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Policy Statement—Chemical-Management Policy:
Prioritizing Children’s Health

abstract
The American Academy of Pediatrics recommends that chemical-
management policy in the United States be revised to protect children
and pregnant women and to better protect other populations. The Toxic
Substance Control Act (TSCA) was passed in 1976. It is widely recog-
nized to have been ineffective in protecting children, pregnant women,
and the general population from hazardous chemicals in the market-
place. It does not take into account the special vulnerabilities of chil-
dren in attempting to protect the population from chemical hazards. Its
processes are so cumbersome that in its more than 30 years of exis-
tence, the TSCA has been used to regulate only 5 chemicals or chemical
classes of the tens of thousands of chemicals that are in commerce.
Under the TSCA, chemical companies have no responsibility to perform
premarket testing or postmarket follow-up of the products that they
produce; in fact, the TSCA contains disincentives for the companies to
produce such data. Voluntary programs have been inadequate in re-
solving problems. Therefore, chemical-management policy needs to be
rewritten in the United States. Manufacturers must be responsible for
developing information about chemicals before marketing. The US En-
vironmental Protection Agency must have the authority to demand
additional safety data about a chemical and to limit or stop the mar-
keting of a chemical when there is a high degree of suspicion that the
chemical might be harmful to children, pregnant women, or other
populations. Pediatrics 2011;127:983–990

INTRODUCTION
Over the past several decades, tens of thousands of chemicals have
entered commerce and the environment, often in extremely large
quantities (eg, multiple millions of pounds per year). There has also
been an explosion of knowledge about special vulnerabilities and dif-
ferential exposures that children and pregnant women have to envi-
ronmental toxicants. A growing body of research indicates potential
harm to child health from a range of chemical substances.

The primary federal law that governs chemical management in the
United States, the Toxic Substances Control Act (TSCA) (Pub L No. 94-469
[1976]), is not protective of the health of children and pregnant women
and has not undergone any meaningful revision since its passage al-
most 35 years ago. Since then, of the tens of thousands of chemicals
that are in commerce, the TSCA has been used to regulate only 5
chemicals or chemical classes: polychlorinated biphenyls (PCBs); fully
halogenated chlorofluoroalkanes; dioxin; asbestos; and hexavalent
chromium.1 The TSCA is so ineffective that it took a separate act of
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The Toxic Substance Control Act (TSCA) was passed in 1976. 
It is widely recognized to have been ineffective in protecting 
children, pregnant women, and the general population from 

hazardous chemicals in the marketplace. 
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Its processes are so cumbersome that in its more than 30 years 
of existence, the TSCA has been used to regulate only 5 
chemicals or chemical classes of the tens of thousands of 

chemicals that are in commerce. 
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Costs of TSCA safety testing are often borne by the public 
sector. Manufacturers of chemicals are not required to test 

chemicals before they are marketed or to collect data from tests 
that may have been performed by others. 
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Without sufficient information on the safety or 
health effects of chemicals, it is impossible for the 

EPA to engage in appropriate regulation. 
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The TSCA places the burden of obtaining information 
about the potential toxicity of a chemical on the public 

rather than the manufacturer. 
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Under the EPA Inventory Update Reporting program, 
the chemical manufacturing industry estimated that 

approximately 27 trillion pounds of chemicals are 
produced in or imported into the United States per year, 

which is the equivalent of approximately 74 billion 
pounds/day (nearly 250 pounds per person) and does 
not include fuels, pesticides, pharmaceuticals, or food 

products.



The average baby has over 200 chemicals 
in their cord blood

https://www.scientificamerican.com/article/newborn-babies-chemicals-exposure-bpa/

Body	Burden
The	Pollution	in	

Newborns

A	benchmark	investigation	of	
industrial	chemicals,	pollutants,	

and	pesticides	in	human	
umbilical	cord	blood.	
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Introduction  

The Origins of BPA

Although bisphenol A (BPA) has been getting a lot 
of media attention in recent years, scientists have 
known for nearly 80 years that BPA acts like a  
synthetic estrogen. BPA was first synthesized in 

the 1890s. It was identified as a synthetic estrogen in the 
1930s and considered for pharmaceutical use, but it was 
ultimately not pursued due to the identification of DES  
as a stronger synthetic estrogen.18 
 Decades after millions of women had been prescribed 
DES in a misguided attempt to prevent miscarriages, doctors 
discovered its link to a rare form of cancer and reproductive 
problems in women whose mothers took the drug. These 
studies went on to determine that more than 90 percent of 
DES daughters (those exposed to DES while in the womb) 
have abnormalities of the reproductive tract.19

