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Phthalates, chemicals found in plastics and personal care products, are a
ubiquitous class of chemical compounds that have been associated with
adverse health effects. Mothers and their toddlers were recruited from a
pregnancy cohort and completed a questionnaire that included demographic
information and reports of children’s product use habits. Pooled urine samples
(3 over 48 hours) were collected from 180 toddlers and analyzed for five major
phthalate metabolites: mEHP, mEP2, mBP, miBP, and mBzP2. Statistical
analysis compared the urinary metabolite concentrations with the children’s
demographic information and average product use. Maternal education was
inversely associated with urinary concentrations of all metabolites. After
controlling for confounding by demographic variables, plastic bag, lotion, and
nail polish use were significant predictors of urinary mEP2 levels. This study
suggests plastic and personal care product use in toddlers influences

phthalate exposure.



Introduction
Phthalates are a class of chemical compounds derived from phthalic acids. They are

used for many different purposes and are considered to be ubiquitous in the
environment. The main purpose of phthalates is to make plastics soft and flexible. They
are also used in products as solvents and to help retain fragrance. Phthalates are
produced in very high volume and can be detected in a wide array of environments.
Phthalates were first produced in the early 1900s and quickly gained popularity
due to their low cost and usefulness. Depending on their molecular weight, phthalates
can be used in a number of different applications ranging from plasticizer to solvent to
propellant (Table 1). Higher molecular weight phthalates tend to be found in plastics

while lower molecular weight phthalates tend to be found in personal care products.

Table 1. Common uses of phthalates
bottles blood storage bags car interior
catheters detergents diapers
electrical wiring food containers floor tiles
hoses insecticides lotion
lubricating agents lunch boxes medical tubing
medicine nail polish perfume
rain boots rain coats shampoo
shower curtain surfactants swimming pools
syringes toys upholstery

Di(2-ethylhexyl)phthalate (DEHP) is a high molecular weight phthalate with
ethylhexyl groups attached to each ester giving it low volatility and high stability. It is
used to soften polyvinyl chloride plastic (PVC) by providing fluidity, allowing the PVC
polymer chains to slide along each other more easily (Kim and Li 2010). It is one of the
most widely used phthalates and in 2011 over 30 million pounds were imported into the

US for commercial and consumer use, not including the volume manufactured in the US



(EPA 2016). Dibutyl phthalate (DBP), diisobutyl phthalate (DIBP), diethyl phthalate
(DEP), and benzyl butyl phthalate (BzP2) are characterized by their low molecular
weights and usually function as solvents in lotions, perfumes, and other personal care
products (Koniecki et al. 2011). In 2011, there were 7 million pounds of DBP reported as
imported or manufactured in the US (Consumer Product Safety Commission 2010). For
this study, the metabolites of DEHP, DEP, DBP, DIBP, and BzBP were assessed
because of their common applications in consumer products and potential association

with product use (Table 2).

Exposure to Phthalates
Exposure to phthalates begins in utero and continues throughout the course of

one’s lifetime (Martinez-Arguelles et al. 2011). They are not chemically bound to the
materials to which they are added so they easily leech out into the external
environment, resulting in human exposure.

Phthalates are rapidly metabolized in the body, and their metabolites are often
measured in various compartments as biomarkers of exposure. Metabolites have been
detected in human blood serum, milk, urine, saliva, and feces (Fromme et al. 2011,
Swan et al. 2005; Silva et al. 2005). The body metabolizes and excretes phthalates in a
relatively quick amount of time. DEHP is metabolized into mEHP and in a human oral
single dose study, 74% was excreted within 24 hours (Frederiksen et al. 2007). Small
short-branched phthalates are excreted as monoesters, and in a single oral dose study
in rats, 80-90% of DBP was excreted as mBP within 48 hours (Frederiksen et al. 2007).
The frequent detection of phthalates in urine, considering the quick metabolism and

excretion rate, shows that the population is constantly exposed.



Table 2. Phthalates studied, their metabolites, and uses.

Parent Metabolite Uses
Di-(2-ethylhexyl) mEHP PVC, hydraulic fluid,
phthalate: DEHP capacitors, medical devices
Diethyl phthalate: DEP mEP2 solvent and vehicle for

fragrance and cosmetic
ingredients

Dibutyl phthlate: DBP mBP Plasticizer, in PVC, printing
inks, adhesives; nail polish,
fragrance

Di-isobutyl phthalate: miBP Plasticizer in PVC, paints,

DIBP printing inks, and adhesives

Benzyl butyl phthalate: mBzP2 adhesives, vinyl tile,

BzBP sealants, car care products,
and, to a lesser extent, in
some personal care
products

Because of their ubiquity, phthalate exposure occurs through almost every route:
ingestion, dermal absorption, inhalation, and even intravenous or subcutaneous
injection through the use of plastic medical tubing and syringes (Schettler 2006).

Oral exposure mostly occurs through ingestion of contaminated food (Wittassek
et al. 2011). DiBP, BzBp, DEHP, and DEP have been detected in milk, fish,
fruits/vegetables, grains, pork, condiments, and baby food (Schecter et al. 2013). A
study that removed plastic food packaging from the subject’s diets (n=30) for three days
found a 53-56% decrease in DEHP urinary metabolite concentrations (Rudel et al.,
2011).

