




PRESERVING HUMAN POTENTIAL AS FREEDOM

reject this option and instead choose the voluntary fortification or the
status quo. Being generally precautious would lead to fear of both
types of harms which in turn would lead to a policy stalemate. This
scenario is what seems to be happening in Ireland, where strong op-
posing opinions have led to a non-policy for the time being.'83

As discussed above, the optimal search method argues for choos-
ing policies with a high degree of variability if the effects of the policy
can be reversed. Compelling scientific data suggests that epigenetic
markings associated with blood and solid tumor cancers can be re-
versed - this evidence has already led to FDA approval of the first
anti-cancer epigenetic drug, azacitidine.184 As one ages, cancer rates
stemming from epigenetic risk increases because of a possible excess
accumulation of folic acid in our diet, nutritional or pharmaceutical
interventions like azacitidine may reverse this risk. However, once an
individual is born with spina bifida or some other condition that im-
pairs early mental and physical development, these impairments are
mostly irreversible through epigenetics or other means.

Without any pretense of empirical precision or units, Figure 1
conceptually represents the choices Ireland faces in graphical form.
On the y-axis, welfare or benefit is formed by the sum of the risks of
NTDs and cancer stemming from a particular folic acid fortification
policy. The x-axis is time. The middle solid line represents the base-
line or the status quo policy. Given the a priori uncertainty regarding
cancer risk, the dotted lines around the solid line represent the poten-
tial range of welfare values that can occur from either the lower-risk

183 As the Irish Times reported:
Director of the Boyne Research Institute (BRI), Dr. Julianne Byrne, has said
that she finds the apparent delay in the introduction of mandatory folic acid
fortification "unreasonable," because the weight of scientific evidence
shows that it protects against most cases of neural tube defects (NTD) ....
She also questioned the validity of reported links between folic acid sup-
plementation and colorectal cancer. Alan Reilly, deputy chief executive of
the FSAI, said decisions about how to proceed with the fortification here
would be made on "rock-solid ground."

O'Connell, supra note 177.
184 See Medical News Today, Pharmion Corporation Announces FDA Ap-

proval of Vidaza NDA Supplement for IV Administration, http://www.medicalnews
today.com/articles/61849.php ("Azacitidine is the first of a new class of anti-cancer
compounds called epigenetic therapies . . . . Epigenetics refers to changes in the

regulation of gene expression. Epigenetic changes can silence gene expression and,
unlike DNA mutations, may be reversed by targeting the enzymes involved . ... The
epigenetic approach to cancer therapy is that rather than using molecules that kill both
normal and tumor cells, the silenced genes are reactivated through targeted epigenetic
therapy, re-establishing the cancer cell's natural mechanisms to control abnormal
growth.") (last visited May 3, 2010).
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voluntary fortification policy or the higher-risk mandatory fortifica-
tion policy. The voluntary fortification policy is characterized as a
lower-risk policy because it represents a smaller deviation from the
baseline. Given this, one would expect that both the upside benefit
(area between baseline and upper dotted line) and the downside risk
(area between the baseline and lower dotted line) for this policy to be
smaller than the mandatory fortification policy. Looking at the prob-
lem this way, how should a policymaker choose? If our bias is to be
risk-averse and avoid large downside risk, the voluntary fortification
option seems wise. However, the optimal search method would argue
for choosing the mandatory fortification option with its inherently
more variable outcomes. If one picks the voluntary option, one is
forgoing the opportunity of reaching the higher welfare points availa-
ble in the mandatory option; namely, very low NTD with no increase
in cancer. The avoidance of NTD will then be locked in for an indi-
vidual's lifetime. If one later learns more information to support that
the mandatory folic acid fortification policy causes an unacceptable
cancer risk and puts society way below the baseline, one can simply
reverse the policy and possibly reverse the cancer risk while still re-
taining the NTD prevention. Therefore, unlike the cost-benefit and
precautionary approach, the optimal search method provides a way
through this impasse and a clear policy choice.

Figure 1. Voluntary vs. Mandatory Folate Fortification
vs. Human Capabilities
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While the optimal search method might provide a compelling

choice in the abstract, advocating a policy that admittedly might in-

crease the cancer risk for many citizens is not a politically satisfying

narrative. In other words, the optimal search method is a useful heu-

ristic under the conditions described above (reversibility, learning),

but it is less helpful when reversibility is not likely, and by itself, it
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provides a normatively shallow justification for distributing epigenetic
benefits on some and harms on others.

