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STATE OF RESEARCH ON POTENTIAL ENVI-
RONMENTAL HEALTH FACTORS WITH AU-
TISM AND RELATED NEURODEVELOPMENT
DISORDERS

TUESDAY, AUGUST 3, 2010

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
SUBCOMMITTEE ON CHILDREN’S HEALTH,
Washington, DC.

The Subcommittee met, pursuant to notice, at 10 a.m. in room
406, Dirksen Senate Office Building, Hon. Amy Klobuchar (Chair
of the Subcommittee) presiding.

Present: Senators Klobuchar, Boxer, and Udall.

OPENING STATEMENT OF HON. AMY KLOBUCHAR,
U.S. SENATOR FROM THE STATE OF MINNESOTA

Senator KLOBUCHAR. Call the hearing to order.

I want to thank all of you for being here today for this important
hearing. As a mother of a 15-year-old daughter and as the Chair
of this Subcommittee, protecting our children from exposure to
harmful substances is an issue that is extremely important to me.
I also know that it is very important to Chairman Boxer, who has
made this a cause for much of the work that she’s done for Cali-
fornia and for the country. So I am honored to have her here as
well today.

This is why we are here, and it is to highlight the latest scientific
research on the environmental impacts on autism and other
neurodevelopmental disorders. Before we consider policy changes,
we need to understand the latest science.

Two decades ago autism and other neurodevelopment disorders
were little-known, uncommon diseases. Today they affect 1 million
to 1.5 million Americans, and 1 in every 110 children born in the
U.S. will be diagnosed with autism. That means that there will be
more kids with autism than juvenile diabetes. Yet there is still so
little known about the disease, its causes, or treatments.

I know personally many of my friends have kids with autism. I
know that they struggle not only with the treatment, but it is al-
ways so difficult because they never really know the cause.

Sometimes when we are here in Washington, we don’t realize
that the abstract numbers that I just mentioned, those 1 million
to 1.5 million Americans, 1 in every 110 children, that those ab-
stract numbers have very real implications in people’s lives.
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I know this because I meet Minnesota families like the Moens,
who are here with us today, that deal with the challenges of having
an autistic child, and the frustrations of not having the answers.
There is no cure for autism yet, so it is clear more research is need-
ed. We need to look at the various factors that could contribute to
autism so that we can find a cure and develop better services and
treatments for those living with the disease.

With the rapid growth in the incidence of autism, Congress took
action and passed the Combating Autism Act of 2006, providing
nearly $1 billion to combat neurological disorders through screen-
ing, education, early intervention, prompt referrals for treatment
and services, and research. In last year’s Recovery Act we invested
over $10 billion in NIH for new research on mental health, includ-
ing at least $60 million devoted to autism diagnosis and treatment.

But even with this increase in research funding, we must con-
tinue to do our part to ensure that our researchers and medical
professionals are better equipped to recognize and diagnose autism
and other neurodevelopment disorders. We also need to increase
awareness of autism. Early diagnosis and intervention can greatly
help kid with autism. And it can reduce the cost of lifelong care by
two-thirds.

While we don’t have a cure, there are treatments and therapies
that can help improve the quality of life of kids with autism. As
we know, children are more susceptible to environmental dangers
than adults. Children consume more food and water, touch more
dirt, because they are closer to the ground, and can be exposed to
toxins easier than adults. Because their immune systems are still
developing, kids are more likely to become sick when exposed to en-
vironmental risks.

Along with the EPA, the National Institute of Environmental
Health Centers for Children’s Environmental Health and Disease
Prevention Research are studying how exposure to chemicals in the
environment could lead to neurodevelopment disorders in children,
including autism spectrum disease. The research that these agen-
cies are conducting will further our knowledge in the potential
causes of autism and other neurodevelopmental disorders. In turn,
these results will help us stem the increasing prevalence of these
diseases and eliminate potential environmental dangers facing our
kids.

Your testimony today will go a long way in helping us better un-
derstand potential environmental factors related to autism and
what the state of the research is today. Your stories will help us
understand the urgency behind the research.

I thank you all for joining us today, and I look forward to hear-
ing from all of you.

Now I will turn it over to the Chair of this Committee, Chairman
Boxer.

OPENING STATEMENT OF HON. BARBARA BOXER,
U.S. SENATOR FROM THE STATE OF CALIFORNIA

Senator BOXER. Senator Klobuchar, Madam Chair, thank you
very much.



3

I want to begin by saying that we were all deeply saddened to
learn of the passing of your mom, Senator. Our thoughts and pray-
ers are with you and your family at this time.

I want to note that Amy’s mom dedicated her life to teaching
children. I know how proud she must have been when her daughter
founded the first subcommittee on this Committee dealing with
children’s health. So we dedicate this hearing to her mom.

Today’s hearing will look at the latest research on potential envi-
ronmental factors that might harm the health of our children, in-
cluding the ability to learn and think and interact with families
and other people in society. The EPA and the National Institute of
Environmental Health Science fund a variety of studies on
neurodevelopmental disorders, including autism.

I would like to extend a special welcome to Professor Isaac
Pessah from the University of California Davis’ Mind Institute,
who will testify in the second panel. The Mind Institute receives
Federal agency funding to conduct research on these very impor-
tant issues.

While science is still working to identify the cause of autism, ex-
posure to toxic chemicals in the environment is one crucial area of
inquiry. The Children’s Center at UC Davis is conducting research
on environmental health factors with autism, including chemicals’
potential impacts on brain development on social behaviors, and
immune system function. Their research is especially important
now, since some data indicates that the occurrence of autism is
growing.

The Federal Centers for Disease Control estimates that on aver-
age 1 in 110 children in the United States has symptoms of autism
spectrum disorder, or ASD. In California, State agencies are report-
ing an apparent rise in the incidence of ASD. In its most recent re-
port, the California Department of Developmental Services found
that from 1997 to 2007—while the total number of people served
by the department increased 56 percent—the number of people
with autism grew 321 percent.

Autism can affect entire families and have financial and other ef-
fects throughout society. The Federal Interagency Autism Coordi-
nating Committee estimates that autism spectrum disorders’ cost
to society is currently between $35 billion to $90 billion annually.

Today’s hearing focuses on research, but there are a number of
other ways this Committee is working to protect children and fami-
lies from toxic chemicals. For example, communities need help
dealing with the impacts of autism and other disorders that may
have connections to environmental health. When these disorders
appear in concentrations or clusters, it may be an indication that
environmental factors are playing a role in making people sick.

I am introducing a bill this week to ensure that Federal agencies
are coordinating their efforts on disease clusters as effectively as
possible and that the resources are there to help the people in the
areas that need them. This will include making sure communities
that suspect they have a cluster of disease can call on the Govern-
ment to investigate and address their concerns.

My bill will also require EPA to upgrade their data tracking sys-
tems to strengthen the Federal Government’s ability to investigate
disease clusters. In addition, Senator Lautenberg’s bill—the Safe
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Chemicals Act of 2010, introduced earlier this year—would take an
important step toward testing and identifying chemicals that could
harm our children before them come to market, instead of having
to deal with consequences after the fact.

What we want to do is require that the chemical industry prove
that their chemicals are safe to use before they are allowed on the
market, rather than the reverse. Right now society has to prove
that the chemicals are not safe. We think the producers should
have to prove they are safe before they get on the market.

So today’s hearing—and I thank Senator Klobuchar for her lead-
ership on this—will help inform our efforts to protect America’s
children from environmental dangers. I look forward to hearing
from the witnesses. I have about—I can stay until about 11, and
then I will read the rest of the testimony. But I am very grateful
to Senator Klobuchar for her leadership.

Senator KLOBUCHAR. Thank you very much, and thank you for
your kind words about my mom, who devoted herself to kids. She
had 30 second graders, when she was 70 years old, in her class.
But lately, in her last few years, she was mostly watching C-SPAN,
and loved watching Senator Boxer give speeches.

[Laughter.]

Senator KLOBUCHAR. She would always say, where were you? 1
saw Senator Boxer.

[Laughter.]

Senator KLOBUCHAR. So we have two great witnesses to begin
here. Our first witness is Dr. Paul Anastas with the EPA Office of
Research and Development. Dr. Anastas is the Assistant Adminis-
trator for the Environmental Protection Agency’s Office of Research
and Development and the science advisor to the agency.

Our second witness is Dr. Linda Birnbaum with the National In-
stitutes of Health. Dr. Birnbaum is the Director of the National In-
stitute of Environmental Health Sciences, overseeing research re-
lating to autism and other neurodevelopmental disorders.

I will introduce our second panel. Senator Boxer already men-
tioned one of the witnesses, as well as the Moens from Minnesota,
which is what guided me to make the decision I would be here this
morning for this hearing. Because I came all the way in, and the
work must go on.

So we will start with you, Dr. Anastas.

STATEMENT OF PAUL ANASTAS, PH.D., ASSISTANT ADMINIS-
TRATOR, OFFICE OF RESEARCH AND DEVELOPMENT, AND
SCIENCE ADVISOR, U.S. ENVIRONMENTAL PROTECTION
AGENCY

Mr. ANASTAS. Thank you, Chairman Klobuchar, Chairman Boxer.
It is a pleasure to be with you here this morning.

My name is Paul Anastas, the Assistant Administrator for the
Office of Research and Development in EPA. It is a pleasure to dis-
cuss this important issue. It is also a pleasure to be here with my
esteemed colleague from the NIEHS and the other panelists.

This issue is tremendously important, when we talk about the
potential environmental factors related to autism and other
neurodevelopmental disorders. I am a father of two small children.
I know how essential it is that we do everything we can to ensure
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the health and the safety and the well-being of our children going
forward.

Autism can be a heartbreaking neurodevelopmental disorder that
may prevent children from fully experiencing typically social inter-
actions essential for well-being, for individual emotional and cog-
nitive development. Autism spectrum disorder is a range of com-
plex neurodevelopmental disorders characterized by social impair-
ments, communication difficulties, and restricted and repetitive
pattern disorders.

Autistic disorders, sometimes called autism disorders, or classical
autism, is the most severe form of ASD. Other conditions along the
(s:ipectrum include the milder form of ASD known as Asperger’s Syn-

rome.

Scientists are uncertain about what causes ASD. However, many
believe it could result from a variety of factors, including a com-
bination of genes, environmental exposures, and gene-environment
interactions. Evidence suggests that the rates of ASD are increas-
ing in the United States as both of you mentioned in your opening
statements.

As you know, children are especially susceptible to the effects of
chemicals in the environment, because they eat, drink, and breathe
far more than their body weight than adults. They absorb a greater
proportion of many of the chemicals in the environment than
adults do, and due to hand-mouth behavior, young children tend to
have higher exposures to these contaminants.

Because of its extraordinary complexity, prenatal and early post-
natal brain and nervous system development can be disrupted by
environmental exposures at much lower levels than would affect
adults. We are learning that there are critical windows of suscepti-
bility, both prenatally and in early childhood, in which the effects
of exposures to environmental contaminants can be significantly
more severe and can lead to permanent and irreversible disability.
For these and many other reasons EPA is especially concerned
about the potential effects of environmental chemicals on children’s
health and neurodevelopment.

Now, it has been suggested that improvements in diagnosis may
be contributing to the perceived increase in ASDs. However, one re-
cent publication from research supported by the EPA and NIEHS
evaluated the rise in autism incidence in California from 1990 to
2006. They found that even when factors such as early diagnosis,
changes in diagnostic criteria, and milder cases were taken into ac-
count they did not fully explain the observed increase. As a result,
the extent to which the continued rise represents a true increase
in the occurrence of autism still remains unclear.

Additionally, through a recent evaluation of autistic disorder
data from long-term, approximately 10-year studies, EPA scientists
found significant and surprisingly uniform timing of increases and
cumulative incidence from 1988 to 1989, in Danish, Californian,
and worldwide data sets. The challenge is to determine what spe-
cific environmental factors may contribute to the onset or severity
of autism and other neurodevelopmental disorders so that exposure
to these can be reduced.

At EPA we are conducting research to determine how environ-
mental chemicals could impact the development and function of the
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human nervous system through our intramural and extramural re-
search programs. EPA’s intramural research program focuses on
susceptibility to chemicals and the factors underlying the suscepti-
bility, the chemical mechanisms of action, and the relevance of ef-
fects to human health.

There are now alternative models and methods, including com-
putational toxicology, which allows us to evaluate a much larger
number of substances in the same amount of time. We have an ex-
tensive extramural research program that includes the children’s
research centers that we work hand in hand with our partners at
NIEHS. And we are going to hear far more about those today, in-
cluding the research of the University of California at Davis Center
for Children’s Environmental Health, which is looking at possible
genetic and environmental risk factors that may contribute to the
incidence and severity of childhood autism, to understand and
characterize common patterns of dysfunction in this disease.

Also, we have studies in the Children’s Center at the University
of Medicine and Dentistry of New Jersey and several other centers,
which we will be happy to discuss and are detailed in our written
testimony.

Thank you for the opportunity to speak to you here this morning.

[The prepared statement of Mr. Anastas follows:]
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TESTIMONY
Paul Anastas, PhD

Assistant Administrator for Research and Development and Science

Adyvisor
U.S. Environmental Protection Agency (EPA)
HEARING ON

State of Research on Potential Environmental Health Factors with

Autism and Related Neurodevelopment Disorders
Before the
U.S. Senate

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS
SUBCOMMITTEE ON CHILDREN’S HEALTH
August 3, 2010

Good morning Chairman Klobuchar, Ranking Member Alexander and other
members of the Committee. My name is Paul Anastas. I am the Assistant
Administrator for Research and Development at EPA. It is a pleasure to be
here with you this morning to discuss the state of EPA-funded research on
the potential environmental factors related to autism and other
neurodevelopmental disorders. As a father of two small children, I know that
there is nothing more important than making sure we do everything we can
so that all of America’s children are safe and healthy.

Autism can be a heart breaking neurodeVelopmental disorder that may
prevent children from fully experiencing the typical social interactions so

essential for family well-being and individual emotional and cognitive
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development. ASDs are characterized by atypical development in
socialization, communication, and behavior. The symptoms are often present
before age 3 and are generally accompanied by changes in cognitive

functioning, learning, attention, and sensory processing.

Autism spectrum disorder (ASD) is a range of complex neurodevelopment
disorders, characterized by social impairments, communication difficulties,
and restricted, repetitive, and stereotyped patterns of behavior.! Autistic
disorder, sometimes called autism or classical ASD, is the most severe form
of ASD, while other conditions along the spectrum include a milder form
known as Asperger syndrome, the rare condition called Rett syndrome, and
childhood disintegrative disorder and pervasive developmental disorder not
otherwise specified (usually referred to as PDD-NOS).' In recent years, the

term “autism” has been generally used to refer to ASDs as a whole.

Scientists aren’t certain about what causes ASDs, however ASDs could
result from a variety of factors, including combinations of genes,
environmental exposures and gene-environment interactions. Evidence
suggests that the rates of ASD are increasing in the United States
(http://’www.cde.gov/ncbddd/autism/data.html) In fact — and this is of great
concern to EPA — according to the most recent statistics from the Centers for
Disease Control and Prevention (CDC), in 2006 an average of 1 in 110
children in the 11 sites examined (covering 11 states), or about 1%, have an
autism spectrum disorder. The average is as high as 1 in 70 for boys. The
average prevalence of ASDs among the 8-year-old children sampled

increased by 57 percent from 2002 to 2006. 2



Background

As you know, children are especially susceptible to the effects of chemicals
in the environment because they eat, drink and breathe in more for their
body weight than adults. They absorb a greater proportion of many
chemicals in the environment than adults do, and due to hand to mouth
behaﬁors, young children tend to have higher exposures to contaminants in
dust and soil, such as pollutants deposited from the surrounding air, dust
from lead paint, tobacco smoke, cleaning products, pesticides and other
chemicals.>* Because of its extraordinary complexity, prenatal and early
postnatal brain and nervous system development can be disrupted by
environmental exposures at much lower levels than would affect
adults.>*"®° We are learning that there are critical windows of susceptibility
both prenatally and in early childhood, during which the effects of exposures
to environmental contaminants, depending on dose and timing, can be
significantly more severe and can lead to permanent and irreversible
disability."*"'* For these and many other reasons, EPA is especially
concerned about potential effects of environmental chemicals on children’s

health and neurodevelopment.

It has been suggested that improvements in diagnosis may be contributing to
the perceived increase in ASDs. However, one recent publication from
researchers supported by EPA and the National Institute of Environmental
Health Sciences (NIEHS) evaluated the rise in autism incidence in
California from 1990 through 2006. They found that even when factors such
as earlier diagnosis, changes in diagnostic criteria and inclusion of milder
cases were taken into account, these did not fully explain the observed

increase, and as a result the extent to which the continued rise represents a
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true increase in the occurrence of autism remains unclear.”” Additionally,
through a recent evaluation of autistic disorder (AD) data from long-term (~
10 years) studies , ORD scientists found significant and surprisingly uniform
timing of increases in AD cumulative incidence (1988-1989) in Danish,
California and worldwide data sets."* It is not clear if the observed increase
in AD is real, and if so, for what reason; or whether the apparent increase is
due to improved diagnosis, increased observations, or other factors.
However, these researchers concluded that it seems prudent to assume that at
least some portion of the observed increase is real and results from
environmental factors interacting with susceptible populations.”* Such
exposures may be preventable; identification of candidate environmental

factors should be a research priority.

The challenge is to determine what specific environmental factors may
contribute to the onset or severity of autism and other neurodevelopmental
disorders, so that exposure to these can be prevented. At EPA, we are
conducting research to determine how environmental chemicals could
impact the development and function of the human nervous system through
our intramural and extramural research programs. Since 2002, EPA has
invested $10.8 million in extramural dollars to support research on autism
through the Centers for Children’s Environmental Health and Disease
Prevention Research, which we co-fund with NIEHS. Over the same time in
our intramural program there has invested approximately 8-9 work years and
$1 million in neurodevelopmental toxicology, along with an average of two

postdoctoral fellows/ year.

EPA Intramural Research
Research at EPA’s National Health and Environmental Effects Research
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Laboratory (NHEERL) focuses on susceptibility to chemicals, the factors
underlying this susceptibility, chemical mechanisms of action, and the

relevance of effects detected by testing to human health.

EPA scientists are assessing the potential for environmental chemicals to
alter processes essential for development of the nervous system, including
how nerve cells grow, divide, make connections and communicate with each
other, all of which are necessary for the nervous system to
function.!>1®1M181920 Thterference with any of these processes by
environmental chemicals could predict neurodevelopmental disease in
humans, the nature of which would depend on the extent and timing of

exposure to the chemical.
Alternative Models and Approaches

Chemical testing approaches that can be used to test large numbers of
chemicals in a short time (so-called “high-throughput” approaches) are being
developed to provide information on chemicals that can adversely affect

neurodevelopment.*%%

The current emphasis is on methods that use
laboratory cell cultures, including human cells, and non-mammalian species
such as zebrafish ***’ which share similarities in central nervous system
development with other vertebrates and permit more rapid testing. EPA
laboratories test suspected neurodevelopmental toxicants in rodents for
effects on learning, memory, sensory function, and behavior.”**"*%* Many
of these endpoints are affected in autism. However, there are no well-
accepted animal models of autism at present.

Computational Toxicology

Scientists in NHEERL have, to date, tested over 200 pesticides for

developmental toxicity using cells in culture and zebrafish. Using these
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data, we are developing the capacity for computational toxicology, or
computer modeling of toxicity of environmental chemicals. Researchers at
NHEERL and the National Center for Computational Toxicology (INCCT)
are creating databases and approaches to predict the toxicity of new and
untested chemicals (http://epa.gov/nect/toxcast/index. html). This approach
holds promise for identifying chemicals of most concern with respect to
developmental toxicity and could be used to model the effects of real-world,
complex mixtures of chemicals, such as we encounter in our daily lives, on
human health.

