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By Tracey J. Woodruff, Thomas A. Burke, and Lauren Zeise

The Need For Better Public Health
Decisions On Chemicals Released
Into Our Environment

ABSTRACT Protecting the health of the public—particularly the most
vulnerable groups, such as children—requires rethinking current
approaches to reducing environmental risks. We review the evolving
understanding of the relationship between exposure to chemicals in the
environment and disease, as well as the current state of managing those
chemicals. We present recommendations to improve current approaches,
including changing the burden of proof so that chemicals are not
presumed safe in the absence of scientific data. We also propose
modernizing approaches to assessing health risks.

I
t is widely recognized that the environ-
ment contributes tomany cancers, other
chronic diseases, and disabilities.1 Key
early evidence for this fact came from
observations that the children or grand-

children of immigrants to countries with lower
(or higher) rates of cancer than the original
home country had cancer rates typical of their
new home.2,3 Natural and man-made substances
in the environment and other environmental
factors are believed to be important contributors
to most human cancers.3 The report of the Pres-
ident’s Cancer Panel—an advisory committee of
physicians and scientists appointed in 2006 by
President George W. Bush—notes that the panel
“was particularly concerned to find that the true
burden of environmentally induced cancer has
been grossly underestimated.”4

Observed increases over the past twenty to
thirty years in the incidence of many chronic
conditions—including diabetes, childhood
asthma, and childhood and adult obesity5,6—

raise concerns about potentially underappreci-
ated environmental risk factors.7 Chronic dis-
eases such as these are now the leading cause
of disability anddeath in theUSpopulation,8 and
genetic predisposition and increased screening
and diagnostic sensitivity cannot fully explain
the increases.9,10 Behavior and learning chal-
lenges have also increased markedly.5

Many factors can increase the risk of chronic
diseases, a risk that increases further with the
likely interaction among factors.1 For example,
genetic predisposition, age, lifestyle, nutrition,
and exposure to chemicals in the environment
have all been identified as risk factors for child-
ren’s chronic conditions suchas asthma,obesity,
and behavioral and learning problems.5 The role
of environmental chemicals is now receiving in-
creasing attention as a preventable risk factor for
many chronic diseases.7

In this paper, we review the current state of
environmental decision making and our evolv-
ing understanding of the relationship between
disease and exposure to chemicals in the envi-
ronment. We then recommend changes in the
assessment and management of that exposure
to improve the management of public health
risks.

The Current Situation
The Magnitude Of The Environmental Chemi-
cal Problem In the past seventy years, the
manufacture and use of industrial chemicals
has increased more than fifteenfold,11 an out-
growth of innovation and discovery. People are
now exposed to multiple environmental chemi-
cals in the air, food, water, and a variety of con-
sumer products, such as phthalates, which can
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be added to plastics to increase their flexibility;
brominated flame retardants, such as those used
in furniture; and perfluorinated chemicals,
which are used to make surfaces stain- or
stick-resistant. Many of these chemicals appear
in measurable quantities in Americans’ bodies12

and can be associated with adverse health ef-
fects.13–15

More than 80,000 chemical substances are
listed by the Environmental Protection Agency
(EPA) as manufactured or processed in the
United States, or imported into the country,16,17

but this is probably an overestimate of the num-
ber of chemicals currently in commercial use.
The EPA believes that not all of these chemicals
are being produced or imported at any given
time, and it is currently reassessing the total.18

Approximately 700 new industrial chemicals
are introduced each year.17 About 3,000–4,000
chemicals are identified as high volume chemi-
cals,meaning thatmore thanamillionpoundsof
each of them are manufactured or imported an-
nually.18 Thesemay pose special risks by virtue of
their volume.
The US government has made important

progress in reducing exposures to some chemi-
cals that adversely affect health, including spe-
cific air pollutants identified in the Clean Air Act
of 1963, such as particulate matter and lead;
hazardous air pollutants named in the Clean
Air Act Amendments of 1990, including benzene
and dioxin; asbestos; persistent chlorinated in-
secticides such as dichlorodiphenyltrichloro-
ethane (DDT); and dibromochloropropane and
other pesticides that are highly toxic and muta-
genic, or damaging to DNA. As shown in
Exhibit 1, national ambient air concentrations
of critical air pollutants—sulfur dioxide, nitro-
gen dioxide, carbon monoxide, particulate mat-
ter, ozone, and lead—have declined as a result of
this legislation, although some are still above the
current national air quality standard in many
locations. Similarly, Exhibit 2 shows the changes
in annual average air concentrations of benzene,
whose health effects include increasing the risk
of leukemia.
Some of these improvements can bemeasured