 Animal research sounded an early warning that human 
exposure to DES in the womb could lead to serious repro-
ductive tract harm and hormone-sensitive cancers later in 
life.20  This was later confirmed by real life tragedies as many 
women who were exposed to DES in the womb developed 
those diseases and fertility problems in adolescence and 
adulthood. More than two decades of research on the low 
dose effects of BPA show similar patterns of reproductive 
problems in animals and cells exposed to BPA.21  
 Unlike the relatively limited human exposure to DES, 
nearly all of us living in North America are exposed to BPA 
from a myriad of sources on a daily basis, like canned foods, 
which could pose serious health problems for ourselves  
and future generations. 

Modern Uses of BPA
Chemists discovered that BPA was useful in making poly-
mers (the foundation of plastic materials) and epoxy resins 
during the chemical revolution of the 1940s and ‘50s. In 
1963, the Food and Drug Administration determined that 
BPA was “Generally Regarded as Safe,” allowing its use in 
food contact substances such as baby bottles and food  
cans. When the federal Toxic Substances Control Act (TSCA) 
was enacted in 1976, it “grandfathered in” BPA along with 
62,000 other chemicals, allowing their use without requir-
ing them to be tested or shown to be safe. 
 Studies of BPA have until recently been based on tradi-
tional toxicology, which assumes that if large amounts of a 
chemical can cause harm, then smaller amounts of the same 
chemical must cause less harm or no harm. In essence, this 
approach assumes that “the dose makes the poison” and 

that looking at the effects of high doses of a chemical allows 
one to make educated guesses about the effects—or safety—
of lower doses.22 Decades ago, scientists looked at high dos-
es of BPA and determined that it could cause weight loss, 
and set the safety levels based on these higher-dose studies. 
 We know now that some chemicals that affect our hor-
mones, like BPA, can actually have stronger effects in small-
er amounts, especially during critical windows of develop-
ment,23 and that BPA can cause a wide range of adverse  
effects in laboratory studies at levels lower than those 
found in people’s bodies throughout the developed world.24

 BPA is now widely used in many different consumer 
products, from food can linings to DVDs and from baby  
bottles to thermal receipt paper and printer toner. 
 Because of the widespread use of, and eventual expo-
sure to, bisphenol A, the U.S. Centers for Disease Control 
and Prevention have documented BPA’s presence in 93%  
of Americans25 over the age of six. Adolescents had higher  
levels than adults, and younger children had the highest 
levels. In a separate study, premature babies were found  
to have ten times as much BPA in their bodies as CDC found  
in adults and five times as much as older children.26 This  
is thought to be in part due in part to BPA leaching from 
some medical devices used in the NICU.27
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Although bisphenol A (BPA) has been getting a lot of media attention 
in recent years, scientists have known for nearly 80 years that BPA 

acts like a synthetic estrogen. BPA was first synthesized in the 1890s. 
It was identied as a synthetic estrogen in the 1930s and considered for 

pharmaceutical use, but it was ultimately not pursued due to the 
identification of DES as a stronger synthetic estrogen. 

Decades later millions of women had been prescribed DES in a 
misguided attempt to prevent miscarriages, doctors discovered its link 
to a rare form of cancer and reproductive problems in women whose 
mothers took the drug. These studies went on to determine that more 
than 90 percent of DES daughters (those exposed to DES while in the 
womb) have abnormalities of the reproductive tract. 

The Origins of BPA
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To better understand how a person’s health might be impacted by 
consuming a normal diet that includes canned foods, the table below 
shows three days of meals and the BPA exposures that could result 

based on the data from these product tests. 

We based our calculations on the weight of an average 20 to 29year-
old woman, according to the CDC (71kg or 156.5 lb), and imagined 
this woman was in the first trimester of pregnancy since exposure to 

BPA in the womb is of particular concern. 

