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Introduction

Recent news accounts report the de-
cline of amphibian populations world-
wide, the feminization of male fish, and
other disturbing trends. Our increasing
use (and accompanying environmental
releases) of various man-made com-
pounds is suspected of contributing to
these trends. No ecosystem is spared
from potential effects from these com-
pounds—flame retardants and other
persistent anthropogenic compounds
have been found even in the blood-
stream of arctic polar bears.

U.S. Geological Survey (USGS) sci-
entists recently published data on the
existence of contaminants in American
streams.1  The scientists measured the
concentrations of 95 organic wastewa-
ter contaminants in water samples from
a network of 139 streams in 30 states
representing multiple surrounding land
uses. Contaminants were found in 80
percent of the streams sampled—with
many samples containing multiple con-
taminants. Contaminants detected in-
clude steroids, nonprescription drugs,
insect repellant, detergent metabolites,
fire retardants, antibiotics, hormones,
prescription drugs, and fragrances. For
most of the compounds detected, there
is no basis for limiting potentially

harmful effects—water quality stan-
dards, drinking water standards, maxi-
mum contaminant levels (MCLs) or
other standards do not exist.

Recognizing the pervasiveness of
and the lack of knowledge about con-
taminants, directors of the Renewable
Natural Resources Foundation (RNRF)
called a national “Congress on Assess-
ing and Mitigating Environmental Im-
pacts of Emerging Contaminants.” Fur-
ther, evidence of the increasing envi-
ronmental impacts of these compounds
made explicit the need for increased
knowledge and understanding within
the professional and scientific commu-
nity. Thus, the congress brought to-
gether a select group of professionals
from RNRF member organizations and
leaders from government, industry,
academia, and nongovernmental orga-
nizations (see Appendix A). Delegates
met December 1–2, 2005, at the head-
quarters of the American Geophysical
Union in Washington, D.C. (see Ap-
pendix B for a copy of the congress
program).

Specific goals of the congress were
to raise awareness of emerging con-
taminants and their impacts, and to
develop findings and recommendations
through interdisciplinary discussion.
To achieve these goals, the congress
focused on the following objectives:

• Examining research and monitor-
ing programs, and identifying ad-
justments required to better under-
stand, predict, and mitigate poten-
tial impacts of emerging contami-
nants on human, ecosystem, and
wildlife health.

• Examining current regulatory con-
trol mechanisms for a variety of
emerging contaminants to identify
regulatory strengths and deficien-
cies, and to offer potential solu-
tions.

• To build understanding of the is-
sue, identify the roles and respon-
sibilities of various communities,
including professional and scien-
tific societies, public health orga-
nizations, academia, NGOs, indus-
try, government, and the public.

Following discussion of the objec-
tives and background information (in-
cluding four case studies) in plenary
sessions, delegates were divided into
small working groups. These working
groups examined critical issues and
possible solutions in greater depth.
Findings and recommendations of con-
gress delegates do not necessarily re-
flect policies and views of RNRF, its
member organizations, or the sponsor-
ing agencies.

Contaminants of Concern

Pesticides and Agrochemicals
By their very use, pesticides and

other agrochemicals are introduced
directly into the environment. Before
the development of synthetic chemicals
for the control of pests, compounds
such as arsenic, lead, mercury, cyanide,
creosote, and tars were used. These
compounds posed significant threats to
the environment. The introduction of
chlorinated hydrocarbons was thought
to be an improvement. However, their
high chlorine content made many of

Executive Summary

For citation purposes, please use: Re-
newable Natural Resources Foundation
(RNRF). 2006. Environmental Impacts
of Emerging Contaminants. Ryan M.
Colker and Robert D. Day, Eds.
Bethesda, Md.



Spring 2006 renewable Resources Journal    7

them highly persistent in the environ-
ment. They can be very toxic to aquatic
species and chronic toxicity problems
have been observed, particularly in
birds and mammals.

The Environmental Protection
Agency (EPA) recognized the need to
regulate these persistent, lipophilic,
bioaccumulative chlorinated hydrocar-
bons and to encourage the development
of more biodegradable compounds.

Concerns about carcinogenicity,
groundwater contamination, and acute
toxicity problems shaped the develop-
ment of pesticides.

Endocrine disruptors have become
one of the more recent chemical classes
of concern. As each new concern is
raised, efforts are made to develop
compounds to address to these con-
cerns.

The synthetic pyrethroids provide an
example of pesticide development, and
are indicative of some of the concerns
facing the environment (their develop-
ment is described in the report). Sev-
eral new classes of insecticides also
have been developed. Some of them are
very biodegradable and have mecha-
nisms of action (MOAs) specifically
targeted to insects; others are more
persistent and have non-selective
MOAs. New natural products also are
being introduced into the market—
many with highly selective MOAs.

The use of pesticides, hormones, and
other agrochemicals raises numerous
concerns. How persistent are they?
What are the transformation products?
How bioavailable are they? How selec-
tive are their MOAs? What are the po-
tential non-target effects (humans,
wildlife, aquatic and marine species,
invertebrates, microbial communities)
associated with their use?

Pharmaceuticals and
Personal Care Products

Pharmaceuticals and personal care
products (PPCPs) are a diverse group
of chemicals comprising all human and
veterinary drugs, diagnostic agents,

“nutraceuticals,” and other consumer
chemicals such as fragrances, sun-
screen agents, and excipients (“inert”
ingredients in PPCP formulation and
manufacturing). Thousands of distinct
chemical entities in numerous (and in-
creasing) therapeutic classes and end
uses are considered PPCPs. Large num-
bers—by their very nature—are highly
biologically active. In general, most are
not regulated water pollutants.

PPCPs can enter the environment by
a number of means. Domestic sewage
is a major source. Portions of most in-
gested PPCPs are excreted primarily
via urine and feces. The excreted
PPCPs and derivatives can escape deg-
radation in municipal sewage treatment
facilities. The undegraded molecules
then are discharged into receiving sur-
face waters or groundwater.

Externally applied products that are
not absorbed may be discharged di-
rectly to surface waters or to water
treatment facilities as they are dis-
lodged or washed off. Other potential
routes include leaching from munici-
pal landfills following disposal of un-
used products, the direct discharge of
raw sewage, sewage discharge from
cruise ships, runoff from confined ani-
mal feeding operations (CAFOs) and
medicated pet excreta and other agri-
cultural losses.

PPCPs detected in the USGS study
include antibiotics, caffeine, pain re-
lievers, antidepressants, and steroids.

The ramifications of PPCP introduc-
tion into the environment can be sig-
nificant—particularly in the aquatic
ecosystem. Any chemical that is intro-
duced into aquatic ecosystems can lead
to continual, multigenerational expo-
sure for aquatic organisms. Even if the
introduced compound easily biode-
grades, the continual input from treated
sewage may impart PPCPs with
“pseudo-persistence.” The impacts of
PPCPs in the environment on non-
aquatic species are largely unknown,
particularly when present in mixtures
or at low concentrations. The poten-

tial for subtle effects raises serious con-
cerns.

Industrial and Household Chemicals
The production and use of industrial

chemicals have long been associated
with society’s desire to improve life.
However, some of these chemicals have
proven to be harmful to human, eco-
system, and wildlife health (e.g., as-
bestos, PCBs, and dioxins). One group
of compounds of increasing concern is
the brominated flame retardants.

As increasing amounts of construc-
tion materials, furniture, and appli-
ances were being made of plastic, con-
cerns regarding the danger of fire, rapid
ignition, fast flash-over times, and the
spread of fire grew. Flame retardants
were introduced into the products to
mitigate some of these concerns. Be-
cause of their high efficiency and low
cost, brominated flame retardants use
has surpassed the use of other flame
retardants. These chemicals appear in
significant quantities of consumer
products including electronics, carpet-
ing, and foam containing products such
as mattresses, car upholstery, and fur-
niture.

The structures of some PBDE (a type
of brominated flame retardant) metabo-
lites are similar to the thyroid hormone
thyroxine (T4), and some forms may
disrupt the endocrine system. EPA sci-
entists and other researchers expect that
certain PBDE congeners likely are car-
cinogens, induce liver enzymes, may
affect neurological, developmental,
and reproductive systems, and likely
are endocrine disruptors. Mammalian
toxicity studies have shown decreases
in thyroid hormones T4 and T3, de-
layed onset of puberty in female off-
spring, developmental neurotoxicity in
mice, and neoplastic nodules in the liv-
ers of rats.

Understanding how PBDEs enter the
environment is crucial for efforts to
minimize exposure to both humans and
wildlife. Potential sources include
PBDE or polymer production sites, re-
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leases from products during use, and
disposal or recycling of used products.

Some of these compounds, which are
ubiquitous in the U.S., have been
banned in Europe. Several states have
taken the lead in regulatory efforts to
ban or limit the use of certain PBDEs.

Nanomaterials
Nanotechnology has been touted as

the next industrial revolution. Yet, sig-
nificant unknowns have raised con-
cerns about potential releases into the
environment and the impacts on hu-
man, ecosystem, and wildlife health.
A vast number of nanoparticles are new
chemical forms of common chemical
elements. Because of their size, nano-
materials exhibit unique mechanical,
electronic, photonic, and magnetic
properties that may differ greatly from
macroscopic versions of the same com-
pounds.

Nanoparticles already appear in
many consumer products, including
cosmetics, sunscreens, wrinkle-free
clothing, and food. High technology
products also are being introduced.

As the quantity of nanomaterials in-
troduced into the environment contin-
ues to skyrocket, concerns have been
raised about the potential impacts on
human health and the environment.
The ability to image, measure, model,
and manipulate matter on the nanoscale
to exploit new properties and functions
presents significant challenges, not
only for the materials scientist, but also
for those who seek to monitor and as-
sess the effects of nanoparticles in the
environment. Far less effort has gone
into determining potential effects, al-
though EPA and others have begun to
support this kind of research. Prelimi-
nary studies have shown that these par-
ticles have the ability to enter vital or-
gans including the brain.

Traditional methods of monitoring
toxicity and dose concentrations would
not be appropriate. Measuring effects
presents additional challenges since the
toxicological literature on nano-

particles currently is so limited. Once
these materials enter the environment,
they are not easily detected and no ef-
fective clean-up methods exist.

The ability of federal agencies to
adequately regulate nanomaterials has
been a subject of concern by many.
Agencies believe they have the ability
to regulate these materials under ex-
isting statutes. Many delegates ex-
pressed doubts about that, and had sig-
nificant concerns about the numerous
unknowns associated with nano-
technology.

Findings and Recommendations

Monitoring Needs
Measuring the effectiveness of regu-

latory activities and focusing research
on topics of greatest concern is essen-
tial to the efficient use of limited re-
sources. Environmental monitoring
helps provide these measurements and
this focus, yet, it chronically suffers
from inadequate funding. Monitoring
is useful in identifying the extent of
contamination or identifying new po-
tential contaminants of concern. It pro-
vides the vital function of helping de-
termine if regulatory controls have ad-
equately protected human health and
the environment.

• More comprehensive and inte-
grated monitoring systems are
needed. Monitoring should include
all environmental matrices includ-
ing water, soil, air, sediment, biota,
and food. Estuarine and marine
coastal areas also must be included
in any national monitoring plan.
Ecosystem monitoring programs
should integrate the tracking of
individual organisms and popula-
tions with aspects of physical and
biological habitats.

• More monitoring efforts should be
based upon hypothesis-driven ap-
proaches and include scientifically
based, defensible, and testable
adaptive designs. More emphasis
should be placed upon conducting

monitoring that assists in answer-
ing specific scientific questions
rather than for compliance pur-
poses in response to various envi-
ronmental regulations.

• Long-term stability and support is
necessary for monitoring programs
to realize their full potential. They
must be recognized as part of the
solution, not merely as a mecha-
nism for identifying problems.

• Partnerships and collaborations
among stakeholders make use of
limited resources and assure that
necessary monitoring goals are
achieved—they should be ex-
panded, combined, and encour-
aged.

• Scientists should increase advo-
cacy efforts for monitoring pro-
grams. In light of increasingly
tighter budgets, members of Con-
gress and the Office of Manage-
ment and Budget are looking for
justification to support monitoring
activities. A coordinated response
from the scientific community is
necessary.

• New and unique funding mecha-
nisms to support monitoring ac-
tivities should be explored includ-
ing fees on new chemical introduc-
tions, a per-pound tax on chemi-
cal production, or setting aside a
percentage of fines levied for non-
compliance with environmental
laws.

Research Needs
Monitoring and research are comple-

mentary. As monitoring reveals the
extent and effects of contaminants in
the environment, research is necessary
to determine the implications of such
information. Additionally, understand-
ing the fate, toxicity, and MOAs of
compounds is critical to streamlining
the regulatory process and predicting
future compounds of concern.

• Improved coordination and shar-
ing of information are necessary.
A global contaminants entity with
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subgroups focused on specific con-
taminant types should be formed.
Such an entity could work to cat-
egorize existing research projects
and outcomes to help identify gaps
in knowledge.

• Federal agencies need to improve
information, data, and research
sharing. This could be accom-
plished by establishing an inter-
agency working group to share in-
formation needs and address how
to better integrate management
and research.

• Scientists need to develop better
methods for assessing the fate and
effects of emerging contaminants.
New or modified QSARs and mod-
els are necessary. Measurements
beyond the LD50 are necessary—
subtle effects should be consid-
ered, and better links between
acute tests and chronic effects
must be established.

