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liotechnology is not new. In its
^ broadest sense, the term simply
means the application of living organisms to improve, modify, or produce
industrially important products or
processes. Micro-organisms have
been used for centuries in the production of foods, beverages, and other
fermented substances. In the past
century, they have been used to produce antibiotics, enzymes, and amino
acids. And genetic engineering, the
biological technique which includes
artificial selection for desired traits in
plants and animals, has been in use
in agriculture since the turn of the
century. Beginning in the 1950's, research in biotechnology led to the development of techniques such as artificial insemination, superovulation
and embryo transplant in animals,
and hybridization in plants. All were
valuable contributions to the advance
of agricultural science.
It is only in the past 10 to 15 years,
however, that the discovery of techniques such as rDNA (sometimes referred to as genetic engineering) and
cell fusion have provided the tools to
manipulate organisms at the molecular and cellular level, improving the
ability, speed, and efficiency of producing desired alterations in hereditary traits. In addition to helping to
answer questions about basic biological functions, the new developments
in biotechnology are expected to increase productivity of plants and ani24

mals significantly and to lower costs
of production.
At the same time, biotechnology—
and particularly genetic engineering—has the capacity to arouse considerable tension and divergence of
viewpoints on issues of ethics, health,
and environmental safety. Public participation through regulatory efforts
and litigation, as well as less visible
involvement, has played a significant
role in shaping governmental policies
relating to research in biotechnology.
This article discusses the causes of
some of the pubfic concerns surrounding biotechnological research
and the governmental and judicial responses to the causes and concerns.

Public Perception of
BJotecfinofogfcaf
Research
National surveys were conducted in
the early 1980's with the objective of
ascertaining the public perception of
biotechnology. Cambridge Reports,
Inc., reported the following results of
surveys conducted in 1982 and 1983:
• About one-half of the people surveyed either hadn't heard the
phrase genetic engineering or
wouldn't guess what it meant.
• Of those who had heard of private
corporations getting into the field
of genetic engineering or biotechnology (roughly 40 percent), and
who were willing to take a position
as to whether this was good or bad,
positive sentiments outweighed
negative by almost two to one.
• Respondents with higher income
levels and higher levels of education, were more likely to expect
major benefits fi-om genetic engineering than those with lower incomes and less education.
• When respondents were asked
what they thought of when the
term DNA was mentioned, 63 percent didn't know; 2 percent gave
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an accurate definition; and 2 percent said it was "poison."
Also in 1982 and 1983, Yankelovich, SkeUy, and White surveyed the
general public with regard to perceptions about genetic engineering. The
results showed the following:
• The percentage of the general public believing that the benefits of genetic engineering outweigh the
risks increased from 31 percent in
1981 to 39 percent in 1982.
• Sixty-two percent of the public
were very or somewhat concerned
about genetic engineering in 1982.
In January 1986, Cambridge Reports, Inc., again conducted a survey
asking whether respondents had
heard or read anything about rDNA
or genetic engineering. Fifty-one percent of those surveyed responded that
they had heard or read something; 46
percent had not heard or read anything; and 4 percent were not sure.
Of those who had heard or read
something, only 5 percent were very
familiar with the terms and 19 percent were somewhat familiar. Those
respondents who had heard or read
something about rDNA or genetic engineering were asked whether they
agreed or disagreed with the following statement: The development and
use of genetically altered organisms
create a potentially serious environmental and public health threat that
outweighs the social and economic
benefits such organisms may produce. Forty-one percent of the respondents agreed with the statement;
34 percent didn't know; and 25 percent disagreed.
This survey data suggests several
:hings: 1) Real public concerns about
Dio technological research, particularly
n the area of genetics, persist today;
I) a relatively smaU fraction of the
\merican public is fuUy informed
ibout genetic engineering in particuar, and about biotechnology in genîral; 3) public knowledge of biotechlology has increased little since the

early 1980's; and 4) the more informed the public, the more likely it
is to view genetic engineering favorably rather than unfavorably.

