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AGRICULTURAL BIOTECHNOLOGY AND SOCIETAL DECISION-MAKING: THE
ROLE OF RISk ANALYSIS

Jeffrey D. Wolt & Robert K. D. Peterson

Knowledge and trust are major attributes of risk perception that will determine public
acceptance of agricultural biotechnology. Formalized frameworks for biotechnology risk
analysis afford objective, transparent approaches to assess, manage, and communicate
knowledge in ways that build trust in judgements of the acceptability of risk. Pivotal to the
successful application of risk analysis within agricultural biotechnology is the involvement of
stakeholders in problem formulation and risk-based decision-making. Public trust and
knowledge accrue when risk analysis frameworks are transparent, risk assessment
methodologies are objective, all parties are engaged in the risk management process, and risk
communication focuses on the consumer.
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Recent analysis of public reaction to agricultural biotechnology has rightfully focused on socid,

cultural, economic, and political issues as determinants of public attitudes (Klee, 1999; Laronche,
1999; Barling et al., 1999). The importance of personal and societal knowledge as factors shaping
perceptions and public attitudes towards agricultural biotechnology has been discounted by some, in
part, because of the failure of scientific arguments to sway attitudes and public policy decisions
(Mehta, 1998; Kershen, 1999).

The limited influence of knowledge as a component of biotechnology risk perception isless dueto its
importance than it is to the failure for scientific issues to be meaningfully framed and communicated
to the public and to policy makers. Thisis unfortunate, because risk analysis frameworks can clearly
address and clarify public concerns, and can guide policy makers in arriving at consensus approaches
for implementing new technology. Doubly so, since from its earliest beginnings within the realm of
regulatory and public policy, biotechnology risk analysis data e ements and frameworks have been
advanced to guide and inform decision-making (Tiedje et al., 1989; IFBC, 1990; WHO, 1991,
Kesder et al., 1992; Jepson et al., 1994; BIO, 1995; OECD, 1995).

In this article, we discuss the role of risk analysisin public policy decision-making, specifically asit
relates to the framework for characterizing, communicating, and managing the risks imposed by
agricultural biotechnology. Inasmuch as scientists and public policy experts have not successfully
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implemented risk-based paradigms in dealing with agricultural biotechnology, we additionally
address the ascendancy of the precautionary principle in policy circles. Finally, we consider how
rediscovering and reingtituting risk-based approaches for agricultural biotechnology may alow
knowledge to be effectively used in dealing with public attitudes and perceptions.

Risk And Perception

At the most fundamental level, al risk is perceived. Knowledge, values, and ideology determine how
risk is perceived. When knowledge is lacking and the public has limited appreciation of technology,
risk perception is skewed by emotive attributes of risk. Consequently, the public perception of risk
may be very different than the knowledge-based perceptions of experts (Sovic, 1987). Emotive
factors are those components of a situation that cause fear, anger, defensiveness, or frustration
(FACS, 1995). Many of these factors (table 1) come into play when considering perceptions of
agricultural biotechnology.

Table 1: Attributes Of Emotive Risk.

Emotive Attribute  Basis of Risk Perception

Involuntary A risk oneisforced to take

Uncontrollable Theinability to personally influence an event

Immoral Something that is viewed as evil

Unfamiliar A new and unnatural (manufactured) risk

Dreadful A risk relates to a fearful consequence

Uncertain Scientists are unable to exactly define the hazard and its associated risk

Catastrophic Large scale disastrous events

Memorable Risk is associated with a embedded, remarkable event with dramatic risk
outcomes

Unfair Exposure to risk with no clear benefit

Untrustworthy No confidence in the source of risk analysis

From “Reporting On Risk: A Journalist's Handbook On Environmental Risk Assessment” by
Foundation for American Communications (FACS), 1995. Pasadena, CA: Foundation for
American Communications. Available on the World Wide Web:
http://www.facsnet.org/report_tools/quides primers/risk/main.html