Dermal and inhalation exposure is thought to occur through the use of cosmetics
and personal care products (Koniecki et al. 2011). One study found 66-76% of personal
care products tested to contain DEHP, 17-39% to contain DBP, and 24-53% to contain

DEP (Guo and Kannan 2013). In another, DEP was detected in almost every product



tested, including hair care products, deodorants, skin cleansers, and lotions. DEP is
used in especially high concentrations in fragrances; of twenty-three products with
phthalate concentrations above 1000 pg/g, sixteen were perfumes (Koniecki et al.
2011). Based on a market survey of 52 consumer products, the most detected phthalate
in personal care products was diethyl phthalate (DEP) and was found in 21 different
product types. It was found in the highest concentrations (100-1000 pg/g) in hand and
bar soap and scented products such as deodorant, shampoo, and face lotion (Dodson
et al. 2012).

As expected, an increased number of personal care products used has been
associated with higher concentrations of urinary metabolites in women (Parlett et al.
2013). Women aged 14-45 years old who reported using lotion had up to 111% higher
levels of mBP in their urine than women who did not (Braun et al. 2014). Infants aged 8-
28 months whose mother’s reported using baby lotion were associated with having 80%
higher levels of mMEP2 concentration in their urine (Sathyanrayana et al. 2008). An
interventional study of 100 young Hispanic women found that replacing the girl’s
products with those labeled as being free of phthalates reduced urinary levels of mEP2

by 27.4% and mBP by 43.9% (Harley et al. 2012).

Toxicity of Phthalates
There are multiple negative health effects associated with phthalate exposure.

There may be a relationship between phthalate exposure and increased risk of cancer,
asthma, allergies, diabetes and obesity. Of most concern is the extensive evidence
phthalate exposure has on developmental and reproductive effects in males.

DEHP is currently considered a class B2 “probable human carcinogen” (EPA 1988).

Rats fed a diet containing concentrations of DEHP up to 12,000 ppm had a statistically



significant increase in incidence of hepatic carcinomas (NTP 1982). Since then,
phthalate exposure been linked to risk of developing cancer in humans. An
epidemiological study found that higher concentrations of MEP2 in urine was positively
associated with increased risk of breast cancer (Lépez-Carrillo 2010).

There may also be a relationship between phthalate exposure and increased risk
of asthma and allergies. Prenatal exposure to the phthalate BzBP has been associated
with increased risk of asthma, persistent wheezing, exercise-induced wheezing, and
emergency room visits (Whyatt et al. 2014). A systematic review found strong evidence
that occupational exposure to PVC is linked with increased prevalence of respiratory
symptoms (Jaakkola and Knight 2008). Another study found increased risk for both
asthma and allergies in relation to the amount of PVC and vinyl building materials in the
home (Jaakkola et al. 2004).

In addition, exposure to phthalates has been suggested as a potential
explanation for the increasing incidence of obesity and type Il diabetes. One study
found phthalates disrupt normal metabolic signaling and are ‘true ligands’ of peroxisome
proliferator-activated receptors (PPARS) which normally regulate lipid and carbohydrate
metabolism. This has been a suggested mechanistic link to the obesity epidemic
(Desvergne et al. 2009). A study using data from NHANES found women in the highest
guartile of urinary metabolite concentrations of mBzP2 and miBP were twice as likely to
have diabetes (James-Todd et al. 2012).

The most widely studied and heavily supported evidence of negative health
effects associated with phthalate exposure has been related to their role as endocrine

disruptors. There is extensive evidence that they disrupt normal hormonal signaling, and



cause negative developmental and reproductive effects. Specifically, phthalates are
known to cause abnormal formations in male reproductive systems when exposed in
utero. This is characterized by a malformed epididymis, increased incidence of
cryptorchidism, hypospadias, testicular lesions, decreased sperm quality, and
decreased anogenital distance (Carruthers and Foster 2005; Foster et al. 2001; Li et al.
1988). This combination of effects can be induced in rats, mice, and guinea pigs (Foster
et al., 1980).

The timing of exposure to phthalates has a large influence on the effects they
produce. It has been suggested that there is a critical window of exposure and it is
during this time that disruption of sexual differentiation leads to testicular dysgenesis
syndrome. The critical window for male reproductive tract formation in rats is
determined to be between 16 and 18 gestational days. Exposure to di-n-butyl phthalate
during these days resulted in significantly shortened anogenital distance, retention of
areloa, reduced epididymal weight, and small or flaccid testes in male rats (Carruthers
and Foster 2005). The reproductive effects seen in rats provide evidence that the
mechanism of toxicity of phthalates is through anti-androgenic activity. Disturbance of
androgen-mediated development can result in both decreased masculinity and
increased femininity (Sharpe 2001). DBP has been associated with infertility issues in
rats due to direct interaction with Sertoli cells. Sertoli cells are responsible for testes
formation and spermatogenesis and the number of Sertoli cells in the testes has a linear
relationship with the amount of sperm produced per day (Johnson et al. 1984). DBP has
been shown to alter Sertoli cell function and proliferation, leading to decreased sperm

production and lowered sperm counts (Li et al. 1998). Another way phthalates have



been shown to have reproductive toxicity is through hormone suppression. Leydig cells
are found in the testes and are responsible for the production of testosterone,
influenced by follicle stimulating hormone (FSH). DBP was found to suppress hormone
production in Leydig cells in rats in a dose dependent manner, leading to cryptorchidism
and hypospadias (Sharpe 2001).

