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Children’s Health Matters

1 in 42
8-year-old 
boys have 
autism.3

8.4% of 
children 
in the U.S. 
have 
asthma.2

The number 
of children 
diagnosed 
with 
leukemia 
has 
increased by 

35% over 
the past 
40 years.1

35% 8.4%

Approximately 

16,000 
premature 
births per year 
in the U.S. are 
attributable to 
air pollution.4

Children in 

4 million 
U.S. households 
may be exposed 
to high levels of 
lead.5

Genetics were once thought 
to contribute 90% to autism, 
but are now thought to only 
contribute 41-56% in boys and 
13-16% in girls.  

The role of 
environmental 
factors in autism 
is greater than 
previously thought.7

Air pollution 
contributes to 

600,000 
deaths worldwide 
in children under 

5 years old.8    

60% of acute 
respiratory 

infections 
in children 
worldwide 

are related to 
environmental 

conditions.6

Children in the U.S. are at high risk for chronic disease
This may be a result of increasing exposures to environmental toxicants.
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$11,500 – 
$15,600

Lifetime earnings 
lost as a result of 
the loss of one IQ 

point.9

$833,000
Total cost for one 
child with cancer 

(medical costs 
and lost parental 

wages).11

Million
Lifetime cost 
of supporting 

one person with 
autism.12

$76.6 
Billion

Annual cost of 
environmentally 

related diseases in 
U.S. children.10

$2.2 
Billion

Annual cost of 
childhood asthma 

that could be 
attributed to 

environmental 
factors.10

Diseases

A
st

hm
a Cancer

AutismIQ

Environmental exposures in the earliest stages of human development – including before 

these developmental origins of health and disease is critical to reducing children’s 
health risks and improving the quality of life for children and their families.

Behavior. Children’s behavior patterns make 
them more susceptible to exposure. They crawl and 
play close to the ground, putting them in contact 
with dirt and dust. They put their hands, toys, and 
other objects in their mouths. They eat, drink, and 
breathe more than adults relative to body mass.

Biology. Children’s brains, lungs, immune, and 
other systems are rapidly developing. Their natural 
defenses are less developed than adults; skin and 
blood–brain barriers are more permeable, and 

fully developed.

Children are uniquely vulnerable to environmental risks
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“As we embark on 17 years of outstanding interagency 
collaboration, we recognize that we will all gain strength 
and momentum by working together to protect the 
most vulnerable population – our children.”13

– James H. Johnson, Jr., Ph.D., Director, NCER, EPA and Gwen W. Collman, Ph.D., 

Disclaimer

of trade names or commercial products does not constitute endorsement or recommendation by EPA for use. The information 
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EXECUTIVE ORDER 13045 — PROTECTION OF CHILDREN FROM ENVIRONMENTAL HEALTH RISKS

 requires federal agencies to ensure their policies, standards, and programs 
account for any disproportionate risks children might experience.
a memorandum of understanding to jointly fund and oversee a new and impactful research grant program 
focused on children’s health.

changes, 

The Children’s Environmental Health and Disease 

program was established through this unique 
partnership, and continues to be successful in 
protecting children’s health. 46 grants have been 
awarded to 24 centers through a highly 
competitive process.

EPA and NIEHS have together invested more 
than $300 million in the Children's Centers 
program to expand our knowledge on the 
exposures and health outcomes. The partnership 
has led to tangible results in communities across the 
country. 

This impact report highlights some of the progress the 
Children’s Centers have made toward reducing the 
burden of environmentally induced or exacerbated 
diseases placed on children.

8

Exemplifying the value of 
partnerships between 
federal agencies

Executive Summary
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WANT TO 
LEARN MORE?

in what makes the 
Children’s Centers 
program unique, 

see the Hallmark 
Features section.

Approaching the challenge 
of studying children’s 
environmental health 
with a unique 
perspective

A Children’s Center is not a 
pediatric clinic or a physical 

used to describe a research 
program investigating the 
impact of environmental 
exposures on children’s 

located in one building or at 
one university, however many 
centers are located across 
campuses in one or more 
partnering institutions. 

children from preconception 
through childhood, enabling 
a deeper understanding of 

exposures on childhood 
diseases. This approach has 
also allowed for the collection 
of biological samples over 
time. These archives of 
biological samples serve as a 
resource for the future and 
provide critical information on 
the prenatal and childhood 
determinants of adult disease.

Determining what chemical 
exposures are toxic to children 
requires a variety of research 
approaches. Each center 
consists of three to four 
unique but integrated research 
projects related to the center’s 
theme. Children’s Centers 
are supported by cores that 
provide infrastructure, services, 
and resources to the research 
projects to help them meet 
their long–term goals. Each 
center is structured with at 
least two cores: one that 
coordinates and integrates 
center activities, and one that 
engages with the community 

interrelationship exists 
between the projects and 
cores that combine to form 
a cohesive center with a 
common theme.

The Children’s Centers 
examine pressing questions 

allowing the boundaries of 

array of possible approaches. 
They bring together experts 

clinicians, researchers, 
engineers, social scientists, and 
others. Relying on a diverse set 
of disciplines has helped the 
centers successfully bridge the 
gap between environmental 
exposures and health 
outcomes.
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Leveraging the expertise of researchers across the country

WANT TO 
LEARN MORE?

Appendix B for 
more information 

about each 
Children’s Center.

8

1997

$60M

4

2000

$28M

7

2003

$52M

2

2005

$15M

Grants Funded

Year Request for 
Application (RFA) 
Issued

Approximate Joint 
Funding (millions)

Denver

University of 
California, Davis

University of 
Washington

University of California, 
Berkeley (CERCH)

University of California, 
Berkeley/Stanford University

University of California, 
Berkeley (CIRCLE)

University of California, 
San Francisco

University of 
Southern California
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Fostering a new generation of leaders in children’s environmental health 

KEY:
Open grants

Closed grants

Colors correspond 
to year RFA issued

6

2009

$44M

6

2009 
Formative

$12M

8

2012

$62M

5

2014

$28M

46 grants

$301M

8 RFAs
Totals

Northeastern University

Columbia
University

Duke University
(SCEDDBO)

Emory 
University

The Johns Hopkins 
University

Duke 
University
(NICHES)

Dartmouth College

CincinnatiUniversity
of Illinois

University
of Iowa

University
of Michigan
(Israel)

University
of Michigan
(Peterson/
Padmanabhan)

Brown University

University of Medicine and 
Dentistry of New Jersey

Mount Sinai School of Medicine

Harvard University
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The Children’s Centers have 

children’s environmental 
health. They have 
heightened awareness of 
children’s environmental 

have helped establish it 

Research from the centers 
has led to new detection, 
treatment, and prevention 
strategies for diseases related 
to environmental exposures.

Children’s Centers 
research has 

role environmental 
toxicants play in 
the development 
of asthma, obesity, 
ADHD, cancer, 
autism, and other 
childhood illnesses 
that may set the 
trajectory of health 
throughout adult life.

The centers have led the way 
in clarifying the relationship 
between exposures in the 
earliest stages of human 

occurrence of disease later in 

of the developmental origins 
of health and disease is 

interventions to reduce health 
risks and improve quality of 
life for children and adults.

WANT TO 
LEARN MORE?

see the Health 
Outcomes section.

chemical, see the 
Environmental 

Exposures section.

improves the quality of life for 
children and adults

and laboratory–based research. The research has been disseminated through thousands of publications in 

improving quality of life for children and adults.

5 

38 

59 62 

92 

146 149 

181 183 

141 
156 

141 140 

198 

179 

149 

194 193 

138 

0 

50 

100 

150 

200 

19
98

 

19
99

 

20
00

 

20
01

 

20
02

 

20
03

 

20
04

 

20
05

 

20
06

 

20
07

 

20
08

 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

N
um

be
r o

f P
ub

lic
at

io
ns

 

Year 

2,544 publications, 
including journal articles and 
book chapters.

141 publications per year, 

Children’s Centers Publications by Year 
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WANT TO 
LEARN MORE?

in the community 
outreach and 

research translation 

Children’s Centers, 
see the Hallmark 
Features section.

and research results are 

understand. Empowered by 
Children’s Centers program 
requirements  to translate 

protect children, the Children’s 
Centers successfully translate 

solutions. The centers provide 
the public, community 

professionals, decision makers, 
and others with practical 
information about the science 
linking the environment to 
children’s health.

Serving communities in ways 
that help protect children 

and pregnant women

Research from the Children’s 
Centers has reached 
thousands of people across 
the world through various 
forms of media.*

1,400 news media stories

2,300 Facebook posts

8,000 Tweets

between researchers and 
the community help drive 
research design, lead to 
practical interventions, and 
create culturally–appropriate 
communication materials. 

centers empower community 
members to participate in 
planning, implementing, and 
evaluating interventions and 
public health strategies for 
healthier children, families, and 
future generations.
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Continuing to transform the landscape

research programs. The centers are one of several commitments 
to foster a healthy environment for children. They have advanced 
our understanding of the critical role environmental toxicants 
play in the development of childhood illnesses that may set the 
trajectory of health throughout adult life.

million in the Children’s Centers program to better understand 
the impact of the environment on children’s health, there is still 
much to learn. The relationships between many environmental 

needed to reduce or eliminate any uncertainties in associations 
between environmental exposures and health outcomes.