We divided the amount of BPA in micrograms (µg) by her weight 
(kg) to obtain a weight-adjusted exposure value. These hypothetical 

diets show that a pregnant woman may be exposed to potentially 
harmful levels of BPA that have been shown to alter fetal 

development in laboratory animals 

Daily Estimated Exposure to BPA Reaches Levels 
Shown to Cause Harm in Laboratory Studies 
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BREAKFAST

Peaches 
(one serving),  
two eggs, one 
piece of toast

0.94 µg

Lentil Soup 
(whole can), crackers, 

apple

19.48 µg

LUNCH DINNER

Tuna Casserole 
(tuna 0.35 µg, peas 
41.16 µg, cream of 

mushroom soup 
16.17 µg ,vegetable 

broth 4.33 µg)

62.01 µg

Snack: Cheese and 
crackers. Dessert: 

Bananas with 
Coconut milk  
(one serving)

4.85 µg =

SNACK & DESSERT

TOTAL µg BPA = 87.28

BPA consumed = 1.23 
µg BPA/kg bodyweight

+

D AY  1

+ +

BREAKFAST

Peaches (one 
serving), cereal 

with milk

0.94 µg

Ravioli (whole can) 

9.14 µg

LUNCH DINNER

Chili: kidney (4.19 µg), 
pinto (3.74 µg) and 

pink (8.67 µg) Beans, 
tomatoes (0.8 µg), corn 

(4.2 µg) (one serving  
of each), tortilla chips

21.58 µg

Snack: Chicken noodle  
soup (whole can) (38.89 µg), 
crackers. Dessert: Cake with 
coconut milk (one serving 

of milk) (4.85 µg)

43.74 µg =

SNACK & DESSERT

TOTAL µg BPA = 75.4

BPA consumed = 1.06 
µg BPA/kg bodyweight

+

D AY  2

+ +

BREAKFAST

Ceral and milk, 
banana

0 µg

Sandwich with fresh 
ingredients, carrots

0 µg

LUNCH DINNER

Chicken breast,  
green beans (one 

serving), rice

137.94 µg

Snack: Apple.  
Drink: Diet Coke  

(12 oz. can)

0.25 µg =

SNACK & DRINK

TOTAL µg BPA = 138.19

BPA consumed = 1.94 
µg BPA/kg bodyweight

+

D AY  3

+ +

Daily Estimated Exposure to BPA Reaches Levels Shown to Cause Harm in Laboratory Studies
To better understand how a person’s health might be impacted by consuming a normal diet that includes canned foods, we esti-
mated daily exposure to BPA using different hypothetical menus. The table below shows three days of meals and the BPA exposures 
that could result based on the data from these product tests. We based our calculations on the weight of an average 20- to 29- 
year-old woman, according to the CDC50 (71kg  or 156.5 lb), and imagined this woman was in the first trimester of pregnancy since 
exposure to BPA in the womb is of particular concern. We divided the amount of BPA in micrograms (µg) by her weight (kg) to obtain 
a weight-adjusted exposure value. These hypothetical diets show that a pregnant woman may be exposed to potentially harm-
ful levels of BPA that have been shown to alter fetal development in laboratory animals, as evidenced in the table on page 11.

Level linked to 
reproductive and cancer 

effects in animals

Level linked to 
reproductive and cancer 

effects in animals

Level linked to changes 
in prostate and increased 

aggression in animals
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• we measured prenatal urinary metabolites of 5 
PCBs in late pregnancy. 

• The Wechsler Intelligence Scale for Children, 4th 
edition was administered at child age 7 years and 
evaluates four areas of cognitive function 
associated with overall intelligence quotient (IQ). 



theDr.com ©  16

Among children of mothers with the highest versus 
lowest quartile metabolite concentrations,                  