On the other hand, incorporating the CA into this discussion leads
one to a consistent and compelling normative framework for epigenet-
ic policymaking. Considering the cost-benefit and optimal search
methods, for reasons discussed above, one has to be wary about solely
relying on utilitarian calculations to guide one's regulatory choices.
Additionally, given the types of questions the CA asks policymakers
to address, paralysis may not ensue in the face of tough choices as
with the precautionary approach. Under the CA, not all epigenetic
risks are qualitatively equal as they raise very disparate normative
concerns. For instance, epigenetic risks associated with the develop-
ment of cognitive disabilities would trigger more concern under the
CA than epigenetic risks associated with the development of prostate
cancer. The priority would remain the same even if societal cost and
number of afflicted people was greater for prostate cancer compared
to cognitive disabilities.

The critical difference between the two is that the impact of cog-
nitive disabilities can severely limit the ability to make free choices
about one's life's direction. Thus, despite educational efforts or some
other remediation, a ceiling already has been placed on one's potential
opportunities. In contrast, prostate cancer represents qualitatively
different concerns. 185 It is estimated that 37,000 men in the United
States die annually from prostate cancer and that treatment costs ex-
ceed $5 billion per year.'86 The costs associated with this disease are
clearly substantial. However, incidence of prostate cancer is rare be-
fore the age of fifty-five, and most men who have prostate cancer die
with it, not from it. 187 In fact, the National Cancer Institute estimates
that over half of all men in the United States will have some cancer in
their prostate glands by the age of eighty.188 Viewed another way,
while prostate cancer is definitely a serious and costly disease on a
societal and individual level, it is not the type of impairment that de-
prives a person of most life opportunities or free choice, which are

185 The intent of this example is not to minimize the pain and suffering of
prostate cancer victims and their families. Rather, the intent is to show that even for
such a serious disease, the CA prompts us to ask different questions than a utilitarian
approach.

186 This places prostate cancer among the top three most costly cancers to
treat, along with lung and breast cancer.

187 NAT'L CANCER INST., U.S. DEP'T OF HEALTH & HUMAN SERVS.,

UNDERSTANDING PROSTATE CHANGES: A HEALTH GUIDE FOR MEN 17 (2009),
http://www.cancer.gov/PDF/4dbal 3db-81 fb-4d8d-9c2d-dOcOOaO48f57/prostate

booklet.pdf.
188 id.
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prime concerns of the CA. Returning to the Ireland folic acid debate,
combining the optimal search method approach with the CA provides
policymakers with both a persuasive technocratic (optimal search) and
principled normative (CA) argument to push forward with mandatory
fortification of flour with folic acid.

Justice concerns are paramount to the CA, especially considera-
tions of equitable distribution of harms and benefits. The CA incorpo-
rates the Kantian principle of treating every person as an end in
herself. Thus, one might argue that a mandatory fortification policy
violates the CA because putative infants seemingly gain a benefit at
the expense of the elderly (if the harmful effects of surplus folic acid
are not reversible for the elderly). However, viewed from a holistic
life-cycle perspective, infants will eventually become old so they are
sharing in the burdens of this policy as well. Therefore, if nobody is
selected for differential epigenetic risk during a lifetime, equitable
concerns are mitigated as the risk would be diffuse and spread nearly
evenly across society. One's concern would then turn to whether hav-
ing this particular consumer good, with its attendant epigenetic risk,
either enhanced or limited our capabilities. If a particular epigenetic
risk, however, was non-randomly distributed among the population,
then the CA would be violated. For example, if an epigenetic pollu-
tant was spread locally from a certain type of industrial plant located
near lower-income or minority neighborhoods (a situation which is
exceedingly common), the CA would be concerned that society was
imposing such costs in a discriminatory manner - even if this activity
provided a tremendous amount of benefit to most members of society.
Returning to the Irish folic acid debate, the mandatory fortification
option satisfies the justice concerns of the CA because even if this
policy leads to increased cancer risk, no individuals or groups are be-
ing singled out to shoulder this burden disproportionately.

VI. ADAPTIVE KNOWLEDGE FORCING
REGULATORY FRAMEWORK

There is a clear logic to Judge Posner's dictum that "law lags
science; it does not lead it," in the context of courtroom proceed-
ings. 89 Society would probably not benefit from generalist jurists de
facto creating scientific policies from the bench and in essence arbitra-
rily determining the legitimacy of competing scientific theories.
However, does it follow that policymakers must also lag behind until

