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cally nanotechnology and genetically engineered

organisms (GEOs), challenges current practices
of governance and science. When a governing body
is confronted by a technology whose use has poten-
tial environmental risks, some form of risk analysis is
typically conducted to help decision makers consider
the range of possible benefits and harms posed by the
technology. Environmental risk assessment (ERA) is
a critical component in the governance of nanotech-
nology and genetically engineered organisms because
the uncertainties and complexities surrounding these
technologies pose such risk potential.! However, GEOs
are unique technologies, and there is widespread,
international recognition (e.g., the Cartagena Proto-
col on Biosafety of Living Modified Organisms) that
many traditional forms of ERA are not well-suited for
evaluating them.2 Nanotechnology products are also
likely to need different models of risk assessment, as
there is very little information on their fate, transport,
and impacts in the environment.?

ERA was originally developed approximately 40
years ago to address the effects that pesticides and
other point-source* environmental pollutants could
have on the environment, and was patterned on
human health risk assessments.? It assumed that the
adverse environmental effects of these chemical pol-
lutants could be best evaluated by examining the tox-
icity of the pollutant on a few species to ascertain the
kinds of adverse effects considered possible. Employ-
ing an ERA for governance and oversight assumes we
have a reasonable ability to understand consequences
and predict adverse effects. Basically, the traditional
ERA involved choosing a few species, estimating likely
maximum environmental exposure, conducting acute
toxicity tests, and devising management restrictions to
reduce the expected risk. In recent decades, the scope of
ERA has expanded substantially to consider non-point
pollutants, multiple pollutants from multiple sources,
invasive species, environmental hormones, land use

Societal evaluation of new technologies, specifi-
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practices, and others.” As part of this expansion, ERA
has been applied to genetically engineered organisms
and nanotechnology. In addition, the purpose of ERA
has expanded. Originally considered a decision-sup-
port tool, it is now sometimes used to legitimize a deci-
sion to stakeholders or society-at-large.® Consequently,
the traditional ERA has come under considerable criti-
cism for its many shortcomings.

To successfully integrate ERAs, governance, and
societal reflection, a deliberative process involving
multi-stakeholder participation is one method that is
becoming increasingly common throughout the world;
many view it as the most robust method.”? A delibera-
tive process is one involving careful consideration and
evaluation of available options. Multi-stakeholder par-
ticipation means directly involving the voices of those
people likely to be most affected by a particu-
lar decision. Integrating a deliberative multi-

Nanotechnology products are also likely to

need different models of risk assessment, as
there is very little information on their fate,
transport, and impacts in the environment.

stakeholder process into ERA procedures for
a nanotechnology or transgenic organism
is a way to allow a relevant cross-section of
society to evaluate the critical needs and risks
involved cooperatively and comparatively.
Doing so — if the process is taken seriously
— can help overcome deadlock and actually

One shortcoming of many traditional ERA processes
is the inability to effectively involve societal perspec-
tives in a practical way that interacts with and informs
the ERA throughout its entire process and places the
science within a social deliberation over the values that
frame policy. There is a tendency in traditional ERA
models to focus primarily on scientific understand-
ing of environmental issues.’ This understanding is
clearly essential to effective governance, but in the case
of nanotechnology and transgenic organisms, ERAs
need to be responsive to broader societal values and
issues. In particular, the complexity and uncertainty
associated with GEOs often leads to polarizing debates,
influences their societal acceptance, and ends in gov-
ernance deadlock.” Considering these technologies
demands the inclusion of information about political,
ethical, social, and economic factors in order to bridge
science and governance. Uncertainty and complexity
require a more profound and inclusive deliberation
that allows participants to consider the acceptability of
risks in relation to their values.’

Several international efforts suggest that an ERA
of emerging technologies will be more informative
for decision makers if broadened to focus not just on
the ecological risks posed by the technology, but also
on the critical societal needs that the technology is
being proposed to address.’>? When such a technol-
ogy is being considered for introduction in a country,
it is being evaluated as a solution to some problem.
Ideally, a societal problem will be addressed with the
solution most suited to that problem; however, to do
so demands that a country have an adequately broad
understanding of the problem, so that all of the pos-
sible alternative solutions can be evaluated. This
requires social reflection and discussion.

move parties forward on legitimate grounds
to make a decision.*

In this article, we briefly review the challenges posed
by genetically engineered organisms and nanotechnol-
ogy, leaving an extensive analysis of these problems to
other authors in this symposium, and then present the
Problem Formulation and Option Assessment (PFOA)
methodology as a flexible approach linking environ-
mental risk assessment with decision making, thereby
enhancing governance of these technologies. Finally,
we focus on the key concepts underlying PFOA that
strengthen both ERA and governance.

Unique Challenges Posed by the
Technologies

Nanotechnology

Nanotechnologies are emerging technologies that
present unique challenges to countries struggling
to keep pace with the broad range of products, both
potential and already commercial, and the necessary
oversight responsibilities and ethics of good gover-
nance. Those challenges include:

 Business projects an astronomical growth in
applications.

 Nano results in complex technologies, for exam-
ple, those that move across traditional biophysi-
cal boundaries.

« Some nanotechnologies are active and continue
to be active, with unknown consequences.

* Science is playing catch-up with each new dis-
covery, resulting in a dearth of information.

¢ Currently, in the United States nanotechnology
is governed with a quilt of preexisting laws, poli-
cies, and agencies.
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Scientists and scholars have been documenting the
incredible range of products that could be consid-
ered nanotechnologies or nanosystems.!> These prod-
ucts provide numerous services from drug delivery to
strengthening structures, from improved sunscreen
to illumination that allows us to see previously unex-
plained molecular processes.’® In response to these
discoveries, patent numbers are increasing and along
with them the related oversight challenges.!”

Complex nanotechnologies multiply uncertainties
as we work with their attributes, stretching our previ-
ous understanding of the way the world functions and
what we can predict. The foundational difference is the
size, at the nanometer scale. Nanometer particles can
move through a biological organism, crossing mem-
branes and even into cells. This tiny size allows for
molecule-to-molecule interactions to dominate their
dynamic properties, a realm in which we have only
poor statistical understanding. Scientists and public
officials do not yet have sufficient information to track
nanotechnology production and confidently monitor
nanotechnologies into the future.