The lack of areliable base of knowledge coupled with emotive factors accounts for low degrees of
public acceptance of agricultura biotechnology in Europe, and increasingly throughout the world
(Peterson, 2000). Technological complexity leads the public to substitute trust for knowledge
(Luhmann, 1979). The wide gap differentiating public attitudes of agricultural biotechnology between
Europe and North America can be attributed to differing levels of knowledge and trust (Gaskell et al.,
1999). Although Europeans and Americans alike may have limited understanding of the scientific
underpinnings of biotechnology, trusted opinion and public leadersin the United States have been
well educated to the risks and benefits of agricultural biotechnology (Hoban, 1997). Consequently,
education based on sound scientific principles can continue to shape risk perception by the North
American public (Hoban, 1997). Public officials and technical experts are viewed as untrustworthy in
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Europe. Therefore, as Gaskell et al. (1999) conclude, limited knowledge and high levels of mistrust
heighten risk perception and lower public acceptance. Issues of fairness, familiarity, uncertainty, and
morality as well asthe involuntary and uncontrollable nature of exposure to the products of
agricultural biotechnology further increase risk perception by the European public.

Risk Analysis

Positions become quickly polarized when public perceptions of risk are not mirrored by assessments
by experts. Policy makers respond to public intransigence towards implementing technological
innovations by failing to make decisions. This state of affairsis clearly evident with current European
moratoria on new registrations of genetically modified crops. Risk analysis affords a means of
broaching public intransigence. Risk analysis deals transparently with the host of scientific, socid,
cultural, economic, and political issues that together shape a consensus approach in public policy
decisions concerning technological risk.

Pivotal to risk analysisis the clear recognition and definition of risk. Risk is the possibility of an
unwanted event. Risk is not absolute; thus, risk is understood in terms of likelihood of an undesired
event (as a probability). Risk analysis encompasses the assessment, management, and communication
of risk aswell as how risks are perceived and compared (ACS, 1998). Risk analysis arose relatively
recently as aformalized discipline spawned by statutory frameworks for regulation of health and
environmenta hazard and risk (NRC, 1983). The utility of risk analysis derives from developing a
rational framework whereby the knowledge-based description of risk (a science driven process) is
integrated with socia, cultural, economic, and political considerations to manage and communicate
risk in policy decisions and implementation.

The formalized strictures of risk analysis contrast risk, a measurable probability, with safety, a
judgement of acceptable risk (Lowrance, 1976). Thus, assessment of risk is a science-based process,
wheress, judgement of acceptable risk considers the entire realm of public policy decision-making.

The foundation of risk analysis frameworks is risk assessment, a formalized basis for the objective
evaluation of risk in amanner where assumptions and uncertainties are clearly evident. Risk
assessment involves multidisciplinary efforts among physical scientists, toxicologists, biologists,
mathematical modelers, and information speciaists. Risk management dovetails this science expertise
with the expertise of policy specidists to integrate science with socia, cultural, economic, and
political aspects of risk.

Although there are numerous differing international frameworks for risk analysis, they commonly
focus on the necessity for the sound conduct and review of science (Power & McCarty, 1998). The
semind volume, Risk Assessment in the Federal Government: Managing the Process (NRC, 1983),
commonly referred to as the “Red Book”, underpins the emergence of risk analysis as aformalized
discipline and tool for policy decision-making and implementation and is reflected in international
standards for risk analysis (FAO/WHO, 1995). Risk analysis is evolving from the Red Book
paradigm of risk assessment as a process distinct from other policy considerations, toward a paradigm
of risk assessment as an integrated consideration of science with other policy inputs (the “ Orange
Book” paradigm; NRC, 1996). Consideration of the shifting paradigm for risk analysis provides
insight into the role of knowledge in public acceptance of agricultura bictechnology.

The Red Book Paradigm

Under the Red Book paradigm (NRC, 1983), risk assessment is largely a science-driven process that
guantitatively evaluates the probability of risk. As such, risk assessment is largely, but not entirely,
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removed from emotive factors that influence risk perception. Risk assessment flowsin alogical,
stepwise fashion from problem formulation through characterization of effect (toxicity or hazard),
exposure, and risk. It culminatesin arisk conclusion. The characterization process is recursive; when
risk characterization shows concerns, new science is brought forward and mitigation options are
considered in the refinement of the risk assessment. This process of recursive characterization mostly
focuses on exposure refinement and proceeds by tiers. Lower tiers use extremely conservative
assumptions to screen out negligible risk concerns. Emphasisis placed on increased scientific
scrutiny of issues of concern in higher, more scientifically exacting tiers of assessment. Key to the
assessment of risk is the understanding and treatment of variable and uncertain assumptionsin the
assessment. Conservative assumptions within tiers of assessment, coupled with refinement and
mitigation, largely determine how the risk will eventually be managed and communicated.