189 Rosen v. Ciba-Geigy Corp., 78 F.3d 316, 319 (7th Cir. 1996) ("But the
courtroom is not the place for scientific guesswork, even of the inspired sort. Law
lags science; it does not lead it.").
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scientific research develops definitive answers? This appears to be
the conclusion of those who favor a "rationalist" approach based on
quantifiable costs and benefits. Their implicit view is that science will
tell society the correct course in due time. However, science is not an
anthropomorphic being; it does not "tell" anything. Scientific data
has no meaning until one interprets it, and such interpretations are
inevitably packed with qualitative judgments. For instance, "relative
risk" is an epidemiological ratio that represents probability of an event
(e.g., disease) occurring to a group exposed to an agent versus a non-
exposed control group. A relative risk of 1.0 means there is no differ-
ence in observed risk between the exposed and control group.' 90 A
relative risk of 2.0 indicates a doubling of observed risk in the ex-
posed group, meaning that "the [exposure] agent is responsible for an
equal number of cases of disease as all other background causes."'91
By legal and medical convention, a relative risk of at least 2.0 is con-
sidered the threshold where science tells us there is "proof' of causa-
tion. 192 But what if the relative risk is 1.9? Does this mean that
science is telling us we do not have to worry about this particular sub-
stance? Considering the myriad of chemical agents one is exposed to
on a daily basis along with the increasing recognition of the multi-
factorial nature of disease causation, the less likely any medical expert
is able to demonstrate the "magic" relative risk of 2.0 for contracting a
disease based upon any one particular chemical exposure.

Of course, in the realm of policymaking for public health and
safety, scientific research should guide our decisions. However, one
cannot lose sight of the fact that many of the scientific norms
that have developed regarding causation (e.g., relative risk of 2.0 at a
ninety-five percent confidence interval) are somewhat arbitrary, and
failing to meet these thresholds should not be taken as "rational bar-
riers" to policies or interventions. Further, if one takes a laissez-faire
attitude towards manufacturers developing scientific data about the

190 FED. JUDICIAL CTR., REFERENCE MANUAL ON SCIENTIFIC EVIDENCE 384
(2d. ed. 2000).

19' Id. (discussing the relative risk: "The threshold for concluding that an
agent was more likely than not the cause of an individual's disease is a relative risk
greater than 2.0. Recall that a relative risk of 1.0 means that the agent has no effect on
the incidence of disease. When the relative risk reaches 2.0, the agent is responsible
for an equal number of cases of disease as all other background causes. Thus, a rela-
tive risk of 2.0 (with certain qualifications noted below) implies a 50 percent likelih-
ood that an exposed individual's disease was caused by the agent. A relative risk
greater than 2.0 would permit an inference that an individual plaintiffs disease was
more likely than not caused by the implicated agent. A substantial number of courts
in a variety of toxic substances cases have accepted this reasoning.").

192 id.
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safety of their products, does this not mean regulations are held hos-
tage to one's willful ignorance? Instead of having policies that either
lag behind science or try to lead it, why not have a policy that actively
pushes scientific knowledge forward? In other words, regulators
should advocate a policy that forces knowledge generation from man-
ufacturers.

A major barrier for enacting a regulatory system to control epige-
netic harm is lack of specific epigenetic risk profiles for almost all
manufactured products and activities. So how can we overcome this
ignorance? As discussed above, with a few exceptions like regula-
tions stemming from the FDCA, FIFRA, and clean air and water
bills, 93 corporations are usually not required to provide information
on the impacts of their products or activities. The predominant regu-
latory scheme of cost-benefit analysis in the United States has defacto
placed the cost of uncertainty on the public and has granted firms the
right to externalize harm when the public is unable to demonstrate that
the alleged harm outweighs the benefit. This allocation of burden
related to the knowledge of harms does not make sense when one
knows that producers possess superior information and ability to gen-
erate such information.194

Politically it is not viable, nor does it seem appropriate, to place
the burden of general epigenetic safety research on manufacturers.
Much the same way the government subsidized general knowledge
involving computers, the Internet, and the Human Genome Project, it
seems that the United States and other developed nations have an
imperative to finance research in the area of epigenetics. To help pri-
oritize which general classes of substances should be focused on, a
new epigenetics agency or division, similar to the Agency for Toxic
Substances and Disease Registry (ATSDR), can be established. The
federal government established the ATSDR under the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) and tasked it with assessing public health and safety is-
sues stemming from hazardous substances and toxic waste sites.19 5

193 For example, under California's Safe Drinking Water and Toxic Enforce-
ment Act (1986), where there is evidence that certain toxins can cause cancer or
harmful reproductive effects, the burden is not on the state regulatory agency to prove
that the substances are harmful, but rather on the industry to prove that the chemicals
pose, "no significant risk (for cancer), or [is] sufficiently below the no observable
effect level (reproductive toxins)." Garrett, supra note 116, at 545.

