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E XECUTIVE S UMMARY
A growing body of scientific evidence
shows that the widespread use of
chemicals in our society harms our
health and the health of our children. The
incidence of many serious health
problems – including premature birth,
learning disabilities, behavioral disorders,
asthma and allergies, early puberty,
obesity, diabetes, reduced fertility, and
some types of cancer – shows links with
exposure to chemicals that can interfere
with the process of growth and
development.
In this report, we tell the story of the
insidious impact of toxic chemicals, from
the plastic ingredient bisphenol A to
pesticides, drawing on evidence from
more than 200 peer-reviewed scientific
papers. Over and over, manufacturers
have introduced new compounds into
commerce – and only later do scientists
discover these substances accumulating
in our bodies or contributing to major
health problems. Moreover, once the
impact of a toxic chemical on our health
becomes clear, barriers built into our
chemical regulatory systems often
prevent
meaningful
action.
Manufacturers become tied to the profits
chemical sales can generate, and
exposure to offending substances
continues.
It is unacceptable to use human lives –
even unintentionally – as a giant
uncontrolled experiment. Until our
society reforms the way we regulate
chemicals, this story will be rewritten
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time and again. The United States
should remove the most dangerous
substances from commerce and require
manufacturers to ensure that the
chemicals used in everyday products are
safe for our families and our
communities.
We are constantly exposed to toxic
chemicals.
•

•

When scientists look, they can
find more than 100 potentially
dangerous industrial chemicals
and pollutants in the body of the
average U.S. resident.
These
chemicals
include
substances banned in the United
States since the 1970s, such as
DDT
and
PCBs.
Other
widespread contaminants include
plastic additives such as
bisphenol A and phthalates, flame
retardant chemicals, pesticides,
non-stick chemicals used in
cookware, carpet or clothing, and
toxic metals such as lead.

Exposure to toxic chemicals comes
from many sources.
•

•

The food we eat exposes us to
chemicals – such as DDT, PCBs,
PBDEs, dioxin, and certain
pesticides – that accumulate in
fatty tissues and concentrate as
they climb up the food chain.
Food containers from soup cans
to baby bottles contain Bisphenol
A which leaches into the food

stored within. Some food
wrappings contain phthalates.
Our homes, from the materials
used to build them to the furniture
and appliances, contain toxic
chemicals such as phthalates (in
the vinyl flooring), stain-resistant
perfluorinated chemicals (in the
carpet), lead (old paint), and
brominated flame retardants (in
pillows, seat cushions and certain
electronic devices).
Objects in the home – or
products used indoors – can
release toxic chemicals which
then accumulate in household
dust, which people breathe,
ingest, or absorb through their
skin.
Personal care products such as
shampoos, lotions, deodorant and
nail polish can contain phthalates
that may be absorbed through our
skin.

•

•

•

•

•

Chemical exposures can interfere with
key stages of development, at levels
commonplace in people today.
Overwhelming evidence from studies
with experimental animals and with
people show links with many serious
conditions throughout a human life.
According to the U.S. National
Academy of Sciences, just under
half of all pregnancies in the
country end in miscarriage or
produce a child born with a birth
defect or chronic health problem.
Chemical exposures could be a
factor. For example, laboratory
mice exposed to bisphenol A
develop chromosome sorting
errors in their eggs that could

•
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lead to miscarriage or conditions
like Down syndrome. The effect
persists even into grandchildren
that were not directly exposed.
Premature birth has increased
more than 30 percent in the
United States since 1981. A
variety of chemical exposures
could be linked to this trend.
Studies show that women
exposed to higher levels of
phthalates and some pesticides
are more likely to give birth early
or to give birth to smaller babies.
From 2003 to 2007, the number
of parent-reported diagnoses of
attention-deficit
hyperactivity
disorder (ADHD) in their children
increased more than 20 percent,
with as many as one in ten
children now affected. A variety of
chemical exposures could be
linked to this trend. Experiments
show that children exposed to
high levels of lead, PCBs , DDT,
certain pesticides or phthalates in
the womb or early in life are more
likely to display inattention and
poor impulse control at school,
show developmental delays on
tests of coordination, learning and
memory or develop with lower IQ
scores. Mice and rats exposed to
small doses of flame retardants or
bisphenol A in the womb or early
in life develop hyperactive
behavior and impaired memory.
The prevalence of children with
asthma has more than doubled
since 1980. Children and adults in
high-phthalate
homes
and
workplaces are more likely to
develop asthma symptoms. Some
phthalates can cause hyperactive
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womb or early in life are most
damaging.

immune responses when rubbed
on mouse skin.
Since 1980, the average age of
first menstruation has advanced
by 3 to 5 months, and the
average
age
of
breast
development has advanced by 1
to 2 years. Rats and mice
exposed to bisphenol A give birth
to female children that reach
menstruation earlier. The younger
girls are when they enter puberty,
the greater their risk of breast
cancer later in life.
In the last four decades, the
prevalence of obesity among U.S.
adolescents has quadrupled.
Exposure to chemicals called
“obesogens” at key points in
development could lead to
metabolic abnormalities that
increase the odds of obesity later
in life. For example, bisphenol A
makes rodents grow larger and
develop insulin resistance after
they are exposed in the womb –
factors that can lead to type 2
diabetes.
The
pesticides
hexachlorobenzene, atrazine and
tributyl-tin have similar effects.
Sperm concentrations have
declined 40 percent in the U.S.
since World War II, and more
than 7 million women today report
symptoms of infertility. Sperm
defects and infertility could be
related to exposure to pesticides,
dioxins, PCBs, flame retardants,
phthalates, bisphenol A, and nonstick chemicals.

The timing of exposure is critically
important. Often, exposures during
key windows of development in the
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•

Windows of vulnerability when a
key developmental process is
vulnerable
to
disruption
sometimes last only a matter of
days – and damage can take the
form of increased susceptibility to
disease which might not become
apparent until later in life. For
example, experiments with rats
reveal that exposure to a
hormonally active chemical on
gestational day 17 can cause
birth defects in the reproductive
system – but not if the exposure
happens on gestational day 16.

Exposure to mixtures of chemicals
can cause greater damage than
exposure to individual substances
alone.
•

Traditionally, toxicologists have
studied chemicals one at a time
to determine how hazardous they
are. This approach is likely to
underestimate the potential
danger because we are never
exposed to just one chemical at a
time in the real world. Scientists
are discovering that mixtures of
active chemicals – especially
when they act on the same
underlying mechanism of life –
can have a greater impact
together than any individual
chemical alone.

Reducing our exposure to toxic
chemicals can improve our health.
•

Since lead was banned in
gasoline in 1976, the number of children

•

•

with high blood lead levels has declined
from 88 percent to just 1.4 percent,
reducing developmental brain damage.
Scientists estimate that the health
benefits of this action produced more
than $300 billion in value for the United
States economy through 1999.
After the U.S. EPA banned
household uses of two pesticides
(chlorpyrifos and diazinon) in 2001,
women in New York City gave birth to
larger, healthier babies.
After the 1970s-era bans on DDT
and PCBs, and efforts to reduce dioxin
contamination, levels of these chemicals
in our bodies are declining. Some
scientists connect this trend with the
slowing incidence of diseases like nonHodgkin’s lymphoma.

4

The United States should remove the
most dangerous chemicals from
commerce and require chemical
manufacturers to demonstrate that
their products are safe before
widespread use. Chemical regulatory
reform should:
•
•
•

Empower regulatory agencies to
restrict or ban the manufacture and use
of chemicals that pose potential dangers;
Require chemical manufacturers
to prove that each chemical they market
is safe; and
Ensure public access to
information on chemicals and their
potential hazards through mandatory
reporting requirements, including product
ingredient disclosure.
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I NTRODUCTION
In April 2010, the President’s Cancer
Panel – a group of three distinguished
experts appointed by President Bush to
evaluate the nation’s cancer program –
raised the alarm about our ubiquitous
exposure to toxic chemicals. “The
American people – even before they are
born – are bombarded continually,” the
panel wrote. i Chemical intruders invade
our homes and our bodies without our
knowledge or consent, making our lives
a giant, uncontrolled experiment on the
relationship between toxic chemicals and
our health.
American children are growing up
surrounded by synthetic chemicals.
Before birth, they are exposed to
synthetic chemicals in their mothers’
bodies. Their toys, baby bottles and
sippy cups are made with plastics that
contain a cocktail of chemicals. The trees
they climb and the fields they play on are
treated with pesticides. They bathe with
shampoos and soaps made with
hundreds of manufactured additives.
They sleep in beds and make forts from
sofa cushions treated with flame
retardant chemicals -- also found in the
computers and electronic devices that
they play video games on. And the toxic
legacy of chemicals banned in the 1970s
– such as PCBs and DDT – remains with
children born today.
Toxic chemicals often do not remain
securely contained within factory waste
ponds or bound to consumer goods.
Many chemicals escape from consumer
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products and end up in the dust and the
air in our homes. ii These chemicals have
become such a close part of our lives
that scientists can find more than 100
industrial chemicals and pollutants in the
bodies of every mother and child. iii
There are now more than 83,000
industrial chemicals on the market in the
United States. iv While many of these
chemicals have had many undeniable
benefits for society, from improved
medical care to increases in economic
productivity
made
possible
by
electronics, these benefits have come
with unintended consequences –
harming our health often without our
knowledge or consent.
Very little is known about most chemicals
in commerce. The health effects of
almost half of the major industrial
chemicals have not been studied at all. v
Hundreds of these substances likely
have the ability to persist in the
environment or accumulate in the food
chain. vi Of those that have been studied,
approximately 1,400 chemicals with
known or probable links to cancer, birth
defects, reproductive impacts and other
health problems are still in use today. vii
As this report explores, scientists are
continually uncovering more evidence
linking chemical exposures – alone or in
complex mixtures, and at levels
experienced by average people today –
to the development of a variety of
debilitating health effects. Exposure to

these chemicals is a possible – and in
some cases, likely – factor behind the
rising rates of many health conditions
from asthma and allergies, to learning
disabilities and attention deficit disorder,
to birth defects and cancer.
The President’s Cancer Panel noted that
the true burden of disease induced by
chemicals to which people are regularly
exposed in their daily lives has been
“grossly underestimated.” Diseases
linked to chemical exposures “needlessly
increase health care costs, cripple our
Nation’s productivity, and devastate
American lives.” viii
This is unacceptable. The panel
concluded that the United States should
act on what scientists know about

6

chemical threats – even before we are
certain beyond a shadow of a doubt that
a particular substance is causing harm.
The evidence connecting chemical
exposures
to
developmental
abnormalities is strong enough to justify
a larger effort to prevent harm to
children’s health.
The United States must reform policies
protecting public health from chemical
exposures. Information must be available
to make responsible choices as a society
about which chemicals we choose to
include in our lives – and our bodies.
Consumers deserve the assurance that
everyday products are safe to bring
home from the store and to use in
feeding, clothing, and caring for their
families.
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H OW C HEMICAL E XPOSURES M AY B E
H ARMING H UMAN D EVELOPMENT
A human being begins as a single cell
formed by the union of an egg and a
sperm. Within this one cell is contained
all of the ingredients required to produce
a full-grown person. The process of
growth and development unlocks this
potential, leading from the first few cell
divisions in the womb, to the birth of an
infant, to learning and physical growth in
childhood, to sexual development in
adolescence, to full reproductive maturity
in adulthood.

Unfortunately, the process of growth and
development does not always occur
flawlessly. Errors in the human blueprint
in the egg or sperm may cause improper

physical or neurological development.
Problems can also occur when signals
that guide the process do not happen as
they should.
Public health researchers and agencies
track the occurrence of some of these
disorders. Although disease tracking
capabilities
are
not
nearly
comprehensive enough, several alarming
trends are arising from the data we do
have. Taken together, they suggest that
something is causing changes in
fundamental processes of development.
From conception to adulthood, many
types of developmental disorders are
rising, as summarized in Figures 1 and 2.
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Figure 1: Timeline of Human Development

Conception
•

Genetic damage in eggs or sperm can cause birth defects.

In the Womb
•

Fetuses are most vulnerable to damage during specific windows of
development in utero.
According to the U.S. National Academies of Science, just under
approximately half of all pregnancies in the country end in miscarriage, or
produce a child born with a birth defect or chronic health problem. 9

•

Birth and Infancy
•

Premature birth has risen more than 30 percent in the United States since
1981. 10
Birth defects: Although rates of birth defects related to nutritional
deficiencies have fallen, other types of birth defects have increased.
The CDC reported an increase in deaths from birth defects caused by
chromosome sorting errors in sperm or egg cells from 1980 to 1995. 11 The
same chromosome sorting errors are the cause of Down Syndrome.
The frequency of baby boys born with undescended testicles
(cryptorchidism) or a malformed urethra (hypospadias) apparently doubled
from 1970 to 1993, although incidence rates have appeared to stabilize
since then. 12

•
•
•

Childhood
•

Learning disabilities in the United States rose 191 percent between 1977
and 1994. 13 Although learning disability incidence rates have declined

8
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•

since the late 1990s, in part due to changes in diagnosis criteria, more
than 5 percent of all schoolchildren are affected. 14
Parent-reported incidence of a diagnosis of attention-deficit hyperactivity
disorder (ADHD) in their children increased more than 20 percent from
2003 to 2007, with as many as one in ten children now affected. 15
According to the most recent data available from the Centers for Disease
Control and Prevention, in 2006, on average, one child in every 110 (one
in seventy boys and one in 315 girls) was classified as having an autism
spectrum disorder. The average prevalence of ASDs identified among 8
year olds increased 57% from 2002 to 2006. 16
The prevalence of children with asthma has more than doubled since
1980. 17 More than 10 million children (14 percent) in the United States
have been diagnosed with asthma at some point in their lives. 18 Roughly
11 percent of U.S. children suffer from respiratory allergies, and 12 percent
from skin allergies. 19
According to the U.S. National Cancer Institute, the overall incidence of
invasive cancer in young people increased by 20 percent between 1975
and 2007. 20

Adolescence
•

•

Scientists are noticing changes in the timing of puberty that could signal an
underlying developmental problem. Early puberty puts girls at greater risk
of developing breast cancer later in life. 21 Since 1980, the average age of
first menstruation has advanced by 3 to 5 months, and the average age of
breast development has advanced by 1 to 2 years. 22
In the last four decades, the prevalence of obesity among adolescents in
the United States has quadrupled. 23

Adulthood
•
•

Adults may face more obstacles when attempting to bear children.
Scientists have found that sperm density has declined 40 percent in the
U.S. since World War II.
From 1975 to 2007, prostate cancer incidence climbed more than 75
percent. 24
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Figure 2: Relative Change in Selected Disease Incidence Rates over the Last 40
Years 25

We have no completely satisfactory
explanations for these rising trends in
disease. Many different factors likely
interact to produce these patterns, from
heredity to changes in culture and
lifestyle.
However, some scientists are testing the
idea that exposures to toxic chemicals
form a significant piece of the puzzle.
Scientific evidence is building that toxic
chemicals can interfere with the process
of development in animals and people in
ways that could lead to adverse health
effects. First, they are discovering that
chemicals can interfere with the timely
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and accurate exchange of information
between cells in the body. Second, they
are demonstrating toxic effects in
animals given small doses of chemicals
during specific – and sometimes very
narrow – windows of time, particularly in
the womb or during early infancy. Third,
they are finding a variety of toxic
chemicals in the blood and tissues of
pregnant women and women of
childbearing age at levels that could be
contributing to health problems in any
children they bear. 26 And most recently,
they are discovering that toxic exposures
may affect the exposed individual, her
children – or even her grandchildren. 27
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WHAT ARE WE EXPOSED
TO AND HOW?

From plastics to pesticides, the modern
world contains potentially hazardous
substances in far greater amounts than
at any time in human history. Since
World War II, annual chemical production
in the United States has grown more
than 20-fold. 28 Today, U.S. companies
are the world’s largest chemical
producers, generating more than 1.2
billion tons of chemicals each year.29
The chemical industry has introduced
tens of thousands of new products –
substances that did not exist anywhere
on Earth before the industrial revolution.