Risk analysis, under the Red Book paradigm, does not consider science to occur in avacuum. Risk
managers bring forward socia, cultural, economic, and political concernsin the process of problem
formulation and aso monitor the risk assessment throughout its various stages. Additionally, the risk
manager formulates the risk assessment conclusions along with social, cultural, economic, and
political concerns in making and implementing policy.

The Orange Book Paradigm

The emergence of the Orange Book paradigm for risk analysis (NRC, 1996) represents the
ascendancy of the policy speciaist as the driver in risk determinations. This paradigm shifts risk
characterization from a science-driven enterprise to an “anaytic-deliberative” process where
analytical characterization of risk and uncertainty (the science part) is augmented with deliberation
among all interested parties to determine how uncertainties are to be addressed. This approach to risk
analysis, where all stakeholders are smultaneously engaged in the characterization of risk, ostensibly
increases transparency and, therefore, heightens knowledge and trust by the public.

The current vogue for such an approach to risk analysisis an indictment of the ability of scientiststo
effectively engage interested partiesin problem formulation and to communicate risk in away
understandabl e to both risk managers and the public. The potential challenge in successfully
implementing the Orange Book paradigm is clear when biotechnology risk assessment is conducted in
the media. The current controversy over transgenic corn pollen hazard to butterflies demonstrates
how in turn the media, public, and policy makers have reacted to incomplete and preliminary
scientific findings when scientific context (that is, science-based characterization of risk) is lacking
(Losey et al., 1999; Shelton & Roush, 1999; Klee, 1999).

The Precautionary Principle

The precautionary principleis“apolitical and value laden statement” concerning judgments of
potentially serious harm in the absence of scientific proof (Barling et al., 1999). Harsher critics of
conventional risk assessment approaches for biotechnology advocate the use of the precautionary
principle as a means of better representing societal concern. Rather than utilize the recursive process
of refined assessment, mitigation, and monitoring to alow for technology implementation in the face
of uncertainties, these critics argue for a precautionary approach that withholds technology
implementation until uncertainties are understood. The current regulatory necessity for scientific
proof (the precautionary principle) in Europe (European Commission, 1998) contrasts grestly with a
statistical treatment of uncertainties (reasonable certainty of no harm) in the United States. Because
proof within a scientific context is an abstraction, the precautionary approach is not, and cannot be,
based on science. Consequently, science will not form the foundation for decision-making and policy
implementation for any rendering of the precautionary principle that excludesrisk analysis. Thisis
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greatly disconcerting, given that all technologies, including agricultural biotechnology are based on
science, and societal decision-making without a scientific underpinning will be incompletely
informed.

Rediscovering Biotechnology Risk Analysis

The precepts of risk analysis are by no means unknown within agricultural biotechnology. These
precepts, however, have not been clearly evident as agricultural biotechnology has moved into the
marketplace. Attempts to deal with public sentiment against this technology initially resulted in a
“trust us, it's safe” approach to risk communication (Pollan, 1998). However, the public was faced
with insufficient information to understand what was meant by “ safety,” a judgement. Because the
context for safety has not been communicated in a transparent manner, there has been little reason for
trust. Consequently, the public has been unable to make decisions based on either knowledge or trust.
Not unexpectedly, if the lessons of risk perception are to be believed, these attempts have heightened
rather than quelled public concern and outrage, principally because those asking to be trusted were
not in a position of trust. When the public lacks knowledge or trust, there is unwillingness to defer
decison-making to ingtitutions, officials, or experts (Peterson, 2000).

Risk Assessment Challenges

The use of traditional quantitative risk assessment affords specia challenges when applied to
agricultural biotechnology. As ayoung science, all facets of agricultural biotechnology are not fully
interpretable in a strictly quantitative context — nor should they be. For instance, the homology of a
transgenically expressed protein with known plant allergens can be used to assess the risk of
alergenicity. This strictly quantitative assessment isimproved when augmented with qualitative
information regarding source and uniqueness in the human diet of the foreign protein and the nature
of the homologies observed.