'94 Id. at 5 57.
19 The Agency for Toxic Substances and Disease Registry (A TSDR): Prob-

lems in the Past, Potential for the Future?: Hearing Before the H.R. Subcomm on
Investigations & Oversight, Mar. 12, 2009, http://democrats.science.house.gov/
Media/File/Commdocs/hearings/2009/Oversight/12mar/HearingCharter.pdf.
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However, the House Science Committee, Subcommittee on Investiga-
tions and Oversight, issued a recent report highly critical of the
ATSDR:

Time and time again ATSDR appears to avoid clearly and di-
rectly confronting the most obvious toxic culprits that harm
the health of local communities throughout the nation. In-
stead, they deny, delay, minimize, trivialize or ignore legiti-
mate concerns and health considerations of local communities
and well respected scientists and medical professionals. 19 6

Further, Committee Chairman, Congressman Brad Miller accused the
ATSDR of practicing bad science and having, "a keenness to please
industries and government agencies that prefer to minimize public
health consequences of environmental exposures."l 97

Agency capture and bad science is always a concern with gov-
ernment regulators. One possible solution is to invite early involve-
ment of the Institute of Medicine (IOM) and task it with forming a
panel of experts to evaluate the nature of epigenetic risk and to help
set priorities upon which substance classes to focus. 198 The IOM has
proven to be a credible source of advice, utilizing doctors, statisti-
cians, economists, and other researchers to establish scientific and
policy consensus on complex issues such as Agent Orange, breast
implants, and vaccine injuries.199 Further, since the IOM is outside of

196 Id
197 Rita Beamish, Agency to Improve Reporting of Neighborhood Toxics,

ASSOCIATED PRESS, Mar. 12, 2009, http://abcnews.go.com/Politics/wireStory?id
=7070328.

198 John Graham, former head of the Office of Information Regulatory Affairs
(OIRA) under President George W. Bush, advances the argument of using the IOM to
help set regulatory agencies' priorities. See Graham, supra note 7, 530 ("Justice
Stephen Breyer has suggested that a small cadre of lifesaving specialists be housed
inside the Executive Office of the President and granted vast priority-setting powers.
Professor Sunstein has advocated that OIRA become more involved in priority set-
ting. Although these ideas are certainly worth exploring, I believe that part of the
solution must come from a credible source outside of government [referring to the
IOM].") Inst. of Med., About the IOM, http://www.iom.edu/About-IOM.aspx (last
visited May 3, 2010) (describing the IOM mission as follows: "The Institute of Medi-
cine serves as adviser to the nation to improve health. Established in 1970 as the
health arm of the National Academy of Sciences, the Institute of Medicine is a non-
profit organization that works outside of government to provide unbiased and authori-
tative advice to decision makers and the public.").

199 During private practice as a products liability litigator and as an intern at
the Federal Judicial Center, I dealt with Agent Orange, breast implants, and vaccine
injury litigation, and frequently relied on IOM reports as objective, scientific consen-
sus statements on these topics.
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government and vets its experts for issue neutrality (meaning that the
experts are not involved with industry or litigation on a particular is-
sue), the IOM is sheltered from political and industry pressures.200
The IOM's recommendations can then help set out the initial tasks of
this new epigenetic agency.

Once researchers have developed a core of epigenetic knowledge
that allows them to accurately predict the types and probabilities of
certain diseases related to epigenetic mechanisms, it seems entirely
appropriate to shift the burden of providing specific epigenetic safety
data onto manufacturers. The onus of uncertain risk should not be
placed on diffuse consumers who are in no position to generate such
information. In the context of epigenetic harm, as the scientific com-
munity continually learn more about this process and particularized
risks, administrative agencies can adjust the intensity of regulations
based upon the particular knowledge level of any given substance. As
discussed below, the framework I suggest would have four different
levels of regulations that are adaptive to researchers' understanding of
epigenetic harm and its effect on human health and capabilities: (i)
disclosure; (ii) labeling; (iii) epigenetic tax and permit system; and
(iv) restricted uses or total ban. By adopting an iterative and sliding-
scale approach, this framework respects the need to ground regula-
tions upon scientific findings, but rejects a binary approach that
imagines only action or inaction based upon the presence or absence
of scientific proof.