SOME INDUSTRIAL CHEMICALS
CAN INTERFERE WITH THE INNER
WORKINGS OF LIVING CELLS

Scientists studying the effects of toxic
chemicals on living organisms have
discovered hundreds of different
substances that could be harming human
health by interfering with the process of
development. These chemicals are
capable of interfering with the
transmission of signals within and
between cells, the building blocks of life;
or damaging important parts of cells,
from genetic material to key proteins.
Among these chemicals are:
•

Legacy pollutants, including
chemicals that have been banned
in the United States for more than
30 years but can still be found in

•

•

•

•

•

•
•

our bodies today, such as DDT,
the notorious pesticide, and
polychlorinated biphenyls, or
PCBs, a class of chemicals that
was often used as coolants or
insulating fluids.
Bisphenol A, a chemical
originally invented as a synthetic
estrogen hormone, but later used
to make ubiquitous polycarbonate
plastics, found in objects from
food containers to compact discs
to paper receipts.
Phthalates, a class of chemicals
often added to personal care
products and to plastics like
polyvinyl chloride (PVC) to make
them flexible.
Polybrominated
diphenyl
ethers (PBDEs), a class of
chemicals used for their flameretardant properties.
Non-stick chemicals, including
perfluoro-octanoic acid and
related compounds, used in
products like Teflon pans, stainresistant carpeting, or GoreTex
fabric.
Dioxin, a byproduct of burning
chemicals containing chlorine,
such as polyvinyl chloride (PVC)
plastic.
Pesticides, a broad class of
chemicals designed to impair or
kill insects, fungus or weeds.
Metals, including lead, cadmium,
certain tin compounds, and silver
nanoparticles now added to
impart bacterial resistance to
consumer fabrics.
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EXPOSURE TO TOXIC
CHEMICALS COMES FROM
MANY SOURCES

Humans can be exposed through toxic
chemicals from many different routes –
from the food we eat, to the water we
drink, to the lotions and other products
we put on our skin, to the air we breathe
inside our homes. For example:
•

•

12

Food. Some chemicals – such as
DDT, PCBs, PBDEs, dioxins, and
certain pesticides – accumulate in
fatty tissues and concentrate as
they climb up the food chain.
(Scientists call these chemicals
“bioaccumulative.”) One study
showed
that
frogs
can
accumulate PBDEs from their
food, concentrate the chemicals
in their bodies, and then deposit
higher levels of the chemicals in
their eggs. 30 Vegetarians tend to
have lower levels of PBDEs and
phthalates, suggesting that these
chemicals are present in meat
and dairy products. 31 Pesticides
can also become part of our diet
after they are directly applied to
crops.
Food containers. Bisphenol A is
used in the lining of most cans
containing food, including infant
formula containers, and it can
contaminate food it comes into
contact with. 32 People who drink
from water bottles made from
polycarbonate plastics, such as
those used in office water coolers
or in older Nalgene bottles, have
elevated levels of bisphenol A in
their urine. 33 Stain-resistant

•

•

polycarbonate food containers
can also contaminate food with
bisphenol A. Non-stick cookware
can expose users to stainresistant chemicals. Phthalates
can be found in some kinds of
food wrapping.
Building materials, appliances,
and furniture. Vinyl flooring
contains phthalates. Carpets can
contain stain-resistant chemicals.
Old paint can contain lead.
Pillows, seat cushions in cars,
and certain electronic devices
expose people to toxic flame
retardants. 34
Pressed-wood
products, such as particleboard,
plywood, and fiberboard; glues
and adhesives; and certain
insulation materials contain
formaldehyde. 35
Household dust and indoor air.
Everyday products and objects in
the home can release toxic
chemicals that then accumulate in
These
household
dust. 36
chemicals – from pesticides to
phthalates to flame retardants –
make their way into our bodies
through breathing or through our
skin. 37 The levels of PBDE flame
retardants in household dust, for
example, are mirrored in the
levels in residents’ blood and in
mothers’ breast milk. 38 Young
children in particular may be
prone to ingesting contaminated
dust – surveys show children
have 10 times as much PBDEs
on their fingers as adults. 39 One
survey of homes in Arizona found
more than 500 different chemicals
in indoor air – including high
levels of phthalates as well as 27
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different pesticides. 40 Some
pesticides are so resistant to
breakdown (i.e. “persistent”) that
they still show up in household air
and dust decades after they were
banned. 41
Clothing and toys. Testing
products on store shelves,
California’s Department of Toxic
Substances Control found a
child’s
necklace
containing
enough lead to be classified as
hazardous waste, while a
lunchbox contained both lead and
cadmium in toxic amounts.42
Some clothing manufacturers
now treat products with silver
nanoparticles to fight bacteria –
but the silver can come out in the
wash or in human sweat. 43
Personal care products. Use of
products such as shampoos,
perfumes, lotions and nail polish
can lead to skin absorption of
phthalates. 44 One study found
that the more lotions, powders
and shampoos parents used on
their babies, the higher the level
of phthalates that showed up in
the babies’ urine. 45
Medical products and other
items. Some dental sealants
expose patients to bisphenol A.
Handling certain carbonless copy
receipts after shopping can also
lead to bisphenol A exposure.
Medical plastics can expose
patients to phthalates or
bisphenol A. In one study, infants
in neonatal intensive care units
showed elevated levels of these
two chemicals in their urine. 46
Even the protective coatings of
some pills contain phthalates.

Eating a single tablet of an overthe-counter medication in one
experiment increased the amount
of phthalates in a patient’s urine
by more than 100-fold. 47
Chemicals absorbed into a woman’s
body can be passed on through her
blood to a fetus in her womb, or to a
nursing infant through her breast milk. 48
For example:
•

•
•
•
•

Active bisphenol A travels across
a pregnant woman’s placenta and
into the blood of the child in her
womb. 49
Mothers and their breastfeeding
babies have similar levels of
phthalates in their bodies. 50
Stain resistant chemicals in a
mother’s blood can travel to her
child through her breast milk. 51
Most women have PBDE flame
retardants in their breast milk. 52
PBDE flame retardants can travel
through a pregnant woman’s
blood into a child developing in
her womb, where it accumulates
in the child’s liver. 53

OUR BODIES ARE VULNERABLE
TO TOXIC CHEMICAL INTRUDERS

Given how ubiquitous synthetic
chemicals are in our society, it should
come as no surprise that scientists can
readily measure the contamination in our
bodies. When scientists look, they can
find more than 100 potentially dangerous
industrial chemicals and pollutants in the
body of the average U.S. resident. 54 For
example:
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A 2010 study found that
the bodies of virtually all U.S.
pregnant women – and possibly
their unborn children – carry
multiple chemicals, including
some banned since the 1970s
and others used in common
products such as non-stick
cookware, processed foods and
personal
care
products. Researchers
analyzed the data for 163
chemicals and detected about
three-quarters of them at
varying levels in some or all of
the women. They found almost
all – 99 to 100 percent – of the
pregnant
women
carried
polychlorinated
biphenyls
(PCBs),
organochlorine
pesticides, perfluorinated
compounds (PFCs), phenols,
polybrominated diphenyl ethers
(PBDEs), phthalates, polycyclic
aromatic hydrocarbons (PAHs)
and perchlorate. 55
Scientists regularly find dozens
of pesticides and their
breakdown products in people.
Scientists at the U.S. Centers
for Disease Control and
Prevention found at least three
different pesticides in every
single person they tested for
pesticides in blood and urine.
Out of 23 different pesticides
under
consideration,
the
average person had 13 in their
body. 56 This includes legacy
chemicals, some banned for
more than 30 years, such as
DDT. 57
PBDE flame retardants build
up in fatty tissue and do not

•

readily leave the body. As a
result, these chemicals have
been building up rapidly in our
bodies – despite the fact that
many states have taken action
to ban certain types of the
flame retardant chemicals. Over
the last 30 years, PBDEs have
built up in our tissues at
exponential rates, growing by
100-fold. 58 People in the United
States have PBDEs in their
bodies at levels 10 times higher
than people in Europe where
there are more restrictions on
these chemicals. 59 Two studies
published in 2010 documented
PBDE
contamination
in
California children at 10 to
1,000 times higher levels than
in Europe, and 5 times higher
than in other locations in the
United States – possibly due to
the
state’s
comparatively
stringent fire safety standards. 60
Levels from individual to
individual
vary
widely,
suggesting
that
people’s
exposure to the chemicals also
varies. Given how persistent
these chemicals are – and the
long useful lifespan for items
containing PBDEs such as
furniture and cars – these
chemicals are likely to be with
us for a long time.
Certain types of non-stick
chemicals are also extremely
persistent and bioaccumulative.
Scientists studying nearly 300
newborns in Baltimore found
two of these chemicals (PFOA
and PFOS) in just about every
baby they tested – indicating
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that children are exposed to
these chemicals while in the
womb. 61 Levels in U.S. adults
tend to be higher than levels in
residents of other countries,
with more industrialized nations
likely
to
show
more
contamination. 62
Bisphenol A does not
accumulate in the body, but
people
are
continuously
exposed to it. The chemical is
so ubiquitous in society that
scientists almost always find it
in the blood, tissues, and urine
of adults and children across
the United States. Scientists at
the U.S. Centers for Disease
Control and Prevention found
bisphenol A in more than 90
percent of people sampled, at
levels in urine samples ranging
up to 16 parts per billion, with

•

exposure remaining relatively
steady over the past decade. 63
Because of differences in body
size and ability to detoxify
chemicals, scientists predict
that babies are likely to have
ten times more active bisphenol
A circulating in their blood
compared to adults. 64 Exposure
to bisphenol A begins as early
as the development of an egg
cell within a woman’s body, and
continues
through
fetal
development. 65
Just about every American has
a variety of phthalates in his or
her body. In 2009, the U.S.
Centers for Disease Control
and
Prevention
found
measurable levels of 12
different phthalate compounds
in urine samples from
thousands of Americans. 66
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Phthalates
Phthalates are a family of chemicals, including diethyl phthalate (DEP), diethylhexyl
phthalate (DEHP), dibutyl phthalate (DBP), and many other distinct types. The polyvinyl
chloride (PVC) plastic industry uses large amounts of phthalates as additives to improve
the flexibility of their products, including home siding, flooring, furniture, food packaging,
toys, clothing, car interiors, and medical equipment including IV bags. In addition, other
manufacturers use phthalates in personal care products such as soaps, shampoos, hand
lotion, nail polish, cosmetics and perfumes, as well as industrial products like solvents,
lubricants, glues, paints, sealants, insecticides, detergents, and inks. 67 The Worldwatch
Institute estimated global phthalate production at roughly 5.5 million tons per year in
2000. 68

Plastics labeled with the recycling code 3 are made from polyvinyl chloride (PVC),
and likely contain phthalates.Scientists are finding phthalates everywhere they look. This
class of chemicals is one of the most widespread contaminants in the environment today.
In fact, according to EPA scientist Robert Menzer as cited by the Worldwatch Institute,
phthalates are so common that, “it has become very difficult to analyze any soil or water
sample without detecting phthalate esters.” 69
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KEY CONCLUSIONS TO DRAW FROM THE SCIENCE
Over the past several decades, scientists
have been building up an increasingly
robust – and frightening – body of
evidence that toxic chemical exposures
may be contributing to many of the major
public health crises our society is
experiencing.
Scientists
are
demonstrating that:
•

•

•

•

•

Chemical exposures can interfere
with key steps in human
development in ways that likely
contribute to a range of diseases,
from birth defects to learning
disabilities to cancer.
The
effects
of
chemical
exposures can appear at
extremely low doses – within the
range of exposures that people
today experience in their daily
lives. Experiments involving large
doses cannot predict the impact
of a small dose.
Mixtures of chemicals that act via
the same pathway can have a
greater impact than any individual
chemical alone.
The timing of a chemical
exposure is critically important –
since key steps (or vulnerabilities)
in the developmental process
happen over a matter of days.
Exposures
during
fetal
development can lead to life-long
consequences. Experiments must
be carefully designed to detect
these effects.
The source of research is
critically
important
when
interpreting its results. Industries

with a commercial interest in the
regulatory process are much
more likely to find no reason to be
concerned about a particular
chemical
compared
with
scientists that have no conflicts of
interest.

CHEMICAL EXPOSURES CAN
INTERFERE WITH KEY STEPS IN
HUMAN DEVELOPMENT

The human body depends on accurate
and timely exchange of information in
order to function correctly. Chemicals
produced by the body carry information
from one cell to another. For example,
chemicals called hormones direct growth
and development, regulate mood and
behavior, adjust the flow of energy and
nutrients, and time the menstrual cycle,
among many other important functions.
The levels of hormones are finely
controlled in the body. During
development, changes in the levels of
signaling molecules trigger important
steps, from the folding of cells into tissue
that will become the brain to the
organization of cells into what will
become the reproductive system.
Hormones transmit signals at very low
concentrations – equivalent to grains of
salt in an Olympic-size swimming pool.
Rising hormone levels function like a
finger flipping a switch. For example,
during the development of a male, the
presence of testosterone tells the brain
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and
body
to
characteristics.

develop

male

Scientists are demonstrating that some
synthetic chemicals can act as signals
within the body, in much the same way
as hormones. In some cases, the
chemical can “flip the switch” in the same
way the hormone does. In other cases,
chemicals modulate hormone levels by
interfering with how the hormone is made
or by blocking the signal at a different
point. In other cases, chemicals can
affect control over the translation of the
genetic code, or “programming,” that
directs how cells work. These types of
chemicals are known as endocrine
disruptors.
An endocrine disrupting chemical can
interfere with key steps in human
development in ways that likely
contribute to a range of diseases, from
birth defects, to abnormal behavior, to
cancer. The next major section of the
report, on page 23, reviews many
examples.

EFFECTS CAN BE APPARENT AT
EXTREMELY LOW DOSES

Although the amounts of chemicals
found in a typical person are relatively
small, these levels matter. Signals begin
with tiny changes in the concentrations of
hormones. Accordingly, exposure to low
levels of contaminants can have
significant effects.
For example, Dr. Frederick vom Saal at
the University of Missouri has shown that
the hormone estradiol can make cancer
cells grow in a petri dish at very tiny partper-trillion levels – roughly parallel to the
area of a living room relative to the area
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of the entire United States. 70 Hormone
signals are sent at these concentrations
during the normal life of a cell.
In contrast, large doses can have
completely different effects. Signals can
be transmitted until the point where all
available hormone receptors are bound.
Toxic effects often do not occur until
exposures reach far higher levels. For
example, in Dr. vom Saal’s experiment
with estradiol, cells do not die until
exposed to hormone levels more than a
million times higher than necessary to
make the cells grow. 71
Endocrine disrupting chemicals often
function the same way – causing one
response at very low doses, and a
completely different response at higher
levels. Experiments must be designed to
explicitly look for low-dose effects in
order to find them.

PEOPLE ARE REGULARLY
EXPOSED TO TOXIC CHEMICALS
AT LEVELS HIGH ENOUGH TO
CAUSE HARM

The levels of many toxic chemicals found
in our bodies today are within the ranges
shown to have profoundly damaging
impacts on laboratory animals. For
example:
•

In 2007, 38 of the world’s leading
experts on endocrine disruption
announced that average human
exposure to bisphenol A – even in
utero – is happening at levels
shown to harm animals in
laboratory
experiments.
Moreover,
the
scientists
concluded that our exposure to
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the chemical is higher than what
the U.S. Environmental Protection
Agency has deemed “safe.”72
According to a 2000 study,
approximately one in three
pregnant women in the Los
Angeles area had known
endocrine-disrupting chemicals in
the amniotic fluid that surrounds a
child in utero at levels
approaching those that interfere
with healthy development in
mice. 73

In some cases, scientists have even
been able to document links between
certain chemicals and human diseases.
The next major section of the report (on
page 23) will go through examples of
some of these links in detail.

THE TIMING OF EXPOSURE IS
CRITICALLY IMPORTANT

Key steps in the process of the
development of a human being can
happen in very narrow windows of time,
sometimes a matter of mere days. As a
result, the timing of chemical exposure is
critically important. If exposure happens
during a critical window of vulnerability,
damage
can
result.
Moreover,
sometimes that damage might take the
form of increased susceptibility to
disease, and it might not become
apparent until much later on in life. 74
In 2007, many of the world’s leading
experts on developmental biology and
toxicology gathered to discuss the state
of scientific knowledge on the topic. They
concluded that: 75
•

•

•

fetus or with her nursing baby –
and the child’s dose may in some
cases be larger than the mother’s
relative to body weight.
The process of development
creates windows of vulnerability
to a wide range of adverse
effects.
“Developmental exposures to
environmental chemicals can lead
to life-long functional deficits and
disease.”