Another hallmark effect of anti-androgenic interference is reduced anogenital
distance, or the distance from the anus to the bottom of the genitals. In normal rats, this
distance is sexually dimorphic with males having an anogenital distance twice as long
as females (Carruthers and Foster 2005). In utero exposure to DBP during the critical
window of development has been found to result in significantly shorter anogenital
distance, providing further evidence that phthalates have anti-androgenic activity
(Carruthers and Foster 2005; Clewell, et al. 2013). Longer anogenital distance is a
significant predictor of reproductive success in rats and is associated with better quality
semen, larger testes, and higher fertility in mature males (Scott et al. 2008).

Whether the effects seen in rats and other animal studies can be applied to
humans still remains unclear. There is weak evidence for increased infertility in males
since World War Il, and currently 1 out of every 250 males born have some degree of
testicular dysgenesis syndrome (Skakkebaek et al. 2001). Some suggest that there is a
link between environmental exposures to phthalates and the increased incidences of
male reproductive disorders (Swan 2006). There is strong evidence for an increase in
testicular cancer with increasing birth year, but this is the only condition with a sound
and unmistakable marked increase and is not directly linked to phthalate exposure

(Sharpe 2001).



The effects of phthalates in experimental studies on rats present themselves as a
host of characteristics, or a syndrome, which seem to have a lot of parallels in human
epidemiological studies. There seems to be some evidence of an association between
prenatal exposure of humans to phthalates and occurrence of the hallmark symptoms of
androgenic interference. One study found that high urinary concentrations of phthalate
metabolites in mothers led to increased odds of their sons having a short anogenital
distance by 10.1 (Swan et al. 2005). Another study found direct evidence of increased
concentrations of MBP metabolites to be associated with below average sperm
concentration and mobility (Hauser et al. 2006). Like rats, anogenital distance reflects in
utero androgen levels during male programming and shorter distances are predictors of
poor semen quality and low sperm concentrations in males (Mendiola et al. 2011).

For these potential negative health outcomes, it is important to understand how
the population is being exposed to phthalates, and ultimately how to reduce exposure to

avoid any effects.

Study Aims
The objective of this research was to investigate associations between children’s

urinary phthalate levels, demographics, and personal behaviors that might contribute to
exposure (e.g. use of lotions, nail polish, etc). Because of their wide use in plastic and
personal care products, the phthalate metabolites selected for this study cover a range
of molecular weights and product applications (Table 2). It is hypothesized that children
who use personal care products and plastic food products more often will have higher
levels of the selected phthalate metabolites in their urine. Very little research has
focused on children’s exposure, and this research will contribute new information to the

literature.
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Methods

Recruitment
Participants for this study were recruited from the Newborn Epigenetic STudy (NEST),

an existing cohort study. Approximately 2500 pregnant women were recruited between
2005-2011 from the central North Carolina region as part of NEST. All study protocols
were approved by the Human Subjects Institutional Review Board at Duke University
prior to initiation. For the present study, women from the NEST cohort were re-
contacted and asked to participate in the Toddler's Exposure to Semi-volatile chemicals
in the Indoor Environment (TESIE) Study. Study personnel visited interested families at
their home, and during the visit, informed consent was acquired (n=203 children).
During the visit, each parent filled out an extensive questionnaire to collect information
on demographics, behavioral traits of their children, and house characteristics. Each
child provided three individual urine samples collected over a 48-hour period (n=181
children). Urine samples were collected in urine hats inserted on the toilet bowl,
transferred to a urine specimen cup, and frozen until transport to the laboratory. At the

laboratory, samples were transferred to a freezer and then frozen at -20C until analysis.

Urinary Analysis
Upon thawing the samples, equal volumes from each urine sample were pooled,

transferred to a labeled cryovial, and then shipped frozen (on dry ice) to the Center for
Disease Control and Prevention biomonitoring laboratory for analysis of phthalate
metabolites. The analyses were completed by the CDC, using high performance liquid
chromatography-electrospray ionization-tandem mass spectrometry (HPLC-ESI-
MS/MS), methods described in detail (CDC 2013). The concentrations were adjusted for
specific gravity to control for dilution, methods previously described (Boeniger et al.

1993).
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Questionnaire Data
During the home visit, parents completed a questionnaire via interview to improve

consistency. The questionnaire asked parents for demographic information such as
maternal race and highest level of education attained, as well as the child’s age and
sex. In order to simplify the analyses, the “Other” category of the race responses was
excluded as it only consisted of a few people with varying races (n=3). The children’s
age in months was transformed into a categorical variable by splitting the children into
two groups: older than and younger than the mean age rounded to 54 months. The
mother’s education level remained as recorded: less than high school, high school
graduate/GED, attended some college, and graduated from college.

The questionnaire also inquired the frequency of the child’s exposure to plastic and
personal care products. Parents were asked to indicate whether or not they used plastic
in the microwave, how often they used plastic sandwich bags per month, and whether
or not their child used a sippy cup made of plastic. Parents were asked if they used
baby wipes to clean their child’s face or hands and whether or not the baby wipes were
scented, how often per month the child used lotion, how often per month the child used
nail polish, and how many times their child washed their hands per day. The product
use categories were also simplified from the original responses based on the
distribution of responses. The children’s lotion use was condensed into three
categories: never, sometimes, and daily. The frequency of nail polish use was
condensed into never and sometimes. The handwashing frequency was split into five
groups: never-2 times daily, 3-4 times daily, 5-6 times daily, and 7 or more times daily in

