences, in living wills,
or donor cards, and in practice, the consent of relatives or
proxies of the deceased. In the case of renewable organs or
tissue, donations depend on individuals’ altruistic conduct.
Shortages may partly be the result of cultural or religious
prohibitions. There are also deep-seated taboos. These
are associated with respect for the dead or revulsion at
removing organs and interfering with the integrity of a
recently loved human being. Attempts to reduce organ
shortages center on (1) developing artificial organs such
as the electric heart, which may form a “bridge” until a
human organ is available, (2) creating new criteria for
legal brain death and/or creating a legal presumption of
donation (as in the laws of Belgium and France), and (3)
creation of a market for the sale of organs and tissue (3).
There are two more recent proposals. First, organs might
be developed from cloned human stem cells. This might

enable genetically compatible transplantation, subject to
removing any inherent genetic defects present in the
donor’s body. Second, organs may be taken from nonhuman
animals to transplant into human subjects. This is known
as xenotransplantation, as opposed to allotransplantation
where the donor is human.

Regulatory Policy

What role might the law play in the development of
xenotransplantation? Transplantation from animals to
humans represents a turning point in medicine. However,
it has not received the same publicity as animal and
human cloning. The prospect of replicating humans has
raised ethical and legal debate worldwide, leading to a
ban in many countries (4). Replicating parts of humans,
by creating transgenic animals with human genes, for
example, donor pigs, has caused less outcry. Public
awareness of the issues is lower, and experts have called
for more open public debate (5) and education. Discussion
focuses on appropriate ethical and regulatory policies
to deal with public health risks potentially associated
with xenotransplantation. Ought xenotransplants to be
banned in the same way as many jurisdictions have
outlawed human cloning research? The response in the
United States has been a “no” in the form of FDA Draft
Guidelines (6). These envisage controlled use of the donor
animal, which is either “natural” or transgenic. However,
internationally, WHO (7) and other international bodies
are concerned about emerging infectious diseases that
“cross over” from animal to human species. The central
regulatory issue for public health is how far to control
the possible spread of such retroviral infections, both to
patients, and by patients, who have received transplanted
organs or tissue from animal sources. The question
is similar to the HIV/AIDS experience. How far can
the potential spreading of a retroviral infection justify
restrictions on patients’ civil liberties?

There are existing warning signs that infections do
indeed transfer from animals to humans. Recent cases off
CJD (Creutzfeldt Jakob Disease) have occurred in Britain
(8), which appear to originate in a form of crossover
infection from cattle with BSE (Bovine Spongeoform
Encephalopathy). Recent evidence suggests a strong
connection between HIV and a form of simian immune
deficiency (SIV) (9). Outbreaks of Hanta virus and Dengue
fever are also warning precedents about the reality of
such risks. The problem is that if xenotransplants are
banned by law, research that may be vital will not
proceed. Regulatory concerns therefore involve effective
ways to strike a balance between the risks and benefits of
xenotransplantation and conflicting interests.

In general, the United States is reluctant to legislate
in the area of biotechnology and genetics, preferring to
allow the marketplace, self-regulation, and existing patent
regulation to govern. Extensive use of patents has led to
the primacy of the interests of biotechnology corporations.
For example, the U.S. government prefers a free market
approach; it has refused to adopt the 1999 Protocol on
Biosafety, which regulates trade in genetically engineered
plants and animals, despite its adoption by over 120
countries (10).



ANIMAL MEDICAL BIOTECHNOLOGY, LEGAL, LAWS AND REGULATIONS 99

Xenotransplantation is heavily dependant on the man-
ufacture of genetically engineered animals (the animal of
choice being the pig) and on associated immunosuppres-
sive drugs, which control rejection of animal organs by
humans. Both the animals and drugs are subject to patent
protection. A central issue of justice is how far ought corpo-
rations to own the newly engineered species of transgenic
animals, which in turn provides ownership rights to DNA
and the building blocks of life (see the discussion below).
A small number of patent owners in effect control access
to xenotransplantation under patent licences granted to
medical centers who wish to pioneer these new treatments.

Regulatory policy also needs to address how far existing
concepts of informed consent and patient autonomy
are adequate to protect the patients who consent to
xenotransplant protocols. Given current organ shortages,
patients may be tempted to opt for xenotransplants as
a life-saving possibility, without full appreciation of the
risks and outcomes. It might be suggested that a national
body be established to guide Institutional Review Boards
(IRBs) in design of protocols.

DEFINING XENOTRANSPLANTATION

Xenotransplantation is an emerging field. The scope of def-
inition may change. Currently xenotransplantation covers
a range of animal types as sources in the “xeno” part of the
definition, and a range of procedures within the “trans-
plantation” part of the definition. (See FDA Guidelines
1996, Para. 1.2.) The key issue is the use of ‘live’ tissue
organs or cells. Other animal material used in treatments
is regulated separately (see the discussion below).

‘“’Xeno”’

The “xeno,” or nonhuman source of transplant material,
covers three animal types. First, there are animals that
arise in nature. Pigs, baboons, and even sheep have been
used in pioneering transplants. The animals may be taken
from the wild, bred in captivity, or reared under laboratory
conditions. Second, there are transgenic animals. Such
animals are genetically engineered to include genes from
another species. These include transgenic pigs that have
been genetically modified to include a small number
of human genes to overcome specific aspects of the
rejection problem when animal organs are transplanted
into human patients (11). Third, there are cloned animals
(12). Animals may be cloned from laboratory raised natural
animals, for example, baboons or pigs. Such clones might
be created following the successful use of a natural animal
in transplant procedures, in order to ensure consistency of
donor quality. Clones may also be created from transgenic
animal donors identified as optimum specimens. There are
other possibilities in the future. Animal stem cells may
be used to “grow” an organ rather than the whole animal.
Such techniques (13), if applied to human genetic material,
may largely dispense with the need for xenotransplants in
the future. Organs may also be cloned from human stem
cells in the future. The organs could provide a compatible
match for human patients, if genetically engineered to
remove inherent defects that initially caused the patient’s
need for transplantation.

“Transplantation”

Transplantation refers to any procedure that involves the
use of live cells, tissue, and organs, from a nonhuman
animal source (“xeno” as above), whether transgenic or
nontransgenic, transplanted or implanted into a human,
or used for ex vivo perfusion. Use of a bioartificial liver
support system might be included, where live sterile
pig liver cells (hepatocytes) form part of liver dialysis
treatment. Equally, animal neural cells are used in
treatments for Parkinson’s and Huntington’s diseases, and
baboon bone marrow is used as a treatment for AIDS.

Associated Definitions

The use of natural and transgenic animals as sources
for treatments may include nonliving animal products.
Such products have been used for some time without
unforseen risks arising through transfer from animal
to human. These nonliving materials are regulated
separately. Porcine heart valves are classified as medical
devices. Porcine insulin, on the other hand, is classified as
a drug. Bovine serum albumin is classified as a biologic.

FEDERAL REGULATION IN THE UNITED STATES

Animal Regulatory Framework

There is no federal statue specif