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BOOKS: BIOTECHNOLOGY

How Much Caution in the Fields?
Donald N. Duvick

Agricultural biotechnology has enor-
mous potential to help combat hunger....
Biotechnology can help us solve some of
the most vexing environmental problems.
... But, as with any new technology, the
road is not always smooth. Right now, in
some parts of the world there is great
consumer resistance and great cynicism
toward biotechnology. In Europe
protesters have torn up test plots of
biotechnology-derived crops and some
of the major food companies in Europe
have stopped using GMOs—genetically
modified organisms—in their products.
Dan Glickman (/)
U.S. Secretary of Agriculture

concern about the stormy disagree-

ments among scientists and the pub-
lic over the desirability and safety of trans-
genic crops. Fervent protests against ge-
netically modified organisms, sometimes
accompanied by physical violence, have
occurred in most wealthy nations, as well
as in some developing countries. Argu-
ments against genetically modified organ-
isms are diverse—they may be based on
economic, political, or even religious
grounds—but the issue of safety lies at the
heart of the disputes. Despite 20 years of
work by boards and committees to estab-
lish safety guidelines for the testing and
release of genetically engineered crops,
strong voices continue to insist that the
current approval system is flawed. These
critics say that existing procedures approve
the release of organisms that are potential-
ly dangerous to human health, the environ-
ment, or both. Other voices reply that the
system works because the released trans-
genic organisms are indeed safe as certi-
fied. Both sides claim that their arguments
are based on science.

In Hazard Identification of Agricultural
Biotechnology, Ad van Dommelen (a Dutch
consultant on the environment and eco-
nomics) proposes a way to resolve the dis-
agreements about safety, at least in regard
to the scientific aspects. He argues that the
key is to devise a rigorous “set of relevant
questions” (SRQ), which he defines as “a
collection of research questions that a sci-
entist considers relevant for the study of a
specified research problem.” These ques-
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tions will be concerned with hazard identi-
fication (identifying a potential bad out-
come) rather than with risk analysis (calcu-
lating the odds of a bad outcome).

As van Dommelen explains, the set of
questions must test all of the assumptions
upon which a particular claim of safety (or
of danger) is based. The ques-
tions should be developed from
a broad base of interested par-

Hazard Identification

United Nations Earth Summit in Rio de
Janeiro, the principle holds that “[w]here
there are threats of serious or irreversible
damage, lack of full scientific certainty shall
not be used as a reason for postponing cost-
effective measures to prevent environmental
degradation” (2). This normative statement
provides the basis for a testable scientific
claim: “There are threats of serious or irre-
versible damage.” The set of relevant ques-
tions addresses this scientific claim to show
whether it is true or false. When applying
the approach to a genetically modified or-
ganism, one must prove that the organism
will not cause serious or irre-
versible damage, otherwise it
should not be released. There-

g ‘ of Agricultural ’
ties, not just a narrow group Biotechnology fore the question sets should be
with self-interests in approval Finding Relevant designed to ensure recognition
for genetically engineered or- Questions and avoidance of Type-II er-
ganisms. To this end, non- b ror—a conclusion of “no ob-
y Ad van Dommelen

governmental organizations and
concerned professionals should
be solicited for contributions.
Parties can argue for or against
inclusion or removal of any
question, but their arguments
must be based on science. Argu-
ments for including a question must be given
more weight than arguments to exclude it be-
cause “unwarranted exclusion of a possibly
relevant research question may have serious
unwanted consequences.” These lists of
questions can and should be modified over
time, with the expectation that as experience

Ready for Roundup. The advertising sign pro-
claims that this field was planted with a herbi-
cide-resistant transgenic soybean variety.

is gained they can be shortened as well as
improved in accuracy. The author suggests
procedures for developing a global list of rel-
evant research questions and results, one
available for use by authorities in all coun-
tries. This list could be the basis for a global
network of biosafety expertise.

Van Dommelen claims that the underly-
ing basis for biosafety assessment is the pre-
cautionary principle. As framed at the 1992
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served effect” when in actuality
there is an effect (such as envi-
ronmental damage from a wan-
dering transgene).

A simpler way of expressing
the precautionary principle as
applied to transgenic organisms
may be the following “moral imperative,”
which van Dommelen cites with approval:
“One should not undertake activities about
which there is scientific uncertainty about
their impact.” Following this precept, scien-
tific uncertainty about the safety of a genet-
ically modified organism would mandate
that it not be released.

In the end, of course, one cannot prove
that a given undesirable outcome will never
happen; one cannot prove a negative. The
final decision about the release of any ge-
netically engineered organism “will always
be a political and ethical one.” Hopefully,
the expected costs and benefits will be as-
sessed rationally with the help of risk anal-
ysis, and the opinions of the public will be
taken into account. But van Dommelen
emphasizes that the soundness of the politi-
cal decision will be directly affected by the
soundness of the scientific data deriving
from the sets of relevant questions.

Van Dommelen offers additional advice.
He suggests that the vested interests of in-
dustry raise serious concerns about the
quality of data and relevance of any poten-
tial research questions provided by com-
mercial sources: “The high political stakes
and industrial interests surrounding the de-
velopment of genetic engineering are cer-
tainly an ‘excellent’ context for the strategic
use of a scientific guise for political claims
on biosafety”” Industrial developers of these
organisms therefore might be asked to fund
research by others rather than offer their %
own evaluation of the hazards. (Throughout £
the book, the author seems to assume that

Books,

ER HI-BRED INTERNATIONAL, INC.