IQ was 6.7 and 7.6 points lower, respectively. 
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Because phthalate exposures are ubiquitous, and 
concentrations seen here within the range 

previously observed among general populations, 
results are of public health significance. 
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ABSTRACT: Indoor dust is a reservoir for commercial
consumer product chemicals, including many compounds
with known or suspected health effects. However, most dust
exposure studies measure few chemicals in small samples. We
systematically searched the U.S. indoor dust literature on
phthalates, replacement flame retardants (RFRs), perfluor-
oalkyl substances (PFASs), synthetic fragrances, and environ-
mental phenols and estimated pooled geometric means (GMs)
and 95% confidence intervals for 45 chemicals measured in ≥3
data sets. In order to rank and contextualize these results, we
used the pooled GMs to calculate residential intake from dust
ingestion, inhalation, and dermal uptake from air, and then
identified hazard traits from the Safer Consumer Products
Candidate Chemical List. Our results indicate that U.S. indoor dust consistently contains chemicals from multiple classes.
Phthalates occurred in the highest concentrations, followed by phenols, RFRs, fragrance, and PFASs. Several phthalates and
RFRs had the highest residential intakes. We also found that many chemicals in dust share hazard traits such as reproductive and
endocrine toxicity. We offer recommendations to maximize comparability of studies and advance indoor exposure science. This
information is critical in shaping future exposure and health studies, especially related to cumulative exposures, and in providing
evidence for intervention development and public policy.

■ INTRODUCTION
People in developed countries spend more than 90% of their
time in indoor environments,1 creating an important link
between indoor environmental quality and public health.
Consumer products and building materials including furniture,
electronics, personal care and cleaning products, and floor and
wall coverings contain chemicals that can leach, migrate, abrade,
or off-gas from products resulting in human exposure.2,3

Consequently, chemicals such as phthalates, phenols, flame
retardants, and polyfluorinated alkyl substances (PFASs) are
widely detected in the U.S. general population, including
vulnerable populations such as pregnant women and children.4−6

Exposure to one or more of these chemical classes has been
associated with adverse health effects including reproductive
toxicity, endocrine disruption, cognitive and behavioral impair-
ment in children, cancer, asthma, immune dysfunction, and
chronic disease.7−9

Many emerging and current use consumer product chemicals
of concern are semivolatile organic compounds (SVOCs), which

exist in the gas and condensed phase and redistribute from their
original source over time, partitioning between indoor air, dust,
and surfaces. Consequently, exposure to SVOC chemicals in the
indoor environment may occur from air, dust, and dermal
pathways.10−13 For some phthalate diesters, the use of consumer
products and indoor exposures are major contributors to human
exposure.14−17 Similarly, for some flame retardants, dust is a
significant contributor to exposure,18−20 while the contribution
of the indoor environment to total exposure of PFASs is less well
characterized.21,22 The chemical properties, sources, exposure
pathways and major health effects associated with each chemical
class are reviewed in the following sources: phthalates,16,23−26

flame retardants,25,27,28 environmental phenols,25,26,29,30 syn-
thetic fragrances,29,31,32 and PFASs.25,33,34
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ABSTRACT: Indoor dust is a reservoir for commercial
consumer product chemicals, including many compounds
with known or suspected health effects. However, most dust
exposure studies measure few chemicals in small samples. We
systematically searched the U.S. indoor dust literature on
phthalates, replacement flame retardants (RFRs), perfluor-
oalkyl substances (PFASs), synthetic fragrances, and environ-
mental phenols and estimated pooled geometric means (GMs)
and 95% confidence intervals for 45 chemicals measured in ≥3
data sets. In order to rank and contextualize these results, we
used the pooled GMs to calculate residential intake from dust
ingestion, inhalation, and dermal uptake from air, and then
identified hazard traits from the Safer Consumer Products
Candidate Chemical List. Our results indicate that U.S. indoor dust consistently contains chemicals from multiple classes.
Phthalates occurred in the highest concentrations, followed by phenols, RFRs, fragrance, and PFASs. Several phthalates and
RFRs had the highest residential intakes. We also found that many chemicals in dust share hazard traits such as reproductive and
endocrine toxicity. We offer recommendations to maximize comparability of studies and advance indoor exposure science. This
information is critical in shaping future exposure and health studies, especially related to cumulative exposures, and in providing
evidence for intervention development and public policy.