by reduced concentrations of the chemicals in
human blood or fat, detected through biomoni-
toring studies—which measure the presence of
chemicals in human biological specimens, such
as those of blood or urine.19,20 The observed de-
clines in these chemicals can be directly linked
to government regulatory activity.21 However,
although exposures to some legacy chemicals—
chemicals that remain in the environment after
the ending of the activity that produced them—

have dropped, exposures to others have not,22

and the introduction of new chemicals can lead

to new exposures.
Managing Exposures to Chemicals The var-

iations in successfully managing exposures to
chemicals is partly driven by the availability of
data related to health. Understanding the extent
of potential health risks in the general popula-
tion, and which groups are particularly sensitive
to these exposures, requires both data about the
extent of exposures to chemicals in the environ-
ment and toxicity data.
▸▸DIFFERENCES IN LEGAL REQUIREMENTS:

Multiple laws determine regulatory agencies’
ability to obtain data from manufacturers and
their legal authority to manage exposures to
chemicals. Paradoxically, there are generally
no toxicity data requirements prior to release of
chemicals into different environmental media—
such as air and water—although many statutes
involve risk assessments to control certain pol-
lutants after their release. These include emis-
sions of chemicals into the air, under the Clean
Air Act Amendments of 1990; into water, under
the Safe Drinking Water Act of 1972; and into
hazardous waste, under the Comprehensive
Environmental Response, Compensation, and
Liability Act of 1980 and the Resource Conserva-
tion and Recovery Act of 1976.
On the other hand, premarket toxicity testing

is generally required for pesticides under the
Federal Insecticide, Fungicide, and Rodenticide
Act of 1976 and the Food Quality Protection Act
of 1996. Such testing can provide data about
potential health risks or other hazards prior to
release of the pesticide into the environment.
This requirement has led to certain safe-

guards.23 For example, the use of mutagenic (al-
tering either genes or their expression) and car-
cinogenic pesticides is strongly curtailed.
▸▸THE TOXIC SUBSTANCES CONTROL ACT:

One of the largest identified policy gaps is in
the Toxic Substances Control Act of 1976. This
law gives the EPA only limited authority to re-
quire data on the potential health risks from
exposures to a large number of nonpesticidal
chemicals, both those that have long been in
use and those that have more recently appeared
on the market.24 Toxicity and exposure data for
thousands of chemicals currently in use have
never been requested or assessed.25 In addition,
if a substance is discovered to be hazardous and
its use is strictly regulated, it is often replaced by
an untested substance—which may be just as
bad.26 Flame retardants, described below, pro-
vide an example.
Under the Toxic Substances Control Act,

chemicals areessentially assumed tobe safeuntil
shown to be harmful, with few requirements for
manufacturers to supply data on potential expo-
sures or risks.27,28 Not surprisingly, manufac-
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turers have little incentive to generate data that
might show their products are unsafe. As a re-
sult, it is difficult for the EPA to assess and regu-
late chemicals in a timely fashion.28 In contrast,
manufacturers of pharmaceuticals and pesti-
cides must test them for toxicity and receive ap-
proval for their use from the Food and Drug
Administration or the EPA, respectively, before
they enter the market.27

The case of two flame retardants provide an
illustration of the problem with the act. In 1974,
Firemaster flame retardants containing poly-
brominated biphenyls (PBBs) were pulled off
themarket due to toxicity concerns after an inad-
vertent andwidespread poisoning of animal feed
in Michigan.29 However, use of similar flame-
retardant chemicalswasnot discontinued. These
include polybrominated diphenyl ethers
(PBDEs), compounds whose effects on human
health have still not been adequately tested. Con-
centrations of polybrominated biphenyls in hu-
man serumsamples decreased between 1985 and
2000 (Exhibit 3), and concentrations of the sim-
ilar, but unregulated, polybrominated diphenyl
ethers increased (Exhibit 4).