• Research should focus on recep-
tors and effects in the environment
rather than on individual chemi-
cal-by-chemical effects. Research
designed to relate MOAs and re-
ceptors of test species with other
species will help fill some of the
gaps.

• The investigatory time span should
extend beyond individual life
cycles to examine generational ef-
fects. Evolutionary screening tools
can help answer questions related
to the microevolutionary impacts
of contaminants. More reliable
biomarkers are necessary, and con-
nections between biomarker re-
sponse and organism response
should be established.

• More funding is necessary for
baseline and preliminary research,
which aid in the prioritization of
health and environmental effects.
Tax incentives could be created to
encourage industries to form alli-
ances that would support necessary
research.

Regulatory Issues
Regulations are designed to protect

society’s interests either directly by
prohibiting unwanted behavior or ef-
fects, or indirectly by encouraging a
particular outcome through market
forces, competition, or other means.
Working-group members examined
direct and indirect means to protect
human health and the environment
from unintended consequences of the
use of chemicals.

• The current legal and regulatory
framework does not predispose or
encourage regulatory bodies to
work together to incorporate infor-
mation on exposures from chemi-
cal uses that they do not regulate.
Assessments of exposures should
include all sources of the chemi-
cal, and all chemicals sharing a
common MOA.

• Current regulations appear to dis-
courage the development of safer
alternatives to older, more hazard-
ous chemicals. New chemicals
designed to replace existing
chemicals with greater toxicity
should receive special consider-
ation such as quicker agency turn-
around or fewer testing require-
ments to encourage development
of safer alternatives. Removing the
distinction between new and ex-
isting chemicals also would im-
prove the incentives for develop-
ing safer alternatives.

• The periodic review of all chemi-
cals (perhaps every five years)
could help ensure that new infor-
mation on uses, safety, disposal,
and concentrations in the environ-
ment are considered in decision
making on future uses of chemi-
cals.

• Data on chemical production and
disposal of waste should be made
public, thus raising awareness of
waste-minimization opportunities
within industry, and encouraging
public oversight.

• The Food and Drug Admini-

stration’s (FDA) categorical exclu-
sions may not be universally ad-
equate—some pharmaceuticals
such as hormones likely have ef-
fects below the one part-per bil-
lion (ppb) level. Additionally, con-
centration measurements should
include all sources of the com-
pound and all compounds with
similar MOAs.

• Delegates were interested in devel-
opment of programs to foster
proper disposal of pharmaceuticals
but recognized that there are sev-
eral associated difficulties. FDA,
EPA, and the Drug Enforcement
Administration (DEA) should
work with state and local agencies
to issue guidance to industry, the
public, and medical care provid-
ers regarding the proper disposal
of pharmaceuticals.

Public and Professional
Education Issues

A public that is educated about con-
taminant issues will increase the like-
lihood of having informed public
policy and actions. Support for research
and monitoring will increase as the
public comes to better understand the
many unknowns surrounding chemi-
cals. Public support also will increase
with knowledge of risks to human and
ecological health.

• All available mechanisms should
be employed to inform the public
about contaminant issues, includ-
ing fact sheets, websites, speakers’
bureaus, expert witness databases,
advisory boards, and public ser-
vice announcements. Key audi-
ences such as teachers, journalists,
and elected officials should receive
extra attention.

• USDA Extension Service net-
works at land grant universities
should be mobilized to provide
assistance to urban dwellers on
environmentally related problems.
Homeowner education is critical
to deal with problems ranging
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from pharmaceutical disposal to
proper lawn maintenance.

• Instilling knowledge on proper
pharmaceutical disposal is impor-
tant. Efforts also should focus on
key audiences including health-
care providers, veterinarians, phar-
macists, agriculture/aquaculture
industries, and insurance compa-
nies. Building understanding of
pollution and how everyone con-
tributes through individual actions
also is key.

• Professional and scientific societ-
ies should engage science teach-
ers to ensure that basic concepts
are part of the curriculum. Societ-

ies should become more active in
state and local environmental edu-
cation initiatives through their
chapter networks and volunteers.

• Restoring public support for higher
education can make communica-
tion efforts easier. Academic re-
search scientists should make their
research visible and relevant to the
public. They should translate re-
sults into social contexts, eco-
nomic impacts, and other values
that are important to people.

• Universities should moderate the
balance in tenure policies relative
to publications and activities di-
rected to recognizing societal out-

comes that emphasize impacts and
relevance. Barriers to interdiscipli-
nary and multidisciplinary col-
laborations must be overcome.

• Professional and scientific societ-
ies should become more active
advocates concerning environmen-
tal issues. Public skepticism about
“honest brokers” will persist in
controversial issues—especially
when the economic and political
stakes are high. Peer review, inter-
disciplinary participation, and
partnerships including society
members and industry representa-
tives can help overcome this skep-
ticism.
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Assessing and Mitigating Environmental
Impacts of Emerging Contaminants

Emerging Contaminants:
Extent and Impacts

Before offering potential solutions
to perceived problems with emerging
contaminants, it is essential to exam-
ine current assessment and mitigation
efforts. Sarah Gerould, coordinator of
the Contaminant Biology Program at
the U.S. Geological Survey (USGS)
and chair of the congress program com-
mittee, provided an overview of emerg-
ing contaminants including what is
known and what questions remain. See
h t tp : / /www. rn r f .o rg /2005cong /
gerould.pdf.

“Emerging contaminants” can be
defined as:

• A new substance, chemical, me-
tabolite or microorganism; or

• An older substance with a newly
expanded distribution or altered
release, newly recognized or
poorly known effects, or a newly
detected presence in the environ-
ment.

As indicated by a USGS study, con-
taminants have been detected in a num-
ber of U.S. streams.2  See Figure 1.
Equally disturbing is the relative inef-
fectiveness of wastewater treatment
facilities to remove certain of these
contaminants before discharge into re-
ceiving waters. While the removal of
antibiotics can be significant, anti-
epileptics are virtually unaffected by
treatment processes. The removal effi-
ciency for contraceptives varies—zero

Figure 1. Frequency of detection of organic wastewater contaminants in USGS sampling
by general use category (A), and percent of total measured concentration of organic
wastewater contaminants by general use category (B) Number of compounds in each
category shown above the bar. Source: Kolpin et. al., see note 1.
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to 85 percent of estradiol is removed.
For blood lipid regulators, only the
metabolites are removed.3  In addition,
problematic chemicals also may accu-
mulate in municipal sludge, thereby
posing a potential threat to both aquatic
and terrestrial environments.4

The presence of these contaminants
raises questions about the effects that
contaminants have on wildlife and eco-
systems, the ability to understand the
environmental fate of these contami-
nants, and current regulatory efforts to
control their introduction into the en-
vironment.

Fully understanding the effects of
contaminants is extremely difficult.
Researchers must consider effects on
both individuals and the community or
the ecosystem as a whole. However, as
the scope of the examination increases,
so too does the complexity and degree
of uncertainty in the assessment. To
further complicate the assessment, ef-
fects from confounding factors such as
multiple contaminants, disease, other
stressors, and emigration and immigra-
tion must be considered. In the field,
these confounding factors make estab-
lishing proof impossible, though some
degree of surety can be established by
pursuing multiple lines of evidence—
researchers must reconcile results
based on laboratory tests with effects
found in the field.

Determining the environmental fate
of compounds is necessary to formu-
late the appropriate regulatory response
and to gauge persistence in the envi-
ronment. Understanding the fate of
contaminants requires characterizing
physical or chemical properties such
as solubility in water or lipids, sorp-
tion to biota or sediments, volatiliza-
tion into the air, and the compounds’
metabolites and degradates.5

Today, the regulation of contami-
nants is a patchwork of laws with vari-
ous mechanisms for action spread
across several agencies and compart-
mentalized programs. Pertinent laws
include the Clean Air Act; Clean Wa-

ter Act; Safe Drinking Water Act; Com-
prehensive Environmental Response,
Compensation and Liability Act
(CERCLA); Federal Insecticide, Fun-
gicide and Rodenticide Act (FIFRA);
Toxic Substances Control Act (TSCA);
Food Quality Protection Act, Federal
Food, Drug and Cosmetic Act
(FFDCA); and National Environmen-
tal Policy Act (NEPA). The resulting
regulations have diverse means of ap-
plicability:

• Some list contaminants subject to
regulation while others establish
categories of chemicals.

• Some require pre-market approval,
others pre-manufacture notifica-
tion, and still others rely on vol-
untary schemes.

• The burden of proof sometimes
lies with the manufacturer, some-
times with the regulator.

• The best available technology is
required by some, a specific regu-
lated use by others.

• Some require cost-benefit analy-
sis, others prohibit them.

• Various risk-assessment mecha-
nisms also are used.

Assessing the risk of particular con-
taminants is an extremely complex
task. Toxicologists and regulators have
developed a variety of mechanisms to
fit within the existing regulatory struc-
ture. Quantitative structure activity re-
lationship (QSAR) models use the
known effects of well-studied com-
pounds with known structures to de-
velop models that predict effects for
new or hypothetic compounds based
upon structural information. See text
box. A tiered testing regime is used
under FIFRA—the results from an ini-
tial round of requested tests may trig-
ger additional testing requirements. For
pharmaceuticals and veterinary drugs,
the Food and Drug Administration
(FDA)—under NEPA—seeks a deter-
mination of no significant impact
through mitigation measures specified
on the label. In post-market risk assess-
ment under the Clean Water Act, cu-

mulative loads in the form of total
maximum daily loads (TMDLs) and
water quality criteria and standards are
useful in regulating contaminants en-
tering water.

As the diversity of regulations
shows, contaminants can be divided
into multiple categories. The congress
relied on case studies to examine some
of these categories; their regulation;
means of introduction into the environ-
ment; impacts on human, wildlife, and
ecosystem health; and potential future
issues. The case studies focused on
pesticides and other agrochemicals,
pharmaceuticals and personal care
products, industrial and household
chemicals (particularly brominated
flame retardants), and newly develop-
ing materials (specifically, nano-
materials).

Pesticides and Agrochemicals

By their very use, pesticides and
other agrochemicals are introduced di-
rectly into the environment. Joel Coats,
professor of entomology and toxicol-
ogy at Iowa State University, provided
an in-depth examination of pesticides,
their regulation, development, impact
on the environment, and other con-
cerns. See http://www.rnrf.org/
2005cong/coats.pdf.

Since the Environmental Protection
Agency’s (EPA) inception, many fac-
tors have contributed to a progression
of concerns and responses in the de-
velopment and regulation of pesticides.
Such factors include the focus from
within EPA, the enforcement and
amendment of FIFRA, public opinion
about the state of the environment and
regulatory strategies, scientific data,
and lobbying efforts.

Before the development of synthetic
chemicals for the control of pests, com-
pounds such as arsenic, lead, mercury,
cyanide, creosote, and tars were used.
These compounds were very rudimen-
tary and posed significant threats to the
environment. The introduction of chlo-
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rinated hydrocarbons was thought to be
an improvement because they were in-
expensive and had relatively low mam-
malian toxicity. However, their high
chlorine content made many of them
highly persistent in the environment.
Typically, they are relatively insoluble
in water and tend to accumulate in fats.
Chronic toxicity problems, particularly
in birds and mammals, have been ob-
served.8  Additionally, chlorinated hy-
drocarbons can be very toxic to aquatic
species. Examples include DDT, dield-
rin, and lindane.

EPA recognized the need to regulate
these persistent, lipophilic, bio-
accumulative chlorinated hydrocarbons
and to encourage the development of

more biodegradable compounds. Thus,
more biodegradable compounds such
as organophosphorus and carbamate
insecticides were registered. These
compounds, however, had other char-
acteristics that were not as favorable.

Concerns of carcinogenicity were
manifested in the Delaney Clause,
which allowed the banning from food
sources or water supplies any chemi-
cal that was shown to cause cancer in
any organism at any dose. This led to
increased research emphasis and regu-
lation based on carcinogenicity.

Groundwater contamination became
a concern as many water-soluble com-
pounds were shown to leach through
the soil into the underlying groundwa-

ter. More water-soluble compounds
were of great interest. Acute toxicity
problems became known as some of the
organophosphates and carbamates were
found to be extremely toxic even
though they were biodegradable and
had few residue problems.9  Endocrine
disruptors have become one of the
more recent chemical classes of con-
cern. As each new concern is raised,
efforts are made to develop compounds
to address to these concerns.

The synthetic pyrethroids provide an
example of pesticide development, and
are indicative of some of the concerns
facing the environment. The synthetic
pyrethroids initially were based on a
natural product from chrysanthemums
native to southwest Asia. The naturally
occurring compound is very biodegrad-
able and hydrolyzable. The toxicity to
mammals also is low—a dose lethal to
half of the test organisms (LD50) of
1000-2730 mg/kg body weight in rats
and 273-800 mg/kg in mice (see the
text box for a discussion on the mean-
ing of LD50). Chemists have synthe-
sized many variants of the natural form.
The first generation of synthetics was
designed to be more stable—their
mammalian LD50 still were not of great
concern. The introduction of the syn-
thetic pyrethroid, permethrin, was a big
step towards photostability but the
compound remained degradable (mam-
mal LD50 400-4000 mg/kg). Newer
structures such as cyfluthrin, cyhalo-
thrin, tralomethrin, and bifenthrin have
become even more stable as halogens
have been added to their structures.
This increased stability raises concerns
about the persistence and potency of
the compounds and negates some of the
reasons why pyrethroids were consid-
ered attractive alternatives to chlori-
nated organics. Further, as compounds
are more heavily halogenated, concerns
about toxicity increase—particularly
for aquatic ecosystems. With these
changes in structure, the synthetic pyre-
throids have become photostable, per-
sistent, lipophilic, and significantly

Understanding the Chemical Universe
and Environmental Monitoring

To assess risk from compounds in a comprehensive and holistic manner,
it is essential to understand the actual chemical universe—all known and
potential chemicals that may exist in the environment. In October 2005,
over 26 million organic and inorganic substances had been documented,
and nearly 9 million were commercially available.6  This represents a 12
percent increase over the prior year. Approximately 240,000 of these sub-
stances are inventoried or regulated by governments worldwide—that is
less than three percent of those commercially available, and less than one
percent of the known chemical universe.