■ INTRODUCTION
People in developed countries spend more than 90% of their
time in indoor environments,1 creating an important link
between indoor environmental quality and public health.
Consumer products and building materials including furniture,
electronics, personal care and cleaning products, and floor and
wall coverings contain chemicals that can leach, migrate, abrade,
or off-gas from products resulting in human exposure.2,3

Consequently, chemicals such as phthalates, phenols, flame
retardants, and polyfluorinated alkyl substances (PFASs) are
widely detected in the U.S. general population, including
vulnerable populations such as pregnant women and children.4−6

Exposure to one or more of these chemical classes has been
associated with adverse health effects including reproductive
toxicity, endocrine disruption, cognitive and behavioral impair-
ment in children, cancer, asthma, immune dysfunction, and
chronic disease.7−9

Many emerging and current use consumer product chemicals
of concern are semivolatile organic compounds (SVOCs), which

exist in the gas and condensed phase and redistribute from their
original source over time, partitioning between indoor air, dust,
and surfaces. Consequently, exposure to SVOC chemicals in the
indoor environment may occur from air, dust, and dermal
pathways.10−13 For some phthalate diesters, the use of consumer
products and indoor exposures are major contributors to human
exposure.14−17 Similarly, for some flame retardants, dust is a
significant contributor to exposure,18−20 while the contribution
of the indoor environment to total exposure of PFASs is less well
characterized.21,22 The chemical properties, sources, exposure
pathways and major health effects associated with each chemical
class are reviewed in the following sources: phthalates,16,23−26

flame retardants,25,27,28 environmental phenols,25,26,29,30 syn-
thetic fragrances,29,31,32 and PFASs.25,33,34
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Dust can provide critical information on consumer product 
chemicals in the indoor environment. 
• First, it is a window into which chemicals are present 

indoors. 
• Second, dust concentrations can be used in equilibrium 

partitioning models to estimate air concentrations and 
characterize total residential intake with reasonable 
accuracy. 
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ABSTRACT: Indoor dust is a reservoir for commercial
consumer product chemicals, including many compounds
with known or suspected health effects. However, most dust
exposure studies measure few chemicals in small samples. We
systematically searched the U.S. indoor dust literature on
phthalates, replacement flame retardants (RFRs), perfluor-
oalkyl substances (PFASs), synthetic fragrances, and environ-
mental phenols and estimated pooled geometric means (GMs)
and 95% confidence intervals for 45 chemicals measured in ≥3
data sets. In order to rank and contextualize these results, we
used the pooled GMs to calculate residential intake from dust
ingestion, inhalation, and dermal uptake from air, and then
identified hazard traits from the Safer Consumer Products
Candidate Chemical List. Our results indicate that U.S. indoor dust consistently contains chemicals from multiple classes.
Phthalates occurred in the highest concentrations, followed by phenols, RFRs, fragrance, and PFASs. Several phthalates and
RFRs had the highest residential intakes. We also found that many chemicals in dust share hazard traits such as reproductive and
endocrine toxicity. We offer recommendations to maximize comparability of studies and advance indoor exposure science. This
information is critical in shaping future exposure and health studies, especially related to cumulative exposures, and in providing
evidence for intervention development and public policy.

■ INTRODUCTION
People in developed countries spend more than 90% of their
time in indoor environments,1 creating an important link
between indoor environmental quality and public health.
Consumer products and building materials including furniture,
electronics, personal care and cleaning products, and floor and
wall coverings contain chemicals that can leach, migrate, abrade,
or off-gas from products resulting in human exposure.2,3

Consequently, chemicals such as phthalates, phenols, flame
retardants, and polyfluorinated alkyl substances (PFASs) are
widely detected in the U.S. general population, including
vulnerable populations such as pregnant women and children.4−6

Exposure to one or more of these chemical classes has been
associated with adverse health effects including reproductive
toxicity, endocrine disruption, cognitive and behavioral impair-
ment in children, cancer, asthma, immune dysfunction, and
chronic disease.7−9

Many emerging and current use consumer product chemicals
of concern are semivolatile organic compounds (SVOCs), which

exist in the gas and condensed phase and redistribute from their
original source over time, partitioning between indoor air, dust,
and surfaces. Consequently, exposure to SVOC chemicals in the
indoor environment may occur from air, dust, and dermal
pathways.10−13 For some phthalate diesters, the use of consumer
products and indoor exposures are major contributors to human
exposure.14−17 Similarly, for some flame retardants, dust is a
significant contributor to exposure,18−20 while the contribution
of the indoor environment to total exposure of PFASs is less well
characterized.21,22 The chemical properties, sources, exposure
pathways and major health effects associated with each chemical
class are reviewed in the following sources: phthalates,16,23−26