In the early 2000s growing recognition of the
increasing concentrations of polybrominated
diphenyl ethers in people and wildlife,19 and in-
creasing concern about the chemicals’ effects on
thyroidhormones, led to a voluntary phasingout
in the United States of two of the three commer-
cial formulations of PBDEs (pentaPBDE and
octaPBDE). However, people continue to be ex-
posed to the chemicals because they were widely
used in furniture and other indoor consumer
products, and therefore they persist in the envi-
ronment.19

Furthermore, recent scientific studies have
found that polybrominated biphenyl ethers do
have effects on thyroid hormones and children’s
development.13,30 The federal National Toxicol-
ogy Program plans to perform long-term carci-
nogenesis studies on PBDE 153,31 one of the 209
polybrominated diphenyl ethers, which is im-
portant because it is increasingly appearing in
the food chain and in people.22,32 By the time the
test results are published, use of the chemical
will have long ceased, but people will continue
to be exposed to it.
Similarly, a study of the carcinogenic effects

Exhibit 1

National Ambient Air Concentrations Of Pollutants Compared To National Air Quality Standard, 1990–2008

Pe
rc

en
t

Most recent national standard

Scale change

SOURCE Environmental Protection Agency. Our nation’s air—status and trends through 2008 [Internet]. Washington (DC): EPA; 2010
Feb [cited 2011 Apr 11]. Available from: http://www.epa.gov/airtrends/2010/. NOTES PM2:5 is particulate matter particles 2.5 micro-
meters or smaller. PM10 is particulate matter particles 10 micrometers or smaller. NO2 is nitrogen dioxide. CO is carbon monoxide. SO2

is sulfur dioxide.
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of polybrominated biphenyls—flame-retardant
chemicals similar in structure topolybrominated
diphenyl ethers—was published a decade after
their use was discontinued.29 Their long half life
means that peoplemay still have the chemicals in
their bodies, which could pose a low, but not

inconsequential, risk.33

▸▸THE DANGERS OF SUBSTITUTES: There are
numerous other chlorinated and brominated
flame retardants in use that substitute for poly-
brominated diphenyl ethers and polybromi-
nated biphenyls.Manyhave been found in either
wildlife or people.34,35 Because many of them are
similar to chemicals that areknown to be toxic, it
is not surprising that some give indications of
being toxic or carcinogenic.36 Regulatory agen-
cies have yet to formally consider the risks that
these substitutes pose.
Other substitutes abound, including those for

diethylhexylphthalate (DEHP). This chemical is
often used in plastic products such as children’s
toys andmedical devices such as blood bags, and
it has toxic effects on the developingmale repro-
ductive system.37 A substitute for this chemical
has been shown to disrupt thyroid hormones in
experiments involving animals.38 The toxicity
of most of these substitutes has not been
adequately studied.38

Risk Assessment
Sometimes a state or federal agency can take
action to protect the environment or reduce risk
to human health without a detailed risk assess-
ment. For example, the Clean Air Act mandates
that the EPA assess and require “maximum
achievable control technologies” for certain
sources of the contaminants defined in the act
as hazardous air pollutants.39 The act also con-
tains provisions for adding other substances to
the list of hazardous air pollutants. These provi-
sions could be used to expand this regulatory
approach to other air pollutants.39 Research
has identified potential candidates for inclusion
based on their known toxicities.39,40

Furthermore, the approach of requiring the
use of “maximum achievable control technolo-
gies” to reduce emissions of toxic substances
could be expanded to other media. The advan-
tage of this approach is that the best technology
for reducing emissions has already been identi-
fied and can be applied to all industries without
requiring specific risk assessments for each
emitted pollutant. The result could mean saving
a good deal of time.41,42 Risk assessment and con-
trol of residual risks are considered below. As of
2000, the EPA estimates that full implementa-
tion of the “maximum achievable control tech-
nologies”—as mandated in the Clean Air Act
Amendments of 1990—has led to an almost fif-
teenfold improvement in the reduction of air
pollutants.42

However, in many cases, an agency cannot
proceed without assessing the level of risk posed
to the population. The primary approach is risk

Exhibit 2

Annual Air Concentrations Of Benzene, 1994–2009

SOURCE Environmental Protection Agency. Ambient concentrations of benzene [Internet].Washington
(DC): EPA; [last updated 2010 Dec 14; cited 2011 May 5]. Available from: http://cfpub.epa.gov/eroe/
index.cfm?fuseaction=detail.viewInd&lv=list.listbyalpha&r=231333&subtop=341. NOTES The aver-
age line represents average annual concentrations from twenty-two monitoring sites nationwide.
The shaded area displays the concentration range where 80 percent of measured values occurred
for each year.

