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cientific uncertainties often make it dif-

ficult for environmental policy makers to

determine how to communicate risks to

the public. A constructive, holistic, mul-
tisectoral dialogue about an issue can improve
understanding of uncertainties from different per-
spectives and clarify options for risk communica-
tion. Many environmental issues could benefit from
explicit promotion of such a dialogue. When issues
are complex, unconstructive advocacy, narrow fo-
cus, and exclusion of selected parties from decision
making can erode public trust in science and lead
to cynicism about the policies of government and
the private sector.
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In this article, we use as an example, the ongoing
discussion about the balance of risks when choos-
ing between farmed and wild salmon as a source
of human nutrition. We submit that better justified
decisions about “green” choices in food products
(particularly fish) may be a benefit of pursuing the
type of dialogue described above.

Growing demand for fish

The health benefits of eating fish are increasingly
recognized by the public. Salmon have very high
concentrations of n-3 polyunsaturated fatty acids
and thus are one of the most heart-healthy of the
commercially available fish species. But salmon
fisheries, like many of our wild fish stocks, are dif-
ficult to manage. Atlantic salmon stocks throughout
the world were at a historic low in 2004 (I). Once-
strong salmon fisheries in the western U.S. now
also have many diminishing populations. To pro-
vide adequate conservation of weak stocks, manage-
ment plans are forgoing some harvestable surplus
of stronger stocks. For example, in 2006, the north-
ern California chinook salmon fishing industry was
largely shut down to prevent extinction of a stock
victimized by a controversy over water policy in the
Klamath River basin to the north (2).

Aquaculture is one of the fastest growing ar-
eas of food production, supplementing harvest
as a source of healthy protein. Salmon farming,
in particular, provided ~700,000 tons of fish from
the North Atlantic basin
alone in 2002 (3). In the
absence of appropriate
safeguards, aquaculture
raisesimportant environ-
mental issues (4). Better
practices can reduce such
threats, although imple-
mentation of best prac-
tice is far from universal
(3). Farmed salmon help
fulfill a growing global
demand for fish, but is it
sustainable to obtain protein from an upper-trophic-
level farmed fish? Or is that question too simple?

Rankings of sustainable fisheries are a popu-
lar way to help consumers make environmentally
friendly choices about fish protein. A few wild-salm-
on fisheries (e.g., from Alaska) are cited as sustain-
able in most lists. In general, farmed salmon are
deemed an unsustainable food source (5), when
considered (aquaculture is excluded from consid-
eration in the popular Marine Stewardship Council
certification scheme). Strategies exist to compare
salmon farming practices across the world (3), but
thisinformation is notincluded in advice about sus-
tainable fisheries.

Adding complexity to the sustainability debate,
farmed salmon were cited in 2004 (6, 7) as more con-
taminated with health-threatening pollutants—in
particular PCBs/dioxins, brominated flame retar-
dants, and pesticides—than wild salmon. These
articles promoted strict consumption restriction
guidelines (8, 9).
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Conflicting interpretations
about an important
consumer issue add to
the growing erosion of
public trust in advice

from experts.

Conflicting interpretations

The identification of chemical contamination in
farmed salmon had an immediate impact in the
press (as judged by worldwide news coverage), on
the public (reduced sales of farmed salmon were
reported), and on perceptions of the state of the
science. However, no study, even one that is large
and well done, can answer every scientific ques-
tion, and this one left some important questions
unanswered.

For example, the charge that “contaminant levels
were about an order of magnitude higher in farmed
and market samples than in wild Pacific salmon”
(9) was consistent with the specific data used in the
study (the last three words were crucial to the va-
lidity of the conclusion). But the broader communi-
cation of risk was more questionable. The message
that reached consumers was that wild salmon are
safer to eat than farmed salmon. A panel of experts
convened by the European Food Safety Authority to
address the issue reached a different (but less pub-
licized) conclusion: there is not enough difference
between contamination of wild and farmed salmon
to differentiate risks to human health (10). The dif-
ferences in conclusions were the result of differences
in choices of data (Table 1). Conflicting interpre-
tations about an important consumer issue add to
the growing erosion of public trust in advice from
experts (11), and wild versus farmed salmon is an
excellent example of such a conflict.