order to even the distribution between the categories.
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Statistical Analysis
All statistical analyses were performed in RStudio, Version 0.99.486. First, descriptive

statistics were generated for the dataset. When the concentration detected was lower
than the LOD, the value was replaced with half of the LOD. Urine concentration data
was checked for normality using a Shapiro Wilks test. Because urinary phthalate
concentration data were non-normally distributed, non-parametric tests were used for
the bivariate analyses. Spearman correlation tests were used to evaluate correlations
between phthalate metabolites. Bivariate analyses were conducted to assess
relationships between demographics and behaviors and phthalate metabolites. Wilcox
tests were used to look for the effects of sex and age on the metabolite concentrations.
Kruskal-Wallis tests were used to examine associations with maternal education and
race. Products with only two use categories were analyzed using Wilcox tests, and
products with three or more use categories were analyzed using Kruskal-Wallis tests.
Multivariate regression models were used to assess which demographic or product
variables explained the phthalate metabolite concentrations. All multivariate regression
models were conducted using log-transformed data. The initial multivariate regression
model included demographic factors as predictors of metabolite concentrations. Based
on results of these models, subsequent multivariate regression models included one of

the products and all demographic variables as covariates.

Results
The only metabolite that was not detected in 100% of samples was mEHP (Table 3).

mMEP2 had the highest geometric mean (38.74 ng/mL) and mEHP had the lowest
geometric mean (1.61 ng.mL). Table 3 reports the distribution of urinary phthalate

metabolite concentrations measured in the toddler cohort. Metabolite concentrations
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were slightly higher than the 2011-2012 NHANES data for 6-11 year-old children, a

national survey representative of the US general population (Figure 1).

Table 3. Distribution of the phthalate metabolites in urine samples from NC toddlers
(N=180).
Metabolite LOD % Detect (n=181) | Min Geo Mean | Max
mEHP 0.8 72% 0.8 161 31.70
mEP2 1.2 100% 1.7 38.74 882.0
mBP 0.4 100% 0.9 18.35 380.0
miBP 0.8 100% 11 16.23 164.0
mBzP2 0.3 100% 0.8 17.67 3100
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Figure 1. Geometric mean urinary metabolite concentration for the TESIE Study
compared to NHANES (2011-2012 data for 6-11 year-old children).
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Demographics

The demographic characteristics of TESIE children are summarized in Table 4. The

participants were diverse in terms of mother’s race and educational status. The average

age of the children was 54 months, with slightly more male participants than females.

Table 4. Demographics summary table (N=180).

Maternal Characteristics

Race/Ethnicity
Non-Hispanic white
Hispanic white
Non-Hispanic black
Missing

Education
Less than high school
High school grad/GED
Some college
College graduate
Missing

Children Characteristics

Gender Male
Female
Missing

Age <54 months
>54 months

Total (%)

74 (41.1)
40 (22.2)
63 (35.0)
3 (1.7)

35 (19.4)
29 (16.1)
28 (15.6)
86 (47.8)
2 (1.1)

98 (54.4)
81 (45.0)
1 (0.6)

87 (48.3)
93 (51.7)

The geometric mean concentrations of phthalate metabolites by demographic variables

are summarized in Table 5. In the univariate analyses, there was no significant
difference between any of the phthalate metabolites by child sex. Older children (>54

months of age) had significantly higher levels for all phthalates except mEHP. On

average, the concentrations of the phthalate metabolites were 37-43% higher in children

>54 months of age, compared to children <54 months of age.
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Table 5. Geometric mean (geometric variance) of the urinary metabolite concentrations by

demographic factors.

Race
Black
Hispanic
White
Maternal Education

Less than high
school
High school/GED

Some college
College graduate
Sex
Female
Male
Age
<54 months
>54 months

SG
mEHP

2.41 (2.76)
1.89 (2.77)

1.53 (2.39)

1.96 (3.11)

1.96 (2.74)
2.4 (2.41)
1.70 (1.51)

1.94 (2.78)
1.84 (2.56)

1.98 (2.74)
1.80 (2.59)

SG mEP2

87.37 (2.62)
49.38 (2.33)

23.97 (2.69)

83.94 (2.89)

123.09 (2.01)
53.77 (2.31)
23.97 (2.50)

49.66 (3.15)
49.08 (2.93)

35.37 (2.91)
57.85 (2.96)

SG mBP

25.69 (2.37)
17.19 (2.18)

24.14 (46.85)

25.7 (2.35)

35.15 (2.37)
20.68 (1.94)
15.86 (1.97)

21.04 (2.34)
20.56 (2.11)

16.39 (2.07)
25.93 (2.19)

SG miBP

25.21(2.01)
19.21 (2.27)

14.71 (2.26)

22.81 (2.20)

27.07 (2.27)
20.39 (1.78)
15.39 (2.32)

20.23 (2.43)
18.18 (2.10)

16.66 (2.28)
21.68 (2.18)

SG mBzP2

25.69 (2.37)
21.48 (1.88)

17.20 (2.18)

37.38 (4.39)

48.75 (4.77)
19.00 (2.87)
13.84 (3.06)

20.26 (3.76)
22.73 (3.97)

16.09 (3.29)
28.38 (4.14)

There was a consistent trend across all metabolites based on race. Generally, non-

Hispanic black children had the highest levels and non-Hispanic white children had the

lowest. For mEHP, non-Hispanic white children and Hispanic children had significantly

lower levels (23.97 and 49.38 ng/mL, respectively), compared with non-Hispanic Black

children (87.37 ng/mL) (p=0.47). For mBP, the non-Hispanic white children had

significantly lower levels (24.14 ng/mL) than the non-Hispanic black children (25.69

ng/mL) (p=0.002). For miBP there was a significant difference between the non-

Hispanic white (14.71 ng/mL) and non-Hispanic black children (25.21 ng/mL), but not

between the Hispanic white and non-Hispanic black or non-Hispanic white (p<0.001).