These technologies defy our governance assump-
tion that we have a reasonable ability to understand
consequences and predict adverse effects. In the
United States we are currently using laws, risk assess-
ment methodologies, and agency structures designed
for other technologies.’® While a practical approach,
this patchwork causes some to question whether we
have sufficient oversight to satisty our legal responsi-
bilities, ethical obligations, or status as global leader
in nanotechnology.’

Each country has the right and responsibility to
design its own policies and regulatory systems to
address nanotechnology. However, navigating the
complexity and uncertainty surrounding this technol-
ogy requires that countries have the capacity to con-
duct a reliable assessment of the technology. If a coun-
try has poor chemical, medical, or consumer product
regulatory systems, then it will be a major challenge to
address nanotechnology oversight.

Genetically Engineered Organisms

GEOs pose some unique challenges to any country
working to determine whether or how they will be
allowed and managed within the county’s borders.
Those challenges include:

¢ GEOs may have widespread impacts.

 They are alive and therefore able to spread and
evolve on their own accord.

 Every unique instance of proposed GEO technol-
ogy may need to be considered individually.
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 Evaluating GEOs requires particular scientific
and institutional capacities.

GEOs may have broad, unintended effects on people
and environments. GEOs can be easily transferred
within regions and across borders through trade or
environmental processes, such as pollination. Once a
GEO is introduced, a country’s ability to control expo-
sure and movement may be limited.2° Thus, the effects
of using GEOs may not be isolated to the intended area
of use. One country’s decision to allow and manage
GEOs within its borders, even if only in one particu-
lar region, may unintentionally impact other regions
inside its borders or, of greater political significance,
other countries. As the existence of GEOs becomes
more pervasive, especially given the potential for
trans-boundary movement, the capacities of countries
to intentionally and autonomously decide whether or
how GEOs will be allowed and managed within their
borders could become diminished.

A GEO technology should be considered for its own
unique benefits and harms to the ecological and soci-
etal contexts into which it is introduced.* A GEO is
the product of one or more in vitro modifications to
the genetic structure of a naturally occurring species
or subspecies. GEOs are usually genetically similar to
the species or subspecies from which they originate.
However, the genetic modifications in a GEO create
potential for the organism to act differently than its
naturally occurring counterpart in a particular envi-
ronment. Ecologically, these differences could mani-
fest in patterns of survival and reproduction, interac-
tions with other organisms including humans, or roles
in ecosystem services. For society, these differences
could manifest in any number of social, cultural, or
economic systems. Furthermore, the consequences of
these differences could be beneficial or harmful, benign
or significant, geographically restricted or widespread.
The only way to understand with reasonable certainty
what effect the differences may have is to specifically
examine a proposed GEO in the particular contexts
into which it might be introduced.22

To meet governance responsibilities for GEOs, each
country will design policies and regulatory oversight,
but the complexity and uncertainty associated with
GEOs require a reliable assessment of the technol-
ogy.22 This demands the scientific capacity to con-
duct an environmental risk assessment (ERA) and
the institutional capacity to integrate socio-economic
considerations into the overall decision-making pro-
cess. Some countries already have the infrastructure
in place to accommodate an assessment of GEOs that
can effectively balance safety, competitiveness, and
existing societal and ecological contexts. Other coun-
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tries have faced difficulties in providing the infrastruc-
ture needed.2*

Problem Formulation and Options
Assessment (PFOA)
Problem Formulation and Options Assessment
(PFOA)* is a methodology that we initially designed
for deliberative formulation of problems and com-
parative assessment of future alternatives relative
to the biosafety evaluation of genetically engineered
organisms.?® This is a methodology we have used and
refined in many countries, including Kenya, Brazil,
and Vietnam. The methodology was developed within
the GMO ERA Project? to help deal with the tradi-
tional deficiency of societal deliberation in ERA and
integrate societal perspectives throughout the ERA
process. Though designed for transgenic organisms, it
can be modified for nanotechnology to address either
the introduction of new technologies or the develop-
ment of monitoring plans and risk management for
existing nanotechnology.

A PFOA is a multi-step, interactive process that
directly involves stakeholders in an assessment of the
positive and negative effects of a technology. The pro-

der provides a forum for considering a technology at
multiple scales, across disciplines, by policy makers
and regulators, and among stakeholders. It provides
a viable means of combining public deliberation and
science-based analysis within a decision process. The
major contributions that the PFOA process potentially
can make to an ERA include:

 improving the use of science in ERA;

* providing an arena for considering societal val-
ues and ethics along with science;

* providing for the possibility of a responsive rela-
tionship among citizens and between citizens
and scientists in the ERA process;

* strengthening the legitimacy of the ERA and
governance of technologies;

¢ better linking ERA with the entire system of
regulating and managing technologies; and

* helping society evaluate technologies in light of
alternative futures.

The PFOA process emphasizes engagement with
stakeholders in an iterative series of stages, from iden-
tification of the problem(s) through comparison of

Someone must propose that a particular technology, such as a GMO,
would be a beneficial alternative to the way things are currently being done
in a particular system. These proposals may come from a variety of actors,
and each nation will have its own process for moving such a proposal
through a common review process.

cess asks relevant stakeholders to conduct an ERA by
collaboratively identifying, analyzing, and advising
on the reduction of possible harms and the enhance-
ment of potential benefits within the specific contexts
for which a technology is being considered. To this
end, a PFOA relies on being transparent, inclusive
of all appropriate stakeholders, and informed by the
best available science. It serves to strengthen an ERA
by incorporating deliberation into scientific assess-
ments as a means of linking risk assessment with
governance.

A PFOA process can be a core component for any
biosafety assessment of a transgenic organisms and
nanotechnology. It uniquely and necessarily puts all
people potentially affected by a proposed use of a tech-
nology (i.e., stakeholders) at the center of risk assess-
ment in a way that they can influence and contribute
to the assessment. The healthy debate it can engen-

multiple technology solutions that could be used in the
future with their relative benefits, harms, and risks. It
provides upstream public engagement, as opposed to
consultation only when a product is being considered
for release to the market.

The PFOA Methodology

The PFOA process is comprised of brainstorming,
discussion, and analytical components. The following
sections outline the specific steps and phases involved
in the PFOA process (Figure 1). The PFOA steps do
not correspond uniformly to the steps or tiers in classi-
cal risk assessment because each country organizes its
risk analysis differently. For example, a country may
use the PFOA at a policy level for a technology needs
assessment that would guide research and develop-
ment decisions about nanotechnology or transgenic
organisms (Steps 1-3), or the PFOA may be used for
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Figure |

Problem Formulation and Option Assessment (PFOA) Methodology for Environmental Risk Analysis of
Nanotechnologies and Genetically Engineered Organisms (Nelson and Banker 2007)
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Problem .<
Formulation

Phase How extensive is

the problem?

