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Abstract: Bisphenol A (BPA) is used in numerous industrial and consumer product
applications resulting in ubiquitous exposure. Children’s exposure is of particular concern
because of evidence of developmental effects. Childhood exposure is estimated for
different age groups in two ways. The ―forward‖ approach uses information on BPA
concentrations in food and other environmental media (air, water, etc.) combined with
average contact rates for each medium. The ―backward‖ approach relies on urinary
biomonitoring, extrapolating backward to the intake which would have led to the observed
biomarker level. The forward analysis shows that BPA intakes are dominated by canned
food consumption, and that intakes are higher for younger ages. Mean intake estimates
ranged from ~125 ng/kg-day for 1 year-olds to ~73 ng/kg-day among 16–20 years olds.
Biomonitoring-based intakes show the same trend of lower intakes for older children,
with an estimate of 121 (median) to 153 (mean) ng/kg-day for 2–6 years, compared
with 33 (median) to 53–66 (mean) ng/kg-day for 16–20 years. Infant intakes were
estimated to range from ~46 to 137 ng/kg-day. Recognizing uncertainties and limitations,
this analysis suggests that the ―forward‖ and ―backward‖ methods provide comparable
results and identify canned foods as a potentially important source of BPA exposure
for children.
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1. Introduction
Bisphenol A (BPA) is a high production volume chemical [1] which is used in numerous industrial
and consumer product applications [2]. Exposure is nearly ubiquitous; in the United States (US),
the 2009–2010 National Health and Nutrition Examination Survey (NHANES) found that nearly 90%
of individuals aged 6 years and older had detectable BPA in their urine [3]. Urine levels have declined
over time in the NHANES surveys (2003–2010), but levels in children aged 6–11 years remain
comparable to or higher than those in adolescents and adults [4]. The near-ubiquitous exposure to BPA
is of concern because animal and human studies have identified potential health effects associated with
BPA exposure, and many of these focused on adverse effects of exposure during fetal development.
For example, a 2007 review of rodent studies found convincing evidence of developmental exposure
that affected the brain, male reproductive system, metabolism, and potentially also the female
reproductive system [5]. Thus, it is important to characterize children’s exposure to BPA.
Exposure to contaminants such as BPA can be estimated in two different ways. The first
(―forward‖) approach uses information on BPA concentrations in food and other environmental media
(air, water, etc.) combined with average contact rates for each medium. The second (―backward‖)
approach relies on urinary biomonitoring data and dosimetry information to ―back-calculate‖ the
intake which would have led to the observed biomarker level. Diet has been cited as the primary
source of non-occupational BPA exposure [2,6,7]; thus when using the forward approach, it is
particularly important to capture dietary sources of BPA. In this study we survey the literature on BPA
exposure for children, focusing on data from the United States. We focus on data on BPA levels in
food and environmental media, as well as biomonitoring data on urinary levels among children.
Previous studies using the forward approach to study BPA exposure in the general population have
reported estimated BPA intakes of 30 to 60 ng/kg-day [8,9] to 1400 ng/kg-day for adults consuming
canned foods (a high exposure scenario) [10]. These and other studies have also concluded that the major
route of exposure is dietary [7–11]. However, other studies have also identified the following as potential
sources of BPA exposure: some dental sealants [12], thermal paper products (e.g., receipts) [13,14],
cosmetics [2,15,16], dust [11,17,18], medical interventions [19–21], and indoor air [8,11].
For BPA, the most common biomarker is its presence in urine. Backward approaches for estimating
dose extrapolate from urine measurements of BPA to estimate the amount of total BPA exposure (from
all routes) to which individuals were exposed. Studies which have used this method to estimate BPA
exposure reported average (mean, median, or other central tendency) intakes ranging from ~20
to 70 ng/kg-day among adults in the US and Japan [7,22–25], 40 ng/kg-day among students
(aged 20–29 years) in Germany [26], 55 ng/kg-day among children ages 2–14 years in Germany [27],
and 70 ng/kg-day among US girls aged 6–8 years [7,28].
In this paper, we derive both forward and backward based intake estimates for the following age
groups: 1 year, 2 years, 3–5 years, 6–10 years, 11–15 years, and 16–20 years. Much of the core data
used in this assessment was previously gathered for a recent and comprehensive European Food Safety
Authority (EFSA) report [16], and in this paper we focus on the studies identified in this report from
the U.S. and North America. Finally, we summarize data available to characterize infant (0–1 year)
exposures including intake estimates derived by others.
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2. Experimental Section
2.1. Forward Based Intake Estimation
BPA exposure from non-food media was determined by combining published information on BPA
concentrations in each media type (dust, air, and drinking water) with age-group specific contact rates
for each medium [29]. Other exposure pathways that have been identified for BPA (such as cosmetics,
thermal paper and dental sealants) are not included in this analysis, as we assume that these pathways
are not expected to be a major contribution for children’s exposure to BPA; the implications of this
assumption are discussed later in this paper. BPA exposure to dust was included while exposure to soil
was not considered. This is because BPA concentrations are expected to be much lower if at all present
in soil as compared to dust. For example, Wilson et al. [11], who provided results from environmental
sampling at the North Carolina and Ohio daycare locations where BPA urine data was obtained
(discussed below), did not report BPA in soil as it was found in less than 5% of soil samples, while
BPA was quantified in 40% of the dust samples taken. Similarly, EFSA [16] considered dust
exposures only, and not exposures to outdoor soils. As noted above, studies included were identified
from the EFSA report [16], and are specific to the U.S. Table A1 provides an overview of the air, dust,
and drinking water concentrations from various studies. Table 1 provides the final concentrations and
the contact rates used for non-food exposures. The values in Table 1 represent the approximate
midpoint of values from the relevant studies provided in Table A1.
Table 1. Intake equation and parameters for non-food media, with media contact rates by age group.
Intake Equation
Im = CRm × CONCm/BW for dust and water ingestion, and inhalation
Idc = (SA × FR × ADH × ABS ×CONCm)/BW for dermal contact
Definitions
Im = Total BPA intake from medium ―m‖ ng/kg-day
Idc = Total BPA intake from dermal contact, ng/kg-day
CRm = Contact rate for medium ―m‖; mg/day for dust ingestion; mL/day for water ingestion; m3/day for inhalation
CONCm = Concentration from medium ―m‖, ng/g for dust; ng/mL for water; ng/m3 for air
SA = Surface area that contacts the skin, m2
FR = Fraction of surface area which is exposed for dermal contact. 0.40 for all scenarios
ADH = Mass of dust which adheres to skin upon contact. mg/cm2-day, 0.07 for all scenarios
ABS = Of total mass of BPA which is in dust that contacts the skin, the fraction which penetrates the skin, 0.30 for all scenarios
BW = Body weight, kg
I. Exposure Parameters
Value
Description