The risk advisories
in the original studies
conclude: “To achieve a
cancer risk of 1 x 1075,
consumption of farmed
salmon must be effec-
tively eliminated” (8).
Quantitatively, this is
translated into advice
against consumption
of farmed salmon from
the North Sea more than
once in every 4 months
and the least contaminated farmed salmon (from
Alaska) more than once or twice per month (9). This
is followed by a surprising conclusion: “Even wild
Pacific salmon evoke consumption advisories based
upon U.S. methods . . . [such] cancer-based adviso-
ries indicate the extent to which we have polluted
even the oceans.”

The dramatic conclusions about health risks
are based on the EPA models, which assume linear
correlations between cancer and exposure and use
upper-confidence-interval estimates to ensure the
most cautious estimates of risk (12). Different meth-
odologies result in advisory limits that vary wide-
ly among agencies within the U.S., member states
of the EU, and international bodies like the World
Health Organization. But the degree to which these
jurisdictions contradict each other is rarely appre-
ciated. For example, EPA risk assessments would
apparently restrict consumption of all salmon in
the world (wild or farmed). But even the most con-
taminated farmed salmon did not exceed the most
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widely used international advisory limits—those
from the U.S. Food and Drug Administration and
the European Food Safety Authority. Consumption
advice on farmed salmon can range from 0.25 meals
per month by EPA standards to perhaps 6 meals per
month by internationally accepted risk standards.
Foran et al. (8) conclude that “divergent consump-
tion recommendations that result from inconsistent
risk assessment and exposure reduction methods
exacerbate consumer confusion.” But they did not
quantify the outcomes of alternative analyses, dis-
cuss uncertainties in the approaches, or explain
why other advisories might differ so widely from
theirs.

Relative risk

The contradictions in the scientific conclusions and
the risk analysis become more serious when the is-
sue of relative risk is considered. Cohen et al. (13)
identified risk trade-offs in public advisories about
fish consumption, suggesting it is important to bal-

cates its best case. Sectoral allegiance (do you agree
with industry, NGO, government, or the academic?)
is deemed by some to be sufficient evidence for who
presents the dispassionate and, therefore, correct
analysis. The alternative view is that progress is un-
likely on complex environmental issues if dialogue
breaks down into a politically charged advocacy de-
bate orifimportant interest groups are excluded (16,
17). Such a breakdown characterizes where we are
in the dialogue about health risks from consump-
tion of salmon. Both a rational dialogue and a sense
of urgency are necessary if consumers are to expect
progress in addressing the obvious contradictions.

TABLE 1

Dioxins + furans and PCB concentrations in wild

and farmed salmon from different locations as re-

ported hy different authors

The general conclusion that farmed salmon are more contaminat-
ed than wild salmon (8, 9) heavily rests upon restricting the defini-
tion of wild salmon to Alaskan and British Columbia stocks. Position
in the food web also makes a difference. Concentrations are widely
different among populations of wild salmon. No data exist for many
commercially exploited populations.

ance risk from contaminants against risk to other
aspects of health suffered from not eating fish and
substituting less healthy foods. They note, when
analyzing risk-benefits of mercury advisories: “Al-
though high compliance with recommended fish
consumption patterns can improve public health,

unintended shifts in consumption can resultin pub- Mean dioxins +

. . . . furans (ng PCBs
lic health losses. Rlsk managers sh.ould 1pvest1gate (- TEQ/kg fresh wt) (ng/g fresh wt)
and carefully consider how populations will respond -
to interventions, how those responses will influence EU farmed® 0.50 -
nutrient intake and contaminant exposure, and how North Sea farmed?® 0.6-0.8 40-50
these changes will affect aggregate public health.” North America farmed?  0.1-0.5 20-40
A contentious dialogue followed the publication of British Columbia wild 0.1-0.2 10-20
the salmon contamination papers (14, 15), mostly chinook
because the risk analysis for salmon did not con- Alaska wild chinook <0.2 <10
sider a balance of risks (14). A careful con-51der.at10n Washington State wild® — 789
of the net health outcomes was lost (especiallyin the L

. . . Baltic wild? 1.23 =
less formal dialogue) amid accusations of econom- ot 10
ic/political motivations and ties to the fish-farming hRZf: 6.
*Ref. 23.

industry.