Factors Influencing
Public Perception
Terminology. While the public is
somewhat better informed about biotechnology than it was a decade ago,
there still exists a vast comprehensibility gap between laboratory scientists and the average U.S. citizen.
This is due, in part, to the complex
and technical nature of the subject itself. But it also may be attributed to
the use of imprecise terminology by
scientists and research administrators
when addressing the public on issues
about biotechnology and science in
general.
It is important for scientists and
technicians to understand that certain
words or phrases they use every day
may have certain science fiction-like
connotations for the average person.
After all, it has not been such a long
time since the idea of cloning was
considered by the average American
to exist only in the imaginations of
science fiction writers and movie producers. For them, the cloning of
genes, a basic technique of rDNA
technology, can be confused with the
cloning of individual human beings.
Because language influences perception, the problems caused by multiple
connotations attached to terms used
by scientists are significant.
News MediBm The news media
have consistently and enthusiastically
reported developments in biotechnology—often with front page stories.
One positive result is that the public
has become increasingly aware of activity in this area. But joumaUsts,
however objective, must be selective
in deciding which stories are reported
and in determining which facts are
newsworthy. News reports that
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Public Interest has helped shape guidelines and policies relating to research in
biotechnology.
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emerge from this editing process necessarily present only part of the picture. In addition, the need to generate
interest in reading the story or watching the newscast may, to some degree, override the journalist's concomitant dedication to objectivity and
comprehensive reporting. Consequently, the general public's understanding of the phenomena described
in these reports may be somewhat
limited.
Religion and Ethics. Finally, religion and ethics play an important
role in determining the acceptability
of biotechnology by the public. This is
true particularly when genetic engineering of higher life forms such as
animals is at issue and, to a much
larger degree, when the question of
manipulation of human genes is
involved.
One reason that the technology has
aroused such strong emotions in this
area is that the capability to alter the
hereditary material of animals and
human beings implies a responsibility
which, it is argued, was heretofore
entrusted to someone with greater reliability than human beings. This issue, of course, could be discussed
without end; here, however, only a
few comments are offered.
First, there are inherent difficulties
in distinguishing between that basic
research in genetic engineering conducted for future application to animals and that for application to humans. Because genetics is basic to all
living organisms, techniques applicable to lower forms of life are theoretically applicable to higher forms as
well, including human beings. For
example, in vitro (outside the body)
fertilization and embryo transplants
were used and perfected in farm animals long before application to solve
the reproductive problems of humans.
Basic techniques, such as gene isolation, provide the basis for genetic re-

search both in animals and human
beings.
Likewise, it is not always possible
to distinguish between research
aimed at productivity and research for
health and medical purposes. The
same techniques which allow genetic
transfer for the purpose of selecting
for desired traits such as high milk
production, rapid growth, and low fat
content in animals have led to such
discoveries as vaccines for foot-andmouth disease in livestock and coccidiosis in chickens. And these techniques are crucial parts of the effort
to understand the genetic bases for
such human diseases as cancer, Taysachs, and sickle-cell anemia. Consequently, an overlap in productivity
and disease research at the laboratory
level causes great difficulty in any argument that fundamental human values would aUow such research in
lower animals but not in human
beings and for medical or health purposes but not for productivity.
This does not imply that it is not
possible to distinguish between lower
life forms and humans in the application of research findings. Distinctions
and decisions regarding application
can and must be made if biotechnology is to be harnessed to the needs of
society. RDNA technology may hold
the key to finding cures for cancer,
leukemia, and a number of other diseases thought to be inheritable. The
ability to implant specific genes directly into germ cells and to stably integrate them into the chromosomes
so that they are expressed in future
generations creates boundless possibilities for treating genetic diseases
once the genes responsible for their
occurrence are isolated. Few people,
regardless of their feelings about the
use of genetic engineering to create
more productive plants and animals,
for example, would argue that genetic
engineering should not be used to
find cures for life-threatening diseases affecting animals and humans.
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There is, nonetheless, a fear expressed by some that our society's
technological capabihties have moved
"out of phase with our capacity to
understand and direct their development, to humanize and contain their
impact, and to integrate their evolution with our cultural and social values."^ It must be recognized, however, that the capability to change
things is, in fact, an inextricable part
of evolution. If society abdicates its
responsibility to make reasoned decisions about research which should be
conducted and applications which
should be made because of a lack of
understanding of the science, then
the fear will become a self-fulfiUing
prophecy. To prevent that, it is essential that there be a continuing dialogue between scientists and the public so that the public may be as
educated and informed as possible
about technological developments,
and scientists may understand the
ethical and social concerns of the
public.
The imperative for the public to
take responsibility for technology and
its progress has been recognized by
religious leaders and theologians.
Robert T Francoueur has written:
It is obvious we do not, and never
will, have aU the foresight and
prudence we need for our task. But
I am also convinced that a good
deal of the wisdom we lack could
have been in our hands if we had
taken seriously our human vocation
as transcendent creatures, creatures oriented toward the future
(here and hereafter), a future in
which we are co-creators.^
While religion and ethics will always play an important part in the
public's perception of the permissibility of genetic manipulation of Ufe
forms, neither can be relied upon categorically to abdicate the responsibility for making decisions in this important area.
28