Age 2

Ages 3 to 5

Ages 6 to 10

Ages 11 to 15

Ages 16 to 20

Years

Years

Years

Years

Years

11.4

13.8

18.6

31.8

56.8

71.6

0.53

0.61

0.76

1.08

1.59

1.84

Age 1 Year

I. Body weight (kg), BW
2

II. Surface area (m ), SA
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Table 1. Cont.
II. Concentrations and Contact Rates, Mean
Age 1

Age 2

Ages 3 to 5

Ages 6 to

Ages 11 to

Ages 16 to

Year

Years

Years

10 Years

15 Years

20 Years

50 ng/g

60

60

60

60

60

60

50 ng/g

44.5

51.2

63.8

90.7

133.6

154.6

Inhalation (m3/day)

1 ng/m3

8.0

8.9

10.1

12.0

15.2

16.3

Water Ingestion (mL/day)

0.1 ng/mL

271

317

327

414

520

638

Description
Dust Ingestion (mg/day)

Concentration
a

Dust Dermal Absorption
(mg/day) b

III. BPA Exposure by Pathway, ng/kg-day
Ages 3 to 5

Ages 6 to 10

Ages 11 to 15

Ages 16 to 20

Years

Years

Years

Years

0.22

0.16

0.09

0.05

0.04

0.20

0.19

0.17

0.14

0.12

0.11

Inhalation

0.70

0.64

0.54

0.38

0.27

0.23

Water Ingestion

2.38

2.30

1.76

1.30

0.92

0.89

3.54

3.35

2.63

1.92

1.35

1.27

Description

Age 1 Year c

Dust Ingestion

0.26

Dust Dermal Absorption

Age 2
Years

c

IV. Total BPA Exposure
from air, dust and drinking
water (ng/kg-day)
All exposure parameters were central tendency recommendations in the Exposure Factors Handbook (EPA, 2011); a Dust ingestion rates
are used, rather than soil + dust, since we are only considering childhood contact with indoor dust. BPA concentrations are for dust;
b

The Dust Dermal Absorption , in mg/day, encompasses the first several parameters of the dermal contact equation provided above, plus

conversion factors, and is calculated as: surface area (m2) * fraction exposed for dermal contact (0.40) * amount adhering to skin
(0.07 mg/cm2-day) * fraction absorbed through skin (0.30) * 10,000 cm2/m2. The FR of 0.40, or 40%, corresponds approximately to the
surface area of the head + arms + hands + legs + feet (feet are included to be conservative assuming that young children spend more
indoor time barefoot). Amount of dust adhering to the skin is set to 0.07 mg/cm 2-day, which is the average over body parts and activities
for the following: residential indoors, daycare (indoor and outdoor), outdoor sports, indoor sports, activities with soil (Table 7-4 of
(EPA, 2011) [29]). Fraction absorbed through the skin is set at 0.30, or 30%, based on recommendations in EFSA document (Section 4.5.2
of (EFSA 2013) [16]); c The ―1 year‖ age group includes children aged 12–23 months, while the ―2 year‖ age group includes children aged
24–35 months, and so on.