The universe of potential chemicals, those that possibly could be synthe-
sized and those that already exist but which have not yet been identified, is
infinite. If the possibilities are limited to 30-atom structures of just carbon,
nitrogen, oxygen, or sulfur, over 1060 possible structures can be formed!
Even more compounds can be conceived if the number of elements consid-
ered is increased to include other heteroatoms (e.g., phosphorus and halo-
gens), or if the particle size is considered to make the chemical unique, as
is the case with nanoparticles.

Understanding exposure also requires reliance on environmental moni-
toring. However, given the significant size of the chemical universe, the
spectrum of chemicals identified in a sample represent a small proportion
of those present, and their significance to the overall risk to a given recep-
tor is unknown. Environmental monitoring is limited by analytical tech-
niques and the expectations of the monitoring entity—typically only those
compounds targeted have the potential to be identified and quantified. Fur-
ther, as we are able to detect lower and lower concentrations, the probabil-
ity of finding additional distinct chemicals increases. At very low concen-
trations, the off-the-cuff truism “everything can be found everywhere” may
apply.7
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more toxic (LD50 ~35-100 mg/kg)—
very similar to some of the chlorinated
hydrocarbons. The pyrethroids’ mecha-
nism of action (MOA) is not specific
to insects—thus, they have the poten-
tial to affect many types of organisms,
and are particularly toxic to fish. The
pyrethroids operate by preventing the
sodium gates from closing in nerves,
resulting in repeated nerve impulses.

Several new classes of insecticides
also have been developed. Some of
them are very biodegradable and have
MOAs specifically targeted to insects;
others are more persistent and have

non-selective MOAs. New natural
products, such as Bacillus thuringiensis
israelensis also are being introduced
into the market—many with highly
selective MOAs. However, cost has
been a factor in their further penetra-
tion of new chemicals into the market.
Transgenic proteins are being used in
crops for insecticidal properties, her-
bicide tolerance, or biopharming. Use
of some of these proteins can reduce
the need for pesticides.

Bacillus thuringiensis (Bt) is a spore-
forming soil bacterium that produces
insecticidal endotoxins. Its use has

quadrupled from 1998 to 2002, raising
concerns about the number of un-
knowns associated with its use. Deg-
radation of the toxin produced in plant
material and soil is poorly understood.
Further, there are wide variations in its
persistence data because residue analy-
sis is particularly difficult. The bio-
availability of the endotoxin is a sig-
nificant question for risk assessors.

Veterinary antibiotics and other
pharmaceuticals also are an area of re-
cent concern. Their presence has been
detected in many waters, but at low
concentrations (parts-per-billion to
parts-per-trillion). Questions have been
raised about their persistence in the
environment and possible contributions
to the development of drug-resistant
microbes.10  Additional questions have
been raised about other effects that they
may have on endocrine disruption and
microbial communities in the environ-
ment and in the gut of animals.

The use of pesticides, hormones, and
other agrochemicals raises numerous
concerns. How persistent are they?
What are the transformation products?
How bioavailable are they? How selec-
tive are their MOAs? What are the po-
tential non-target effects (humans,
wildlife, aquatic and marine species,
invertebrates, microbial communities)
associated with their use?

Pharmaceuticals and
Personal Care Products

Pharmaceuticals and personal care
products (PPCPs) are a diverse group
of chemicals comprising all human and
veterinary drugs, diagnostic agents,
“nutraceuticals,” and other consumer
chemicals such as fragrances, sun-
screen agents, and excipients (“inert”
ingredients in PPCP formulation and
manufacturing). Christian Daughton,
chief of the Environmental Chemistry
Branch in EPA’s Office of Research and
Development laboratory in Las Vegas,
provided a comprehensive overview of
PPCPs, their origins in the environ-

Determining Risk: QSARs and LD50s

Quantitative Structure Activity Relationship (QSARs) models and the
Lethal Dose 50 (LD50) are important tools that toxicologists use to begin
assessing the physical and chemical properties, fate, and toxicity of chemi-
cal compounds. While these tools can provide valuable insight into a
compound’s toxicity, the usefulness of the information is limited. They are
best used for prioritizing research and regulation in the face of limited
resources and data gaps.

QSARs are computer models that predict how a chemical will behave
based on its structure and the structures of compounds with known effects.
This allows prediction of the toxicity without extensive laboratory testing.
Should the QSAR reveal concerns, further testing of the compound in the
laboratory would be warranted. These models are particularly important to
EPA as they allow for a preliminary assessment of novel compounds for
which little test data are available. While QSARs are extremely valuable,
they are effective only for structures with known toxicological effects. New
compound types, such as nanoparticles, should not be assessed using QSARs.
Little is known about the effects of materials with these or similar struc-
tures. As you will see elsewhere in this report, nanoparticles do not exhibit
the same characteristics as their molecular components. New QSARs for
these materials will need to be developed.

A very basic assay used for testing toxicity is the LD50. This measure-
ment reflects the amount of a compound that kills 50 percent of the test
organisms in one exposure in a given period. The dose measurement is the
amount of substance that enters the body. While important for determining
acute effects of a single, large-dose exposure to a compound, the assay is
not helpful for examining chronic or long-term effects requiring more com-
plex testing. Somewhat more information would be provided if the whole
dose response curved were used in order to determine a LOEL (Lowest
Observed Effect Level). The LD50 is used for chemicals orally ingested,
dermally absorbed, or injected in the mg/kg range. A related measurement
is LC50, the concentration necessary to kill 50 percent of the test organ-
isms. The lower the LD50 or LC50, the more acutely toxic the substance.
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ment, their effects, and potential
concerns for the future. See http://
www.rnrf.org/2005cong/daughton.pdf.

While PPCPs likely have been
present in the environment since their
commercial introduction, it is the un-
derstanding of the significance of their
occurrence that only now is beginning
to be understood. Initial investigations
into PPCPs as environmental pollutants
began in Europe in the 1980s. With
increased monitoring and research in
the U.S., the literature has grown ex-
ponentially since 2000. The overall is-
sue comprises numerous facets involv-
ing expertise from a broad spectrum of
disciplines ranging from human health
to ecology.

Thousands of distinct chemical en-
tities in numerous (and increasing)
therapeutic classes and end uses are
considered PPCPs. Large numbers—by
their very nature—are highly biologi-
cally active. In general, most are not
regulated water pollutants.

PPCPs can enter the environment by
a number of means. Domestic sewage
is a major source. Portions of most in-
gested PPCPs are excreted primarily
via urine and feces. Both the parent
compound and its metabolites may be
bioactive. Conjugates formed in the
body may be hydrolyzed back to the
parent drug compound in sewage treat-
ment plants. As indicated previously,
the excreted PPCPs and derivatives can
escape degradation in municipal
sewage treatment facilities. The un-
degraded molecules then are dis-
charged into receiving surface waters
or groundwater. All municipal sewage
will contain PPCPs regardless of loca-
tion—only the types, quantities, and
relative abundances of individual
PPCPs will vary by geography.

Externally applied products that are
not absorbed may be discharged di-
rectly to surface waters or to water
treatment facilities as they are dis-
lodged or washed off. Other potential
routes include leaching from munici-
pal landfills following disposal of un-

used products, the direct discharge of
raw sewage, sewage discharge from
cruise ships, runoff from confined ani-
mal feeding operations (CAFOs) and
medicated pet excreta and other agri-
cultural losses.

Some contaminants may be intro-
duced into the environment by multiple
mechanisms—some personal care
products contain conventional pollut-
ants and some drugs may be used as
pest control agents. Ayurvedic and folk
remedies can contain metals such as
lead. Skin lightening creams and dis-
infectant soaps can contain mercuric
iodine and ammoniated mercury. Lice
and tick shampoos can contain lindane
and permethrins. Shampoos and soaps
can contain alkylphenolic surfactants.
Caffeine has been used for the control
of frog pests in Hawaii, and acetami-
nophen has been helpful in controlling
brown tree snakes in Guam.

The ramifications of PPCP introduc-
tion into the environment can be sig-
nificant—particularly in the aquatic
ecosystem. Any chemical that is intro-
duced into aquatic ecosystems can lead
to continual, multigenerational expo-
sure for aquatic organisms. Even if the
introduced compound easily biode-
grades, the continual input from treated
sewage may impart PPCPs with
“pseudo-persistence.” Crucial defense
mechanisms of aquatic organisms such
as efflux pumps may be inhibited. The
potential also exists for the presence
of subtle effects even at parts-per-bil-
lion levels (ppb).

The potential for subtle effects raises
serious questions. Could immediate
biological actions on non-target spe-
cies be imperceptible but nonetheless
lead to adverse impacts because of sus-
tained, low-level effects over long pe-
riods? Could subtle effects accumulate
so slowly that major outward change
cannot be ascribed to the original
cause? The causes of population de-
clines and changes in community struc-
ture are difficult to diagnose, in any
case. Effects too subtle for direct de-

tection may go unnoticed thereby pre-
senting a challenge to risk assessment.
Advances are necessary in developing
new aquatic toxicity tests to better en-
sure that such effects can be detected.
Examples of subtle effects include the
inhibition of sperm activity in certain
aquatic organisms by calcium channel
blockers; various drugs at the parts-per-
million (ppm) level and below can af-
fect collagen metabolism in fish lead-
ing to defective or blocked fin regen-
eration; and antiepileptic drugs have
the potential to be human neuro-
teratogens which can lead to neuro-
degeneration.

Another considerable long-standing
challenge and area needing expanded
research is understanding the many
unknowns associated with effects from
simultaneous exposure to multiple
chemical stressors over long periods of
time. See the accompanying text box
for a discussion of the complexity as-
sociated with chemical mixtures and
other sources of exposure.

As human population grows and new
technologies are developed, new con-
cerns about PPCPs could emerge. As
pressure grows to re-use wastewater,
increasingly shorter recycling loops
will be necessary. Ever-shortening spa-
tial and temporal hydrologic connec-
tivity between the point of wastewater
discharge and the point of use for drink-
ing will pose serious challenges for
ensuring human safety and for fram-
ing how risk is perceived by the pub-
lic. Biopharming and the impact of
engineered nanoscale materials and
structures and other applications of
nanotechnology (particularly nano-
medicine) raise many unknowns about
the fate of bioactive compounds in and
ramifications for the environment.

PPCPs provide a unique perspective
on humans’ interconnectedness with
the environment. Their occurrence in
the environment mirrors the intimate,
inseparable, and immediate connection
between the actions and activities of
individuals and their environment.
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Their origins in the environment are
due to the worldwide, universal, fre-
quent, and highly dispersed but cumu-
lative usage by multitudes of individu-
als. They also reveal many interesting
facts about the public’s understanding
of risk. For instance, the practice of
applying high concentrations of chemi-
cals to the skin as dermal products is
deemed acceptable while low concen-
trations of the same chemicals in the
environment are deemed unacceptable.
The approaches used by social scien-
tists are needed to adequately commu-
nicate risk—science cannot do it alone.

Industrial and
Household Chemicals

The production and use of industrial
chemicals have long been associated
with society’s desire to improve life.
However, some of these chemicals have
proven to be harmful to human, eco-
system, and wildlife health (e.g., as-
bestos, PCBs, and dioxins). One group
of compounds of increasing concern is
the brominated flame retardants. Carl
Orazio, branch chief of environmental
chemistry, USGS Columbia Environ-
mental Research Center, provided an
overview of flame retardants (specifi-
cally brominated flame retardants) in-
cluding their history, exposure levels,
monitoring efforts, regulatory efforts,
and ongoing research efforts. See http:/
/www.rnrf.org/2005cong/orazio.pdf.

The story of brominated flame re-
tardants as emerging contaminants be-
gins in the 1960s when the polymer
industry entered a time of rapid expan-
sion. As increasing amounts of con-
struction materials, furniture, and ap-
pliances were being made of plastic,
concerns regarding the danger of fire,
rapid ignition, fast flash-over times,
and the spread of fire grew. Flame re-
tardants were introduced into the prod-
ucts to counteract some of these con-
cerns (nearly 200 different types ex-
ist). Choosing a flame retardant for a
particular application requires careful

matching to the base polymer to assure
that the desired characteristics and
properties are maintained.

Some flame retardants work by
physically coating the fuel. This mech-
anism leads to cooling and formation
of a protective layer of solid or gas that
shields the combustibles or by dilut-
ing the combustibles or gases thus re-

ducing ignition. The most effective
flame retardants (like the brominated
flame retardants) interfere with the
combustion process. During the com-
bustion process, highly reactive H and
OH radicals are released. The bromi-
nated flame retardants release reactive
bromine, which binds to these radicals
thus stopping the heat generation pro-

Complexities in Risk Assessment:
Mixtures and Sensitivities

Currently, the pre-market regulation of compounds largely focuses on
individual compounds. However, water samples from across the country
reveal that contaminants rarely occur in isolation.11  Therefore, organisms
and ecosystems are exposed to numerous compounds and other stressors
(disease, noise, predation, etc.) that individually may have no noticeable
impact, but when present in mixtures may have observable effects.