Public Involvement
Peer Concern. Somewhat ironically, given the opinion expressed by
many that scientists should not regulate their own efforts in biotechnological research, it was the scientists
themselves who actually expressed
initial concern about genetic engineering. In 1970, when Stanford scientist Dr. Paul Berg first began to attempt to insert DNA from a tumor
virus into a common bacterial virus, a
number of his colleagues raised questions about the wisdom of carrying
out such experiments. They were
concerned that the bacteria carrying
the virus might pose a health hazard
for laboratory workers or that, in a
worst-case scenario, the bacteria
might escape into the general
environment.
Dr. Berg decided to defer his experiment, but as others continued and
rDNA techniques became more refined and appHcation more imminent,
debates about safety increased. The
debates ultimately culminated in the
landmark conference at Asilomar,
CaÜfomia, in February 1975, where a
number of prominent international
scientists convened to discuss the
risks involved in this newly emerging
technology. This meeting followed a
letter which the scientists had written
to the National Institutes of Health
(NIH) calling for a voluntary moratorium on all rDNA research until an
assessment of the risks could be conducted. At the Asilomar Conference,
however, the group decided that the
moratorium should not continue for
most work in rDNA if appropriate
safeguards in the form of physical
and biological containment were established and followed.
At the same time, NIH made efforts to set up an advisory committee
and to establish guidelines such as
those called for at Asilomar. In October 1974, the Director of NIH, with
the authority of the Secretary of
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Health, Education, and Welfare (now
Health and Human Services), established the rDNA Molecule Program
Advisory Committee. It was later renamed the rDNA Advisory Committee
and commonly referred to as the
RAC.
rDNA Guideffiies. At this point in
the development of decisionmaking
mechanisms for rDNA research, it
can truly be said the public became
involved in a significant way. The issue of public participation on the
RAC was first raised in 1975, when
NIH made an effort to recruit nonscientists. Two nonscientists became
members of the Committee in that
year.
In February 1976, NIH held public
hearings on proposed guidelines for
rDNA research. The hearings lasted 2
days and were attended by scientists,
physicians, lawyers, philosophers,
public interest advocates, and other
interested individuals. On January 23,
1976, the Guidelines for Research Involving rDNA Molecules were published. The Guidelines were mandatory for institutions and individuals
receiving funding from NIH for
rDNA research, but did not apply to
private research. Soon after the publication of the Guidelines, all other
Federal agencies funding rDNA research, including the U.S. Department of Agriculture (USDA), adopted
the Guidelines as mandatory for research funded by their agencies. The
Guidelines contained safety standards
to be followed by researchers with regard to physical and biological containment.
The first official provision for public
representation on the RAC came in
September 1976, when the RAC
charter was amended, increasing its
membership from 16 to 20 members—4 of whom were to be "from
other disciplines or representatives of
the general public." The new Guidelines, published in December 1978,