Is this a core
problem?

Step 3:
Problem Statement
Step 4:
Move Forward?

environmental risk assessment of a specific GMO (Step
1-9 with an emphasis on Step 9). In addition, decisions
will have to be made about whether to develop a basic
PFOA involving a few essential meetings for delibera-
tion, or a highly interactive PFOA with many meetings
for exchange between stakeholders and scientists and/
or regional consultations.?8

Decision
from
Regulatory

Body

Pre-PFOA: Initiating Proposal

Proposal to Use the Technology

First, someone must propose that a particular tech-
nology, such as a GMO, would be a beneficial alter-
native to the way things are currently being done in
a particular system. These proposals may come from
a variety of actors, and each nation will have its own
process for moving such a proposal through a com-
mon review process. For example, a PFOA designed
for policy-level recommendations may be initiated by
the government research and development branch as
aneeds assessment, considering current problems and
possible technology solutions, including nanotechnol-
ogy. A PFOA designed for environmental risk assess-
ment of a specific transgenic organism may be initi-
ated by a national research institute developing a new
technology or a company proposing importation of a
GEO. In this case, the PFOA uses Steps 1-3 to under-
stand the societal needs and problems that would be
addressed by the new technology. These steps inform
the system analysis and adverse-effects questions in
the options assessment.
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Decision by Policy or Regulatory Body

Before launching the PFOA process, the relevant pol-
icy or regulatory body must consider whether there
is merit in moving forward to evaluate the GMO as a
possible option. If the relevant body finds that there is
indeed merit and the proposal to be considered is not
premature, then the PFOA process is appropriate.

PFOA Process

Step 1: Problem Formulation

Formulating the problem that will be addressed by
the new technology is the initial step in a PFOA that
must be done by a multiple-stakeholder group in an
open deliberation considering diverse perspectives.
The problem is defined as an unmet basic human
need that requires change. Basic human needs are
most commonly identified as food, shelter, and safety.
Other human interests are stakeholder-specific, such
as enhanced economic opportunity, positive social
interactions, and cultural richness. For example, indi-
viduals have a basic need for a certain amount of calo-
ries per day as a minimum foundation for well-being.
Once the needs for food, shelter, and safety are met, an
individual can expand his or her interests to include
other options for well-being. These interests will differ
from one individual to another and from one group to
another. An example question in this step is:

« What needs of the people are not being met by
the present situation?
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Step 2: Prioritization and Scale

Systems research indicates the importance of first
considering whose problem we are addressing (the
positive question), and whose problem we should
be addressing (the normative question). There may
be more than one “who” identified. The next step is
to determine the needs of the identified people that
are not being fulfilled by the present situation. This
statement of unmet needs is a statement of the prob-
lem addressed by the technology. Changing the pres-
ent situation to meet those needs is a statement of the
“solution” to the problem. In developing protocols for
these questions, it will be essential to detail the sources
of information (kind of data, opinions, etc.) necessary
to answer the questions.

Representatives of stakeholder interests pres-
ent their perspectives on the problem and priorities.
Through the deliberative process, the needs of each
stakeholder sector will be clarified. Example questions
in this step include:

« Is this problem a core problem for the people
identified?
» How extensive is the problem?

Step 3: Problem Statement

A problem statement is a shared understanding of
the unmet need addressed by the technology and its
relative importance for diverse groups of people. This
stage of the multi-stakeholder process ends with a
commonly agreed upon problem statement as well
as articulation of differences. An assessment of the
merits of continuing the process or not proceeding
further informs the decision made by the appropriate
regulatory group: should the PFOA process advance
to develop the options assessment for addressing this
problem or not? Reasons for not proceeding may be
the limited scale of the problem, the lack of impor-
tance to stakeholders, or the unclear need for change,
among others.

Step 4: Recommendation to Move Forward

In a policy-level needs assessment, the group will
decide if the technology should be considered as a
potential solution because it may address critical soci-
etal needs. Ifthe technology is already being used, then
the environmental risk assessment will not be proac-
tive but rather reactive, focused on monitoring for any
adverse effects. In most cases a regulatory authority
will oversee the environmental risk assessment. An
example question in this step would be:

* Do we move forward to identify options and con-
duct an options assessment?

Step 5: Option Identification

This step involves the identification of potential solu-
tions for the identified problem (policy and technical
options and potential alternative solutions). This is one
of the most creative moments in a PFOA. It involves
brainstorming about the multiple ways in which the
defined problem could be solved or addressed. It is not
a commitment to one option or another, but rather an
open generation of ideas. It is an effort to think about
a problem in a new way or suggest how new resources
can be brought to bear to solve a problem. The entire
group generates options without concern about
defending them or endorsing them.

This step can be undertaken by the multi-stake-
holder group for the initial identification of options,
then a technical committee can develop a pre-report
that covers information for Steps 6-8, and the multi-
stakeholder group can use the document to further
evaluate options. Moving through Steps 6-8 can be an
iterative process, designed with multiple opportuni-
ties for exchange among the PFOA group, risk-assess-
ment scientists, and decision makers. The number of
exchanges will be country-specific with a minimum of
two to three, but could be designed to provide numer-
ous interactive meetings. An example question for this
step is:

* What are the options for solving the problem?

Step 6: Assessment in Relation to the Technology and
the Problem

Identification of the attributes of each option provides
the data necessary for a comparative assessment of
potential alternative solutions. This begins the analy-
sis of the merits of each option and how implementa-
tion would be conducted. Example questions for this
step are as follows:

Technology attributes:

e What are the characteristics of the technologies
involved?

e What is the efficacy of the technology relative to
the target?

* What is the cost of the technology within the
production system?

Sociopolitical attributes:

* What social and economic organization will be
required?

¢ What values or norms will be affected?

¢ What laws, regulations, policies, or programs
currently exist that would regulate the option?
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Production attributes:

¢ What current advantages do we have for imple-
menting this option?

» What barriers to use exist?

* How does this option fit with current practices?

Summary of how each option might be evaluated:

e What is the current state of information and sci-
ence related to this option?