For mBzP2, the non-Hispanic black children had significantly higher levels (25.69

ng/mL) than the Hispanic (21.48 ng/mL) and non-Hispanic white children (17.20 ng/mL)
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(p<0.001), although the Hispanic and non-Hispanic white children did not differ from
each other. For mEP2 all populations significantly differed from each other, with the
non-Hispanic black children having levels 264% higher than the non-Hispanic white

children (Figure 2) (p<0.001).

400
350
300
250
200

150
100 |

P T = L

ng/mL

Black Hispanic White

Figure 2. Urinary mEP2 concentrations by race.

Urinary concentrations of mEHP did not significantly differ based on level of maternal
education. For mEP2, mBP, miBP, and mBzP2 the children of college graduates had
significantly lower concentrations than those with less than a high school degree and

high school graduates (p<0.001) (Figure 3). The children of mothers who completed

high school had the highest levels of mEP2 (123.09 ng/mL), mBP (35.15 ng/mL), miBP

(27.07 ng/mL) and mBzP2 (48.47 ng/mL) out of all levels of education. For mEP2,

toddlers whose mothers completed college had lower levels than those with some

college education, and those with some college education had significantly lower levels

than those with high school degrees or did not complete high school (p<0.001). Less

17



than a high school degree and completion of a high school degree or GED were not

significantly different from each other for any metabolite.

120
100

mEP2 mBP miBP mBzP2

m Less than high school = High school/GED
®m Some college College graduate

Figure 3. Urinary phthalate metabolite concentrations by the level of education attained

by the mother

Product use
Product use behavior is summarized in Table 6. Responses were recorded from every

parent for all categories with the exception of microwaving with plastic.
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Table 6. Product use questionnaire results (N=180).

Plastic Use
Microwave with plastic

Yes
No
Missing

Frequency of eating from plastic bag

Sippy cup use

Personal Care Product Use

Baby Wipes

Frequency of child’s lotion use

Frequency of nail polish use

Hand wash Frequency

Never

Maybe once a month
1-3 times a month
>4 times a month

Do not use or use a non-plastic version
Plastic

Scented
Unscented
Don’t use

Never
Sometimes
Daily

Never
Sometimes

Never; 1-2 times daily
3-4 times a day

5-6 times a day

7-10 or more times day

Total (%)

92 (51.1)
87 (48.3)
1 (0.6)

46 (25.5)
30 (16.7)
34 (18.9)
70 (38.9)

100 (55.6)
80 (44.4)

28 (15.5)
61 (33.8)
91 (50.6)

48 (26.6)
60 (33.3)
72 (40)

116 (64)
64 (36)

13 (1)

52 (28.8)
59 (32.7)
56 (13.8)
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Univariate Models
The geometric mean urinary metabolite concentrations by category of product use

habits are reported in Table 7. Microwaving with plastic was associated with
significantly higher concentrations of mEP2 and miBP in toddler urine in bivariate
analyses (p<0.001, and p=0.002, respectively). For mBP and miBP, concentrations
significantly differed based on the frequency of using plastic bags (p=0.008, p=0.01,
respectively). Parents who reported never using plastic bags had the highest
concentrations on average. Of the parents that reported using plastic bags, there was a
significant increase in the metabolite concentrations with increasing frequency of use.
For mBP, mothers who reported using plastic bags more than 4 times a month had
levels 106% higher than mothers who reported using plastic bags maybe once in a

month.
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Table 7. Geometric mean (geometric variance) of the urinary metabolite concentrations and

category of product use.

Plastic Use
Microwave with
Plastic
Yes
No

Monthly Plastic Bag
Use

>4 times
1-3 times
Maybe once
Never

Sippy Cup Material
Non-plastic

Plastic
Personal Care
Product Use
Baby wipes

Don't use
Unscented
Scented
Lotion Use

Never
Sometimes
Daily

Nail Polish Use
Never
Sometimes
Handwash Frequency
Never-2 times
3-4 times
5-6 times
7 or more times

SG
mEHP

1.84 (2.84)
1.91 (2.47)

1.93 (2.61)
1.56 (2.62)
1.38 (2.99)
2.51 (2.41)

2.22 (2.69)
1.63 (2.58)

1.98 (2.74)
1.64 (2.54)
2.18 (2.61)

1.77 (2.70)
1.84 (2.35)
2.02 (2.80)

1.85 (2.56)
1.96 (2.85)

2.02 (2.85)
1.72 (2.72)
1.90 (2.62)
1.98 (2.65)

SG mEP2

63.77 (2.74)
31.79 (3.03)

43.55 (2.87)

44.96 (3.72)
32.68 (3.00)
61.13 (2.70)

58.06 (3.04)
36.66 (2.90)

46.29 (2.98)
35.28 (3.09)
76.14 (2.61)

21.12 (3.24)
47.75 (3.52)
56.44 (2.13)

40.55 (3.00)
56.24 (3.02)

33.65 (3.32)
44.68 (3.08)
45.35 (2.78)
49.40 (3.28)