following public comment and hearings, contained several significant
provisions for public participation in
the decisionmaking process. The provisions are retained in the current
version which appears at 49 Federal
Register 46,266 (1984), as amended
by 50 Federal Register 9,760 (1985).
First, 20 percent of the membership of the Institutional Biosafety
Committees (IBC), the committees
responsible at the research institution
level for approving experiments and
assuring compliance with the Guidelines, must come from the general
public and may not be attached to the
research institution. Second, most
IBC records about approval of experiments and compliance with the
Guidelines must be made available to
the public on request. Third, major
actions to approve experiments otherwise prohibited by the Guidelines
have to be announced by publication
in the Federal Register, followed by a
period for public comment.
Finally, the new Guidelines provided for an important change in the
composition of the RAC. Membership
was increased from 16 to 25 persons—8 of whom must be molecular
biologists and 6 of whom must be
from other fields of science. At least
six of the remaining are required to
be drawn from the combined fields of
law, pubuc policy, environment, and
public or occupational health.
The stated purpose of these amendments was to "provide the opportunity
for those concerned to raise any ethical issues posed by recombinant DNA
research." From all apparent evidence, the public has been satisfied
with the role it has been encouraged
to play in the decisionmaking process.
During the time that the RAC has
been in existence, meetings have
been well attended. Publication in the
Federal Register of case-by-case approval of experiments has generated
moderate public response. Initial fears
of potential hazards of rDNA research
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has dissipated at least to the extent
that research which adheres to the
NIH Guidelines for physical and biological containment no longer gives
rise to serious public concern. The
few exceptions are discussed later
with regard to litigation of health and
safety issues.
Risk Assessment, While the intensity of public concern is low at
present, it is possible that, as research
emerges from the laboratory and
greenhouse and is applied in the environment, the level of public interest
will rise again, Industrial appHcatüon
of important agricultural inventions
will be preceded, in most cases, by
field tests. For example, deliberate releases of genetically engineered organisms may be engendered by the creation of new plant varieties which are
resistant to pests and climatic extremes. Although the field tests will
be quite different, the same is true for
genetically altered animals. The extent to which an increase in public
interest occurs because of these applications will depend, in large part,
on the public's perception of the adequacy of measures taken by industry
and the government to protect against
adverse effects to the public health
and environment.
Under the NIH Guidelines, the
RAG must review for approval deliberate release experiments on a caseby-case basis. Such review is necessary because, in each case, the risk is
necessarily dependent upon the specific organism to be released, the
source of DNA, the host-vector system, containment requirements, and
the environmental site conditions to
which the organism will be applied.
The task of risk assessment is not a
simple one. Estimating the probability
that an organism released into the
environment will adversely affect that
environment is quite different from
estimating the probability that an organism will escape from a laboratory.
:Bö

In the latter case, NIH Guidelines
have set out specific containment levels for categories of organisms, based
on the known potential for multiplication, infection, and movement. In the
former, risk assessment requires the
appfication of ecological principles of
dispersal and persistence which many
argue are not adequately developed at
present.
Predictive capabilities are, however,
becoming more sophisticated. For example, scientists in Scotland have
just announced the approval of a field
test in which a genetically engineered
virus, known to infect the Pine
Beauty moth, which has been devastating Scotland's forests, will be released into the environment. The virus has been engineered to include
genetic material traceable by gene
probe, with the result that the virus
can be identified and its persistence
and movement monitored.
As predictive capabilities are improved and stabilized by ecological research such as the experiment in
Scotland, it should be possible to develop models generally applicable to
categories of organisms to be field
tested. When models are available, it
wiU be possible to determine risk by
the classification of the organism in
much the same way that laboratory
research is assessed today. In the interim, approval for field tests will
have to be given on a case-by-case
basis after careful consideration of all
known and foreseeable risks.
Even with the capabuity of measuring risks apparent today, in the final
analysis, not all consequences which
may flow from the application of genetically engineered organisms can
be foreseen. There is the anomalous
result that a cost benefit analysis
must be made without the benefit of
knowing all the possible costs.
Some argue that genetic research
should proceed at any cost and others
say that it should not proceed unless
the risk of adverse consequences is
BIOTECHNOLOGY: AN OVERVIEW
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nonexistent. Neither extreme is likely
to gain acceptance by the majority of
the public. But past experience does
indicate that the public will accept
reasoned application of the scientific
knowledge available to approve releases on a case-by-case basis by persons competent to make such assessments, as long as public information
and opportunity for public participation is sufficient.

NIH's Role ffi Regulation
NIH Guidelines expressly are not regulations; they are mandatory only for
government-funded research. The
Guidelines, however, provide for voluntary registration of projects by private industry; registering companies
agree to abide by the Guidelines' containment standards. The majority of
ail privately conducted rDNA research today is, in fact, registered
with NIH.
Several Federal Government agencies have used their regulatory authorities to require compliance by private industry. For example, USDA
requires compliance with the Guidelines as a condition of obtaining a license for veterinary biological products derived from rDNA technology.
The Food and Drug Administratüon
(FDA) has a similar requirement for
products it regulates. So, while the
agency cannot directly prohibit or
regulate the research, it can theoretically prohibit entry of the genetically
engineered product into the market.
During the late 1970's, several attempts were made to enact legislation
which would give the RAG the authority to regulate all private research
in rDNA, as well as governmentfunded research. Momentum dissipated when scientists called to testify
before Congressional committees reported that, after risk assessment
based on experimental work, the
techniques of genetic engineering did
not substantially increase the risks to

human health and the environment
caused by the use of infectious agents
in research.
The consensus which emerged in
the scientific community and which
exists today is that, in any contained
research, it is not the technique of
rDNA or genetic engineering which
determines risk, but rather the infectious capacity of the organism or organisms. So NIH Guidelines, which
establish containment levels based on
the characteristics of the organism to
be used as a source of DNA or in the
host-carrier system, are deemed adequate to prevent adverse consequences to the public health and
environment.