200 See Inst. of Med., supra note 198.
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Figure 2. Adaptive Regulatory Framework
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A. Level 1: Disclosure Standard

Paracelsus was a chemist and physician in the 1500s and is consi-
dered the father of toxicology, the study of poisons. He is often
quoted for the dictum, "dose makes the poison," which remains one of
the bedrock principles of toxicology. In other words, any substances,
even those seen as innocuous, can be harmful in a great enough dose.
Thus, fresh water can be poisonous in large enough doses, causing
seizures and even death.2 0 1 Going back to Jirtle's agouti mice expe-
riment (discussed supra), the dose of folate rich foods proved to be
very beneficial to those particular mice, turning off the effect of a
harmful gene. However, recalling the Ireland folate supplementation
debate, the fear is that while a little folate might be beneficial, too
much of this substance might turn off helpful tumor suppressor genes

201 See Melissa Conrad Stappler, Hyponatremia (Low Blood Sodium),
http://www.medicinenet.com/hyponatremia/article.htm (last visited May 3, 2010).
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and increase the risk of certain cancers - hence, dose determines
whether the substance is helpful or harmful.

Therefore, an important threshold question, regarding chemicals
and consumer products, is whether such substances cause significant
epigenetic markings or modifications. The ability of a substance to
cause epigenetic marking is not an indication of harm per se, and
might even prove beneficial, as in the agouti experiment. However,
for an individual, it would be important to know if one was accumu-
lating too great a dose of any particular type of epigenetic marking
from an overall combination of substances. In the same way that an
Ames test provides an inexpensive and quick way to assay whether a
substance has mutagenic potential (and hence cancer-causing poten-
tial),202 it is not difficult to imagine that a similar testing model can be
developed to measure the potential of a substance to cause epigenetic
modifications. Positive evidence of epigenetic modifications could
then indicate the need for more robust testing in animal models.

Under my proposal, the burden to demonstrate the extent of epi-
genetic modifications a chemical substance causes would be placed on
manufacturers. This information would then be required to be
disclosed to the appropriate government regulatory agency. 203 This
regulatory approach would be consonant with the EU's regulation of
manufactured chemicals, the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH), which was adopted in
December 2006.204 The goal of REACH is to "provide a high level of
protection of human health and the environment through earlier and
improved identification of the inherent properties of chemical sub-

202 The Ames test was developed in the 1950's by University of California
Berkeley researcher Bruce Ames. The test uses a strain of salmonella bacteria that
can be grown cheaply, yielding results in only one day. Bruce N. Ames et al., An
Improved Bacterial Test System for the Detection and Classification of Mutagens and
Carcinogens, 70 PROC. NAT'L ACAD. Sa. 782 (1973).

203 Rather than relying on manufacturers own tests which might be subject to
bias or obfuscation, the government can require testing be done by certified labs
which are audited by the government. As illustrated by the Georgia peanut scandal,
relying on private testing facilities that are not overseen by the government can be
problematic as manufacturers might direct their business to labs that will give them
favorable results, thus creating incentives for labs to perhaps have lax standards if
they are not subject to oversight. Another tactic used by the offending peanut manu-
facturer was to not report repeated test results that showed presence of salmonella and
only report tests that were negative. See Lyndsey Layton, Peanut Processor Kno-
wingly Sold Tainted Products, WASH. POST, Jan. 28, 2009, at Al. A regulation that
took away discretion from manufacturers from selectively reporting test results and
made disclosure of all tests by certified labs to the government mandatory could solve
this "cherry-picking" problem.

204 See generally Council Regulation 1907/2006, 2006 O.J. (L 396) 1 (EC).
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stances."205 The mantra of REACH is "no data, no market," meaning
all chemicals must be registered in order to be merchantable in the
EU.206 REACH not only targets substances in isolation, but also in
compounds and articles containing chemical substances where it is
foreseeable that such substances will be released during normal
usage.2 07 What if multiple companies make the same chemical - do
these companies need duplicative laboratory and animal tests?
REACH allows for substance information exchange forums (SIEF) to
be set up so that companies can voluntarily share data on identical
substances. In the case of animal testing, REACH mandates informa-
tion-sharing in order to reduce redundancy of these tests.208 As
discussed above, it is clear that U.S. regulatory agencies have the po-
tential legal authority to shift the burden of testing onto manufacturers
in a regime similar to REACH and could mandate the generation of
basic epigenetic information.

Once an epigenetic profile of a substance is generated, should this
information be required on a product's label? The appropriate answer
seems to be "no." In the abstract, this information is likely not useful
to the average consumer and might only cause fear and confusion in
consumers should they automatically assume that epigenetic markings
are per se harmful. 20 9 This information is most helpful and important
to regulatory agencies for consideration of how much follow-up test-
ing should be done on particular substances. Analogizing to the Ames
test, a positive result on this assay does not mean that a substance is
necessarily carcinogenic and a negative test does not mean that a sub-
stance is not carcinogenic. However, the Ames test has proven to be a
helpful screen in identifying potential carcinogens which would indi-
cate the need for further in-depth testing. The epigenetic equivalent of
the Ames test should be viewed in the same manner.