Exhibit 3

Levels Of Polybrominated Biphenyls (PBBs) In Human Blood, 1985–2002
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SOURCE Note 19 in text. NOTES The use of PBBs in the United States was discontinued in the 1970s.
Polybrominated diphenyl ethers were then introduced as replacement fire retardants.
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assessment. Using biostatistics and biological
analysis, risk assessment summarizes the scien-
tific toxicity information—for example, describ-
ing the probability that an exposure will result
in harm.
Typically, a risk assessment consists of four

parts. These are assessing the type of health ef-
fects associated with exposure to a chemical,
typically called hazard assessment; assessing
the relationship between the exposure and the
response, which is known as dose-response;
assessing the amount of exposure and how it
varies across uses and individuals; and risk char-
acterization,whichcombines exposureswith the
dose-response to estimate risks to the popula-
tions of interest. In addition, risk assessment
for cancer is different than risk assessment for
noncancerous effects. The assumption is that
there is no safe exposure level for most carcino-
gens, but when cancer is not an effect, the
assumption is that a no-risk or safe exposure
level does exist.
Newer science, reviewed by the National Acad-

emy of Sciences,43 has shown that approaches to
risk assessment need to bemodernized to reflect
the current scientific understanding of the rela-
tionship between exposure and adverse health
effects, as we will explain below.

Susceptibility And Vulnerability Suscep-
tibility to the harmful effects of exposure can
vary dramatically from person to person and
can be influenced by both intrinsic and extrinsic
factors. The relevant intrinsic factors are age,
genetics, and preexisting conditions.

During specific stages of development—
including the fetal stage, infancy, early child-
hood, and puberty—young people can be sub-
stantially more susceptible to chemicals than
adults.44 Behavior during early childhood, such
as crawling and putting a hand in themouth, can
also increase exposures to certain environmen-
tal chemicals. Biomonitoring studies find larger
levels of certain chemicals in children compared
to their parents or other adults.45,46 The elderly
can also be more susceptible to exposure to cer-
tain chemicals in the environment, such as those
involved in air pollution.47

Exhibit 4

Levels Of Polybrominated Diphenyl Ethers In Human Blood, 1985–2002

Co
nc

en
tr

at
io

n 
(n

g/
g 

lip
id

 in
 se

ru
m

)

Collection year

SOURCE Note 19 in text.

Exhibit 5

The Effect Of Biological Susceptibility And Co-exposure To Other Chemicals On The Relationship Between Individual
Chemical Exposure And Adverse Health Outcomes

N
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No co-exposures or
susceptibility
Co-exposures,
no susceptibility
Co-exposures and
biological susceptibility

Those with non-adverse response Those with adverse response

Value of physiological parameter, or health status

SOURCE Woodruff TJ, Zeise L, Axelrad DA, Guyton KZ, Janssen S, Miller M, et al. Meeting report: moving upstream—evaluating adverse
upstream end points for improved risk assessment and decision-making. Environ Health Perspect. 2008;116(11):1568–75.
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Preexisting conditions—such as those that
compromise the function of the immune sys-
tem,48 asthma, coronary heart disease, heart ar-
rhythmias, and other less serious disorders49—
can leave individuals more susceptible to addi-
tional environmental stressors. And individuals’
varying geneticmakeup is clearly related to vary-
ing risks from environmental chemicals.50,51

The relevant extrinsic factors are socio-
economic status, race or ethnicity (that is, the
external manifestations of these factors and
their effect on the treatment a person receives
in society), and exposures to other environmen-
tal chemicals. There is a growing amount of evi-
dence, mainly from air pollution epidemiology,
that social factors affect a person’s vulnerability
to chemicals in the environment.52–54

People are exposed to a wide array of environ-
mental chemicals, suchas thoseproducedby fuel
combustion, industry, drinking water disinfec-
tion, and the use of consumer products. Bio-
monitoring studies of the US population show
measurable levels of numerous chemicals in
every person studied.12,22 Studies show that ex-
posure to multiple chemicals that have the same
adverse impact on health can have a cumulative
effect, increasing the risk further.37