Fundamental mechanisms by which chemical exposure during
development can impact childhood and adult health

EPA investigators are also examining the possibility that chemical exposures
to the fetus and infant may increase risk of disease later in life, and
potentially affect subsequent generations. This research considers a broad
range of potential health effects including high blood pressure, obesity,
diabetes and behavioral changes. One potential mechanism for this is
epigenetic alterations of chromatin, such as DNA methylation and histone
modifications.’® A current focus is to look for effects on the neuro-endocrine
system, specifically the linkage between the brain and stress response, the
so-called hypothalamic-pituitary-adrenal axis. This axis is common across
species, is critical for the body’s stress response and regulates physiological

processes including the immune response.
Extramural Research -- Centers for Children’s Environmental Health
and Disease Prevention Research

In 1998, EPA and the National Institute of Environmental Health Sciences
(NIEHS) together established the Centers for Children’s Environmental
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Health and Disease Prevention Research, or Children’s Centers. The
program has been highly successful and two of these Centers — at the
University of California at Davis (or UC Davis) and the University of
Medicine and Dentistry of New Jersey (or UMDNY) — with funding from
both agencies, have investigated how environmental factors may affect the
development of autism spectrum disorder. A number of other Children’s
Centers are investigating how factors in the environment may affect a child’s

developing brain and nervous system.
UC Davis Center for Children’s Environmental Health

The University of California at Davis Center for Children’s Environmental
Health is looking at possible genetic and environmental risk factors that may
contribute to the incidence and severity of childhood autism, to understand
and characterize common patterns of dysfunction in this disease. Part of the
research focuses on how chemicals that are known to be toxic to the
developing nervous and immune systems could contribute to atypical
development of social behavior in children (see
http://www.vetmed.ucdavis.edw/ccel/). The UC Davis Children’s Center
established the ﬁfst, large-scale, epidemiologic investigation of the

underlying causes of autism, the Childhood Autism Risk from Genetics and
the Environment (CHARGE) Study, which includes nearly 1,400 families in
California (see http://beincharge.ucdavis.edu/). Heavy metals are one of the
classes of exposure being investigated in the CHARGE study. Children with
autism in this study were found not to show an increase in mercury
exposure when their current blood levels of mercury were compared to
typically developing children (controls) after accounting for fish

consumption, a common source of mercury exposure .>’
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The UC Davis Center is also looking at the potential relationship between
exposure to flame retardants — polybrominated diphenyl ethers, or PBDEs —
and autism. There has been some concemn because PBDEs can affect

development of the nervous system®>>>

and in animal studies, can affect
behavior such as hyperactivity™®. They can also have hormone-disrupting

effects, particularly on estrogen and thyroid hormones.*

The UC Davis Children’s Center identified several aspects of immune
system differences in patients with autism compared to typically developing
children. Some mothers of children with autism were found to carry
antibodies against fetal brain tissue potentially setting up defensive
mechanisms that could alter development of the child’s nervous system>®;
and increased or decreased immune system function markers in children

with autism (reduced total IgG levels, increased IgG4 levels, reduced TGF-

beta levels® 3%

In addition, the Children’s Center at the University of Medicine and
Dentistry of New Jersey({ UMDN)has examined the effects of

environmental chemicals on neurological health and development, with an
emphasis on the interactions between exposure to environmental factors,

learning disabilities and autism spectrum disorders.

Other Children’s Centers Researching Environmental Effects on

Neurodevelopment

There are other neurodevelopmental disorders of concern that include
attention deficit disorder and ADHD, learning disabilities, sensory deficits

and developmental delay. These disorders can cause lifelong disabilities and



15

the causes are likely to include both environmental and genetic factors.** We
know that prenatal and early childhood exposures to chemicals such as
methylmercury, lead, PCBs, and arsenic can affect development of the
nervous system and lead to developmental disability. #4546, 47.48.45.50.
Depending on the level and timing of exposure, these exposures can produce

either obvious developmental disability or subclincal brain injury.

Research from a number of other Children’s Centers is helping us
understand how exposures to environmental chemicals could affect
neurodevelopment. I’d like to highlight some examples of this research
which we have co-funded with NIEHS through the Children’s Centers
program. Many of these and additional research findings are summarized in
an EPA publication, “A Decade of Children’s Environmental Health
Research: Highlights from EPA’s Science to Achieve Results Program”.*’

Researchers at the Columbia University Children’s Center

(http://www.ccceh.org/ ) have studied how prenatal exposure to air
pollution, environmental tobacco smoke, polycyclic aromatic hydrocarbons
or PAHsI (chemicals from motor vehicles and other sources of combustion),
and pesticides could adversely affect fetal growth and neurodevelopment. A
recent publication from this Center showed that prenatal exposure to PAHs
at levels found in New York City air can adversely affect children’s IQ
scores at age 5.”' Another study from this Center showed that children with
higher levels of PBDEs in cord blood scored lower on tests of mental and

physical development, including IQ tests, between ages 1 and 6.**

The Cincinnati Children’s Center looked at the effects of lead, pesticides,

and environmental tobacco smoke on neurodevelopment. They concluded

that prenatal tobacco and childhood lead exposures are associated with
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ADHD in US children, especially among those with both exposures.”> For
additional information on the Cincinnati Children’s Center see their website

at http://www.cincinnatichildrens.org/research/project/enviro/default.htm.

Researchers at the Mount Sinai Children’s Center showed that prenatal
exposures to phthalates (measured by prenatal maternal urinary
concentrations of phthalate metabolites, were associated with lower scores
on neonatal behavioral tests among girls.”> Phthalates are plasticizers found
in food packaging materials as well as cosmetics and personal care products.
Mount Sinai researchers also found an association between prenatal
phthalate exposure and poor behavioral outcomes such as conduct disorder,
ADHD and depression.”* For additional information on the Mount Sinai

Children’s Center see their website at http://www.mountsinai.org/patient-

care/service-areas/children/areas-of-care/childrens-environmental-health-

center).

Researchers from the CHAMACOS study (see
http://ehs.sph.berkeley.edu/chamacos/) at the University of California at

Berkeley Children’s Center showed that prenatal exposure to common
agricultural insecticides is associated with a higher frequency of abnormal
reflexes in newborns and lower scores on standard tests of mental
development in 2-year-old children and attention deficits in preschoolers.”>*
They showed that early exposure to these chemicals in a population living in
an agricultural area is associated with PDD, which is on the autism

spectrum, based on a standardized questionnaire administered to parents.”®
Conclusion

Research supported by EPA, has enabled us to learn a great deal about the

effects of environmental chemicals on children’s health and neurological

10
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disorders. As you can see, there is a lot of excellent research that has been
done or is underway. EPA’s Administrator has emphasized strengthened
chemical management as one of her top priorities. Research to better
understand the environmental contributions to ASD and other disorders will
help us develop policies and actions to reduce them. A key part of
preventative strategies will be our focus on creating a more sustainable
environment for our children and grandchildren. We must also develop safer

chemicals to reduce and prevent adverse effects to children’s health.

Thank you for the opportunity to appear before you today. I will be happy

to answer your questions.
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Science Advisor to the EPA

Paul Anastas, Ph.D. is the Assistant Administrator for EPA's Office of Research and
Development (ORD) and the Science Advisor to the Agency. Known widely as the
"Father of Green Chemistry” for his groundbreaking research on the design, manufacture,
and use of minimally-toxic, environmentally-friendly chemicals, Dr. Anastas has an
extensive record of leadership in government, academia, and the private sector. At the
time he was nominated by President Obama to lead ORD, Dr. Anastas was the Director
of the Center for Green Chemistry and Green Engineering, and the inaugural Teresa and
H. John Heinz III Professor in the Practice of Chemistry for the Environment at Yale
University's School of Forestry and Environmental Studies. Prior to joining the Yale
faculty, Dr. Anastas was the founding Director of the Green Chemistry Institute,
headquartered at the American Chemical Society in Washington, D.C. From 1999 to
2004 he worked at the White House Office of Science and Technology Policy,
concluding his service there as the assistant director for the environment. Dr. Anastas
began his career as a staff chemist at EPA, where he rose to the positions of chief of the
Industrial Chemistry Branch, and director of the U.S. Green Chemistry Program. It was
during his work at EPA that Dr. Anastas coined the term "green chemistry."

Trained as a synthetic organic chemist, Dr. Anastas' research interests have focused on
the design of safer chemicals, bio-based polymers, and new methodologies of chemical
synthesis that are more efficient and less hazardous to the environment. A leading writer
on the subjects of sustainability, green chemistry, and green engineering, he has
published ten books, including "Benign by Design," Designing Safer Polymers,"” "Green
Engineering” and his seminal work with co-author John Warnper, "Green Chemistry:
Theory and Practice.”

Dr. Anastas has been recognized for his pioneering work with a host of awards and
accolades including the Vice President's Hammer Award, the Joseph Seifter Award for
Scientific Excellence, the Nolan Sommer Award for Distinguished Contributions to
Chemistry, the Greek Chemical Society Award for Contributions to Chemistry, the
Inaugural Canadian Green Chemistry Award, a Scientific American 50 Award for Policy
Innovation, the John Jeyes Award from the Royal Society of Chemistry, and an Annual
Leadership in Science Award from the Council of Scientific Society Presidents. He was a
Special Professor at the University of Nottingham and an Honorary Professor at Queens
University in Belfast where he was also was awarded an Honorary Doctorate.

Dr. Anastas earned his B.S. from the University of Massachusetts at Boston and his M.A.
and Ph.D. in chemistry from Brandeis University.
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Senate Environmental and Public Works Committee
Subcommittee on Children’s Health Hearing
“State of Research on Potential Environmental Health Factors with Autism and
Related Neurodevelopment Disorders”
Tuesday, August 3, 2010

Follow-up Questions for the Record
Senator Barbara Boxer

1. Assistant Administrator. Anastas, your testimony states that EPA scientists are
"assessing the potential for environmental chemicals to alter processes essential for
development of the nervous system, including how nerve cells grow, divide, make
connections and communicate with each other ... "

Can you give us an idea about how sensitive this development process is and what the
science is showing regarding the ability of chemicals to impact such development?

Answer: Based on decades of research in animal models and in humans, we know that

the development of the human brain is very sensitive to changes in these processes. For
example, recent work examining human brain tissue found physical evidence for short-

range over-connectivity of neurons in the outer layer of the brain’s cortex in people that
had been diagnosed with autism spectrum disorders (Avino and Hutsler in press).

A few industrial chemicals (e.g., lead, methylmercury, PCBs, arsenic, and toluene) are
recognized causes of neurodevelopmental disorders and subclinical brain dysfunction
(Grandjean and Landrigan 2006). It is critical to understand such impacts, because the
nervous system, once damaged, has very little ability to repair itself. Therefore, in most
situations, alterations in brain development, such as those that might result from
exposures during fetal life or childhood, are permanent and cannot be reversed. For
example, the developmental toxicity of acute exposure to methylmercury was evident
from the large number of cases of spasticity, blindness and profound mental retardation in
infants born to mothers who consumed fish from waters contaminated with high levels of
mercury compounds released by a plastics plant into Minamata Bay, Minamata, Japan
(Harada 1995), similar profound neurodevelopmental disorders were found in Iragi
infants after their mothers mistakenly consumed seed grain treated with high levels of
methyl mercury fungicides during pregnancy (Elhassani 1982).

We currently lack toxicology data and mechanistic information on many of the chemicals
registered for commerce in the United States with regard to their potential
neurodevelopmental impacts, particularly at environmental exposure fevels. To address
the need for such information, EPA scientists are developing tools and models needed to
assess the impact of environmental chemicals on the processes that are critical for
nervous system and brain development, including how nerve cells grow, divide, make
connections and communicate.
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EPA’s current research efforts in this arena focus on chemicals that may impact
development of the nervous system, although not specific to autism, and are aimed at
developing new, more efficient testing methods, using cell cultures that will allow rapid
and cost-effective screening of thousands of chemicals. EPA recently completed testing
of over 300 chemicals, mostly pesticides, for their potential impact on some of these
processes (see for example, Radio et al., 2010; Brier, et al, 2010). A major future focus is
on interpretation of these data to better inform decisions on how to prioritize the
thousands of untested chemicals for further, more intense testing in whole animal studies.
An advantage of this strategy is that the same chemicals can be screened for a wide
variety of potential effects, and this will enable us to determine which chemicals
specifically affect the nervous system as opposed to other systems and at what exposure
levels. These results will help prioritize chemicals for further study in selected human
populations to better understand potential associations between specific chemical or
environmental exposures and the development of neurological disorders such as autism in
human populations. Although epidemiology studies do not usually directly identify
causation, they provide a body of evidence that helps regulators identify risk factors and
inform decisions that may prevent exposures with potentially high risk.

2. Assistant Administrator Anastas, could you please describe what the current research is
telling us about the potential for exposure to environmental toxins to increase the risk of
disease impacts in future generations?

Answer: Many of the diseases that have been showing recent increases could have
environmental factor(s) associated with them (e.g., autism (Rapin 1999; Ingram et al.
2000; Cambell et al 2006), ADHD (Bouchard et al. 2010; Hoffman et al. 2010), thyroid
cancer (Ward et al. 2010)). In the case of autism, because we have limited national
outcome tracking data and limited data on causation, it is difficult to determine whether
the observed increases are actual increases in the incidence of autism, or are only
apparent increases due to changes in the way autism is diagnosed and/or reported and
tracked (see McDonald and Paul 2010).

Exposures to pregnant woman can impact development of the nervous system in their
unborn child without measureable effects in the mother.. For example, recent research
funded by EPA and the Department of Health and Human Services National Institutes of
Health’s National Institute of Environmental Health Services (NIEHS) showed that
children born to women exposed during pregnancy to above average levels of polycyclic
aromatic hydrocarbons in urban air pollution later had small but statistically significant
decrements in IQs compared with those exposed to lower levels (Perera et al., 2009).
Furthermore, exposure 1o pregnant inner city women in New York City to chlorpyrifos,
used largely for cockroach control, has been associated with delayed neurodevelopment
in inner-city infants (Rauh et al 2006), and smaller head circumference in newborns
(Berkowitz et al 2004). A recent review summarizes what is known about associations
between prenatal exposures to environmental contaminants such as lead, ethyl alcohol,
methyl mercury and chlorpyrifos and autism (Landrigan 2010). Because such exposures
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affect developmental processes in the fetus without inducing genetic changes, affected
children do not typically pass these deficits on to their children. As you can see from the
above studies, this topic remains and active area of research

Senator James M. Inhofe

1. Are the Autism Spectrum Disorders prevalence rates in other countries growing
similarly to the rates in the U.S.? If not, can you explain this difference?

Answer: Autistic disorder (that is, classic or infantile autism, one of the most severe
forms of autism spectrum disorders), appears to be increasing worldwide, and the
increases in cumulative incidence of autistic disorder for these countries is different (see
McDonald and Paul 2010, and their Supplemental Table 1, and citations there in).

Some of the differences between countries may not be real, but rather apparent due to
differences in access to health care and public health tracking methods. However, in'the
few long term studies where there this possibility has been examined, at least some of the
observed increases in autistic disorder are due to an actual increase of autistic disorder in
these populations over time (California (Hertz-Picciotto and Delwiche 2009) and
Denmark (Parner et al. 2008). Possible factors associated with the differential increases
in cumulative incidence between the different countries are unknown, but such
differences could be due to different inherent genetic vulnerabilities of the populations in
the different countries, or to differences in exposure of the populations in the countries to
some environmental factor(s) associated with autistic disorder, or possibly both (see
McDonald and Paul, 2010).

2. I am concemned that, in our federal research efforts, potential environmental causes are
identified, but whether they actually contribute, or don't contribute, to autism is a
question that, in many cases, is never finally resolved. Is there a way we can prioritize
existing resources to exclude certain environmental causes, or confirm them once and for
all, so researchers can move on to ask new research questions to advance our
understanding of the causes of autism?

Answer: There are no current, formal approaches for rapidly screening all possible
environmental factors for their possible association with autism per se. The lack of a
reliable animal model of autism severely hampers our ability to screen or test chemicals
for their potential to cause autism. However, EPA is developing improved approaches
for rapidly screening large numbers of chemicals for their ability to alter development of
nerve cells in culture, as described above (Radio et al., 2010). Rapid and cost-effective
screening of thousands of chemicals will make it feasible to prioritize chemicals for
further study, thus focusing resources on those chemicals most likely to impact the
nervous system. Based on those results, more strategic and biologically plausible
epidemiology and human health outcome studies can be designed to evaluate the
relationship between the environment and autism. Over time longitudinal studies, such as
the National Children’s Study (www.nationalchildrensstudy.gov), may also provide
insights into the root causes of diseases such as autism. The National Children’s Study,
led by the Eunice Kennedy Shriver National Institute of Child Health and Human
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Development of the National Institutes of Health (NIH) in collaboration with a
consortium of federal government partners including EPA, will examine effects of
environmental influences on the health and development of 100,000 children across the
Linited States, following them from before birth until age 21

{sww nationatehildrensstudy.cov). Data from the study may inform research into
behavioral, learning. and mental health disorders like autism, as well as many other
health conditions.

An altemative approach for reducing the number of potential environmental factors that
may be associated with awtism is to apply a weight-of-evidence approach to existing
human data. This approach would include screening for novel or increasing exposures to
chemicals (or other environmental factors) that specifically occurred around the period of
time over in which measured increases in awistic disorders were detected (e.g., 1988-
1989 birth coborts in data examined by McDonald and Paul, 2010). This, coupled with
toxicological and differential exposure information in different countries, could
potentially allow some environmental factors to be excluded,

3. Would you characterize the environmental factors which may contribute to the rise in
Autism Speetrum Disorders incidence as being predominantly & mixture of pollutants or
single pollutants?

Answer: We don’t know the answer to that question vet. There is a genetic component
to autism (Hertz-Piectotto et al. 2006), but it does not follow a simple model of
inheritance {(Risch etal, 1999, and more than 29 genes surrently are implicated (Sutelitfe
20083, Environmental exposures to exogenous environmental factors (e.g., intrauterine
rubella. thalidomide, and valproate} during pregnancy have also been linked to the
development of autism in some children, but not in all cases of exposure does this occur
{Rapin 1999). Thus, it may be a complex interaction between exposure to environmental
stressors with genetically susceptible subpopulations that leads 10 the phenotypic
axpression of autism (Altevogt et al. 2008, Hente-Piceiotto et al. 2006, Lawler et al.
20043 Also, a further complicating factor is that human populations are rarely exposed
to a single environmental factor,

4. Would you suggest any additions to the Interageney Autism Coordinating Comminee's
Strategic Plan with regards to environmental pollutants as significant factors in causing
Autismy Speetrum Disorders? What about EPA's research program?

Answer: The Interagency Autism Coordinating Committee’s 2010 Strategic Plan
(hitp/fiace. hhs.gov/strategic-plan/2010/4ACC 2010 _Strategic Plan.pd!) recognizes the
potential role of environmental pollutants in the spectrum of suspected risk factors for
autism. In the cross-cutting theme “Prevention,” the document states, “Additionally, if
one views ASD as a biological disorder triggered in genetically susceptible people by
environmental factors, then prevention can include prevention of new cases of ASD
through the identification and elimination of environmental causes™ {p. 3). The Plan
outlines a comprehensive and well thought out approach for exploring environmental
factors in the context of the complexity of this disorder. It stresses the importance of
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examining these factors during pregnancy and early childhood when susceptibility to
environmental factors would be greatest, and calls for longitudinal studies to address the
relationship between environmental factors and the likelihood of disease, while also
examining known and emerging genetic susceptibility and gene-environment
interactions. While EPA is not represented on this coordinating committee, the report
notes that studies like those conducted in the NIEHS-EPA Children’s Environmental
Health and Disease Prevention Program are highly relevant to the issues raised in the
report and should continue to be of high priority for Federal support. The latter is the
only research funded by EPA that specifically addresses autism in children. EPAisa
primary partner in and provides advice and assistance to the National Children’s Study, a
longitudinal study with enormous potential to address many of the recommendations in
this autism strategy.
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Senator KLOBUCHAR. Thank you very much.
Dr. Birnbaum.