The work of the Children’s Centers 

feasible, simple strategies to prevent 
environmental exposures and reduce the 
burden of disease in children.

collaboration with communities, health professionals, and local, 
state, and federal governments. The strong relationships that the 

of the community in the future.

The future of children’s environmental health relies on research 
that expands knowledge, reduces uncertainty, and furthers 
collaboration.
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The Children’s 
Centers 
research 
program 
addresses 
a broad range 
of key issues 
by:

of children’s environmental health

Stimulating 
new and 
expanding 
existing 
research
on the 
environmental 
determinants of 
children’s health 
and the biological 
mechanisms that 
impact health and 
development.

Using an inter-
disciplinary 
approach 
to understand 
the persistent 
developmental 

and other 
environmental 
exposures from 
preconception 
through childhood 
and adolescence.

Enhancing 
communication 
and accelerating 
translation of 

into applied 
intervention 
and prevention 
methods.
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Brown University

Cincinnati
Children

Columbia University – Columbia Center for Children’s 
Environmental Health 

Dartmouth College – Children’s Environmental Health and 
Disease Prevention Research Center at Dartmouth 

Denver – Environmental Determinants of Airway Disease in 
Children

Emory University – Emory University’s Center for Children’s 
Environmental Health 

Duke University (NICHES)

Duke University (SCEDDBO) 

Harvard University

Mount Sinai School of Medicine
Growth, and Development

Northeastern University – Center for Research on Early 
Childhood Exposure and Development in Puerto Rico

The Johns Hopkins University
Childhood Asthma in the Urban Environment

University of California, Berkeley (CERCH) – Center for 
Environmental Research and Children’s Health

University of California, Berkeley (CIRCLE) – Center for 

University of California, Berkeley/Stanford University – 

University of California, Davis – Center for Children’s 

University of California, San Francisco – Pregnancy Exposures 
to Environmental Chemicals Children’s Center

University of Illinois
Chemicals on Child Development

University of Iowa
Center

University of Medicine and Dentistry of New Jersey – Center 
for Childhood Neurotoxicology and Assessment 

University of Michigan (Peterson/Padmanabhan) – 

University of Michigan (Israel)
Environment and Children’s Health*

University of Southern California
Children’s Environmental Health Center

University of Washington – Center for Child Environmental 
Health Risks Research

Commonly Used Acronyms

Center Names and Affiliations

ADHD
Disorder

ASD

BPA – Bisphenol A

EDCs – Endocrine Disrupting Chemicals

IPM

NO2 – Nitrogen Dioxide

OP

PBDEs – Polybrominated Diphenyl Ethers

PAHs – Polycyclic Aromatic Hydrocarbons 

PCBs – Polychlorinated Biphenyls 

PM

STS

UC – University of California 

μg/dL
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Reading Guide

Interested in impacts in 
communities?

the bottom of some of the topic area pages. 

Research Translation topic area in the 

Want to know 
what makes the 

Children’s Centers so 
successful?

section to learn about the unique 
characteristics that have 
facilitated the program’s 

success.

Need an overview of 
children’s environmental 

health?

area page, which provides general 
information. 

Interested 

research?

at the bottom of each page. These 

abstracts to help you gain a 

understanding.

The Children’s Centers have led the way in demonstrating 
many of the links between environmental exposures and 
health outcomes. This report outlines some of the important 

of children’s environmental health.
the topic area about asthma. To assist readers, an index has 
been provided that lists the various places where a topic is 
mentioned.

may be exposed to environmental toxins, like BPA or lead? 
You will see the report is split into Health Outcomes and 
Environmental Exposures. Within each of these sections, 

Centers have focused on since the inception of the program.

Each topic area includes a brief background, a summary 

community or in decision making. Each of these sections can 
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of environmental exposures. The rapid growth and development that occurs 
in utero and during infancy, childhood, and adolescence makes children 
especially susceptible to damage. In fact, exposures throughout childhood can 

Many factors contribute to children’s health, including genetics, nutrition, and 
exercise, among others. The adverse health consequences of environmental 

determine the extent that the environment contributes to children’s health.

The following pages present research from the Children’s Centers on 
increasing rates of common chronic illnesses and the role of environmental 
exposures.
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$56 billion: 
Yearly cost of  

6

Background
asthma.  Exposure to environmental chemicals 

can worsen asthma symptoms and can reduce ability to control those symptoms.2 

the top reasons that children miss school.  Asthma is a chronic disease, and symptoms 
 These symptoms 

can be controlled by medication and by avoiding triggers. However, certain things such 
as air pollution, mold, and secondhand smoke can worsen symptoms.
the number of children with asthma and the severity of symptoms have risen sharply, 
putting tremendous burden on families and making this issue critically important to 
communities.

Exposure to air pollution is associated with an increased risk of asthma.

2

roadways and decline markedly as you move further away. Children who live, attend school, or play near major roadways are 
more susceptible to asthma.
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• 
children with moderate to severe asthma.

• asthma after ambient exposure to PAHs.

• Asthma risk increased in children who lived closer to major freeways, even those with no family history of asthma.

• New onset asthma in primary school children could be associated with local TRAP near homes and schools.

Asthma
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urban areas. Children in 

The study observed that children in this region were mainly exposed to organic dusts, such as grain and cotton dusts, 

common allergens, and low concentrations of irritants. The asthma prevalence in rural children rivaled that of children in 

asthma.  
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Recent studies about the ways air pollution may exacerbate asthma focused on a particular group of immune cells, called 
T cells, that are important in controlling immune responses for asthma.
T cell function; in children with asthma, impaired T cell function is associated with increased asthma morbidity and 
decreased lung function. Additionally, chronic exposures to ambient PAHs cause epigenetic changes that can suppress 
immune system regulation in children with asthma.

pesticide exposure and raises concerns about health impacts in agricultural areas.  Researchers also found strong 
associations between sulfur use in 
for conventional and organic agriculture, is a respiratory irritant and the most heavily used pesticide in California.
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IMPACT
The Children’s Centers have investigated the causes of asthma so that children can maintain a normal quality of life. Both 
outdoor and indoor air pollution can pose a risk to children whether they live in inner cities or rural communities. 
The Children’s Centers research has helped clarify the relationship between air pollution and asthma. The research has also 
found links between 
that timing matters too. Multiple windows of exposure, including during prenatal and postnatal development, 

asthma. Research from the Children’s Centers help support an improved 
understanding of asthma and has helped children and their families better manage this chronic disease. The research has also 
led to simple, feasible interventions to reduce the severity of The Johns Hopkins University 

asthma symptoms.  The Children’s Centers research is now moving toward exploring 
the links between asthma and other emerging factors, including obesity and immune function.

“ When I have an 
asthma attack, 

with no water.



22

Background

birth weight, and structural birth defects, can be overwhelming and the medical 
costs staggering.22

may be the cause.
fetal life.
an increased risk of health problems in childhood and adulthood.  These infants 

development or learning disabilities.

than 1 in 10 
babies are 
born preterm.26
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associated with shortened gestation.U
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Birth Outcomes
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“You can, as a 
pregnant woman, 
decide not to 
smoke or not to 
drink, but you 
can’t avoid the air 
that you breathe.”

 

University Children’s Center.

exposures. Evidence suggests that fetal growth is an important predictor of adult health.
 Prenatal arsenic exposure was associated with decreased 

head circumference of newborns and decreased birth weight for baby girls born to overweight or obese mothers.D
ar

tm
ou

th
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consumer electronics. Prenatal exposure to PBDEs was associated with decreased birth weight in a population of 

prospective study to examine fetal growth independent of gestational age at birth.U
C 
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IMPACT
Adverse birth outcomes can negatively impact health during childhood and adulthood. The Children’s Centers research has 

phthalates, and PBDEs contributed to lower birthweight. The centers have engaged with communities to address 
concerns about how the environment may be impacting pregnancy. The Children’s Centers continue to improve the 
understanding of how the environmental contributes to birth outcomes in order to prevent exposures and improve children’s 
quality of life. 

IMPACT ON COMMUNITIES
The Emory University Children’s Center created a short documentary to increase awareness of prenatal environmental 
exposures and pregnancy outcomes among African American women living in metro Atlanta.  The center partnered with its 

advocates, breastfeeding counselors, an urban farmer, and state government representatives. The video is helping to raise 
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Background

years old.
cancer.