» How will anticipated changes in practices affect
the needs identified in Steps 1 and 2?

Step 7: Changes Required and Anticipated

Based on the identified attributes of each option, the
group proceeds to define the extent of changes required
to implement each option. The main focus should be
on the system, but changes in the local economy, social
organization of the sector, and policies will be neces-
sary to consider as well. Changes may be necessary
in order to implement the option, or they may be an
indirect effect of implementing the option. Example
questions for Step 7 include:

* What changes in management practices might
contribute to this solution?

¢ What changes in the local community might
contribute to this solution?

* What changes in government support might
contribute to this solution?

* What changes in the structure of production
might contribute to this solution?

* How do the options compare in the extent of the
changes required or anticipated?

Step 8: Adverse Effects

The essential link to environmental risk assessment
is identifying the potential adverse effects of the pro-
posed options. These potential adverse consequences
of solving the problem should not be more costly to
society than continuing with the status quo. In gen-
eral, society demands precaution when a proposed
change is both adverse and irreversible. The most
critical effects will be those that adversely effect the
conservation or sustainable use of biological diversity
in an area or that will force hardship on a disadvan-
taged group. By focusing on adverse effects, the group
is identifying the values at risk. Example questions for
this step are as follows:

* How might the potential solution affect produc-
tion systems and their infrastructures?

» How might the potential solution reinforce poor
practices or disrupt useful practices?
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e What are the potential adverse effects/harms of
these changes internally and externally to the
production system?

» How will its use affect (both positively and nega-
tively) other nearby ecosystems; the conservation
of genetic variability of species and other related
biodiversity; and important social, cultural, eco-
nomic, or ethical values?

e What is the scale and importance of these
effects?

* Are any of these effects difficult to reverse once
they occur?

* How do the options compare in their potential
for adverse and irreversible effects?

Step 9: Recommendation

The group can recommend an option. If no option is
acceptable, then the report should clearly explain why.
The PFOA report is sent to the oversight body to inform
their considerations and final decision. The legitimacy
of the governmental decision makers rests on their abil-
ity to reflect the interests of diverse groups within soci-
ety and conduct oversight for the common good.

Key Concepts Underlying PFOA
Problem Formulation and Options Assessment
(PFOA) is a methodology based on key concepts in
two areas: environmental risk assessment (ERA) and
governance. The foundational concepts in ERA are
science-based consideration, deliberation, and multi-
criteria analysis. Under the umbrella of governance,
concepts of participation, transparency, and account-
ability are most relevant. The following discussion
addresses these concepts, some of which have also
been addressed in critiques of nanotechnology over-
sight presented by authors in this symposium.2°

All of these concepts are part of broader discussions
about ERA and governance in countries around the
globe.?0 Thus, they have all received extensive treat-
ment by scholars and practitioners elsewhere. For the
purposes of this article, it is not necessary to be famil-
iar with the full scope of these discussions. However,
it is worthwhile to have a grasp of each concept as it
relates to PFOA. Here we provide a brief overview of
each, plus an explanation of how each is embodied
within PFOA.

Key Concepts Linking PFOA to ERA

An ERA is undertaken to help decision makers make
socially acceptable decisions when faced with a choice
involving risk.?! A proposed activity involving risk
compels decision makers to weigh the possible impacts
of allowing the activity in comparison to alternative
approaches, such as not allowing the activity or allow-
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ing the activity in some restricted form. It is common
for decision makers to accept some degree of risk in
decisions, particularly when a proposed activity offers
significant benefit in addressing a societal problem.
However, risk should never be accepted lightly or
blindly. An ERA helps to ensure that decisions involv-
ing risk are well informed and made in the best inter-
ests of society.

Conducting an ERA always involves making judg-
ments in the face of uncertainty. Because the judg-
ments made in an ERA could impact critical societal
decisions, it is important to clarify the options available
and make the judgment as accurate as possible. There
are a variety of methods and tools used in ERA to help
increase accuracy in judgments. These include:

¢ basing an ERA in scientific knowledge, informa-
tion, and analysis;

« using deliberation involving peers to determine
the best responses to key questions; and

* integrating some degree of multi-criteria analy-
sis to help compare types of information that are
different or otherwise incomparable.

An additional means of increasing the accuracy of judg-
ments made within an ERA is to deliberately include
societal discussion in the process so that judgments
can better respond to a society’s core values, concerns,
and needs. PFOA is a means of increasing accuracy in
judgments within an ERA by integrating societal dis-
cussion directly into the process. PFOA also uses the
same means as ERA for helping increase accuracy of
judgments: science-based consideration, deliberation,
and multi-criteria analysis.

Science-Based Consideration
A science-based, decision-making process uses sound
interpretation of the most relevant scientific informa-
tion available to inform decisions.?? Decision makers
are always challenged by the degree of uncertainty,
whether smaller or larger. This is particularly true
when trying to determine and weigh the consequences
of a decision about a complex issue for the future. Even
though science is subject to uncertainty, science can
serve as an important foundation for decision-making
processes because of the nature of scientific informa-
tion and the way science deals with uncertainty.??
Science aims to determine what information about
the world can be relied upon as accurate, through a
systematic process of testing hypotheses about how
phenomena in the world are related. Scientists gen-
erate information through the use of agreed-upon
methodologies that have been developed over time,
specifically to help minimize bias and promote greater

objectivity. For example, scientists carefully docu-
ment their work and clearly indicate the assumptions
underlying it, including any known uncertainties, and
then subject the work to peer review by other scien-
tists to evaluate its quality and accuracy. These sys-
tematic methodologies can help them acknowledge
the limits of their information and thus be more effec-
tive in judging the reliability of their findings. Addi-
tionally, scientific practices such as these ensure that a
degree of transparency and accountability is built into
science. For these reasons, scientific information can
carry more credibility among some people, particu-
larly when diverse groups of interests are involved.

There are various debates within society about sci-
ence and grounding decision making in science.?*
A prominent example within governance has to do
with concerns people have about the role of science
in informing policy. Some question whether scientific
information should be privileged over other informa-
tion, especially when issues are more social or cultural
in nature. Others argue that doing “good” science takes
too long and that science does not provide information
at the pace policy requires to keep moving forward.
Some question the objectivity of science, arguing that
it is a social process influenced by values and cultural
norms. These are legitimate and important concerns,
and the debates are ongoing. However, at least in the
case of risk assessment, there is enough evidence to
suggest that science can play a critical role in inform-
ing policy, including an evaluation of uncertainty. As
for concerns about the pace and elaborateness of the
scientific process, it is important to note that these
concerns should be addressed. There are efforts to
make scientific methodologies more efficient, acces-
sible, timely, and still rigorous in their ability to pro-
duce information for policy.?* These are the primary
objectives behind the work of the GMO ERA Project
mentioned above.