Contained Research, The
Guidelines distinguish between contained research conducted in a laboratory and research involving the
release of organisms into the environment such as the field testing of
a micro-organism or plant. For contained research, the Guidelines specify requirements for physical and biological containment commensurate
with the level of risk because of the
source of the DNA and the pathogenicity of the host-carrier system. The
level of risk also determines the notice and approval procedures.
At the highest risk level, the appropriate IBC assesses the risk, approves
containment standards, and submits
the research proposal to NIH for approval. In an intermediate area specified by the Guidelines, IBC approval
is sufficient. This is generally true
where the experiments are covered by
containment levels specified in the
Guidelines. Other experiments with
rDNA that are considered to pose
minimal risk may proceed upon notification of the IBC or are exempt.
IBC's are responsible for ensuring
that the research is carried out in
conformity with the provisions of the
Guidelines and approved procedures.
After approval, NIH does not become
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involved unless a specific issue is
raised with respect to compliance. Although some agencies require that
firms comply with the Guidelines as a
condition precedent to the grant of licenses, no regulation by any Federal
agency other than NIH covers basic,
laboratory-contained research.

Deliberate Release Experiments. The Guidelines as originally
issued prohibited the deliberate release of genetically engineered organisms into the environment. The
1978 revision kept that prohibition,
although such release may be approved on a case-by-case basis by the
entire RAG and NIH on a finding of
"no significant risk to health or to the
environment." Certain plants also
may be released after review by the
RAG Plant Working Group and the
IBC. Experiments requiring NIH approval because they involve deliberate
release may, as well, be reviewed by
the Federal agency advisory committees with expertise in that particular
science. For example, USDA's Recombinant DNA Advisory Gommittee
reviews aU research proposals submitted to NIH about whole plants or
other organisms to be applied in
agriculture.
Although several deliberate releases
have been approved, none have proceeded to field testing. One such approval for field testing, ice nucleation
bacteria, is the subject of protracted
litigation.

Other Regulators of
Deliberatm Releases
In discussing regulatory authorities in
the context of deliberate release experiments, it is important to distinguish between the regulation of research and the regulation of the
products of biotechnology. NIH has
no jurisdiction over the regulation of
the products of biotechnology. Other
Federal Government agencies, such
32

as the Environmental Protection
Agency (EPA), FDA, and USDA operate in this sphere. Jurisdictional problems have arisen with regard to the
oversight and approval of research activities such as field tests which occur
somewhere between contained research and approval of products for
marketing.
Because of the increasing number
of applications for field testing and
the diverse organisms and purposes
for which the organisms are developed, the question has arisen whether
NIH should continue to have exclusive responsibility for approving all
deliberate releases involving rDNA.
Indeed, NIH itself has announced its
intent to defer to the expertise of
other agencies in those instances
where other agencies assert oversight
authority and NIH determines that
review by the agencies will serve the
same purpose as review by NIH. 50
Federal Register 48,344; 48,349 (Nov.
22, 1985). This gives rise to further
questions as to which agencies have
authority to regulate specific research
applications and whether one agency
or reviewing body responsible for aU
biotechnological research is needed.
The debate began in 1983 when
EPA stated its intention to regulate
biotechnology under the Toxic Substances Gontrol Act (TOSGA). EPA
based its claims to regulate deliberate
releases on its authority under Section 5(a)(1)(A) to require premanufacture notice (PMN) for "new chemical substances." TOSGA defines
"chemical substances" as foUows:
"any organic or inorganic substance
of a particular molecular identity including . . . any combination of such
substances . . . occurring in nature , . ." It is not clear whether genetically engineered organisms fall
within the definition of "chemical
substances" contained in TOSGA, but
it is arguable that they do not. Moreover, laboratory and "smaU quantities"
of research and development are exBIOTECHNOLOGY: AN OVERVIEW
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empt from PMN. "Small quantities"
as defined by EPA regulation would
exempt most field testing.
Under the Federal Insecticide,
Fungicide, and Rodenticide Act
(FIFRA), EPA also has claimed jurisdiction over basic research in the area
of pesticides by requiring notification
before small-scale field testing of genetically engineered microbial pesticides. 49 Federal Register 40,659
(Oct. 17, 1984). In addition, it has
begun reviewing proposals to field
test genetically engineered pesticides.
An experimental use permit has
been issued to Advanced Genetic Sciences, Inc., to field test a frost resistance bacteria. Monsanto has submitted a request for a permit to test an
insect-killing microbe, as has the
University of CaÜfomia for field testing the ice nucleation bacteria mentioned. USDA, however, has responsibility for higher plants and animals
that are considered pesticides. 40
CFR 162.5(c)(4). For example, a
plant which has been modified to produce its own pesticide would presumably fall within USDA's jurisdiction.
These instances are merely a sample of the myriad of definitional and
jurisdictional problems that have
arisen as biotechnological research
has approached commercialization.
Acknowledging that some sort of coordination among the four principal
agencies (EPA, USDA, FDA, NIH)
may be essential if the Federal Government's oversight efforts are to
keep pace with developments in biotechnology. President Reagan established an interagency working group
under the White House Cabinet
Council on Natural Resources and
Environment. This interagency group
was to study the situation and to coordinate the efforts of the agencies to
estabfish biotechnology regulations or
protocols.
On November 14, 1985, the first
plan of the Cabinet Council Working
Group on Biotechnology was pub-