The case for regulating manufactured chemicals which cause epi-
genetic changes seems clear, but what about "natural" substances like

205 Isabelle Laborde, REACH: The New European Union Chemicals Regula-
tions, 23 NAT. RESOURCES & ENV'T 63, 63 (2009).

206 id.
207 Id. at 63-64. This regulation also applies to chemicals manufactured for

export only to rebut charges that this is a protectionist scheme by the EU. For US
manufacturers, falling behind this standard could prove costly and limit their overall
market access, in the same manner that falling behind higher fuel standards in the rest
of the world crippled the competitiveness of American car manufacturers.

20. Id. at 64.208

2 As behavioral scientists have noted, providing more information does not
always lead to better understanding by the recipient as the individual might expe-
rience "cognitive dissonance," or difficulty in incorporating new information that
does not correspond to their previous understanding.
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food products? Should regulators punt on epigenetic regulation of
these substances and only focus on synthetic chemicals? As Sunstein
points out in his critique of the precautionary principle, the reason
many view artificial or processed substances as being less safe than
natural substances is due to the cognitive bias of believing in the "be-
nevolence of nature." 210 However, we know that many natural prod-
ucts can be harmful; for example, tuna may harm pregnant women
(due to high mercury content) and natural licorice can cause severe
hypertension and potassium deficiency.

One response might be that traditional food products have become
"traditional" through a natural process of empiricism. That is, for
thousands of years, humans have been figuring out what is safe and
not safe to ingest or put on their body by trial and error. Thus, an un-
derlying logic justifies trusting the safety of natural products as op-
posed to newer synthetic products. However, going back to Jirtle's
agouti mice experiment, the dramatic change in epigenetic program-
ming that he accomplished was not through administration of complex
synthetic compounds, but through simple vegetables like onions,
beets, and leafy vegetables. Therefore, there is a serious rationale to
generate more knowledge about the epigenetic effects of everyday
foodstuffs. The question then becomes "who should be responsible
for generating epigenetic safety information regarding food prod-
ucts?" Should a small family farm have the same burden placed on it
as industrial food giants like Con-Agra or Archer Daniels Midland?
Here it seems more efficient and practical to have the U.S. Depart-
ment of Agriculture perform testing on bulk distributors of fruits, veg-
etables, grains, and meats, and to exempt smaller farms from such

211requirements. However, for processed or packaged food compa-
nies, it is rational to place this burden on them, as Company A might
process their creamed corn in a completely different manner than
Company B. This would add a de minimis burden, as food companies
already are required to test the general safety of their products.

210 See Sunstein, supra note 167.
211 It is common for public health regulations, such as nutritional labeling

requirements for restaurants, to distinguish between large and small business opera-
tors. See New York State Rest. Ass'n v. New York City Bd. of Health 556 F.3d
114, 121 (2d Cir. 2009) (The court upheld state law mandating the chain restaurants
provide nutritional information to customers. The law did not apply to smaller, non-
chain restaurants.).
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B. Level 2: Labeling Standard

Once researchers can publish data in peer-reviewed journals that a
substance can cause epigenetic harm in something more robust than a
simple petri dish assay, such as in more than one species of laboratory
animal, then it seems warranted for an epigenetic risk agency to re-
quire labeling of their products to state this result. The labeling
statement can be as simple as "Animal Studies have demonstrated
evidence of epigenetic harm caused by this product." If manufactur-
ers can reference or conduct independent human epidemiological stu-
dies that do not demonstrate evidence of harm, then manufacturers
could add the truthful disclaimer that evidence of harm in human
studies has not yet been established. The intent of allowing this dis-
claimer is that it provides manufacturers with an incentive to fund
independent research on human populations.

One response might be that, even without the human studies dis-
claimer, labels are an inherently weak form of regulation, and allow-
ing disclaimers makes the labels even weaker.2 12 However, the virtue
of standards one and two under this framework is that they intention-
ally do not exert a very powerful effect. Stronger measures that could
drastically reduce or eliminate the viability of products would be dif-
ficult to justify given that the evidence of harm contemplated to trig-
ger these measures is also comparatively weak. So what is the point
of having intentionally weak regulations? The value of such regula-
tions is the provision of early notice to manufacturers and end-users
that they might want to start considering the development or use of
alternative products. This scheme should mitigate the "no suitable
alternative" problem highlighted in the EPA's attempt to ban asbes-
tos. 213

C. Level 3: Epigenetic Tax and Permit System to Protect
Human Capabilities

The tort system is predictably ill-suited to regulate epigenetic
harm, and a purely utilitarian regulatory scheme fails to address qua-
litative differences in epigenetic harm. So how can one practically
address the problem of epigenetic risk? Under Nussbaum's concep-
tion of the CA, the general way to formulate policy questions is to ask
what one values and seek to protect through collective action:

212 See John Abramson, The Reliability of Our Medical Knowledge as a
Product ofIndustry Relationships, 35 HOFSTRA L. REv. 691, 697-98 (2006).