The food datasets include three localized market basket surveys in the US [30–33] and a total diet
study for a city in Canada [34]. One of the US studies included two rounds of sampling of Dallas,
Texas supermarkets in 2010 for canned and non-canned food items. The first round of sampling was
reported in Schecter et al. [30], and the second round was reported in Schecter et al. [32] which also
included an assessment of adult exposures to BPA combining both rounds of food sampling.
The combined data set included 204 samples, 112 of which were canned and the remaining 92 representing
fresh or frozen foods. Detectable BPA concentrations were present in 73% of the canned samples
compared to only 7% for non-canned foods. A second regional US study focused on canned foods,
with 78 canned food samples and 2 frozen food samples obtained from the Washington DC and
surrounding metropolitan areas in Maryland in 2010 [31]. BPA was present in 91% of the canned food
samples, and these Washington DC samples were generally higher in BPA concentration than
the samples from Texas by up to an order of magnitude, with the exception of canned
vegetable concentrations, which were comparable for the two locations. A third study in the US
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included 267 samples from grocery stores in Albany, NY that were measured for bisphenol analogs
including BPA and seven other analogs such as bisphenol F (BPF) and bisphenol S (BPS) [33].
Thirty-one of the samples were canned, and BPA was present in 27 of these (87%). Concentrations
found were generally higher than those found in Texas but lower than those found in Washington DC.
The final study was from Canada, and entailed collection of 154 composite food samples in Quebec
City as part of a total diet study conducted by Health Canada [34]. Only the composites containing
canned samples were used in this assessment, and some of these composites had both canned and
non-canned foods, so a direct comparison of percent positives in canned foods is not possible with
these data. Concentrations found were comparable to the US studies. A tabular summary of the canned
food group concentrations from the three studies is provided in Table A2.
In order to estimate BPA intake from food, we first estimated the fraction of food (by mass) which
was consumed in canned form for each age group (1 year, 2 years, 3–5 years, 6–10 years, 11–15 years,
and 16–20 years of age). These fractions were developed from the 2003–2008 What We Eat in
America—Food Commodity Intake Database (WWEIA-FCID) maintained by the U.S. EPA [35].
This database utilizes information from the dietary recall completed by NHANES participants
(2003–2008) and the EPA ―recipe‖ database to translate reported food consumption into consumption
of agricultural food commodities, including descriptions of cooked status and food form (e.g., canned
or other form). The full details of the procedure used to determine a fraction canned for our
food groups is outlined in the Appendix, following Table A2 and including Tables A3 and A4.
The fraction canned ranged narrowly from 0.14 to 0.34, with a slight tendency towards higher
canned fractions for higher age ranges, particularly for the 16–20 years, as compared to all other age
ranges. The canned fractions were used with canned and non-canned food concentrations (shown in
Table 2) to determine overall weighted food group concentrations. These were combined with
age-group specific contact rates for each food group drawn from the Environmental Protection
Agency’s Exposure Factors Handbook (EFH) [29], to generate dietary BPA intake estimates.
Table 2. Bisphenol A (BPA) intake from food, recalculated using three studies for
canned food concentrations. Concentrations in canned food are an average of the following
studies: [32], US; [31], US; [34], Canada.
Intake Equation
It = ∑ [CRf × FCf × CONCf,c + CRf × (1 − FCf) × CONCf,o]
It = Total BPA intake from all foods, ng/kg-day
CRf = contact rate for food type ―f‖ g/kg-day
FCf = fraction of food type ―f‖ that comes from canned food
CONCf,c/o = concentration of food type ―f‖ from ―c‖ canned, or ―o‖ other sources, ng/g
I. Average Concentration in Food Type, ng/g Wet Weight
Description

Canned (from Table A2)

Other (from [32])