SG mBP

22.98 (2.35)
18.59 (2.04)

21.74 (1.95)
23.46 (2.72)
13.53 (2.26)
23.39 (1.20)

24.13 (2.12)
18.17 (2.25)

21.04 (2.03)
20.79 (2.25)
19.90 (2.74)

19.03 (2.06)
19.46 (2.11)
23.26 (2.27)

19.75 (2.07)
22.78 (2.46)

17.68 (2.10)
21.41 (2.39)
19.75 (2.07)
21.90 (2.26)

SG miBP

23.0 (2.28)
15.57 (2.12)

14.71 (2.14)
22.86 (2.46)
24.04 (24.02)
22.64 (2.03)

22.75 (2.13)
16.31 (2.29)

18.15 (2.21)
19.07 (2.43)
22.47 (1.98)

18.14 (2.26)
15.74 (2.04)
23.18 (2.11)

18.10 (2.17)
21.02 (2.39)

15.52 (3.23)
19.96 (1.89)
16.23 (2.37)
22.15 (2.18)

Using a non-plastic sippy cup was associated with significantly higher urinary

concentrations of all phthalate metabolites except mEHP, which failed to reach

significance.

SG
mBzP2

24.07 (4.07)
19.34 (3.67)

21.3 (3.50)

24.12 (5.02)
16.70 (3.76)
23.53 (3.77)

21.38 (3.47)
21.74 (4.25)

19.11 (3.60)
22.48 (3.67)
29.07 (5.25)

18.72 (4.26)
20.42 (3.91)
24.82 (3.55)

22.30 (3.85)
20.31 (3.92)

18.39 (3.40)
20.86 (4.30)
18.68 (3.14)
27.09 (4.41)
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Parents who used scented baby wipes had children with significantly higher
concentrations of mEP2 than those who used unscented wipes or did not use baby
wipes at all (p=0.002), although this was not significant for any other metabolites. Using
scented baby wipes was associated with a 116% increase in mEP2 from those who
used unscented baby wipes and a 64% increase from those who reported not using
baby wipes at all. Lotion use was only significant for mEP2, with toddlers that use lotion
daily having significantly higher levels, 56.44 ng/mL on average, compared with those
who never use lotion, 21.12 ng/mL (p=0.007). Sometimes using nail polish was
consistently associated with higher urinary concentrations than never using nail polish,
although the difference was not statistically significant for any metabolite. For mEP2, it
was marginally significant and sometimes using nail polish was associated with a 39%
increase compared with children who never used nail polish (p=0.08). The frequency of

child handwashing was not significant for any metabolites.

Multivariate Models

Demographics

In the demographic multivariate model, either maternal education, race, or both were
significantly associated with increased concentrations for all metabolites (Table 8).
Children that were non-Hispanic black had 63% higher concentrations of mEHP, 92%
higher concentrations of mEP2, and 48% higher concentrations of miBP compared with
white children. Children of mothers who had a high school diploma had concentrations
of mEP2 that were 300% higher, on average, compared to children whose mothers

attended some college or graduated from college. Compared with mothers who

graduated college, mothers with a high school degree had toddlers with 120% more
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mBP, 54% more miBP, and 193% more mBzP2. There was also a 59% increase of
mBP and 157% increase of mBzP2 for those who did not complete high school

compared with college graduates.
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Table 8. Results from the demographic multivariate regression model

mEHP mEP2
P-
107 (95% ClI) value 107 (95% CI) P-value
Race
White Ref Ref Ref Ref
Black 1.63 (1.09, 2.42) 0.02* 1.92(1.34,2.74) <0.01***
Hispanic 1.36 (0.84, 2.20) 0.21 0.99 (0.64, 1.53) 0.96
Sex
Female Ref Ref Ref Ref
Male 1.16 (0.86, 1.56) 0.32 1.02(0.72, 1.33) 0.86
Age
>54 months Ref Ref Ref Ref
<54 months 1.27 (0.90, 1.77) 0.17 1.01(0.75, 1.37) 0.95
Maternal Education
College Graduate Ref Ref Ref Ref

Some college  1.22 (0.77, 1.94) 0.40 1.01(0.75, 1.37) <0.01%*
High school grad/GED ~ 1.12 (0.69, 1.83) 0.65 3.98 (2.56, 6.19) <0.01%*
Less than high school ~ 1.08 (0.65, 1.79) 0.77 3.12(1.98, 4.91) <0.01%*

mBP miBP mBzP2

107"B (95% CI)  P-value 107"B (95% CI)  P-value 10" (95% ClI) P-value
Ref Ref Ref Ref Ref Ref

1.08 (0.80, 1.46) 0.63 1.48 (1.07, 2.04) 0.02* 1.59 (0.95, 2.68) 0.08
0.78 (0.54, 1.13) 0.19 1.07 (0.72, 1.58) 0.75 0.67 (0.36, 1.26) 0.22
Ref Ref Ref Ref Ref Ref

1.11(0.89, 1.39) 0.35 1.21 (0.95, 1.53) 0.12 1.03 (0.70, 1.51) 0.88
Ref Ref Ref Ref Ref Ref

0.75 (0.58, 0.98) 0.03* 0.89 (0.67, 1.17) 0.39 0.75(0.48, 1.17) 0.20
Ref Ref Ref Ref Ref Ref