A policy recommending that the public avoid
consumption of farmed salmon and switch to wild
salmon (9) has important implications for wild fish-
eries. Can Alaskan and British Columbian fisher-
ies sustain the harvest a global demand for their
products is creating? How does the relative risk to
wild salmon from fish farming compare with the
risk from the expanded harvest that increased de-
mand could trigger? “Green” certification of a fish
species might benefit from an integrated consider-
ation of the sustainability of both fish harvest and
fish farming for a specific product; that would in-
clude consideration of health benefits, health risks,
ecological risks, and harvesting risks. The academic
community might play a role in development of cri-
teria to guide this more complex, but more holistic,
analysis.

The contaminated-salmon issue thus brings out
several points that are typical of our increasingly
complex environmental dilemmas. Advice to con-
sumers requires recognizing multiple uncertainties
in a politically charged climate. Some believe the
public can sort out the “truth” if each side advo-
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Multisectoral dialogue

A challenge for the “second environmental move-
ment” (I18) is to move beyond diagnosing maxi-
mum risks and leaving the solutions to others (19).
As Schnoor notes, an important part of enlightened
environmentalism might be recognition that con-
structive international dialogue is in the best inter-
est of academic, business, and NGO communities
(18).In the case of the salmon issue, such a dialogue
can be aimed, for example, at improving criteria for
green choices.

A constructive dialogue does not necessarily ben-
efitfrom sector-specific advocacy, but it mustinclude
all sectors as partners in an open discussion. The
scientific community has shown many times that
fair, multisectoral dialogue is possible (20); it can
be proactively constructive without dictating policy,
and it can achieve support from multiple interests
(20). Discussions of issues surrounding fish farming,
safety of fish products, and choices of sustainable
fisheries may benefit from that experience.
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Public trust in science is the greatest resource at
stake in the dialogue about complicated risks (11,
17). Trust develops when the public recognizes fair-
ness, competence, and efficiency in an enterprise
(21). Although there is a legitimate role for advocacy
in some arenas, a debate among scientists who ad-
vocate isolated positions does not bring out a sense
of fairness, it rarely demonstrates competence, and
it is hardly ever efficient. When discussions of the
salmon issues degenerated to rancorous debate
among advocates (14, 15), confusion and rejection
of all rational dialogue by both the public and policy
leaders was to be expected (16).

Do we need to reconsider criteria for scientific
publication in light of the public trust issues? The
standards for publishing basic science have raised
trustin that enterprise. In evaluating a scientific ar-
ticle, the focus is on the rigor of the methodologies
and the logic. How risks are communicated is a less
common consideration. This does not mean pulling
punches, science by consensus, or ignoring procliv-
ity for type II error in environmental analyses. The
best science, and perhaps the best communication,
might be judged by how well it considers the full
scope of the relevant literature and the complete
scope of the issue.

Progress is unlikely on

complex environmental
issues if dialogue breaks

down into a politically
charged advocacy debate.

Disagreement is a necessary part of science and
risk communication. But trust is better served by a
focus on why disagreements exist rather than who
is right. Advocacy has a role. But credibility grows
faster, and incremental solutions appear, when the
scientific discourse frames and reframes the agenda
for a problem, building from what can be agreed
upon rather than trying to resolve disagreements
(16). Recognition of complexity in environmental
issues might inspire cynicism in some critics, but it
serves better than oversimplification in helping the
public and policy makers see their choices (22). We
probably do not fully understand all the ingredients
of a constructive science dialogue, especially those
that optimally generate public trust and effective
policy. The salmon issue is an example of the need
for improving that understanding.
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