PFOA brings science-based information into a
broader societal deliberation to help answer the
socially significant questions surrounding an issue. For
example, PFOA can assist an ERA with understand-
ing the degree of acceptable risk or potential advan-
tages that any particular option poses. Science has a
history of methodology that is accepted by experts.
Using the information from such commonly agreed-
upon methodologies as the basis for new understand-
ing makes these understandings more reliable. If cer-
tain scientific methodologies are challenged, a new
consensus about what constitutes rigorous evaluation
must evolve. For example, obtaining common agree-
ment on a set of scientific methodologies for conduct-
ing ERAs of transgenic organisms is the overall goal
of the GMO ERA Project, the effort from which PFOA
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has emerged. By using science to support the answers
to questions framed by the values of participating
stakeholders, PFOA may reduce the political fight-
ing among stakeholders over some ecological uncer-
tainties. Science-based information offers a mutually
credible basis for discussion, leading more people to
see a discussion as a reasonable dialogue rather than
as positional fighting over power, which detracts from
dealing with the actual issue under discussion.

Nanotechnology is an example of a technology
requiring science-based consideration. This technol-
ogy may not be as politicized within the United States
as elsewhere,3¢ but there are tremendous uncertain-
ties about how nanotechnologies will behave, through
traditionally assumed boundaries such as membranes,
in the environment, and over time.37 Science-based
information in PFOA helps minimize, or at least
reduce, the conflicts among stakeholders over the use
of emerging technologies. Disputes among stakehold-
ers are addressed by answering questions together
supported by scientific information relating to GMOs.
This grounding in science also actually helps set the
stage for participants to later bring other types of
information into the discussion, such as social, eco-
nomic, and ethical factors. Once a dialogue has been
started around scientific information, these other types
of considerations can often be raised without creating
as much instantaneous resistance between divergent
stakeholders as discussions about value-based factors
otherwise might.

Deliberation
We define “deliberation” as the means by which all
participants carefully consider, as a group, all relevant
sides of an issue in order to understand differences
and possibly reach some shared conclusion. Delibera-
tion differs from a positional process of assessment
in which stakeholders with different interests come
together to argue for their particular pre-defined posi-
tions.38 Rather, deliberation seeks to reach a com-
mon answer, and this requires a collection of different
interests coming together to openly share and listen to
diverse views.?? Deliberation differs from participation
(see below) in focusing on how participants interact
rather than on who should participate in the group.
Deliberation requires a collaborative process in
which individuals with different interests answer
questions together in order to identify and be as
inclusive as possible of all relevant considerations in
their process. During deliberation, disagreement and
uncertainty are openly acknowledged in order to facil-
itate the identification of alternatives for dealing with
an issue. For participants, deliberation can produce
mutual understanding of different interests and where
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differences exist, shared learning about answers.*
Deliberation acts as a structured means for people to
exchange information, clarify their understandings,
create new possibilities, and compare options. For this
reason, deliberation is also capable of moving people
closer to agreement on some issues and identifying
differences where they exist.

Critics of deliberation express concerns about the
potential for deliberation to degrade into open conflict.
This is a valid concern in that a deliberation can only
be effective if the atmosphere remains cooperative.
Anytime conflicting interests are brought together,
maintaining a cooperative atmosphere is a challenge.
However, deliberation does not mean posturing or
fighting. Deliberation also does not mean forcing a
consensus. Differences of opinion continue to exist.
Deliberation involves listening, questioning, comment-
ing, and mutual understanding. A process intended as
a deliberation needs to be designed with this in mind,
by ensuring that participants have both the intent and
the incentive to deliberate as opposed to simply fight.

PFOA alters traditional conceptions of ERA by
incorporating deliberation. Historically, many ERAs
have not gone much beyond a consultative approach:
an agency might define recommendations based on
conclusions from scientific evaluations, the recommen-
dations are presented to the public, and stakeholders
take positions relative to the agency’s recommenda-
tions.* However, in this approach, the possibilities are
confined by the limits of the recommendations, and
typically generate adversarial positions. With PFOA,
an ERA is centered on a deliberation in which stake-
holders answer questions about a problem together
throughout the evaluation process rather than after it
has been completed. Stakeholders engage because the
questions are significant and the process is beneficial
to them. They can exchange information and jointly
analyze topics with scientists. The idea is that in doing
so, new information and organization of ideas will be
brought into the process, creating new possibilities
for future alternatives. As opposed to the adversarial
stances that arise in a consultative approach, the delib-
eration in PFOA is better able to generate and add
new information into an ERA. Deliberation requires
stakeholders to work together, allowing for shared
reflections among a broad range of interests. Addi-
tionally, new insights can be generated as stakeholders
share information; something less likely to occur when
stakeholders start out positioned against one another.
Deliberation also allows stakeholders to identify shared
points where their interests meet. Moreover, delibera-
tion helps stakeholders clarify their understanding,
such as resolving what information is relevant, and
identifying areas where uncertainty exists.
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Multi-Criteria Analysis Approach

A multi-criteria analysis approach assumes that PFOA
will expand the scope of a traditional ERA to address
wider concerns in assessing risk. The European Union
regulations consider cumulative and synergistic effects,
among others.*> The National Research Council dis-
cusses effects on future generations and ripple effects.*3
Multi-criteria analysis refers to formal methods that
people can use to help deal with complexity and incom-
patibility of views on an issue. Issues, especially related
to the environment, are often complex because there are
so many different factors and competing interests that
people need to consider.** For example, a given analysis
might need to consider ecological factors, social factors,
ethical factors, political factors, and economic factors.
Because each of these factors is valued differently by
different stakeholders, they cannot be easily condensed
into a common measurement, such as a dollar value, to
compare them to one another. Multi-criteria analysis
allows a group to create a conceptual model based on
assumptions about the way something works and how
different factors relate to one another. Then the group
can take different and otherwise incomparable units
and incorporate them into the created model to weight
the units according to the assumptions built into the
model. (A form of this approach is used in the case
studies in this symposium.*5)

When complexity and incompatibility are not effec-
tively dealt with in risk considerations, important
information may be discarded or relevant perspectives
may go ignored because they are difficult to consider
or measure. For example, scientific information has
certain advantages, such as greater reliability, but a
disadvantage is that science might not have taken into
account a people’s ethical or cultural concerns. Multi-
criteria analysis involves trying to bring complexity
and incompatibility together. It helps people make full
use of all relevant information to identify alternatives
and make more informed, robust decisions that are
appropriate to a particular context.