Understanding the toxicological effects of mixtures is extremely diffi-
cult—several processes may be causing observed effects. Additive effects
from multiple agents sharing common MOAs may cause individual con-
centrations to combine to exceed the effects level. Interactive effects, espe-
cially synergism, may cause the combined effects to exceed the sum of the
individual effects. Significant research is needed in this area to understand
and predict the toxicological effects of mixtures. The use of genomics may
ultimately help scientists to understand these interactions.

Gauging the sensitivity of organisms to specific contaminants (and mix-
tures) also is very complicated. Risk assessors must be cognizant of many
potential factors related to sensitivity. Toxicant-induced loss of tolerance
(TILT) occurs when an initial exposure sensitizes the organism, and subse-
quent exposures to levels below those previously tolerated trigger symp-
toms. Susceptible genetic outliers also may exist within a species. Hormesis
is the occurrence of effects below the purported no observed effect level
(NOEL)—the paradoxical U or J shaped dose response curve. Conversely,
continual exposure will favor individuals that are not adversely affected,
and populations may change in response to these exposures. Answering
when and why such dose effects occur can help improve predictive abilities
and lead to more effective regulation.

Delegates and speakers identified other unknowns in need of study. Com-
paratively little research currently is performed at extremely low concen-
trations. However, some agents may have the ability to produce previously
unrecognized effects at ultra-trace concentrations. Predicting potential ef-
fects depends on the ability to understand what characteristics make an
organism susceptible (the receptor repertoire) and the mechanisms by which
compounds disrupt the normal functions of an organism (MOA). The re-
ceptor repertoires of non-target species are poorly characterized—varia-
tions across species and their unknown overlaps with humans lead to ques-
tions regarding potential effects. Additionally, the MOAs of the vast major-
ity of compounds are not fully understood—even for humans.
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cess and reducing the available supply
of flammable gases.

Because of their high efficiency and
low cost, brominated flame retardants
use has surpassed the use of other flame
retardants. Approximately 75 commer-
cial brominated flame retardants are
manufactured. However, polybromi-
nated diphenylethers (PBDEs) account
for 60 percent of the brominated flame
retardant market. PBDE commercial
formulations are classified and named
according to the average number of
available bromines on the PBDE (for-
mulations from highest to lowest level
of bromination: Deca-, Octa-, and
Penta-). Deca-PBDE is the most com-
mon representing 80 percent of world-
wide PBDE production. Deca-PBDE
primarily is used in electrical applica-
tions, including electronic equipment,
and in backcoating of textiles. Octa-
PBDE is used in plastic housings and
smaller components in office equip-
ment. Penta-PBDE is used in foam
products (i.e., upholstery, car seats,
mattresses, etc.) and can account for
up to 30 percent of the foam’s weight.

The range of some PBDE character-
istics is similar to PCBs with high li-
pophilic character, low water solubil-
ity, and low volatility. They generally
are predicted to sorb to soil and sedi-
ment with limited water solubility. In
the air, they primarily sorb to particu-
lates rather than existing in the vapor
phase. While the higher brominated
PBDEs are relatively larger, environ-
mentally immobile, and less bio-
available, they can undergo debromi-
nation becoming more mobile, more
volatile, more bioavailable, and per-
haps more toxic. This debromination
may occur due to sunlight exposure,
metabolism, or anaerobic degradation.

The structures of some PBDE me-
tabolites are similar to the thyroid hor-
mone thyroxine (T4), and some forms
may bind to the transthyretin transport
protein, which is involved in the endo-
crine system by carrying T4 in the
plasma to target tissues. EPA scientists

and other researchers expect that cer-
tain PBDE congeners likely are car-
cinogens, induce liver enzymes, may
affect neurological, developmental,
and reproductive systems, and likely
are endocrine disruptors. Mammalian
toxicity studies have shown decreases
in thyroid hormones T4 and T3, de-
layed onset of puberty in female off-
spring, developmental neurotoxicity in
mice, and neoplastic nodules in the liv-
ers of rats.

Awareness of PBDE contamination
began in the early to mid 1990s as en-
vironmental chemists began finding
unknown bioconcentrated contami-
nants in fish and wildlife. These con-
taminants turned out to be PBDEs. A
Swedish study using archived breast
milk samples from the 1970s to the late
1990s found a dramatic increase in
PBDEs while other contaminants, like
DDT and PCBs, were trending down-
ward. A similar study in North America
found PBDE levels in breast milk ten
to 20 times European levels, with a
doubling every two to five years. Re-
searchers also found that the levels of
PBDEs in fetuses and mothers are com-
parable indicating that fetuses were
exposed to PBDEs during develop-
ment.

Recent studies indicate that human
exposure likely is through indoor air
and diet. A study of U.S. indoor air
found ten to 10,000 ppb total PBDEs
in dust. A food basket survey found
levels to be as high as 2835 pg/g in
chicken liver, 616 pg/g in fish, 190 pg/
g in meats, 180-680 pg/g in cheese and
dairy products, and approximately 10
pg/g in milk. Generally, U.S. food had
PBDE levels 20 times higher than food
in Europe.

Understanding how PBDEs enter the
environment is crucial for efforts to
minimize exposure to both humans and
wildlife. Potential sources include
PBDE or polymer production sites, re-
leases from products during use, and
disposal or recycling of used products.
Streams receive waste from textile in-

dustries, polymer trimmed scraps are
sent to landfills, and wastewater is sent
to water treatment plants. While in use,
certain PDBE containing products may
release PBDEs, exposing the user and
contaminating the environment. PBDE
containing products are dumped,
landfilled, incinerated, or stored for
recycling.

Leachate from landfills was found
to contain ten to 100 ng/L of total
PBDEs. Wastewater treatment plant
sludge contains thousands of ng/L of
various PBDEs. Leachate and sludge
can move into surface water, ground
water, and the air. Concerns about re-
cycling and dismantling processes also
have been raised.

In the automobile recycling indus-
try, fabrics and foam from the seats and
dashboard are shredded for eventual
recycling. These shredded piles remain
exposed to the elements with the po-
tential for leaching of PBDE and other
contaminants. Nearly thirty million
computers are thrown out every year
in the U.S. alone, many of which are
sent to China and India for dismantling.
While awaiting dismantling and recy-
cling, PBDEs may be released as va-
pors, particulates, or leachate. Com-
puter recycling involves the extraction
of parts that can be used again while
the remainder is burned or buried, po-
tentially releasing hazardous sub-
stances into the environment. A study
of electronics dismantlers showed de-
creased thyroid hormone levels as com-
pared to other occupations. Several
computer manufacturers have voluntar-
ily phased out the use of PBDEs.

Tracking PBDEs in the environment
back to their initial source is difficult.
It requires a forensic chemical analy-
sis approach. Various forms of PBDE
are subject to degradation and loss pro-
cesses, so the mixture found is unlikely
to retain the characteristic signature of
the initial commercial mixture.

Several regulatory efforts are under-
way to ban or limit the use of certain
PBDEs. In 2003, California began
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Reducing Exposure to PBDEs

Many household and workplace
items from chairs and couches to
computers contain PBDEs. Del-
egates expressed concern that
many people (including many of
them) had no idea of how to de-
termine if items contained PBDEs
and where PBDE-free products
could be purchased.

Despite a growing body of re-
search on PBDEs and their impact
on human health and the environ-
ment, scant resources exist for con-
sumers interested in reducing their
exposure. As indicated elsewhere
in this report, penta- and octa-
PBDEs already are being phased
out in many states, which likely
will prompt product manufactur-
ers to develop new products that
will be available nationwide. How-
ever, deca-PBDE-containing prod-
ucts may still be produced. Europe
is requiring deca-PBDE-free com-
puters and televisions, which may
end up benefiting the rest of the
world.

Following are some pointers for
reducing exposure to PBDEs:

• Eat a heart-healthy diet low in
fat and high in vegetables,
fruit and whole grains (PCBs,
PBDEs, dioxins, and other
bioaccumulating, persistent
organic pollutants tend to re-
side in animal fats)

• Keep household and work-
place dust down. Use a HEPA
filter vacuum that traps fine
particles of dust, soot, and
pollen, or wet-mop regularly,
and keep your home or office
well ventilated.

donate, and recycle old elec-
tronics, see http://rethink
.ebay.com). Look for new
electronics with metal cases
or inherently flame resistant
plastic such as Toshiba’s poly-
phenylene sulfide or NEC’s
biobased plastic. Look for
products certified by Europe’s
TCO label, Germany’s Blue
Angel, or the Nordic Swan
(may require research to
match model numbers as
products sold in the U.S. may
not have the labels).

• Retailers: Ikea products have
been PBDE free since 2001
(mattresses, carpets, furniture,
http://www.ikea-usa.com);
Electronics companies re-
moving PBDEs from products
include: Apple, Canon, Dell,
Fujitsu, HP, Hitachi, IBM,
Intel, Panasonic, Motorola,
NEC, Philips, Seimens, Sony,
and Toshiba. See http://www.
thegreenguide.com for other
PBDE-free product sources.

Sources:

McRandle, P.W., Learning Haz-
ards: Toxic Fire Retardants
and How to Avoid Them in
Consumer Products and Food.
The Green Guide, 2005.

Greenpeace UK, The Chemical
House, http://www.green
p e a c e . o rg . u k / P r o d u c t s /
Toxics/chemicalhouse.cfm

• Carpets: Vacuum regularly and
consider replacing carpets and
underlayments (a trap for allergens
and sources of PBDEs). Washable
throw or area rugs made from natu-
ral fibers are good substitutes for
wall-to-wall carpeting, which col-
lects dust and chemicals.

• Furniture: Consider removing
worn-out, damaged foam furni-
ture, especially if the foam is ex-
posed, loose, and crumbling. Ask
about the composition of seating
and cushions to make sure they do
not contain chemical flame retar-
dants. Non-synthetic fibers such as
naturally flame retardant wool
make good alternatives.

• Mattresses: Check the consumer
label to see if it contains polyure-
thane foam. If so, ask the manu-
facturer if the foam contains
PBDEs, and if it does, consider
purchasing a tightly woven aller-
gen barrier to reduce leaching.
When choosing a new mattress,
look for a natural fiber mattress
with a wool wrap and California’s
Bureau of Home Furnishings
TB106 standard to assure you have
a safe natural fiber mattress.

• Computers and televisions: Keep
computers and televisions turned
off when not in use to avoid heat-
ing up and burning off flame re-
tardants. Regularly clean electron-
ics and nearby surfaces with a
cloth. When retiring an old com-
puter, choose a reliable recycler or
charity (IBM, HP, and Dell have
recycling programs for all com-
puter brands; Ebay and the Re-
think Initiative offer ways to sell,
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phasing out the manufacture, process-
ing, and distributing of products con-
taining penta- and octa-PBDE, with a
complete ban by 2008. Several other
states are following California’s lead.
Japan has instituted a voluntary phase
out of penta- and octa-PBDE, and the
European Union banned penta- and
octa-PBDE effective August 2004. The
sole U.S. manufacturer of penta- and
octa-PBDE reached a voluntary agree-
ment with EPA and ceased production
of penta- and octa-PBDE in December
2004.

Key activities currently underway at
EPA include assessing the risks and
potential substitutes of penta- and octa-
PBDE, assessing and evaluating deca-
PBDE, and tracking developments con-
cerning other brominated flame retar-
dants.

Continuing research on PBDEs is
necessary, particularly in the follow-
ing areas:

• Determining the toxicities of dif-
ferent PBDE forms and mixtures;

• Environmental degradation rates
of various PBDEs;

• Mobility of PBDEs in soils and
leachate from landfills;

• Occurrence and distribution of
PBDEs in the environment;

• Detrimental effects of PBDEs on
fish and wildlife; and

• Implications of incineration of
PDBE containing products includ-
ing the possible production of ha-
logenated dioxins and furans.

Nanomaterials

Nanotechnology has been touted as
the next industrial revolution. Yet, sig-
nificant unknowns have raised con-
cerns about potential releases into the
environment and the impacts on hu-
man, ecosystem, and wildlife health.
E. Clayton Teague, director of the Na-
tional Nanotechnology Coordination
Office, provided an overview of the
technology, described the role of the
federal government in addressing con-

cerns and encouraging research, and
discussed the regulatory mechanisms
available.

Today, much of the nanotechnology
development effort is aimed at under-
standing and controlling matter at di-
mensions of one to 100 nanometers
(nm)12  and to integrate those proper-
ties and functions into systems span-
ning from the nano to macroscopic
scales. New products result from re-
search to understand, create, and use
structures, devices, and systems that
have fundamentally new properties and
functions because of their nanoscale
structure. The ability to image, mea-
sure, model, and manipulate matter on
the nanoscale to exploit these proper-
ties and functions presents significant
challenges, not only for the materials
scientist, but also for those who seek
to monitor and assess the effects of
nanoparticles in the environment. Far
less effort has gone into determining
potential effects, although EPA and
others have begun to support this kind
of research.