lie NIH guidelines prescribe safety
standards for DNA researcfi.
Üshed. The plan called for a two-tier
review of biotechnology proposals.
The first review would be conducted
by the agency-level science advisory
committee (for example, USDA's Recombinant DNA Advisory Committee)
and the second review by a Biotechnology Science Board (BSB). After receiving comments from the public,
the Working Group revised the plan
by replacing the BSB with the Biotechnology Science Coordinating
Committee (BSCC). (50 Federal Register 47,174, 1985). The BSCC is not
recommended to review proposals approved by the agency advisory committees but will coordinate the regulatory efforts of the agencies.
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In the 1984 notice, the Working
Group also published a matrix of the
regulatory laws with potential applicability to biotechnology. EPA, FDA,
and USDA issued statements setting
forth their views with regard to their
authorities to provide oversight of biotechnology. Since then, the Working
Group has continued to assist them to
formulate a clear and uniform policy
with respect to the regulation of biotechnology, including research.
The final poHcy formulation has not
been released, but is expected to be
published shortly. It is not anticipated
that legislation creating any new regulatory authorities wiU be recommended. Rather, it is likely that the
agencies with regulatory authorities
over products will be responsible for
approving experimental releases of
genetically engineered organisms in
their respective product areas. Wliere
jurisdictional overlaps exist, it is desirable and probable that the affected
agencies will agree upon one agency
that will exercise oversight authority.
This may be done by implementing
memoranda of understanding, such
as the memorandum between USDA
and FDA regarding responsibility for
regulating animal biologic products as
biologies under the Virus, Serum and
Toxin Act or as drugs under the
Food, Drug and Cosmetics Act.

Costs of DBlmy in
Regulatory Approval
Even where jurisdictional disputes
can be avoided, the Federal agencies
are dealing with products created by
new technologies in which they may
have minimal expertise. Delay and
uncertainty of response can have a
tremendous impact on the viability of
biotech firms, particularly the small
emerging companies that require a
much faster return on their investmients to remain in business. Industry
representatives believe that the uncertainty over future oversight of de34

liberate releases and other health and
safety issues related to the testing of
new biotechnological products greatly
inñuence investment in biotechnology.
It also has been pointed out that
delays in regulatory approval for field
testing of recombinant DNA products
could lead to the relocation of firms to
other countries that may not have
controls or may be further advanced
in establishment of testing and other
regulatory protocols. Industry has
warned that excessive or onerous regulations, such as the regulation by
more than one agency, could lead to
relocation abroad.
The ability of the Federal Government to respond in an expeditious
and effective manner to the need for
certainty in the oversight and regulation of research in biotechnology will
play an important role in the development of this country's biotechnology
industry.