15 OCTOBER 1999 VOL 286 SCIENCE www.sciencemag.org



CREDIT: MICHAEL TROTT

the biotechnology industry will be the only
group wanting to release genetically modi-
fied organisms.) Van Dommelen holds that
the “product versus process” controversy is
artificial—a well-designed set of research
questions will lead to consideration of both
product and process. He argues that one
should not make safety decisions based on
analogies or on “familiarity” (with the
properties of the organism and the environ-
ment into which it might be introduced) be-
cause these concepts are too imprecise to
trust for decisions of safety. But on the oth-
er hand, analogies can be used to conclude
that hazards might exist, and the familiarity
concept can be used to formulate needed
research questions. Van Dommelen finds it
worthwhile to demarcate science from
“transscience.” Transscience questions—
research problems whose solution would
require inordinate amounts of time, effort,
or both, and therefore cannot realistically
be answered by science—should be an-
swered politically.

On the whole, van Dommelen’s propos-
als merit serious consideration, at least if
one accepts the need for stringent applica-
tion of the much-disputed (and variously
defined) precautionary principle. The SRQ
approach is intended to leave no stone un-
turned regarding scientifically testable
concerns about safety. Broader participa-
tion in establishing the lists of questions
and in interpreting the results should, in
theory, lead to wider acceptance of deci-
sions to release transgenic organisms. And
the author’s proposals leave room for pro-
tocols to be simplified as scientific knowl-
edge about the presence or absence of the-
oretical hazards is increased and refined.

But van Dommelen’s suggestion that
commercial applicants (presumably the
“industrial interests”) be prevented from
submitting their own data is questionable.
No one can do a better job of testing an or-
ganism than those who developed it and
know it intimately. To deny commercial
firms (for example, seed companies and
their plant breeders) the opportunity, or
challenge, to present their own data may
be good for public relations but not for
provision of appropriate information.
Rather than arbitrarily assuming that ap-
plicants from industry are dishonest be-
cause of their commercial interests (simi-
lar to categorizing their honesty according
to racial origin or religious faith), it would
be more constructive to diligently ensure
the accuracy of data from all participants
in the decisions. Perhaps a special set of
relevant questions could be devised to en-
sure honesty on the part of applicants from
all sectors, private and public (including
nonprofit public service organizations). Or
currently existing international standards
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for good laboratory practices might be
adapted for the evaluating applications for
the release of transgenic organisms.

Whatever is done, one must recognize
that the public sector and nonprofit organi-
zations such as the International Agricul-
tural Research Centers also are submitting,
or intend to submit, applications for release
of their own genetically modified organ-
isms. They may resent being categorized at
the same level of truthfulness—and with
the consequent financial obligations—that
van Dommelen suggests for the commer-
cial institutions. Al-
ready, some of them
express concern that
proposed restrictions
on release, some of
which are intended
to curb profit-driven
industry, may hinder
their charitable ef- -
forts to help the Third
World poor by means
of biotechnology.

Many fancy words
have been written
about genetically
engineered organisms
and their safety. Com-
plicated terminology
taken from science
and philosophy (“the
precautionary princi-
ple,” for example) has
been deployed to advance arguments on one
side or the other. But beneath all the verbiage,
the arguments are simply about how to find
the right balance between two useful adages:
“look before you leap” and “nothing ven-
tured nothing gained.” For the good of all,
we must collectively decide when to pause
and when to proceed in regard to genetically
modified organisms. Based largely on fear
of the unknown—not an unreasonable
fear—we may incline more to the first adage
than to the second. But we cannot agree on
how far to lean, either now or in the future.
Some parties do not lean at all; they are de-
termined never to leap. But as far as I know,
no one has concluded that we should leap
with total abandon.

As van Dommelen says, arguments
about how far to lean are too often dis-
guised as scientific when in reality they
are political. He carefully analyzes several
examples in which zeal for release seems
to have resulted in inadequate or even im-
proper scientific analysis and recommen-
dation. I would like to have also seen simi-
lar analyses of examples from the other
side—cases in which determination to pre-
vent or delay release has given rise to
faulty science and recommendation. It
would be instructive, for example, to read

well-crafted analyses of the kind of warp-
ing that could result from anti-corporate or
anti-American sentiments, as compared to
the biases introduced by the urge to sell
profitable new products.

Finally, van Dommelen gives little ad-
vice about risk analysis, except to say that
it will not be contentious once parties
agree on the nature of the hazards. One
hopes he is right. Risk analysis will be the
most essential part of every release deci-
sion because the precautionary principle
prescribes the logical impossibility of
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proving the negative. Of course, one could
simply follow this arbitrarily chosen prin-
ciple to its logical end and never release
anything. But then why construct the sets
of relevant questions?

Despite its omissions and the biases it
reflects, van Dommelen’s book gives use-
ful advice about ways to develop trustwor-
thy protocols for identifying hazards asso-
ciated with agricultural biotechnology. Im-
plementation of the author’s recommenda-
tions might give rise to wider agreement
among scientists on the validity of release
decisions made by regulatory bodies con-
cerned with biosafety. But would such
agreement influence the test-plot destroy-
ers? Van Dommelen himself observes,
“the larger biotechnology debate ... is rid-
dled with ideological, ethical, and other
normative evaluations.... [As] history
keeps teaching us, ideology and world
view will not easily be influenced by the
results of scientific research.”
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