Risk analysisis amenable to both quantitative and qualitative approaches (NRC, 1983). However, in
dealing with complex technical information, the public will be more receptive to information
presented within an objective, statistical context (Porter, 1995). For this reason, risk assessment
approaches that trandate qualitative and subjective information into quantitative form (Bardossy &
Duckstein, 1995) afford specia opportunities to more uniformly assess and communicate
biotechnology risks. Although the complexity of such approaches places them beyond the
understanding of the public at large, the institution and communication of such tools as an objective
means for assessing risk can help to build public trust for the process of risk analysis.

Risk Management Challenges

Identifying and engaging stakeholders is akey chalenge to effectively managing risk. Effectively
engaging interested parties in problem formulation and risk management decision-making overcomes
many of the challenges to the Red Book paradigm for risk analysis expressed in the Orange Book
paradigm and the more inflexible definitions of the precautionary principle.

Risk Communication Challenges

Ineffective communication of knowledge by trusted sourcesisacritical current gap in biotechnology
risk analysis (Scholderer et al., 1998). This gap widens in the absence of trusted sources for
communication of risk, since both the message and messenger combine to shape public perceptions of
risk (Thompson, 1999).
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Effective risk communication entails understanding consumer knowledge, problem awareness, beliefs
and attitudes, and trust of biotechnology (Smink & Hamstra, 1994). It additionally entails the broad
recognition of risk communication as the interactive exchange of risk information and opinions
among all affected parties (NRC, 1987). Keying on these facets, Scholderer et al. (1998) have
modeled risk communication as asocia phenomenon involving the diffusion of risk and benefit
information for genetically modified foods in Europe. Benefits arguments (aside from price
advantage) will be ineffective in balancing the risk-benefit equation until second generation
genetically modified foods (functiona foods) come to the market. Communicating risk and benefit so
asto build knowledge and trust remains a critical near term need in public acceptance of agricultural
biotechnology.

Integrating Knowledge And Trust

Barling et al. (1999) describe a process for integrating risk analysis with social impact assessment as
ameans of linking trust and knowledge in risk judgements concerning food biotechnology. This
approach recognizes the strong objective foundation of risk assessment underlying risk analysis. It
expands that foundation to include societal analysisin the form of expert panels, citizen juries, depth
surveys, and focus groups as a means to solicit and acknowledge public input in the management and
communication of risk. Such approaches are pivotal to building trust in the process of biotechnology
risk analysis. Thisin turn opens the door for knowledge to once more come forward to influence
public perceptions of risks associated with agricultural biotechnology.

References

American Chemical Society (ACS). (1998). Understanding risk analysis. Washington, DC: American
Chemica Society.

Bérdossy, A., and Duckstein, L. (1995). Fuzzy rule-based modeling with applications to geophysical,
biological, and engineering systems. Boca Raton, FL: CRC Press.

Barling, D., de Vriend, H., Cornelese, J.A., Ekstrand, B., Hecker, E.F.F., Howlett, J., Jensen, JH.,
Lang, T., Mayer, S., Staer, K.B., and Top, R. (1999). The socia aspects of food
biotechnology: A European view. Environmental Toxicology and Pharmacology, 7, 85-93.

Biotechnology Industry Organization (BIO). (October 12, 1995). Proposed data requirements for
plant pesticides. Washington, DC: Biotechnology Industry Organization.

European Commission. (October 17, 1998). Guidelines on the application of the precautionary
principle. Brussels, Belgium: European Commission Directorate-General XXI1V.

Foundation for American Communications (FACS). (1995). Reporting on risk: A Journalist's
handbook on environmental risk assessment. Pasadena, CA: Foundation for American
Communications. Available on the World Wide Web:
http://www.facsnet.org/report_tools/guides primers/risk/main.html

Food and Agricultural Organisation/World Health Organisation (FAO/WHO). (1995). Consultation
on risk analysis report. Geneva, Switzerland: Food and Agricultural Organisation/World
Health Organization.




J. D. Wolt & R K. D. Peterson - AgBiotech & Societal Decision-Making: The Role of Risk Analysis

Gaskdll, G., Brauer, M.W., Durant, J., and Allum, N.C. (1999). Worlds apart? The reception of
genetically modified foods in Europe and the U.S. Science, 295, 384-387.