STATEMENT OF LINDA BIRNBAUM, PH.D., D.A.B.T., A.T.S., DI-
RECTOR, NATIONAL INSTITUTE OF ENVIRONMENTAL
HEALTH SCIENCES, NATIONAL INSTITUTES OF HEALTH, AND
DIRECTOR, NATIONAL TOXICOLOGY PROGRAM, U.S. DE-
PARTMENT OF HEALTH AND HUMAN SERVICES

Ms. BIRNBAUM. Chairman Klobuchar, Chairman Boxer, and Sen-
ator Udall, I am pleased to present testimony today on research re-
lated to neurodevelopmental disorders and to specifically discuss if
environmental exposures are linked to the development of autism
spectrum disorders.

My name is Linda Birnbaum. I am the Director of the National
Institute of Environmental Health Sciences at the National Insti-
tutes of Health and the Director of the National Toxicology Pro-
gram at the Department of Health and Human Services.

Scientists have made considerable progress in understanding
how the brain and nervous system grow and function. It is becom-
ing clear that neurodevelopmental disorders, such as autism spec-
trum disorders, attention deficit hyperactivity disorder, and learn-
ing disorders are likely due to a complex interplay of both genetics
and the environment. Our research indicates that environmental
exposures, including low-dose exposures, and lifestyle choices be-
fore a baby’s birth and during early childhood do have an effect on
the developing brain.

Autism spectrum disorders are developmental conditions that
have increased in U.S. children in the past several years. NIEHS
has significantly increased our funding this year to $9.3 million. I
am also an active member of the Interagency Autism Coordinating
Committee, a group of Federal agencies, autism advocates and par-
ents who plan and coordinate a research agenda.

Our two largest efforts on autism are the EARLI study and
CHARGE. In the EARLI study researchers at the Drexel Univer-
sity, University of California, and Johns Hopkins University are
studying mothers who already have one child with autism and who
are pregnant again. This study is one of the largest studies of its
kind. It will follow 1,200 mothers during their pregnancy and their
new babies until the age of 3 to identify prenatal and postnatal ex-
posures that may be linked to autism.

The CHARGE study, which you will much more about from Dr.
Pessah, which is coordinated by the NIEHS EPA Children’s Cen-
ters at the University of California Davis, is looking at a wide
range of environmental exposures and their effects on early
neurodevelopment. This study is following more than 1,600 chil-
dren in California from three groups: children with autism, chil-
dren with other developmental days, and normally developing chil-
dren.

So far, the most striking findings relate immune system alter-
ations in children with autism, which points to the need for further
study of the immune and nervous systems in the etiology of autism
spectrum disorder. It is also important to note that the CHARGE
study found no difference in mercury levels between children with
autism and normally developing children.
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I am happy to report that the American Recovery and Reinvest-
ment Act allowed NIH to increase its support for autism research.
Our funding is being used to study air pollution, polyfluoroalkyl
compounds, better known as PFCs, and PFOA is the most common
one; PFCs are the ones we think about, endocrine disrupting
chemicals, smoking, alcohol use, medication, and infections as po-
tential risk factors for autism.

The work we fund on autism and ASD is an important part of
our overall investment in children’s neurological development,
which totaled more than $29 million last year, almost $18 million
from the regular NIEHS appropriations, plus $11.5 million in
ARRA funds. Development of the nervous system begins in the
womb and extends throughout childhood.

During periods of rapid development, the brain is vulnerable.
Even small changes in the timing of critical developmental events
can have major consequences for brain structure and function. We
call these critical developmental periods windows of susceptibility,
during which different chemicals can affect the brain in specific
and damaging ways.

For example, the amount of lead that is toxic to an infant is
much less than the amount that would be toxic for an adult. So in-
fancy, in this case, is a window of susceptibility.

Many studies have shown that mercury is also a developmental
neurotoxicant. Studies in Bangladesh have found that arsenic and
manganese in drinking water are associated with decreases in in-
telligence.

But metals are not the only toxic agents to affect 1Q, learning,
and memory. A study published last year from Columbia Univer-
sity showed that a mother’s exposure to PAHS released from burn-
ing fossil fuels and tobacco can adversely affect a child’s 1Q. The
1Q scores of children exposed in utero to high levels of PAHS were
almost five points lower than those of less exposed children. In an-
other report, Columbia University examined prenatal exposure to
a common flame retardant, PBDEs. Core blood specimens were
analyzed for selected flame retardant chemicals. The same children
were examined for neurodevelopment at ages 1, 2, 3, 4, and 6. The
research showed that these children, who had higher blood con-
centrations of the flame retardants, scored lower on tests of mental
and physical development.

In addition to effects on learning, these same chemicals can also
affect behavior. Early lead exposure has been associated with ag-
gressive behavior at different age levels, from toddler to adolescent.
Researchers at our Cincinnati Children’s Center found that child-
hood exposure to lead and prenatal exposure to tobacco are risk
factors for ADHD, possibly accounting for one-third of the cases in
U.S. children.

A recent study from Mount Sinai’s Children’s Environmental
Health Study found that increased concentration of pthalates in
the mothers during pregnancy were associated with increased ag-
gression as well as conduct problems, attention problems, and de-
pression in the children. Pesticides are also being investigated in
relation to ADHD. Our Harvard Center just released a report
showing an association between exposure to organophosphate pes-
ticides and development of ADHD.
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In summary, environmental influences on brain development, be-
havior, and other neurological outcomes of public health concern
are a rapidly growing area of environmental health sciences and a
high priority for NIEHS. We believe that our research will advance
our understanding of these conditions, including autism, providing
new information for prevention and treatment for children.

Thank you for the opportunity to testify. I would be happy to an-
swer questions.

[The prepared statement of Ms. Birnbaum follows:]
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Chairman Klobuchar, Ranking Member Alexander, and distinguished members of the
Subcommittee—I am pleased to appear before you today to present testimony on and the state of
research efforts regarding potential environmental factors related to the development of autism
and other neurodevelopmental disorders. My name is Linda Birnbaum; I am the Director of the
National Institute of Environmental Health Sciences (NIEHS) of the National Institutes of Health
and the National Toxicology Program (NTP) within the Department of Health and Human
Services (HHS).

Scientists have made tremendous progress in understanding how the brain and nervous system
grow and function. Research supported by NIEHS has clearly shown that it is not just genetics,
but the complicated interplay of both genes and the environment that determines the risk of many
neurodevelopmental disorders. We now have new information on the role that early
environmental exposures may play in the development of a broad spectrum of childhood and
adult disorders, including autism, attention deficit hyperactivity disorder (ADHD), and leaming
disorders. NIEHS-supported researchers are beginning to unravel some of the mysteries of how
neurodevelopment may be impaired by looking at the possible effects of timing and
concentration of environmental and lifestyle exposures (e.g., diet or smoking), including low-
dose exposures before birth and during early childhood, on the vulnerability of the developing
brain.

Environment and Autism

Autism spectrum disorder (ASD) is a neurodevelopmental condition whose rates have increased
significantly in U.S. children in the past several years.' Much research is now focused on this
disorder, and NIEHS has significantly increased its funding in this area in recent years. NIEHS
spent $9.3M on autism in FY 2009, of which $4.4M was from our regular appropriation and
$4.9M was from funds provided under the American Recovery and Reinvestment Act (ARRA). I
am an active member of the Interagency Autism Coordinating Committee (IACC), a group of
Federal agencies and public members (parents and people living with autism) that works to plan
and coordinate a research agenda that simultaneously meets the goals of science and reflects the
input and concerns of the autism community.

NIEHS’s two largest efforts on autism are the Childhood Autism Risks from Genes and the
Environment, or CHARGE study, and the Early Autism Risk Longitudinal Investigation, or
EARLI study. Inthe EARLI study, researchers at the Drexel University School of Public Health
are enrolling mothers who have a child with autism and who are pregnant again. One of the
largest studies of its kind, this longitudinal study will follow 1,000 mothers during their
pregnancy and their new babies through age three to identify prenatal, neonatal, and early
postnatal exposures that may influence their risk of developing autism. The EARLI study is
based on the theory that detection of autism risk factors will be enhanced by prospective data
collection during the pregnancy period, and that a cohort of pregnancies at higher risk for autism
{because the mothers have a previous child with autism) provides an efficient strategy for
detecting such risk factors. This study is part of the trans-NIH Autism Centers of Excellence
(ACE) Program and is jointly funded by NIEHS and three other NIH Institutes (the Funice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD), the

! http//www.cde.gov/ncbddd/autism/data. html

“State of Research on Potential Environmental Health Factors with Autism and Related Neurodevelopment Disorders”
Senate Environment and Public Works Subcommittee on Children’s Health August 3, 2010 Page 1



33

National Institute of Mental Health (NIMH), and the National Institute of Neurological Disorders
and Stroke (NINDS)) and the advocacy group Autism Speaks.

The CHARGE study is coordinated by the Children’s Center at the University of California at
Davis and co-funded by NIEHS and EPA, Launched in 2003, it is the first large-scale human
population case-control study of children with autism. Researchers are looking at a wide range of
environmental exposures and their effects on early development in more than 1,600 California
children. Three groups of children are enrolled in the CHARGE study: children with autism,
children with developmental delay who do not have autism, and children from the general
population. All of the children are evaluated for a broad array of exposures and susceéptibilities
with the goal of better understanding the causes and contributing factors for autism or
developmental delay.

Heavy metals are one of the classes of exposure being investigated in the CHARGE study. A
recent paper discussed study findings that demonstrated that current blood levels of mercury do
not differ in children with autism versus controls when adjustments for fish consumption are
made.® Additional analyses of mercury are underway to more directly address its role in
development of autism and to better understand the mechanism of action. Perhaps the most
interesting new findings from the CHARGE study relate immune system alterations in children
to the development of autism. These findings point to the need for further study on the interface
of the immune and nervous systems in autism etiology. * *° 6

ARRA provided a key opportunity to increase NIH support for autism research. NIEHS joined
four other NIH institutes (the National Institute of Mental Health, , the National Institute of
Neurological Disorders and Stroke, the Eunice Kennedy Shriver National Institute of Child
Health and Human Development, and the National Institute on Deafness and Other
Communication Disorders) in a broad initiative soliciting applications to address the IACC
strategic plan, including objectives related to potential environmental contributors to autism.
Four ARRA grants were awarded by NIEHS through this initiative. These grants capitalize on
existing studies, including the CDC Study to Explore Early Development (SEED), CHARGE,
the Finnish National Birth cohort, and the Early Markers of Autism Risk (EMAR) study. ARRA
funding is being provided:

e To examine whether air pollution due to traffic, a common environmental exposure,
increases risk for ASD. This study will also look at genes that process pollutants in the

? Hertz-Picciotto I, Green PG, Delwiche L, Hansen R, Walker C, Pessah IN. Blood mercury concentrations in
CHARGE study children with and without autism. Environ Health Perspect 2010;118:161-166.

3 Gregg JP, Lit L, Baron CA, Hertz-Picciotto I, Walker W, Davis RA, Croen LA, Ozonoff S, Hansen R, Pessah IN,
Sharp FR. Gene expression changes in children with autism. Genomics. 2008 Jam;91(1):22-9.

* Heuer L, Ashwood P, Schauer J, Goines P, Krakowiak P, Hertz-Picciotto I, Hansen R, Croen LA, Pessah IN, Van
de Water J. Reduced levels of immunoglobulin in children with autism correlates with behavioral symptoms.
Autism Res 2008 Oct;1{5):275-283.

’ Enstrom AM, Onore CE, Van de Water JA, Ashwood P. Differential monocyte responses to TLR ligands in
children with autist spectrum disorders. Brain Behav Immun 2010 Jan;24(1):64-71.

¢ Ashwood P, Enstrom A, Krakowiak P, Hertz-Picciotto I, Hansen RL, Croen LA, Ozonoff S, Pessah IN, Van de
Water J. Decreased transforming growth factor betal in autism: a potential link between immune dysregulation and
impairment in clinical behavioral outcomes. J Neuroimmunol. 2008 Nov 15;204(1-2):149-153.
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body to determine if they are different in children with and without autism, and to see if
they interact with air pollution to increase autism risk.”

o To determine whether polyfluoroalkyl compounds, or PECs, which are widespread and
persistent industrial pollutants that may interfere with the actions of hormones, are found
at higher levels in samples from newborns who are later dia%nosed with autism as
compared to samples from newborns that develop normally.

s To analyze several types of chemicals—including pyrethroid pesticides, flame retardants
(such as PBDEs), and plasticizers (such as bisphenol A and phthalates)—that are being
found in greater amounts in the environment but have not previously been looked at in
relation to their potential effects on autism. This study will expand an existing autism
study by adding collection and analysis of household dust and a food frequency
questionnaire to determine exposures.

¢ To identify genes whose effects on ASD may vary depending on the mother’s exposures
during pregnancy (including smoking and alcohol use, medication, and infection) using
data obtained on 500 autism cases and controls through SEED, a large epidemiologic
investigation of autism. '’

NIEHS also provided ARRA supplements to autism investigators, including a supplement to hire
additional outreach coordinators for the EARLI study, new personnel to speed up analysis and
publication of pending CHARGE study findings, and support for home visits to CHARGE
families to collect dust samples for analysis of additional exposures.

Neurodevelopment and Cognition

The work we fund on autism spectrum disorders is an important part of our overall investment in
children’s neurological development, which totaled over $29 million in FY2009 (almost $18M
from the regular NIEHS appropriation plus $11.5 million in ARRA funds.) With this
investment, NIEHS supports a wide range of studies covering the role of environmental effects
on children’s neurological development and behavior. While the research mentioned below is
not specific for disorders related to autism spectrum disorders, the research will provide us with a
better general understanding of neurological development and behavior in children.
Development of the nervous system begins in the womb and extends throughout childhood.
During these periods of rapid development, the brain is vulnerable to some environmental
exposures that may have the potential to disrupt the chemical signals that organize development.
Even small changes in the timing of critical developmental events can potentially have major
consequences for brain structure and function. Thus, even brief adverse exposures at these
vulnerable stages can have lasting effects on adult brain function M we refer to “windows of

7 1 R21 ES019002-01 - Investigating Gene-Environment Interaction in Autism: Air Pollution —~ McConnell, Robert 8. (CA)

8 | RO1 ES019003-0] -- Prenatal Exposure to Polyfluoroalkyl Compounds in the EMA Study — Croen, Lisa A. (CA)

? { ROl ES015359-03S2 — The CHARGE Study-—Autism Risk from Genetics and the Environment — Hertz-Picciotto, Irva (CA)
01 ROI ES019001-01 -- Genome-wide Environment Interaction Study for Autism: The SEED study — Fallin, Danielle
(contact); Newschaffer, Craig (MD)

Y Gilbert & Epel, Ecological Developmental Biology, Sinauer Press, 2009
12 Dale Purves et al. 2008 Neuroscience, Fourth Edition, Sinauer Press, 2008 (see Unit IV, The Changing Brain)
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susceptibility” to mean the life stage at which the brain is exposed, during which different agents
can affect the brain in specific and deleterious ways. For example, the dose of lead that is
neurotoxic to an infant is much less than the dose that would be neurotoxic for an adult, so
infancy in this case is a “window of susceptibility.”"> " '* OQur full research portfolic on
environmental impacts on brain and nervous system development gives us a full scientific
context that may help us interpret results from our autism studies.

Learning disabilities are on the rise in the United States'®, and we now have a significant body of
information on how exposure to certain environmental agents can affect children’s intelligence
quotients (IQs). For example, scientific literature attests to the effects of lead exposure in early
life on IQ. ' ¥ The more recent studies of lead have detected cognitive effects even below the
CDC action level of 10 micrograms of lead per deciliter of blood." CDC’s National Health and
Nutrition Examination Survey (NHANES) from 1999-2000 estimated that 434,000 children ages
1-5 years had blood lead levels greater than or equal to 10 micrograms per deciliter®® Mercury
also has been shown in multiple studies to be a develo;i)mental neurotoxicant. And studies in
Bangladesh have found that concentrations of arsenic’! and manganese® in drinking water are
associated in a dose-dependent fashion with decreases in intelligence.

We are finding that metals are not the only toxic agents to affect IQ, learning, and memory. A
study published last year from Columbia University showed that a mother’s exposure to urban
air pollutants known as polycyclic aromatic hydrocarbons (PAHs) can adversely affect a child’s
1Q. PAHs are released into the air from the buming of coal, diesel, oil, gas, and other organic
substances such as tobacco. In urban areas, motor vehicles are a major source of PAHs. The
researchers found that children in New York City who were exposed in utero to high levels of
PAHs had full-scale and verbal 1Q scores that were 4.31 and 4.67 points lower than those of less
exposed children.”

'3 (ATSDRY). 2007. Toxicological profile for Lead. Atlanta, GA: U.S. Department of Health and Human Services,
Public Health Service).” ( http://www.atsdr.cde.gov/ToxProfiles/tp13-¢3.pdf

' Jett DA, Kuhimann AC, Farmer SJ, Guilarte TR. Age-dependent effects of developmental lead exposure on
performance in the Morris water maze. Pharmacol Biochem Behav. 1997 May-Jun;57(1-2):271-9

5 Qanders T, Lin Y, Buchner V, Tchounwou PB. Neurotoxic effects and biomarkers of lead exposure: a review. Rev
Environ Health. 2009 Jan-Mar;24(1):15-45

18 hitpy//www.cde.govinchs/data/series/sr_10/Sr10_237.pdf

'7 Baghurst PA, McMichael AJ, Wigg NR, et al. Environmental exposure to lead and children's intelligence at the
age of seven years: the Port Pirie Cohort Study. N Engl J Med 1992;327:1279-1284,

'8 Bellinger D, Dietrich KN. Low-level lead exposure and cognitive function in children. Pediatr Ann 1994;23:600-
605.

!% Rogan WI, Ware JH. 2003. Exposure to lead in children — how low is low enough? N Engl J Med 2003;348:1515-
1516.

¥ witp/iwww.cde.gov/mmwr/preview/mmwrhtml/ss52 1 0al htm

wasserman, G.A., X. Liu, F. Parves, H. Ahsan, P. Factor-Litvak, A. van Geen, V. Slavkovich, N.J. Lolacono, Z.
Cheng, . Hussain, H. Momataj, and J H. Graziano. September 2004. Water Arsenic Exposure and Children's
Intellectual Function in Araihazar, Bangladesh. Environmental Health Perspectives 112(13):1329-1333.
Wasserman, G.A., X. Liu, F. Parvez, H. Ahsan, D. Levy, P. Factor-Litvak, J. Kline, A. van Geen, V. Slavkovich,
N.J. Lolacono, Z. Cheng, Y. Zheng, J.H. Graziano. 2005. Water Manganese Exposure and Children’s Intellectual
Function in Araihazar, Bangladesh. Environmental Health Perspectives. 114(1):124-129.

2 Perrera FP, Zhigang L, Whyatt R, Hoepner L, Wang S, Camann D, Rauh V. Prenatal airborne polycyclic aromatic
hydrocarbon exposure and child IQ at age 5 years. Pediatrics 2009;124(2}:¢195-202.

“State of Research on Potential Environmental Health Factors with Autism and Related Neurodevelopment Disorders”
Senate Environment and Public Works Subcommittee on Children’s Health August 3, 2010 Page 4



36

In another report, Columbia University researchers examined the association of prenatal
exposure to a common flame retardant called PBDE (polybrominated diphenyl ether) with
neurodevelopment. Two hundred and ten cord blood specimens were analyzed for selected
PBDE chemical varieties and neurodevelopmental effects in the children were assessed at ages 1,
2,3, 4, and 6 years. The findings demonstrated that adverse effects on neurodevelopment were
related to cord blood PBDE concentrations.” ** These investigators are currently leading a
longitudinal cohort study initiated following the 9/11 attacks that includes 329 participants who
were pregnant at the time of the event and delivered babies in one of three hospitals in lower
Manhattan, to look at potential effects of prenatal toxic air exposures on neurodevelopment.