PFOA does not currently require a formal, model-
based multi-criteria analysis process, but it does
embody the basic elements underlying multi-criteria
analysis, and it allows for the possibility of integrating
a model-based analysis if desired. Like multi-criteria
analysis, PFOA involves asking questions that look at
changes at different scales and relationships within a
system. (These might include within an organ, within
the body, between people, or within an ecosystem
beyond a country’s borders.) As a PFOA group asks
their questions, they then develop answers using the
assumptions people have about the functioning of a
system at appropriate scales. This involves doing anal-
ysis across different units, such as different economic,

ecological, and social considerations. The key elements
of multi-criteria analysis are present in PFOA, and
integrating formal modeling into a PFOA is possible.

Key Concepts in Governance

Governance broadly refers to the activities carried out
by individuals and institutions, public and private, to
reach their shared goals and manage their common
affairs.*® Use of the term “governance” today pertains
more specifically to practices intended to promote a
working two-way relationship between the state and
citizens, namely participation, transparency, and
accountability. From the perspective of the state, gov-
ernance is the capacity to learn and understand what
the citizenry needs and wants, and to respond effec-
tively and respectfully. From the perspective of the
citizenry, governance is the capacity to be informed
about and involved in the state’s activities, and to effec-
tively communicate and negotiate with the state about
interests and concerns. There are a number of ways
in which today’s concept of governance is expressed in
practice. Examples include efforts to involve a range of
citizen perspectives in decision making, open sharing
of information between the public and the state, and
making sure these practices are subject to oversight
and challenge. Governance is the means by which the
state and the citizenry meet their responsibilities to
one another and to other nations.

Relative to the concerns of this article, ERA is a state
responsibility, because emerging technologies have
the potential to impact society at all levels, from indi-
vidual citizens to other countries. For example, with
transgenic organisms, the Cartagena Protocol is meant
to help individual nations manage this responsibility,
and PFOA is a specific methodology designed to assist
with this. As part of an ERA, PFOA transforms discus-
sion of transgenic organisms or nanotechnology into
a more horizontal, societal discussion between the
government and the representatives of civil society,
as opposed to a closed-door, expert-driven approach
to ERA. In this way, PFOA embodies the governance
principles of participation, transparency, and account-
ability. These criteria have been highlighted as critical
components of an oversight model by other authors in
this symposium and noted as lacking in several of the
case studies of current regulatory systems.*”

Participation

In governance, participation is the foundation for a
two-way relationship between citizens and the state.
For any given issue in society, there are various inter-
ests or stakeholders (i.e., individuals and groups who
hold a stake in what happens). For citizens, partici-
pation is the means by which individuals and groups
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can get involved with state processes to provide input
about their interests and influence decisions relating
to an issue.*® For the state, participation is the means
by which governing institutions can learn about and
respond to various interests.* Communication must
be effective in both directions to support a genuine
impact on policy as well as social learning. Participa-
tion helps ensure that the rights of citizens are pro-
tected, and it helps the state do a more effective job of
governing. In this way, participation also helps sup-
port the legitimacy of the state.°

is the potential to contribute to the decision-making
process — that their voice has the capacity to influ-
ence considerations in a decision. Through a process
that provides opportunity for voice and influence,
an increased ownership and commitment decreases
the probability of a decision being challenged, which
increases the overall legitimacy and durability of the
decision. More durable decisions generally make for
better decisions.5?

A concern sometimes raised about participation
is that it will take too much time or make processes

PFOA incorporates citizen voice and influence in the process of defining
the problem that an emerging technological product is expected to address,
in assessing the range of future options for addressing the problem, and in
evaluating the relative harms and benefits.

The effect that participation has on governance
depends upon the extent of the citizen participation
and state efforts to involve citizens. One method that
has proven particularly effective in many countries is
a collaborative approach in which stakeholders and
state agency representatives work together to reach
common agreements.”” However, participation can
occur in a number of different ways. Traditionally,
participation has consisted of public comment peri-
ods, during which individuals comment on draft deci-
sions near the end of the process through letters or
public hearings. Increasingly, governments are imple-
menting procedures that involve citizens in advisory
roles, from consultation sessions at the beginning of a
project, and throughout the evaluation and decision-
making process. Rather than people just responding
to a finalized policy, citizens instead share knowledge
early in the process and shape evaluations directly by
providing input and helping analyze problems and the
options for solving them.

Key to participation is inclusiveness, which allows
for better societal decisions. When a range of stake-
holder voices, with their different backgrounds and
concerns, is included in decision-making processes,
decisions can be based on more complete informa-
tion. Better-informed decisions generally make for
better decisions. In addition, inclusive decisions can
also be more durable. When all relevant stakehold-
ers take part in the decision-making process and are
allowed to express themselves or have a “voice,” stake-
holders are more likely to develop ownership of and
commitment to the resulting decisions. Along with
a voice, stakeholders must have the sense that there
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too complex. There is some truth to this. Participa-
tion does take time. However, it has been repeatedly
found that with thorough planning, participation can
be designed to function efficiently and effectively.5?

In risk assessment, efficiency is never a singular
goal and certainly not at the expense of a sufficiently
rigorous risk assessment. In fact, participation can
make ERA more efficient than traditional assessment,
which can get mired in prolonged legal battles and/or
political conflict. Many who have had experience with
participation see the points raised by these efficiency
criticisms as outweighed by the greater benefits that
result from participation.