Similarly, if exposure to a toxic chemical
happens outside of a window of
vulnerability, it may produce no effects.
For example, experiments with rats
reveal that exposure to a hormonally
active chemical on gestational day 17
can cause birth defects in the
reproductive system – that do not occur if
the exposure happens on gestational
day 16. 76

MIXTURES CAN HAVE GREATER
EFFECTS THAN INDIVIDUAL
CHEMICALS

Traditionally, toxicologists have studied
chemicals in isolation to determine how
hazardous they are. However, this
approach is likely to underestimate the
potential danger. In the real world, we
are never exposed to just one chemical
at a time.
Scientists are discovering that mixtures
of active chemicals – especially when
they act on the same underlying
mechanism of life – can have a greater
impact together than any individual
chemical alone. For example:

Chemicals in the mother’s body
will be shared with a developing
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•

•
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The effects of bisphenol A can be
amplified by a naturally-occurring
chemical in soybeans. 77
Methyl mercury, polychlorinated
biphenyls (PCBs), and PBDE
flame retardants have an additive
effect on a key signal in brain
cells. 78
Scientists at the Technical
University of Denmark and the
University of London showed that
a phthalate, two pesticides, and a
steroid had a much greater effect
on reproductive development in
rats when mixed together – even
when the level of each
contaminant in the mixture was
too small to cause an effect by
itself. 79
Scientists at the National Oceanic
and Atmospheric Administration
showed that a mixture of
pesticides is much more toxic to
young Pacific Salmon than would
be predicted based on simply
adding up the potency of each
chemical alone. 80
Dr. Tyrone Hayes and his
colleagues at the University of
California, Berkeley showed that
a mixture of pesticides at levels
actually found in the environment
weakens the immune systems of
tadpoles, leading to fatal
infections. Exposing tadpoles to
the pesticides one at a time did
not produce this effect. 81
Dr. Kevin Crofton and his
colleagues
at
the
U.S.
Environmental Protection Agency
showed that a mixture of
chemicals including dioxin and
PCBs, each at levels that produce
no effect, can together affect the

•

function of the thyroid hormone
system in rats. 82 Similarly, Dr.
V.C. Moser at the U.S. EPA
showed that a mixture of
pesticides – each at levels which
cause no effects – can together
impair brain function and behavior
in rats. 83
Researchers at the National
Institutes of Health have shown
that dioxin and other chemicals
that promote cancer via the same
mechanism – such as some
PCBs and furans – have additive
effects. 84

EXPERIMENTS THAT SHOW NO
EFFECTS
ARE
NOT
NECESSARILY PROOF THAT A
CHEMICAL IS SAFE

Experiments must be carefully designed
to detect impacts – and experiments that
show no effect are not necessarily proof
that a chemical is safe.
The effects of endocrine disrupting
chemicals are difficult to detect because
the machinery of life is complex.
Exposure to an endocrine disruptor can
cause profound changes during specific
windows of time, but have different or no
effects at other times. Chronic exposures
to low levels can have different effects
than short exposures to high levels. As a
result, scientists face enormous
challenges trying to untangle all of the
factors that can harm the normal course
of development.
Traditional toxicology experiments have
been designed to test the impacts of
high-dose exposures and not low-dose
effects. Many tests do not test a wide
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enough range of doses, and many do not
control adequately for the possibility that
contaminants are present in all samples.
As a result, many tests are more likely to

detect toxic effects but not signaling
effects, and therefore are predisposed to
overestimate exposure levels that are
safe.

Bisphenol A
Scientists first learned that bisphenol A could act as a synthetic substitute for the female
hormone estrogen in the 1930s, close to 30 years after its invention. 85 However, in 1953
chemists discovered that bisphenol A could be made into polycarbonate plastic. Despite
the fact that bisphenol A was known to be active in the human body, it went on to become
commonplace in the manufacture of a variety of materials not meant to be drugs.
Bisphenol A is one of the top 50 products produced by the chemical industry, generating
revenues exceeding $6 million per day in the U.S., Europe, and Japan. 86 Market
forecasters predict that industry will manufacture 14 billion pounds of the chemical per year
by 2015. 87

Plastic items made from polycarbonate can sometimes be identified by the
recycling code “7,” unless the label also indicates the item is “BPA-free.”
Several states and cities have taken action to restrict the use of bisphenol-A in children’s
formula containers, sippy cups, or other food containers, including Connecticut, Minnesota,
Washington, Wisconsin and the city of Chicago. 88
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THE SOURCE OF RESEARCH
CAN AFFECT ITS CONCLUSIONS

The source of research is critically
important. Industries with a commercial
interest in the regulatory process are
much more likely to find no reason to be
concerned about a particular chemical in
comparison with scientists that have no
conflicts of interest.
The most well-known example of this
phenomenon occurred when Philip
Morris and the tobacco industry worked
to undermine the scientific evidence that
smoking and second-hand smoke was
harmful to human health. 89 More
recently:
• Dr. Frederick vom Saal at the
University of Missouri found that,
through December 2004, 94 of
104 government-funded studies
of bisphenol A, many conducted
in academic laboratories, found
evidence of adverse effects at
relevant low-level exposures.
However, none of the 11 studies
funded by industry found such
effects. 90

22

• Industry contributions to the
Environmental
Protection
Agency’s evaluation of the
hazards of vinyl chloride
weakened the outcome. The
industry downplayed risks of
cancer at sites other than the
liver, and managed to reduce
cancer potency estimates by 10fold – resulting in weaker
regulations. 91
• Dr. Tyrone Hayes at the
University of California, Berkeley
found that studies evaluating the
hazards of the pesticide atrazine
which were funded by atrazine’s
manufacturer, Syngenta, have
been poorly designed, poorly
executed and published with
misleading representation of the
results, claiming no impacts –
while experiments from his own
laboratory show reason for
concern. 92
• Research funded by companies
with a financial interest in
vindicating their products tends
to be less reliable than research
without such conflicts. 93
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Flame Retardants
Household products made from flammable materials, such as polyurethane foam in furniture and
plastics in computers and electronics, contain chemicals designed to reduce the spread of fire in
the event of an accident. One of the most common such additives over the past three decades are
polybrominated diphenyl ethers, or PBDEs.
First introduced 30 years ago, these types of flame-retardant additives are now widely found in the
environment. The levels of PBDEs found in some mothers and fetuses are at the levels shown to
impair learning and behavior in laboratory experiments. 94
State legislatures have passed bans of certain toxic flame retardant chemicals in California,
Hawaii, Illinois, Maine, Maryland, Michigan, Minnesota, New York, Oregon, Rhode Island, and
Washington. 95 American manufacturers of the “penta-“ and “octa-“ variants of PBDEs have
voluntarily stopped manufacturing them. After Washington and Maine banned the “deca” variant of
PBDEs, historically used in the largest quantities, the only two American manufacturers of this
chemical agreed to end production, importation and sales of this chemical by the end of 2013. 96
Major electronics manufacturers, such as Apple, have already ceased to use deca.
There is no guarantee that alternative, substitute chemicals will actually be safer, due to
weaknesses in state and federal chemical regulatory policies. For example, manufacturers initially
introduced toxic PBDE flame retardants to replace chlorinated compounds that showed signs of
toxicity, persistence in the environment, and the ability to accumulate in the food chain. Only later
did scientists discover that PBDEs posed similar risks.
Now, some of the chemicals being used to replace PBDEs are showing up in wildlife, indoor air,
household dust and in our bodies. 97 Ten articles in peer-reviewed journals suggest that there are
detectavle amounts of the deca substitute decabromodiphenyl ethane (DBDPE) in the
environment. 98 Very little hazard testing has been done on the PBDE alternate chemicals now in
use.
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L INKS B ETWEEN C HEMICAL E XPOSURES AND
I MPAIRED D EVELOPMENT
Scientists studying the impact of toxic
chemicals on growth and development
are
discovering
many
possible
connections
between
chemical
exposures and a range of diseases that
span the entire course of life, from
conception to old age.
Increases in learning disabilities could be
linked to chemicals that interfere with
brain development, including toxic flame
retardants, pesticides and bisphenol A.
Increasing genital birth defects in males
could be linked to chemicals that
interfere with reproductive development,
including pesticides and phthalates.
Increasing rates of premature birth and
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earlier puberty in girls could be linked to
chemicals that interfere with the
reproductive system, including bisphenol
A and phthalates. Chemical exposures
could even be playing a role in trends
toward increased obesity and diabetes
and in the development of a variety of
cancers.
In the following sections we walk through
the course of human development,
outlining the evidence supporting the role
toxic chemical exposures may play in
current public health trends.
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PRENATAL

DEVELOPMENT

The single cell that results from the union
of a sperm and an egg contains all the
information required to produce a human
being. As the embryo grows within the
uterus, cells develop specialized
characteristics and functions, becoming
limbs, hearts, eyes, brains, and all of the
critical organ systems that make life
possible. From the time parents realize
they are going to bring a new life into the
world, they wait with anticipation for the
first outlines of shape and the first signs
of movement.
After approximately 38 to 40 weeks of
dramatic growth and development,
babies are born and enter into direct
contact with the world. However, for
some parents, pregnancy might bring
unexpected and possibly heartbreaking
complications, from miscarriages to birth
defects.
Inexplicably, a growing number of
children are entering the world earlier
than normal or with some types of birth
defects. Premature births are becoming
more frequent in the United States.
Premature babies, defined as babies
born more than three weeks early, face a
higher risk of disrupted cognitive
development or behavioral problems
later in life. Male infants have a higher
frequency of reproductive birth defects
than they did 40 years ago. Infant boys
with birth defects such as undescended
testicles (cryptorchidism) and malformed

urinary tracts (hypospadias), face an
increased risk of testicular cancer and
reproductive dysfunction. While a variety
of factors could be responsible for this
trend, scientists are discovering that
chemical exposures – involving the
parents’ sperm or egg cells, or the
developing fetus – may play a major role.

MISCARRIAGE

Even before conception, genetic damage
to an egg or sperm can cause
developmental problems for the resulting
embryo. Severe genetic defects can lead
to miscarriage before a woman even
knows she is pregnant. For example,
when chromosomes sort incorrectly in a
father’s sperm or mother’s egg, diseases
– or, more often, miscarriages – result.
Incorrect sorting of chromosomes leads
to conditions like Turner’s syndrome, in
which a female has only one Xchromosome and never develops
ovaries; Klinefelter’s syndrome, in which
a male has one or more extra Xchromosomes and is sterile; Down
syndrome, in which a child has an extra
copy of chromosome 21 and suffers
multiple
mental
and
physical
impairments; and miscarriages, when
genetic problems disrupt development
too drastically to make life viable.
Roughly 10 percent to 25 percent of
human embryos have an incorrect
number of chromosomes. Almost all of
these end in miscarriage early in
pregnancy 99.
And according to the U.S. National
Academies of Science, just under half of
all pregnancies in the country end with
miscarriage, or produce a child born with
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a birth defect
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chronic
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Evidence
Tying
Chemical
Exposures to Miscarriage

Scientists have discovered links between
miscarriage and exposure to both
bisphenol A and to pesticides – in
laboratory animals and in humans.

Bisphenol A

Scientists have shown that exposure to
bisphenol A can lead to inaccurate
sorting of chromosomes during egg and
sperm development – which is the
largest known cause of miscarriage.
In 2005, Dr. Sugiura-Ogasawara and his
colleagues at the Nagoya City University
Medical School in Japan and his
colleagues found that women with a
history of recurrent first trimester
miscarriages had bisphenol A in their
bodies at levels more than three times
higher than a group of women with
normal pregnancy histories. Moreover,
miscarried (or spontaneously aborted)
fetuses showing improper chromosome
sorting as a cause of the miscarriage
came from mothers with even higher
bisphenol A levels. 101

Pesticides

Scientists have discovered links between
exposure to a variety of pesticides and
spontaneous miscarriage.

One study found an association between
pesticide use in California and an
increased risk of miscarriage caused by
birth defects. Dr. Erin Bell of the
University of North Carolina and her
colleagues showed that mothers who live
within a 9-square mile area in which
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commercial pesticide spraying takes
place during pregnancy are 40 percent to
120 percent more likely to suffer
miscarriages
due
to
congenital
defects. 102 The risk was greater for
pesticide exposure during gestation
weeks 3-8, the critical period when many
organ systems first begin to take shape.
Associations were apparent for five
major
classes
of
pesticides:
organophosphates,
carbamates,
pyrethroids, and endocrine disrupting
pesticides,
but
strongest
with
halogenated hydrocarbons (examples of
halogenated hydrocarbons include
endosulfan,
lindane,
and
pentachlorophenol).
Dr. Warren Porter at the University of
Wisconsin discovered that rodents
exposed to low doses (commonly found
in the environment) of a commercial
herbicide mixture including 2,4-D have
reduced litter sizes. 103 This experiment is
striking in that very low doses – as low
as one seventh of the drinking water
standard set by the EPA – produced the
greatest effect.
Finally, scientists have also uncovered
links between the banned pesticide DDT
and miscarriage. For example:
•

•

Dr. Matthew Longnecker at the
National Institutes of Health and
his colleagues found that women
with higher levels of DDT in their
blood were more likely to have a
history of miscarriage, testing
blood samples taken in the early
1960s. 104
Researchers in China tracked
hormone levels of newly married
women, finding that higher DDT
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levels in blood were associated
with miscarriage before the
women
knew they were
105
pregnant.

PREMATURE BIRTH AND LOW
BIRTH WEIGHT

Rates of pre-term birth (defined as giving
birth at 37 or fewer weeks gestation)
rose in the latter part of the 20th century
in the United States. From 1975 to 1995,
preterm delivery increased 22 percent
among Caucasian women, from 6.9
percent to 8.4 percent of births. 106 The
increase among African American
women was smaller, 3.6 percent, but the
percentage of pre-term births among
African Americans is very high already,
accounting for 16 percent of all births in
1995. The increase appears to be
continuing. Researchers at the CDC
observed the same general trend from
1981 to 2008, with premature births
rising more than 30 percent. 107

Evidence Tying Chemicals to
Premature Birth and Low Birth
Weight
A variety of factors, including an increase
in the age of childbearing women, could
explain part of this trend. However,
exposure to chemicals in the
environment such as phthalates and
pesticide residues could also be
contributing to the trend toward shorter
pregnancies.
If chemical exposures are causing earlier
deliveries, it could have serious
consequences for the health of children
later on in life. Children born prematurely
and undersized face more challenges
than the average child growing up,

including a greater risk for hospitalization
due to infections throughout childhood,
reduced intelligence, and behavioral
problems, including attention deficit
hyperactivity disorder (ADHD). 108

PCBs and DDT

In 2001, a research team led by Dr.
Matthew Longnecker at the National
Institutes of Health reported that women
with the highest levels of DDT in their
blood were more than three times more
likely to give birth to a premature child. 109
And in 2008, a group of Danish scientists
at the Statens Serum Institute in
Copenhagen showed that women who
ate more fish during pregnancy had
higher levels of PCBs – the insulating
chemical banned in the United States in
1972 – in their blood and gave birth to
smaller babies. 110

Phthalates
Chemicals still in widespread use today –
such as phthalates – may also affect
delivery timing. For example, in 2003, a
group of Italian scientists found
phthalates and their breakdown products
in the blood of newborn infants, with
higher levels leading to a higher
incidence of premature delivery. 111 They
report that on average, babies exposed
to common phthalates enter the world a
week earlier than babies with less
exposure. In 2009, Dr. John Meeker and
his colleagues at the University of
Michigan found that women in Mexico
with higher levels of phthalates in their
blood during the third trimester of
pregnancy were two to four times as
likely to have their babies early than
pregnant women with lower phthalate
levels. 112

27 Links Between Chemical Exposures and Impaired Development

One theory for how this effect might
come about holds that phthalates cause
inflammation in the womb, which could
cause premature labor. 113

damage affected regions of the
brain associated with learning
and memory, offering an
explanation for previous studies
that showed children whose
mothers
are
administered
terbutaline
suffer
cognitive
defects. 117 According to the
research team, more than one
million women per year in the
U.S. receive terbutaline or related
drugs.