0.75 (0.58, 0.98) 0.27 0.89 (0.67, 1.17) 0.57 0.75(0.48, 1.17) 0.70
2.20 (1.51, 3.20) <0.01*** 1.54 (1.03, 2.29) 0.04* 2.93 (1.54, 5.58) <0.01**
1.59 (1.08, 2.33) 0.02* 1.27 (0.84, 1.91) 0.25 2.57 (1.33, 4.97) <0.01**
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Table 9. Results from the product use regression models, controlling for age, sex, race, and

maternal education

mEHP mEP?2
107™B (95% CI) P-value 107B (95% CI) P-value
Microwave with Plastic
Yes Ref Ref Ref Ref
No 1.267 (0.92, 1.75) 0.15 0.88 (0.66, 1.18) 0.39
Monthly Plastic Bag
Use
>4 times Ref Ref Ref Ref
1-3 times 0.78 (0.52, 1.16) 0.22 0.93 (0.64, 1.33) 0.68
Maybe once 0.72 (0.48, 1.09) 0.12 0.75 (0.52, 1.09) 0.14
Never 1.23 (0.84, 1.82) 0.29 0.73 (0.51, 1.04) 0.08
Sippy Cup Material
Non-plastic Ref Ref Ref Ref
Plastic 0.80 (0.58, 1.10) 0.17 1.06 (0.79, 1.42) 0.70
Baby wipes
Don't use Ref Ref Ref Ref
Unscented 0.51 (0.14, 1.86) 0.31 0.86 (0.64, 1.14) 0.29
Scented 1.25(0.21, 7.28) 0.81 1.32 (0.89, 1.96) 0.17
Lotion Use
Never Ref Ref Ref Ref
Sometimes 0.55(0.13, 2.44) 0.43 1.32 (0.95, 1.84) 0.10
Daily 0.97 (0.22, 4.29) 0.97 1.35(0.97, 1.88) 0.08
Nail Polish Use
Never Ref Ref Ref Ref
Sometimes 0.92 (0.64, 1.34) 0.67 1.42 (1.02, 1.98) 0.04*
miBP mBzP2
mBP
107" (95% CI)  P-value 107B (95% CI) P-value 1078 P-value
(95% CI)
Ref Ref Ref Ref Ref Ref
1.09 (0.85, 1.39) 0.51 0.86 (0.66, 1.12) 0.26 1.35 0.17
Ref Ref Ref Ref Ref Ref
1.04 (0.77, 1.40) 0.82 0.84 (0.61, 1.16) 0.29 1.03 0.91
0.62 (0.46, 0.85) <0.01** 0.59 (0.43, 0.83) <0.01** 0.73 0.26
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0.85 (0.64, 1.14)

Ref
0.83 (0.65, 1.05)

Ref
1.03 (0.81, 1.32)
1.13 (0.80, 1.57)

Ref
0.98 (0.74, 1.31)
1.17(0.88, 1.55)

Ref
1.05 (0.79, 1.39)

Product Use

0.29

Ref
0.12

Ref
0.80
0.49

Ref
0.91
0.29

Ref
0.73

0.79 (0.58, 1.08)

Ref
0.82 (0.63, 1.07)

Ref
1.14 (0.87, 1.48)
1.20 (0.84, 1.72)

Ref
1.08 (0.80, 0.90)
1.22 (0.90, 1.65)

Ref
1.01 (0.75, 1.378)

0.13

Ref
0.14

Ref
0.34
0.32

Ref
0.61
0.20

Ref
0.921

0.62

Ref
0.84

Ref
1.31
1.31

Ref
1.01
1.18

Ref
1.27

0.07

Ref
0.43

Ref
0.21
0.35

Ref
0.96
0.51

Ref
0.34

Most product use categories were no longer statistically significant after adjusting for

potential confounding by the demographic variables (Table 9). However, monthly plastic

bag use frequency remained significantly associated with some metabolite

concentrations. Mothers who reported using a plastic bag once a month had children

with significantly lower levels of mBP and miBP in their urine (10"3=0.622, p<0.01; and

10"M3=0.594, p<0.01, respectively) compared with those who used plastic bags 4 or

more times a month. In addition, mothers that reported their children sometimes using

nail polish on a monthly basis had children with significantly higher levels of mEP2 in

their urine than those who never used nail polish (10"3=1.421, p=0.04). Lotion use

remained marginally significant, with mothers who reported using lotion daily having

37% higher levels of mEP2 than those who reported never using lotion (10"3=1.37,

p=0.08)
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Discussion
This study found that urinary phthalate metabolite levels in children significantly differ by

race and maternal education. This study also suggests that plastic and product
exposures, particularly plastic bag, lotion, and nail polish use, could contribute to higher
levels of phthalate exposure.

Race and maternal education are two indicators of socioeconomic status and in this
study were associated with phthalate metabolite levels in children. This is consistent
with the literature, including the NHANES, which consistently reports significantly higher
levels of phthalate exposure in black and Hispanic Americans versus white Americans.
In a study of 3,083 participants aged 12-80 years old, non-Hispanic black participants
had consistently higher levels of mEP, mBP, miBP, and mBzP2 compared to both
Hispanic and non-Hispanic white participants (Huang et al. 2014). In a study of middle
aged men, Black and Hispanic men had consistently higher levels of mMEP2 and mBP in
their urine than white men (Duty et al. 2012). It is unclear why lower SES is associated
with higher levels of exposure to these compounds. Product use behaviors may be
associated with certain ethnic backgrounds, explaining why some groups have higher
levels than others. In addition, the phthalates may be coming from sources outside of
plastic and personal care product use. For example, a study of 9000 participants found
that individuals that consumed fast food products in the past 24 hours (~one-third of the
participants) had significantly higher levels of mEHP and miNP in their urine (Nicole
2016). Because of the low costs of fast food, lower SES is often associated with fast-
food consumption (Bauer et al. 2009). This could potentially be contributing to the