ftoJe of the Courts
National Environmental Policy Act. Perhaps of even greater
significance than regulation to the
development of biotechnology is the
threat of litigation. Court cases filed
under the National Environmental
Policy Act (NEPA) in the last few
years illustrate the importance of risk
assessment to the public's perception
of the safety of research in biotechnology.
NEPA requires Federal agencies to
prepare environmental impact statements for "every recommendation or
report on proposals for legislation and
other major Federal actions significantly affecting the quality of the human environment." 42 U.S.C. 4332
(2)(c). Since NEPA applies solely to
Federal agencies, private industry is
affected only insofar as it may be the
recipient of Federal funds or require
the approval of research.
The Act itself gives little guidance
BIOTECHNOLOGY: AN OVERVIEW
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as to which actions of Federal agencies fall within the purview of the
statute. The Council on Environmental Quality (CEQ), the agency created
by NEPA to oversee its implementation, has issued regulations establishing that, unless the major Federal
action falls within an agency's published "categorical exclusions," the
agency must, at a minimum, prepare
an environmental assessment (EA), a
public document which sets forth
sufficient evidence of the agency's
analysis as to why a proposed Federal
action will or will not have a significant impact on the environment. 40
CFR 1501-1508. If a proposal is for a
major Federal action as defined by
the regulations and the environmental assessment reveals a significant
impact on the environment, then the
Act requires that an environmental
impact statement (EIS) be filed. 40
CFR 1508.18.
Court Cases. Research is not per
se outside the scope of the requirement that an EIS be prepared for
Federal actions significantly affecting
the environment. Scientists' Institute
for Public Information v. Atomic Energy Commission, 481 F.2d 1079
(1973). If an agency has published,
however, a categorical exclusion narrowly defining categories of actions
which, based on past experience, do
not have a significant effect on the
human environment, and the research legitimately is within the
scope of the exclusion, no EA or EIS
is required. 40 CFR 1500.4.
In addition, research whoUy contained in a laboratory under containment levels established by NI H
Guidelines may be exempt from the
requirements of NEPA. In Mack v.
Califano, 447 R Supp. 668 (1978),
the District Court for the District of
Columbia held that rDNA research in
accordance v^th NIH Guidelines
would have no adverse environmental
or public health consequences when

it appeared that NIH Guidelines
would ensure that no recombinant
molecules would escape from the laboratory, and the NIH Guidelines had
themselves been accompanied by an
EIS.
Deliberate releases are somewhat
more problematic. The experiment involving ice nucleation bacteria mentioned earfier was a joint venture by
the University of California, Berkeley,
and a private company, both of which
obtained NIH approval for field
testing.
The Foundation on Economic
Trends (FOET) filed suit in the District Court for the District of Columbia against HEW alleging that NIH
had failed to comply with NEPA requirements in reviewing and approving requests for deliberate releases.
The District Court issued a preliminary injunction not only prohibiting
the field testing of the ice nucleation
bacteria by the University of California but also prohibiting NIH from
continuing to approve any experimentation involving the deliberate release
of rDNA untu it developed a programmatic EIS. FOET V. Heckler, 587 R
Supp. 753 (D.D.C. 1984).
The injunction did not apply to the
private company because the Guidelines are mandatory only for government-funded projects. In this case,
the firm voluntarily abstained from
proceeding with the experiment.
HEW and the University of California appealed to the Court of Appeals
for the D.C. Circuit. The Circuit
Court upheld the preliminary injunction with regard to the ice nucleation
experiment, agreeing with the District Court's finding that an adequate
EA must be prepared to assess the
possible impacts of the bacteria on
neighboring plant and animal life or
on weather patterns should the bacteria be carried off site by wind, insects,
or birds. With regard to the programmatic EIS, the Court stated that,
while it would doubtless be helpful, it
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was not prepared to agree with the
District Court that the absence of an
EIS violated NEPA.
The essence of the Court of Appeals decision is that, if HEW gives
adequate environmental consideration
to each deliberate release experiment,
HEW will be in compliance with
NEPA.
FOET also has asked the DC. District Court to enjoin the Advanced
Genetic Sciences experiment already
mentioned alleging, as in the HEW
case, that EPA approval was based on
inadequate environmental review under NEPA. FOET V. Thomas (Civ. Action No. 85-3649, D.D.C. filed Nov.
19, 1985). The Court denied the
plaintiffs' motion for a preliminary injunction holding that the case was
not likely to succeed on the merits,
but has not ruled on the Government's
motion for summary judgment.
In another case not involving deliberate release, the same plaintiff
brought suit against US DA in October 1984. FOET sought a declaratory
judgment that the actions of the defendants in establishing and carrying
out an animal breeding research program that allegedly focuses on enhancing size and accelerating and
improving reproductivity of animals
are in violation of NEPA as well as
other Federal laws. FOET v. Block
(Civ. Action No. 84-3045, D.D.C,
filed Oct. 19, 1984).
Joined by the Humane Society of
the United States, the American
Minor Breeds Conservancy, and other
individuals who claim an interest in
animal rights, FOET asserted that an
EIS should have preceded the use of
rDNA and other techniques that
peiTtiit the exchange of genetic material between species to enhance
productivity. They wanted the Department to consider alternatives to
increasing the meat supply, such as
developing a program aimed at
changing the U.S. diet to require less
meat.
3B