 Part of this increase is likely due to changes in patterns of 
exposure to chemicals introduced into a child’s environment, alone or in combination 
with genetic susceptibility.  Cancer survivors can develop health problems after 
receiving treatment, known as late complications, but children are of particular concern 

leukemia in children in order to develop prevention strategies. This way, not only is the 
incidence of disease reduced, but also the lifelong impacts for children and their families.

windows of a child’s exposure to harmful chemicals.
and after the child’s birth are associated with risk of childhood leukemia.

in combustion exhaust, and chlorinated hydrocarbons at work were more likely to have children with leukemia.  
Chlorinated hydrocarbons are volatile and cannot be tracked back home; thus, paternal exposure during preconception 
is the most likely susceptible window of exposure.
transported from work back home; thus, the susceptible windows of exposure related to paternal occupation may be 
before and after the child’s birth.
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Cancer

10,000 

diagnosed with 

Tragically, 1,190 of 
these children will not 

survive.
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IMPACT
Research from the UC Berkeley (CIRCLE) Children’s Center has made important strides in uncovering associations 
between leukemia and exposure to tobacco smoke, pesticides, paint, organic solvents, polychlorinated biphenyls 
(PCBs), polybrominated diphenyl ethers (PBDEs), and PAHs.

solvents. This center also investigates the interplay between genetic, immune, and chemical factors to better understand how 
chemical exposures may cause leukemia. Researchers are educating clinicians, public health professionals, and parents about 

disease and of neurodevelopmental, respiratory, and other diseases caused by the same environmental exposures. 

Collaboration
with 

supplementation at the time of conception and during pregnancy reduce the risk of childhood leukemia.
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Exposure to PCBs, PBDEs, and PAHs are potential new risk factors for childhood leukemia.  Alternative assessment methods 
developed by the Children’s Centers made the discovery of these novel risk factors possible.

Traditional methods for assessing exposure, such as interviews and questionnaires, yield limited results due to their lack 

the dust samples to chemical levels in children’s and mothers’ blood samples. They demonstrated that the mothers and 
children living in the most highly contaminated households had the highest burden of these chemicals in their bodies.
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Background
Prenatal and early life environmental exposures can interfere with the function 

including neurodevelopmental disorders and cancer.  The immune and nervous 
systems are tightly linked, and there is growing evidence that disturbances in one 
can have serious consequences for the other. Disruptions to the immune system 

 

and regulation.  Dysregulation of the immune system has also been linked to 
other health outcomes, such as childhood leukemia and atopic disease.  Atopic 
diseases are a group of diseases linked by a shared underlying problem with the 
immune system and include 
Rates of atopic diseases have also rapidly increased in prevalence, possibly due to 

62

Approximately 30% 
of people worldwide 

disease at some point 
in their lives.

30%

Immune function
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• Exposure to PBDEs was linked to  

• 

• 
during development may disrupt the immune system.

• 
 Children diagnosed 

severe responses to common childhood infections.
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IMPACT
Exposures to harmful chemicals during prenatal and early childhood development can disrupt normal function of the 
immune system. Children’s Centers research suggests that disturbances in the immune system may play a role 
in neurodevelopmental disorders and ASD. Immune dysregulation can also make children more susceptible 
to atopic diseases such as asthma and allergies, and severely elevate their responses to common childhood 
infections. Children’s Centers research shows that childhood cancers like leukemia may also be associated with toxic 
environmental exposures that act on the immune system. The Children’s Centers have intensively studied the role of individual 

The 

polymorphisms, and increased metabolic conditions such as diabetes.
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disorders. The centers have worked to determine the molecular mechanisms where immune dysregulation leads to 
atopic disease in children exposed to high levels of ambient air pollutants.

• Exposure to air pollution was linked to changes in the DNA of immune cells. These changes may lead to impaired 
cellular function.  

• 
T cell function, increased asthma severity, and lower lung function in children with asthma.

• Exposure to air pollution resulted in epigenetic changes that were sustained over time.

• The damage to the immune system was more pronounced in children with asthma or rhinitis than in children without 
atopic disease.
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Background
At birth, a baby has formed almost all of its brain cells.  Exposure to chemicals 

born annually, and rates of certain disorders have been increasing over the 
 Not only can prenatal exposures to toxins increase the risk of 

neurodevelopmental disorders at birth, but they can also lead to disorders later in 
childhood.

The brain reaches 

approximately 90% 

age 6.

behavior in childhood. PAHs are widespread in 
fuel exhaust. The 

PAH exposure and adverse cognitive and behavioral outcomes include:

• 

• 

• 

• 

• 

• 
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IMPACT
The Children’s Centers are exploring associations between brain development and environmental toxicants such as lead, 

Prenatal exposures to 
pollutants have shown a relationship to adverse cognitive and behavioral outcomes, demonstrating links to: 
ADHD, reduced IQ, lessened self-regulatory capacities, anxiety, depression, attention problems, lower memory 
function, and structural changes to the brain. Researchers have engaged with parents, childcare providers, and decision 

have helped develop public health policy and interventions aimed at protecting pregnant women and their babies from toxic 

into indoor air and attach to dust particles, that people breathe. 

• Phthalate concentrations in indoor dust were higher in houses of children with developmental delay compared to 
children without developmental delay.

• 
associated with higher phthalate concentrations in indoor dust. 

• Among children without any developmental delays, impairments in several adaptive skills such as ability to follow directions, 
written abilities, and language skills were associated with higher phthalate concentrations in indoor dust.
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Prenatal exposure to chlorpyrifos can interfere with children’s brain development. Chlorpyrifos is a pesticide still widely 
used in 

cord blood samples.
participants. Children exposed to higher levels of chlorpyrifos before birth displayed adverse cognitive and behavioral 
outcomes compared to children exposed to lower levels, including:

• 
years old;

• 
pronounced in boys than in girls with similar chlorpyrifos exposures.

• 
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Background

was previously thought to be mainly due to genetics, however it is now understood that 

 While several factors may 

earlier age of diagnosis, and inclusion of milder cases, these could not account for the 
full extent of the increase.

Caring for a child with 

$17,000 more per 
year than caring for 

• 
jobs.

• 
insecticide applications just before conception or during the third trimester.

• 
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TRAP.

• 

• develop 
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“We hope to identify 
chemical exposures, maybe 
not for every autistic child, 
but for subsets of children 
that are particularly 
sensitive to chemicals. If 
one could identify those 
chemicals and remove or 
reduce their prevalence 
in the environments in 
which children live, one 
would be in a position to 
say that we’ve reduced the 
prevalence of autism.”

UC Davis Children’s Center.

Research has uncovered that interaction 
between genes and the environment may 

gene, that regulates aspects of brain 
development, might interact with air pollution 

high air pollutant exposures and the variant 

compared to children who had neither high 

research strengthened the causal inference 
and indicated a possible mechanism for air 
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IMPACT

and risk of ASD.
Research at the UC Davis Children’s Center led to the development of a biomarker test for early risk of having a child with 

program, the landscape has changed; rigorous research is now being published at a steady and increasing rate, pointing to 
avenues for preventive strategies and treatment options.

The UC Davis Children’s Center 

CHildhood Autism Risks from 

of environmental causes and 

California preschool students with and without autism 
and other developmental delays. Researchers collected 
information about chemicals in the environments of these 
children before and after birth, and assessed children 
for their stage of social, intellectual, and behavioral 

interaction between genes and the environment that 
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17% 
years old. However, the 
rates of obesity are higher 

groups.

Background
Childhood obesity remains a public health concern. While diet and limited 
physical activity are clear contributors to obesity, other factors, such as genetics 
and environmental toxicants, may play an important role. Although rates 
of childhood obesity have been declining in certain groups, rates are steadily 
increasing among others, including Hispanic girls and African American boys. 

are also at a higher risk of developing debilitating and costly chronic diseases later 
in life, including heart disease, type 2 diabetes, stroke, osteoarthritis, and cancer.

Among children with 

2

asthma symptoms in response to air pollution. Additionally, interventions aimed at reducing indoor pollutant levels might 
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phthalates, can interfere with the body’s natural hormones. Exposure to 
EDCs during critical periods of development may play a role in childhood 
obesity and type 2 diabetes by disrupting metabolic homeostasis.  
Prenatal exposure to EDCs was associated with several biomarkers of 
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While laboratory studies on rodents have shown a link between air pollution, fat distribution, and insulin resistance, few 
University 

children.
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Obesity
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American White

22%
20%

15%

Obesity Rates in the U.S.
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IMPACT

pollution, and secondhand smoke lead to obesity in childhood, that persists into adulthood. The Children’s Centers 

the community, researchers have engaged parents, families, and teachers to encourage lifestyle changes to reduce obesity and 
improve children’s health across the country.

IMPACT ON COMMUNITIES

environmental health and green space advocates, 
health practitioners, urban planners, and obesity 

Exercise and Eating” meeting. Hosted by the 

“We want to bring 
another piece into 
the puzzle of healthy 
environments, and we 
sincerely hope that our 
research will inform 
better interventions 
that reduce the risk of 
obesity in children.”

Center.
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The Children’s Centers have been on the forefront of 
using alternative methods to measure obesity both 
in children and in pregnant women. The University of 

of an electric current through body tissues to estimate fat 
free body mass. This is especially useful when measuring 
obesity in pregnant women, when traditional methods 
such as waist and hip circumference do not apply. The 
Cincinnati and the 

scans to measure bone mineral density and also fat mass 
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BACKGROUND

during puberty. Adolescence is also an important period of life when children acquire reproductive capability. Evidence 

puberty at an early age have been found to be at increased risk of psychological and social issues during adolescence and 
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Children prenatally exposed to higher levels of phthalates began puberty either earlier or later, depending on sex, 
compared to those prenatally exposed to lower levels of phthalates.