Pesticides

Scientists have associated several
different pesticides with reduced birth
weight. For example:
•

•

•
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Dr. Mark Robson’s laboratory at
Rutgers University in New Jersey
found that women with higher
levels
of
the
herbicide
metolachlor in their bodies gave
birth to smaller babies. 114
Metolachlor is used in agriculture
and along roadsides, and
contaminates water supplies
through runoff.
Dr. Mary Wolff at the Mt. Sinai
School of Medicine in New York
City found that pregnant women
with higher levels of DDT and
organophosphate pesticides in
their bodies were more likely to
give birth to lower weight babies
with smaller heads. This was
especially true for mothers
without the genetic ability to
rapidly
break
down
organophosphate pesticides. 115
Moreover, medication commonly
used to halt pre-term labor and
stave off birth could be making
children more vulnerable to
damage from pesticides. Dr.
Theodore Slotkin and colleagues
at Duke University Medical
Center found that rat fetuses
exposed to the pre-term labor
drug terbutaline were more
vulnerable to damage from the
pesticide chlorpyrifos. 116 The

Non-Stick Chemicals
Several types of non-stick chemicals,
which accumulate in the food chain and
do not readily leave the body, could be
contributing to the prevalence of
premature birth and low birth weight. For
example:
•

•

Dr. Cheryl Stein at the Mt. Sinai
School of Medicine in New York
and her colleagues studied
women living near a factory that
manufactures anti-stick chemicals
(specifically
perfluorooctane
sulfonate or PFOS). She found
that women with blood levels of
the chemical above the median
were 50 percent more likely to
have had a child with low birth
weight, and 10 percent more
likely to have given birth
prematurely than women with
lower exposure. 118
Dr. Benjamin Apelberg at the
Johns Hopkins Bloomberg School
of Public Health and his
colleagues found that infants born
in Baltimore who had higher
levels of non-stick chemicals in
their umbilical cord blood were
more likely to be smaller than less
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Figure 3: Trends in Defects in the Male Reproductive System in the U.S., 19701993.
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exposed babies. Nearly every
baby tested had detectable levels
of the toxins in their blood. 119

ALTERED
REPRODUCTIVE
SYSTEM DEVELOPMENT

Genital defects in males appear to be
increasing. Although no researchers
have precisely determined the cause,
toxicants that affect the development of
the reproductive system are a plausible
factor. The number of baby boys born
with hypospadias (a birth defect causing
the opening of the urinary tract to
develop on the underside of the penis)
and with cryptorchidism (a birth defect
disrupting the descent of the testicles
into the scrotum) doubled in the last four
decades. 120 In the early 1990s, these

1990

1995

problems affected about four children in
1,000 births, up from two in 1,000 in
1970 (see Figure 3), although rates have
apparently stabilized since then.121
Around the world, cryptorchidism has
increased from around 2 percent of births
affected in the 1950s, to as much as 8
percent of births in the 1980s to 1990s,
with apparently different rates in different
countries. 122 Researchers however note
that the apparent trends are not certain,
due to deficiencies in international health
monitoring systems and in comparing
different studies. 123
Exposure to chemicals in the
environment could explain at least part of
this apparent trend. 124 Scientists at
Copenhagen University Hospital who
study male defects note that in “perhaps
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the majority of newborns with
malformations
of
genitalia,
no
chromosomal or other genetic defect can
be demonstrated with our current
knowledge.”125 The causes of the
disease appear complex, and could
involve a range of environmental and
genetic factors. 126

PCBs and DDT
•

•
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Dr. Irva Hertz-Picciotto at the
University of California, Davis and
her colleagues found that women
with the highest levels of PCBs in
their blood were 33 percent more
likely to give birth to a girl than
women with the lowest levels.
The researchers studied blood
samples taken from pregnant
women in the San Francisco Bay
area in the 1960s, when PCB
levels were generally higher than
they
are
today.
They
hypothesized that PCBs could
affect the ability of male sperm or
embryos to survive. 127
In 2008, Dr. Françoise BruckerDavis at the l’Archet Hospital in
Nice, France, found that mothers
with the highest levels of PCBs
and DDT in their breast milk were
three times as likely to give birth
to a baby boy with cryptorchidism
compared to mothers with low to
medium exposure. 128 These
chemicals may not cause the
condition themselves, but rather
could be an indicator of exposure
to a mixture of some other
chemicals to which people are
exposed. For example, other
experiments looking at DDT or
PCBs alone did not detect an
effect. 129

•

When Dr. Veeramachaneni and
his colleagues at Colorado State
University exposed pregnant
rabbits to DDT or a pesticide
called vinclozolin, resulting male
babies showed higher rates of
undescended testicles, atypical
sperm, and sexual dysfunction. 130

Disruption of reproductive system
development due to chemical exposures
is not limited to males. For example:
•

Dr. David Sassoon and his
colleague Dr. Risheng Ma at the
Mt. Sinai School of Medicine in
New York found that PCBs at
levels people are exposed to can
initiate
changes
in
the
development of the uterus in
mice. They also found that some
mice are genetically more
vulnerable to this effect. They
concluded that the female
reproductive tract can be
“permanently reprogrammed after
exposure
even
to
weak
estrogenic compounds” such as
PCBs. 131

Phthalates
Scientists have demonstrated that a
variety of different phthalate chemicals,
or their breakdown products, can cause
reproductive system defects in male
rodents.
•

In 2000, Dr. L. Earl Gray and his
colleagues at the U.S. EPA
reported that three types of
commonly
used
phthalates
(DEHP, BBP and DINP) disrupt
sexual development in the male
rat. 132 When female rats were fed
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these
phthalates
during
pregnancy, they gave birth to
male pups that weighed less and
showed
symptoms
of
hypospadias,
cleft
phallus,
reduced testes weight, and other
reproductive
malformations,
including undescended testicles.
Apparently,
DEHP
reduces
testosterone production in the
developing testes, interfering with
the signals that direct normal
male
reproductive
development. 133 A maternal dose
of 750 mg/kg/day of DEHP after
the second week of pregnancy
reduces testosterone levels in the
male testes of offspring to the
same level as in female rodents.
In 2004, Dr. Gray and others at
the EPA followed up on this
finding, showing that the
phthalates DEHP, BBP, and
DINP also reduce the levels of an
insulin-like hormone.. Reduced
activity of this hormone is another
known cause of undescended
testicles in mice. 134
Other research groups have
implicated
other
common
phthalates (dibutyl phthalate or
DBP and diisobutyl phthalate or
DiBP) as a direct cause of
hypospadias and cryptorchidism
in rodents. When female rats are
fed DBP or DIBP at 500 mg/kg
bodyweight during the third week
of pregnancy, their male offspring
suffer
cryptorchidism,
hypospadias, infertility, and/or
other testicular defects. 135 DBP
exposure at levels currently
experienced by the human
population alters the expression

•

of
genes
necessary
for
136
testosterone synthesis in rats.
In 2007, Dr. Gray and his
colleagues showed that a mixture
of two different phthalates have
an additive effect. Together, they
can produce more damage to
male reproductive development in
the rat than either chemical
alone. 137

The evidence that exposure to
phthalates in the womb can disrupt the
development of the reproductive system
in rats and mice is strong. And the
defects seen in rodents are very similar
to birth defects seen in humans.138
Scientists are now uncovering evidence
that phthalate exposure is a likely factor
in the prevalence of reproductive system
birth defects in humans. For example:
•

In 2005, Dr. Shanna Swan at the
University of Rochester in New
York and her colleagues showed
that exposure to a mixture of
phthalates in the womb effects
the
development
of
the
reproductive system in baby
boys. The researchers measured
phthalate levels in blood and
urine samples from pregnant
women representative of the
general population. They later
examined
the
reproductive
development of baby boys by
measuring anogenital distance –
or the length of the perineum
between the anus and the
genitals, which is typically twice
as long in males as females.
They found that babies with the
highest exposure to a mixture of
active phthalates were 90 times
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•

•

more likely to have a shortened
anogenital distance. Moreover,
boys with shortened anogenital
distance were more likely to have
reproductive system defects,
including incomplete testicular
descent, smaller penises, or small
and indistinct scrotums. 139
In 2008, Dr. Gillian Ormond at
University College in Cork,
Ireland and her colleagues found
that women exposed to hairspray
or phthalates at work were more
likely to give birth to boys with
hypospadias. 140
Also in 2008, Dr. Romain Lambrot
and his scientific colleagues in
France discovered that exposure
to the phthalate MEHP harms the
development of cells that make
sperm in human fetuses. The
research team cultured cells from
fetal testes, adding different
doses of the phthalate, which
caused the cells to die
prematurely, without altering
testosterone levels. 141 While the
dose of the phthalate was higher
than typical current exposure,
they only tested one type of
phthalate. A mixture of different
chemicals might produce effects
at lower concentrations.

Pesticides
Pesticide exposures could also be
contributing to the observed upward
trend in male reproductive birth defects.
•
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In a major study published in
2011, a team of British scientists
at the University of London found
that 30 out of 37 commonly used
agricultural pesticides – used on

•

crops such as strawberries and
lettuce – had the ability to
interfere with the male hormone
signaling system that is critical for
proper
male
reproductive
development. Strikingly, 16 of
those compounds had never
before been identified as
hormonally active. 142 The authors
recommended that all pesticides
be screened to determine if they
could be toxic to male
reproductive development. The
study indicates that there are
many potentially dangerous
chemicals that scientists still
know little or nothing about.
At exposure levels far beneath
those found in lakes, rivers,
streams, and even drinking water,
the pesticide atrazine causes
male frogs to develop ovaries,
abnormal testicles, or a mixture of
ovaries and testicles. These
effects occur at exposure levels
more than 10,000 times lower
than those previously identified as
non-toxic to frogs, as low as 0.1
ppb. 143 In the mid 1990s, the U.S.
Geological Survey looked for
pesticide contamination around
Los Angeles and through
California’s Central Valley as a
part of the National Water Quality
Assessment. They found atrazine
at levels up to 730 times higher
than the levels shown to cause
reproductive
development
problems in frogs. 144 In some
areas, atrazine was detected in
more than half of all surface water
samples. 145 Atrazine appears to
affect the testosterone signaling
pathway by promoting the
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conversion of testosterone to
estrogen. Adult male frogs
exposed to 25 ppb atrazine show
a
ten-fold
decrease
in
testosterone levels compared to
controls – effectively lowering
testosterone to female levels. 146
In one study, Danish women
occupationally
exposed
to
pesticides while working in
greenhouses were three times
more likely to have sons with
undescended testicles than the
general
population
in
147
Copenhagen. In another study,
Danish women who gave birth to
boys with undescended testicles
had higher levels of a mixture of
eight
persistent
and
bioaccumulative organochlorine
pesticides in their breast milk. 148
The pesticide methoxychlor can
block an estrogen signal required
for normal development of the
uterus. Mice exposed to this
pesticide while in the womb show
altered expression of a gene
necessary for healthy uterus
development and function – and
the effect lasts into adulthood. 149

Bisphenol
Retardants
Chemicals

A,

PBDE Flame
and
Non-Stick

Other chemicals could be contributing
toward the prevalence of reproductive
system defects. For example:
•

Female rats exposed to PBDE
flame retardants while in the
womb develop structural defects
in their ovaries and develop fewer
eggs. 150 Male rats show lower
levels of testosterone, a shorter

•

•

anogenital distance, altered
timing of puberty, and feminized
behavior. 151
Pregnant rats exposed to
bisphenol A gave birth to female
offspring
with
vaginal
deformations, apparently caused
by a disruption of the estrogen
signal required for normal
development. 152 The amount of
bisphenol A required to show an
effect is well within the range of
levels found in many people
today. 153
Male rats fed a type of non-stick
chemical showed changes in the
shape and size of the testes,
altered hormone levels, cell
abnormalities, and altered gene
expression patterns. 154

OTHER BIRTH DEFECTS

The incidence rates of many types of
birth defects in the U.S. have been
declining with better nutrition and
medical care. For example, adding folic
acid to cereal in the 1990s has appeared
to reduce the number of spina bifida
defects. However, birth defects remain
the leading cause of infant death, and
the specific causes of most birth defects
remain a mystery. 155 According to the
CDC, infant deaths due to birth defects
have not declined as quickly as other
types of infant mortality over the last
three decades. 156
However, scientists face challenges in
untangling the influences of increasing
maternal age, increasing prenatal
diagnosis of birth defects and elective
termination, and other trends affecting
infant death rates. While overall infant
death rates are declining, important
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questions still remain to be answered
about the origin of many birth defects.

•

Chemical exposures are likely to be an
important part of the story. For example:

Pesticides

Dr. Dina Schreinemachers at the U.S.
EPA found that human babies born in
wheat-growing areas of the western U.S.
(where chlorophenoxy herbicides like
2,4-D are used in large amounts) are
more likely to have birth defects than
babies in non-wheat growing areas of the
West. 157 She found that:
Children born in high-wheat areas were
60 percent to 90 percent more likely to
have birth defects in the respiratory
system, circulatory system, and in the
muscles and skeleton (fused digits,
clubfoot, extra digits, etc.).

•

The frequency of birth defects
was highest for babies conceived
in the spring, when herbicide
spraying is most intense. Boys
conceived in high-wheat counties
in April and May were almost five
times more likely to have a birth
defect than boys conceived in
low-wheat counties at other times
of the year.
Infant death due to congenital
abnormalities was more frequent
for boys in wheat-growing
counties compared to low-wheat
counties.

In addition to agriculture, herbicides like
2,4-D are used in home lawn care and
grounds maintenance. Common lawn
care products including Scotts and
Weed-B-Gon weed killers and MiracleGro Weed and Feed contain2,4-D. 158

Figure 4: Rising Numbers of People with Autism in California
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Autism and ADHD Appear to Arise During Fetal Development
Scientists and doctors do not really know what causes autism, ADHD, or other learning
disabilities. However, there are strong indications that the cause is an event during fetal
development, and that genetic makeup may affect people’s vulnerability.
Signs of autism exist in the womb, even though behavioral symptoms normally do not
become fully apparent until well after birth. Children with autism show delayed brain growth
in utero and accelerated brain growth in the months after birth. 159
Early signs of ADHD exist as well, independent of any medication, indicating that
increasing ADHD rates cannot be fully explained by cultural changes in society. Children
with learning and attention disorders can show common characteristics at birth, including
low birth weight and reduced head circumference. 160
Dr. Francisco X. Castellanos at the New York University Child Study Center found that the
brains of children diagnosed with ADHD, whether receiving drugs for treatment or not,
lagged behind their classmates in growth over ten years. 161 Children with ADHD had brains
on average 3.4 percent smaller than normal children, and the differences remained fixed.
Dr. Castellanos believes that the fact that differences remain unchanged over time
suggests that ADHD begins in the prenatal period or early in life. 162
Evidence exists that changes in thyroid hormone levels may be part of the cause of ADHD.
Dr. Peter Hauser at the National Institutes of Health found that families with a genetic
problem that reduces the function of the thyroid hormone system were more likely to have
symptoms of ADHD. In the study, 70 percent of children from families with genetic thyroid
problems had ADHD, while the disorder affected 20 percent of children in families without
thyroid problems. 163 In another experiment, Dr. Michael McDonald at the National Institute
of Mental Health showed that mice with the same genetic defect in their thyroid hormone
systems developed symptoms of ADHD, including hyperactivity and impaired learning
ability. 164
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consequences across society as a
whole.

CHILDHOOD

As infants grow into children, they reach
a number of traditionally celebrated
milestones: taking their first steps,
speaking their first words, and attending
their first day of school. Parents often
look forward to these moments and
remember them with fondness. Parenting
books describe the typical timelines of
cognitive and physical development so
that parents know when to look for the
signs of proper growth in their children.
For some parents, delayed or disrupted
development
will
require
minor
adjustments in lifestyle and support from
the community and schools. For other
parents, more serious developmental
disorders will mean years of testing,
diagnosis, medication, and special
education.
During their first few years, healthy
children learn rapidly in a supportive,
nurturing environment. However, if
something has gone wrong with brain
development, the effects begin to
manifest themselves during this period.