increased body burden of phthalates in lower SES populations.
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It is known that some lotions contain DEP, particularly when the lotion is scented
(Dodson et al. 2012). Lotion use was nearly significantly associated with mEP2 levels in
children, which has been shown previously in infants as well. A similar study collected
urine samples and questionnaire data regarding product use from 163 infants aged 9-28
months old and found that lotion use within 24 hours of the urine samples was
associated with an 80% higher mEP2 concentration (Sathyanarayana et al. 2008).
Based on these data, it is possible that reducing lotion use may help reduce the
children’s exposure to DEP.

Phthalates are added to plastics to give them flexibility and softness, two traits
imperative for a functional plastic bag. For mothers that reported using plastic zip-up
sandwich bags at all, the levels of mBP and miBP increased as the frequency of plastic
bag use increased. This suggests that reducing the use of plastic bags may help
alleviate exposure to these two phthalates. However, interestingly, in our results, never
using plastic bags was associated with higher levels of metabolites in the children’s
urine compared to those individuals using plastic bags >4 times in a month, which is
somewhat counterintuitive. It is possible that the parents who do not use zip-up
sandwich bags, are instead providing their children with pre-packaged foods, which may
actually contain more phthalates. It is known that consumption of processed and
packaged food is associated with higher levels of phthalates, so these children may be
eating more processed foods (Rudel et a. 2011). This result emphasizes the importance
of future studies including more detailed dietary exposure information to fully capture all

sources of exposure.
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Although a couple of the products we inquired about in this study did significantly
contribute to exposure, there are still many unanswered questions regarding children’s
exposure to phthalates. Again, this study did not address any dietary sources of
exposure, which is known to contribute heavily to phthalate exposure (Rodgers et al.
2012). The most commonly detected phthalates in food products are DEHP and DINP.
In one study, 100% of baby food samples tested contained DEHP and the daily dietary
intake for infants was estimated to be 4.2mg/kg (Schecter et al. 2013). Another study
estimated an adult’s dietary intake per day for DEHP, DBP, BBzP, and DiBP to be
approximately 3.0, 4.0, 0.4, and 0.6 pg/kg, respectively (Schecter et al. 2013). Food
consumption could be driving the majority of the toddler’s exposure, but this information
was not captured in the questionnaire. Further work needs to be done to address all
sources of exposure to determine which sources contribute the most to children’s
exposure.

In the multivariate models, the mother’s education was significantly associated
with levels of all metabolites except mEHP, even after adjusting for product use. This
suggests there may be a link between different product use habits and socioeconomic
status. It is difficult to find solutions for addressing this problem. It is unclear whether the
more highly educated mothers are aware of phthalates and intentionally reduce their
children’s exposure or if there are other confounding variables. Mothers of a higher SES
may have better access to more expensive, organic personal care products, many of
which advertise as being phthalate-free. In order to reduce phthalate exposure in all
children, it is important to communicate through outreach to the mothers of children at

highest risk of exposure.
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Limitations of this study include that the window of phthalate exposure only took
into account a 48-hour period, which may not be representative of the children’s typical
exposures to various products on a temporal scale. In addition, the questionnaire only
captured the parent’s report of their children’s exposure and many of the children in this
study were school-aged, so the questionnaire did not capture what they may be
exposed to while at school and away from their parent’s supervision. The questionnaire
was not exhaustive in asking children’s exposure to products known to contain
phthalates (Table 1), so it is not possible to draw firm conclusions on the major sources
of their exposure.

Even still, as the toxic effects of phthalates are fairly well characterized in
animals and there is growing evidence of these effects in humans, the fact that most
studies detect high levels of phthalate metabolites in children’s urine is of great societal
concern. There are reproductive, behavioral, and metabolic health effects associated
with exposure and it may be beneficial to reduce or eliminate harmful levels of
phthalates from humans. This is especially important in children which are still

developing and may be particularly sensitive to negative effects from exposure.
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Appendix

Table 1. Other studies cited and the levels of metabolites in participants.

Citation Demographics | Sex Metabolite | Geo Mean Year |LOD |n
CDC 6-11 years NR mEHP 1.41(1.23-1.61) pg/g | 11-12 | 0.5 396
CDC 6-11 years NR mEP 23.4 (18.7-29.2) ug/g | 11-12 | 0.6 396
CDC 6-11 years NR MBzP 8.62 (7.22-10.4) pg/g | 11-12 | 0.3 396
CDC 6-11 years NR mBP 11.1 (8.73-14.2) pg/g | 11-12 | 0.4 396
CDC 6-11 years NR miBP 8.28 (6.93-9.91) yg/g | 11-12 | 0.2 396
Harley et | 14-18 years, Female | miBP 8.5 ug/g 2013 (04 100
al. 2016 Mexican or

Mexican

American
Harley et | 14-18 years, Female | mEP 43.9 nug/g 2013 | 0.5 100
al. 2016 Mexican or

Mexican

American
Harley et | 14-18 years, Female | mBP 15.8 ug/g 2013 | 0.9 100
al. 2016 Mexican or

Mexican

American
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