Vegetables

40.5

0.04

Fruit

2.3

0.02

Meat

18.3

0.02

Fish

31.5

0

Dairy

7.5

0

Toxics 2014, 2

139
Table 2. Cont.
II. Contact Rate, Per Capita Mean
Ages 3 to

Ages 6 to

Ages 11 to 15

Ages 16 to

5 Years

10 Years

Years

20 Years

6.7

5.4

3.7

2.3

2.3

7.8

7.8

4.6

2.3

0.9

0.9

Meat

4.0

4.0

3.9

2.8

2.0

2.0

Fish

0.3

0.3

0.2

0.2

0.1

0.1

Dairy

43.2

43.2

24.0

12.9

5.5

5.5

Age 1 Year

Age 2 Years

Vegetables

6.7

Fruit

Description

III. Fraction of Food Eaten in Canned/Jarred form by Age Group and Food Type
Ages 3 to

Ages 6 to

Ages 11 to 15

Ages 16 to

5 Years

10 Years

Years

20 Years

0.17

0.18

0.23

0.27

0.31

0.18

0.16

0.17

0.21

0.24

0.26

Meat

0.21

0.18

0.18

0.23

0.37

0.32

Fish

0.28

0.16

0.26

0.26

0.39

0.34

Milk

0.16

0.14

0.17

0.21

0.24

0.28

Description

Age 1 Year

Age 2 Years

Vegetables

0.18

Fruit

IV. BPA Exposure From Food Type Results are Expressed as Canned/Other, ng/kg-day
Ages 3 to

Ages 6 to

Ages 11 to 15

Ages 16 to

5 Years

10 Years

Years

20 Years

46.1/0.2

39.4/0.2

34.5/0.1

25.2/0.1

28.9/0.1

2.8/0.1

2.7/0.1

2.3/0.1

2.0/0.1

1.4/0.03

1.7/0.03

Meat

22.0/0.1

20.8/0.1

17.7/0.1

15.5/0.1

11.3/0.04

13.0/0.04

Fish

38.0/0

35.9/0

30.6/0

26.8/0

19.6/0

22.5/0

Dairy

9.1/0

8.5/0

7.3/0

6.4/0

4.7/0

5.4/0

121.8/0.5

114.4/0.5

97.7/0.4

85.5/0.2

62.6/0.1

71.8/0.1

Description

Age 1 Year

Age 2 Years

Vegetables

48.8/0.2

Fruit

V. Total BPA Exposure From
Food, Canned/Other, ng/kg-day

2.2. Backward Based Intake Estimation
Two biomonitoring datasets were used to determine BPA exposure using the ―backward approach‖
The first biomonitoring dataset is the Children’s Total (Aggregate) Exposure to Persistent Pesticides
and Other Persistent Organic Pollutants (CTEPP) study [36], conducted among 257 children aged 23
to 64 months in North Carolina and Ohio (details of the sampling procedure are found in [11]).
In brief, urine samples characterized as representing a 48 h period were collected for each child during
a 2-day period in 2000–2001. These samples were constructed by pooling 6 spot samples (3 per day,
collected in the morning, afternoon, and evening). These samples were then analyzed for total
(free plus conjugated) BPA. Total BPA excretion for the 48 h period is estimated by multiplying the
BPA urine concentration (ng/mL) by an estimated urine output of 400 mL/day, the average output for
children aged 1–4 years [37]. BPA excretion, corrected for body weight, was also estimated, assuming
an average weight of 17.1 kg (weighted average for 23–64 months of age [29]). BPA toxicokinetic
studies have shown that essentially 100% of BPA oral exposure is excreted within 48 h in urine [38],
so assuming ongoing steady state exposure, daily excretion will approximately equal daily intake.
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The second biomonitoring dataset is the 2009/2010 cycle of the National Health and Nutrition
Examination Survey (NHANES, total number of participants = 10,537). The NHANES is a sample
survey which is designed to be representative of the general (i.e., civilian, non-institutionalized) U.S.
population when applying the included survey weights [39]. We applied the recommended survey
weighting methodology to obtain nationally representative estimates of BPA in urine, focusing on
children and adolescents aged 6–20 years. BPA concentration was measured in a single urine spot
sample for a random 1/3 of NHANES participants aged 6 years and older [3]. Total BPA excretion was
estimated in two ways; in both cases, excretion was corrected for individual body weight as reported
for each NHANES participant. First, total daily BPA excretion was estimated by multiplying BPA
urine concentration (ng/mL) for each individual by assumed daily urine output (mL/day). Assumed
urine output values were determined based on age as follows: 5–9 years: 500 mL, 10–14 years: 700 mL,
15–20 years: 1200 mL [37]. Second, total BPA excretion was estimated using the creatinine-correction
approach [40], which necessitates individual information on both BPA and creatinine concentrations in
urine (provided in the NHANES) as well as demographic characteristics. This method assumes that the
ratio of creatinine to the substance of interest (i.e., BPA) is constant over the course of a day, for a
given individual. By estimating total daily creatinine excretion, the total daily BPA excretion can be
inferred. For the NHANES data, total daily creatinine excretion was estimated using the equations of
Mage et al., which incorporate demographic characteristics such as sex, age, and height [41]. Again, it
was assumed that all ingested BPA was excreted in urine, and that daily excretion equals daily intake.
2.3. Infant Exposures
There are few studies providing data on BPA exposure in infants. We used information from the
EFSA report [16] which provided forward-based intake estimates, and data from three published
studies on BPA urine concentration among US infants [42–44], to characterize BPA exposure in this
age group. One study was conducted among very young infants aged 7–44 days [44], while the other
two were conducted among older infants aged 2–15 months [43] or 12 months [42]. Total daily BPA
excretion was estimated by multiplying BPA urine concentration (μg/L) reported in each study, by
estimated daily urine output (L/day), and normalizing for body weight (age-appropriate values taken from
the EFH [29]). Urine output values were as follows: <1 year: 300 mL (0.3 L), 1 year: 400 mL (0.4 L) [37].
3. Results and Discussion
3.1. BPA Intakes from Non-Food Media
U.S. studies on BPA concentration in non-food media are summarized in Table A1. Media examined
include indoor air (central tendency levels ranging from <LOD (0.8 to 0.9) to 1.8 ng/m3), outdoor air
(central tendency levels ranging from <LOD (0.8 to 0.9) to 1.0 ng/m3), dust (central tendency levels of
~40 and 422 ng/g in two studies), and drinking water (maximum reported concentration of 0.2 ng/mL
in one study). The final values selected were combined with age-specific media contact rates, as
provided in Table 1. Intakes from these non-food pathways was very low; dust ingestion and dermal
absorption, and inhalation, each contributed <1 ng/kg-day for all the age groups. The largest
contribution was from water ingestion, and these intakes were inversely related to age (1 year olds:
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average water ingestion intake of 2.38 ng/kg-day, compared to 0.89 ng/kg-day for 16–20 year olds).
Similarly, total BPA intake from these non-food pathways was highest for the youngest children
(3.54 ng/kg-day for 1 year olds and 3.35 for 2 year olds) and thereafter decreased with age.
3.2. BPA Intakes from Food
BPA concentrations measured in food ranged from 2.3 ng/g for fruit to 40.5 ng/g for vegetables.
Fish concentrations were comparable to vegetables at 31.5 ng/g, followed by meat concentrations
at 18.3 ng/g and dairy at 7.5 ng/g. These food concentrations were combined with average intakes to
derive age-specific food intakes, as shown in Table 2. Estimated BPA intakes varied by age group,
with the highest estimated intakes for ages 1 year and 2 years, at 121.8 and 114.4 ng/kg-day
respectively, and the lowest for older children and adolescents aged 11–15 years and 16–20 years, at 62.6
and 71.8 ng/kg-day, respectively. In each age group, the largest contributor was vegetables, with fish
intake the second highest, and fruit the lowest. Food intakes were overwhelmingly dominated by
canned foods, with foods in ―other‖ packaging explaining <1% of food intakes.
3.3. BPA Intakes Derived from Biomonitoring Data
As outlined in the Methods section, BPA biomonitoring data for children were available for
two datasets: the CTEPP study of children aged 23 to 64 months conducted in 2000–2001, and
the 2009/2010 NHANES data for children and adolescents aged 6–20 years.
In the CTEPP data, there was one outlier (a sample from North Carolina daycare) with a very
high urine BPA concentration of 211 ng/mL, in comparison to a median of 5.15 ng/mL in the
remaining 142 samples. This outlier was excluded from further analysis. The median total BPA daily
excretion was 121 ng/kg-day, with a 95th percentile of 453 ng/kg-day for the age range 2–6 years
(Table 3, with additional details in Table A5).
In the 2009/2010 NHANES data, the youngest ages included in the sample of individuals with urine
BPA concentrations measured was 6 years. In the NHANES, there were notable differences in urine
concentration by age group (Table 3, with additional details in Table A6).
Higher urine concentrations were seen for older children (medians of 2.2 ng/mL for 11–15
and 16–20 years), with slightly lower concentrations for children aged 6–10 years old (median
of 1.7 ng/mL). However, on a body weight basis, the central tendency of intakes characterized by the
median were comparable among the three age ranges: 31 (volume-based) and 43 (creatinine based)
ng/kg-day for ages 6–10 years, 29 (volume) and 33 (creatinine) ng/kg-day for day for ages 11–15 years,
and 34 (volume) and 33 (creatinine) ng/kg-day for ages 16–20 years. The 95th percentiles were highest
for ages 6–10 years, declining for the subsequent age ranges, and similarly, mean intakes were
highest for ages 6–10 years, 87 (volume) and 97 (creatinine) ng/kg-day, compared to 66 (volume)
and 53 (creatinine) ng/kg-day for ages 16–20 years.
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Table 3. Summary of intakes derived from biomonitoring data (intakes in ng BPA/kg-day).
Age
Range