LEARNING DISABILITIES
BEHAVIORAL DISORDERS

AND

Disorders of brain development can
range in severity from severe mental
retardation to more subtle problems such
as attention deficit disorder. Small
deficits in brain development could even
result in simply the loss of a few IQ
points – which could be hardly noticeable
on an individual level, but have large
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The causes of these disorders are mostly
unknown, but scientists are accumulating
evidence that chemical exposures can
interfere with the process of brain
development in ways that produce
functional deficits. Scientists have
identified more than 200 chemicals as
possible factors in neurological disorders
in humans, and more than 1,000 such
chemicals in laboratory animals. 165
Although no one agency tracks the
prevalence
of
autism,
learning
disabilities, and related disorders in the
United States, there are some indications
that these problems are becoming more
frequent. For example:
•

•

Cognitive development experts
report that learning disabilities in
the United States rose 191
percent between 1977 and
Although
learning
1994. 166
disability incidence rates have
declined since the late 1990s, in
part due to changes in diagnosis
criteria, more than 5 percent of all
schoolchildren are affected as of
2009. 167
In 1985, there were 650,000 to
750,000 people diagnosed with
attention deficit hyperactivity
disorder (ADHD). By 2000, that
number had risen to 4-5 million,
mostly school-aged children. 168
Parent-reported incidence of a
diagnosis of attention-deficit
hyperactivity disorder (ADHD) in
their children increased more
than 20 percent from 2003 to
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2007, with as many as one in ten

Autism
and
Learning
Disabilities Are On the Rise
Autism spectrum disorders (ASDs) are a
group of developmental disabilities
characterized by atypical development in
socialization,
communication,
and
behavior. The symptoms of ASDs
typically are present before age 3 years
and often are accompanied by
abnormalities in cognitive functioning,
learning, attention, and sensory
processing. The term "spectrum
disorders"
indicates
that
ASDs
encompass a range of behaviorally
defined conditions, including autism,
Asperger disorder, and pervasive
developmental disorder.
Children born with autism face a lifelong
inability to form social relationships and
an obsession with repetitive behaviors.
According to the most recent data
available from the Centers for Disease
Control and Prevention, in 2006, on
average, one child in every 110 (one in
seventy boys and one in 315 girls) was
classified as having an autism spectrum

children

now

affected.169

disorder. The average prevalence of
ASDs identified among 8 year olds
increased 57% from 2002 to 2006. 170
The state of California has among the
best available information tracking the
incidence of neurological problems. The
data there show a marked rise in autistic
spectrum disorders, increasing on the
order of ten-fold from 1986 to 2006. 171
(See Figure 4.) Children with autism
were much more likely to have been born
after 1980. (See Figure 5.)
When these trends were first publicized,
some doctors questioned whether they
were real or caused by confounding
influences. In October 2002, researchers
at the University of California at Davis
laid these doubts to rest. They ruled out
population
increases,
trends
in
diagnosis, and other potentially
misleading factors for the observed
increase in autism cases, reporting that
“some, if not all, of the observed increase
represents a true increase in cases of
autism in California.” 172

Figure 5: Year of Birth Distribution of the 1991 Autistic Population (7,915)
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PCBs and DDT
Scientists have known for decades that
PCBs can interfere with brain
development in humans. The use of the
Children born to mothers exposed to
PCBs by accidental poisoning in 1978
showed signs of irreparable damage
associated with developmental toxicants:
immune suppression, altered sexual
development, delayed brain development
and increased social dysfunction like
hyperactivity and behavioral problems at
school. 173 Over the next two decades,
these results were confirmed at far lower
levels of exposure by studies in North
Carolina, Michigan, upstate New York,
and the Netherlands: as the level of PCB
exposure before birth rose, the mental
and physical abilities of infants after birth
declined. Even at very low levels,
prenatal PCB exposure contributed to
hyperactivity and attention problems
discovered later in childhood. 174 The
chemical has parallel effects on other
mammals, such as monkeys. 175
As recently as 2010, scientists found that
the levels of PCBs in the general
population were still high enough to
affect thyroid hormone balance in
mothers and their nursing infants,
causing functional deficits. 176
Evidence that DDT causes damage to
the developing brain in humans has
emerged as well. For example:
•

38

Dr. Sharon Sagiv and her
colleagues at Harvard found that
children whose mothers had the
highest levels of PCBs and DDT
in their blood at birth were 26 to
79 percent more likely to display

chemical in modern commerce – and the
widespread contamination that resulted –
provided the conditions for a giant
experiment on the human population.

•

•

•

ADHD-like behaviors at school,
including inattention and poor
impulse control, as judged by
their teachers. 177 A similar study
at the State University of New
York showed that women with
higher levels of PCBs in their
placentas at birth had children
who developed with lower IQ
scores. 178
Studies in areas where DDT has
been used for malaria control or
for agriculture show that women
exposed to the pesticide –
especially during the first
trimester of pregnancy – are more
likely to have children with
impaired ability to perform on
verbal, memory, quantitative, and
perceptual tests associated with
neurodevelopmental delay. 179
Both DDT and PCBs can affect
thyroid hormone levels in
pregnant women, which could
explain how they interfere with
brain development. 180
Moreover, PCB exposure before
birth and while nursing reduces
the ability of rats to perform basic
tasks, such as escaping from a
maze. Exposure to low doses of
the chemicals interferes with the
normal growth and development
of the nerve cells associated with
learning and memory. 181

Bisphenol A
The use of bisphenol A, the foundation of
polycarbonate plastic, could prove to be
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another tragic experiment now playing
out on the human population. Scientists
are accumulating evidence – mostly in
experimental animals at this point – that
bisphenol A exposure could interfering
with
brain
development.
For
example:Bisphenol A can mimic a signal
that regulates how cells in the brain
develop, called estradiol. 182 The chemical
is biologically active and potent at
extremely low levels, comparable to
those found in people today. Estradiol
plays an important role in the
development of connections between
nerve cells in the brain and long-term
memory formation. It controls the
process of cleaning out unnecessary
cells when nerves are making
connections between each other. Known
as controlled cell death, this process is a
crucial part of development. For
example, controlled cell death transforms
webbed hands and feet into functional
appendages with separate digits by
freeing each finger and toe. A similar
process helps the brain to become
functional as well. Disruptions in this
process could interfere with the
development of learning, memory and
behavior.
•

Bisphenol A can also affect the
programming of gene expression
during
development.
For
example, mice exposed to
bisphenol A in the womb show
different patterns of gene
methylation, which in one
experiment appeared as different
hair colors. 183 To the extent that
gene methylation is involved in
brain development, this effect of
bisphenol A could explain its
possible impact on brain function.

•

•

•

In 2004, Dr. Masatoshi Morita and
his colleagues at the Japanese
National
Institute
for
Environmental Studies found that
a single dose of bisphenol A
given to a 5-day-old rat leads to
significant levels of hyperactive
behavior,
with
greater
hyperactivity resulting from higher
doses of the chemical. 184 They
also found that bisphenol A
exposure changed how the
dopamine signaling system
developed in brain cells, resulting
in fewer dopamine receptors and
transporters. Dopamine is an
important transmitter of nerve
signals in the brain. Other
Japanese laboratories recently
showed that mice exposed to
bisphenol A in development and
infancy were temporarily more
aggressive and had smaller
brains, kidneys, and testes than
unexposed mice. 185
In 2009, a different research
group in Japan found that male
monkeys – closely related to
humans – behave more like
female monkeys after birth when
they are exposed to bisphenol A
while in the womb. 186
In 2010, a group of researchers in
Korea found that exposure to
bisphenol A in utero and early in
life causes mice to show
increased anxiety and impaired
memory. The researchers also
detected functional changes in
the dopamine signaling system in
the brain – as well as another
important signaling system – that
could be linked to the observed
changes in behavior. 187
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•

Also in 2010, the first human
study finding a link between
behavioral impacts and BPA
exposure in the womb was
published.
Researchers
at
Cincinnati Children’s Hospital
Medical Center used data from
249 mothers and their children,
and found subtle, gender-specific
alterations in behavior among two
year old children whose mothers
had encountered the most BPA
early in pregnancy. During
behavioral testing, girls whose
mothers had high BPA levels
during pregnancy were somewhat
more aggressive than normal;
boys were more anxious and
withdrawn. 188

Flame Retardants
Scientists have discovered that flame
retardant chemicals can interfere with the
thyroid hormone system and cause
problems with brain development in
experimental animals, in ways that are
very similar to PCBs.

appear to be additive with the
effects of PCBs and dioxins on
thyroid hormone levels. 191
Flame retardants also cause irreversible
neurological damage to infant mice.
•

•

While scientists have yet to definitively
prove that PBDEs are causing
neurodevelopmental
problems
in
humans, there are many reasons for
concern.
•

Flame retardants can interfere with the
thyroid hormone system:
•
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Tetrabromobisphenol A and
pentabromophenol (a related
flame retardant and pesticide) are
better able to bind to a part of the
thyroid system than the natural
hormone itself. 189 PBDEs have
the same effect. When rodents
are exposed to PBDEs at levels
comparable to those found in
people today, they show
depressed thyroid hormone levels
and physical changes in the
thyroid gland. 190 These effects

Multiple peer-reviewed studies
show that mice and rats exposed
to low levels of PBDEs in the
womb or as newborns develop
learning and movement problems
that worsen as the animals grow
older. 192
The effect is also seen with deca
BDE – the most widely used of
the PBDE flame retardants, and
the only one still being
manufactured in the United
States (through 2012). 193

•

In 2010 researchers at the
Columbia Center for Children’s
Environmental Health published
a study which found that children
who had higher cord blood
concentrations of PBDEs at birth
scored lower on mental and
motor development tests at ages
1– 4 and 6 years. Developmental
problems were found to be
particularly evident for children at
age 4, when verbal and IQ scores
were lowered 5.5 to 8.0 points for
children with the highest in utero
PBDE exposures. 194
In the case of PCBs, humans
were actually more sensitive than
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•

rodents used in experiments by at
least 1,000 times. 195
A ground-breaking 2008 study
found that babies whose mothers
had higher levels of PCBs or
PBDEs in their bodies were born
with lower thyroid hormone levels,
which could impact brain
development. 196 This study was
unique in that it detected the
effect by controlling for whether
the child was born naturally or by
c-section.
The
authors
hypothesized that the stress of a
c-section could alter hormone
levels in ways that would mask
the
impact
of
chemical
exposures, making an association
scientifically harder to detect.

Phthalates
Scientists are also discovering possible
connections between problems with
neurological development and exposure
to phthalates. For example:
•

Dr. Stephanie Engel at the Mt.
Sinai School of Medicine in New
York and her colleagues found
that children whose mothers had
higher levels of phthalates in their
urine during pregnancy were

•

•

more likely to show symptoms of
ADHD and behavior problems
during childhood. 197 Her research
group also found that newborn
girls of mothers with high
phthalate levels were more likely
to show decreased levels of
attention and alertness. 198
Dr. Yun-Chul Hong’s laboratory in
Korea found that 8 to 11 year-old
children with higher levels of
phthalates in their urine were
more likely to score poorly on
tests of attention and impulsive
behavior. 199
Dr. Shanna Swan at the
University of Rochester and her
colleagues found that women with
higher levels of phthalate
exposure during pregnancy were
more likely to have male children
with less male-typical patterns of
play behavior at pre-school age,
although the study had a small
sample size. 200 Low doses of the
phthalate DEHP interfere with the
activity of an enzyme that is
important in the development of
the male rat brain. 201
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Figure 6: Drawings of People by 4-Year Old Children Exposed to Pesticides in
Mexico’s Yaqui Valley

Pesticides
Scientists have accumulated decades of
evidence that a variety of pesticide
chemicals can harm brain development
in experimental animals, leading to
irreversible defects in learning and
behavior. 202
However, even more dramatic evidence
of chemical mixtures in use today
affecting human cognitive development
come from an agricultural area in
Mexico, where two groups of children
grew up separated by a small difference
in geography, and by their exposure to
pesticides.
Dr. Elizabeth Guillette at the University of
Arizona and her colleagues in Sonora,
Mexico looked at the effect of pesticides
on preschool-age children in the Yaqui
Valley, Mexico. Farmers in the
community had used pesticides in the
valley since the 1940s, while farmers in
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the foothills avoided pesticide use. Dr.
Guillette compared children from both
areas, and discovered dramatic
functional differences.
While the children did not differ in
physical growth patterns, children
exposed to high levels of pesticides were
less mentally able to perform basic tasks
and showed behavioral problems. For
example, Dr. Guillette asked 4-year olds
to draw a picture of a person. Lessexposed children were able to produce
recognizable drawings, while children
with high levels of pesticides were not.
(See figure 6.) Heavily exposed children
were also deficient in stamina, balance,
hand-eye coordination, and in short-term
memory compared to their less-exposed
counterparts. Subsequent research
supports the evidence accumulated in
the Mexico study that pesticide
exposures at current levels are harming
human brain development:
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•

A research group in Ecuador
found that pregnant women
exposed to insecticides while
working in the flower industry
gave birth to children that showed
significant delays in intellectual
development. By the age of 6 to 8
years, the children tended to be
about two years behind normal on
tests of coordination, learning and
memory. The authors of the study
concluded
that
“pesticide
exposure
therefore
may
contribute to a ‘silent pandemic’”
of damage to the human brain in
today’s society. 203
Studies of organophosphate and
organochlorine
pesticide
exposure in Spain and New York
City show associations with
developmental
delays
and
symptoms of ADHD, including
hyperactivity, by 3 to 4 years of
age. 204

Non-Stick Chemicals
Non-stick chemicals could also be
interfering in brain development and
function in ways that could cause lifelong problems. For example:
•

In experiments with mice,
exposure to the non-stick
chemicals PFOA and PFOS in
the womb can affect the function
of proteins that are critical for the
normal development and function
of nerve cells in the brain. 205
Exposure
leads
to
the
development of what researchers
call “deranged spontaneous
behavior” in the mice that
worsens with age. 206

•

•

Non-stick chemicals and other
persistent pollutants in Canadian
Inuit people are associated with
abnormal levels of thyroid
hormones, which are critical for
normal brain development. 207
These chemicals reach every
corner of the globe because they
accumulate in the food chain and
are part of the Inuit diet.
In a study of 500 U.S. children
between the ages of 12 and 15,
researchers at Harvard and
Boston University found that
higher levels of non-stick
chemicals in blood samples was
associated with a doctor’s
diagnosis of ADHD. 208

Toxic Metals
Scientists have long recognized that
certain metals, such as lead, are toxic to
human brain development and function.
Despite the removal of lead from
gasoline in the 1970s, the U.S. Centers
for Disease Control and Prevention
(CDC) estimates that 250,000 U.S.
children aged 1-5 years have blood lead
levels greater than “…the level at which
CDC recommends public health actions
be initiated.” In 2004, CDC reported that
at least a half million children in the
United States suffer from irreversible
neurological damage from lead
poisoning. 209 And, according to the U.S.
Environmental Protection Agency, one in
six U.S. women has enough mercury in
her body to risk brain damage in her
children. 210
Scientists are still discovering more ways
in which toxic metals are causing
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damage to the developing human brain.
For example:
•

•

•

•
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Autistic children with higher toxic
metal burdens – including lead
and cadmium – tend to have
more severe autism. 211
At levels of exposure below what
the CDC recognizes as “safe,”
lead
reduces
children’s
intelligence, as measured by IQ.
In a study of children in
Rochester,
New
York,
researchers found that blood lead
levels between 5 and 10
micrograms per deciliter cut off 5
IQ points. The study authors note
that, while this effect appears
small individually, if U.S. society
as a whole lost 5 IQ points, the
number of children categorized as
“gifted” (IQ greater than 130)
would decline by 40 percent. 212
The impacts of childhood lead
exposure are still visible in brain
scans at adulthood. 213
Silver nanoparticles, used as an
antibacterial agent in products
such as clothing, could be an
emerging new threat. In 2009,
researchers at Duke University in
North Carolina showed that silver
nanoparticles could impair the
growth and development of nerve
cells with greater potency than
the pesticide chlorpyrifos, a
known cause of developmental
problems in people. Moreover,
the silver nanoparticles showed
effects at levels close to those
observed in human fetuses. 214
In one study, people who ate
enough contaminated fish to raise
methylmercury levels in their

bodies to levels still considered
"safe" had subtle changes to their
heart rhythm that may affect their
long-term health. While the fish
also contained high levels of fish
oils – including omega 3 fatty
acids – that are generally
considered to be protective for
the heart, in this study, eating
more fish oil in tandem with the
methylmercury did not prevent
the heart anomalies. 215

IMMUNE SYSTEM DISORDERS

Some diseases affecting children – such
as asthma and allergies – are closely
tied to the function of the immune
system. If the immune system is overly
sensitized, it can react more severely to
potential threats, causing asthma attacks
or allergic reactions.
Asthma is much more common in
children today than it was 40 years ago.
The prevalence of the disease has nearly
tripled in children since 1980. 216 More
than 10 million children in the United
States, or 14 percent of the population,
have been diagnosed with asthma at
some point in their lives. 217 It is the most
common disease among American
children.
Allergies and skin diseases like eczema
are also common. According to the
American Academy of Dermatology, the
incidence of eczema has increased at
least 30 percent since 1970. Ten percent
of all children are born with the disease,
and 60 percent of those will continue to
suffer from it in some form later in their
lives. 218 Additionally, roughly 11 percent
of U.S. children suffer from respiratory
allergies. 219
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The rising rates of asthma and allergies
cannot fully be attributed to dirtier air or
exposure to more cockroaches or dust
mites. Exposure to chemicals may be
playing a role in the incidence of the
disease.