In a very different community, NIEHS funded researchers have been conducting a long-term,
ongoing study of effects on growth, intellectual function, and ADHD of Inuit children exposed
pre-and post-natally to polychlorinated biphenyls (PCBs), methylmercury, lead, and
docosahexaenoic acid (DHA), which is the omega-3 fatty acid that is critically important for
growth and development of neurons and retinal cells. The study, which was designed to be
culturally appropriate to ensure accurate findings (cognitive tests were translated into the native
Inuit language and adjusted for cultural understanding), has produced several unpublished
findings concerning the transmission of pollutants in breastfeeding and the benefits of DHA
during pregnancy. Although these findings will be published in the fall, specifics cannot be
shared at this time, since our researchers agreed at the beginning of the study to review their
findings first with the Nunavik Nutrition and Health Committee and the Municipal Councils of
the three major Inuit villages where data collection took place. This study also is looking at
transmission of methylmercury through breastfeeding; child body burdens from birth through 11
years of age; and the potential beneficial effects for children of increased intake of DHA by
mothers, particularly during the third trimester of pregnancy.

Neurobehavioral Outcomes: ADHD

In addition to effects on learning, NIEHS scientists have found that early environmental
exposure to some of these same chemicals, such as lead and mercury, can affect behavior. Early
lead exposure, for example, has been associated with aggressive behavior at different age levels
from toddler to adolescent.’® Investigators at Cincinnati Children’s Hospital, one of NIEHS’s
Centers for Children’s Environmental Health and Disease Prevention, co-funded by NIEHS and
the Environmental Protection Agency, are conducting research on childhood lead and prenatal
tobacco exposure and the potential connection to development of ADHD in children. These
investigators have shown that such exposures, when linked with certain genes for susceptibility,
may act as precursors to development of ADHD. These investigators also found that childhood

*Herbstman B, Sjodin A, Kurzon M, Lederman SA, Jones RS, Rauh V, Needham LL, Tang D, Niedzwiecki M,
Wang RI, Perera F. Prenatal exposure to PBDEs and neurodevelopment. Environ Health Perspect. 2010
May;118(5):712-9.

5 The plasma samples were analyzed for the following PBDE congeners (by International Union of Pure and
Applied Chemistry numbers): 2,2,2' 4 4'-tetraBDE (BDE-47); 2,2',3,4.4-pentaBDE (BDE-85); 2,2',4,4",5-pentaBDE
{BDE-99); 2,2' 44" 6-pentaBDE (BDE-100); 2,2'4,4',5,5-hexaBDE (BDE-153); 2,2',4,4,5,6hexaBDE (BDE-154);
2,2'.,3,4,4,5,6-heptaBDE (BDE-183); and 2,2'4,4',5,5-hexaBB (BB-133).

* Hornung RW, Lanphear BP, Dietrich KN. Age of greatest susceptibility to childhood lead exposure: a new
statistical approach. Environ Health Perspect. 2009 Aug;117(8):1309-12
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exposure to lead and prenatal exposure to tobacco are risk factors for ADHD, accounting for
about one out of three cases of ADHD in U.S. children.”’

A recent report in NIEHS’s journal Environmental Health Perspectives (EHP) looked at the
association of prenatal phthalate exposure with behavior and executive function™ at 4-9 years of
age in the Mt. Sinai Children’s Environmental Health Study cohort. The study found that
increased concentrations of certain byproducts of phthalate exposure in the urine of mothers
during pregnancy were associated with poorer scores on a variety of measures of aggression, as
well as conduct problems, attention problems, and depression in their children®® Another EHP
publication just released online, by NIEHS-funded investigators at Boston University School of
Public Health, measured exposures to four types of polyfluoralkyl compounds (PFCs) and their
relation to ADHD, using data from almost 600 children taken from the National Health and
Nutrition Examination Survey (NHANES) from HHS’s Centers for Disease Control and
Prevention (CDC). PFCs are widely used in consumer products and have been shown in animal
data to be potential neurotoxicants. This study has shown increased risk of ADHD in children
with higher serum PFC concentrations.™®

NIEHS-funded researchers at Harvard University have recently published compelling findings
showing associations between prenatal exposure to methylmercury, in some cases combined with
PCBs, and memory and learning impairment, as well as adverse behavior and decreased impulse
control in adolescents.®® This work has provided the basis for a pilot project within a Children’s
Environmental Health and Disease Prevention Research Formative Center that NIEHS recently
funded, which will focus on the relationship of exposure to bisphenol A and phthalates with
neurobehavioral outcomes in adolescents.

Pesticides, both agricultural and home use, are also being investigated in relation to ADHD. The
center at Harvard University has just released a report showing an association between exposure
to organophosphate pesticides and development of ADHD.*? Although we do not yet know the
mechanism underlying these associations, these researchers are actively investigating these
questions.

*7 Froehlich TE, Lanphear BP, Auinger P, Hornung R, Epstein JN, Braun J, Kahn RS. Association of tobacco and
lead exposures with attention-deficit/hyperactivity disorder. Pediatrics 2009 Dec;124(6):61054-1063

2 The term executive function describes a set of cognitive abilities that control and regulate other abilities and
behaviors. Executive functions are necessary for goal-directed behavior. They include the ability to initiate and stop
actions, to monitor and change behavior as needed, and to plan future behavior when faced with novel tasks and
situations.

* Engel SM, Miodovnik A, Canfield RL, Zhu C, Silva MJ, Calafat AM, Wolff MS. Prenatal phthalate exposure is
associated with childhood behavior and executive functioning. Environ Health Perspect. 2010 Apr;118(4):565-71.
¥ Hoffman K, Webster TF, Weisskopf MG, Weinberg J, Vieira VM, 2010 Exposure to Polyfluoroalkyl Chemicals
and Attention Deficit Hyperactivity Disorder in U.S. Children Aged 12-15 Years. Environ Health Perspect
doi:10.1289/ehp.1001898 Link to article

3 Sagiv SK, Thurston SW, Bellinger DC, Tolbert PE, Altshul LM, Korrick SA. Prenatal organochlorine exposure
and behaviors associated with Attention Deficit Hyperactivity Disorder in schoolaged children. Am J Epidemiol
2010;171:593-601.

* Bouchard MF, Bellinger DC, Wright RO, Weisskopf MG. Attention-deficit/hyperactivity disorder and urinary
metabolites of organophosphate pesticides. Pediatrics 2010;125(6):¢1270-¢1277.
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In summary, environmental influences on brain development, behavior, and other neurological
outcomes of public health concern are a rapidly growing area of environmental health sciences
and a high priority for NIEHS. We believe that our investments will help to advance our
understanding of these conditions, and provide critically needed information to drive prevention
and treatment options for children. Thank you for the opportunity to testify; I would be very
happy to answer your questions.

“State of Rescarch on Potential Environmental Health Factors with Autism and Related Neurodevelopment Disorders”
Senate Environment and Public Works Subcommittee on Children’s Health August 3,2010 Page 7
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Responses to Questions for the Record
submitted to
Linda Birnbaum, Ph.D.
Director
National Institute of Environmental Health Sciences
National Institutes of Health
and Director, National Toxicology Program
U.S. Department of Health and Human Services

following August 3, 2010, hearing entitled,
“State of Research on Potential Environmental Health Factors with Autism and Related
Neurodevelopment Disorders”
Subcommittee on Children’s Health
Committee on Environment and Public Works
United States Senate

Questions from Senator Barbara Boxer

1. Director Birnbaum, could you please go into more detail on the “Childhood Autism Risks
from Genes and the Environment” study, which is based at the University of California at
Davis, and jointly funded by EPA and NIEHS? In particular, could you please describe the
types of environmental toxins this study is researching and the issues this research has
raised regarding the potential effect of the immune system on the development of
autism?

Response: The Child Autism Risk for Genetics and Environment (CHARGE] is led by
investigators at the University of California at Davis. CHARGE is a comprehensive,
population-based case-control investigation of underlying causes for autism and triggers
of regression. The study includes three groups: children with autism, children with
developmental delay but not autism, and children selected at random from the general
population. Since the study was taunched in 2003, more than 1200 children, their
parents and siblings have been enrolled. This includes 641 children with a diagnosis of
autism, 281 children with developmental delay, and 355 children from the general
population.

The major classes of exposures under consideration in CHARGE are: pesticides; metals;
persistent pollutants that act as endocrine disrupters; infections; medical treatments
and procedures; and medications. These cover a range of hypothesized mechanisms
that might interfere with development of the central nervous system including: direct
interference with cell differentiation and migration; synaptogenesis (the formation of
connections between nerve cells) or dendritic branching and pruning; effects on

1
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immune function and/or induction of inflammatory responses; alterations in the
hormonal milieu; or other actions affecting brain chemistry. The CHARGE study has the
ability to assess exposures from all of these five groups, using biological specimens,
medical records, interview and other directly collected information, and existing
exposure-related databases.

A large body of work generated from CHARGE investigators has strengthened the
hypothesis that significant alterations in the immune system may play a critical role in
some individuals with autism.* One finding of special note is the presence of a unique
pattern of circulating autoantibodies that target fetal brain in a subset of mothers of
children with autism.? This finding may have use in biomarker development and could
suggest new avenues for future therapeutics and prevention. Other recent findings
point to potential interactions between environmental exposures and immune
alterations observed in autism.

Other important findings emerging from the CHARGE study involve the relationship
between immune alterations and behavioral symptoms in children with autism.
Elevated plasma levels of cytokines (IL-1B, IL-6, IL-8 and IL-12p40), i.e., regulatory
proteins released by immune system cells, were correlated with behavioral severity in
these children (Ashwood et al,, 2010).3 The characterization of immunological
parameters in autism may help to identify mechanisms that are important in the
etiology of autism spectrum disorders (ASDs) in a subgroup of subjects. The relationship
between environmental exposures and altered immune function in children with
autism, and the association of these alterations with specific behavioral impairments,
are continuing areas of high priority by CHARGE investigators.

Director Birnbaum, your testimony refers to the National Institutes of Environmental
Health Sciences’ use of funds from the American Recovery and Reinvestment Act to
facilitate research on autism. Can you describe in a little more detail some of the
benefits that this money provided to autism research that NIEHS is helping to fund?

* Goines P, Van de Water J. The immune system's role in the biology of autism. Curr Opin Neurol. 2010
Apr;23{2):111-7.

2 graunschweig D, Ashwood P, Krakowiak P, Hertz-Picciotto |, Hansen R, Croen LA, Pessah IN, Van de Water J.
Autism: maternally derived antibodies specific for fetal brain proteins. Neurotoxicology. 2008 Mar;29(2):226-31.
Epub 2007 Nov &

® ashwood P, Krakowiak P, hertz-Picciotto |, Hansen R, Pessah |, Van de Water J. Elevated plasma cytokines in
autism spectrum disorders provide evidence of immune dysfunction and are associated with impaired behavioral
outcome. Brain Behav immun 2010 Aug 10.
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Response: NIEHS used funds from the American Recovery and Reinvestment Act (ARRA)
to fund four new grants on autism and three supplements to existing autism grants,
Further descriptions of the four new grant awards can be found in the ARRA section on
our website at http://tools.niehs.nih.gov/recovery/index.cfm?action=recovery.search,
but a brief description of each is below:

RO1ES018001, Genome-wide Environment Interaction Study for Autism: the SEED
Study is being done at Johns Hopkins University, using the Study to Explore Early
Development {SEED), a multisite case-control investigation of 900 children with
ASDs, 900 typically developing controls, and 900 children with non-autism
developmental impairments. ARRA funds are enabling these investigators to
extend the analysis of this study cohort to identify single-nucieotide
polymorphisms (SNPs} within genes, whose effects on ASDs may vary in
combination with exposure categories related to maternal exposures such as
smoking and alcohol use during pregnancy, infections, and use of medications.

R21E5018002-01, Investigating Gene-Environment interaction in Autism: Air
Pollution is a study at the University of Southern California that is investigating
the association of air pollution, with autism. Using data collected as part of the
CHARGE study, these investigators are assessing the role of traffic-related air
pollutants in autism risk; they also are genotyping 384 SNPs in 17 candidate
genes to examine air pollutant-SNP interactions,

RO1ES019003, Prenatal Exposure to Polyfiuoroalkyl Compounds in the EMA Study
is being done at the Kaiser Foundation Research Institute in Oakiand, CA. This
study is extending an earlier project called the Early Markers for Autism (EMA)
study, an innovative investigation of biologic markers for autism that banks
samples from mother-baby pairs and compares three groups: children with
ASDs, children with developmental disabilities but not autism, and children
selected at random from the general population. The ARRA award will permit
analysis of maternal samples for polyfluoroalkyl compounds (PFCs), which are
ubiquitous persistent organic compounds that have developmental toxicity and
may be endocrine disruptors.

RO1ES019004, Prenatal Factors and Risk of Autism in a Finnish Nationgl Birth
Cohort is being done at the New York State Psychiatric institute, drawing upon
data and samples from pregnancies in Finland between 1987 and 2007. Samples
from mothers of autism cases and mothers of healthy controls will be analyzed
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for environmental factors including infections, immune abnormalities,
hormones, and smoking.

The three supplements to existing grants were targeted to provide extra resources to
ongoing autism studies, either for collection of additional samples or to speed analysis
and publication. Two are supplements to the CHARGE study, based at the University of
California-Davis. To date, this study has collected data from medical records,
questionnaires, and biological specimens such as blood and urine from more than 1200
children with autism and controls. One funding supplement was awarded to expand
and improve on environmental assessment for this cohort, adding collection and
laboratory analysis of dust samples from their homes; quantitative analysis of
pyrethroid and organophosphate pesticides, phthalates, and Bisphenol-A, as well as
some of their metabolites; and a food frequency questionnaire for the pregnancy and
early childhood periods. The second supplement provides for additional staff for data
analysis, writing and publication of the enormous amount of data being amassed
through the study.

The third supplement is augmenting the work on the Early Autism Risk Longitudinal
Investigation, or EARLI, to increase outreach and accelerate recruitment and enroliment.
in particular, activities are being undertaken to expand enraliment diversity and
enhance retention. The supplemental funds are being used for additional field worker
positions as well as website development and Spanish-language translation.

Director Linda Birnbaum, could you please go into more detail on the current state of
research on the types of toxic substances, including heavy metals and air pollution,
which may be harming 1Q, learning, and memory?

Response: The National institutes of Environmental Health Sciences {NIEHS) has a robust
investment in this area, investigating a wide range of neurotoxicants and their effects on
neurological development. in FY 2009, we funded research on children’s neurological health t
a level of close to $30 million dollars ($17.8 million through our regular appropriation and $11.6
million through ARRA). Researchers are studying the neurotoxic properties of metals such as
lead, arsenic, tin, mercury, and manganese, as well as other chemicals and exposures such as
pesticides, tobacco smoke, polychlorinated biphenyls (PCBs), and PBDEs. NIEHS-funded
research is using the latest brain imaging technigues in adults and children, to determine the
impact of early life exposure on the structure and function of the brain. NIEHS's investment also
includes hasic research on the mechanisms and pathways by which toxicants may cause damage
to the developing brain, including pathways that work through endocrine or immune
mechanisms.
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Questions from Senator James M. Inhofe

1. Do you feel that federal agencies like the Center for Disease Control and Health
Resources and Services Administration could better direct some of their resources to
more adequately serve and protect our nation’s children?

Response: Although you would need to discuss this issue with the agencies themselves
for more specific information, | am confident that our sister Department of Health and
Human Services agencies are working hard to make sure that their decisions for
prioritization of resources are informed by the best and most recent scientific and public
health information.

2. 1am concerned that, in our federal research efforts, potential environmental causes are
identified, but whether they actually contribute, or don’t contribute, to autismis a
question that, in many cases, is never finally resolved. Is there a way we can prioritize
existing resources to exclude certain environmental causes, or confirm them once and
for all, so researchers can move on to ask new research questions to advance our
understanding of the causes of autism?

Response: In fact, the process you describe is happening all the time as part of the
scientific enterprise. Scientists generate and test hypotheses, new data emerge, and
gradually an overall consensus forms that moves the entire field forward. it is not a top-
down process but an organic synthesis that occurs across an entire field; the emerging
consensus may not be 100%, but over time, as more data accumulate, the curve begins
to approach 100%. NIEHS strives to stay on top of the most recent scientific
publications and thinking as we assess the upcoming needs of any particular area of
science. To help our scientific staff do this, we convene workshops with outside
scientists to help us evaluate the latest information and identify areas of science for new
investment. In addition, NIH convenes committees of outside scientists to help us
review the applications we receive and judge whether the proposed research is well-
founded and worthy of support. In the case of autism, we also have the Interagency
Autism Coordinating Committee, which provides a forum for scientists and public
members to meet, discuss the latest science, and identify areas of research for further
exploration.



44

Senator KLOBUCHAR. Thank you very much to both of you.

I was just trying to put myself in the shoes of like a pregnant
mom right now, or someone who has a baby that they are afraid
has autism, and they don’t know what is wrong, and trying to fig-
ure out exactly what the state of the research is. I thought your
comment at the end, Dr. Birnbaum, was something we all believe,
that chemicals do affect children’s development and their brain.
That is why I worked so hard on that children’s product bill with
the lead, and the Chairman and others and Senator Udall have
worked on lead paint and other issues like that.

But I wanted to just narrow in on this autism issue. You men-
tioned two things specifically, was that one of the studies had
shown no difference in the mercury levels of kids with autism and
with not. Is that right?

Ms. BIRNBAUM. That is correct. That is from the CHARGE study.
I think maybe Dr. Pessah will talk more about that.

Senator KLOBUCHAR. Then the other thing you mentioned,
though, there was a difference in the immune systems. Do you
want to elaborate on that?

Ms. BIRNBAUM. I think I can just kind of give you the bottom
line. It appears that the immune systems of these children may be
altered. They appear that they may be showing more symptoms, or
symptoms that may develop into autoimmunity.

And again, I think Dr. Pessah will talk more about those find-
ings. But I think it is important to understand that autoimmunity
is another of the conditions in our country which is rapidly increas-
ing over the past 10 to 20 years.

Senator KLOBUCHAR. So, could that have something to do—could
that be the key for us trying to figure out the cause here because
of the difference that has been found, or not?

Ms. BIRNBAUM. No, no, I think the point is that there is growing
suggestion that environmental factors may be playing a role in the
increase in autoimmunity. Part of the syndrome, if you want to use
that word, for autism spectrum disorders, may involve alterations
in the immune system.

Senator KLOBUCHAR. OK. So what you are saying is, and I will
let you answer this, too, Dr. Anastas, is that it is finding that there
is a difference with the autoimmune systems. We know that auto-
immune system differences can be attributed to environmental fac-
tors, and that that could lead us to believe that the environmental
factors could have something to do with who has autism and who
doesn’t.

Ms. BIRNBAUM. I think alterations in the immune system may be
one part of the autism puzzle. I think the role of environmental fac-
tors in the increase in autism is in large part because you can’t—
our genes don’t change over a generation. Our genes take multiple
generations to change. And the rapid increase in autism, which
was indicated by work that was done at UC Davis. The CDC has
done continual analyses indicating that 1 in 70 boys is developing
autism.

Senator KLOBUCHAR. I take it that you both believe there has ac-
tually been an increase? Some people say, oh, it is diagnosing that
they didn’t do before. But you both believe there has been an in-
crease?
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Ms. BIRNBAUM. Right. I think the study that, again, that is com-
ing out of the UC Davis group that Dr. Anastas referred to, clearly
shows that at least in California only 30 percent of the increased
incidence can be potentially due to differential diagnosis.

Senator KLOBUCHAR. Dr. Anastas.

Mr. ANASTAS. Thank you.

Yes, and I would just add that in addition to the study that was
just referred to, there is an additional study worldwide that shows
that the rise in incidence cannot be attributed to changes in diag-
nosis alone.