• 
earlier pubertal development. Girls also developed pubic hair and started menstruation earlier when prenatal 
phthalate metabolites were higher.

• 
later pubertal development. Boys also developed pubic hair later and had lower mature testicular volume when 
prenatal phthalate metabolites were higher. 
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e Girls exposed to higher levels of phthalates at an early age developed breasts and pubic hair at a later age than girls 
who were exposed to lower levels of phthalates.

However, boys prenatally exposed to PBDEs reached puberty later than those not exposed. These results suggest 
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An average newborn 
consumes 2.7 ounces of 
milk or formula per pound 
of body weight per day. For 
an average male adult, this 
is equivalent to drinking 35 
12-ounce cans of a beverage 
per day.1

Children are exposed to more environmental contaminants than adults 
because they eat, breathe, and drink more per unit of body weight. They 

chemicals accumulate in dust an on surfaces.

on chemicals and pollutants in the environment children are commonly 
exposed to through air, 
environments where children can be exposed, including outdoors, indoors at 
home or at school, urban areas, and rural settings.
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Through 
mitigation and reduction 

actions, levels of air 

Background
Exposure to air pollution impacts people of all ages, but infants and children are 

more air pollutants than adults because they have higher breathing rates, are more 
physically active, and spend more time outdoors.2 Because their lungs and immune 

2

health, especially their respiratory health. Air pollution is known to contribute to 
upper and lower respiratory infections and asthma exacerbation, and some studies 
have shown that exposure may also impact infant mortality, weight, and pediatric 
cancer.

PUBLIC HEALTH ACTION

from the 
California, Columbia University, 
and The Johns Hopkins University 

2.
foundation for establishing National 

order to protect human health 
and the environment.  Children’s 

include associations between air 
pollution and low birth weight, lung 
development, and asthma.
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of respiratory health in childhood. As children grow and develop, their 

healthy a person’s heart and lungs will be in adulthood.

• 

from a freeway.

• 

• 

2

outdoors.6

• 
in lung function, even in areas with low regional pollution. These 
results suggest that children who live close to a freeway in areas with 
high ambient pollution levels experience a combination of adverse 

Air pollution
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PUBLIC HEALTH ACTION

adoption of new policies at the local and state level, including for an ordinance stating that new schools should not be located 
 A summary of the 

ordinance

structural birth defects. The 

knowledge base concerning birth defects that may be associated with gestational exposures to TRAP.

• 

• 
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IMPACT
Children’s Centers have made important contributions to evidence linking prenatal 

The centers have improved 
the understanding of links between air pollution, preterm birth, low birth weight, birth defects, lung development, 
asthma, neurodevelopment, and autism spectrum disorder. This work informed policies that have improved 
air quality in the U.S., supported clinical interventions that help keep children healthy, and increased the 
accuracy of methods to measure air pollution.  
of cleaner air: when air pollution is reduced, human health improves, especially for children and other sensitive 
populations.
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PUBLIC HEALTH ACTION
Particles from diesel emissions can contribute to asthma onset and asthma 
exacerbation in children. 
was cited by community partner WE ACT for Environmental Justice to 

tail pipe pollution.

to children as a result of the improved air quality. 2 were reduced, lung function 
improved and bronchitis symptoms decreased in children with and without asthma. Reductions in bronchitis 
symptoms were more pronounced in children with asthma.
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 Portable HEPA air cleaners were also shown to 

reductions could mean that a child is free of Th
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Prenatal exposure to PAH 
was associated with adverse 

and behavioral development 

 alone or in combination 
with material hardship due 
to poverty.  The researchers 

reduction in air PAH levels in 
New York City.

Air pollution CONTINUED
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PUBLIC HEALTH ACTION
Heating oil combustion, which is common in New York City for residential heating, releases ambient metals, which can cause 
respiratory symptoms in young children.

• Columbia Center investigators and community partner WE ACT for Environmental Justice helped to provide education and 

• 

Using advanced methodologies for 
exposure assessment, researchers showed 
associations between PAH exposure and 

and preterm birth. This research 

exposures to criteria pollutants, while 

pollutants such as PAHs, elemental carbon, 
and endotoxin.
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Background
Dietary exposure to arsenic is a potential health risk that begins early in life.  
Arsenic is found in 

are still found in soil.  As a result, food and drinking water can contain levels of 
arsenic that exceed federal health risk targets.
arsenic and are often introduced into a child’s diet during infancy.  Because young 
children have less varied diets, it is estimated that they may have two to three times 
higher arsenic exposure from food than adults.  Children are also exposed to more 
arsenic than adults because they play in the dirt and put their hands in their mouths.  
Until recently, very little was known about the health impacts of arsenic on children. 
Research conducted in the past several years has advanced knowledge on dietary 

in this report are regarding inorganic arsenic compounds, which are highly toxic.   

15 million 
U.S. households 
depend on private 
wells for drinking 
water, particularly in 
rural areas, and may 
be exposed to high 
levels of arsenic.

Dietary exposure to arsenic is a potential health risk that begins early in life.

• An example of dietary arsenic exposure to infants was organic toddler formula, which contained brown rice syrup. This 
formula had total arsenic concentrations up to six times the EPA safe drinking water limit.

• Consuming arsenic 
concentration was associated with a reduction in infant head circumference. Evidence suggests that fetal growth is an 
important predictor of adult health.
exposure during pregnancy and birth outcomes.

• In utero prenatally 

• 

• 
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PUBLIC HEALTH ACTION

Dartmouth College Children’s 

of arsenic toxicity, and the relationship between dietary and drinking 
water exposure sources.

Research from the Dartmouth College Children’s Center informed 

IMPACT ON COMMUNITIES
The Dartmouth College Children’s Center 
is collaborating with a network of primary 
care physicians and pediatricians to inform 

associated with arsenic exposure and to 
encourage private well testing. They provide 
potential strategies for families to reduce 
arsenic exposure from rice for their infants 
and children, including diversifying the 

exposure.  The center has developed an 
interactive web–based tool that educates 
parents and the public about sources of 
arsenic and how they can reduce exposure.

IMPACT
Dartmouth College Children’s Centers 

research on this topic is essential in protecting children’s health. Findings from this center have provided evidence for 
associations between arsenic, fetal growth, and immune function.

assessment of arsenic includes research from the 

from arsenic exposure.  This center is also engaging with the community to create educational materials for families to help 

especially at low levels, on children’s health.  
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Background
water bottles, 

 People are 
exposed to BPA mainly through eating food or drinking water stored in or processed 

 There 
are questions about BPA’s potential impact on children’s health, since animal studies 
have shown it is a reproductive and developmental toxicant.

While some studies indicate that BPA levels in humans and the environment are below 

even at low doses.

 
6  billion 
pounds of BPA 
are produced 
worldwide 
every 
year.
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Children with higher exposure to BPA early in life had increased skinfold thickness, as well as higher triglycerides, leptin, 

Exposures to BPA during prenatal and early childhood development were associated with multiple measures of body 
composition, suggesting that BPA may contribute to childhood obesity.

 Higher prenatal 

toxicity may interact with metabolic pathways.62

Children with higher prenatal exposures to BPA had a higher fat mass index, percent body fat, and waist circumference 
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• The female children and grandchildren of mice exposed to BPA while pregnant showed a reduced ability to maintain 
pregnancies.

• 

• 
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PUBLIC HEALTH ACTION
The requires manufacturers to report the concentration of 66 chemicals of high concern in 
any children’s products sold or manufactured in Washington state.  The University of Washington Children’s Center worked 

framework that incorporated both exposure and toxicity factors to identify critical products and chemicals for future monitoring 
and action.

IMPACT

in consumer products, such as BPA, PBDEs, and phthalates, which are explained in more detail in the next sections. There 
is growing evidence linking these endocrine-disrupting chemicals to neurobehavioral problems, obesity, and 

.
nationally and internationally to help reduce exposures and protect children’s health. The Children’s Centers engage with the 

care products.
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Background

retardants in textiles, furniture foam, carpet padding, building materials, upholstery 
in cars and airplanes, and plastic housings for electronics.   Recent evidence 
suggests PBDE exposure may interfere with the body’s natural hormones and disrupt 
mental and physical development.
retardants can be released into the surrounding environment where they remain 
for years. Dust containing PBDE particles is one of the main routes of exposure to 
PBDEs, especially for young children who put their hands or toys in their mouths.

A northern California 
study found 

100% of 
women they 
tested had been 
exposed to PBDEs.

PBDEs have been linked to unhealthy changes in growth and development, and can negatively impact 
maternal and child health.  Higher PBDE exposure during pregnancy was associated with babies having 
lower birthweight.
stimulating hormone during pregnancy, which could have implications for maternal health and fetal 
development.  Women exposed to higher levels of PBDEs also took a longer time to become pregnant, 
suggesting that PBDEs may affect fertility.  
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CONSUMER PRODUCTS: PBDES

Exposures to PBDEs during prenatal and early childhood, at a time when the brain is rapidly developing, are particularly harmful. 
When compared to children with lower exposure, children with high prenatal exposure to PBDEs displayed:
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Both prenatal and childhood PBDE exposures were associated with poorer attention, fine motor 
 This is one of the largest studies to evaluate cognitive 

suggesting that PBDEs have adverse impacts on child neurobehavioral development. U
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PUBLIC HEALTH ACTION

retardants because these chemicals were 
used to meet the state’s previous furniture 

standard.
manufacturers can now meet the new 

chemicals.  This action was based in part 

Children’s Center.  Although this action 

retardants in household furnishings, 
it is not an overall ban.