A vast number of nanoparticles are
new chemical forms of common
chemical elements (e.g., fullerenes or
nanotubes of carbon, titanium dioxide,
zinc oxide, and other layered com-
pounds). Because of their size,
nanomaterials exhibit unique mechani-
cal, electronic, photonic, and magnetic
properties that may differ greatly from
macroscopic versions of the same com-
pounds. Chemical reactivity of nano-
particles also is greatly different from
macroscopic forms, but not well un-
derstood. The difference in chemical
reactivity may be partially due to the
increase in surface area per unit mass—
approximately 1,000 m2/g.

Nanoscale particles have long ex-
isted and been the subject of concern
(e.g., ultra-fine and nanoscale particles
from welding fumes and smelters). In-
halation of such particles has proven
harmful. However, engineered nano-
particles do exhibit key differences—
they can be engineered and manufac-

tured in controlled ways, the tendency
to conglomerate can be controlled, and
they may exist in a particular shape,
such as a nanotube.

Nanotechnology development is ex-
pected to progress through four phases.
The development of passive nano-
structures such as coatings, nano-
particles, nanostructured metals, poly-
mers, and ceramics is estimated to have
begun during 2000. Today, develop-
ment is beginning on active nano-
structures such as 3-D transistors, am-
plifiers, targeted drugs, actuators, and
adaptive structures. By 2010, systems
of nanosystems such as guided assem-
bling, 3-D networking and new hierar-
chical architectures, robotics, and evo-
lutionary systems are expected to be
underway. Finally, around 2015 to
2020, molecular nanosystems includ-
ing molecular devices by design,
atomic design, and emerging functional
systems could emerge.

Nanomaterials already appear in
many consumer products, including
tennis rackets, bicycle frames, and ten-
nis and golf balls. High technology
products such as thin films for bond-
ing different kinds of materials,
biocompatible materials for medical
applications, and quantum dots for
tracking activities within cells also are
being introduced.13

As nanotechnology continues to de-
velop, concerns have been raised about
the potential impacts on human health
and the environment. Traditional meth-
ods of monitoring toxicity and dose
concentrations, such as accumulated
mass, would not be appropriate. Bet-
ter measurements could include par-
ticle number, density or particle counts
on a surface area basis, if microscopy
is the only way to accurately measure
the particles. Assessment must account
for surface reactivity. Measuring ef-
fects presents additional challenges
since the toxicological literature on
nanoparticles currently is so limited.

In October 2000, the federal govern-
ment formed the National Nano-
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technology Initiative (NNI) to reap the
full benefits of the new technology and
address some of the concerns. NNI is
a collaborative, multi-agency, crosscut-
ting program among 24 federal agen-
cies to enhance knowledge creation and
development and application of nano-
technology in support of agencies’ mis-
sions. Interagency efforts are fostered
through communication, coordination,
and joint programs. The planning, man-
agement, and coordination of the ini-
tiative is overseen by the National
Science and Technology Council’s
Nanoscale Science, Engineering, and
Technology subcommittee (NSET).
The National Nanotechnology Coordi-
nation Office serves as the secretariat
of the subcommittee providing techni-
cal and administrative support.

Much of the current NNI research is
designed to understand the nature of
nanomaterials and their interaction
with environmental and biological sys-
tems with respect to both potential ben-
eficial uses and those that might be
potentially harmful. In addition to this
basic research, research directed to-
ward risk related studies of nano-
materials currently in use is being con-
ducted (approximately $38.5 million
has been allocated).

The Nanotechnology Environmental
and Health Implications Working
Group is a multi-agency subgroup of
NSET, chaired by FDA, that addresses
some of the environmental and health
concerns associated with nanotech-
nology. It is a forum for the exchange
of information across agencies and to
facilitate the communication, identifi-
cation, prioritization, and implemen-
tation of environmental, health, and
safety research.

The working group’s efforts have
resulted in the development of position
statements by regulatory agencies of
how they are interpreting their regula-
tory authority with respect to nano-
technology materials and products. The
National Institute for Occupational
Safety and Health (NIOSH), the Con-
sumer Products Safety Commission
(CPSC), and FDA already have pro-
duced such statements.14  An EPA
white paper on nanotechnology cur-
rently is in draft form and is expected
to be released in June 2006.15  Prelimi-
nary recommendations for working
with nanoengineered materials were
issued by NIOSH.16  A research needs
document developed with input from
industry and non-governmental orga-
nizations (NGOs) was in the final
stages of review at the time of the con-
gress.17

The ability of federal agencies to
adequately regulate nanomaterials has
been a subject of concern by many.
However, agencies believe they have
the ability to regulate these materials
under existing statutes (including
TSCA, Clean Air Act, Clean Water Act,
FIFRA, and waste management stat-
utes at EPA; FFDCA at FDA; work-
place safety standards at NIOSH and
the Occupational Safety and Health
Administration (OSHA); consumer
products safety regulations at CPSC;
and food and packaging regulations at
the Department of Agriculture (USDA)
and FDA). International efforts to work
with and understand nanotechnology
also are underway. The U.S. National
Science Foundation is involved in a
dialog with 26 countries on the safe
development of the technology, the
Organization for Economic Coopera-
tion and Development (OECD) has
convened meetings, and the Interna-
tional Organization for Standardization
(ISO) is establishing technical commit-
tees on nomenclature and environmen-
tal, health, and safety concerns.

(Many delegates expressed signifi-
cant concern about the numerous un-
knowns associated with nanotech-
nology—a discussion of the concerns
specific to nanotechnology is presented
on page 21.)
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Nanotechnology promises a
variety of uses from wastewater
treatment to medical devices. Yet,
concern is growing about potential
impacts on human, wildlife, and
ecosystem health. Working groups
offered specific recommendations
for dealing with the many un-
knowns.

The ability to answer some of the
questions posed by nanotechnology
requires the ability to characterize,
detect, and quantify their presence
in the environment. However,
analytical capabilities presently are
extremely limited. Delegates ex-
pressed concern that tons of nano-
materials are being introduced into
commerce and the environment
with little knowledge of the envi-
ronmental impacts. Once these ma-
terials enter the environment, they
are not easily detected and no ef-
fective clean-up methods exist.

Existing regulatory assessment
methods like QSARs likely will
need to be modified to accommo-
date nanoparticles’ unique struc-
tures and characteristics. Further
research on structures and physical
properties is necessary. Research on
collateral materials produced dur-
ing manufacturing and materials
used during production also should
be performed. Tests and models
used with other pollutants should
be examined for potential applica-
bility to nanoparticles (e.g., air
quality models for predicting inha-
lation exposure). All testing should
reflect the life-cycle of the com-
pound and toxic metabolites, not
just the life of the product utilizing
the technology.

Researchers need more informa-
tion on how size and structure in-
fluence different kinds of metabolic
properties in organisms so that they
can assess the appropriate toxico-

regulations without the experience
and knowledge that they have for
other compounds subjected to the
same regulations. The piecemeal
approach creates inconsistencies
among regulating agencies—FDA
may have one set of standards for
nanoparticles in food additives
while the USDA has a different
standard for nanoparticles in food
packaging materials.18  Further, the
current approach perpetuates the
media-by-media regulation of con-
taminants that fails to recognize the
interconnectedness of air, water,
and soil (EPA is looking to the
Clean Water Act, Clean Air Act,
and waste management statutes to
provide regulatory guidance).

Delegates were concerned that
current regulatory frameworks are
inadequate to assess nanomaterial
compounds with vastly different
structures and properties than those
compounds in existing regulated
materials. Many questions arise
regarding EPA’s ability to assess
comprehensively the toxicity or
environmental fate properties of
new chemical substances.

Nanomaterials are so profoundly
different from other regulated sub-
stances that they should have their
own regulatory process. Cobbling
together pieces from existing regu-
latory processes is a prescription for
failure. A comprehensive and ho-
listic approach to nanomaterial
regulation should be implemented.

In order to avoid a public back-
lash similar to one generated by the
release of genetically modified or-
ganisms (GMOs), the federal gov-
ernment and nanotechnology in-
dustry must know and report envi-
ronmental impacts and health
effects, and assure that other criti-
cal questions are answered before
proceeding full-speed ahead.

Opportunities and Obligations Regarding Nanomaterials
logical endpoints. Research on solu-
bility, transport, and bioactivity
should be the top priority to allow
characterization of potential environ-
mental and human health risks. De-
veloping reliable methods for quan-
tifying nanoparticles in environmen-
tal media is a mandatory first step in
determining exposure and fate.

Existing environmental fate and ef-
fects data should be made public—
the state of nanoscale science would
benefit, and the public would be more
likely to trust companies that manu-
facture and use nanomaterials. Indus-
try consortia should be formed to pro-
mote data sharing and collaborative
research, thus reducing costs (and du-
plication) of necessary research.
While exact production volumes
should be protected as confidential
business information, the public has
a right to know the approximate vol-
umes of nanomaterials produced in
order to aid regulation, research, and
monitoring.

Requirements regarding material
safety data sheets (MSDSs) should be
revised to indicate that nanoparticle
properties could be unlike molecules
with the same formula. Protocols for
detection and quantification should
be required for regulatory submission
and should be included in each
MSDS.

Regulation of nanomaterials pro-
vides an opportunity to create a regu-
latory process that incorporates les-
sons learned from previous endeav-
ors. Nanomaterials are unlike any
other material currently regulated and
federal agencies are struggling to
catch up with the quick pace of de-
velopment.

Agencies are attempting to assess
the risks and benefits of nano-
materials and regulate them using
existing laws and regulations. How-
ever, agencies are applying these
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Improving Understanding
and Regulation:
Findings and Recommendations

need for more comprehensive and in-
tegrated monitoring systems. Monitor-
ing should include all environmental
matrices including water, soil, air,
sediment, biota, and food. Estuarine
and marine coastal areas also must be
included in any national monitoring
plan—the National Oceanic and Atmo-
spheric Administration (NOAA) should
apply its expertise in this area. Base-
lines need to be established, and stan-
dardized testing protocols and detec-
tion methods for each media are
needed.

Monitoring solely for contaminants
is not enough. Biological assessments
should be included. Thus, ecosystem
monitoring programs should integrate
the tracking of individual organisms
and populations with aspects of physi-
cal and biological habitats. For ex-
ample, endocrine disruptor contami-
nant monitoring should be coupled
with monitoring for reproductive im-
pacts to organisms and populations.
Sensitive subpopulations should be
considered in monitoring design and
hypothesis testing. Impacts to functions
not conserved across organisms, but
ecologically important such as photo-
synthesis or metamorphosis also should
be considered. Integrating biological
and contaminant monitoring could be
useful in the development and testing
of models that can simulate the occur-

rence of emerging contaminants and
the associated health impacts for a
range of spatial and temporal scales.

If monitoring results show unex-
pected concentrations or effects, re-
search incorporating multiple lines of
evidence should be conducted to de-
termine if effects can be attributed to a
specific contaminant. A national strat-
egy enabling anticipation of the classes
or groups of contaminants for which
we should monitor should be devel-
oped. This strategy can include analy-
sis of archived mass spectra, the use of
existing under-utilized databases (e.g.,
Superfund), and could spark a preser-
vation and archival system of samples
for future analysis based on advances
in technology that could produce valu-
able trend data. To assure that scien-
tists are not caught off guard, delegates
recommended that companies develop
detection methods at the time of prod-
uct development or launch. Addition-
ally, the sensitivity of analytical detec-
tion methods must be developed to al-
low for determination of residue
concentrations potentially present in
the environment.

More monitoring efforts should be
based upon hypothesis-driven ap-
proaches and include adaptive designs
that are scientifically based, defensible,
and testable. More emphasis should be
placed upon conducting monitoring

Following the presentations on dif-
ferent classes of emerging contami-
nants, delegates were given the oppor-
tunity to discuss their concerns and
offer recommendations for improve-
ment. The discussions were held in
small working groups with delegates
from diverse geographic, disciplinary,
and employment backgrounds. The
groups focused on four topics of con-
cern across all contaminant types—
monitoring needs, research needs,
regulatory issues, and public and pro-
fessional education issues.

Monitoring Needs

Measuring the effectiveness of regu-
latory activities and focusing research
on topics of greatest concern is essen-
tial to the efficient use of limited re-
sources. Environmental monitoring
helps provide these measurements and
this focus, yet, it chronically suffers
from inadequate funding. Monitoring
is useful in identifying the extent of
contamination or identifying new po-
tential contaminants of concern. It pro-
vides the vital function of helping de-
termine if regulatory controls have ad-
equately protected human health and
the environment.

Delegates did offer recommenda-
tions for improving monitoring effec-
tiveness. A significant focus was on the



Spring 2006 renewable Resources Journal    23

that assists in answering specific sci-
entific questions rather than the cur-
rent approach for compliance purposes
in response to various environmental
regulations. Monitoring systems should
be designed to test specific hypotheses
about environmental contamination
occurrence, sources, transport, and
health effects. Few monitoring systems
exist that are useful in testing these
hypotheses. Those that do exist gener-
ally are local research projects by aca-
demicians or government scientists that
do not address broad national-scale is-
sues over long periods.

Monitoring activities associated with
mitigation and remediation efforts also
should be increased in order to build
understanding of their effectiveness
and for use in future mitigation efforts.

Long-term stability and support is
necessary for monitoring programs to
realize their full potential. They must
be recognized as part of the solution,
not merely as a mechanism for identi-
fying problems. Delegates offered
many potential solutions to address
their recommendations and assure
strong comprehensive monitoring pro-
grams.