For example, theNationalAcademiesnote that
phthalates and other chemicals—such as those
found in certain pesticides—that affect testoster-
one levels can cumulatively act together to ad-
versely impactmale reproductive development.37

Exhibit 5 illustrates how these instrinsic and
extrinsic factors may affect population response
to an environmental exposure.
Translating Animal Data Into Human Risk

Much of human health risk assessment is based
on animal data rather than observational or ex-
perimental human studies.25 Most animal ex-
periments test the effects of individual chemicals
using homogeneous adult animal strains—that
is, an experiment is done on animals that are all
genetically similar and under the same environ-
mental conditions. Although this type of testing
can clarify relationships between exposure and
effect for any individual chemical, it does not
fully account for other factors that can influence
risk of disease. As noted above, those other fac-
tors include age, genetics, preexisting condi-
tions, and exposure to other chemicals.43

To translate the findings from animals to hu-
mans, researchers use a quantitative factor that
takes into account differences in the way small
bodies—such as those of rodents—and the large
bodies of humans handle chemicals. The factor
also takes into account differences in pharmaco-
dynamics, or the ways chemicals may influence
the process of a disease in a particular species.
Sometimes a model is used instead of the quan-

titative factor. Such models are called pharma-
cokinetic models.
Interindividual variability, or differing suscep-

tibility and vulnerability among humans, is
taken into account in translating findings from
animals tohumansonlywhen the chemical is not
carcinogenic. The numerical factor used to ac-
count for interindividual variability for health
effects other than cancer, which generally is
no larger than 10, may not adequately describe
the full range of vulnerability and susceptibility
in a population. The National Academy of Scien-
ces has advocated the use of better approaches to
address difference among humans.43

For cancer, the EPA quantitatively incorpo-
rates the increased susceptibility fromchildhood
exposures tomutagenic chemicals.However, the
EPA does not make a similar adjustment for pre-
natal exposures43 or for childhood exposures to
nonmutagenic chemicals, even though some of
those have been shown to be much more potent
when exposure occurs early in life. For carcino-
gens, the standard default approach assumed in
predicting human risk from animal data is that
equal exposure leads to the same risk of cancer
for each person in the population, but epidemio-
logical and other findings show that in fact the
risk varies.55,56

Other Needs In Risk Assessments Some-
times another factor is used to account for the
lack of specific data, such as when no studies
were conducted to evaluate chronic effects, or
to assess particular adverse health effects such
as neurodevelopmental toxicity. However,
where no data at all exist, the risk assessment
typically presumes that the chemical poses no
risk. The National Academy of Sciences charac-
terizes this as a missing default, meaning that it
amounts to having a default assumption of no
effect. The academy advocates the development
of new approaches to address such cases.43

Finally, risk assessments generally do not ac-
count for “background” exposures to the multi-
tudeof other chemicals outside12,22 and inside the
body that may affect responses to any given
chemical in the environment.Theremaybe some
accounting for a small subset of chemicals, such
as those measured at a hazardous waste site,
through a “hazard index” methodology for ef-
fects that donot lead to cancer. Themethodology
used in this respect cumulates the effect of chem-
icals that produce the same general type of tox-
icity. But the wide range of background expo-
sures and physiological processes that may
affect health outcomes and potentially result in
risks at low doses are not addressed.43 The Na-
tional Academy of Sciences has identified the
failure to account for background exposure in
risk assessments not involving carcinogens as a
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major deficiency in current risk assessment
methodology.43

Someof thesenewer scientific understandings
were recognized in changes to risk assessments
for pesticidesmandated by the FoodQuality Pro-
tection Act. This law requires additional consid-
eration of health risks to children, as well as
consideration of aggregate exposure to pesti-
cides from multiple sources and exposures to
multiple pesticides that produce effects through
the same mechanism of action.
The National Academies have recently recom-

mended extending the approaches in the Food
Quality Protection Act to account for other sus-
ceptibilities and vulnerabilities, and to ade-
quately cover background exposures to multiple
chemicals in the environment. Although the
Food Quality Protection Act adopts some of
the concepts of this approach, it still does not
require that risk assessments consider expo-
sures tononpesticide chemicals that can contrib-
ute to health risks due to the pesticide. And
although the act considers together pesticides
with the same mechanism of action, newer sci-
ence has led the National Academies to recom-
mend that chemicals that act on the same
common adverse health outcome also be consid-
ered together.37