Hoban, T.J. (1997). Consumer acceptance of biotechnology: An international perspective. Nature
Biotechnology, 15, 232-234.

International Food Biotechnology Council (IFBC). (1990). Biotechnologies and food: Assuring the
safety of foods produced by genetic modification. Regulatory Toxicology and Pharmacol ogy,
12(3).

Jepson, P.C., Croft, B.A., and Pratt, G.E. (1994). Test systems to determine the ecological risks posed
by toxin release from Bacillus thuringiensis genesin crop plants. Molecular Ecology, 3, 81-
89.

Kershen, D. (1999). Biotechnology: An essay on the academy, cultural attitudes and public policy.
AgBioForum, 2(2), 137-146. Available on the World Wide Web:
http://www.agbi of orum.missouri.edu.

Kesder, D.A., Taylor, M.R., Maryanski, J.H., Flamm, E.L., and Kahl, L.S. (1992). The safety of
foods developed by biotechnology. Science, 256,1747-1832.

Klee, K. (September 13, 1999). Frankenstein foods? Newsweek, 134(11), p. 33.
Laronche, M. (April 20, 1999). Commerce et santé un couple arisques. Le Monde.

Losey, J.E., Rayor, L.S., and Carter, M.E. (1999). Transgenic pollen harms monarch larvae. Nature,
399, 214.

Lowrance, W.W. (1976). Of acceptable risk. Los Altos, CA: William Kaufman.

Luhmann, N. (1979). Trust and power. Chichester, UK: Wiley.

Mehta, M. (1998). Risk and decision-making: A theoretical approach to public participation in
techno-scientific conflict situations. Technology and Society, 20, 87-98.

National Research Council (NRC). (1996). Understanding risk: Informing decisions in a democratic
society. Washington DC: National Research Council, National Academy Press.

National Research Council (NRC). (1989). Improving risk communication. Washington DC: National
Research Council, National Academy Press.

National Research Council (NRC). (1983). Risk assessment in the Federal Government: Managing
the process. Washington DC: National Research Council, National Academy Press.

Organisation for Economic Co-operation and Development (OECD). (1995). Harmoni zation of
biotechnology regulation: Analysis of information elements used in the assessment of certain
products of modern biotechnology (OECD Environment Monograph No. 100). Paris, France:
OECD.

Peterson, R.K.D. (2000). Public perceptions of agricultura biotechnology and pesticides: Recent
understandings and implications for risk communication. American Entomology, 46, 8-16.




J. D. Wolt & R K. D. Peterson - AgBiotech & Societal Decision-Making: The Role of Risk Analysis

Pollan, M. (October 25, 1998). Playing God in the garden. New Y ork Times Magazine, 148(51321),
p. 44.

Porter, T.M. (1995). Trust in numbers: The Pursuit of objectivity in science and public life. Princeton,
NJ: Princeton University Press.

Power, M., and McCarty, L.S. (1998). A comparative analysis of environmental risk assessment/risk
management frameworks. Environmental Science and Technology, 36, 224A-231A.

Scholderer, J., Balderjahn, 1. and Will, S. (1998). Communicating the risks and benefits of genetically
engineered food products to the public: The View of experts from four European countries
(Working Paper No. 57). Denmark: Center for Market Surveillance, Research and Strategy
for the Food Sector (MAPP).

Shelton, A.M., and Roush, R.T. (1999). False reports and the ears of men. Nature Biotechnology, 17,
832.

Slovic, P. (1987). Perception of risk. Science, 236, 280-285.

Smink, G.C.J., and Hamstra, A.M. (1994). Impacts of new biotechnology in food production on
consumers (Research Report No. 170).  The Hague, NL: SWOKA Ingtitute for Consumer
Research.

Thompson, P.B. (1999). The ethics of truth-telling and the problem of risk. Science and Engineering
Ethics, 5, 489-510.

Tiedje, JM., Colwell, RK., Grossman, Y.L., Hodson, R.E., Lenski, R.E., Mack, R.N., and Regal, P.J.
(1989). The planned introduction of genetically engineered organisms: Ecological
consideration and recommendations. Ecology, 70, 298-315.

World Health Organization (WHO). (1991). Strategies for assessing the safety of foods produced by
biotechnology. Geneva, Switzerland: World Health Organization.



