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b Thesis

.' gical infrastructure required to support humans has been
rmined;

e prec prin is not a threat to science. It does challenge the old
'7th century epistemology and recognizes the limits of science in the
‘midst of complexity.

» 5) The contested space is deciding if we know enough to act and who
gets the benefit of the doubit.



» Definition of science

~ knowledge or a system of knowledge covering
general truths or the operation of general laws
especially as obtained and tested through
scientific method

¥

Befinition of scientific method

the collection of data through observation and
experiment, and the formulation and testing of
hypotheses

- Definition of epistemology

» the theory of knowledge, esp. the critical study of
its validity, methods, limits, and scope



ﬁisk assessment

1) Reductionistic
) (usually) single discipline (toxicology)
) | Qw view of causation (simple and direct)

[ferm assessments (more accurately

eSses acute rather than subtle, rare or chronic
2Ms)

Favors false negatives

6 Does not account for uncertainty inherent in
complex systems

/) Does not account for cumulative impacts
8) Doesn'’t build in feedback loops to test the RA
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Planetary Boundaries: A Safe
_Operating Space for Humanity

interference with the nitrogen and phosphorus cycles;
tratospheric ozone depletion;

cean acidification;

lobal freshwater use;

" change in land use;

‘chemical pollution; and

~ atmospheric aerosol loading

-
>

» http://www.nature.com/news/specials/planetaryboundaries/index.ht
ml#feature
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Evidence of a failed
agricultural system -sources of
~ food insecurity

) fion hectares (almost 37,000 square
les) a year due to soil erosion

The twin problems of obesity and
malnourishment around the world

» Dead Zones in oceans around the world
~ lowa as a net importer of food
» Loss of pollinators

TN



lndystrial agriculture is
' predicated on
o

eap energy from fossil fuels

i e climate
bundant fresh water



‘Precautionary principle

sad view of causation (complex
ation = context dependent)

o*rs false positives (drives more
Sinformation)




Precautionary Principle

=arth Summit 1992 Principle 15

E e T

rder to protect the environment, the precautionary approach

“\Where there are threats of serious or irreversible damage, lack
of full scientific certainty shall not be used as a reason for
postponing cost-effective measures to prevent environmental
~ degradation.

Wingspread Statement 1998

When an activity raises threats of harm to human health or
the environment, precautionary measures should be taken
even if some cause and effect relationships are not fully
established scientifically.
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‘Elements of the
precautionary principle

Plausible threats of harm
(of scientific certainty
Precautionary action to prevent harm

ote: every formulation of the precautionary principle contains

these three elements.
7 L ¥




Wha{ IS the precautionary 4

principle?

A decision rule that is

7 gerdetermined (applies to many issues)
mFractal (applies to every scale)

Combines ethics and epistemology

Not self-implementing (definition tells you
¥ ;what, not how)
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A [ittle known fact: some A
busmesses and inaustries use the
" precautionary principle

8 Kaiser Permanente
%) Bristol-Myers Squibb

To name a few



melement/ng the
precautionary principle

Heeding Early Warnings
tlng Goals

1) leversing the Burden of Proof

5) Democracy: engaging all affected
stakeholders
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SCIence and the

/ precaut/onary principle

’gt do we know?

Nhat don’t we know?
ho knows it?
Do we know enough to act?

hfh



K/nds of errors when
assessmg “safety”

2
ong answers:

~TFype 1 (false positive)—conclude that
“something is harmful when it is not

~Type 2 (false negative)—conclude that
something is safe when it is not

% > Wrong Questions:

~Type 3—the right answer to the wrong
guestion




Y Error bias

d > Sc*entlﬂc studies are usually interpreted to

or type 2 over type 1 errors

| '_»:___ because we have chosen not to
nclude that evidence is “significantly
ositive” without it being “strong”

ould the interpretation of “science” for
- establishing policies to protect public?
environmental health favor Type 1 errors?

> Who should decide?

B



Hogv do we know what
“causes” a disease?

y : |
& - e (1700s)—we don't perceive or
Ysee-causes; we observe sequences and
ayents and infer causes

»Robert Koch (1890)—Koch's postulates
> or infectious disease

*- Bradford Hill (1960's)—the “Hill” criteria
for causation in epidemiology

TN



Hill criteria for causation in
- epidemiology

4 ~Consistency of findings

- effect)
' Biologic plausibility (mechanism)
» Coherence with established facts
» Specificity of association

TN



Comments from Bradford Hill

ne of my criteria can bring indisputable

idence for or against a cause and effect

. ypothesis and none, except for time
sequence, can be required as a sine gua non”

~“All scientific work is liable to be upset or
- modified by advancing knowledge. That does

" not confer upon us a freedom to ignore the

knowledge that we already have, or to
postpone the action that it appears to
demand at a given time.”




Cigarettes and lung cancer—
evidence for causation

4 1945—0chsner—Incidence rises together
U -@950—Doll & Hill—case-control study
1953—Wynder—tar causes cancer in mice

= 1954—Follow up studies show association,

~  \and that greater exposure > greater

~ risk

~1990s—Dbiological mechanism(s) described
(genetic factors; mutations)




21st century science for
Y agriculture

tlonal kinds of evidence in regulation
~ Trends

»~ Monitoring feedback loops

» Systemic

» Multi-factorial

» Alternatives assessment
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And last but not least

= Regu _ fion will employ the precautionary principle

nonitor and act on early warnings

earch and choose the best alternatives (driving
novation) and use risk assessment to compare them

Vill give the benefit of the doubt to health and the
- environment

“>*R'ecognize the ethic of preventing harm to present and
future generations



The E@fth IS one of the better 4

campsites in the universe