Central Tendency,
Mean and/or Median

95th

Description

0–1

46 (mean) [44]
64 (mean) [43]
137 (median) [42]

772 [42],
1796 [43]

[42–44]
Also see Table A7

1–5

mean = 153;
median = 121

453

[36]; Table A5
Children’s study in OH and NC, ages 23 to 64 months, n = 142

185–187

[39]; Table A6
NHANES 2009–2010 cycle. Range provided because of
different calculation methods: lower value based on urine
volume, higher based on creatinine.

160–162

[39]; Table A6
NHANES 2009–2010 cycle. Ranges provided because of
different calculation methods: lower value based on urine
volume, higher based on creatinine.

135–193

[39]; Table A6
NHANES 2009–2010 cycle. Ranges provided because of
different calculation methods: lower value based on urine
volume, higher based on creatinine.

6–10

mean = 87–97;
median = 31–43

11–15

mean = 50–65;
median = 29–33

16–20

mean= 53–66;
median = 33–34

3.4. Infant Data
Specifically for infants and young children, BPA concentrations in breast milk, colostrum and
formula are also of interest when estimating dietary exposure (Table A8). Only one U.S. study
reported colostrum levels of BPA, from mothers of premature infants [21]. The geometric mean level
was 0.7 μg/L in this study, considerably lower than an overall average calculated from multiple studies
in the EFSA report of 3.0 μg/L [16]. For mature breast milk (i.e., not colostrum), two U.S. studies
reported median values of 1.1 [45] and 1.3 [21] µg/L; notably, one of these excluded two very high
values (>200 µg/L) from the analysis. A third study reported a range of 0.73–1.62 µg/L among four
samples, but noted that these samples may have been contaminated [46]. These values are similar to
but slightly higher than, the EFSA average of 0.9 µg/L [16]. Regarding formula, two North American
studies reported rather high mean BPA concentrations of just under 6 µg/L in canned liquid
formula [47,48], and one study reported a lower median of 1 µg/L [30]. The one U.S. study examining
powdered formula detected BPA in only one of fourteen samples analyzed [47]; the EFSA document
estimated an average of 0.3 ng/g for the combination of canned and powdered formula [16].
The EFSA document provided estimates of BPA intakes for infants. Using concentrations from
around the world, not just the U.S., they assigned a concentration of 0.9 ng/g in breast milk.
Assuming a breast milk intake of 150 g/kg-day for infants aged 0–3 months and 132 g/kg-day for
infants aged 4–6 months, they found an average BPA intake estimate of 135 ng BPA/kg-day for
infants aged 0–3 months, and 119 ng BPA/kg-day for infants aged 4–6 months. There was relatively
little information on BPA concentrations in formula, but for canned powdered formula, data were
available to estimate an average dietary exposure of 36 ng/kg-day for infants aged 0–3 months (based
on BPA concentrations in formula and water of 0.3 ng/g and 0.2 ng/g, respectively).
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Biomonitoring data for U.S. infants is summarized in Table A7. From the three studies of urine
BPA concentrations in US infants, the median daily excretions, assumed as noted earlier to be equal to
intakes, ranged from 63.5 ng/kg-day [43] to 137 [42] among the older infants; the 95th percentile of
excretion was notably higher at 772 [42] and 1796 ng/kg-day [43]. Excretion was somewhat lower for
the youngest infants, with a geometric mean of 45.8 ng/kg-day [44], although this was based on a
relatively small sample of 12 infants.
4. Conclusions
BPA exposure is ubiquitous in the general population, due to its presence in consumer products and
environmental media. We used information from published studies and biomonitoring datasets to
estimate BPA exposure from food and non-food media among children, focusing on studies conducted
in the U.S. In forward-based intake estimates, we found that in general, intake was dominated by food
sources, as has also been reported in previous studies [2,6,7]. Intake from environmental media
including dust, air and drinking water were minimal (~1 to 3 ng/kg-day, depending on age group).
Food accounted for ~60–120 ng/kg-day of BPA intake, and BPA intake was highest for the youngest
age groups. For these food estimates, canned food explained essentially the entire exposure, with
only <1% of food exposures coming from non-canned foods.
A similar pattern of higher intakes for younger ages was seen when estimating BPA intake from
biomonitoring (urine concentration) data. Median intakes of about 120 ng/kg-day were determined for
an experimental cohort of children aged 2–6. In the nationally representative NHANES study
population, median intakes were fairly comparable for children between 6 and 20 years of age, but
average daily BPA intake was highest for children aged 6–10 years, and decreased for older children
and adolescents. Finally, although data on infants is limited, three studies supported estimated average
BPA intake estimates ranging from 46 to 137 ng/kg-day, substantially higher than seen in older
children in the NHANES study. It is not surprising that younger children may have higher BPA
exposure compared to older children or adults, given that they consume more food and drink on a per
body weight basis. For example, children aged 1–2 years consume on average 113 g/kg-day of food,
compared with 28 g/kg-day for adolescents aged 16–20 years [29]. Given that the main source of BPA
exposure appears to be dietary, this naturally leads to the possibility of higher BPA exposure for
younger children.
Figure 1. Overview of childhood intakes of BPA for four age ranges, and for forward and
backward approaches. Values shown are mean intakes expressed in ng/kg-day.
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Figure 1 provides an overview of the results of this analysis for four age ranges: 1–5 years, 6–10
years, 11–15 years, and 16–20 years.
Mean biomonitoring-based intakes from Table 3 were used in Figure 1 because they were most
comparable to the forward based intakes. For the forward based approach, the contact factors in EPA’s
Exposure Factors Handbook [29] are mean values for the age groups, not medians. In addition,
the concentrations used in the forward analysis were based on the means from three studies rather than
the medians from these studies. While the forward based intakes for the age range of 1–5 years was
presented as a mean, in fact there was a declining trend in the analysis with the highest intake
calculated at 1 year at 122 ng/kg-day, declining to 115 ng/kg-day for age 2, to 98 ng/kg-day for
the 3–5 age range.
In any case, Figure 1 shows that the forward and backward-based analyses are quite consistent.
Obviously, there are uncertainties in both the forward and backward-based estimates. The backward
estimate for the youngest age range was based on a limited sample size (n = 142) from two geographic