Participation is embodied in PFOA through its
involvement of stakeholders in the consideration of
technologies throughout the ERA process. Tradition-
ally, ERA is framed as a task to be carried out by sci-
entists who assess the risks posed by whatever is being
evaluated and then make recommendations to deci-
sion makers who create policy based on these findings.
However, this may not be the most robust procedure
for conducting an ERA. Although ERAs are tradition-
ally based on ad hoc expert opinions and judgments, as
well as scientific studies, ERAs ultimately serve a social
purpose because they are conducted to inform policy.
The science in ERA has an essential role in inform-
ing policy, such as quantifying the potential risk some-
thing poses to society, but it is also just one component
that needs to be considered in policy making. Decision
makers also need to understand information, such as
the acceptability of risk, which is grounded in broader
human values and societal judgments. By embedding
citizen participation in the ERA process, PFOA makes
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ERA more rigorous because it allows decision mak-
ers to place the science within the context of societal
discussions. Through PFOA, diverse stakeholders can
better inform and be informed by scientific informa-
tion in the ERA. This benefits the science because it
can help direct what needs to be studied, and it helps
stakeholders because it allows them to directly work
with the scientific information and consider its impli-
cations at an early stage in the ERA process. PFOA
incorporates citizen voice and influence in the process
of defining the problem that an emerging technologi-
cal product is expected to address, in assessing the
range of future options for addressing the problem,
and in evaluating the relative harms and benefits.

Transparency

Transparency implies that governance processes
are open to public review and that information is
being freely shared between government and citizen.
Instead of closed-door bargaining between officials
and experts, a transparent system suggests that a pro-
cess is visible. Traditionally, government reporting
and information-sharing occur late in a process and
on a more need-to-know basis. Transparency suggests
that a process provides timely updates about what is
happening throughout the process and that the infor-
mation is available to everyone interested in receiving
it, particularly the people to be most directly affected
(i.e., stakeholders). This can occur through a num-
ber of different means ranging from observation and
reporting procedures to participatory practices that
put stakeholders in the same room together.>*

Transparency ideally means that information is eas-
ily accessible and understandable. If information is
to be useful to people, they need to be able to readily
retrieve it and comprehend what is being said, espe-
cially the implications and consequences for their
own lives. This is an issue of particular importance in
ERA, and specifically in the ERA of nanotechnology
or transgenic organisms, because ERAs often involve
highly specialized scientific and technical information
that many people may not have the background to
adequately understand. Information accessibility and
understandability are a crucial component of an effec-
tively transparent system.

Objections raised about transparency often relate to
the apparent magnitude of the tasks involved in achiev-
ing it. It is possible to pursue transparency by making
information available in a few select and efficient ways.
For example, increasingly the Internet is an easy way
to provide information to and get feedback from dif-
ferent segments of society, and the Internet is relatively
easy and inexpensive to use in this way.5 In communi-
ties without Internet access, radio announcements and

programs have served to inform citizens. An intent and
effort to encourage and improve transparency, even in
limited ways, provides a basis that can lead to further
communication improvements as resources, capaci-
ties, and needs evolve.

PFOA assures transparency at a number of different
levels. Foremost, a PFOA creates transparency within
ERA simply through the inclusion of stakeholders in
the process. So, as opposed to an expert-driven ERA
that reports its findings after a conclusion is reached,
a PFOA allows ERA information to be shared with
stakeholders earlier in the process and at appropriate
intervals. Additionally, since a PFOA group involves
representatives from a range of different stakeholder
interests, an ERA process can become directly visible
to a greater range of the public by way of represen-
tatives reporting back to the different sectors. More-
over, for scientists and regulators, a PFOA also pro-
vides a good means for evaluating the accessibility and
understandability of ERA information and processes.
It offers a direct means of receiving ongoing feedback
from representatives about what needs to be better
explained and what information is reaching whom.
The overall structure of PFOA allows for and encour-
ages broad reporting about the ERA process to the
general public; additionally, it helps make informa-
tion accessible and understandable to the public.

Accountability

Accountability is created by the state’s responsibilities
to its citizens — the degree to which governance pro-
cesses are open to external oversight and challenge by
the public. Any person or institution delegated power
to make decisions that will affect society is accountable
to some degree to the citizens from whom that power is
derived.”® There is accountability in governance when
people are free to examine and ask questions about
governance actions and their consequences, and the
individuals and institutions behind any given action
are subject to such scrutiny.

Accountability is closely related to transparency.
With greater transparency, accountability becomes
more possible and without transparency, accountabil-
ity is highly diminished. Accountability is the checks-
and-balances aspect of government that is enhanced
by openness. In fact, it is partly through transparency
that a state achieves accountability. By freely sharing
information about government processes in a way that
is accessible and understandable to citizens, account-
ability is strengthened because it makes the internal
work of governance visible to external parties. It is
through this visibility that any external party can begin
to have oversight and consider supporting an action or
initiating a challenge. In this sense, like transparency,
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there is a practical side to accountability. To be useful
for citizens, accountability practices need to be trans-
parent, offering a clear indication of how external feed-
back can be provided and how such feedback will affect
a given process. A benefit of ensuring accountability in

is not represented in ERA (such as in an expert-domi-
nated approach to ERA), then the process will be open
to charges of bias toward particular perspectives and
interests. Part of accountability is being accountable
to the full spectrum of citizens. Thus, a PFOA creates

Oversight of technology is a negotiated responsibility among the producer, the
state, and the citizenry. PFOA can assist in this negotiated social contract by
creating an arena where science, values, and decision making come together to
inform oversight through improved governance.

governance is that it can build legitimacy. This is espe-
cially true when stakeholders are invited to participate
in a process from the very beginning.

While accountability is important, those who sug-
gest that accountability must have limits make an
important point. A state exists because its citizens
grant it the authority to govern. To do so effectively, a
governing body needs the authority to move forward
on decisions. A reasonable set of checks and balances
needs to exist to encourage the larger purposes of
governance, like maintaining an effective two-way
relationship between the state and its citizens. How-
ever, just as accountability suggests citizens have the
capacity to place checks on governance processes,
there also needs to be a balancing check on citizens to
ensure the state can effectively function and perform
its necessary governing role assigned by the citizens.5”
Sometimes the tasks involved in governance are con-
troversial or unpopular, and governance processes
need to have some capacity to avoid becoming overly
impeded by accountability. Generally this means
that accountability exists within defined systems and
procedures.

PFOA embodies accountability through the feed-
back it provides and by ensuring different interests
are represented. Throughout the PFOA stages, there
is feedback from various stakeholders about how they
perceive information or decisions within an ERA. This
might include what questions are investigated in an
ERA, how potential harm is evaluated, and opinions
about what a scientific study suggests about risk. As
the PFOA group examines the information it receives,
participants can provide feedback to administrators
and scientists, which can then be used to shape the
ERA process. Additionally, PFOA embodies account-
ability by ensuring that a breadth of interests is
involved in ERA. Different stakeholders may interpret
information differently. If a range of stakeholder voices
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legitimacy for ERA by allowing relevant stakeholders
to contribute and by defining how stakeholder voices
may influence the process.