Furthermore, the extent of vulnerability and
susceptibility and the fact that similar biological
pathways can lead to both cancer and noncancer
effects led the National Academy of Sciences to
conclude that risk assessment for cancer and
noncancer should be unified, and that an assess-
ment should not assume a chemical’s effects
are at a threshold or safe level unless the under-
lying science is reviewed and supports that
assumption.43

Assessing Exposures Two problems limit
our ability to understand the effects of exposures
to chemicals. First, we do not know all of the
chemicals in the environment or their sources,
because no standard reporting is required and
information about how chemicals are produced
is proprietary in many cases. Second, after toxic
chemicals are released into the environment,
they may be transformed into by-products that
are also toxic.
For example, the pesticide dichlorodiphenyl-

trichloroethane (DDT) was banned in 1972. The
levels of it found in the environmentandhumans
are now lower than during the time it was used,
but one of its by-products, dichlorodiphenyldi-
chloroethylene (DDE), is still found in more
than 90 percent of people measured.12 The ideal
risk assessment would consider the toxicity of
such by-products, including those produced by
combustion related to manufacturing, energy
generation and transportation, consumer prod-

uctuse, andprocesses suchaswaterdisinfection.
Interpreting The Science The complexity

and uncertainty in the science lead to various
interpretations. Different groups, often influ-
enced by financial motives, promote their own
interpretations and claim that alternative inter-
pretations are biased or based on poor sci-
ence.57,58 On top of this is a continuing call by
scientific peer reviewers for assessments that
fully characterize the risk and quantitatively cap-
ture all major uncertainties and unknowns.
Furthermore, policy makers’ requests for peer

review to resolve scientific differences in a risk
assessment lengthens the process. This sort of
peer review can be a very high bar, as the scien-
tific understanding of these assessments is al-
most always incomplete. Finally, as discussed
above, the current legal burden of some statutes
todetermine that chemicals poseharm tohuman
health before regulatory action canbe taken is an
additional complication.
All of these problems contribute to paralysis in

the decision-making process. Toxicity assess-
ments for major chemicals can take ten years or
longer. The assessments of some chemicals—
such as dioxin and trichloroethylene—that the
EPA started in the 1980s have yet to be com-
pleted.43 Stakeholders can become disengaged
and distrustful. And the public remains exposed
to potentially harmful chemicals while scientific
debate continues.

Conflicts Between Science And
Policy
Muchof thedebate focuses on finding a safe level
for each individual chemical, even though recent
science shows that exposures to different chem-
icals can combine to produce effects experienced
in the general population37 and that some low
exposures can produce risks.43 Although there is
a growing recognition among scientists that ab-
solute safe levels may not exist, policy makers
and the public want to be assured that any ex-
posure is only at a safe level or to an “acceptable”
risk. Once a “safe” level of exposure is identified
and enforced through policy, they consider the
problem to have been solved.
Debates about the science are often motivated

by underlying concerns about the costs of regu-
lation. For example, the recent decision by the
EPA to subject the research on the health effects
of ozone to further peer review before revising
the national ambient air quality standard may
reflect concerns about the costs of the standard,
as the statutorily mandated scientific review
panel expressed unanimous support for the
agency’s proposed standard.59 Costs and other
societal concerns besides health are important
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considerations in decision making. However, as
the National Academy of Sciences has recog-
nized since the 1980s, descriptions of environ-
mental health risk, cost, and other societal con-
cerns should be made explicit and trade-offs
among them should be transparent.60 Decisions
typically involve accepting some risk, and put-
ting off a decision for reasons of political expedi-
ency often increases the eventual health burden.

The Way Forward
Taken together, the rise in certain chronic dis-
eases, the multitude of chemicals as potential
risk factors, and the large gaps in data based
on inadequate testing requirements make it im-
perative that we update the way we manage
chemicals in the environment. This is critical
for the prevention of many chronic diseases.
We can use what we have learned over the past

thirty years to adjust chemical policy for the next
thirty years. The National Academy of Sciences’
Science and Decisions report43 offers a framework
for progress. The academy recommends first
identifying possible actions that could be taken
to address the problem; then developing a plan
to characterize the risks, costs, and benefits to
discriminate among each of the possible actions
and then implementing the assessment plan;
and presenting the results to decision makers
so that they can make an informed choice. The
academy also recommends that stakeholders be
engaged at each step of this process.
Thegoal shouldbe a flexible analytic anddelib-