flame retardants,25,27,28 environmental phenols,25,26,29,30 syn-
thetic fragrances,29,31,32 and PFASs.25,33,34
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Finally, characterizing exposures from indoor dust may have 
important implications for children’s health. Young children 
are particularly vulnerable to chemical exposures from dust 
since they crawl, play on the floor, and frequently put their 
hands in their mouths. Increased dust contact likely plays a 

role in the higher body burden of i.e. flame retardants in 
young children compared to their parents. 
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ABSTRACT: Indoor dust is a reservoir for commercial
consumer product chemicals, including many compounds
with known or suspected health effects. However, most dust
exposure studies measure few chemicals in small samples. We
systematically searched the U.S. indoor dust literature on
phthalates, replacement flame retardants (RFRs), perfluor-
oalkyl substances (PFASs), synthetic fragrances, and environ-
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Candidate Chemical List. Our results indicate that U.S. indoor dust consistently contains chemicals from multiple classes.
Phthalates occurred in the highest concentrations, followed by phenols, RFRs, fragrance, and PFASs. Several phthalates and
RFRs had the highest residential intakes. We also found that many chemicals in dust share hazard traits such as reproductive and
endocrine toxicity. We offer recommendations to maximize comparability of studies and advance indoor exposure science. This
information is critical in shaping future exposure and health studies, especially related to cumulative exposures, and in providing
evidence for intervention development and public policy.
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electronics, personal care and cleaning products, and floor and
wall coverings contain chemicals that can leach, migrate, abrade,
or off-gas from products resulting in human exposure.2,3

Consequently, chemicals such as phthalates, phenols, flame
retardants, and polyfluorinated alkyl substances (PFASs) are
widely detected in the U.S. general population, including
vulnerable populations such as pregnant women and children.4−6

Exposure to one or more of these chemical classes has been
associated with adverse health effects including reproductive
toxicity, endocrine disruption, cognitive and behavioral impair-
ment in children, cancer, asthma, immune dysfunction, and
chronic disease.7−9

Many emerging and current use consumer product chemicals
of concern are semivolatile organic compounds (SVOCs), which

exist in the gas and condensed phase and redistribute from their
original source over time, partitioning between indoor air, dust,
and surfaces. Consequently, exposure to SVOC chemicals in the
indoor environment may occur from air, dust, and dermal
pathways.10−13 For some phthalate diesters, the use of consumer
products and indoor exposures are major contributors to human
exposure.14−17 Similarly, for some flame retardants, dust is a
significant contributor to exposure,18−20 while the contribution
of the indoor environment to total exposure of PFASs is less well
characterized.21,22 The chemical properties, sources, exposure
pathways and major health effects associated with each chemical
class are reviewed in the following sources: phthalates,16,23−26

flame retardants,25,27,28 environmental phenols,25,26,29,30 syn-
thetic fragrances,29,31,32 and PFASs.25,33,34
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The indoor environment is a haven for chemicals 
associated with reproductive and developmental 

toxicity, endocrine disruption, cancer and other health 
effects. Additionally, despite the observed variability 

across studies, the existing dust literature has allowed 
us to identify the chemicals and chemical classes found 
at the highest levels indoors (phthalates and phenols), 

with the highest estimated intakes (phthalates and 
replacement flame retardants (RFRs)), and associated 
with the most hazard traits (phthalates and PFASs). 
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and BEH-TEBP in dust differ from those in the commercial flame
retardant mixture.18,68,69

Intake Assessment. Intake estimates, like modeled GM
concentrations, spanned orders of magnitude (Figure 3). As
expected, estimated intakes, normalized by body weight, were
higher for the child compared to the adult, although the relative
ranking of the chemicals was similar (data not shown).
Those chemicals with the highest dust concentrations also