In April, 1986, the District Court
granted USDA's motion for summary
judgment on the ground that the
plaintiffs had not stated any claim
cognizable under NEPA or any of the
other statutory authorities cited in the
complaint.
The allegations of this final complaint are exemplary of how the EIS
requirement of NEPA has been used
by litigants for purposes that could
not have been imagined and certainly
not intended by the drafters of the
legislation. In fact, the EIS requirement can and probably has, in many
instances, been used solely as a delaying tactic. As Senior Circuit Judge
MacKinnon stated in FOET v. Heckler:
The Foundation's conduct also has
delayed this vital experiment for a
very considerable period of time.
The use of delaying tactics by those
who fear and oppose scientific
progress is nothing new. It would,
however, be a national catastrophe
if the development of this promising new science of genetic engineering were crippled by the unconscionable delays that have been
brought about by Htigants using the
National Environmental Policy
Act
756 F.2d 161 (D.C. Cir. 1985)
(MacKinnon, J., concurring).
While the numerous complaints
filed by one group of plaintiffs do not
evidence a lack of confidence by the
general public that government agencies are inadequately assessing environmental, safety, and ethical issues
with regard to rDNA research, the
legal precedents emerging from the
litigation indicate the necessity for
agencies approving such research to
ensure that these issues have been
considered seriously. For the present,
when a deliberate release is planned,
it will be necessary to require, at a
minimum, an EA that has realistically
and thoroughly considered the potential for environmental effects.
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Future Research and
Regulation
The public is interested and fully capable of taking part in decisions affecting rDNA research and its application. The NIH experience is
evidence that the public and governmental agencies can work compatibly
together to make reasoned decisions
about the application of biotechnology. If this cooperation continues,
there is no reason to doubt that research will be allowed to move cautiously but progressively forward.
Because no unique risks are posed
by genetically engineered organisms,
they should be regulated in the same
manner and to the same extent as
products manufactured by traditional
methods. Experience has shown that
rDNA research, which is covered by
NIH Guidelines, poses no special risk
to health, safety, or environment and
it should be allowed to proceed without regulation. Adequate EA's and, in
some instances, EIS's are essential
for deliberate releases, at least until
experience allows the development of
models generaUy applicable to categories of organisms to be released.
If such risk assessment is performed conscientiously, it is unlikely
that the public will demand regulation of research in biotechnology. The
regulation of the products of biotechnology is adequate to protect against
adverse consequences to the public
health and safety and to the environment. This regulation can be accomplished within the existing framework
of governmental authorities.
^Tribe, Laurence H., Technology Assessment and the Fourth Discontinuity: The
Limits of Instrumental Rationality, 46
Southern California Law Review 617, June
1973, p. 621.
^Francoueur, Robert T, We Can—We Must:
Reflections on the Technological Imperative, Theological Studies 33:3, September
1972, p. 429.

Implications
of the Bfofechnofogy
Revolution for
Agriculture
Neville P. Clarke, director, Texas
Agricultural Experiment Station,
College Station, TX

Today, agriculture needs a new infusion of science and technology
and new capabilities that will restore
and enhance the competitiveness of
U.S. agriculture in the world
marketplace.
The products of biotechnology offer
one of the most exciting opportunities
to meet these urgent needs. In the
words of Dr. George Key worth, former
Science Advisor to The President,
"U.S. agriculture has got to take advantage of new knowledge in biosciences in order to remain the dominant force it is in the world today."
But what exactly is biotechnology?
The term Biotechnology refers to an
array of related basic sciences that
have as their centerpiece the use of
new methods for the manipulation of
the fundamental building blocks of
genetic information to create life
forms that might not ever emerge in
nature—Ufe forms that can expand
and enhance the well-being of humans in ways that almost extend beyond the imagination.
The American Association for the
Advancement of Science has termed
genetic engineering one of the four
major scientific revolutions of this
century, on a par with unlocking the
atom, escaping the earth's gravity,
and the computer revolution. The National Science Board recently said,
"The newfound ability to manipulate
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