213 See Corrosion Proof Fittings v. EPA, 947 F.2d 1201, 1215-17 (5th Cir.
1991).
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In all cases, however, a political scheme will not realize the
goals of the CA unless it identifies a core group of entitle-
ments that deserve to be protected stably, regardless of major-
ity whim, and then asks carefully whether people face unequal
obstacles to the enjoyment of their basic entitlements, devot-
ing particular attention to traditionally disadvantaged

gUS214groups.21

As Nussbaum explains, the CA suggests that the government make a
"short list" of individual entitlements or capabilities that will be pro-
tected equally for all citizens. 2 15 Ensuring adequate education, health-
care, and political liberty are typical entitlements put forth by CA pro-
ponents. Using this list, one can prioritize which epigenetic harms
pose the greatest threat to developing our human capabilities and
which harms are inequitably distributed. Then one can attach greater
penalties (taxes) or barriers (permits) to producers of epigenetic harm
that undermines our human capabilities or to producers of harm that
disparately impacts some discrete group. In this way, an epigenetic
regulatory agency can calibrate a tax and permit system to reflect
qualitative decisions to protect capabilities in an equitable and
non-arbitrary fashion.

The government can set up a permit scheme based upon a manu-
facturer's ability to disclose epigenetic risk data about its products or
activities. Thus, development and disclosure of epigenetic safety
information will allow a company to sell their goods in their market-
place or operate their factories. While industry might protest vigo-
rously, a permit scheme for consumer goods, similar to prescription
drugs receiving FDA market approval, can convey significant benefit
to a manufacturer, certifying the product for the marketplace and
erecting barriers to less sophisticated or responsible competitors who
take shortcuts.216 An important consideration is the duration of the

214 Nussbaum, supra note 12, at 57.
215 Id. at 20 ("The CA, by contrast, is quite abstemious: it identifies a very

short list of core entitlements that should be secured to all citizens as basic entitle-
ments of ajust society. Beyond that short list, the CA does not make sweeping claims
about the overall good. It allows people to make their own choice based on their
different views of the good life. Moreover, since the core entitlements are understood
as capabilities, rather than as actual functions or actions, giving one of them to a
person does not require him or her to use it.").

216 Loretta Chao, More Firms Tied to Tainted Formula: China Officials Say
Industrial Chemical was in Baby Food, WALL ST. J., Sept. 17, 2008, at A23 (describ-
ing recent scandal involving food products from China adulterated with melamine);
Austin Ramzy, China's Melamine Woes Likely to Get Worse, TIME, Nov. 4, 2008,
http://www.time.com/time/world/article/0,8599,1856168,00.html; U.S. Food & Drug
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permit. Since scientific knowledge can fluctuate rapidly as new data
is gathered, a permit's time span should be linked to the progression
of knowledge within the field. For epigenetics, this might mean a
default permit for ten years, which would nevertheless allow the per-
mit agency to call for a special review in light of new information,
especially if a firm has not disclosed or neglected to perform addition-
al research within a decade time frame.

Epigenetic taxes can be structured to create incentives for firms to
compete with each other on the development of risk information. For
example, if Company A and Company B make the same product X,
but Company A develops more epigenetic risk information on X, it
could receive a discounted tax assessment compared to Company B.
In addition to incentivizing research, this strategy addresses free rider
concerns related to which parties should bear the cost of safety testing.
Safety information exchanges, as envisioned by the EU and its
REACH legislation, can also address efficiency concerns related to

217
redundant testing.

D. Level 4: Restricted Uses and Outright Ban

If scientific studies ultimately prove that certain substances cause
severe epigenetic harms that are not reversible, the appropriate regula-
tory action would be to ban such substances from general use. Once
again, under a CA focus, harms that have greater deleterious effects
on individuals' abilities to make free choices or that limit the scope of
their life options are considered to be relatively more severe than oth-
er harms. Prioritizing epigenetic harms is important, because a ban on
one substance predictably could lead to the use of risky substitutes. 218

Thus, under the framework I propose, regulatory agencies would need
to rank the epigenetic harms caused by substances, especially when
substitution of one substance for another is likely.