IMPACT 
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Background
Phthalates are commonly found in personal care products such as 
shampoo, perfume, makeup, and lotion. They are also found in plastic 
products such as toys, shower curtains, medical tubing, car upholstery, 
food packaging, and many others.
people are exposed to phthalates every day.  Possible adverse health 
outcomes from phthalate exposures include disruption of the body’s 
natural hormones and impaired brain development. Exposures are 
particularly harmful during pregnancy, when they can disrupt fetal 
development.  Because many personal care products are designed 
to be absorbed into the skin and have long lasting fragrances, chemicals 
can easily enter our bodies.  While adults are mainly exposed through 
using personal care products, eating contaminated food, and inhaling 
indoor air, infants and toddlers can also be exposed by ingesting indoor 
dust that is contaminated with phthalates.

17 Products 
The average number of 
personal care products used 
by a teenage girl per day.*
comparison, an adult woman 

man uses 6 products.

Prenatal exposure to phthalates negatively impacts reproductive development in mice, such as:

• Decreased sperm motility and premature reproductive aging in male mice.

• 
 

• Direct damage to the ovaries, increased uterine weight, decreased anogenital distance, induced cystic ovaries, 

in female mice.
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Prenatal exposure to phthalates negatively impacts pregnant women and birth outcomes.

• Exposure to phthalates and BPA is associated with biomarkers of angiogenesis, or formation of new blood vessels, 
during pregnancy. This may indicate disrupted placental development and function.

• Exposure to phthalates during pregnancy are associated with increased oxidative stress biomarkers, which can lead to 
preeclampsia, intrauterine growth restriction, and other pregnancy outcomes.U
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Consumer Products: Phthalates
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IMPACT ON COMMUNITIES

exposed to hormone disrupters, like phthalates in personal care products.  The study was featured in local and national 
 Results showed that chemicals 

in personal care products used by teenage girls are absorbed into their bodies. The study also found that exposures can 
be reduced when users switch to products that contain fewer chemicals. Through this study, researchers empowered local 

exposure to hormone disrupting chemicals during adolescence may impact long term health.

• Higher levels of phthalates in household dust were associated with poorer adaptive functioning and developmental 

• When researchers restricted their analysis to male children only, they found that phthalates were associated with 
hyperactivity, impulsivity, and attention problems.
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“Personally, since the [HERMOSA] study, I’ve tried to use 
more natural products. It’s hard, especially as a college 
student who doesn’t have a lot of money… I’ve decided 
to splurge more on products with fewer chemicals 

IMPACT 
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Background
 

While substantial progress has been made to reduce children’s exposure to lead, 

 The 
number of children who continue to be exposed to lead is alarming, since research 

  The 

at even the lowest levels of exposure. Research shows that there is no safe level of lead 
exposure for children, and the most important step that parents, doctors, and others 
can take is to prevent lead exposure before it occurs.

As a child’s blood lead 

 child may 
lose anywhere 
from 3.9 to 7.4 IQ 
points.  Chronic 
low level exposure to 
lead may have an even 

a single instance of high 
level lead exposure.

from the 

brain responsible for cognitive and language functions.

• 
language function. Damage to the primary language areas 
in the brain’s left hemisphere resulted in compensation by 
the brain’s right hemisphere.

• 
prenatal and early childhood lead exposure. The likelihood of being arrested for a violent crime as a young adult 

to document the relationship between childhood lead exposure and young adult criminal behavior.

• Reductions in adult gray matter volume in regions of the brain responsible for executive functions, mood regulation, 

males.
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ti gray matter volume associated with childhood blood lead 
concentrations.  

LEAD
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IMPACT

to children at low levels.

 EPA 

and culturally relevant foods to reduce lead absorption in young children. The centers have created knowledge essential for 
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Childhood lead exposure has been linked to a number of adverse cognitive outcomes, including reduced performance on 

levels. A strong relationship was seen between increased early childhood lead exposure and decreased performance on 
elementary school achievement tests.
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Background

including pregnant women and children.  Exposure to pesticides may be linked to 
adverse developmental, cognitive, and behavioral outcomes. Children are especially 

mature immune systems, unique diets, and distinct patterns of activity and behavior 
when compared with adults.

 

their intake of foods containing pesticide residues.

one 
billion pounds of 
pesticides are used 

with more than 

pounds used 
annually in 
agriculture.

Pesticides
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University of Washington Children’s Centers have found that farmworkers and their 
children are exposed to higher levels of pesticides than the general population and therefore, may experience more adverse 

• 
to children exposed to lower levels.

• Women experienced shorter duration pregnancies.

•  Children scored lower on tests for psychomotor 

• Children were at higher risk for developmental problems at age 2 years.

• 

• Children scored lower on tests for working memory, processing speed, verbal comprehension, perceptual 
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running longitudinal birth cohort study of pesticides and other environmental exposures 

followed until adulthood.

IMPACT

leukemia in children. Children’s Centers researchers have examined how age, genetics, and environmental factors 

and learning. Center research has led to public health policies designed to better protect children and infants from harmful 
pesticide exposures. Children’s Centers research on pesticides has been translated to farmworkers and their families to reduce 
exposures and to protect health. While great progress in reducing children’s exposure to pesticides has been made, a greater 

pesticide exposure remains essential.

“The center’s research 
about the exposure of 
pregnant women and 
newborns to pesticides 
motivated Local Law 
37 and put New York at 
the forefront of safer 
pest control methods 
in the United States.”

former New York City 

 This 

blood of babies, as demonstrated by evidence from the Columbia University Children’s Center.
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When farmworkers go home after work, they may contaminate their cars and homes with pesticide residues from their skin and 
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• 
where young children are present.

• Concentrations of agricultural pesticides were higher in the homes and vehicles of farmworkers compared to 

exposure for family members.

• 
However, these protective measures do not address the potential for the 
based intervention designed to reduce children’s exposure to pesticides through the 
that farmworkers can reduce pesticide exposure to their families by wearing gloves and removing work clothes 
before returning home.

PUBLIC HEALTH ACTION

University of Washington Children’s Centers to support the new 
standard.
pesticides. Additional education requirements now address 

PUBLIC HEALTH ACTION

Regulation is developing new guidelines limiting pesticide applications near schools and day care centers. The new policy 
would require additional communications between pesticide applicators, school administrators, and parents. Researchers also 

  

Pesticides CONTINUED
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IMPACT ON COMMUNITIES
The 

newborns, soap kits for washing clothes separately, and many more materials to community members. These activities resulted 
in modest changes in certain behaviors among farmworkers. Researchers conducted a results analysis of study participants 
and found that the community supported this style of research messaging.

PUBLIC HEALTH ACTION

pest counts in apartments while also reducing exposure to pesticides.

these laws and codes cite the work of the Columbia University Children’s Center.

• notice to 
neighbors about certain pesticide applications.

• 

• 
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Background
Children have no control over their indoor environment, including where and 
when adults smoke. 

 The numerous toxic and carcinogenic 
compounds found in 
preterm birth, impaired fetal growth, respiratory illness, and neurological 
problems, all of which can persist into adulthood.  Children’s Centers 

asthma, and neurodevelopment.

40% of nonsmoking 

measurable levels of cotinine 

Cotinine is created when the 
body breaks down 
nicotine found in 
tobacco smoke.

 Until recently, little was known about 

fathers and mothers. Research found that paternal smoking before conception and 
can result in acute lymphoblastic leukemia and acute myeloid leukemia.  Prenatal paternal smoking and 

develops.
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Secondhand tobacco smoke
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Poor recall of smoking history may explain why most epidemiological studies have not found an association between 
maternal smoking during pregnancy and the risk of childhood leukemia. Researchers used methylation biomarkers to 

leukemia cells. 

The amount of smoke exposure in the environment of the child is positively associated with the numbers of genetic 
deletions in leukemia cells. This suggests that smoke exposure before and after birth is continuously capable of inducing 
genetic damage, and removing smoke from a child’s environment at any time can potentially stop further damage from 
occurring.
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“Approximately 
2 percent of 
leukemia cases in 
California could be 
avoided if children 
were not exposed 
to tobacco smoking 
at any given point.”

Ph.D., Director, UC Berkeley 

smoking during pregnancy increased risk of childhood asthma.  Additionally, the risk of asthma onset in adolescents 
who smoked cigarettes regularly was more pronounced in those whose mothers smoked during pregnancy.  Risk of 

had asthma.
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neurodevelopment that were much greater in magnitude than nicotine exposure alone.
or eliminate prenatal and childhood 
have been thus far unsuccessful. These in vitro studies included nicotinic receptor blockades, antioxidants, and methyl 
donors.
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IMPACT
Multiple Children’s Centers have contributed to research on STS, focusing on the relationship to asthma, 
childhood leukemia, and neurodevelopment. Through their research, the Children’s Centers show that 
genes related to asthmatic and allergic responses in children. The centers have provided evidence that 

IMPACT ON COMMUNITIES
A major health issue in Baltimore is the impact of The Johns Hopkins University 

educational interventions for 
cleaners, which has been successful in improving air quality in homes of pregnant mothers and babies who live with someone 
who smokes.
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The Children’s Centers have collectively pushed the boundaries of clinical, 

approaches that include both animal and human studies designed to reduce 
the burden of disease in children.