There are a couple of very important points that have been made
that I just wanted to emphasize. This window of susceptibility is
something that can’t be overemphasized. When we talk about what
the doses or the levels of mercury, for example, might be the same,
we need to recognize that that is not the entirety of the story.
When you are exposed, whether it is in utero or in early childhood,
it can be a difference in reaction because of the level and the stage
of development that you are in.

So merely because one person may be exposed to the same levels
as another, that is not the entirety, and that is something that is
a very important area for research.

The other is we often get into this discussion about whether it
is environment or genetics. I think there is a growing body of
knowledge that it is not one or the other. As Dr. Birnbaum just
stated, our genetics can’t change this quickly in order to explain
the increase in incidence. So what we are saying is that it is an
interaction of the environment and genetic susceptibility, where
certain triggers are released because of environmental exposures.

Senator KLOBUCHAR. Thank you.

Senator Boxer.

Senator BOXER. First of all, thank you very much, both of you,
for your clarity. I remember many years ago meeting, when I was
in local government, meeting parents who had children with au-
tism. And then, they were being told it was the way they were rais-
ing their children, that there was something with the mother-child
relationship. Honestly, I saw the look on parents’ faces. They were
devastated. That is where the science was.

We clearly have moved to a different place now, where we are
looking at the genes, and we are looking at the chemicals that ei-
ther the parents or the child have been exposed to. So I think there
is a very important message to parents out there: do not give up
hope. We are going to figure this thing out.

The fact that we are only spending $9 million on autism, some-
thing that affects 1 out of 110 children, is just amazing to me. And
it goes to where our priorities are. So I wanted to ask Director
Birnbaum, again, just if you could lay out for me how much did you
get in the Economic Recovery and Reinvestment Act to facilitate
the research. And if you could slowly tell me what that is exactly.

Ms. BIRNBAUM. NIH has, as you know, got $10 billion, or $10.4
billion, including the comparative effectiveness research dollars
under the Stimulus Act. NIEHS, including our Superfund program,
got about $190 million to conduct research under the Stimulus Act.
Our funding that we have committed of our ARRA funds was about
$9 million, no, $11.5 million, excuse me, related to
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neurodevelopmental disorders. About $4.9 million of that was stim-
ulus funding.

Senator BOXER. I am really confused. How much of the Economic
Recovery Act funds that went to NIEHS autism research?

Ms. BIRNBAUM. Specifically, of the $190 million, let’s say, put
about $5 million of that $190 million.

Senator BOXER. Five million in addition to the $9 million?

Ms. BIRNBAUM. No, that is part of the $9 million. Our base fund-
ing was, in 2009, was $4.3 million for autism.

Senator BOXER. So the base funding is about $4 million. And you
added $5 million. So you doubled the amount. So without the
ARRA funding, we go back to $4 million, $4.5 million research on
autism, is that right?

Mr. BirRNBAUM. I think it is hard to say exactly, because we do
see autism as a priority, and we are trying to increase our amount
of funding to look at neurodevelopmental effects.

Senator BOXER. Well, I hope you will let us know, all of us here
care a lot about this, and others who are not here who do care. If
you feel that we could do a lot more, if we had a little more funding
here. Because following Chair Klobuchar’s questions, it is clear to
me that there are, we are coming along, we are narrowing down.
It may be this, some susceptibility to certain chemicals and toxins
because of certain genes or other factors.

So I think, and that is why putting that together with our cluster
bill that we are introducing, and Senator Lautenberg’s bill on mak-
ing sure the chemicals are safe before they are introduced, I think
we are kind of having a fairly clear path here to where we are
going.

That really covers my questions. Thank you.

Senator KLOBUCHAR. Thank you very much.

Senator Udall.

Senator UDALL. Thank you, Chairman Klobuchar, and thank
you, both of you, for focusing in on this issue.

I would like to put my opening statement in the record and go
directly to questions, if that is acceptable here.

Senator KLOBUCHAR. Without objection, so ordered.

[The prepared statement of Senator Udall follows:]

STATEMENT OF HON. ToM UDALL,
U.S. SENATOR FROM THE STATE OF NEW MEXICO

Thank you, Chairman Klobuchar, for calling this hearing into an issue that is of
great concern to families in New Mexico and around the country.

A number of my constituents have contacted my office, describing their families’
challenges with autism and our frustrating inability to learn more about the causes
and cures for this condition.

According to our testimony here today, our top researchers believe that there is
a significant environmental component to autism. Genetics cannot explain the rapid
rise in autism, so they suspect chemical exposure may trigger or worsen neuro-de-
velopmental disorders.

I hope this hearing will support those ongoing efforts, and I think that it is impor-
tant to put the unknown links between autism and environmental toxic exposure
in the bigger picture.

As T and others on this Committee have stated, Federal toxic chemical regulation
is broken and needs to be addressed.

Our Nation’s laws that are supposed to regulate toxic chemicals do not even re-
quire chemical companies to submit health and safety studies for the chemicals that
are included in everyday household products.



47

The Washington Post published an article yesterday titled “U.S. regulators lack
data on health risks of most chemicals,” which I would like to include in the record.

The article references the recent recall of 28 million boxes of the Nation’s most
popular children’s cereals because a petrochemical known as “2-methyl naph-
thalene” accidentally ended up in cereal. The chemical is apparently used in the foil
packaging.

According to the article, “the Food and Drug Administration has no scientific data
on its impact on human health. The Environmental Protection Agency also lacks
basic health and safety data even though the EPA has been seeking that informa-
tion from the chemical industry for 16 years.”

We have had several hearings already this year underlining the need to reform
the Toxics Substances Control Act, and I hope we will continue to make the case
for action.

I believe that we can all agree that science should drive decisionmaking and that
we should take precautions when we expose children to potentially toxic chemicals.
The need for testing is basic and obvious.

If we do not, our children and our grandchildren will continue to be guinea pigs
in an uncontrolled experiment testing the impacts of thousands of industrial chemi-
cals on the human body.

[The referenced article follows:]
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The MWashington Post

U.5. regulators lack data on health risks of most chemicals

By Lyndsey Layton
Washington Post Staff Writer
Monday, August 2, 2010; AO1

This summer, when Kellogg recalled 28 million boxes of Froot Loops, Apple Jacks, Corn Pops and Honey
Smacks, the company blamed elevated levels of a chemicai in the packaging.

Dozens of consumers reported a strange taste and odor, and some complained of nausea and diarrhea.
But Kellogg said a team of experts it hired determined that there was "no harmful material” in the
products.

Federal regulators, who are charged with ensuring the safety of food and consumer products, are in the
dark about the suspected chemical, 2-methylnaphthalene. The Food and Drug Administration has no
scientific data on its impact on human health. The Environmental Protection Agency atso lacks basic
health and safety data for 2-methylnaphthalene -- even though the EPA has been seeking that
information from the chemical industry for 16 years.

The cereal recall hints at a larger issue: huge gaps in the government's knowledge about chemicals in
everyday consumer products, from furniture to clothing to children's products. Under current laws, the
government has little or no information about the health risks posed by most of the 80,000 chemicals on
the U.S. market today.

"It is really troubling that you've got this form of naphthalene that's produced in millions of pounds a
year and we don't have some of the basic information about how toxic it is," said Erik Olson, an expert at
the Pew Charitable Trusts, which is advocating an overhaul of U.S. chemical laws. "In so many cases,
government agencies are missing data they need on even widely used chemicals about whether they
pose a health risk."

The information gap is hardly new. When the Toxic Substances Control Act was passed in 1976, it
exempted from regulation about 62,000 chemicals that were in commercial use -- including 2-
methylnaphthalene. In addition, chemicals developed since the law's passage do not have to be tested
for safety. Instead, companies are asked to volunteer information on the health effects of their
compounds, and the government can decide whether additional tests are needed.

in 1994, the EPA invited the chemical industry to submit health and safety data for 2-methyinaphthalene
because it was being produced in large quantities, said Mary F. Dominiak of the EPA. Chemical
manufacturers have yet to disclose that information, she said.
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And they may not even have it. If a manufacturer possesses data showing that a chemical harms health
or the environment, it is required to turn over the findings to the EPA. Critics say that creates a
disincentive for manufacturers to test their chemicals.

Kellogg responded to a request for comment by referring to the statement it issued with its recall, which
said, "While the potential for serious health problems is low, some consumers are sensitive to the
uncharacteristic off-flavor and smell and should not eat the recalled products because of possible
temporary symptoms including nausea and diarrhea.”

Bills pending in Congress would revamp the way the government regulates chemicals, forcing companies
to prove that new chemicals are safe before using them and requiring health and safety assessments of
existing chemicals, such as 2-methylnaphthalene. The chemical industry has said it agrees the law should
be revamped, but it also has expressed concern that new restrictions might hamper innovation and
competitiveness.

One federal agency has minimal information about 2-methylnaphthalene - the Agency for Toxic
Substances and Disease Registry, which reviewed the scientific literature on the chemical in 2005. it
concluded that nothing is known about its use related to food. "You are not likely to be exposed . ..
eating foods or drinking beverages" and risk exposure only "if you live near a hazardous waste site,”
according to the agency's Web site.

A natural component of crude oil, 2-methylnaphthalene is structurally related to naphthalene, an
ingredient in mothballs and toilet-deodorant blocks that is considered a possible human carcinogen by
the EPA. Kay Cooksey, a packaging expert at Clemson University, said 2-methylnaphthalene likely ended
up in cereal because something went awry in the manufacturing of the foil-lined bags. The foil is
attached to the paper bag with an adhesive that is heated, she said. If too much heat is applied or if the
composition of the adhesive is incorrect, 2-methylnaphthalene could form, she said.

The chemical "is not supposed to be in food,” said Mitchell Cheeseman of the FDA's office of food
safety. The agency allows a minute amount of the chemical in food packaging if it is produced as a
"contaminant” during the manufacturing process, but it is not supposed to transfer to the food, he said.

Because the FDA does not know anything about the toxicity of 2-methyinaphthalene, the agency set its
limit based on what it knows about the toxic effects of similar chemicals, Cheeseman said.

He added that the FDA does not know what caused the Kellogg contamination, how much 2-
methylnaphthalene might have migrated into the cereals or if it was the only contaminant. The agency
did not perform its own tests on the cereals.

Roberta Wagner of the FDA's Office of Regulatory Affairs said Kellogg destroyed most of the tainted
liners before it contacted the agency and announced a recall.

"Basically, Kellogg's investigated the situation before they made the decision to do the recall,” Wagner
said. "They did their own testing." She said the agency continues to investigate.
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The company submitted a copy of its health risk assessment to the FDA, but neither Kellogg nor the
agency would release it.

Cheeseman said it is unusual for contaminants to migrate from packaging into foods.

But others are less certain. "In this case, it had an odor and it had a taste, so it was detected,” said David
Andrews, a senior scientist at the Environmental Working Group, an advocacy organization. "But there
are hundreds of other potential impurities that we can't smelf and taste, chemicals that we know very
little ahout and the government knows little about.”
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Senator UDALL. One of the things that I would like to ask about,
and I would like to cite a few facts to set the stage, an April article
in the journal Current Opinion in Pediatrics states that children
today are surrounded by thousands of synthetic chemicals. Two
hundred of them are neurotoxic in adult humans and a thousand
more in laboratory models. Yet fewer than 20 percent of high vol-
ume chemicals have been tested for neurodevelopmental toxicity.

According to the EPA, there are 3,000 chemicals that are classi-
fied as high production volume. These are chemicals that the U.S.
imports or produces at a rate of more than 1 million pounds per
year. According to the EPA, over 40 percent of these have not been
tested for basic toxicity.

And I would like to ask both of you, do you think the suspected
links between chemical exposure and autism and other
neurodevelopmental disorders show the need for chemical makers
to provide more information and health studies about their prod-
ucts? And part of that, yesterday part of that question, I don’t
know whether you saw the post yesterday, but on the first page
was an article that in cereal, boxes of cereal, which—kids are eat-
ing most of the cereal, an unsettling surprise. The Kellogg recall
shows that U.S. lacks data on risks of many chemicals. And there
is a chemical in there.

And one of the things it highlighted in the story is the chemical
companies do not test, they do not test these kinds of chemicals.
Because if they test, they are required to turn it over to the Gov-
ernment. So they just decide, well, we don’t want to know what is
in it, so we don’t want to turn it over.

Would you talk a little bit about that, and what you think we
need to do to get to the bottom of this and try to do everything we
can to protect our children?

Ms. BIRNBAUM. First of all, I think you know that I am not in
a regulatory agency, but in a research agency.

Senator UDALL. That is right.

Ms. BIRNBAUM. I may have had many years at EPA, but I would
like to stick to the research.

I think the issue is that there is growing evidence, lots of evi-
dence that chemicals can cause effects. We have known for years
that pharmaceuticals, or the drugs—there are always black box
warnings on drugs, do not take if pregnant. And the reason you
don’t take them is because they can harm the fetus as it grows.

So we know that chemicals can impact things. Many chemicals
are not tested at all. I think many of us do believe that it would
be much better to have chemicals fully evaluated for their safety
before they go on the market. The chemical that was of concern
that was talked about in the cereal boxes yesterday is the chemical
that my NTP actually has done some very limited testing on to test
whether it was a mutagen or not, it caused genetic damage. But
that is the extent of the testing that has been done for that.

So I think it would be very important to have the testing done
first. I think we have to really work on what we mean by testing.
Because there is a pattern that has emerged that there are guide-
lines for how you do testing. And the problem is that guidelines
that were established for science in the 1970s are really not up to
what is needed in this century. We need to focus our efforts on
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using all the newest information, not necessarily things that were
required 20 or 30 years ago to do these tests.

The other point I would like to make, which is referring to some-
thing Dr. Anastas just talked about, which was the susceptibility
and the interaction between genes and the environment, I think it
is very, very clear that depending on your genetics, as well as
maybe what your past exposures were, can alter your suscepti-
bility. There 1s a paper that I just saw that is coming out that
shows that some of the flame retardants, whether or not you see
developmental neurotoxicity, at least in animal studies, is totally
dependent on the genetics of the mouse that you test.

So while mice are not men, they provide us a great deal of infor-
mation about what may be possible in the human population.

I think I will let Paul talk a little bit more about the regulatory
agenda.

Mr. ANASTAS. I will just say that prior to coming to the Environ-
mental Protection Agency, I taught chemistry at Yale University.
One of the things that we always taught our students is that when
you introduce a new chemical into the world, when you make a
new chemical in the lab, you need to characterize that chemical.
And there is a wide range of analyses that are done in order to de-
scribe exactly what that chemical is.

But yet traditionally part of that chemical characterization has
not included its impact on human health or the environment. As
long as that exists, where when we are describing a chemical, it
doesn’t include its impacts on humans, on the environment, on de-
veloping children, then we are going to be in the same situation.
We need to have a fuller understanding. And the definition of per-
formance when we are talking about chemicals, and even commer-
cial chemicals, needs to include how it performs in terms of its role
in the world, interacting with humans and the environment.

Senator UDALL. Thank you both for those answers.

I am sorry, I have to leave, and I won’t be able to hear the sec-
ond panel. I have to preside over the Senate, but I am leaving you
in the hands of two very capable Senators that I know are very
concerned about this issue.

Thank you very much.

Senator KLOBUCHAR. Thank you.

First, Dr. Birnbaum, I am just trying to figure out the exact
amount of money and trying to mesh these numbers here. You said
it to Senator Boxer, it is like $9 million on research?

Ms. BIRNBAUM. Nine million on autism research in fiscal year
2009. And approximately that in fiscal year 2010. But that is, in
our total portfolio for all our neurodevelopmental work, is about
$29 million.

Senator KLOBUCHAR. Right. That is what I just saw in your testi-
mony.

Ms. BIRNBAUM. It is about a third of the total neurodevelopment.

Senator KLOBUCHAR. So there is $29 million for research for
neurodevelopmental work, and about a third of that is specifically
for autism?

Ms. BIRNBAUM. That is correct.

Senator KLOBUCHAR. I am just trying to figure out, we got from
NIH the statistic that in the recovery act, we invested over $10 bil-
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lion in NIH on new research on mental health, including at least
$60 million devoted to autism diagnosis and treatment.

Ms. BIRNBAUM. Under the stimulus package, NIH did have an
initiative and has funded about $60 million of stimulus funds on
autism. Much of that has to do with treatment and diagnosis.

Senator KLOBUCHAR. So you are differentiating that from the re-
search of causes?

Ms. BIRNBAUM. Our—for example, approximately $5 million of
stimulus funding in autism is part of that $60 million that NIH as
a whole was spending. There are about four or five NIH institutes
that are very involved, for example, in the Interagency Autism Co-
ordinating Committee and involved in autism research. So it is not
just NIEHS.

Senator KLOBUCHAR. That makes a difference.

The other thing I wanted to ask about was, we have had an inci-
dent in Minnesota, and I talked with these families in the Soma-
lian community, we have a very large Somalian community in Min-
nesota. And they have had a very high incidence of autism. I don’t
know if you have heard about it, but the diagnosis is 1 out of 28
of their children have autism.

So I was just wondering how this possibly could fit in with the
research that is going on. Of course they are searching for answers.
What Senator Boxer has been talking about with clusters, although
this is, they live in a similar area, but other kids that aren’t Soma-
lian don’t have that high rate.

Dr. Birnbaum and then Dr. Anastas.

Ms. BIRNBAUM. There are some recent hypotheses that Vitamin
D, or the absence of Vitamin D may be associated with an increase
in autism. My understanding is that there are essentially no re-
ports of autism in Somalia. Again, it is a developing country, they
might not have the diagnosis.

But the phenomenal cluster, I would say, actually of Somali chil-
dren being reported with ASD in Minnesota and I think in some
other Somali communities in the northern United States, people
are at least suggesting that that might be related to not having
enough Vitamin D. So that is a hypothesis that people are begin-
ning to look at.

Senator KLOBUCHAR. Dr. Anastas.

Mr. ANASTAS. T would just suggest that while this is certainly an
important area of research, it does lend itself to something we dis-
cussed earlier, which is the genetic-environment interactions rather
than one or the other. This dance, if you will, would lend itself to
people with genetic predispositions, not necessarily exhibiting a
certain disorder in the absence of being exposed to certain triggers.
Yet when they are exposed to certain triggers, they could exhibit
those disorders.

So it is an active area, or I should say, an important area of re-
search that in my opinion needs to be emphasized.

Senator KLOBUCHAR. This interaction, and I suppose this could
be an example where if, in fact, and I do believe the diagnosis in
Somalia might be very limited. But if in fact they get more autism,
the kids do, in the U.S., that it could be an interaction between
some genetic component and then some kind of triggering factor,
environmental factor.
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Ms. BIRNBAUM. This is the beauty of the EARLI study, which is
recruiting 1,200 women who already have one autistic child. Be-
cause we know that if you have one autistic child you have a high-
er likelihood that a second child might be autistic, suggesting that
there is clearly some genetic component to it.

However, it is a little bit hard to—usually if you have one child,
your environment doesn’t change that much if you have a second
child. So there is also the interaction going on here. But in the
EARLI study, not only are we looking at every kind of environ-
mental factor that we can think of, and that includes diet and it
includes stress, but we are also looking at the genomics of these
women and their children and their partners as well.

Senator KLOBUCHAR. Senator Boxer.

Senator BOXER. A couple of questions. I want to home in on the
one child, two child, three child; doctors studying that. What do we
know? What are the chances, if you have had one autistic child, of
having a second?

Ms. BIRNBAUM. I believe you have about 10 percent chance that
your next child might be. I think that is the approximate statistics,
that about 1 in 10. So that is much higher than the 1 in 110.

Senator BOXER. Than the 1 in 110. So that leads you further to
suspect that it is something either in the genes or the environment
combined?

Ms. BIRNBAUM. Right. When you have a genetic input, and not
every child is impacted, then it says that there has to be something
in addition to genetics that is causing the condition to appear.

Senator BOXER. Do we have other neurological conditions that
have been found to be caused by both genes and environment?