tended to have the highest intake estimates, with the exception of
the RFR TCEP, which was driven by its relatively high predicted
air concentration (>50 μg/m3). TCEP had the highest estimated
intake (>1 mg/kg/day) followed by four phthalates: DEP,
DEHP, BBzP, and DnBP (>0.1 mg/kg/day) (Figure 3).
Exposure to indoor air seemed to drive the intake estimates,
since those chemicals with the highest intake estimates also
tended to have the largest proportion of intake from inhalation
and dermal uptake of indoor air. These modeled results agree
with recent evidence of high inhalation exposure to chlorinated
RFRs.70 In contrast, for those chemicals where the dust ingestion
route dominated, the intake estimates were lower. Compared to
other classes, phthalates generally had the highest intake
estimates; RFRs’ intake estimates varied widely from approx-
imately 100 ng/kg-day for the Dechlorane isomers to >1 mg/kg-
day for TCEP; the fragrance HHCB ranked seventh of 44 in total
intake; phenols had midrange estimates; and PFASs, which only
rely on the dust ingestion route, had the lowest residential intake
estimates (Figure 3).
These residential intake estimates do not account for

exposures in microenvironments other than the home. While

the data on nonresidential environments were limited (SI Figure
S2), the data suggest that other indoor microenvironments will
contribute to total exposure. For example, concentrations of the
flame retardants TDCIPP and EH-TBB were higher in
nonresidential microenvironments (SI Table S11) and we
would expect that people spending substantial time in such
spaces would have higher exposures than the estimates presented
in Figure 3.
In addition to calculating the pooled GM and GSD, we

examined the maxima relative to the GM for representative
chemicals from four classes (TDCIPP, DEHP, MeP, PFOS) (SI
Figure S3). The maxima reported by each data set were, in many
cases, at least 1 order of magnitude greater than the reported
pooled GM. Thus, focusing only on the central tendency metric
could obscure the very high exposures, and potential associated
health risks, experienced by a fraction of the population.
We estimated residential intakes in order to provide context to

the pooled dust concentrations and link concentration and
hazard information. However, this intake assessment is not
comprehensive in that it does not quantify total intakes of every
chemical, does not account for variability in exposure factors
(e.g., dust ingestion rates), and relies on estimated physicochem-
ical data. In addition to the contribution of other microenviron-
ments on intake, for many of these chemicals, particularly the
phthalates and parabens, actual intakes may bemuch higher since
these chemicals are widely used in personal care products applied
directly to the skin,29 some medications;71 and diet has also been
shown to be an important route of exposure.72,73 Exposure
factors vary by individuals; for example, the upper percentile dust

Figure 4. Each row on the chart represents potential chemical hazard traits, and each column represents a chemical. Chemicals are listed in order of
estimated adult daily residential intake (lowest intake on the left-hand side). For hazard traits associated with a mixture rather than individual chemicals
(HBCDD, DDC−CO, NPEO) the intakes of the chemicals composing the mixture were added to generate the mixture’s position in the intake ranking.
The hazard traits associated with each chemical, according to the SCP CC list are represented by filled cells; hazard traits not associated with the
chemical are left blank. Chemicals not included in the intake assessment and those not listed in SCP CC list are not shown in the chart.
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1. Introduction
Flame retardants are chemical additives used to meet flammability standards required for 
various types of materials including polyurethane foam (PUF). They are ubiquitous in the 
indoor environment due to their use in consumer products such as upholstered furniture as 
they are not chemically bonded to PUF and migrate into the air and dust of indoor 
environments.1, 2 PentaBDE is a flame retardant mixture of polybrominated diphenyl ethers 
(PBDEs) that was used widely in PUF until concerns regarding its persistence and toxicity 
caused it to be banned in the European Union (2004) and phased out of production in the 
U.S. (2005). Flame retardants that replaced PentaBDE in foam include Firemaster® 550 
(FM550) and tris(1,3-dichloro-2-propyl)phosphate (TDCIPP).3 FM550 is a mixture of 
brominated and phosphorylated compounds: triphenyl phosphate (TPHP), 2-
ethylhexyl-2,3,4,5-tetrabromobenzoate (EH-TBB), bis(2-ethylhexyl)-2,3,4,5-
tetrabromophthalate (BEH-TEBP) and a mixture of isopropylated triphenylphosphate 
isomers1 (abbreviations in this manuscript are as described in Bergman et al. 2012).4 While 
TPHP is part of the FM550 mixture it can also be used in PUF with the PentaBDE mixture 
as well as in a variety of applications as a plasticizer.5