DDT and PCBs


A set of chemicals with the ability
to interfere with the estrogen
hormone
signaling
system,
including DDT and PCBs, can
increase the speed and intensity
of the immune response in
immune system cells from rats
and people. The effects of the
chemicals are additive at levels
that mimic a biologically-relevant
signal, and enhanced by the
addition of a dust mite allergen.220

In another study, infants with
higher-than-normal exposure to
PCBs and DDT through their
mothers were more likely to get
respiratory infections in the first
three months after birth. These
infections are risk factors for
asthma later in life221

Phthalates


Scientists have found that rubbing
the phthalate DBP onto mouse
skin makes mice more prone to
contact hypersensitivity allergies,
like those caused by poison oak.
The chemical modifies the mouse
immune system, making the
immune response stronger when
the mouse encounters the
chemical for a second time.222

Figure 7: Cancer Incidence in Young People (Age <20) Is Increasing
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•

•

Mice exposed to the phthalate
DEHP through their mother’s milk
showed more severe skin allergy
symptoms when exposed to an
allergen than mice without
phthalate exposure. 223 This is an
effect that takes place at low
exposures-- consistent with the
theory that the phthalate is
interfering with a signaling system
important for the proper function
of the immune system. 224
One group of researchers
showed that Bulgarian children
living in homes with the highest
levels of DEHP were two to four
times more likely to report
symptoms of allergies and
asthma than children in homes
with lower levels. 225 A similar
study in Sweden showed the
same connection between DEHP
and
asthma,
while
also
associating exposure to another
phthalate with rhinitis and
eczema. 226 Research also links
DEHP exposure in adults work
environments containing vinyl
chloride plastics (which can
contain roughly one-third DEHP)
to adult onset asthma. 227

Dioxin, Non-Stick
and Toxic Metals

Chemicals

Other chemicals can affect the
development and function of the immune
system, including dioxin, non-stick
chemicals and lead. Mice exposed to
dioxin while in the womb or early in life
developed persistent changes in their
immune systems that impaired their
ability to fight off a flu infection later in
life. The chemical changed the number
of two types of white blood cells,
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suggesting a less effective immune
response with a greater tendency toward
inflammation. The effect was limited to
the children rather than the mother,
suggesting that dioxin impairs a key step
in immune system development. 228
•

•

Mice exposed to non-stick
chemicals through their skin –
albeit at levels higher than the
general public is exposed to –
develop hyper-sensitive immune
responses. 229
Lead can alter the development
and function of immune system
cells, promoting hyper-active
immune responses that could tip
the scales toward abnormal
allergy and asthma symptoms. 230

CHILDHOOD CANCERS

Every year in the United States,
approximately 10,000 children develop
cancer, most commonly leukemia or
brain tumors. 231 Although advances in
medical treatment have greatly reduced
the number of children who die from
cancer, it remains the leading diseaserelated cause of death for young
people. 232
Testifying before the President’s Cancer
Panel in 2008, Dr. Philip Landrigan –
Director of the Children's Environmental
Health Center at the Mount Sinai School
of Medicine in New York – noted that the
incidence of pediatric cancers is
increasing. 233 Specifically, according to
statistics kept by the U.S. National
Cancer Institute, between 1975 and
2007: 234
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• The overall incidence of invasive
cancer in young people
increased by 20 percent;
• The incidence of leukemia
increased 25 percent; and
• Cancers of the brain and nervous
system increased 28 percent.
Dr. Landrigan noted that some of the
increased incidence could be due to
advances in diagnosis techniques, but
felt that “this alone does not account for
the continued inexorable rise. Serious
consideration must be given to the
possibility that environmental factors are
involved.”235
The U.S. National Toxicology Program
has identified 246 chemicals in use today
with known or probable links to cancer,
noting that these “may constitute only a
fraction of actual human carcinogens.” 236
Scientists have linked a variety of these
chemicals to mechanisms that could be
contributing to the incidence of cancer in
children. For example, mothers
administered the drug diethylstilbestrol
(DES, in use from the 1940s through the
1960s) gave birth to daughters more
likely to develop vaginal cancer early in
adult life. 237 And parents who work in
trades that increase their exposure to
industrial solvents, or are exposed to
solvents such as those in household
paint, before or during pregnancy are
more likely to have children that develop
leukemia. 238

Pesticides

Recent research has begun to establish
similar links between exposure to various
pesticide chemicals and childhood
cancers. For example:

• After reviewing 31 separate
studies published in 2009 or
earlier, Dr. Donald Wigle and his
colleagues at the University of
Ottawa estimated that mothers
exposed to pesticides at work
more than double their children’s
risk of developing leukemia. 239
• Dr. Youn Shim at the U.S.
Agency for Toxic Substances
and Disease Registry and his
colleagues found that children
whose parents were exposed to
pesticides or herbicides at home
or at work were about twice as
likely to develop brain cancer. 240
Taking protective measures or
washing after use reduced the
apparent risk. 241
• Researchers at a medical institute
in France found that mothers
who used pesticides at home
during pregnancy were twice as
likely to have a child who
developed leukemia, and four
times as likely to have a child
who developed a type of cancer
called Hodgkin’s lymphoma. 242
• Dr. Kori Flower at the University
of North Carolina School of
Public Health and her colleagues
found that children of farmers
licensed to apply pesticides face
higher risks of developing
cancer, particularly lymphomas.
Additionally, fathers who did not
wear protective gloves when
using pesticides were twice as
likely to have a child develop
cancer. 243
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THE TIMING OF PUBERTY

ADOLESCENCE

During adolescence, children become
young adults. They grow taller, enter
junior high school and high school, often
awkwardly filling out the boundaries of
their future selves. Children at this age
develop
the
secondary
sexual
characteristics that will eventually bring
them to sexual maturity, including pubic
hair, active menstrual cycles, and other
signs of reproductive development.
Eventually, they develop the ability to
have
children
of
their
own.
Developmental textbooks generally
describe this as the period between 10
and 15 years of age.
Unfortunately, several unexplained
trends suggest that children face growing
challenges in their health and
development at this stage of life. First,
girls appear to be reaching puberty at an
earlier age than in the past. In some
cases, girls develop breast tissue as
early as three years of age. Second,
increasing numbers of youth are
becoming obese. Obesity is now one of
the most serious public health problems
facing the nation.
Although changes in nutrition, lifestyles,
and genetics certainly play a role in the
development of these trends, scientists
are uncovering evidence that toxic
chemicals may also be important
contributing factors.

Girls in the U.S. appear to be undergoing
puberty at an earlier age than in the past.
Since 1980, the average age of first
menstruation has advanced by 3 to 5
months, and the average age of breast
development has advanced by 1 to 2
years. 244 In a 1997 study of tens of
thousands of girls visiting pediatricians,
even at three years of age, 3 percent of
African-American and 1 percent of
Caucasian girls showed breast and/or
pubic hair development. By seven years
of age, the numbers increased to 27.2
percent and 6.7 percent, respectively. 245
The data for boys is less reliable, but
suggests that boys may be maturing
earlier as well. 246
The trend also appears to be happening
in other industrialized countries. For
example, for children born in Denmark in
1969 were 4 to 6 months younger when
they hit the peak growth spurt during
puberty than children born in 1930. 247
Similarly, the age of puberty onset in
Danish boys dropped about 3-4 months
from the early 1990s to the mid 2000s. 248
The younger girls are when they enter
puberty, the greater their risk of breast
cancer later in life. 249 Scientists conclude
that “earlier development may not be
healthy and may indicate environmental
problems that need to be further
researched and addressed.” 250

Chemical Exposures and the
Timing
of
Reproductive
Development
The cause of the trend toward earlier
puberty is unknown, but exposure to
toxic chemicals could be an important

48

Growing Up Toxic

factor. 251 A 2005 review of the scientific
evidence found that a variety of
compounds had the potential to affect
puberty timing – with some pulling in
opposite directions. 252 People are
constantly exposed to a complex mixture
of these substances.
A tragic accident exposing thousands of
Michigan residents in the 1970s to
polybrominated biphenyl (PBB), a now
banned flame retardant chemical, proves
that chemical exposures can cause
earlier menstruation and pubic hair
development in humans. 253 Girls
exposed in utero to meat and dairy
products contaminated with PBB, which
was accidentally added to cattle feed in
the place of a nutritional supplement,
started menstruating a year earlier than
normal. Other chemicals in wide use
today may also have this effect.

Bisphenol A

Bisphenol A can alter the timing of
puberty in experimental animals.
•

•

When pregnant mice are fed very
small doses of bisphenol A, their
female offspring tend to grow
larger and menstruate earlier. 254
Mice fed doses as low as 20 ppb
bisphenol A during the third week
of pregnancy give birth to
daughters that had earlier vaginal
opening (a developmental marker
of sexual maturity in rodents),
lower body weight at this point in
maturity, and earlier menstruation
than unexposed rats. A lower 2
ppb dose also causes significant
difference in body weight at this
point in maturity. 255

•

Rats exposed to bisphenol A after
birth
develop
long-lasting
changes to reproductive hormone
levels which contribute to early
puberty and aberrant ovulation
patterns. 256

Phthalates
One study of male rats and the phthalate
DEHP suggests that the chemical can
delay puberty development. Rats fed
relatively high levels of DEHP from
weaning to adulthood reached puberty
later, showed inhibited testicle and
reproductive tract development, and
lowered testosterone production. Some
types of rats appeared to be more
genetically susceptible to these
effects. 257
No firm links have been made between
phthalate exposures and changes in
puberty timing in humans, because of the
large number of variables and difficulty of
sound experiment design. However, one
study of Puerto Rican girls suggests that
phthalates may be playing a role in
trends toward earlier sexual maturity.
•

Puerto Rican girls experience the
highest rates of premature breast
development ever recorded. Dr.
Ivelisse Colon at the University of
Puerto Rico and her colleagues
searched for a link between
chemical exposures and this
phenomenon. They looked for
foreign chemicals in blood
samples from a group of very
young girls with premature breast
development ( average age of 31
months). They found high levels
of phthalates in these girls
compared to controls in the
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study. 258 In particular, the
phthalate DEHP was seven times
higher in girls with premature
breast development than in the
control
group,
suggesting
exposure to food and drink
contaminated by contact with
plastic wrappings and containers
and chewing or mouthing of
plastic toys and pacifiers.

Flame Retardants
Flame retardant chemicals could be
another piece in the puzzle of what could
be causing altered puberty timing.
•

50

In one experiment, male rats
exposed to a common PBDE
flame retardant mixture showed
delayed puberty and reduced
growth of the prostate gland and
the seminal vesicles. The

chemicals appear to inhibit the
function of important male
reproductive hormones and
interfere with gene expression. 259

OBESITY AND DIABETES

More American children are becoming
obese, and growing up into obese adults.
This trend has been ongoing for at least
100 years, and has accelerated since the
1970s. 260
Even children less than four years of age
are becoming overweight at higher
rates. 261 In the United States overall, the
number of overweight children between 2
and 5 years of age grew from 5.0 percent
in the 1970s to 10.4 percent in 2007. The
overall prevalence of this condition in
children and adolescents quadrupled in
the past four decades. 262 (See figure 8.)
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Figure 8: Rising Obesity Trend in Adolescents 263

Diseases associated with obesity are
rising as well, especially type II
diabetes. 264 In 1980 the age-adjusted
incidence of diagnosed diabetes was 3.5
per 1,000 people. By 2008, that number
had increased 131 percent to 8.1 per
1,000. 265
In the United States., 34 percent of
adults have metabolic abnormalities
associated with insulin resistance. 266
Typical symptoms of insulin resistance
are fatigue, obesity, accumulation of fat
around the belly and difficulty regulating
the blood levels of fat and sugar. Insulin
resistance is the underlying cause of
type 2 diabetes, cardiovascular problems
and liver disease.

Evidence Tying Chemicals to
Obesity

The causes of obesity are probably
complex and varied. Decreased exercise
and changes in diet – factors that get
much attention – are likely candidates.
However, the change in obesity patterns
is happening faster than these factors
can fully explain. 267 Scientists have
uncovered hints that a range of other
factors could be at play – including
reduced sleep, air conditioning, less
tobacco
smoking,
pharmaceutical
prescription patterns, and the increasing
average age of parents at birth. 268 And
importantly, scientists are increasingly
discovering that chemicals to which
humans are widely exposed can
influence the growth and development of
their offspring in ways that could
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increase the odds of developing
metabolic problems that lead to obesity
and diabetes. 269
The fact that obesity is increasing in very
young people as well as adults points to
events in child development that could
predispose people towards obesity.
Starting in the womb, hormonal signals
direct the development of fat tissues that
take up and store energy in the body.
Chemicals that interfere with these
signals could influence the development
of these tissues in ways that could
increase the odds of developing
metabolic diseases later in life. This idea
is supported by studies demonstrating
that both low and high birth weights are
associated with a roughly one-third
greater chance of developing diabetes in
adulthood. 270
Researchers call toxic chemicals with
this effect “obesogens.” A 2009 review of
the science concluded that “these
obesogens derail the homeostatic
mechanisms important for weight control,
such that exposed individuals are
predisposed to weight gain, despite
normal diet and exercise.” 271

DDT, PCBs and Dioxin

Banned chemicals to which humans are
still exposed, such as DDT and PCBs,
appear to affect the development and
function of the metabolic system in both
experimental animals and humans in
ways that could contribute to obesity,
diabetes and heart disease. For
example:
•
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A team of researchers in Europe
showed
in
2009
that
bioaccumulative pollutants found

•

•

at levels in fish oil could cause
insulin resistance in adult rats – a
key symptom on the road to type
2 diabetes. The researchers fed
unrefined fish oil from farmed
Atlantic salmon – which contains
pollutants such as DDT, dioxin
and PCBs – or purified fish oil as
a control, to adult male rats. The
rats
fed
the
pollutants
accumulated more fat tissue and
developed insulin resistance and
liver disease. 272 The levels of
contaminants in the rat’s bodies
where similar to those found in
people today.
A survey of people in Japan
found that those with the highest
levels of dioxin and PCBs in their
bodies were five times more likely
to have metabolic problems
including
obesity,
glucose
intolerance, or high blood
pressure – symptoms connected
with
diabetes
and
heart
disease. 273
In 2007, a group of researchers
from Korea, the United States
and Norway found that Americans
with higher levels of persistent
pollutants – including many
organochlorine pesticides and
PCBs – were more likely to have
insulin resistance thus a higher
risk of developing type 2
diabetes. 274 This same team
found in 2006 a striking link
between diabetes and blood
levels of six persistent pollutants,
including dioxin. The 20 percent
of the study population with the
most exposure was almost 40
times more likely to have diabetes
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– and the association was even
stronger in obese individuals. 275

Bisphenol A
Drugs that mimic the function of the
estrogen hormone can alter the
development of the metabolic system in
experimental animals, predisposing them
toward obesity. For example, a team of
researchers from the U.S. National
Institutes of Health found in 2005 that
mice exposed to a potent estrogen-like
drug called DES while in the womb
became “programmed” to develop
obesity later in life. 276 (See photo below)

•

Bisphenol A has estrogen-like abilities
and scientists are accumulating evidence
that exposure to this ubiquitous chemical
could be playing a role in obesity and
diabetes prevalence. For example:
•

•

In 2001, Dr. Beverly Rubin at
Tufts University Medical School in
Boston and her colleagues
showed that bisphenol A makes
rodents become fatter after they
are exposed in the womb,
confirming similar findings from
Frederick
vom
Saal’s
laboratory. 277 When pregnant rats
were fed 100 ppb bisphenol A
during
pregnancy
through
lactation, their offspring were
notably heavier after birth and
into adulthood.
In 2002, a team of researchers at
the Ehime College of Health
Science in Japan first discovered
that bisphenol A can trigger the
conversion of fiber cells into fat
storage cells. 278 In the body, this
effect could result in larger
numbers of fat cells developing.