Ms. BIRNBAUM. There is suggestion that many different certain
things like schizophrenia or bipolar disorder, for example, an adult
clearly may have an interaction. And we know that, for example,
when you look at something like lead, which is a clear
neurodevelopmental toxicant, that not every child has the IQ loss.
You have to look at a whole population of children to see the shift.

Senator BOXER. So is the ultimate—down the road cure for this,
if this proves out, we don’t know that, gene therapy?

Ms. BIRNBAUM. I think that the importance of understanding en-
vironmental triggers of disease is that you can change your envi-
ronment. But at least at this point, you can’t change your genes.

Senator BOXER. But isn’t one of the goals of the reason we did
all that funding for genes is to eventually do gene therapy?

Ms. BIRNBAUM. That is certainly a possibility. But I think we can
get to the environmental impacts more easily and more readily.
And again, as Dr. Anastas has said several times, the effect of a
gene may only be expressed in a given environment.

Senator BOXER. Yes, sir.

Mr. ANASTAS. I would just like to add that this area of
epigenetics is emerging and being understood

Senator BOXER. What do you call it?

Mr. ANASTAS. It is called epigenetics.

Senator BOXER. E-P-I?

Mr. ANASTAS. E-P-1. It is an emerging area of investigation. I
would certainly describe it as in its early stages.
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But this is showing that having certain environmental inter-
actions may trigger these genes to perhaps impair a gene’s ability
to the expression of a certain gene. The point that I want to make
is that the early suggestions are that it wouldn’t necessarily stop
with the individual, but can be translated into future generations
as well.

Now, I would never suggest that this is an established, concluded
science. I am saying that this is emerging science in an important
research area.

Senator BOXER. Let me just ask my last question. We know in
America 1 in every 110 kids is born with autism. What do we know
about other countries’ data?

Ms. BIRNBAUM. I don’t know the exact statistics in other coun-
tries. I do know that there appears to be—the increase in autism
appears to be in many, many countries. I think one of the issues
that we keep getting is the differential diagnosis, are we changing
our criteria, are we looking in a different way. It is clear in the
U.S. that that doesn’t explain the increase.

Senator BOXER. So you would say, from what you know, there is
a worldwide increase?

Ms. BIRNBAUM. Certainly in many countries there appears to be.
Certainly in developed countries anyway.

Senator BOXER. I doubt that they have a lot of statistics in Soma-
lia just because I don’t think they have a health care system that
is capable of doing what we do. But I certainly think, given what
Senator Klobuchar has discussed about that cluster, it might be
very interesting to look at at least the gene situation, and if that
is somehow making these children in your State more vulnerable.
I don’t know if we have any data from Somalia.

Ms. BIRNBAUM. We would certainly be eager to entertain a grant
where someone proposed to study that population; it needs to be
done, really, in a prospective fashion. And again, since there are so
many children being diagnosed with autism in that population, you
might be able to do something similar to what we are doing in
Philadelphia and California and Maryland as far as recruiting in
that population.

Senator BOXER. The reason I think it is important—I was
stunned with that number you said, 1 in 28 children.

Ms. BIRNBAUM. Yes.

Senator BOXER. That is a cluster. And I think we could maybe
learn quite a bit.

Anyway, I need to run off to my next obligation. I just wanted
to say how much I will look forward to hearing about the next
panel from today’s Chair, and to thank everybody for being here.
We are going to be taking action on a lot of these matters. I wanted
to note when you mentioned pthalates; did you mention pthalates?

Ms. BIRNBAUM. Yes, I did.

Senator BOXER. We passed some very tough legislation; Senator
Klobuchar and I serve on the Commerce Committee. We were able
to ban pthalates in children’s products. It was an enormous fight.
It was an enormous, enormous, terrible, awful fight. We got into
fights about rubber duckies and how, one of the people said, well,
you know, these rubber duckies are fine. Well, yes, but if they have
pthalates, they are not.
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So we managed to do it. But it is very tough to regulate this one
chemical at a time. That is why the work you do is so very impor-
tant. Because hopefully you are going to be able to I.D. for us a
class of chemicals that may be problematic or will give us the road
map we need so we don’t have to just get into these arguments one
particular chemical at a time.

Thank you very much, Senator Klobuchar.

Senator KLOBUCHAR. Thank you.

I want to thank our witnesses. It was enlightening. We know
there is a lot more work to be done. Thank you for this update; I
think it helps us to understand the funding but also the status of
the research and learn some new things, like epigenetics.

We look forward to our next panel. Thank you very much to both
of you.

If we could have our next panel come up.

Welcome to our second panel. I see you are staying here, Dr.
Anastas. Thank you for that, and Dr. Birnbaum, so we can hear
your reaction to this later as well.

Our first witness in this second panel, as has already been men-
tioned, is Dr. Isaac Pessah, who is the director of UC Davis Chil-
dren’s Center for Environmental Health and Disease Prevention.
He is an expert on how environmental factors interact to influence
neurodevelopment.

Dr. Bruce Lanphear, in the middle, is the Director of the Cin-
cinnati Children’s Environmental Health Center, and is the prin-
cipal investigator for research examining fetal and early childhood
exposures to prevalent environmental hazards.

Finally, I would like to extend a warm welcome to Mary Moen.
Mary is a fellow Minnesota mother and is here today to share her
and her family’s experience of living with an autistic son.

Ii Max with you today? There you are, Max. Thank you for being
with us.

I understand, Max, that you are a real whiz with maps and di-
rections; is that right? Maybe you could help my husband. Maybe
I can hook you guys up.

As well as your dad, and Mary’s husband, Steve. Thank you for
being here. And Mary is here with her family to help us put a real
face on the stories behind autism and other neurodevelopment dis-
orders. Thank you so much for coming from Minnesota.

So we will get started with Dr. Pessah.

STATEMENT OF ISAAC N. PESSAH, PH.D., DIRECTOR, DEPART-
MENT OF MOLECULAR BIOSCIENCES, COLLEGE OF VETERI-
NARY MEDICINE, AND DIRECTOR, UNIVERSITY OF CALI-
FORNIA DAVIS CHILDREN’S CENTER FOR ENVIRONMENTAL
HEALTH AND DISEASE PREVENTION

Mr. PEssaH. Senator Klobuchar, thank you for giving me the op-
portunity to present testimony regarding environmental factors in
autism risk.

As you have already heard, autism spectrum disorders encom-
pass a wide range of what we call phenotypic severities and co-
morbidities, such as a high rate of seizure disorder and anxiety.
ASD likely encompasses several disorders with distinct ways of get-
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ting there, or etiologies, and pathologies that converge on a com-
mon set of behavioral criteria.

Although autism risk has strong heritability, it turns out that no
single locus alone, or genetic address, is sufficient to account for
the full clinical phenotype. Results from many genome-wide autism
screens indicate that potential susceptibility genes are spread
across the entire genome.

Recently, several very rare genetic mutations, single nucleotide
polymorphisms, de novo copy number variations and as you have
heard, epigenetic factors which influence DNA methylation, and
therefore expression of the DNA’s message, were shown to con-
tribute to the complex transmission of autism risk. So genetics
alone cannot account for the majority of autism cases currently
being diagnosed.

There is a lack of full concordance between identical or
monozygotic twins with some estimates ranging as low as 60 per-
cent, which leaves wide room for environmental triggers. Inter-
actions among multiple genes are likely to contribute to various
types of autism. Inheritable epigenetic factors and/or non-heritable
environmental exposures are likely to significantly contribute to
susceptibility and variable expression of autism and autism-related
traits. It is therefore likely that constellations of epigenetic and en-
vironmental factors are contributing to the increased prevalence of
ASD, as we have heard. And the rise cannot be fully accounted for
by changes in diagnostic criteria.

There is a critical need to identify environmental factors, includ-
ing exposures to foreign chemicals or anthropogenic source and
changes to the diet that contribute to autism risk and severity. The
vast majority of public and private resources has and continues to
support work on identifying genetic impairments associated with
autism risk. From these studies we have learned that genetics
alone cannot predict the majority of autism cases, the patterns of
impairments, severity, nor can they predict the success for current
treatment modalities.

Moreover, we have learned that many of the molecular and cel-
lular systems that have been associated with autism risk are the
very same ones that are targets of environmental chemicals cur-
rently of concern to human health, and children’s health in par-
ticular because of their widespread use. Current research is needed
on definable factors that contribute to causing or protecting against
autism.

It is accepted that autism is a multi-factorial, meaning that there
are multiple factors contributing to risk. Therefore, it is essential
to bring together both studies of genes and environment to fully
understand autism risk.

We know that autism prevalence continues to increase dramati-
cally, clearly implicating environmental factors in autism risk. We
must identify which environmental exposures and combinations of
exposures are contributing to the increased overall risk in the pop-
ulation and identify the most susceptible group within children,
which are in themselves a highly susceptible group.

Only by bringing together the concerted effort of multi-discipli-
nary teams of scientists can we identify which of the more than
80,000 commercially important chemicals, and a subset of those, a
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very small subset have actually received sufficient study, con-
tribute to neurological impairments with idiopathic autism. It is
clear that there is a critical need to identify which chemicals in the
environment influenced the same biological pathways known to be
affected in autism and how this contributes to susceptibility. By
far, limiting exposures to these chemicals is the only current way
to mitigate and prevent autism susceptibility in individuals.

Thank you. I would be happy to answer any questions.

[The prepared statement of Mr. Pessah follows:]
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TO:  U.S. Senate Committee on Environment and Public Works

FROM: Dr. Isaac N. Pessah, Director
UC Davis Center for Children’s Environmental Health and Disease Prevention
Professor of Toxicology

Re: State of Research on Potential Environmental Health Factors With Autism and Related
Neurodevelopment Disorders

Autism Spectrum Disorders (ASD) are highly heterogeneous conditions that are
diagnosed using only behavioral criteria due to a lack of concrete biological markers. The
American Psychiatric Association’s biagnostic and Statistical Manual of Mental Disorders
(DSM-1V) defines ASD as a disorder characterized by deficits in verbal and nonverbal
communication, stereotyped behaviors ‘and interests, and impaired social interactions. ASD
encompasses a wide range of phenotypic severities and co-morbidities. ASD likely encompasses
several disorders with distinct etiologies and pathologies that converge on a common set of
behavioral diagnostic criteria. Although autism risk has strong heritability, no single locus alone
appears to be sufficient to account for the full clinical phenotype. Results from many genome-
wide autism screens indicate that potential susceptibility genes are spread across the entire
genome. Recently several very rare genetic mutations, single nucleotide polymorphisms (SNPs),
de novo copy number variations, and epigenetic factors that influence DNA methylation were
shown to contribute complexity in the transmission of autism risk. Yet genetics alone cannot
account for the majority of autism cases currently being diagnosed. There is lack of full
concordance between monozygotic twins, with some estimate ranging as low as 60%, and the
prevalence of ASD among siblings has been reported as high as 14%. Interactions among
multiple genes are likely to contribute to various types of autism, and heritable epigenetic factors
and/or non-heritable environmental exposures are likely to significantly contribute to
susceptibility and variable expression of autism and autism-related traits. It is therefore likely
that constellations of epigenetic and environmental factors are contributing to the increasing

prevalence of ASD, a rise that cannot be fully accounted for by changes in diagnostic criteria.
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There is a critical need to identify environmental factors, including exposure to xenobiotic
chemicals and changes in diet that contribute to autism risk and severity. The vast majority of
public and private resources has, and continues, to support work on identifying genetic
impairments associated with autism risk. From these studies we have learned that genetics alone
cannot predict the majority of autism cases, the patterns of impairments, severity, nor can they
predict success for current treatment modalities. Moreover, we have learned that many of the
molecular and cellular systems that are associated with autism are the very same ones that are the
target of environmental chemicals currently of concern to human health because of their
widespread use. Further research is needed on modifiable factors that contribute to causing or
protecting against autism. It is accepted that autism is 'multi-factorial,’ meaning that there are
multiple factors that combine to impair brain development. Increased efforts to identify
environmental factors that contribute risk to developing autism spectrum are therefore essential
to improve our understanding of the constellations of genes that confer differential sensitivity to
distinct environmental exposures during gestational and neonatal development. Such approaches
will likely prove useful in defining subgroups of children that differ in susceptibility to specific
types of environmental exposures that promote autism risk, severity, and responsiveness to
clinical and behavioral interventions.

We know that autism prevalence continues to increase dramatically clearly implicating
environmental factors in autism risk. We must identify which environmental exposures and
combination of exposures are contributing to increased overall risk in the population and identify
the most susceptible groups. Only by bringing together the concerted effort of multidisciplinary
teams of scientists can we identify which of the >80,000 commercially important chemicals
currently in production promote developmental neurotoxicity consistent with the immunological
and neurological impairments identified in individuals with idiopathic autism. It is clear that their
is a critical need to identify which chemicals in the environment that influence the same
biological pathways known to be affected in autism. Limiting exposure to these chemicals is the

only way to mitigate or prevent autism in susceptible individuals.

Respectfully Submitted,

Isaac N. Pessah, Ph.D.
Professor of Toxicology
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Questions for Pessah
Questions from:
Senator Barbara Boxer

1. Dactor Pessah, your testimony states "genetics alone cannot account for the majority of autism
cases currently being diagnosed.” What other factors is the research showing that might be
contributing to the incidenis of autism?

Senator Boxer, no single gene defect can fully account for the spectrum of autisms currently being
diagnosed. Even if we consider highly penetrant gene mutations (including missense mutations, copy
number variations (CNVs), and single nucleotide polymorphisms (SNPs)) that have been identified
in very large genome-wide association studies, each mutation accounts for a very small fraction (less
than 1%) of the 1:100 ASD cases being diagnosed today. Many of these mutations occur in a few
extended families afflicted with autism. These very same rare mutations can occur in some families
that have no history of ASD. Most scientists working on understanding complex disorders (e.g.,
cancer, metabolic disorders, asthma) incorporate in their research strategy the fundamental paradigm
that genes provide the substrate for susceptibility to environment triggers. The occurrence and
severity of autisms, like other complex disorders, are determined by both genetic susceptibility and
cnvironment triggers.

Current knowledge about the neurobiology of autisms implicates environmental triggers influence
autism risk. Many pesticides, including organophosphates, pyrethroids, and organochlorines are
known to promote brain over-excitation through the same neurobiological substrates known to be
impaired in autism. Persistent organic pollutants, such as PCBs, brominated flame retardants, and
related chemicals have been shown in upset the delicate balance between excitatory and inhibitory
circuits in the brain thereby altering neuronal networks known to be impaired in autism.

2. Doctor Pessah, could you please describe what scientific methods are currently available or are
being developed that would better enable researchers to screen large numbers of chemicals for
potential impacts on human health?

Senator Boxer, recent technological advances in cellular imaging, along with the development of
vital dyes that specifically query the status of key signaling molecules and cellular functions,
simultaneously, have permitted High Content Analysis (HCA). HCA is a multiplex approach
specifically adapted to assess the health of thousands of primary adherent cells
(macrophage/monocytes; hepatocytes, neural and muscle cells) and their sensitivity to
environmental changes, This new approach is especially valuable in large population based
studies where cells from thousands of patients are collected and cryopreserved for later
expansion. The advantages of HCA within the context of identifying developmental
neurotoxicants and immunotoxicants relevant to autism risk include:

1. Detection of sub-lethal damage that can occur one or two logs lower in concentration than that
identified with an IC50 curve of a classic cytoxicity assay.

2. Detection of chronic damage to cellular organelles (such as abnormal growth and membrane
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transport, damage 1o endoplasmic reticulum, mitochondria, and nuclear chromatin).
Damage relevant to developmental neurotoxicity frequently is triggered by chronic
exposures to low doses, and these can be mimicked using HCA.

3. Detection of cellular damage to cells of human origin, not only primary immune cells not
typically amenable to flow cytometry, but also induced pluripotent stem cells (iPSC) and
neural cells derived from them, and tissues collected at the time of delivery.
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Senator James M. Inhofe

1. In your testimony you mentioned that the vast majority of public and private resources
have gone to support work on identifying genetic impairments associated with autism risk
and that further rescarch is needed on other factors that cause autism. How beneficial do
you think it would be for autism research to start melding the two together and looking at
how certain genetic markers coincide with specific outside risk factors in autism cases?

Senator Inhofe, research into the pathophysiology and genetics of autism has already informed
scientist about which environmental exposures are most likely to promote adverse outcomes in
brain development that influence risk and severity to these debilitating disorders. Conversely,
understanding how low-level chemical exposure influences molecular, cellular, and behavioral
outcomes relevant to the development of autism will enlighten geneticists, neuroscientists, and
immunologists about autism’s complex etiologies and possibly yield novel intervention
strategies. The inherent imbalances in neuronal connectivity in children at risk for autism are
likely to provide the biological substrate for enhanced susceptibility to environmental triggers
that are known to target signaling systems. These systems establish the basic patterns of
connectivity, from early neuronal migration and axonal pathfinding to postnatal refining of
neuronal connections. Three examples of gene x environment interactions that likely contribute
to autism risk can be illustrated: pesticides that interfere with (1) acetylcholine (ACh) and (2) y-
aminobutyric acid (GABA) neurotransmission; and (3) the persistent organic pollutants that
directly alter Ca®* signaling pathways and Ca**-dependent effectors. One fundamental way in
which heritable genetic vulnerabilities can amplify the adverse effects triggered by
environmental exposures is if both factors (genes and environment) converge to dysregulate the
same neurotransmitter and/or signaling systems at critical times during development.
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Senator KLOBUCHAR. Thank you very much.
Dr. Lanphear.

STATEMENT OF BRUCE LANPHEAR, M.D., MPH, SENIOR SCI-
ENTIST, CHILD AND FAMILY RESEARCH INSTITUTE, AND
PROFESSOR, SIMON FRASER UNIVERSITY, VANCOUVER,
BRITISH COLUMBIA, AND ADJUNCT PROFESSOR, CIN-
CINNATI CHILDREN’S HOSPITAL MEDICAL CENTER

Dr. LANPHEAR. Thank you very much for the opportunity to be
here today.

I wanted to focus my testimony on other neurodevelopmental dis-
orders, because we have talked quite a bit about autism as a win-
dow into why we should be concerned about chemicals, particularly
as they might relate to autism.

Children’s environmental health has grown tremendously in the
past decade or two. It has been fueled by the emergence of new
morbidities or diseases in children. Research has shown that fetus
and child are particularly vulnerable to environmental influences
and toxicants in particular. Mounting evidence is implicating envi-
ronmental exposures as major risk factors for some of the most
common diseases and disabilities in children. Finally, research in-
dicating that many diseases of industrialized societies in adults
have their origins in early childhood. So what happens during
childhood has implications for a person’s ability throughout life to
contribute.

In short, and in contrast—and this is important—in contrast
with many other types of research, this field of research offers tre-
mendous promise and potential to prevent many of the diseases af-
fecting America’s children.

One in six American children has a developmental problem, from
a subtle learning disability to overt behavioral disorders such as
ADHD or autism. Although the data are sparse, many of these dis-
eases appear to be rising. The findings from some of the most thor-
oughly studied and widely dispersed environmental toxicants—such
as lead, tobacco, PCBs, and mercury—indicate that exposures to
exceedingly low levels are risk factors for deficits in intellectual
abilities and executive functions. Executive functions are those
things that distinguish us most clearly from other animals. None
of us would be sitting here today if we didn’t have good executive
functions.

So this is becoming increasingly important, if we want to try to
make sure that children can contribute to society.

We also know that they are major risk factors for behavior prob-
lems such as ADHD and criminal behavior. These conditions can
severely impair a child’s ability to succeed in school, to interact so-
cially. They can elevate a child’s risk for violent and criminal be-
haviors. And they can dramatically diminish their ability to con-
tribute to society.

We have heard about several other new emerging toxicants. And
there is indeed emerging evidence that a whole host of new envi-
ronmental chemicals, many of which are routinely found in preg-
nant women and children, such as bisphenol-A, flame retardants,
pesticides, pthalates, and airborne pollutants, are associated in
early studies with intellectual deficits or behavior problems al-
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though the evidence is not as conclusive as some of the more estab-
lished toxicants.