locations. As well, the procedure to estimate each child’s intake used constant values for a daily
volume of urine excretion, which clearly varies by individual. Three of the four North American food
surveys used to determine a representative food concentration were local grab samples from
supermarkets. As seen in Table A2, there was generally about an order of magnitude difference in the
highest and lowest average survey concentration found within each food category. For example, the
average BPA concentration in canned meat from one survey was 2 ng/g (sample size n = 38) while it
was 58 ng/g (n = 17) in another. The assignment of the canned fraction parameter is uncertain as well.
In the WWEIA-FCID database, canned is defined as follows, ―a canned food is one preserved by
application of heat and formation of an hermetic or airtight seal on the container in which the food is
stored. Generally foods treated in this manner are available to consumers in cans, bottles and jars.‖
By this definition, there may be some overestimation of the ―canned fraction‖, which is strictly canned
foods. Some discrepancies can be seen with other independently derived canned fractions. For
example, the USDA [49] derived a canned fraction for fruit of 0.06 based on their Economic Research
Service (ERS) Food Availability data base. This compares to the range of 0.16 to 0.24 derived in this
study. The USDA [49] estimate for canned vegetables of 0.24 was consistent with the range of 0.17 to
0.31 found in this study. Schecter et al. [32] used the ERS database further to determine a canned
fraction of 0.24 for fish for their BPA exposure assessment, and this is similar to the 0.16 to 0.34 range
derived in this assessment. In addition, we did not consider some food items/groups such as canned
soda—this could lead to an underestimate of BPA dietary intake, particularly for older age groups.
Nonetheless, the consistency between the backward and forward estimates does suggest general
validity of the approach and the results for BPA exposure among children in the US. Given that, this
analysis shows the importance of canned food consumption for childhood exposures to BPA.
Non-food exposures accounted for only about 1.4% to 2% of the total intakes for the various age
ranges, and non-canned foods accounted for <1%, suggesting that around 97% to 98% of all exposures
of children to BPA are due to consumption of canned foods (data not shown). Other exposure
pathways that have been identified for BPA, such as cosmetics, thermal paper and dental sealants.
Using data from around the world, EFSA estimated an average exposure of 18 ng/kg-day for thermal
paper contact (credit card receipts, etc) and 1.2 ng/kg-day for cosmetics [16]. Thus, these exposures
(particularly cosmetics) are relatively low compared to those estimated from food pathways.
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For context, EFSA estimated an average dietary exposure (form food and beverages) of 290 ng/kg-day
for children aged 3–10 years, and 159 ng/kg-day for teenagers aged 10–18 years (the two older age
groups most likely to have contact with cosmetics and thermal paper) [16]. Of course, there are
individuals for whom these pathways may play a much larger role—for example, teenagers working in
retail may have very high exposure to thermal paper. However, on the population level, the contribution of
non-food pathways to total exposure appears to be relatively low. It is important to note that in terms
of toxicity, dermal exposures may be particularly important in that, while comprising a smaller
proportion of total BPA exposure, such exposures may result in a higher proportion of unconjugated
BPA compared to non-dermal exposure routes [50], leading to different toxicity. Dental sealants are
another potential source of exposure, as reviewed in [2]. However, the studies reviewed here generally
focused on short-term exposure potential (i.e., one to several hours following the dental procedure).
One study which followed patients for a longer period of time found BPA in saliva at 1 and 3 h
post-application, but did not detect any BPA in saliva collected 1, 3 or 5 days post-application [51].
However, the short-term exposures could be quite high depending on the type of sealant used; one
study found urine levels of up to 27.3 ng/mL in treated patients [12], compared to a median BPA
concentration of 2.0 ng/mL in 2009–2010 NHANES participants aged 6–20 years (Table A6).
Overall, in the US, exposure of adults to BPA is lower than that of children. Assessing intakes using
the same NHANES cycle of October 2009 as was used for children, we estimate a mean BPA
intake of 83 (creatinine-based) to 88 (urine volume based) ng/kg-day, and a median BPA intake of 33
(creatinine-based) to 32 (urine volume based) ng/kg-day for all individuals over the age of 20 years.
This is very similar to the intakes for the age range of 16–20 years, which had a mean of 53 (creatinine
based) and 66 (urine volume based) ng/kg-day and a median of 33 ng/kg-day, but it is lower than all
other age ranges. While similar pathways for BPA exposure may come into play for adults as for
children, the importance of the food pathway may be less for adults. We continued the assessment of
canned fractions using the WWEIA-FCID database (Table A4) and found that the fraction of food
consumed as canned declines by about 0.1 from the 16–20 years age group to the adult category,
across all food groups. One can surmise that proportionally, BPA exposures from food decline while
other pathways for BPA exposure become more prominent for adults. In addition to differences by
age, there may also be important differences in exposure pathways and levels according to
demographic factors such as socio-economic status or race/ethnicity (e.g., biomonitoring data from
Mexican-American children presented in [52,53]). However, due to lack of data on exposure sources
and pathways according to these factors, we were not able to examine them in this analysis.
BPA is a ubiquitous exposure, and this analysis shows that exposures may be substantially higher
among younger children compared older children. Moreover, the relative importance of different
sources of exposure may depend on age; among children, the vast majority of BPA exposure appears
to be from canned food. Given the concerns over potential adverse health effects related to BPA
exposure, it is important to continue to monitor BPA exposure levels and identify potentially
mitigatable sources.
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Appendix
The studies described in Table A1 come from the European Food Safety Authority (EFSA) draft
Scientific Opinion on the risks to public health related to the presence of bisphenol A (BPA) in
foodstuffs—Part: exposure assessment [16]. The studies included here report media BPA
concentrations in the U.S.
Table A1. U.S. studies reporting BPA concentrations in non-food media.
Media (Units)