Development of PFOA
Since 2002, public sector scientists and agency rep-
resentatives have used several workshops to vet the
PFOA methodology, subjecting it to trial runs. These
activities — in Kenya, Brazil, Vietnam, and Malaysia
— have played a critical role in helping to refine PFOA.
Each has resulted in specific findings and an evalua-
tion of the PFOA methodology based on the unique
context of each country and has produced successively
refined versions of the PFOA methodology.>8

During its initial development, the PFOA methodol-
ogy underwent trial runs during workshops in Kenya,
using the case of Bt maize in 2003; Brazil, using the
case of Bt cotton in 2004; and Vietnam, using the case
of Bt cotton in 2005.% A Bt crop is a genetically engi-
neered crop that contains a gene from Bacillus thu-
ringiensis, a soil bacterium that synthesizes a toxin
that will kill some insects. These were not full PFOAs
for the respective crops, but rather evaluations of the
concepts and protocols for the PFOA model using spe-
cific cases. During these trials, participants evaluated
PFOA by discussing its purpose within an ERA, testing
questions from each step in its process to experience
the type of discussion that might result from a multi-
stakeholder exchange, and deliberating over how a
PFOA would best fit each country’s regulatory system.
Later PFOA received an additional evaluation as rep-
resentatives from multiple countries — Chile, Cuba,
Thailand, and China — met in a workshop to consider
a PFOA in an ERA for transgenic fish in 2006. Par-
ticipants tested the questions, modified steps in the
PFOA to fit the case of fisheries, and thought about
how a PFOA would work to improve ERA and gov-
ernance within their national system. Participants
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moved through each step, assessing its contribution
to technology evaluation and ERA. These participants
discussed possible answers for PFOA questions, but
did not conduct a complete trial run.

The types of participants changed from one work-
shop to the next depending on the host planning com-
mittee’s objectives, but over time the total participa-
tion provided a diversity of insights. In the Kenya
workshop, participants included research scientists
for Bt-corn, ecologists, rural extension workers, and
non-government community development staff. In
Brazil, participants were ecologists and geneticists but
key national agency representatives also joined the
group, including regulators from the Ministries of the
Environment, Industry and Technology, Agriculture,
Health, as well as scientists from national research
centers. In Vietnam, the participants followed the
Brazilian pattern, with the addition of a farmer’s union
representative.

Participants in each workshop reviewed the evalua-
tions of previous workshops and decided whether they
agreed with those evaluations. This resulted in the fol-
lowing summative findings about the potential for the
PFOA methodology in problem analysis for geneti-
cally modified organisms:

e PFOA is a good idea for any agricultural technol-
ogy, but critical for GMOs. Brazilian participants
added that it should be done taking into consid-
eration a precautionary approach on a case-by-
case basis.

e PFOA proved to be particularly useful for
encouraging constructive dialogue and potential
agreements.

e For a successful PFOA, a nation should reduce
uncertainty about GMOs when possible.

« To be effective, PFOA requires an organized and
integrated database.

 The discussion of a case study provides applied
insights about key issues and consensus-building
areas.

« In each country, additional questions and clari-
fications for specific technologies will strengthen
PFOA. The method has the flexibility to respond
to specific situations.

e The PFOA should be organized by government
authorities and discussed by a multi-stakeholder
group.

 In Malaysia and Vietnam, participants suggested
that PFOA serves as a good foundation for
future monitoring of environmental and societal
impacts of the technology.

 In Vietnam participants suggested that PFOA
can assist with public education about geneti-
cally engineered organisms.

Challenges for Using PFOA in Governance
of Nanotechnologies

Of course, challenges exist for the use of PFOA in the
governance of nanotechnologies. These challenges
relate to the technology itself, the assumptions and
limitations of the methodology, and current institu-
tionalized governance structures. PFOA was initially
conceptualized for use in risk analysis for genetically
engineered organisms that are difficult to define. Do
transgenic processes produce organisms different
from those produced through traditional breeding
processes for hybrids, or through evolutionary pro-
cesses that result in new species? As the workshop
participants suggested, it would not matter because
the PFOA methodology could assist with risk assess-
ment of any new technology. But nanotechnologies
and nanosystems are diffuse and difficult to under-
stand. What is a nanotechnology product, and how
do we frame the product in order to assess the risk?
Scholars in this symposium suggest this is an impor-
tant issue.

As it is currently designed, PFOA assumes risk
analysis is proactive by occurring at the technology-
selection stage. One challenge to using PFOA will be
that nanotechnology products will be market driven
— this will offer few opportunities for conscience deci-
sions about which products to choose at a societal
level. Rarely will there be oversight as to which nano-
technology product to evaluate or whether to produce
the product at all. However, PFOA can be adapted to
any stage of product development and commercializa-
tion. In the case of research and development of nano-
technology, especially in the case of government-led
technology initiatives, PFOA could assist in selecting
a technology or deciding not to invest given the via-
bility of other options. Even if a technology is already
being used, the PFOA methodology can be employed
to develop a comparative monitoring and assess-
ment program to identify emerging adverse effects on
important values. Finally, PFOA is designed to evalu-
ate environmental risk, but human health effects will
be paramount for nanotechnologies due to their prop-
erties and potential uses. More work should be done
to incorporate attention to these potential effects into
the PFOA methodology.

Conclusion

Oversight of technology is a negotiated responsibil-
ity among the producer, the state, and the citizenry.
PFOA can assist in this negotiated social contract by
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creating an arena where science, values, and decision
making come together to inform oversight through
improved governance. As documented in the articles
in this symposium, there have been few opportuni-
ties in U.S. governance to implement methodolo-
gies like PFOA for other technologies. Given existing
laws and administrative implementation, authors in
this symposium have found shortcomings in the cri-
teria of transparency, public input, and the capacity
to bring data, values, and decision making together.
PFOA, and methodologies like it, can strengthen these
criteria by providing the basic functions of oversight
— keeping our “eyes open” and focused on societal
values, deliberating about possible harms by sharing
information, asking together what do not we know,
and making strategic investments in monitoring for
possible adverse effects.
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