Following children from preconception through childhood has enabled a 

diseases, and allowed for the collection of samples over time. These archives 
of biological and environmental samples serve as a tremendous resource for 
future studies and provide critical information on the prenatal and childhood 
determinants of adult disease.

and actionable solutions leading to healthier children and a healthier society. 

The following pages give examples of the unique features that have facilitated 
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Background

the general public. Empowered by program requirements , the Children’s Centers 

professionals, decision makers, and others with practical information about the 
science and actionable solutions that link the environment to children’s health. 

and Translation Cores as well as input and direction from community advisory 

and educational resource materials that serve the community. Through their 

strategies for healthier children, families, and future generations.

1,500 
separate outreach 
activities that 

informed 15,000 
people about ways 
to reduce their 
environmental 
exposures.
– University of Washington 
Children’s Center.

The Children’s Centers have developed and disseminated outreach 
materials that are critical for educating communities about children’s 

appropriate brochures to counsel women and men who are planning a 
family, as well as pregnant women, on how to prevent harmful exposure 
to environmental contaminants.2 The brochures are now being developed 
into a mobile app. The materials are highly engaging and interactive, 
such as the web tool developed by the Dartmouth College Children’s 
Center to help families decrease their risk from exposure to arsenic in 
food and water.  Another example is the series of infographics created by 

the life course; these infographics received an award from the National 

Centers, including the center at UC Davis, designed brochures in multiple 
languages to be distributed in places like community clinics, support U
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The 
Children’s Center 
developed the 
Environmental Health 

medical students. This 
medical school training 

critical literature appraisal, 
and application in clinical 
settings. The training is 
part of 
medical school curriculum 

Community outreach and research translation
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“Starting today, 
everything will change. 
I learned techniques 
on how to protect 
my children from 
pesticides exposure, 

in addition to people 
of my community.”

The 

exposures.  Eleven Children’s Center’s studies, including publications from the 

an action plan addressing the global threat of environmental chemicals to reproductive health. The plan served as a 

the action plan forward.
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been the cornerstone of the center’s success and impact. 

individual results to study participants. They have worked closely 
with community partners for almost two decades to provide 
information to farmworker families on preventing pesticide and 
other environmental exposures. The center has given more than 

brochures to promote healthy homes for farmworkers. They are 

trainings statewide.

appropriate software that teaches pregnant women about 
environmental health concerns to be aware of during pregnancy. 
Prenatal environmental health brochures on asthma, allergies, 
lead, pesticides, and carbon monoxide accompanied the kiosk. 
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given at birth when she was enrolled in the study.
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Two toolkits for childcare providers – an  Toolkit and a 
Toolkit 
Program.  They provided environmental health training to schools and child care centers, in partnership with EPA 

 serving schools and child care centers. The course is now a permanent 
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asthma; Amelia, a teenager with developmental 

online.
health professionals have registered for continuing education credits 
available from the CDC for completing chapters. 

“A Story of Health is 
compelling, educational and 
engaging, and will absolutely 

Community outreach and research translation CONTINUED

With guidance from their community advisory board, the Denver Children’s Center developed outreach materials for 

education related to air quality with supporting resources that comply with public school education science curriculum 
requirements. website

As a result, the community has been empowered to make informed decisions about these issues. 
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“I would not 
consider it outreach; 
it is a dialogue; it 
is a community 
partnership.”

Director, University of 
Washington Children’s 
Center. 

Through their interactive web tool, the Dartmouth College Children’s Center disseminates tips for reducing arsenic 

substituting rice with other grains such as millet and quinoa, soaking and rinsing rice before cooking, limit apple juice or 
choose other juices, reading food labels closely to avoid sweetener in the form of brown rice syrup, and testing private 
wells for arsenic levels.  
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Dartmouth College Children’s Center’s web tool on arsenic.
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Background
The Children’s Centers have developed technologies and used existing methods in new ways to more accurately measure 
environmental exposures in the places where children spend most of their time. These accurate and creative assessment 
tools can reveal correlations between environmental exposures and disease outcomes that are missed by conventional 
methods. The Children’s Centers have collected biological and environmental samples across multiple years, allowing for 

mixtures of contaminants, improving sampling techniques, or developing new exposure models, the exposure assessment 
conducted by the centers allows researchers to observe connections between complex environmental exposures and health 
outcomes not previously seen.

teeth.  While manganese is an essential nutrient, it is also used in some pesticides, and studies indicate that high 

Teeth accumulate metals, and their growth proceeds in an incremental pattern similar to growth rings that span the 
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Exposure assessment

The ability to accurately capture children’s air pollution exposures is essential to understanding its relationship to 
asthma, but very few 

The Johns Hopkins 

relationships between air pollution and asthma by recording exposure peaks in relation to time and space. The center 
captured personal exposures at home, school, and in transit by placing these monitors in children’s backpacks as they 
went about their daily activities. This is critical since ambient monitors often used in exposure assessments cannot 
capture the indoor environments where children spend most of their time.    
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University to use silicone sampling bracelets to assess pesticide exposures. 
These bracelets monitor cumulative pesticide exposures during daily 

monitors that can miss important exposure events and result in incomplete 

of pesticides in the bracelets to pesticides measured in house dust and 
agricultural pesticide use.
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The Denver Children’s Center has improved the accuracy of measuring air 
pollution exposure with innovative, wearable exposure monitor samplers. 

its components, including black carbon, brown carbon, and secondhand 

dioxide passive badges during the school week. Analyses have shown that 
personal monitors measure respirable pollutant exposures more accurately 
than conventional stationary monitors.  As a result, the personal monitors 
reveal correlations between asthma severity and air pollutant exposures that 
are missed by stationary monitors. Understanding the relationship between 
exposures and asthma severity at the personal level is critical for managing 
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Personal wearable exposure monitors: 
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Background

the gap among environmental health knowledge and its application in our daily lives. Whether it is the synergy between 
the Emory University’s nursing, medicine, arts and sciences, and public health programs, the 
collaboration with a medical anthropologist to study neighborhood characteristics, or partnerships between the University of 

Dartmouth College Children’s Center has fostered interdisciplinary research 

pediatricians, experts in bioinformatics and statistics, biologists, ecologists, microbiologists, epidemiologists, and 

Additionally, this center is applying elemental mapping, which is an analytical technique in geochemical, environmental, 
and materials sciences that has only recently been applied to epidemiological studies. This approach can be used to 
investigate biomarkers and provide mechanistic information, and to investigate the impact of environmental toxins 
in combination with measures of socioeconomic adversity. These novel approaches facilitate collaboration between 
behavioral scientists, physicians, neonatologists, and pediatricians.   
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The 
to answers questions on how, what, where, and when agricultural farmworkers and their families are exposed to 
pesticides. The center worked with biologically based models for systems biology, in vitro models for evaluating impacts 

modeling as well as risk assessors.
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“Such centers are 
critical generators of 
new knowledge and 
also incubators for 
the next generations 
of leaders in children’s 
environmental 
health.”
– Textbook of Children’s 
Environmental Health.

Developmental psychologists view the eyes as a window into an infant’s world. By studying infant looking behavior, 
researchers have learned a great deal about early cognitive development. However, this approach is labor intensive 
because it typically involves manually scoring behavior as infants view stimuli on a computer screen. An important goal 
of the 
allowing them to better study cognitive development during infancy in the epidemiological setting. To achieve this goal, 
the center partnered with an engineering research group and developed a new software that uses a computer webcam 

assessments of visual attention and visual recognition memory. Previous methods to track looking behavior cannot be 

would not be possible without the kind of interdisciplinary collaboration that is at the heart of the Children’s Centers 
philosophy. 
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The 
with a medical anthropologist to examine how neighborhood characteristics, sleep patterns, perceptions of water quality, 

City. Due to this collaboration, the center has revised many of their questionnaires and research activities to be culturally U
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Background
The Children’s Centers have pioneered new approaches to study environmental exposures and health outcomes to establish 
a strong base of science. Novel methodologies, instrumentation, technologies, and tools have been used to more accurately 

proteomics, adductomics, metabolomics, and microbiomics. By incorporating these innovative methods, the Children’s 

measurement and discovery of new risk factors.

that may contribute to disease. By developing and validating new omics techniques, 
researchers have used blood spots to study the risks of childhood leukemia. 
These methods measure chemicals extracted from the blood spots, namely, small 

individual exposures, metabolomics and adductomics focus on broad classes of 

that will then be investigated to determine their chemical identities and exposure 
sources. This novel untargeted approach will allow for discovery of new risk factors 
for childhood leukemia.
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Blood spots that are routinely 
collected from every child at birth.