•

•

In addition to converting to fat
cells, treated cells increased their
fat content by 150 percent over
11 days. Combined with insulin,
bisphenol A increased the fat
content of cells by 1,300 percent.
In 2004, another Japanese
laboratory
confirmed
these
findings, showing that bisphenol
A alone and with insulin
increased the uptake of sugar into
fat cells. 279
In 2005, a group of Japanese
researchers showed that longterm exposure to bisphenol A can
cause pancreatic cells to release
more insulin. The researchers
concluded that if this effect
happened in the body, it could
“induce
long-term
hyperinsulinemia, resulting in
obesity, exhaustion of pancreatic
b-cells and diabetes.” 280
Later that year, researchers in
Spain and Mexico showed that in
mice, bisphenol A exposure (at
levels close to what humans are
now exposed to) causes insulin
resistance. The researchers
concluded that bisphenol A
exposure increases the risk of
developing type 2 diabetes and
high blood pressure. 281
In 2008, a group of researchers at
the University of Cincinnati and
several local hospitals found that
bisphenol A interferes with the
function of a fat-cell hormone that
increases insulin sensitivity and
reduces inflammation in human
tissue. They tested fat cells
obtained from people undergoing
surgical procedures, adding
bisphenol A at levels commonly
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found in the average population.
The results support the idea that
bisphenol A exposure “could lead
to insulin resistance and
increased
susceptibility
to
obesity-associated diseases.” 282

Pesticides
Exposure to a variety of toxic pesticides
appears to contribute to metabolic
disorders, obesity and diabetes. For
example:
•

•
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Researchers in Spain found that
mothers who had high levels of
the
persistent
pesticide
hexachlorobenzene in their blood
gave birth to children who were
significantly more likely to
become overweight or obese in
their first six years of life. 283
Mice exposed in the womb to
tributyltin,
a
commonly
encountered persistent chemical,
accumulate excess fat in their
livers and testes at birth, and
grow obese into adulthood. A
similar effect occurs in frogs
exposed to the compound. 284 A

•

2010 follow-up study showed that
pre-birth exposure to tributyltin
causes human and mouse stem
cells (which are flexible and have
the ability to develop into many
different tissue types) to become
fat cells. 285
A group of researchers in Korea
found that chronic exposure to
low doses of the pesticide
atrazine caused rats to develop
insulin resistance and gain
weight, particularly in rats fed a
high-fat diet. 286 Interpreting the
study, analysts at the non-profit
Environmental Health Sciences
concluded that “a 150 pound
person exposed to low doses of
atrazine eating a high fat diet
would gain nearly 15 more
pounds than someone else who
was not exposed to atrazine but
who ate the exact same foods.” 287
This effect may in part explain
observations that obesity is more
prevalent in parts of the United
States where atrazine use is
high. 288
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The Developing Brain Is Vulnerable
The brain is the most complicated and delicate organ in the human body. Nestled within the skull,
the brain consists of a vast collection of nerve cells designed to pass messages to one another,
with more complexity and adaptability than any computer.
The development of the brain is a complex and lengthy process. Starting in the third week of
pregnancy, the tissue destined to become the brain and spinal cord begins to differentiate from the
rest of the embryo. This tissue curls into a tube during the fourth week. By the fifth week, this tube
begins to divide into the different regions of the brain. Beginning in the eighth week, the brain
tissue develops rapidly into the complicated structures that give children the capabilities to perceive
and organize information, learn, remember, and grow into fully functional people. Most of the
cognitive capability of the brain develops between the eighth week of pregnancy and the second
year of life. 289 During this period, the developing brain is most vulnerable.
During this intensive period of development, nerve cells replicate, grow, and even die in response
to chemical signals. These signals tell cells when and where to connect to other cells, what
proteins to put on their surface, and when to die when their function is complete. Many types of
chemical signals, including those provided by the thyroid hormone system, help direct brain
development. 290
Thyroid hormone signals are particularly important. Scientists know that disruptions in thyroid
levels as early as week eight in the womb through the second year of life can disrupt children’s
normal brain development and impair their intelligence and coordination. Too much or too little
thyroid hormone during brain development can decrease the number of cells in the mature brain,
impairing neurological development, with consequences including learning disabilities, speech and
memory problems, poor coordination and balance, or – in severe cases – mental retardation.
Mothers with thyroid problems during pregnancy give birth to children suffering from varying
degrees of these defects. 291 Reduced thyroid levels in the first few weeks of life for pre-term and
low birth-weight babies are associated with increased risk of neurological disorders, including the
need for special education by age nine. 292
Scientists have shown that exposure to certain industrial chemicals and pollutants can disrupt
thyroid hormone levels and interfere with brain development in experimental animals – and in
humans – with life-long consequences for brain function and behavior. 293
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DECLINING FERTILITY

ADULTHOOD

By the time a child has become an adult,
most growth and development is
complete. The child is now fully
developed, with bones that have stopped
growing. All of the adult’s organs are fully
functional, including the reproductive
system.
When adults begin to bear children the
process of child development begins all
over again. However, the influence of
chemical exposures, beginning perhaps
even before they themselves were born,
may extend to their ability to reproduce.
Parents in the modern industrial world
may now face more obstacles when
attempting to have children. Over the
past century, sperm production has
declined in the average U.S. or
European male. Regional differences in
sperm health suggest an environmental
influence may be responsible.
At the same time, adults begin to
develop debilitating diseases, such as
cancer. Scientists have uncovered a
great deal of evidence that exposure to
toxic chemicals – beginning in the womb
– can influence the development of
cancer later on in life.

Roughly 10 to 15 percent of the
population experiences infertility –
although the cause of an individual’s
infertility is rarely known. 294 Some
scientists
have
concluded
that
“decreasing trends in fertility rates in
many industrialized countries are now so
dramatic that they deserve much more
scientific attention.”295
According to the U.S. Centers for
Disease Control and Prevention, the
number of women reporting difficulty in
becoming pregnant is climbing. In 1998,
an estimated 4.9 million American
women reported infertility. In 1995, the
number was 6.1 million. In 2002, the
number was 7.3 million. 296 The survey
found the trend in younger women as
well, suggesting that increasing numbers
of women waiting to have children
cannot fully explain the phenomenon.
Possibly contributing to reduced fertility,
semen quality has apparently declined in
industrialized nations over the latter half
of the 20th century. In 2000, Dr. Shanna
Swan at the University of Missouri found,
based on studies published between
1934 and 1996, a statistically significant
decline in mean sperm concentration in
U.S. and Europe. 297 In the U.S., data
showed an average decline in sperm
density of about 1 percent per year
during this period. (See figure 9.)

.
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Figure 9: Average Decline in Sperm Density Across North America and Europe
in the 20th Century

By 1996, the average trend in sperm
density had fallen to 60 million per
milliliter (ml). This raises the possibility
that impaired sperm quality is leading to
infertility problems in parts of the U.S.
population. When sperm density falls
below 40 million per ml, couples begin to
have difficulty in becoming pregnant. 298
(The authors are unaware of updates to
this research within the United States.)
One study in Scotland found a trend
toward lower sperm quality in younger
men. 299 This suggests that deficiencies in
sperm production could be caused
during the development of the
reproductive system, in addition to being
influenced by external factors later in life.
It also suggests that growing exposure to
an environmental contaminant during this
period could be responsible for the
decline in sperm quality. A related study

of men in Massachusetts found that
testosterone hormone levels declined in
both the population and in individuals by
an average of 17 percent from 1987 to
2004. 300
Dr. Swan notes that while interpretation
of the data on sperm quality trends
remains controversial, there are clear
links between certain pesticides and
phthalates
and
reduced
sperm
concentration in individual men that adds
plausibility. 301

Infertility
and
Links
Chemical Exposures

to

Scientists have carried out dozens of
experiments with animals that suggest
that toxic chemicals at levels to which
people are commonly exposed, either
before or after birth, could affect adult
fertility. 302 Both sperm and egg
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development could be targets. 303
Moreover, toxicants that affect egg
development could affect the fertility of
children, grandchildren, or even greatgrandchildren – because females
develop all their eggs while in their
mother’s womb, and because some
toxicants cause changes in gene
expression that can be inherited across
multiple generations. In one experiment,
scientists showed that 90 percent of
even the great-great grandsons of mice
exposed to the pesticides vinclozolin and
methoxychlor had reduced sperm
counts, and 10 percent were infertile. 304

DDT, PCBs, Dioxin and Flame
Retardants
Some scientific studies have found links
between DDT, PCBs, dioxin and
changes in the reproductive systems of
males and females that could contribute
to infertility. For example:
•

•

•

•
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Studying men in an area of
Mexico where DDT was used for
malaria control, one research
team found that men with higher
DDT exposure had sperm that
were less mobile and had more
tail defects. 305
A research group at the
University of Texas found that
PCB exposure in rats caused
changes in the reproductive
system of granddaughters that
could lead to reduced fertility. 306
A review of epidemiological
studies found that higher PCB
exposures were consistently
associated with reduced sperm
mobility. 307
Dr. Brenda Eskenazi at the
University of California and her

colleagues found that women
exposed to high levels of dioxin
when a chemical plant in Italy
exploded in 1976 took longer to
conceive. The women with the
highest blood levels of the
chemical after the accident were
twice as likely to be infertile. 308 In
2010, Dr. Eskenazi and her team
found that women in California
with high levels of PBDE flame
retardant chemicals in their
bodies suffered a similar effect.
For every 10-fold increase in
PBDE levels, the women were 30
percent less likely to become
pregnant in a given month. 309

Pesticides
During the course of her research, Dr.
Shanna Swan found that there are
regional differences in sperm quality
across the United States. These regional
differences could offer clues as to why
sperm quality overall has shown a
decline, and could be related to
differences in pesticide exposure.
•

•

Dr. Swan demonstrated in the
spring of 2003 that men from
Columbia, Missouri, have lower
sperm counts than men from
Minneapolis, New York or Los
Angeles. 310 She wondered if this
could be due to higher levels of
agricultural pesticide use in
Missouri,
with
exposure
potentially resulting from drinking
contaminated groundwater.
Dr. Swan subsequently showed
that in fact, men with high
exposure to pesticides, especially
alachlor, diazinon, and atrazine,
were much more likely to have
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•

•

poor semen quality than men with
lower levels of these pesticides in
their urine. 311
In 2004, Dr. Russ Hauser and his
team published a study linking
exposure to the commonly used
pesticide carbaryl to semen
defects. 312 In 2005, Dr. Hauser’s
team found that carbaryl, in
addition to the insecticide
chlorpyrifos, correlated with
reduced levels of the testosterone
hormone in adult men visiting an
infertility clinic. 313\
In 2007, a research team from
Japan found that the widely used
household insecticide permethrin
can reduce testosterone levels
and sperm production in adult
male mice. 314 The herbicide
atrazine shows a similar effect,
acting by affecting the genes
responsible
for
hormone
production in testicular cells. 315

•

•

Phthalates, Bisphenol A, NonStick Chemicals and Flame
Retardants
Scientists have found evidence linking
phthalates, bisphenol A, non-stick
chemicals and flame retardants to
altered hormone levels and sperm
defects. For example:
•

In 1998, Dr. Frederick vom Saal
at the University of Missouri at
Columbia and his colleagues
discovered that male rats
exposed to bisphenol A in the
womb produced 20 percent less
sperm after they matured, and
showed physical changes in
hormone-secreting glands. 316

•

•

In 2001, Dr. Motoharu Sakaue
and his colleagues in Japan
discovered that bisphenol A
reduces the number of sperm in
rats, even when given doses after
puberty. 317 Dr. Sakaue concluded
that bisphenol A retarded the
development of germ cells that
normally takes place as the male
rat reproductive system matures
from week 14 to week 18. In
2003, another Japanese lab
demonstrated that fetal exposure
to bisphenol A at concentrations
found in humans causes reduced
testes weight. 318
In 2003, Dr. Russ Hauser and Dr.
Susan Duty of the Harvard
School of Public Health found that
men in the Boston area who had
higher levels of two phthalates in
their urine tended to have lower
sperm counts. 319 In a 2006 follow
up study, Dr. Hauser and his
colleagues found more evidence
linking exposure to the phthalate
DBP at levels common in the
American public to reduced
sperm quality. 320
In 2004, a team of researchers in
Germany showed that a single
dose of PBDE flame retardants in
the womb – at levels found in
human breast milk – could cause
male rats to develop with lower
sperm counts after maturity. 321
Studying a group of men from an
infertility clinic, Dr. Hauser’s team
linked phthalate exposure to
damage to the genetic material
(DNA) in sperm, and bisphenol A,
phthalate and PBDE flame
retardant exposure to reduced
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•

•

levels of hormones necessary for
healthy sperm production. 322
In 2009, a research team in India
found that exposure to bisphenol
A can reduce sperm quality in
rats exposed in the womb and
early in life – with effects
persisting through the next two
generations. 323 Another team from
Canada found that low-level
bisphenol A exposure causes
human placenta cells to undergo
programmed cell death – an
effect that could have adverse
effects for pregnancy, including
“preeclampsia,
intrauterine
growth restriction, prematurity
and pregnancy loss.” 324
Also in 2009, a research team
from Denmark found that men
with higher levels of non-stick
chemicals in their blood were
more likely to have deteriorated
sperm quality. 325

ADULT CANCERS

Some scientists are uncovering evidence
that the genesis of even adult cancers
could begin early in development, when
people are more vulnerable to damage
from exposure to hazardous substances.
Chemical exposures at an early age
could cause genetic damage that could
lead to cancer, or increase sensitivity to
cancer-causing agents, later in life. Once
cancer has developed, chemical
exposures could also promote further
growth and development of the tumor. 326
The causes of most cancers are complex
and largely unknown. Scientists estimate
that genetic vulnerabilities make only a
“small to moderate contribution to the
incidence of prostate, breast and
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colorectal cancer,” which typically
develop in adulthood. 327 Exposure to the
hundreds of chemicals in use today with
the ability to cause or promote these
diseases is a likely additional factor. 328

Breast Cancer

Breast cancer is the most common form
of cancer in U.S. women. For women in
their late 30s to early 50s, breast cancer
is the leading cause of death. 329
While breast cancer incidence rates have
mostly remained steady over the last 30
years, the Silent Spring Institute notes
that breast cancer incidence rates are 5fold different across the globe, with
people living in developed countries
facing a higher risk. 330

Evidence Tying Chemicals to the
Effect

Chemicals could be part of the
explanation. In animal experiments,
scientists have linked exposure to more
than 200 different chemicals with
increases in the incidence of mammary
gland
tumors. 331
U.S.
chemical
companies manufacture 29 of these
chemicals at volumes exceeding one
million pounds per year, and 73 have
been used in consumer products or have
contaminated food. 332 Most of these
chemicals have not been studied in
people. 333
Legacy Pollutants
• A study of blood samples taken in
the 1950s and 1960s showed
that women exposed to relatively
high levels of DDT before midadolescence were 5 times more
likely to develop breast cancer
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than women with lower
exposures – and exposures later
in life appeared to not increase
risk. This study supports the idea
that exposure to toxic chemicals
during critical windows of
vulnerability early in life can
increase the odds of cancer at
older age. 334 The authors noted
that since many U.S. women
exposed to DDT have not yet
reached 50 years of age, “the
public health significance of DDT
exposure in early life may be
large.” 335
• Scientists have observed similar
effects with dioxin. Rats exposed
to dioxin before birth developed
changes in mammary cell
function that could increase the
vulnerability of breast tissue to
other cancer-causing agents. 336
Bisphenol-A
Multiple lines of evidence suggest that
exposure to bisphenol-A in critical stages
of development can increase breast
cancer risk. For example:
• The research team of Dr. Coral
Lamartiniere at the University of
Alabama found that rats
exposed to low doses of
bisphenol-A through mothers’
milk at a young age developed
increased susceptibility to breast
cancer later in life. 337 Exposure
to bisphenol-A even in the womb
caused persistent changes in the
mammary gland that are
consistent
with
cancer
transformation. 338 The levels of

exposure were similar to what
people commonly experience
today.
• Multiple additional rodent studies
link exposure to very low and
environmentally relevant levels
of bisphenol A before birth to
effects that persist long after
exposure has ended, including
early breast development and
structural changes to breast
tissues consistent with cancer
formation,
and
greater
susceptibility to cancer-causing
chemicals. 339

Prostate Cancer
Prostate cancer is a disease that
typically develops in adults. However, the
prostate gland forms before birth.
Exposure to biologically active chemicals
during this critical window of vulnerability
can alter prostate tissue in ways that
increase the odds of developing prostate
cancer later in life.
As of 2007, prostate cancer affects about
165 men out of every 100,000 of all
ages. From 1975 to 2007, prostate
cancer incidence climbed more than 75
percent. 340 In the early 1990s, incidence
rates spiked dramatically. (See Figure
11.)
Evidence Tying Chemicals to the Effect
Scientists have tied exposure to a variety
of chemicals with estrogenic hormonelike effects – including bisphenol-A,
persistent organic pollutants and
pesticides – to changes in prostate
development that could be linked to
cancer formation. 341
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Figure 10: Rising Risk of Two Types of Testicular Cancer in the
U.S. by Time of Birth

Legacy Pollutants
In one experiment, men with prostate
cancer or elevated levels of a protein
associated with prostate disorders were
likely to also have elevated amounts of
several types of persistent organic
pollutants,
including
PCBs,
hexachlorobenzene, DDT metabolites,
and chlordanes in their bodies. 342orkers
exposed to PCBs at two manufacturing
plants in Massachusetts and New York
showed higher likelihood of developing
prostate cancer, as well as liver and
stomach cancers. 343
• Mice exposed to dioxin before
birth
develop
prostate
abnormalities that could lead to
disease, including cancer, later
in life. 344
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Bisphenol-A
Bisphenol-A exposure before birth
causes changes to the development
of the mouse and rat prostate gland
in ways that can increase the risk of
an enlarged prostate and future
susceptibility to cancer. 345 In human
prostate tumors implanted into mice,
bisphenol-A interferes with common
treatment
procedures
and
accelerates the rate at which the
cancer
cells
become
more
dangerous. 346
Pesticides
• Men with a higher blood level of
three
(now
banned)
organochlorine pesticides – Beta
HCH, trans-nonachlor and
dieldrin – have a higher risk of
prostate cancer. 347
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• Rats exposed to the fungicide
vinclozolin before birth suffered
from prostate inflammation later
in life – a condition that can
harm reproductive function and
lead to prostate cancer. 348 These
effects can be transmitted
across multiple generations, long
after exposure has ended. 349

Testicular Cancer
Testicular cancer typically affects men
early in adulthood – striking about 11 in
every 100,000 men between the ages of
Reproductive
20
and
49. 350
abnormalities, including cryptorchidism,
poor sperm quality and infertility, are a
significant risk factor. 351 Men with
infertility problems and abnormal semen
are almost 20 times more likely to
develop testicular cancer than the
average population. 352
From 1975 to 2007, incidence of
testicular cancer in the United States
increased by 65 percent. 353 Additionally,

the increase is correlated to year of birth
– in other words, people who share a
common time period of birth share a
common risk of disease – suggesting
that some early developmental event or
prolonged exposure to an environmental
contaminant may be the trigger for
developing disease. 354 (See Figure 10).