Much of the research I quoted from was from the NIEHS USEPA
Children’s Centers in collaboration with the Centers for Disease
Control.

I wanted to share just a few highlights of the Cincinnati Chil-
dren’s Environmental Health Center to highlight the impact of a
low-level toxicant, lead, on both children and society as an indi-
cator of the extent of the seriousness of what we have always
thought of as a subtle problem. In a series of studies we found an
increase in blood lead levels from less than 1 microgram per deci-
liter to 10 micrograms per decaliter, which is well below the CDC’s
level of concern, were associated with a 6 to 7 IQ point decrement.
On a population level a shift in IQ of 5 points across a population
in the United States would mean 3 and a half million more chil-
dfl‘"fen who qualify as being mentally retarded. These are not subtle
effects.

We also confirmed early reports implicating childhood lead expo-
sure in the epigenesis of ADHD. As Dr. Birnbaum pointed out, we
estimated that one in three cases of ADHD in U.S. children—that
is over 1.5 million cases—could be attributed to prenatal tobacco
exposure—that is when the mom smokes—or childhood lead expo-
sure.

Finally, we have confirmed that childhood lead exposure is a risk
factor for impaired brain development, using brain imaging studies,
again, focused in particular on the prefrontal cortex, that area re-
sponsible for executive function, as well as criminal arrests in
young adults. Collectively, these and other studies suggest that a
large proportion of crimes and homicides in the United States over
the past century can be attributed to lead toxicity.

Now, we don’t tend to think of low-level chemical exposures as
being of any consequence. But the levels we are talking about are
the same concentrations that we try to achieve with therapeutic
doses of anti-psychotics. We know these low-level chemicals can
have an impact on behavior.

It has been estimated, using these studies, that for every dollar
we invest in preventing lead exposure, we would benefit by $17 to
$20, or annually, somewhere between $30 billion to $34 billion. I
focused on just one toxicant. But I think they indicate the impor-
tance of this kind of exposures that occur.

Finally, let me just end by saying that we have talked a bit
about the research. That is increasingly important. Still, we can’t
ignore the pattern of pathology we have seen with these other es-
tablished toxicants: lead, tobacco, PCBs, and so forth. It is clear to
me that we know enough to require pre-market testing for a whole
host of other environmental chemicals, particularly those that are
used in high volumes. The alternative, to continue to experiment
on our children, is no longer tenable.

We should also look back to the history of drug regulations. For
50 years prior to drug regulations taking effect in the 1960s, there
was a handful of people arguing that we needed better regulations.
It took the thalidomide epidemic for us to take action. Perhaps au-
tism is the equivalent for environmental chemicals.

Thank you.
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[The prepared statement of Dr. Lanphear follows:]

Prepared Statement of Dr. Bruce Lanphear
Senior Scientist, Child & Family Research Institute,
Professor, Faculty of Health Sciences, Simon Fraser University
Adjunct Professor, Cincinnati Children’s Hospital Medical Center

Children’s environmental health -- the study and prevention of disease and disabilities in
children from exposures to social, physical, biologic, and chemical agents -- has emerged as a
new field of research, policy, and clinical practice (Landrigan et al. 1998). The growth of this
field has been fueled by the emetgence of new morbidities in children, research showing that the
fetus and child are particularly vulnerable to environmental influences, and mounting evidence
implicating environmental exposures as major risk factors for prevalent diseases and disabilities
in children (Lanphear, 2005).

One in six American children have a developmental problem, from a subtle learning disability to
overt behavioral disorders, such as attention deficit hyperactivity disorder (ADHD) or autism
(Boyle et al. 1994; Hertz-Picciotto, 2009). These conditions can severely impair a child’s ability to
succeed in school, elevate their risk for violent and criminal behaviors, and dramatically diminish
their ability to contribute to society.

The findings from some of the most thoroughly studied and widely dispersed environmental
toxicants indicate that exposure to exceedingly low levels are risk factors for the “new
morbidities” of childhood -- intellectual impaitments, behavioral problems, asthma and preterm
birth (Lanphear, 2005). Indeed, thete is often no apparent threshold and, in some cases the
effects appear to be greater at the lowest levels of exposure (England et al. 2001; Canfield et al.
2003; Lanphear et al. 2005; Yolton et al. 2005).

Exposutes to established environmental toxicants -- such as lead, tobacco, PCBs and mercury --
have consistently been linked with higher rates of intellectual impairment or behavioral
problems, such as conduct disorder and ADHD (Needleman et al. 1990; Schantz et al. 2003;
Kahn et al. 2003; Wakschlag et al. 2002; Stewart et al. 2003; Needleman et al. 1979; Lanphear et
al. 2005; Yolton et al. 2005). There is emerging evidence that a whole host of new environmental
chemicals — such as Bisphenol A, PBDEs, pesticides, phthalates, and airborne pollutants — are
associated with intellectual deficits ot behavioral problems in children, but the evidence is not as
conclusive (Rauh, 2006; Engel, 2010; Eskenazi, 2007; Braun, 2009; Perera 2009; Herbstman,
2010). Much of this research was done by the NIEHS/US EPA Children’s Environmental
Health Research Centers working collabotatively with the Centers for Disease Control and
Prevention.

Children’s developing brains ate more vulnerable to certain toxicants and pollutants than adults.
The central nervous systems of the fetus and young child, which are undergoing rapid changes,
are particularly vulnerable to some toxicants. The fetus is a recipient of toxicants through
placental transfer (Perera et al. 2003; Whyatt and Perera 1995; Bearer 2003). In some cases, such
as mercury, the fetus is exposed to a larger dose than the mother (Ramirez et al. 2000). In other
cases, such as organophosphate pesticides, the fetus may lack critical enzymes to metabolize
environmental toxicants (Chen et al. 2003). Toddlers are often at greater risk for exposure to
many environmental toxicants because they have a high degree of hand-to-mouth activity and
they absotb some toxicants more efficiently (Bearer 1995).
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Biomarkers are revolutionizing our ability to study the impact of environmental chemicals on
neurodevelopmental disabilities (Perera, 1997; Lanphear and Bearer 2005; CDC 2003; Sexton et
al. 2004). Historically, scientists and clinicians relied on indirect markers -- housing condition,
poverty, questionnaires, and community-level monitoring of water and air -- to quantify the
effect of environmental influences on children’s health (Sexton et al. 2004). Biomarkers ate
making it possible to directly measure the internal dose for many environmental chemicals and
test causal associations of environmental exposures with disease and disability in children.

I wanted to share some of the results of the Cincinnati Children’s Environmental Health Center
to highlight the impact of low-level toxicity on children. In a 2003 study, published in the New
England Jonrnal of Medicine, we estimated that an increase in blood levels from <1 ug/dL to 10
ug/dL was associated with a 7 IQ point decrease (Canfield, 2003). Because of the policy
implications, we convened an international group of experts to conduct a pooled analysis of
seven cohort studies. We estimated that an inctease in blood levels from <1 pg/dL to 10 pg/dL
was associated with a 6 IQ point decrement (Lanphear, 2005). These studies have been
confirmed by over ten studies conducted around the wotld.

We also confirmed eatlier reports itnplicating childhood lead exposute in the epigenesis of
psychopathology in children. We estimated that one in five cases of ADHD in US children were
due to childhood lead exposure (Frochlich, 2009). We also found joint effects of prenatal
tobacco exposure and childhood lead exposure. Although each toxicant was associated with a
2.5-fold elevated tisk for ADHD, children with higher exposures to both toxicants had a 8-fold
elevated risk for ADHD (Froehlich, 2009).

Finally, we confirmed that childhood lead exposure is a risk factor for criminal arrests in young
adults. We found that lead exposute is associated with conduct disorder, criminal arrest and
impaired brain development using magnetic brain imaging (Braun, 2008; Cecil 2008; Wright,
2008; Brubaker 2009). These and other studies suggest that much of the criminal and violent
behaviors in the US can be attributed to lead toxicity (Nevin, 2000; Reyes, 2007).

Gould used these studies to conduct a cost-benefit analysis of lead toxicity. She estimated that
for every dollar spent to reduce lead exposure, society would benefit by §17 to §220, a net
annual benefit of $30 billion to §44 billion (Gould, 2009).

Over the past century, increasing evidence has emerged linking chronic, low-level exposure to
environmental influences and industrial pollutants with many of the most prevalent and
disabling learning and behavioral problems in children. But questions remain. It is critical, for
example, to examine the interactions of multiple environmental toxins or pollutants and to
identify how genetic susceptibility or other markers of susceptibility elevate the risk for discase
or disability. It is critical to discern whether the new chemicals are risk factots for autism and
other emerging behavioral problems in children. Funding that is directed to children’s
environmental health research — the Childten’s Environmental Health Centers, the National
Children’s Study and other research awards -- offers us the opportunity to resolve many of the
unanswered questions and prevent some of the most serious problems that impact children’s
learning abilities and behavioral problems, but much more needs to be done.
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Questions for Lanphear
Questions from:

Senator Barbara Boxer

1. Doctor Lanphear, your testimony states that research on the impacts of
environmental toxins is showing that "in some cases the cffects appear to be greater at
the lowest levels of exposure ... "'

Could you please give me some examples of what the research is finding on this issue?

‘There are over five studies that have reported greater decrements in IQ or other intellectual
abilities in children at the lowest levels of lead exposure. In other words, while having a
blood lead level of 20 micrograms per deciliter is associated with greater cumulative 1Q
decrements than having a blood lead level of 10 micrograms per deciliter, an increase in
blood lead from <I micrograms per deciliter to 10 micrograms per deciliter is associated with
greater [Q decrements (an estimated 6 IQ points) compared with the decrements associated
with an increase from 10 micrograms to 20 micrograms per deciliter (an estimated 2 I1Q
points). This surprising finding indicates that there is no safe level of lead in blood.

Two studies of tobacco exposure showed the greatest decrements in newborn birth weight
and reading abilities in school age children at the lowest levels.

Other studies, such as those studying mercury toxicity, have not yet found a threshold. One
study suggests that there are greater cognitive deficits at lower levels of arsenic exposure, but
it has not been confirmed.

Why are these studies important? Because, with the exceptions of carcinogens, most
regulations for chemical and metals assume that there are thresholds; that they are not toxic at
the lowest levels of exposure. This emerging research indicates that for a given increase in
exposure, there may be substantial damage at the lowest levels with no evidence fora
threshold. If chemicals are toxic at the lowest measurable levels, this means that a far greater
number of children or Americans will be adversely affected. Finally, subtie effects which
affect millions of Americans results in substantial health impacts and costs. For example, our
own research has been used to show that for every $1 invested to reduce children’s exposure
to residential lead hazards, society would benefit by $17 to $220, a cost-benefit ratio that is
better than vaccines. This is equivalent to over $30 billion in annual savings for the United
States.

2. Doctor Lanphear, how important do you think it is for researchers to better
understand how to assess the interactions of multiple environmental toxins on the
health and development of our children?

It is extraordinarily important to understand how interactions of multiple toxins, or toxicants,
impact children’s development. If we do not take into account the joint effect of various
toxicants, we will, in many cases, erroneously dismiss or underestimate the effects of potent
toxicants on children and adults in the United States.
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For example, in a national US study, we recently found that children who were prenatally
exposed to tobacco (i.e., the mother was an active smoker) or who had blood lead levels in
excess of 1.4 micrograms per deciliter (virtually ail of the children had blood lead levels < 10
micrograms per deciliter, the current CDC level of concern), were 2.5-times more likely to
meet criteria for ADHD, using a validated instrument. But children who had high exposures
to both tobacco and lead were 8-times more likely to have ADHD.

This study also estimated that one out of every three children who met diagnostic criteria for
ADHD could be attributed to either lead or tobacco exposure. Although less definitive, other
studies of this same data set found that pesticides were associated with ADHD symptoms.

3. Doctor Lanphear, what docs the current state of research on the potential impacts of
environmental toxins, including lead, tell you about the need for policymakers to use
this type of information to protect children's health?

The current state of the science is sufficient for us to revise the Toxic Substances Control Act
of 1976. One essential measure of these new regulations would be to require industry to
prove that chemicals sold or used in products are safe — before they are marketed.

Although there are some uncertainties about whether any particular chemical is toxic, the
pattern of pathology or toxicity that has been confirmed for numerous metals or chemicals
(e.g., mercury, lead, PCBs, tobacco, arsenic) is sufficient for us to conclude with absolute
certainty that low-level exposures to these chemicals have the potential to be toxic, especially
for the developing fetus or child.

This situation is analogous with the recognition that drugs should be tested for safety and
efficacy BEFORE they are marketed. Although there were scientists who argued for stronger
regulations on drugs since the early 1900s, they were only introduced after the thalidomide
epidemic. The European Union has already acknowledged this by shifting the burden of
proof to industry. If US manufacturers want to sell their products to the EU, we will have to
meet the EU standards.
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Senator James M. Inhofe

1. You mention an example that used cohort studies to look at blood concentrations and
IQ. Given that cohort studies are subject to many biases and not suited to study rare
diseases (or in this case very small changes in 1Q), do you think it is appropriate to look
at different methodology?

There are ways to accelerate or augment the existing types of studies or study designs to
enhance our ability to make more definitive conclusions about the safety or toxicity of
chemicals, First, we can rely on validated animal toxicity studies without requiring human
studies. Indeed, if we are to require industries to prove that their products are safe before
marketing, we will have to rely on this type of study. There is a tremendous track record
showing that most (but not all) animal toxicity studies are relevant to human health. (If
anyone argues otherwise, they would also have to acknowledge that a sizable fraction of
NIH-funded studies are of questionable merit because many NIH-funded studies rely on
animal models.)

Second, there are newer, alternative types of toxicity testing that were recently reviewed by
the National Academies of Sciences, but many of these tests are still being validated.

Third, whenever possible and ethically acceptable, we can reduce exposures to existing (and
persistent) environmental chemicals in an experimental or randomized fashion and examine
whether the participants who were assigned to the reduced exposure group benefit. This type
of study can benefit the participants of the study by reducing exposure at the same time as
testing preventive interventions (e.g., increasing dietary intake of fish low in mercury during

pregnancy).
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Senator KLOBUCHAR. Thank you very much.
Ms. Moen, thank you for being here.

STATEMENT OF MARY MOEN

Ms. MOEN. Thank you, Senator Klobuchar.

I am happy to be here today with my husband, Steven, and my
10-year-old son, Max, from our home in Minneapolis, Minnesota.
Thank you for the opportunity to speak with you about the effect
of autism on my family.

When Max was 3 years old he was diagnosed with an autism
spectrum disorder. The diagnosis came after a year of fear and
frustration as our bright and active baby had become increasingly
agitated and aggressive as a toddler. As a pre-schooler any social
situation was very challenging for Max. He became difficult to
manage outside the home safely and was increasingly bothered by
loud and high pitched noises, smells, and touch.

His reactions to things he didn’t like were explosive and often
dangerous. His brother, Theo, was born during this time. And the
stress of a new baby and an uncontrollable 3-year-old was more
than we could bear.

We took Max for lengthy evaluations through Minneapolis public
schools and medical assessments at two different autism specialty
centers. The school district gave him an educational label of autism
spectrum disorder at age 3 and a half. The doctors’ and psycholo-
gists’ reports gave similar findings.

At the time he was diagnosed, many around me were asking how
Max got autism. We suspect a genetic link, but the time it didn’t
matter. I was focused on moving forward to help my son, who was
by now so obviously different from his peers. Everything we read
about treating autism told us that early intervention was key. We
bought books, went to conferences and begged for consultations
with over-scheduled experts in the field. We learned what methods
would be most effective for Max but were frustrated to find waiting
lists as long as 6 to 12 months at facilities that offered these serv-
ices.

I quit my teaching job, and my husband cut back on his ortho-
pedic surgery practice. It became our mission to put together an
appropriate treatment plan that would address Max’s unique
needs. We worked to tweak this plan for the next few years of
Max’s life.

When he began kindergarten at age 6, we learned that our local
community school did not have an autism program. Although Max’s
reading and math skills were far above grade level, his poor social
skills and lack of self-control meant he needed more support. We
had to send him to a school outside of our community. And doing
so created even more impediments to making friends, and his social
isolation was not improved.

Our goal was to bring his skills to a point where he could be fully
mainstreamed and moved to our community school by first grade.
This took a lot of hard work, including doubling up on therapy and
intensive summer programing. He has now been at the school for
3 years.

Life was somewhat easier now, but not without struggles. We
made the difficult decision to give Max medication to control his
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impulses and stay calm. Meltdowns come weekly, rather than
daily. Things like playing on a sports team, making friends, and
going to summer camp that are just natural steps in a neurotypical
child’s life come carefully planned and prepared for Max. Setting
him up for success takes understanding his challenges as well as
a tremendous amount of time and forethought.

So while things look pretty good right now, we never really know
what will set Max back or how long he will need our help. We hope
he will continue to excel academically and go on to college and be
a productive and happy adult.

In contrast, Max’s 48-year-old aunt, who we suspect is also in the
autism spectrum, is unemployed, socially isolated, and entirely de-
pendent on her aging parents. People like her, with undiagnosed
and untreated autism, are an example of autism’s costs to our econ-
omy and society.

I now feel like I can look beyond our situation and address some
of the questions others were asking me when Max was first diag-
nosed. There are many unanswered questions that can only be an-
swered through more research. As families of children with autism,
we each struggle with the why. The manifestations of autism are
as diverse as the families and communities from which children
with autism come.

I do not believe we can come to a simple conclusion when it
comes to the cause and effects of such a complex disorder as au-
tism. While there is an urgent and growing need for resources for
early identification and intervention, ongoing treatment, medical
care, and social services for children and adults with autism, it is
also imperative that we focus resources on continued research so
that we can one day identify its cause. Until we have done the ex-
tensive research necessary to understand autism, we cannot leave
any stone unturned or rule out any possible factors as a cause of
this disorder.

Thank you for the opportunity to share my story with you today.
I welcome any questions you may have.

[The prepared statement of Ms. Moen follows:]
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Senator Klobuchar and Distinguished members of the Subcommittee:

My name is Mary Moen. My husband Steve and my 10 year-old son, Max, are here
with me today from our home in Minneapolis, MN. When Max was three years-old
he was diagnosed with an Autism Spectrum Disorder called Pervasive
Developmental Disorder-Not Otherwise Specified. The diagnosis came after a year
of fear and frustration as our bright and active baby had become increasingly
agitated and aggressive as a toddler.

As a preschooler, any social situation was very challenging for Max. He became
difficult to manage outside the home safely and was increasingly bothered by loud
and high-pitched noises, smells and touch. His reactions to things he didn’t like were
explosive and often dangerous. His brother, Theo, was born during this time and
the stress of a new baby and an uncontrollable 3 year-old was more than we could
bear.

We took him for lengthy evaluations through Minneapolis Public Schools and
medical assessments at two different autism specialty centers. The school district
gave him an educational label of autism spectrum disorder. The doctors’ and
psychologists’ reports gave similar findings.

At the time he was diagnosed, many around me were asking how Max got autism.
We suspected a genetic link and | wondered about the effects of the infertility
medications I had taken for the two years previous to his birth, but at the time it
didn’t matter. I was focused on moving forward to help my son who was, by now, so
obviously different from his peers.

Everything we read about treating autism told us that early intervention was key so
we could not wait for services to come to us. We bought books, went to conferences
and begged for consultations with over-scheduled experts in the field. We learned
what methods would be most effective for Max, but were frustrated to find waiting
lists as long as 6 to 12 months at facilities that offered these treatments. We sought
out private therapies until we could get into an autism program. These therapies
often were not covered by insurance. Thankfully we live near Fraser Child and
Family Center, the largest provider of Autism Services in the Midwest. At Fraser |
was assigned a case manager and Max was admitted into a day treatment program
for children with autism. The words of one psychologist haunted me. “You're going
to have to teach your son many of the developmental things that other kids learn
naturally.” I wondered, “What were those things?” and “What if I missed
something?”. I quit my teaching job and threw myself into this full-time. My
husband also cut back on his orthopaedic surgery practice to be home more. It
became our mission to put together an appropriate treatment plan that would
address Max’s unique needs and we worked and tweaked this plan for the next few
years of Max’s life.