New methods and technologies
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on the brain. This in vitro model helps researchers study environmental exposures and neurodevelopmental health 
outcomes using primary neural stem cells derived from the neonatal rat brain, which closely resembles the human brain. 
The center is currently studying exposure of these cells to tobacco smoke extract and its constituents, including nicotine, 
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“Children’s Centers 
have led to an improved 
understanding of the 
environmental impacts 
on child health and 
development.”

22
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As a leader in epigenetics, the 

environmental exposures can impact the epigenome during multiple stages of life. The epigenome is made up of 

epigenetic programming in infants.
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 These advanced methodologies put the observed exposures in context.U
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pollution exposure on a range of neurodevelopmental, behavioral, and physical 
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Columbia University Children’s 
Center study population show correlations of prenatal 

PAH levels with cerebral surface measures.
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Background
Cohort studies follow a designated study population over time to establish risk factors for disease. Prospective cohort 
studies that are designed to follow children from before birth into adolescence or adulthood can provide critical information 
on prenatal and early childhood determinants of adult disease. The plasticity of the brain during puberty is the same as the 

Centers have initiated large observational, prospective cohort studies that start during pregnancy or immediately after 

mechanisms, leveraging major investments that have already been made, such as examples shown below for the Duke 
University and the 

pregnant women from the same neighborhoods. These prospective cohort studies are examining the impact of prenatal 

between toxicant exposure and stressors related to poverty.
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The University of Washington Children’s Center has enrolled and maintained a prospective cohort of farmworkers, 

seasons by measuring levels of pesticides in dust, urine, and blood. The study has also assessed biological mechanisms 
linked with toxicity and disease. A hallmark of this cohort is the frequency of samples, taken multiple times per season, 

metals, mold, and social stress exposures using biomarkers and questionnaires.
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Population–based studies
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part of the 
 

lower weight and higher blood pressure in young girls,  cognition,  and ADHD

exposure.
 cadmium,  mercury,  BPA, and phthalates.

cognition,  behavior,  dental health, sexual maturation,  adiposity,  and cardiometabolic risk  have also 

others.  
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UC Davis Children’s Center launched a second epidemiologic study 
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The 

and their children as well as medical and epidemiological data that altogether have provided a strong foundation for 
other studies, including the 
tobacco smoke exposure during early life increases the risk of developing ADHD during adolescence.

“The Children’s Centers have 
overcome many hurdles 
to understand the links 
between environmental 
exposures and health 
outcomes or social and 
cultural factors. Long-
term studies [are critically 
important] to assess the 
full range of developmental 

life stages.”
– Excerpt from Lessons learned for 
the National Children’s Study.
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BACKGROUND
Determining what chemical exposures are toxic to children requires a variety of research approaches, including high 
throughput in vitro

information that researchers can use to isolate what chemicals pose the greatest risks, work out the complex mechanisms 

alongside epidemiological studies to inform actions designed to reduce the burden of disease in children.

 Animal studies from the 
transgenerational consequences of prenatal phthalate exposure on both male and female reproduction. Prenatal 
exposure to phthalates was found to disrupt several aspects of female reproduction, including a disrupted estrous 
cycle, ovarian cysts, increased uterine weight, reduced fertility, and direct damage to the ovaries.   The chemical 

environmentally relevant phthalate mixture.  
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and glia numbers in the prefrontal cortex of adult rats.62 Given that the prefrontal cortex is a part of the brain that is 
critical for learning and memory, changes to the structure and function of this region may have broad implications for 

have taken anatomical measurements of the prefrontal cortex of the rat brain to establish the neural basis for this 
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Researchers used animal models to investigate the epigenetic mechanisms or ways that polycyclic aromatic 
 High prenatal PAH exposure was found 

to be associated with weight gain and greater fat mass in mice, as well as more sedentary behaviors. These results 
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Rodent models
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“We don’t do advocacy. 
We conduct the science 
and provide it in a way 
that can empower both 
the communities and 
the policymakers to do 
something about it.”

increased food intake, body weight, total body fat, energy expenditure, and insulin response in adult mice, with more 

in mice.
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in vitro models that mimic brain 
development shows the impact of pesticides on signaling pathways and brain disorders. In vitro and animal models have 

 These results 

these mechanisms may help identify critical windows of susceptibility in children.U
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An animal model was used to examine the effects of preconception, prenatal, and early childhood 
exposure to tobacco smoke extract and nicotine on neurobehavioral function. Researchers successfully 
differentiated between the effects of exposure to the complex tobacco mixture and to nicotine alone. These 
investigators found predominant persistent neurobehavioral impairments with late gestational exposure. 
However, persisting neurobehavioral effects were also seen with early gestational and even preconceptional 
exposure.
humans, particularly in different parts of the brain. Because the effects of prenatal exposure in children is 
usually studied using blood, the genes identified in animals help to determine where researchers should 
look for similar epigenetic alterations in humans.
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BACKGROUND
Biological samples such as blood, placenta, urine, baby teeth, hair, and saliva allow 
researchers to answer questions about environmental exposures over long periods 
of time. The Children’s Centers have been collecting and storing such samples since 

Cincinnati Children’s 

accessed by the Children’s Centers, are more valuable when there is capacity to 
store samples for future analysis. Evolving approaches for processing, extracting, 
and storing samples allow for downstream high throughput laboratory analyses at a 
pace not previously considered possible.

220,000 
biological and 
environmental 
samples 
collected by 
the UC Berkeley 

University of Washington Children’s Center has maintained a biorepository of biological and 

oral microbiome.
and occupational status.
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Cincinnati Children’s Center researchers were able 
to test for the presence of these chemicals in the stored biological samples and explore the associations between past 
exposures and health outcomes.
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The UC Davis Children’s Center has amassed an enormous repository of biological and environmental samples. 

milk, meconium, and stool samples are now stored in the center’s biorepository. Records of this biorepository will be 
available online where potential collaborators may query.
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“Solid intervention work has been created [by the Children’s Centers] along 
with extended links to the communities served. The continuity of this work has 
proven successful and should be maintained.”

hundreds of children, starting as young as 6 months old.  These urine collection protocols have been adopted by cohort 
studies nationally and around the world. The center has pioneered blood processing and storage techniques and has 
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The Dartmouth College Children’s Center has applied innovative approaches and technologies to expand infant 
microbiome studies to large scale, molecular epidemiology studies of healthy pregnant women and their infants. The 

specimen processing. Expanding the application of advanced microbial sequencing and bioinformatics techniques has 
furthered the investigation of environmental exposures, the developing microbiome, and health outcomes.
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protection of human subjects, visit .
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Appendix B SUMMARY OF GRANTS FUNDED UNDER 
THE NIEHS/EPA CHILDREN’S CENTERS PROGRAM, 1998-2017

BRIEF SUMMARY
Environmental exposures and health outcomes studied by each center for each of their awards, as well as the study populations.

GRANT NUMBERS
EPA  and 2 websites.

PRINCIPAL INVESTIGATORS (PI)

FUNDING INFORMATION

Children’s Centers website . 

centers

Brown University
Formative Center for the Evaluation of Environmental Impacts on Fetal Development
PI: 
Study Population: 

2010-2014
explain how environmental toxicants may alter prenatal development.

metabolic syndrome

endocrine disrupting 

CINCINNATI
Center for the Study of Prevalent Neurotoxicants in Children
PI: 
Study Population: 

2001-2006 Growth, neurodevelopment

polychlorinated biphenyls 

Appendix B
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COLUMBIA UNIVERSITY
The Columbia Center for Children’s Environmental Health
PI: 
Study Population: 

2015-2019 Examining how prenatal and early childhood exposures to air pollution 
disrupt brain development and lead to serious cognitive, emotional, 

ADHD, neurodevelopment, 
obesity

Air pollution, polycyclic 
aromatic hydrocarbons 

2009-2015
syndrome, and neurodevelopmental disorders in children. Evaluated 
the epigenetic mechanisms where prenatal and postnatal exposures to 

Neurodevelopment, obesity

Air pollution, BPA, EDCs, 
PAHs

2003-2010 Asthma, neurodevelopment

Air pollution, PAHs, 
pesticides

1998-2004 Explored the mechanisms where prenatal and postnatal exposures to 

exposure, as well as risk of asthma.

Asthma, neurodevelopment

Air pollution, PAHs, 
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DARTMOUTH COLLEGE
Children’s Environmental Health and Disease Prevention Research Center at Dartmouth
PI: 
Study Population: Pregnant women and their children living in New Hampshire whose household is served by a private well

2013-2018
drinking water and food on child growth, neurodevelopment, and 
immune response, including infections, allergy, vaccine response, and 
the microbiome. Exploring the relationship between arsenic, gene 
expression, and epigenetic alterations in the placenta, and health 
outcomes.

Growth, immune function, 
neurodevelopment

Arsenic

2010-2014

arsenic exposure and to poor health outcomes in children. Determined 
the mechanisms that explain how arsenic modulates cell signaling. 

defects

Arsenic 

DENVER
Environmental Determinants of Airway Disease in Children
PI: 
Study Population: 

2009-2017
asthma symptoms. Explored whether epigenetic mechanisms 
contribute to the etiology of allergic airway disease. Tested an 
intervention to reduce home endotoxin levels and improve asthma.