For example, partnerships and col-
laborations among stakeholders make
use of limited resources and assure that
necessary monitoring goals are
achieved—they should be expanded,
combined, and encouraged. Existing
national or regional partnerships such
as the Integrated Ocean Observing Sys-
tem (IOOS)19  and efforts in the Great
Lakes can serve as models.

Scientists should increase advocacy
efforts for monitoring programs. In
light of increasingly tighter budgets,
members of Congress and the Office
of Management and Budget are look-
ing for justification to support moni-
toring activities. A coordinated re-
sponse from the scientific community
is necessary.

New and unique funding mecha-
nisms to support monitoring activities
should be explored including fees on

new chemical introductions, a per-
pound tax on chemical production, or
setting aside a percentage of fines lev-
ied for noncompliance with environ-
mental laws.

Many delegates recommended mak-
ing USGS the national monitoring
agency for emerging contaminants to
institutionalize monitoring on a nation-
ally consistent basis. This would elimi-
nate the need for grant-driven moni-
toring at the local level, which can be
highly variable in terms of funding,
commitment, comprehensiveness, and
quality. This would result in nationally
consistent quality assurance/quality
control (QA/QC) protocols. USGS also
could produce national reports on the
state of the environment.

Research Needs

Monitoring and research are comple-
mentary. As monitoring reveals the
extent and effects of contaminants in
the environment, research is necessary
to determine the implications of such
information. Additionally, understand-
ing the fate, toxicity, and MOAs of
compounds is critical to streamlining
the regulatory process and predicting
future compounds of concern. Del-
egates made numerous recommenda-
tions on research questions that need
to be answered, and opportunities for
enhancing the overall research enter-
prise.

Improved coordination and sharing
of information are necessary. A global
contaminants entity with subgroups
focused on specific contaminant types
should be formed. Such an entity could
work to categorize existing research
projects and outcomes to help identify
gaps in knowledge. A priority list of
emerging concerns with known and
recently discovered chemical contami-
nants should be created and main-
tained. A panel of interdisciplinary
experts could help build a framework
to guide research and funding similar
to the Global Endocrine Disruptor Re-

search Inventory—an international ef-
fort to report the state of science in
endocrine disruptors by consolidating
references and research in a single lo-
cation.20 A larger effort incorporating
research on all potential contaminants
should be implemented.

Federal agencies need to improve
information, data, and research shar-
ing. This could be accomplished by
establishing an interagency working
group to share information needs and
address how to better integrate man-
agement and research. Requests for
proposals should be better coordinated
across agencies.

Scientists need to develop better
methods for assessing the fate and ef-
fects of emerging contaminants. New
or modified QSARs and models are
necessary, particularly for the assess-
ment of new compounds or materials
like nanoparticles. Measurements be-
yond the LD50 are necessary—subtle
effects should be considered, and bet-
ter links between acute tests and
chronic effects must be established.
Non-animal based alternatives to toxi-
cological testing also need further de-
velopment.

Critical pieces of research are nec-
essary to fill gaps in our understand-
ing of toxicological effects on organ-
isms. The lack of species-specific toxi-
cology data is troubling—test species
are used to predict effects on other spe-
cies with little understanding of the
actual correlation (e.g., data from fish
are used to predict toxicological effects
in amphibians). Rather than focusing
on individual chemical-by-chemical
effects, research should focus on recep-
tors and effects in the environment.
Research designed to relate MOAs and
receptors of test species with other spe-
cies will help fill some of the gaps.
Molecular biology techniques such as
genomics and proteomics have great
potential, but will require significant
expansion to realize that potential.
Studies should begin at the organism
level and work out in either direction
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to the genomics level and the ecosys-
tem level. The adaptation and incor-
poration of ecological models needs to
be expanded for both genomic and eco-
system level studies.

A better appreciation of individual
chemicals’ and mixtures’ sub-lethal
toxicological MOAs are critically im-
portant to assessing the potential risks
that chronic, low-level exposure may
present to human and ecosystem
health. For example, a presumably in-
significant sub-lethal impairment of
some ecosystem constituents can alter
predator-prey relationships, which may
cause a ripple effect and lead to shifts
in community dynamics elsewhere in
the foodweb, typically higher up in the
trophic hierarchy.

The investigatory time span should
extend beyond individual life cycles to
examine generational effects. Evolu-
tionary screening tools can help answer
questions related to the microevolu-
tionary impacts of contaminants. More
reliable biomarkers are necessary, and
connections between biomarker re-
sponse and organism response should
be established. Connections at the eco-
system level also should be investi-
gated. Screening methodologies should
test during different stages in develop-
ment to develop the most realistic as-
sessments.

Results from field studies and labo-
ratory studies need reconciliation. Re-
searchers and professional organiza-
tions, in association with government
and industry, should develop standard-
ized microcosm studies that character-
ize baselines and monitor for and de-
scribe changes—organisms are not in-
dependent. Impacts from multiple
stressors must be examined. Analyti-
cal fingerprints of complex mixtures
need to be developed and correlated to
toxicity studies.

Delegates expressed considerable
concern about the decline in research
funding and changes in employment
patterns. Government funding of natu-
ral resources research has declined

since its peak about 35 years ago, and
the downward trend is expected to con-
tinue. Baseline and preliminary re-
search aid in the prioritization of health
and environmental effects—more fund-
ing is necessary. Additional research
focused on the needs discussed above
also are in need of funding. Some del-
egates recommended considering the
Swedish model for advancing critical
research and assuring necessary fund-
ing—establish national goals and de-
sign funding to meet those goals. Dis-
cussion of Sweden’s efforts is featured
in the text box on page 29.

Ecotoxicology expertise in govern-
ment and academia also is suffering.
Individuals trained in ecotoxicology
largely are becoming consultants due
to limited positions available in
academia. Thus, basic research suffers
as potential researchers leave univer-
sities to become consultants. Future
talent pools also suffer due to limited
expertise within academic institutions
to teach rising ecotoxicologists. If
available research funds increase and
priorities are established, there will be
a greater need for these positions.

Governments also are losing critical
talent as the existing workforce retires,
and funding to replace retirees is inad-
equate. See RNRF’s special report on
“Federal Natural Resources Agencies
Confront an Aging Workforce and
Challenges to Their Future Roles.”

Delegates offered several potential
solutions to the challenges facing re-
search. Tax incentives could be created
to encourage industries to form alli-
ances that would support necessary re-
search. Such alliances should allow for
the participation of stakeholders out-
side industry including professional
and scientific organizations, govern-
ment agencies, environmental organi-
zations, and citizen groups. Educa-
tional efforts that change the public’s
perception of unknown chemicals and
raise awareness about the effects of
contaminants could lead to calls for
increased funding. An in-depth discus-

sion of public education related to
emerging contaminants appears below.

Regulatory Issues

Regulations are designed to protect
society’s interests either directly by
prohibiting unwanted behavior or ef-
fects, or indirectly by encouraging a
particular outcome through market
forces, competition, or other means.
Working-group members examined
direct and indirect means to protect
human health and the environment
from unintended consequences of the
use of chemicals.

Delegates expressed concerns about
the efficacy of the general regulatory
regime for chemicals as well as spe-
cific regulatory programs. They ob-
served that the current legal and regu-
latory framework does not predispose
or encourage regulatory bodies to work
together to incorporate information on
exposures from chemical uses that they
do not regulate. Assessments of expo-
sures should include all sources of the
chemical, and all chemicals sharing a
common MOA.

Current regulations appear to dis-
courage the development of safer al-
ternatives to older, more hazardous
chemicals. Under TSCA for example,
all new chemicals must meet more
stringent requirements than those for
existing chemicals, thus creating a dis-
incentive to replace existing chemicals
with less toxic new chemicals. New
chemicals designed to replace existing
chemicals with greater toxicity should
receive special consideration such as
quicker agency turn-around or fewer
testing requirements. Removing the
distinction between new and existing
chemicals also would improve the in-
centives for developing safer alterna-
tives. This would make the approval
process for chemicals with lower tox-
icity easier relative to more toxic
chemicals regardless of when they were
first introduced. A “Green Seal” type
program also could encourage the de-
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velopment and marketing of safer
chemicals. Drugs and other chemicals
should be encouraged to be durable but
not persistent and designed for safe
disposal and use.

The periodic review of all chemicals
(perhaps every five years) could help
ensure that new information on uses,
safety, disposal, and concentrations in
the environment are considered in de-
cision making on future uses of chemi-
cals. However, delegates recognized
that the significant size of the chemi-
cal universe means testing and regula-
tion requires prioritization—perhaps
based upon recommendations from a
group like the Interagency Testing
Committee under TSCA. Harmonizing
testing requirements with requirements
of other OECD members could reduce
the burden on industry and allow
money allocated for testing to produce
more test results.

Regulators and legislators should
implement additional requirements.
Data on chemical production and dis-
posal of waste should be made public,
thus raising awareness of waste-mini-
mization opportunities within industry,
and encouraging public oversight.
Laws governing each group of chemi-
cals should include reasonable speci-
fications on the kind of monitoring and
research information that is necessary
to eliminate or limit the use of chemi-
cals that adversely effect human health
or the environment. Persistence is an
important factor in the regulation of
chemicals, but life-cycle assessments
should be a required part of regulatory
decision making.

While examining specific regulatory
processes, delegates did offer some rec-
ommendations. They expressed support
for the tiered testing approaches used
in FIFRA and Europe’s REACH (Reg-
istration, Evaluation, and Authorisation
of Chemicals). Also, they believed that
the burden of proof should lie with the
manufacturer (as in FIFRA) rather than
the regulator (as in TSCA). The Data
Quality Act also was viewed as limit-

ing the ability of agencies to use valid
data. More standardized methods are
needed, particularly for terrestrial or-
ganisms and non-lethal endpoints. An
expert working group should be estab-
lished to validate methods and allow
standardization at EPA. Approaches to
risk assessment developed at FDA and
the European Medicines Agency could
be models.21

Pharmaceuticals and NEPA
FDA’s regulation of the environmen-

tal effects of drugs is based on NEPA.
Under NEPA, federal agencies are re-
quired to consider the environmental
impacts of their actions and decisions
and take steps to ensure that environ-
mental values are respected. Based
upon these requirements, all FDA de-
cisions regarding the approval of new
drugs must consider the environmen-
tal impacts of such an approval. How-
ever, FDA has established categorical
exclusions where environmental effects
are assumed to be minimal.

One such exception is if the pre-
dicted release to the environment is less
than one ppb. Delegates were con-
cerned that the one-ppb threshold may
not be universally adequate—some
pharmaceuticals such as hormones
likely have effects below this level.
Although FDA can request more infor-
mation when it deems necessary, del-
egates believe that the one ppb cut-off
should be contingent upon absence of
pharmacodynamic effects at that con-
centration. Further, as recent studies
indicate, many pharmaceuticals pass
through wastewater treatment and con-
tinually enter water bodies, result-
ing in long-term, pseudo persistence
and chronic exposures. This situation
should be a wake-up call to re-exam-
ine FDA’s environmental responsibil-
ity. An advisory panel should be estab-
lished to re-examine the one-ppb
threshold. Future decisions should be
based upon an understanding of con-
centrations at which effects occur dur-
ing chronic exposures, and persistence

(or pseudo-persistence) and disposal
patterns. Additionally, concentration
measurements should include all
sources of the compound and all com-
pounds with similar MOAs. Interme-
diates and metabolites also should be
considered if they are metabolically
active. Such measurements also should
be re-examined and revised when us-
age patterns increase beyond the ini-
tial assessment due to the introduction
of a generic or over-the-counter formu-
lation.

Finally, drug registrations may not
have adequate mechanisms for taking
action on registered compounds that
turn out to have environmental effects.
For NEPA to be effective as a regula-
tor of chemicals, FDA must take an
active role in soliciting and incorpo-
rating broad public participation.

Drug Disposal Programs
Delegates were interested in the de-

velopment of programs to foster proper
disposal of pharmaceuticals but recog-
nized that there are several associated
difficulties. Take back programs could
be a good vehicle for public outreach
and education about how their actions
affect the environment. However, del-
egates raised concerns regarding com-
pliance with requirements of the Con-
trolled Substances Act and other regu-
lations. FDA, EPA, and the Drug
Enforcement Administration (DEA)
should work with state and local agen-
cies to issue guidance to industry, the
public, and medical care providers re-
garding the proper disposal of pharma-
ceuticals. If necessary, recommenda-
tions for regulatory or statutory
changes should be developed. Also,
technical sheets and directions in-
cluded with medicines should provide
guidance on proper disposal of un-
wanted pharmaceuticals.

Pesticides and FIFRA
Pesticides are subject to regulation

under FIFRA by the EPA. Under
FIFRA, manufacturers are required to
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register a new pesticide or new use of
a pesticide before it can be sold or dis-
tributed. Before issuing a registration,
EPA requires the manufacturer to con-
duct tests to ensure that the pesticide
can be used with a reasonable certainty
of no harm to human health or unrea-
sonable adverse effects to the environ-
ment. EPA also conducts a re-registra-
tion program to assure that older pes-
ticides meet current safety standards.

Delegates recognized the importance
of testing and assessment requirements
that establish a high standard for manu-
facturers. However, the working group
recommended that EPA rather than
manufacturers should conduct neces-
sary testing rather than relying on in-
dustry produced data. A mechanism for
industry funding for such a program
could be developed.

The distinction between pesticides
regulated by EPA and veterinary drugs
regulated by FDA sometimes is
blurred, leading to regulatory confu-
sion. Additional difficulties exist. For
example, FIFRA requires both a cost-
benefit analysis and compliance with
laws that prohibit such an analysis
(e.g., the Endangered Species Act).
Better guidance is needed about how
to consider ecological impacts.