Results

Reference and Details
[11]; USA (NC, OH); 2000–2001

Median: <LOD (0.9)–1.8;
Range: <LOD (0.9)–193

CTEPP study of 257 preschool children and their primary adult
caregivers; 295 samples collected over 48 h period in 4 groups: NC,
home; NC, daycare; OH, home; OH, daycare. Percent detections ranged
from 45%–73% depending on sampling site.

Indoor air

Median: <LOD (0.8)

(ng/m3)

Max: 22
Geometric Mean: 1.5 (home),
1.1 (daycare);
Range: <LOD (0.6)–30.3 (home),
<LOD (0.6)–7.4 (daycare)

[54]; USA (CA)
Study of 50 non-smoking homes in two CA cities; number of samples and
LOD not reported.
[36]; USA (OH)
Subset of participants in the CTEPP study; 81 preschool children and
their primary adult caregivers; 103 samples collected over
48 h period in 2 groups: home and daycare. Percent detections ranged
from 68%–73% depending on sampling site.
[11]; USA (NC, OH); 2000–2001

Median: <LOD (0.9);
Range: LOD (0.9)–51.5

CTEPP study of 257 preschool children and their primary adult
caregivers; 257 samples collected over 48-h period in 4 groups: NC,
home; NC, daycare; OH, home; OH, daycare. Percent detections ranged
from 31%–44% depending on sampling site.