Asthma, immune function, 
lung function

Air pollution, endotoxin, 
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DUKE UNIVERSITY
Center for Study of Neurodevelopment and Improving Children’s Health Following Environmental Tobacco Smoke Exposure
PI: 
Study Population: Pregnant women and their children living in central North Carolina

2013-2018
developmental neurocognitive impairments including ADHD.Exploring 
the impact of prenatal and postnatal exposures to environmental 
pollutants on neurodevelopmental impairments in both human and 
animal models.

ADHD, neurodevelopment

Southern Center on Environmentally-Driven Disparities in Birth Outcomes
PI: 
Study Population: Pregnant women in Durham, North Carolina

2007-2014 Determined the mechanisms that explain how environmental, social, 

birth, and fetal growth restriction in health disparate populations. 

human and animal models of birth outcomes.

Birth defects, fetal growth 
restriction, low birthweight, 
preterm birth, respiratory 
health

EMORY UNIVERSITY
Emory University’s Center for Children’s Environmental Health

Study Population: Pregnant African American women and their children living in metro Atlanta

2015-2019 Assess pregnant women’s environmental exposures, the impact on the 

on infant and child neurodevelopment.
neurodevelopment, preterm 
birth, socioemotional 
development

EDCs, maternal stress, 
chemical exposures
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HARVARD UNIVERSITY
Metal Mixtures and Children’s Health
PI: 
Study Population: 

2003-2010 Examined biological markers of prenatal and early childhood exposures 

Used animal models to address fundamental mechanisms of metal 
pharmacokinetics.

Growth, neurodevelopment

Cadmium, iron, lead, 
manganese, stress 

THE JOHNS HOPKINS UNIVERSITY
Center for the Study of Childhood Asthma in the Urban Environment (CCAUE)
PI: 
Study Population: 

2015-2019 Exploring how exposure to air pollution causes high rates of asthma Asthma, obesity

Air pollution, nitrogen 

2009-2014

oxidative stress, thereby increasing susceptibility to exposures.

Asthma

Air pollution, diet

2003-2010 Examined how exposures to air pollution and allergens may relate 

asthma. Explored new ways to reduce asthma symptoms by reducing 

Asthma

1998-2003
Developed intervention strategies to reduce environmental pollutant 
and indoor allergen exposures.

Asthma
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MOUNT SINAI SCHOOL OF MEDICINE
Inner City Toxicants, Child Growth, and Development
PI: 
Study Population: 

2003-2010
relationships among prenatal and early childhood exposures to EDCs 

Evaluated individual susceptibility factors such as, built environment, 
diet, physical activity, and genetic variability.

Neurodevelopment

stressors, PCBs, pesticides 

1998-2003
how environmental toxicants can impair development. Evaluated novel 
approaches to prevention.

Neurodevelopment

EDCs, lead, PCBs, pesticides 

NORTHEASTERN UNIVERSITY
Center for Research on Early Childhood Exposure and Development in Puerto Rico
PI: Akram Alshawabkeh, Ph.D.
Study Population: 
pregnancy

2015-2019
prenatal and early childhood development in an underserved and 

health and development.

Growth, neurodevelopment, 
preterm birth

Air pollution, consumer 
products, EDCs, maternal 
stress, parabens, water 
quality
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UNIVERSITY OF CALIFORNIA, BERKELEY
Berkeley/Stanford Children’s Environmental Health Center
PI: 
Study Population: 

2013-2018 Understanding the relationship between air pollution and health 
outcomes throughout childhood. Examining the modifying role of both 

mechanisms that could be related to environmental exposures and 

by both high air pollution and health disparities.

Asthma, atopy, birth defects, 
diabetes, immune function, 
obesity, preterm birth

stressors, PAHs

2010-2014
air pollution on birth outcomes, immune function, and asthma. 

environmental exposures and health outcomes.

Asthma, birth defects, 
immune function, low birth 
weight, preterm birth

Air pollution, endotoxin, 

PAHs

Center for Environmental Research and Children’s Health (CERCH)
PI: 
Study Population: 
Valley, California

2009-2017

Assessing the relationship of prenatal and early childhood exposures 

Neurodevelopment, 
reproductive development

pesticides

2003-2010
understanding of pesticide metabolism. Conducted laboratory studies 
to investigate responses to mixed exposures to pesticides and 
allergens.

Asthma, growth, 
neurodevelopment

PBDEs, PCBs, pesticides

1998-2003
evaluated the impact of an intervention to reduce pesticide exposure 
to children.

Asthma, neurodevelopment

Pesticides
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UNIVERSITY OF CALIFORNIA, BERKELEY
Center for Integrative Research on Childhood Leukemia and the Environment (CIRCLE)
PI: 
Study Population: Children with leukemia living in California and worldwide

2015-2019
population and understand how environmental factors increase risk. 

on immune system development and risk of childhood leukemia. 

and leukemia risk.

2009-2014
associated with exposures and leukemia risk.

UNIVERSITY OF CALIFORNIA, DAVIS
Center for Children’s Environmental Factors in the Etiology of Autism
PI: 
Study Population: Children living in California with autism or developmental delay

2013-2018
immune function. Develop and apply new biomarkers of autism risk. 

consequences.

Autism spectrum disorder 

pesticides

2006-2013
mechanisms that explain how environmental, immunologic, and 

2001-2006
controlled epidemiological study of environmental factors in the 
etiology of autism. Examined molecular mechanisms underlying 
neurodevelopmental disorders associated with autism.
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UNIVERSITY OF CALIFORNIA, SAN FRANCISCO
Pregnancy Exposures to Environmental Chemicals Children’s Center
PI: 
Study Population: Pregnant women in northern California

2013-2018 Examining the epigenetic mechanisms that explain how environmental 

are exacerbated by maternal stress.

Birth outcomes, early 
development, growth, 
placental development

stressors, PBDEs, 

2010-2013 Explored the epigenetic mechanisms that explain how environmental 

in order to improve clinical care and prevent prenatal exposures to 
harmful chemical exposures. 

Birth outcomes, early 
development, growth, 
placental development

stressors

UNIVERSITY OF ILLINOIS

PI: 

2013-2018

studies to examine the mechanisms that explain how BPA causes 

Neurodevelopment, 
oxidative stress, 
reproductive development

phthalates

2010-2014 Assessed prenatal and adolescent exposures to BPA and phthalates. 

development, cognition, and behavior in infants and adolescents. 

gonadal development and reproduction in adulthood in mice. 

Growth, neurodevelopment, 
reproductive development

BPA, EDCs, phthalates

FRIENDS (Fox River Environment and Diet Study) Children’s Environmental Health Center
PI: 
Study Population: 
northeastern Wisconsin

2001-2006
educational strategies to reduce exposure to neurotoxic contaminants. 

mechanisms that explain how environmental contaminants may induce 

Neurodevelopment, 
reproductive development
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UNIVERSITY OF IOWA
Children's Environmental Airway Disease Center
PI: 
Study Population: 

1998-2003

that endotoxin increases the replication of viruses in airway epithelia.

Asthma, respiratory disease

Endotoxin, grain dust

UNIVERSITY OF MEDICINE AND DENTISTRY OF NEW JERSEY
Center for Childhood Neurotoxicology and Assessment
PI: 
Study Population: 

2001-2006
animal models. Explored linkages and the underlying mechanisms 

Heavy metals, manganese 
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UNIVERSITY OF MICHIGAN
Lifecourse Exposures and Diet: Epigenetics, Maturation and Metabolic Syndrome
PI: 

2013-2018 Researching how obesity, sexual maturation, and risk of metabolic 

prenatal development and puberty.

Birth outcomes, physical 
growth, obesity, metabolic 
syndrome risk, sexual 
maturation

BPA, cadmium, diet, EDCs, 
lead, phthalates

2010-2013 Examined how prenatal and childhood exposures to lead and EDCs 

of genes, with a focus on key genes regulating growth and maturation; 
Examined the associations between prenatal and childhood exposures 
to BPA and phthalates, and health outcomes during adolescence.

Physical growth, obesity, 
and sexual maturation

BPA, EDCs, lead, phthalates

Michigan Center for the Environment and Children’s Health
PI: 
Study Population: Asthmatic children living in inner city Detroit

1999-2003

lung function and severity of asthma symptoms.

Asthma, lung function

Air pollution

UNIVERSITY OF SOUTHERN CALIFORNIA
Southern California Children’s Environmental Health Center
PI: 
Study Population: 

2013-2018

metabolic outcomes.

sensitivity, obesity

2003-2010
Assessed genetic variation as a determinant of childhood respiratory 
susceptibly.

1998-2003 Explored how host susceptibly and environmental exposures 

children.

Asthma, respiratory disease
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UNIVERSITY OF WASHINGTON
Center for Child Environmental Health Risks Research
PI: 
Study Population: Children in agricultural communities in the Yakima Valley region of Washington state

2009-2016

and response.

Neurodevelopment

Pesticides

2003-2010
assessing pesticide risks to normal development and learning.

Neurodevelopment

Pesticides

1998-2004

risk assessment models designed to protect children’s health.

Neurodevelopment

Pesticides
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