Finally, emergency exemptions from
full registration should be limited by
both time and number to assure that
compounds are not approved year af-
ter year in lieu of performing neces-
sary testing.

High Production Volume Challenge
Program

EPA, OECD, and Japan have imple-
mented a voluntary program to make
publicly available a complete set of
baseline health and environmental ef-
fects data on high production volume
(HPV) chemicals. This data is to be
collected for each chemical on EPA’s
list of HPV chemicals. The program is
successfully obtaining baseline screen-
ing toxicities from industry for most
of the target chemicals. The amount of

participation by industry, the Interna-
tional Chemical Council Associations,
and the American Chemistry Council
is encouraging—a very constructive
partnership has been formed. However,
EPA and the international community
must prepare to move forward with
other methods for obtaining necessary
information should these voluntary ef-
forts not succeed.

Public and Professional
Education Issues

A public that is educated about con-
taminant issues will increase the like-
lihood of having informed public
policy and actions. Support for research
and monitoring will increase as the
public comes to better understand the
many unknowns surrounding chemi-
cals. Public support also will increase
with knowledge of risks to human and
ecological health.

Thus, all available mechanisms
should be employed to inform the pub-
lic about contaminant issues, includ-
ing fact sheets, websites, speakers’
bureaus, expert witness databases, ad-
visory boards, and public service an-
nouncements. Video games and prime
time television shows conveying envi-
ronmental knowledge should be devel-
oped. A dynamic spokesperson like Bill
Nye the Science Guy can introduce
complex contaminant issues to the pub-
lic. Delegates recognized the impor-
tance of efforts to bring science into
American households through net-
works like Animal Planet and the Dis-
covery Channel. Zoos, museums, and
aquaria also offer excellent outreach
venues.

USDA Extension Service networks
at land grant universities should be
mobilized to provide assistance to ur-
ban dwellers on environmentally re-
lated problems. Homeowner education
is critical to deal with problems rang-
ing from pharmaceutical disposal to
proper lawn maintenance. The Home*
A*Syst program can serve as a model.22

Education efforts should focus on
several key concepts. Instilling knowl-
edge on proper pharmaceutical disposal
is important. Efforts also should focus
on key audiences including healthcare
providers, veterinarians, pharmacists,
agriculture/aquaculture industries, and
insurance companies. Building under-
standing of pollution and how every-
one contributes through individual ac-
tions also is key. Such efforts should
include identification of what is at
stake concerning personal health and
well-being. Real solutions and actions
that make a difference and which adapt
to local needs should be included.

Communication efforts could be
more strategic and yield greater results
by focusing on people who are most
likely to change their habits with in-
creased information rather than those
who are resistant due to political, philo-
sophical, or other reasons. Key audi-
ences such as teachers, journalists, and
elected officials should receive extra
attention.

An environmental education clear-
inghouse would promote the sharing of
excellent, already available materials,
lesson plans, and programs. Profes-
sional and scientific societies should
engage science teachers to ensure that
basic concepts are part of the curricu-
lum. Emphasis should be placed on
grades three through six as an excel-
lent period during which to shape en-
vironmental values and influence par-
ents. In addition, societies should be-
come more active in state and local
environmental education initiatives
through their chapter networks and
volunteers.

Professional and scientific societies
should work with the media to ensure
that critical issues related to contami-
nants receive adequate and proper
coverage. More knowledgeable envi-
ronmental journalists are needed. Col-
laborations with the Society of
Environmental Journalists should be
undertaken. The Society of Environ-
mental Toxicology and Chemistry’s
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(SETAC) journalism education initia-
tive was identified as a positive step.
Peer-reviewed case histories can be de-
veloped for use by the media.

Many scientists have concerns about
working with the media. Concerns in-
clude misrepresentation of comments
or taking them out of context, the sen-
sationalizing or polarization of issues
to sell rather than inform, and the sig-
nificant efforts necessary to respond to
inaccurate reports that affect personal,
professional, and institutional reputa-
tions.

Scientists and their professional so-
cieties should work with elected offi-
cials to develop policies based on the
best available scientific information.
Programs like Nonpoint Education for
Municipal Officers (NEMO) can serve
as a model.23

Restoring public support for higher
education can make communication
efforts easier. Academic research sci-
entists should make their research vis-
ible and relevant to the public. They
should translate results into social con-
texts, economic impacts, and other val-

ues that are important to people. Sci-
entists must improve their communi-
cations with lay people. They should
avoid “dumbing down” information,
but make it understandable and useful
to the public. Requirements by the
National Science Foundation to include
outreach activities in research projects
are positive, but the results of such ef-
forts are not routinely evaluated.24

Universities also should moderate
the balance in tenure policies relative
to publications and activities directed
to recognizing societal outcomes that
emphasize impacts and relevance. Bar-
riers to interdisciplinary and multi-
disciplinary collaborations must be
overcome.

Professional and scientific societies
should work to develop a broad under-
standing and acceptance of the precau-
tionary principle in business, industry,
and government.25 This principle is
especially important regarding new
processes and products. Also, industry
should be encouraged to develop a sus-
tainable vision of the future support-
ing the development of environmen-

Existing Programs Provide Valuable Lessons

tally responsible formulations and pro-
cesses (particularly when many are
shown to help the bottom line).

Joint meetings among professional
and scientific societies will foster bet-
ter communication and collaboration
on contaminant issues.

Finally, societies should become
more active advocates concerning en-
vironmental issues. Public skepticism
about “honest brokers” will persist in
controversial issues—especially when
the economic and political stakes are
high. Peer review, interdisciplinary
participation, and partnerships includ-
ing society members and industry rep-
resentatives can help overcome this
skepticism. Professional and scientific
societies should work to facilitate a
broad societal understanding of
sustainability principles. They should
lead the transformation of the societal
ethic to one that recognizes inter-
generational responsibilities, universal
environmental justice and equality,
economics based on life-cycle costs,
and ethics guiding long-term outcomes
over short-term expediency.

PMNs. In fact, as of 1999, less than
half of all PMNs were accompanied
by any human toxicity data, less
than five percent with any eco-
toxicity data, one to five percent had
chemical or environmental fate data,
and less than one percent had
bioaccumulation or biodegradation
data.

TSCA’s strength is that the act
partially compensated for the lim-
ited available data by providing a
low threshold—a chemical may
present an unreasonable risk—for
EPA to restrict production pending
testing. However, once a chemical
enters commerce, the threshold is
higher—a chemical will present an

Past experiences with environ-
mental contaminants (e.g., DDT,
PCBs, etc.) should provide valuable
lessons for how to deal with new
chemicals entering the marketplace
and chemicals already in commerce.
Mary O’Brien, author of Making
Better Environmental Decisions: An
Alternative to Risk Assessment, pro-
vided a thoughtful examination into
how our environmental relationship
with chemicals could be improved.
See http://www.rnrf.org/2005cong/
obrien.pdf.

Two essential aspects relevant to
new chemicals are the need to de-
velop better chemicals, products,
and processes than we have devel-
oped in the past, and to move away
from the use of old chemistry and Continued on next page.

engineering processes. Addressing en-
vironmental problems with chemicals
means altering some current social pro-
cesses. Four existing programs help
illuminate a path toward sustainable
and respectful relationships with new
and old chemicals—each is only a par-
tial solution that can be built on to de-
velop a comprehensive path forward.

TSCA New Chemicals Review

At the heart of TSCA is EPA’s au-
thority to require manufacturers and
importers to submit information before
manufacturing and distribution of new
chemicals (Pre-manufacture Notifica-
tion or PMN). However, manufactur-
ers and importers are not required to
test their chemicals before submitting
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unreasonable risk—for EPA to take
regulatory action.26

By 2004, about 32,000 PMNs had
been submitted. Orders for more test-
ing were issued 1,200 times, require-
ments of new PMN submission with
significant new uses 1,200 times, over
1,600 PMNs were withdrawn when
faced with some action, and 300 times
the submitter undertook some volun-
tary testing. Thus, regulatory action
was taken on just 12 percent of the
PMNs submitted. However, only about
half of the approved chemicals actu-
ally enter the marketplace.

The PMN process has yielded sev-
eral positive outcomes:

• During the multidisciplinary, new-
chemicals review process, EPA
provides deterrent signals and
guidance to manufacturers through
informal communication and ne-
gotiation.

• There have been no challenges to
EPA requests for more testing in-
formation.

• EPA has identified about 45 cat-
egories of chemicals that are simi-
lar in molecular structure; physi-
cal, chemical, or biological prop-
erties; use; or mode of entrance
into the human body. This helps
focus reviews for potential prob-
lems.

• EPA has developed software and
training programs to encourage
manufacturers to conduct upfront
analysis of the physical properties
and potential health risks of sub-
stances as well as exposures be-
fore submission for review.

• One benefit that has not been
quantified is the number of chemi-
cals not entering commerce be-
cause manufacturers anticipated
problems getting past the PMN
process.

While the PMN process has identi-
fied new chemicals that could later
cause problems, it is likely that over
99 percent of all chemical production

standing of how each chemical is used
in production and any inefficiencies in
its use.

University and state technical assis-
tance providers use fees paid by the
firms using the subject chemicals to
provide technical and research support.
Despite additional requirements and
costs, industry supports the process. In
the program’s first ten years, the total
amount of toxic and hazardous waste
has been reduced by 58 percent and the
use of targeted chemicals has been re-
duced by more than 40 percent. Around
550 firms have been continuous par-
ticipants since the program began. The
act saved Massachusetts’ industry $15
million from 1990 to 1997, not includ-
ing worker and public health and envi-
ronmental benefits.

Unfortunately, the act does not fo-
cus on low volume chemical users such
as dry cleaners, and does not address
chemicals in products—particularly
those coming from out-of-state. How-
ever, the program implements several
important requirements that should
shape future programs. It requires the
assessment of safer chemical alterna-
tives, fees on toxic chemicals provide
technical support and research for com-
panies trying to reduce their use of
toxic chemicals, record keeping allows
for toxics use reduction and economic
benefits to be reliably tracked, and it
builds positive toxics-use reduction
relationships with toxics using compa-
nies.

Green Chemistry and Engineering

Green chemistry and green engineer-
ing are fields of knowledge and prac-
tice that provide the necessary foun-
dation for a thorough redesign of our
relationship to both new and old toxic
chemicals, products, processes, and
systems. Such programs are being de-
veloped by EPA and in universities.

Green chemistry is the design of
chemical products and processes that

by volume today involves old chemi-
cals that never were reviewed for their
potential harm before entering com-
merce. New chemicals review could be
strengthened greatly with greater data
requirements as production volume
increases.

Several important principles from
TSCA need to be extended to other
regulatory programs: the precautionary
initial threshold for agency action, the
deterrence from submitting potentially
harmful chemicals, and agency guid-
ance toward safer chemicals and pro-
duction methods. Adapting TSCA’s
new chemical review process to green-
ing the other 99 percent of chemical
production in the U.S. is an essential
next step. Massachusetts provides an
example of how such an effort can de-
velop.

Massachusetts’ Toxics Use
Reduction Act

Massachusetts’ Toxics Use Reduc-
tion Act of 1989 helps manufacturers
identify and implement alternatives to
the use of old toxic chemicals and pro-
cesses. Authors of the act recognized
that, in contrast to manufacturers of
chemicals, users of chemicals have no
stake in the particular chemicals they
use—they simply want the function or
service that the chemical provides.

Under the act, manufacturing firms
using specific quantities of about 1,300
industrial chemicals must undergo a
systematic process to identify alterna-
tives to reduce the use of those chemi-
cals and to reduce waste. The firms
must identify ways to redesign produc-
tion processes and products through
toxics use reduction methods such as
chemical substitution, process changes,
product changes, and improved man-
agement. Alternatives assessments
must be signed by a certified planner
and made public. Firms also must pro-
duce an input-output accounting of the
chemicals, thus, leading to an under-
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reduce or eliminate the use and gen-
eration of hazardous substances. It re-
lies on twelve principles articulated by
Anastas and Warner:27

1. Prevent waste
2. Design safer chemicals
3. Design less hazardous chemical

syntheses
4. Use renewable feedstocks
5. Use catalysts, not stoichiometric

reagents
6. Avoid chemical derivatives
7. Maximize atom economy
8. Use safer solvents and reaction

conditions
9. Increase energy efficiency

10. Design chemicals and products for
benign degradation

11. Analyze syntheses in real time to
prevent pollution

12. Minimize the potential for acci-
dents

While green chemistry focuses on
the design and production of chemi-
cals, green engineering focuses on the
design of industrial processes, prod-
ucts, and systems. Green engineering
principles reflect the principles of
green chemistry.28

1. Strive for as inherently benign ma-
terial and energy inputs and out-
puts as possible

2. Prevent waste
3. Design separation and purification

operations to minimize energy
consumption and materials use

4. Maximize mass, energy, space,
and time efficiency

5. Design products, processes, and
systems to minimize inputs and
avoid overproduction

6. Design complex products for re-
use, simple products for value con-
serving recycling or beneficial dis-
position

7. Design for durability for the in-
tended life of the product, rather
than persistence

8. Avoid unnecessary capacity or ca-
pability

9. Minimize material diversity

Chemicals” would provide for the iden-
tification of safer alternatives for ten
priority chemicals or chemical groups.
Technical and grant support to users of
these chemicals also would be provided
as they seek to meet deadlines for sub-
stituting safer alternatives. Re-employ-
ment assistance and vocational train-
ing would be provided if workers be-
come unemployed due to the substi-
tution of safer alternatives. The public
could access a list of products contain-
ing the safer alternatives. Other prior-
ity chemicals could be added to the
program. A multi-stakeholder Safer Al-
ternatives Oversight Board would over-
see implementation.