The primary metabolites of these compounds are excreted primarily in urine as diphenyl 
phosphate (DPHP), bis(1,3-dichloro-2-propyl) phosphate (BDCIPP) and tetra-bromo 
benzoic acid (TBBA), respectively (Table A1 of Appendix I).6-9 High frequencies of 
detection for these urinary metabolites among U.S. adults suggest that exposure to TDCIPP 
and components of the FM550 mixture is widespread.10, 11 While the human half-lives of 
the PentaBDE congeners are estimated to be on the order of years,12 the human half-lives of 
TPHP, TDCIPP and EH-TBB are not known but are likely on the order of hours based on 
animal studies.6, 9, 11, 13 We did not attempt to measure a biomarker for BEH-TEBP as a 
major metabolite has yet to be detected in urine or serum.8

TDCIPP and components of the FM550 mixture are endocrine disrupting chemicals that can 
disrupt thyroid hormone action in the body.14-17 Dams exposed to the FM550 mixture had 
increased serum concentrations of thyroxine (T4), while their offspring experienced 
advanced puberty (in females), cardiac hypertrophy (in males), significant weight gain (both 
sexes) and increased anxiety.15 TPHP, a component of the FM550 mixture, is a suspected 
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Table 2

GM (95% CI) concentrations of urinary metabolite (µg/L) in gymnasts and other populations.

Region (sample size) Year DPHP BDCIPP TBBA Reference

US Gymnasts (n=11a) 2012 9.0 (7.7-11.1) 0.67 (0.52-0.85) 0.018 (0.01-0.02) This study

North Carolina (n=53) 2012 1.7 (1.36-2.18)b 0.63 (0.49-0.81)b 0.006 (0.004-0.008)b Hoffman et al. (2015)

United States (n=9) 2011 3.0 (NR) 0.41 (NR) NR Cooper et al. (2011)

Massachusetts (n=29) 2009 1.9 (1.2-3.0)c 0.41 (0.28-0.59) NR Carignan et al. (2013)

Massachusetts (n=45) 2002-2007 0.31 (NR) 0.13 (NR) NR Meeker et al. (2013)

California (n=14) 2011 0.44d (NR) 0.09d (NR) NR Dodson et al. (2014)

Norway (n=48)e 2012 0.51e (NR) 0.12e (NR) NR Cequier et al. (2015)

Australia (n=35 and 100)f 2010-2013 24.4 and 63.4f 1.00 and 0.66f NR Van den Eede et al. (2015)

Normalized using a mean specific gravity of 1.024 unless otherwise indicated

NR=not reported

a
Includes available data from all five time points among 11 participants (n=54 samples, n=53 for TBBA)

b
Confidence intervals obtained from study authors, n=52 for TBBA

c
Previously unpublished data obtained from the authors

d
Not SG normalized, median concentrations

e
Normalized using a mean SG of 1.015, 244 urine samples total

f
Not SG normalized, 28 pools of 28 individuals and 44 pools of 7 individuals
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Abstract
Flame retardants are widely used in polyurethane foam materials including gymnastics safety 
equipment such as pit cubes and landing mats. We previously reported elevated concentrations of 
flame retardants in the air and dust of a U.S. gymnastics training facility and elevated PentaBDE 
in the serum of collegiate gymnasts. Our objective in this pilot study was to compare urinary 
biomarkers of exposure to other flame retardants and additives of polyurethane foam including 
tris(1,3-dichloro-2-propyl) phosphate (TDCIPP), triphenyl phosphate (TPHP) and 2-
ethylhexyl-2,3,4,5-tetrabromobenzoate (EH-TBB) in samples collected from 11 collegiate 
gymnasts before and after a gymnastics practice (n=53 urine samples total). We identified a 50% 
increase in the TPHP biomarker (p=0.03) from before to after practice, a non-significant 22% 
increase in the TDCIPP biomarker (p=0.14) and no change for the EH-TBB biomarker. These 
preliminary results indicate that the gymnastics training environment can be a source of 
recreational exposure to flame retardants. Such exposures are likely widespread, as we identified 
flame retardants in 89% of foam samples collected from gyms across the U.S.
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These preliminary results add to the evidence that the 
gymnastics training environment can be a source of 

exposure to flame retardants used in polyurethane foam 
and that pit cubes can commonly contain both brominated 

and organophosphate flame retardants. 