When he began kindergarten at age 6, we learned that our local community school
did not have an autism program and although Max’s reading and math skills were
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far above grade level, his poor social skills and lack of self-control meant he needed
more support. We had to send him to a school outside of our community that had an
Autism Program. We always thought it was strange to take kids with a social
disorder and send them to a school outside of their community, where there are
even more impediments to making friends.

Our goal was to bring his skills to a point where he could be fully mainstreamed and
moved to our community school with no autism support by first grade. It took a lot
of hard work to make this happen-including doubling-up on therapy and intensive
summer programming.

Moving to our community school was an extremely difficult transition despite some
very well-meaning teachers. The staff was not experienced in working with kids on
the autism spectrum. Despite these challenges, we felt it was important for Max to
experience a mainstream school setting instead of being accommodated in a special
education program. My husband calls it the “school of hard knocks”, and there have
been plenty of hard knocks. Max works so hard each day that it is not uncommon for
him to fall asleep in exhaustion before dinner,

Life is somewhat easier now, but not without struggles. We made the difficult
decision start medication to help control his impulses and stay calm. Meltdowns
come weekly rather than daily. Max's interests are not like his peers and making
friends is very difficult. Teaching him tools to resolve conflict is an ongoing lesson.
He is often inflexible and resistant to change. Things like playing on a sports team,
making friends and going to summer camp, that are just natural steps in a neuro-
typical child’s life come carefully planned and prepared for Max. Setting him up for
success takes understanding his challenges as well as a tremendous amount of time
and forethought.

Max turned 10 last Sunday and will be starting 4* grade in a few weeks. He is a
bright, outgoing star at school. He is known and loved by his teachers and staff. He
is beginning to have success in age appropriate experiences after 6 years of Special
Education, therapies, medication and social skills training. He plays on basketball,
baseball and soccer teams and joined the chess club. He would tell you that he has a
few friends. He is going to sleep away camp for the first time next week , which isa
milestone for any child, but particularly for a child with autism that has difficulty
making friends and adapting to change.

So while things look pretty good right now, we never really know what will set Max
back or how long he will need our help. We hope he will continue to excel
academically and go on to college and be a productive and happy adult. In contrast,
Max’s 48 year-old aunt who we suspect is also on the autism spectrum, is
unemployed, socially isolated and entirely dependent on her aging parents. People
like her, with undiagnosed or untreated autism, are an example of autism’s cost to
our economy and society.



77

Our family is at a point now where I feel like I can look beyond our situation and
address some of those questions others were asking me when Max was first
diagnosed. How did Max get autism? Why is autism increasing? And what can [ do to
help so other parents and children can be spared this difficult path? There are many
unanswered questions that can only be answered with more research. As families of
children with autism we each struggle with the “why”. The manifestations of autism
are as diverse as the families and communities from which children with autism
come. I do not believe we can come to simple conclusions when it comes to the
cause and effects of such a complex disorder as autism. While there is an urgent and
growing need for resources for early identification and intervention, on-going
treatment, medical care and social services for children and adults with autism, it is
also imperative that we focus resources on continued research so that we can one
day identify its cause. Until we have done the extensive research necessary to
understand autism, we cannot leave any stone unturned or rule out any possible
factors as a cause of this disorder.

Thank you for the opportunity to share my story with you today.
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Dear Senator Boxer:

In response to your question:

“Ms. Mcen, you've heard government officials and researchers from across the country describe the
importance of the studying environmental factors in potentially triggering neurological disorders,

What would you tell these people about the importance of their research--in terms of helping people in our
society impacted by this disorder?”

To government officials: Please continue to fund autism research and hold researchers accountable for
quality studies and findings. Please listen to researchers if there is any suspect food or chemical on the
market and fight to have it removed. Also please continue to support programs for early diagnosis and
intervention for children with autism.

To researchers studying autism: | am not sure that you can help my son, but for all the babies yet to be
born, please let us know if you suspect anything mother's are ingesting or living near may possibly impact
their child. | know that we do not want to create hysteria similar to the vaccine/mercury case, but, for
example, if there is any question about chemicals in food, at least doctors could be suggesting that
naturat foods only be ingested by pregnant mothers and small children. Many assume that if a food is on
the shelf, it is harmless to eat.

1 advocate constantly for my son. | am at school, on the soccer field and in my neighborhood, ensuring
that he has equal opportunities and positive experiences. | want to know that someone is out there
advocating for me and all the children and adults affected by autism and other neurological disorders. |
felt that at the Senate Hearing from you, Senator Boxer, and Senator Kolbuchar. Although finding the true
cause of this disease has been desribed as very large in scope, | pray that the researchers realize the
huge economic and social impact of their work as well.

Thank you for the opportunity to speak at the hearing.
Sincerely,
Mary Moen



79

Senator KLOBUCHAR. Thank you so much. Thank you for your
courage.

She did a pretty good, right, Max? You liked it. You were good.

So thank you for that, and all the work that you have done. Your
story sounds eerily similar to some of my friends who basically
gave up their jobs as well and focused on trying to figure out what
was wrong and then how to fix it. I would think knowing the root
cause would obviously make it a lot easier in figuring out the treat-
ment.

Could you just talk first about some of the impediments you had
in getting treatment? I know Minnesota is one of the medical mec-
cas and a good place to be when things go wrong. But do you want
to talk about some of the obstacles and what you think could be
done to improve that?

Ms. MOEN. Definitely. Initially, there is a lot of shame. Because
the behaviors he was exhibiting were more embarrassing than any-
thing else. We called it the walk of shame, when we would go walk
down the hall to the preschool teacher to find out what happened
that day. So at first, just admitting that there was something that
was different from his peers.

It was fairly easy, living in a metro area, with the Minneapolis
public schools doing early childhood screening as early as we need-
ed it, to get him to special education. But the appointments to get
in with an autism specialist were 6 months long, just to get a diag-
nosis. We didn’t know it was autism at that time, but we were
looking at all of our different options.

Senator KLOBUCHAR. And when you are here today, when you lis-
tened to the testimony, I know you are out there about some of the
research that is going on, and this complex interaction, as you have
acknowledged, that it may not be just one silver bullet, the solu-
tion, between genetics and environmental factors, what is your re-
action to that? You mentioned that you thought it could have a ge-
netic link, because of this aunt, I assume.

Ms. MOEN. Yes.

Senator KLOBUCHAR. So what has been your own journey in try-
ing to follow the research and figure out what is going on?

Ms. MOEN. My journey has been very recent, because I truly
haven’t felt that I have been able to look outside of my little world
until very recently. I am not surprised, because I have two sons.
They both have the same aunt. One of them is neurotypical; one
of them is not. And there have always been questions about what
it could be, beyond that. I don’t think we can stop looking at that.

Senator KLOBUCHAR. Thank you.

Dr. Pessah, we were talking earlier with Dr. Birnbaum about
this, the CHARGE study and what has been going on there. She
mentioned that you could help to further illuminate, there must be
preliminary findings, because it is not completed?

Mr. PESSAH. There are.

Senator KLOBUCHAR. On the immune system and the relation.

Mr. PESsAH. The immune disregulation in children with autism
seems to be standing out based on comparisons with case control
comparison groups, including those with developmental delays in
the study without autism and neurotypical children. If I had to sort
of summarize what the major impairments are in the immune sys-
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tem, it would be a pro-inflammatory sort of—pro-inflammatory be-
havior of the immune cells in the presence of antibodies that direct
or recognize proteins within the brain.

We found these, or immunologists found these both in the chil-
dren, but also in the mothers. We have no idea how these auto-
antibodies, as they were called——

Senator KLOBUCHAR. I got an A in high school chemistry, but
then I forgot everything the next week after the test. So could you
just try to explain that a little in layman’s terms, what you are
talking about here?

Mr. PESSAH. Sure. Pro-inflammatory behavior of the immune sys-
tem is essentially one hallmark of immune dysfunction. Pro-inflam-
matory immune system can damage both immune responses but
also is now known to influence neurodevelopment, especially if it
occurs at very precise times during development.

Senator KLOBUCHAR. So pro-inflammatory, is it kind of a hyper-
immune system, or it reacts a lot?

Mr. PEssAH. Essentially hyper-responsive in a particular way.

Senator KLOBUCHAR. All right, so you have this hyper-responsive
immune system, and you mentioned that which, I guess one could
argue that, is that possibly it reacts to some environmental factor?

Mr. PEssAH. That is a very good point. We have actually started
to examine whether immune cells from children with autism re-
spond differently to what we call zenobiotic exposures. The two
that we have examined thus far is mercury, and the other are the
flame retardants. We picked the latter because we now have evi-
dence that flame retardants and others have presented that flame
retardants interfere with both the developing nervous system and
the immune system, possibly through common mechanisms.

Senator KLOBUCHAR. And what was the thing you said about the
protein in the cells? What was that about?

Mr. PEssAH. That auto-antibodies are those antibodies which rec-
ognize self. That is not really supposed to happen. Because it can
promote disease.

So in the mothers at risk for giving birth to an autistic child, we
found that a subset of them have antibodies that actually can react
with fetal proteins. What that means is that during gestation these
antibodies can cross the placental barrier and have an influence, or
have the possibility of having an influence on the developing fetus.

Again, we don’t know why mothers at risk would have these
auto-antibodies. This is something that we are examining now.

Senator KLOBUCHAR. In your testimony, and this is along the
same lines, you said that genetics alone cannot account for the ma-
jority of autism cases currently being diagnosed. Do you want to
elaborate on that?

Mr. PEssAH. Yes. There are some genes that have been associ-
ated with autism. But when you look at the percent of cases which
have these genetic malfunctions, for each gene it is typically less
than 1 percent. And in cumulative total, I think the estimate may
be as high but probably no greater than 20 percent, if you add all
those up.

So there is a large fraction of autism that really, at least at this
point, has not been attributed to genetic contribution.
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Senator KLOBUCHAR. I think you heard my story of these Soma-
lian kids in Minnesota. Maybe you have heard about this before.
Do you have any opinion on that and what could be going on there?

Mr. PESSAH. It is certainly intriguing and deserves more study.

Senator KLOBUCHAR. We will get you the information on it. That
would be helpful.

UC Davis is working on a project called MARBLES, right, Mark-
ers of Autism Risk in Babies Learning Early Signs, to identify
early predictors of autism, whether genetic or environmental? Can
you be more specific in describing the aspects of this project and
what the intended goals are?

Mr. PEssAH. This project, MARBLES, is recruiting women at
high risk of giving birth to an autistic child. This is based on hav-
ing inclusion criteria that the women must have already at least
one autistic child—Dbiological child—in the family. The goals of the
study are to study the biology of the women involved, including
taking blood samples, urine samples, labor and delivery samples,
as well as following the child for the first 3 years after birth.

Such a longitudinal study is now being modeled. It was the pred-
ecessor of the EARLI study which Dr. Birnbaum described. Thus
far, we have about 170 women enrolled. Our target is about 200,
at least for this project period. The retention of women in the
study, because it is a very arduous study for the participants, has
been better than 90 percent. So we are very pleased.

Senator KLOBUCHAR. Very good.

I guess this could be both of you, I will start with Dr. Lanphear.

You mentioned the emerging evidence that new environmental
chemicals have been associated with autism or other
neurodevelopmental disorders. I think you focused on some of the
other ones. But that more research is needed. Can you elaborate
on the information gap, and do you think the NIH priorities are on
track, or the research that is being done across the country?

Dr. LANPHEAR. Yes. First, I should say that using the same
framework, it is going to be extraordinarily important to begin to
understand mechanisms about how these chemicals may impact
children and at different stages of life. What we have begun to do
much more carefully over the last decade or so is to use biomark-
ers, measure how much of a chemical actually a child or an unborn
child is exposed to, and then to see how that plays out, how it im-
pacts the trajectory of learning behaviors and so forth.

So those kinds of studies will continue to be extraordinarily im-
portant. One example has an interaction that we have talked
about, I think Dr. Anastas mentioned, if we look at children and
ADHD, if the mother smokes, the child is about 2 and a half times
more likely to have ADHD. If the child is exposed to lead, higher
levels of lead in childhood, again about a 2 and a half-fold in-
creased risk.

Together, if they are exposed to high levels of both tobacco and
lead, which are both dopaminergic toxins, impacting particular
areas of the brain, they are over 8 times more likely. So this idea
of looking at interactions is really quite important. In a sense, you
could think of it in very much the same way as genes and the envi-
ronment. When they come together there can be tremendous risks
for different kinds of problems.
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Having said all that, while it is critical to do more of this re-
search it seems to me that we do know enough to take action and
develop regulations. Now, even if we develop all those regulations,
there is still going to be plenty for all of us to do. We are not going
to be out of work, although that would be wonderful, if you could
develop regulations that would put me out of work.

[Laughter.]

Dr. LANPHEAR. But I do think the balance here is making sure
that we act on the evidence that we have. And that doesn’t mean
that each new chemical has to be studied to death. We could look
at the pattern that we have seen with other environmental toxi-
cants. And based on that, just like we took regulations, took and
developed regulations based on drugs, we can develop the regula-
tions. And yet of course there is still quite a bit that needs to be
done to look at these new emerging chemicals, some of which are
acting as endocrine disruptors, others as neurotoxicants, or tradi-
tionally, like lead, impact other parts of the body.

Senator KLOBUCHAR. You mentioned the biomarkers. Could you
go into a little detail about how that will help, not only with trying
to find root causes, but prevention, diagnosis, treatment?

Dr. LANPHEAR. That 1s extraordinarily important. In the past we
might have to rely on asking a pregnant woman, how close did you
live to this plastics plant. That is not a very good way of measuring
exposure. Now what we can do is take exquisite measures of expo-
sures that might occur over pregnancy, for example.

So in our Cincinnati home study, what we have done is by

Senator KLOBUCHAR. By exquisite, you don’t mean like jewelry.
What do you mean?

Dr. LANPHEAR. Exquisitely accurate measures of chemicals that
the pregnant woman is exposed to in either her diet or airborne ex-
posures. And look at those at different times. So we have measures
three times during pregnancy in the Cincinnati home study, at 16
weeks gestation, 26 weeks, and at delivery. What we can do is
begin to ask questions, not only about exposures throughout preg-
nancy, by taking the sum of those, but whether there is a dif-
ference, for example, in the timing of exposure.

So when we looked at bisphenol-A, a plastic, we found that expo-
sures at 16 weeks gestation were associated with acting out type
behaviors in the daughters but not in the sons. Now, that needs to
be confirmed. That is the type of research that we can’t make pol-
icy based upon one study. But what it suggests is the timing is im-
portant, looking sometimes at gender differences or sexually
dimorphic behavior differences, based on a chemical.

But we couldn’t have done that without a biomarker. So it is
really critical to be able to measure exposures to chemicals.

Senator KLOBUCHAR. I get that.

Dr. Pessah, do you want to add anything with the biomarkers?
Because I understand them now. We are almost on equal footing.
I am kidding.

[Laughter.]

Mr. PEssaH. I think that by identifying classes of compounds, in
the future we may be able to invoke a precautionary principle
where, if a chemical has chemical properties that will know to be
bioaccumulated—that is, retained in the body—if children are more
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exposed, as you mentioned, that we might be able to predict, as op-
posed to having to test every chemical.

There are various levels of testing chemicals, from the cellular,
the mechanistic, to the epidemiological approach. Given the vast
number of high volume and even greater number of other chemi-
cals in the environment, it behooves us to try to find some com-
monalities amongst chemicals in their mechanism of producing
harm.

Senator KLOBUCHAR. What about this fact that Dr. Lanphear
was talking about, that boys seem to have a higher rate of autism?
I think that is correct. I am just trying to understand this. He
talked about the interrelationship with gender. Any ideas there?

Mr. PEssaAH. I think that is an important factor that needs to be
acknowledged in current and future research, that obtaining cells
from males may be different than obtaining cells from females, in
terms of the level of susceptibility, or the nature of the response
to environmental chemicals. So we need to keep that in mind.

Senator KLOBUCHAR. So if we could just write you a blank check
right now, which sadly we can’t, what would you most, if you could
just conduct the research that you wanted to, in a big way, and I
know there are limits on research, but if you could do that, where
would you want to focus the research? No constraints from anyone
about telling you what it should be or what pot of money it comes
from. If you just wanted to figure out an answer for Mary Moen’s
question about why, what would you do?

Mr. PESsAH. Because of the complexity of autism spectrum dis-
orders, our lesson learned at UC Davis is that you need a multi-
disciplinary approach. You need to have immunologists talk to
neuroscientists talk to toxicologists and pool their efforts, integrate
their efforts in understanding this very complex disorder. So grant-
ed, very large science will address more global issues.

I think concerted studies of specific populations will give you val-
uable answers that could lead to mitigation of autism.

Senator KLOBUCHAR. Do you want to answer that, Dr. Lanphear?

Dr. LANPHEAR. Yes. Given the prevalence of autism, even though
it has risen in recent years, I think the kind of study you would
want to do would be prospective, it would be large. And you would
have multiple measures of various chemical exposures, or the op-
portunity to go back, using a repository, collecting blood or urine
and so forth and storing it. And looking at the children as they de-
velop.

That would of course be augmented by a whole host of other
types of studies, looking very specifically at questions. But that
kind of large birth cohort study, like the National Children’s Study,
I think is going to be an essential part of understanding the risk
factors for the development of autism and ASD.

Senator KLOBUCHAR. Very good.

I want to thank all of you for coming. We will keep the record
open for 2 weeks, and I am sure my colleagues may have some fol-
low up questions. But I wanted to commend you for the work you
are doing. I think that Ms. Moen said it best when she said she
is just now, after struggling and doing everything for Max, gotten
out of that. I know how that one feels, that one box, to start step-



84

ping back and asking why. I think that is what a lot of us are
doing on behalf of moms and dads like her across the country.

It does appear that the solution may not be an easy one, but that
this interaction with genetics and the immunology as well as the
environmental factors is where we should head. So I want to thank
you for all the research you have done.

Dr. Pessah, I think you should try to go head to head with Max
on a math question when we are done, and see how he does there.
dBecause he is supposed to be a math whiz. We will see how he

oes.

So thank you, everyone, for coming. The hearing is adjourned.

[Whereupon, at 11:35 a.m., the Subcommittee was adjourned.]

[An additional statement submitted for the record follows:]

STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

As a father and grandfather, protecting the health of children—born and un-
born—is a personal priority for me. I would like to thank Senator Klobuchar for
scheduling this important hearing to discuss new developments in autism and other
neuro-development disorders.

Autism and related developmental disorders affect approximately 1 in 110 births
and are growing at an alarming rate of 10 to 17 percent per year. At this rate, there
are estimates that the prevalence of autism could reach 4 million Americans in the
next decade. Autism and similar disorders have no ethnic, racial, or social bound-
aries and can affect any family or child indiscriminately. Autism has increasingly
been identified as a mostly complex genetic disorder, but some environmental fac-
tors may also be linked to its causes.

I have always championed the use of the best available science to properly assess
the risks these devastating disorders have on children and families. Due to the in-
creasing rates of autism in children, the Committee must ensure that the best avail-
able scientific research is conducted and appropriate funding is directed toward
these causes.

Both the Environmental Protection Agency and the National Institute of Environ-
mental Health Sciences have dedicated resources to research the environmental
health factors associated with autism, and I look forward to hearing from the wit-
nesses on the status of these ongoing studies. I invite the agencies and experts to
identify areas where there may be inefficiencies or lack of sufficient information so
we can address these issues and make certain that proper resources are being dedi-
cated to the most appropriate areas of study.

The rise in autism is a very serious problem facing our Nation’s children and fam-
ilies, and I will stay committed to discovering the causes and finding treatments.
I look forward to hearing the results of the agencies’ findings and how the Federal
Government can enhance and improve its research efforts.

O
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