Societal Vision: Sweden

A large societal vision for improv-
ing human’s relationship with their
environment is possible. In 1999, the
Swedish parliament adopted 15 na-
tional quality objectives to be obtained
within one generation.30 By 2003, the
parliament set 71 interim targets. The
objectives are:
1. Reduced Climate Impact
2. Clean Air
3. Natural Acidification Only
4. A Non-Toxic Environment
5. A Protective Ozone Layer
6. A Safe Radiation Environment
7. Zero Eutrophication
8. Flourishing Lakes and Streams
9. Good-Quality Groundwater

10. A Balanced Marine Environment
11. Thriving Wetlands
12. Sustainable Forests
13. A Varied Agricultural Landscape
14. A Magnificent Mountain Land-

scape
15. A Good Built Environment

If we articulate a large vision for a
deeply respectful relationship with the
world, including with chemicals, we
are far more likely to actually try to
get there. And if we try, we are far more
likely to succeed.

10. Link local material and energy
flows

11. Design products, processes, and
systems so components can be re-
used or reconfigured

12. Use renewable material and energy
inputs

As green chemists, engineers, pro-
cesses, products, systems, and training
opportunities become more familiar
and available, more legislation requir-
ing manufacturers to use green chem-
istry and engineering becomes fea-
sible.29 Two pieces of proposed legis-
lation exemplify this through use of the
substitution principle.

The Substitution Principle

Substitution means replacing a haz-
ardous chemical with a safer or non-
hazardous chemical, or replacing the
chemical’s function with a product re-
design or system change. Substitution
is based on a comparative assessment
of alternatives to problem chemicals;
uses inherent hazards assessment rather
than risk assessment, to compare ma-
terials or processes; forces innovation
in product design and system change
through use of green chemistry and en-
gineering; and implements the precau-
tionary principle, as it is not necessary
to wait for elusive proof of damage if
alternatives with less hazardous intrin-
sic properties are available.

REACH is the first regulatory sys-
tem for chemicals that removes the dis-
tinction between older chemicals and
new ones. It is being used in Europe to
institute the substitution principle.
Chemicals deemed to be of very high
concern would be subject to authori-
zation, which first identifies and pri-
oritizes the chemicals, and then allows
industry to make a case for their con-
tinued use on the basis that alternatives
do not exist, or are excessively expen-
sive.

“An Act for a Healthy Massachu-
setts: Safer Alternatives to Toxic
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Appendix B: Congress Program

Thursday, December 1, 2005

9:00–9:05 am
Welcome & Opening Remarks
Albert A. Grant, RNRF Chairman

9:05–9:15 am
Conference Context & Goals
Robert D. Day,
RNRF Executive Director

9:15–9:50 am
Introduction to Emerging
Contaminants and Unintended
Consequences
Sarah Gerould,
Congress Chair and Bureau Program
Coordinator, Contaminant Biology
Program, U.S. Geological Survey,
Reston, Va.

9:50–10:15 am
Discussion/Questions

10:15–10:45 am
Case Study I:
Pesticides and Metabolites/
Degradates—Synthetic Pyrethroids
Joel Coats,
Professor of Insecticide Toxicology,
Iowa State University, Ames, Iowa

10:45–11:15 am
Discussion/Questions

11:35–12:05 pm
Case Study II: Pharmaceuticals
Christian Daughton,
Chief, Environmental Chemistry
Branch, National Exposure Research
Laboratory, Environmental
Protection Agency, Las Vegas, Nev.

12:05–12:35 pm
Discussion/Questions

1:45–2:15 pm
Case Study III: Industrial
Chemicals—Brominated Flame
Retardants
Carl Orazio,
Chief, Environmental Chemistry
Branch, Columbia Environmental
Research Center, U.S. Geological
Survey, Columbia, Mo.

2:15–2:45 pm
Discussion/Questions

2:45–3:15 pm
Case Study IV: Nanoparticles
Clayton Teague,
Director, National Nanotechnology
Coordination Office, Arlington, Va.

3:15–3:45 pm
Discussion/Questions

3:45–4:30 pm
Delegate Roundtable Discussion:
Lessons from Regional Efforts

Friday, December 2, 2005

9:00–9:35 am
How Can We Improve Our
Environmental Relationship with
New Chemicals?
Mary O’Brien,
author, Making Better Environmental
Decisions: An Alternative to Risk
Assessment, Eugene, Oregon

9:35–10:00 am
Discussion/Questions
10:00–10:10 am
Explanation of Working Group
Procedures
Ryan M. Colker,
RNRF Director of Programs

10:30–11:40 am
Working Group Session I

11:40–12:40 pm
Working Group Session II

1:40–2:40 pm
Working Group Session III

3:00–4:00 pm
Working Group Session IV

4:00–4:30 pm
Necessary Next Steps and
Concluding Remarks
Robert D. Day,
Executive Director, Renewable
Natural Resources Foundation

Congress on Assessing and Mitigating Environmental Impacts of Emerging Contaminants
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In advance of the congress, delegates
were provided with a notebook of back-
ground materials. These materials fea-
tured reports and information items
from federal agencies, and recognized
authors and organizations on topics to
be discussed at the congress. Many del-
egates commented on the usefulness of
the information and the fact that it had
not previously been assembled in a co-
hesive manner. A bibliography of these
items along with internet sites (where
available) is provided below.

INTRODUCTION

Pharmaceuticals, Hormones, and Other
Organic Wastewater Contaminants
in U.S. Steams, 1999-2000: A Na-
tional Reconnaissance. Kolpin et.
al. Environmental Science & Tech-
nology, 2002, v. 36, no. 6. http://
pubs.acs.org/subscribe/journals/
esthag/36/i06/es011055j.pdf.

NAWQA: National Findings and Their
Implications for Water Policies
and Strategies. USGS. http://
w a t e r . u s g s . g o v / p u b s / c i r c /
circ1225/pdf/national.pdf.

“‘Emerging’ Chemicals as Pollutants
in the Environment: a 21st Cen-
tury Perspective.” Christian
Daughton. Renewable Resources
Journal. v.23, #4. Winter 2005-
2006.

BodyBurden: The Pollution in New-
borns. Environmental Working
Group. July 2005. Website: http://
w w w . e w g . o r g / r e p o r t s /
bodyburden2/execsumm.php.

The Impact of Endocrine Disrupting
Chemicals on Wildlife: A Review
of the Literature 1985-1998.
Geschwind et. al. RAND, April
1999. http://www.rand.org/publi-

c a t i o n s / M R / M R 1 0 5 0 . 0 /
MR1050.0.pdf.

PESTICIDES

Preventing Pollution? U.S. Toxic
Chemicals and Pesticides Policies
and Sustainable Development.
Lynn Goldman. Environmental
Law Reporter. September 2002. 32
ELR 11018. http://www.
cheforhea l th .org / resources /
lynngoldmanarticle.pdf.

Permethrin. National Pesticide Tele-
communications Network. Sep-
tember 1997. http://npic.orst.edu/
factsheets/permethrin.pdf.

Overview of Permethrin Risk Assess-
ment August 2005. Environmen-
tal Protection Agency. August
2005. http://docket.epa.gov/
e d k p u b / d o /
EDKStaffAttachDownloadPDF?
objectId=090007d480992a4e.

Scope 49: Methods to Assess Adverse
Effects of Pesticides on Non-tar-
get Organisms. http:://www.icsu-
scope.org/downloadpubs/scope49/
chapter01.html.

PHARMACEUTICALS

Potential Impact of Pharmaceuticals on
Environmental Health. Oliver
Jones, Nick Voulvoulis, John
Lester. Bulletin of the World
Health Organization. October,
2003. http://www.scielosp.org/
scielo.php?script=sci_arttext&pid
=S0042-96862003001000015
&lng=es&nrm=iso&tlng=en.

Pharmaceuticals in the Environment:
Overview of Significance, Con-
cerns, and Solutions. Christian G.
Daughton. August 2004. http://

Appendix C: Background Materials Bibliography

www.epa.gov/esd/chemistry/ppcp/
images/acs-extend.pdf.

Environmental Risk Management for
Pharmaceutical Compounds. Nick
Voulvoulis. Organohalogen Com-
pounds Volume 66 2004. http://
d i o x i n 2 0 0 4 . a b s t r a c t -
management.de/pdf/p581.pdf.

Pharmaceuticals in the Environment:
Drugged Fish? V.L. Trudeau et. al.
in Biochemistry and Molecular
Biology of Fishes, vol. 6, T.P.
Mommsen and T.W. Moon, eds.
2005. http://binf01.bioinformatics.
uot tawa.ca /goldf ish /papers /
Chapter_17.PDF.

INDUSTRIAL CHEMICALS:
BROMINATED FLAME

RETARDANTS

Summaries of Environmental Laws
Administered by the EPA: Toxic
Substances Control Act, Schierow,
Linda. Congressional Research
Service. http://www.ncseonline
.org/nle/crsreports/briefingbooks/
laws/k.cfm

Brominated Flame Retardants in the
Environment. USGS. November
2004. http://www.cerc.usgs.gov/
pubs/center/pdfDocs/PBDE.pdf.

The PBDEs: An Emerging Environ-
mental Challenge and Another
Reason for Breast-Milk Monitor-
ing Programs. Kim Hooper and
Thomas A. McDonald. Environ-
mental Health Perspectives. May
2000. http://ehp.niehs.nih.gov/
m e m b e r s / 2 0 0 0 / 1 0 8 p 3 8 7 -
392hooper/108p387.pdf.

In The Dust: Toxic Fire Retardants in
American Homes. Environmental
Working Group. http://www.
e w g . o rg / r e p o r t s / i n t h e d u s t /
index.php
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Purposes

The Renewable Natural Resources
Foundation (RNRF) was incorporated
in Washington, D.C., in 1972, as a non-
profit, public, tax-exempt, operating
foundation. It was established to:

• Advance sciences and public edu-
cation in renewable natural re-
sources;

• Promote the application of sound
scientific practices in managing
and conserving renewable natural
resources;

• Foster coordination and coopera-
tion among professional, scientific
and educational organizations hav-
ing leadership responsibilities for
renewable natural resources;
and

• Develop a Renewable Natural Re-
sources Center.

The foundation represents a unique,
united endeavor by outdoor scientists
to cooperate in assessing our renew-
able resources requirements and formu-
lating public policy alternatives.

Membership

RNRF’s members are professional,
scientific and educational organiza-
tions interested in sustaining the
world’s renewable natural resources.
The foundation is governed by a board
of directors comprised of a represen-
tative from each member organization.
The directors also may elect “public
interest members” of the board. Board
members are listed on the back cover
of the journal. Individuals may become
Associates for an annual contribution
of $50 or more.

Programs

RNRF conducts national meetings,
congressional forums, public-policy
round tables and briefings, and inter-
national outreach activities. It also con-
ducts an annual awards program to rec-
ognize outstanding personal, project
and journalistic achievements. More
information about RNRF’s programs is
available at  www.rnrf.org.

Renewable Resources Journal, first
published in 1982, promotes commu-
nication among RNRF’s represented
disciplines. The journal is provided to
the governing bodies of RNRF mem-
ber organizations, members of the U.S.
Congress and committee staffs with ju-
risdiction over natural resources, fed-
eral agencies, and universities. Tables
of contents of all volumes of the jour-
nal are available at RNRF’s web site.

Center Development

The Renewable Natural Resources
Center is being developed as an office
and environmental center for RNRF’s
members and other nonprofit organi-
zations. The Center is located on a 35-
acre site in Bethesda, Maryland, where
lawns and forested buffers provide an
exceptional work environment.

The master site plan for the Center
contemplates additional construction—
including a 16,500 square foot confer-
ence and common-services facility.
Organizations may either lease or pur-
chase their offices. The Center cur-
rently has approximately 52,500 square
feet of office space.

ABOUT RNRFNANOTECHNOLOGY

Environmental Regulation of
Nanotechnology: Some Prelimi-
nary Observations. Glenn Harlan
Reynolds. Environmental Law Re-
porter. 31 ELR 10681. June 2001.
http://www.foresight.org/impact/
31.10681.pdf.

Implications of Nanotechnology for
Environmental Health Research.
National Academy of Sciences.
2005. http://books.nap.edu/cata-
log/11248.html.

Nanotechnology & Regulation: A Case
Study Using the Toxic Substance
Control Act (TSCA). Woodrow
Wilson International Center for
Scholars. A Discussion Paper.
http://www.environmentalfutures
.org/nanotsca_final2.pdf.

FDA Regulation of Nanotechnology
Products. http://www.fda.gov/
nanotechnology/regulation.html.

Nanotechnology: Small Matter, Many
Unknowns. Swiss Re. Renewable
Resources Journal, v.22, #4. Win-
ter 2004-2005.

LESSONS LEARNED

Chemical Regulation: Options Exist to
Improve EPA’s Ability to Assess
Health Risks and Manage Its
Chemical Review Program. U.S.
Government Accountability Of-
fice, GAO-05-458, June 2005.
ht tp: / /www.gao.gov/cgi-bin/
getrpt?GAO-05-458.
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