Given the strength of this regulatory measure, it is appropriate to
demand that the corresponding level of scientific knowledge be equal-
ly strong: reproducible, peer-reviewed scientific studies demonstrating
a significant increase in epigenetic risk. As discussed above, I hesi-
tate to suggest a relative risk threshold of 2.0 as the necessary thre-

Admin., Melamine Contamination in China, available at http://www.fda.gov/
NewsEvents/PublicHealthFocus/ucml 79005.htm (last visited May 3, 2010).

217 See Laborde, supra note 205, at 63.
218 See Cass R. Sunstein, Health-Health Tradeoffs, 63 U. CHI. L. REv. 1533,

1541-42 (1996) (arguing that regulatory bans can lead to risky substitutes). Of
course, Sunstein would likely calculate the tradeoffs in a different manner as he is a
strong proponent of cost-benefit analysis.
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shold for a regulatory ban. For example, if the relative risk of a sub-
stance causing epigenetic developmental defects is only 1.9, I think it
should be within an agency's discretion to ban such a substance. The
insistence on reproducible and peer-reviewed data is distinguishable
because one needs to know if any measured risk is legitimate and not
due to chance or poor scientific methodology. In contrast, deciding
on whether to enact a regulatory ban based upon a 1.9 or 2.0 relative
risk is a quantitative, not qualitative, decision.

The issue of paternalism versus libertarianism in the banning of
substances is especially thorny when epigenetics enters the equation.
For example, adopting the libertarian view, one can argue that so long
as individuals are given notice that a certain substance is harmful, they
should be allowed the freedom to choose whether they want to risk
exposure. However, given the multi-generational persistence of epi-
genetic markings, notice and choice are necessarily absent for future
generations suffering from epigenetic risk acquired before they even
came into existence. This in turn raises the issue of generational jus-
tice and the extent to which the present generation is held responsible
for risks that will be passed on to future generations. As in the debate
regarding climate change regulations, talking about protecting future
generations that would not come to be even during our own lifetime
makes the case for taking action more difficult and attenuated. How-
ever, with epigenetic risk as with catastrophic climate change, one is
talking about taking decisive action against harms that might affect
our generation directly as well as generations born during our lifetime.

CONCLUSION

This article explores the meaning of epigenetic risk and why ad-
dressing it from a legal and policy perspective is critical. Epigenetics
is a rapidly evolving field, and no doubt researchers will develop more
knowledge about how one acquires and pass on epigenetic marks,
about the impact such marks on human disease and development, and
about the extent to which medicine can manipulate or modify the epi-
genetic effects. Viewing the issue from the CA framework, the im-
perative for addressing epigenetic risk is not merely the biological or
medical concerns involved, but more generally the underlying fairness
and justice of the American social contract. How one develops men-
tally or physically has a tremendous impact upon one's set of capabili-
ties and hence the ability to choose a life of one's own making. Of
course, there is no such thing as absolute freedom from biological or
social constraints - some people will innately be more physically fit
or intelligent than others. However, with epigenetics, one considers
how much of these biological constraints are "innate" as opposed to
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externally manufactured. The CA prompts one to ask questions such
as: what impact do particular epigenetic risks have on one's ability to
exercise free choices, are these risks avoidable, and how are such risks
distributed across society?2 19

Addressing epigenetic risk poses some of the same challenges as
addressing global climate change. The more variables and complex
interactions that must be accounted for, the less likely scientific re-
searchers will establish "conclusive proof" of cause and effect or neat-
ly quantify the costs and benefits of an action. Additionally, as with
global climate change, scientific uncertainty will be used as a basis for
undermining the legitimacy of measures and regulations aimed at re-
ducing epigenetic risk. The adaptive framework I propose holds that
the growing evidence that particular environmental exposures cause
epigenetic risks cannot be ignored and that overall uncertainty about
epigenetics should first result in knowledge-generating policies rather
than inaction. As data regarding epigenetic risks accrues, this frame-
work accounts for such learning and enables the intensity of any epi-
genetic-based regulation to be rationally tied to existing knowledge.
The stakes are high, given evidence that potentially avoidable epige-
netic risks are not only causing disease, but also harming the capabili-
ties writ large of present and future generations.

219 The epigenetic effects of social interactions (e.g., parent-child bonding,
bullying, discrimination) is a fascinating area of inquiry, but as stated in the Introduc-
tion, is outside the scope of this article. Obviously, regulating social interactions
raises quite different jurisprudential and political concerns than regulating exposures
to chemical substances.
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