Evidence Tying Chemicals to Adult
Cancer Development
Impacts on reproductive health – from
declining sperm counts to increased
male birth defects to testicular cancer –
may all result from exposure to improper
signals during key windows of
vulnerability during early development.
Chemicals that could contribute to these
diseases
include
phthalates,
organochlorine pesticides, and PCBs.
For example:
• Rats exposed to phthalates early
in
development
develop
cryptorchidism
(undescended
testicles), which is a risk factor

Figure 11: Prostate Cancer Incidence Spiked in the Early 1990s
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for
testicular
cancer.355
Phthalate exposure could also
act after development to
promote the growth of latent
cancer cells. For example, one
study of men exposed in the
workplace to PVC plastics
(which contain phthalates)
showed significantly increased
risk for one type of testicular
cancer. 356
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•

Organochlorine pesticides and
PCBs could be linked to testicular
cancer as well. One study
showed that mothers with high
levels
of
PCBs,
hexachlorobenzene,
and
chlordanes were about 4 times
more likely to give birth to sons
that
developed
testicular
cancer. 357
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S UCCESS S TORIES : R EDUCING
C HEMICAL E XPOSURES C AN P ROTECT
O UR H EALTH
In the last four decades, regulatory
agencies have occasionally taken action
to reduce or eliminate exposure to a toxic
substance after evidence of harm was
discovered. Many of these efforts have
successfully
reduced
human
contamination and produced real
improvements in human health.
Most recently, the U.S. EPA banned
household uses of two pesticides,
chlorpyrifos and diazinon. As these
products were phased out of residential
use in Manhattan, exposures in pregnant
women declined and they gave birth to
larger and healthier babies. In the 1970s,

the EPA phased out leaded gasoline. As
a result, the number of children in the
U.S. with lead levels higher than the EPA
health target of 10 micrograms per
deciliter of blood has fallen by more than
85 percentage points since the 1970s.
Finally, the bans on DDT and PCBs in
the 1970s are yielding lower exposures
to the chemicals that some scientists
associate with a slowing of the incidence
of non-Hodgkin’s lymphoma.
Unfortunately, however, in all of these
cases human exposures were allowed to
reach the point where harm was
unavoidable before action was taken.
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DECLINING LEAD LEVELS
IN CHILDREN AFTER THE
PHASE-OUT OF LEADED
GASOLINE
The story of lead in the United States is
one of success, but also one of profound
failure.

In the 1920s, oil companies decided to
put tetraethyl lead into gasoline to keep
car engines from “knocking.” Emitted
from the tailpipes of millions of cars, lead
contaminated the blood of millions of
mothers and children to the point where
developmental damage, including brain
damage, was unavoidable. Industry
continued to promote the use of lead for
decades, opposing efforts by the public
health community and regulatory agency
staff to ban lead in gasoline. Finally in
the 1970s, advocates were successful in
overriding industry concerns and winning
a phase-out. The U.S. EPA began with
mandated reductions of lead in gasoline
and enforced a total ban in 1986. Other
EPA actions eliminated lead from house
paint. As a result, average blood lead
levels for both children and adults have
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dropped more than 80 percent since the
late 1970s. 358
In 1997, then EPA administrator Carol
Browner said, “The ongoing reduction in
blood lead levels is a great American
success story of environmental and
public health protection. Years of
aggressive action against lead exposure,
particularly EPA's banning of lead in
gasoline two decades ago, is yielding a
brighter future for our children.” 359
Researchers estimate that the reduced
exposure to lead between 1976 and
1999 produced more than $300 billion in
benefits for the United States’
economy. 360
Although exposure is much lower today
than in 1970, toxic lead levels still persist
in close to half a million children – far too
many to claim victory over this pervasive
health threat. And even current
standards for lead exposure are not fully
protective. The researchers who
estimated the economic benefits of U.S.
action against lead also found that the
current lead action level “fails to protect
against most damage and economic cost
attributable to lead exposure.” 361
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Figure 12: Declining Lead Levels in Children after the Phase-Out of Leaded
Gasoline
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INCREASED BIRTH WEIGHT AFTER BAN
PESTICIDES
After the U.S. EPA banned household
uses of two pesticides, chlorpyrifos and
diazinon, in 2001, women in New York
City gave birth to larger babies.
Until 2001, the pesticides chlorpyrifos
and diazinon were commonly used to kill
insects in homes, schools, gardens and
agricultural crops. The EPA banned
chlorpyrifos at the end of 2001 and
diazinon at the end of 2002, due to
significant evidence of harm to children.
Products containing these ingredients
began to dwindle on shelves while
commercial applicators switched to new
pesticides. (The products are still used in
agriculture and can still be found on
some produce, except for certain crops
that kids often eat, such as tomatoes and
apples).
In March of 2004, Dr. Frederica Perera,
Dr. Robin Whyatt, and their colleagues at
Columbia University studied the
connection between exposure to these
two pesticides and birth weight.
The researchers reported that pregnant
women in upper Manhattan who had
higher exposure to two common
pesticides had smaller babies than
women with less exposure. 362 Women
with the highest pesticide exposures had
babies that were more than 0.4 lb lighter
and 0.33 inch shorter than babies from

OF

TWO

women with the least exposure. These
findings suggested harm to the health of
exposed children not just in the womb,
but later in life as well. Interviewed in the
New York Times, Dr. Perera noted that
“Birth weight is a very good predictor of
later health and development of children,
including physical development, mental
development, and school performance.”
But the most striking finding of the work
was the immediate benefit of the phaseout of chlorpyrifos and diazinon from
household uses. The scientists noted
that after the ban, women had much less
chlorpyrifos in their blood. Before the
ban, one third of children fell into the
high exposure group. From 2001 on, just
one in 77 fell into that group.
Remarkably, as pesticide levels fell, birth
weight and body length rose.
The scientists were astounded that such
an effect was visible so soon, since the
phase-out of the pesticide products was
not immediate. Surveyors still found
remaining stocks of products containing
chlorpyrifos and diazinon on the shelves
of some stores in Manhattan as late as
mid-2003. Accordingly, exposure levels
should continue to decline as the
products become scarcer. In the New
York Times, Dr. Whyatt noted that “the
exposure levels are still going down…
We may continue to see added benefits
of this ban over time.” 363
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DECLINING LEVELS
BAN

OF

PERSISTENT CHEMICALS AFTER

Scientists are finding that the amounts of
toxic chemicals that have been banned,
such as PCBs, are declining in the
average human body over time –
although they are still present. In one
study of women in Sweden, the levels of
PCBs in breast milk fell by 4 to 9 percent
per year from 1996 to 2006. 364 Dioxins
and furans, byproducts of industrial
activity and incineration, decreased as
well. 365 In another study of pregnant
women in the United States, PCB levels
fell 17-fold over 40 years from the early
1960s to the early 2000s. 366 The United
States discontinued PCB production in
1979 , but the general population is still
being exposed to them at low levels,
predominantly through diet. 367

Scientists have some evidence that bans
of dangerous persistent chemicals are
yielding health benefits. For example, as
exposure to the banned pesticides
heptachlor epoxide and dieldrin decline,
the incidence rate of non-Hodgkin’s
lymphoma (a disease to which these
chemicals have been linked), appears to
be slowing or holding steady in the
United States and northern Europe. 368
Researchers have proposed that “The
change in incidence of non-Hodgkin’s
lymphoma […] may serve as a good
example of how prohibition and limitation
of exposure may be reflected in cancer
statistics some decades later.” 369

FLAME RETARDANTS – DECLINING IN EUROPE, STILL HIGH IN THE U.S.
In Sweden, levels of certain PBDE flame
retardants are also falling. 370 Sweden,
along with Germany, was one of the first
countries in the world to scale back the
use of these toxic chemicals. Germany
banned PBDEs in 1989 because of
concern that they could form dioxins
when burned. Sweden scaled back the
use of one type of flame retardant in the
mid 1990s.

Sweden took action after Dr. Ake
Bergman and his colleagues at the
University of Stockholm took advantage
of Sweden’s breast milk monitoring
program, which enabled them to look
back in time and document rising levels
of toxic flame retardants in the breast
milk of Swedish mothers. 371 The group
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discovered that concentrations of PBDEs
in samples of milk from Swedish mothers
had increased about sixty-fold from 1972
to 1997, doubling every 5 years.
This finding caused a stir in the scientific
community, especially since the flame
retardants were not readily leaving the
body and showed similarities to PCBs.
Public concern about the potential health
consequences of this trend led to sharply
decreased usage of products treated
with PBDEs in European countries. In
addition, from 1997 to 1998, the
European Union cut down on PBDE use
by two thirds, or 180,000 pounds.
Afterward, levels of contamination in the
breast milk of Swedish mothers began to
decline (Figure 13).

Levels of flame retardant contamination
are higher in the U.S. citizens than in
Europe or Asia. 372
In 2003, California enacted a ban of two
types of PBDEs mainly used in furniture
foam. One manufacturer of these
chemicals made an agreement with the
EPA shortly thereafter to phase out
national production of the two chemicals.
As these actions take effect, the United
States should see a similar gradual
decline in human contamination levels.

Lingering questions over a third type of
flame retardant (known as “deca”), used
in high volumes and shown to degrade in
the environment to form the banned
substances, could delay or reduce the
response. 373 As of 2011, deca has been
banned for some uses in Maine,
Maryland, Vermont and Washington
states, and U.S. manufacturers have
agreed to phase it out – although it could
still be manufactured in other countries
and
imported.

Total PBDEs (ppb in
fat)

Figure 13: Recently Declining Toxic Flame Retardant Levels in Breast Milk from
Swedish Mothers.
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P OLICY R ECOMMENDATIONS
Americans expect that the government
will protect them from chemicals that can
cause harm, or, at the very least, issue
warnings about those chemicals so that
consumers can make informed
decisions. However, in reality, regulators
have few effective tools to protect public
health from chemical hazards or address
the broad impacts of the way companies
design and manufacture goods.

First, existing policies do not ensure
access to information. When Congress
passed the Toxic Substances Control Act
35 years ago, the chemical industry
succeeded in making sure there were no
new testing requirements placed on the
tens of thousands of chemicals already
in use. For new chemicals, the law
required only a rapid pre-market
screening based on existing information,
and did not require toxicity testing for
health effects.
As a result, very little is known about
most chemicals in commerce. The health
effects of almost half of the major
industrial chemicals have not been
studied at all. 375 Manufacturers can sell a
chemical or product without studying or
sharing information about its potential
health or environmental hazards. And
consumers and businesses have
difficulty knowing what ingredients are in
a product, whether those ingredients are
safe – or even knowing whether an
alternative to a hazardous chemical is
actually better.
Second, current policy places the burden
of proving that a chemical is unsafe on
the EPA and the scientific community.
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And the burden of proof is impossibly
high. Approximately 1,400 chemicals
with known or probable links to cancer,
birth defects, reproductive impacts and
other health problems are still in use
today. 376 Even in the case of asbestos,
EPA was unable to successfully ban the
use of the substance despite decades of
evidence that inhalation of asbestos
causes cancer. 377 This approach is far
less stringent than the process for
approving drugs, where the U.S. Food
and Drug Administration requires
manufacturers to demonstrate safety and
effectiveness before a new drug can be
placed on the market.
As a result, U.S. chemical regulation
stumbles blindly, using an “innocent until
proven
guilty”
model,
allowing
widespread exposure to toxic chemicals
before they have been tested for safety.
Moreover, where significant evidence of
harm to public health already exists,
inadequate resources and legal authority
often prevent regulatory agencies from
taking protective action. The system
allows manufacturers to become tied to
the profits chemical sales can generate,
and exposure to offending substances
continues.
This situation – which allows human lives
to become a giant, uncontrolled health
experiment – is unacceptable.
In September 2009, federal EPA
Administrator Lisa Jackson made the
case for reforming the Toxic Substances
Control Act (TSCA), the primary federal
law
governing
chemicals.
She
acknowledged that “over the years, not

only has TSCA fallen behind the industry
it’s supposed to regulate – it’s been
proven an inadequate tool for providing
the protection against chemical risks that
the public rightfully expects.” 378
More than 100 scientific experts on
chemical exposures and health agree
that we should take action against
possible threats, even without the benefit
of 100 percent certainty. 379 With better
policies, America can reduce our
exposure to toxic substances, promote
innovation in fields like green chemistry,
create green jobs, and protect public
health.

CHEMICAL POLICY REFORM

The United States should reform its
chemical regulatory policies to require
manufacturers to assess chemical safety
and then to restrict or phase out the use
of the most dangerous substances.
Reform should:
Require chemical manufacturers to
prove that a chemical is safe before
allowing it on the market.
•
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Regulators
should
require
companies
to
provide
comprehensive data on the
intrinsic hazards of chemicals that
they produce or import. Such data
should include information on a
chemical’s ability to persist in the
environment, accumulate in living
organisms, be metabolized into
other hazardous compounds,
cause genetic damage, mimic
important hormone signals,
interfere with human development
or reproduction, weaken the
immune system, damage the

•

•

•

nervous
system,
cause
respiratory disease, or otherwise
harm human health.
Chemical testing should include
specific consideration of potential
impacts
on
vulnerable
populations including infants,
children, and pregnant women;
potential impacts of low-dose
exposures;
and
potential
interactions with other toxic
chemicals.
The reliability and adequacy of
the information should be
validated
by
government
scientists and/or an independent
third party free of conflicts of
interest.
Allowances for ingredient secrecy
based on claims of “confidential
business information” should be
limited.

Empower regulatory agencies to
restrict or ban the manufacture and
use of chemicals that pose potential
dangers to human health or the
environment.
•

Where chemicals show evidence
of intrinsic hazard – such as a
tendency to persist in the
environment, accumulate in living
organisms, or cause toxic effects
– regulators should restrict or
prohibit the use of these
chemicals and require the
substitution of safer alternatives,
particularly in consumer products
or other applications that lead to
human exposure. In addition,
regulators
should
consider
possible adverse impacts to
ecosystems.
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•

•

Federal and state agencies
should lead the effort to identify
and prioritize chemicals of
concern and direct an appropriate
regulatory response, based on a
chemical’s ability to cause harm.
Where there is uncertainty in the
evidence, regulators should err
on the side of protecting health
and the environment. In other
words, “no data, no market.”

Ensure public access to information
on chemicals and their uses.
•

The public has a right to know
about chemicals currently on the
market, including their specific

73 Growing Up Toxic

•

uses, potential hazards to health
and the environment, and
potential routes of exposure.
Information
should
enable
businesses and consumers to
compare the safety of chemicals,
identify missing data, and create
demand for safer alternatives.
Until health and safety data are
available for a particular
chemical, there should be
mandatory labeling for consumer
products indicating the presence
of a chemical that has not been
tested for its impact on human
health.
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