erative approach to policy making that can be
tailored to individual circumstances. Inaddition,
we make the following recommendations.
The focus of environmental policy should al-

ways be on health. In addition, approaches to
health policy should acknowledge the role of
the environment as a determinant of health at
the individual and population levels. The man-
agement of chemicals is critical for addressing
chronic conditions and preventing lifelong dis-
abilities.
It is essential to ask the right questions. The

first step in identifying possible ways to address
potential health risks from chemical exposure
should be to identify the scale and complexity
of the assessment, and the issues it should ad-
dress. The assessment is designed to discrimi-
nate among different options and related trade-
offs.One approach tomanaging chemicals in the
absence of direct evidence from animal or hu-
man studies is to use structural chemical alerts
and other related chemicals information. For
example, chemical property information (such
as data indicating a potential for persistence or
bioaccumulation) and chemical structure (such

as similarity to thyroid hormones, as in the case
of polybrominated diphenyls) could be used to
automatically trigger a consideration of remov-
ing them from the marketplace or reducing
their use.
The burden of proof should be reversed, so

that it is placed on the manufacturer rather than
the regulator. The current approach of assuming
that chemicals are safe until provedharmful is an
incentive for manufacturers to delay acquiring
data necessary for assessing products’ safety.
Manufacturers of all chemicals—not just pesti-
cides with active ingredients and pharmaceuti-
cals—should be required to produce data to sup-
port health assessments of their products before
they enter the marketplace.
To avoid responding to uncertainty with in-

action, which often leads to delays and greater
health risk, default approaches should be estab-
lished as temporary measures. For example, in
the absence of full data to describe related health
risks, decisions couldbemadebasedonchemical
structure and other indicators of chemical
toxicity.
Substantial health gains and cost savings

are most likely to come from policies that con-
centrate on susceptible and vulnerable popula-
tions—groups that are also liable to have un-
equal access to health care and other essential
services—andon communitieswith large disease
burdens and multiple exposures. For example,
California takes into account children’s particu-
lar susceptibility to carcinogens in its manage-
ment of all chemicals, not just those known to
damage DNA.43,61

The National Academy of Sciences, whose ap-
proach we endorse, has supported the use of a
unified approach to risks of cancer and other
conditions that starts with an assumption that
there is risk at low doses unless scientific data
indicate otherwise.43 Policy makers and the pub-
lic need to realize that there will always be ques-
tions about trade-offs in risk management. For
example, there are different approaches to treat-
ing human sewage that have varying degrees of
costs and health benefits. A transparent presen-
tation and description of the risks will make
those trade-offs easier to understand.
Absolute safety or the complete absence of risk

from exposure to a chemical in the environment
is often an unrealistic and unscientific objective.
Thus we need to modify current approaches to
integrating science into decision making.
What’s more, political, economic, and busi-

ness considerations should be separate from
thehealth risk assessment. The cost ofmanaging
a health risk does not affect themagnitude of the
risk, but it may affect the choice of risk manage-
ment options.
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Approaches to risk assessment and manage-
ment should be modified to take advantage of
emerging scientific knowledge. For example,
studyinghowa chemical can affect key biological
events involved in toxicitywill permitmore rapid
assessment of certain types of chemicals,
although the uncertainties in those assessments
will be large.62 Although it may take years of
research to develop a full suite of advanced
testing and assessment approaches,25 some ap-
plications—such as prioritizing chemicals for
testing—may be ready within five years.
At least one of these recommendations—

requiring manufacturers to submit data on the
potential health effects of their chemicals—
would require new legislative authority to imple-
ment. Others—such as using new scientific
knowledge—could be integrated into existing

regulatory programs, although specific legisla-
tion or other signals from Congress for regula-
tory agencies to move in new directions makes it
more likely that they will do so.

Conclusion
Evolving science has provided many new in-
sights about exposures to chemicals in the envi-
ronment andpreviously unrecognizedbiological
effects. As the scientific community continues to
study the links between exposure and disease,
the public is confronted with a barrage of mixed
messages about risks. By reexamining our cur-
rent approaches and applying new science to
make risk management decisions faster and
more transparent, we can continue to reduce
the toll of chronic diseases and disabilities. ▪

The views expressed are those of the
authors and do not necessarily
represent those of the authors’
institutions.
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