Outdoor air
(ng/m3)

Geometric Mean: 1.0 (home),
0.8 (daycare);
Range: <LOD (0.6)–19.0 (home),
<LOD (0.6)–6.9 (daycare)
Median: <LOD (0.8)
Maximum: 1.7

[36]; USA (OH)
Subset of participants in the CTEPP study; 81 preschool children and
their primary adult caregivers; 97 samples collected over 48 h period in 2
groups: home and daycare. Percent detections ranged from 40%–44%
depending on sampling site.
[54]; USA (CA)
Study of 50 non-smoking homes in two CA cities; number of samples and
LOD not reported.
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Media (Units)

Results

Reference and Details
[55]; USA (KY, NY); 2006, 2010
Study of 48 houses in KY and NY, and 6 laboratories in KY;

Median: 422;

50 indoor dust samples, along with 4 clothes dryer lint samples and 2

Range: <0.5–10,200

refrigerator dust samples collected (total n = 56). Percent detection was
95%
[11]; USA (NC, OH); 2000–2001
CTEPP study of 257 preschool children and their primary adult

Median: <LOD (4)–30.8

Dust (ng/g)

caregivers; 267 samples collected over 48 h period in 4 groups: NC,

Range: <LOD (4)–707

home; NC, daycare; OH, home; OH, daycare. Percent detections ranged
from 25%–70% depending on sampling site.
[36]; USA (OH)

Geometric Mean: 40.4 (home), 38.9

Subset of participants in the CTEPP study; 81 preschool children and

(daycare);

their primary adult caregivers; 99 samples collected over 48 h period in 2

Range: 19.6–589 (home),

groups: home and daycare. Percent detections ranged from 43%–70%

20.0–124 (daycare)

depending on sampling site.
[56]; USA (NJ); 2003
Samples collected from a drinking water treatment plant, over a

Drinking water

Maximum: 0.2

(ng/g)

3-week period. Twelve samples collected at each of 6 sites in the plant.
Detection rate was 100% in source water and 17% in treated (finished)
water.

The studies described in Table A2 are Canadian and U.S. studies reporting on BPA concentrations
in canned food items (means calculated assuming non-detected concentrations = 0).
Table A2. U.S. and Canada studies * reporting BPA concentrations in canned food.
Food

Final Selected

Category

Value, ng/g Whole 1

Vegetables

Fruit

Meat

Fish

Dairy
1

43.7

2.1

23.3

39.7

7.5

Literature Other
Location and Specific Foods 2

Data
% Pos (n)

Mean

100 (6)

23

Canadian, beans, beets, peas, tomatoes

92 (39)

20

U.S. (1), green beans, corn, peas, tomatoes, mixed

96 (25)

88

50 (4)

1

Canadian, cherries, pineapple

22 (9)

0.3

U.S. (1), cling peaches, oranges, pineapple

57 (14)

5

U.S. (2), fruit cocktail, pineapple, sliced peaches

100 (1)

10

Canadian, luncheon meats

82 (38)

2

100 (17)

58

U.S. (2), pork & beans, chili

100 (1)

106

Canadian, unspecified

58 (12)

1

U.S. (1), tuna, sardines

100 (6)

12

U.S. (2), tuna, albacore, mackerel

100 (1)

15

Canadian; evaporated milk

0 (8)

ND (0.4)

U.S. (2), green beans, corn, tomatoes, peas, misc Veg
(wax beans, spinach, stir fry, oyster mushrooms, almond jelly)

U.S. (1), chicken (soup, chunk), beef (chili, corned), Spam, ham
spread

U.S. (1), snacking cheese
2

The final selected values were calculated as the mean of mean study values; Canadian study: [34] U.S. study (1): [32] U.S. study (2): [31].
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The following is a description of how fractions of food groups consumed as canned, were derived.
As noted in the Methods section, the ―food form‖ information field specifies which of these six food
forms best describes the given food item: (1) not applicable; (2) fresh or not specified; (3) frozen;
(4) dried; (5) canned; and (6) cured, pickled, smoked, or salted. The procedure to determine a fraction
canned for our food groups followed this four-step procedure:
1 Every individual record in the WWEIA-FCID file ―Commodity_CSFFM_Intake_0308.cvs‖
contains information on participant ID, and reported consumption (by mass) for a single food
item, categorized according to a numerical ―agricultural food commodity‖ code. The remaining
variables specify the day on which the food was consumed, the food form as described above,
the cooking method, and the cooked status. There are a total of 558 commodity codes in the
database, which are linked to a text description in the ―FCID_Code_Description.csv‖ file. We
grouped these codes into the following food groups to correspond to the BPA food concentration
data: vegetables, fruit, meat, fish, and dairy.
2 With this categorization, each record included a consumption rate for a given individual and
given food item, a food group, and a food form. The records were collapsed across specific food
items within each food form and food group, yielding a total consumption (by mass, for each
individual) of food consumed in each form, for each food group.
3 Next, records were again collapsed, this time over all food forms within a food group. This
yielded a total consumption (by mass, for each individual) for each food group. The total canned
form of each food group (calculated in Step 2) was divided by the total amount of food in each
food group (calculated in Step 3) for each individual, to calculate the fraction of food (by mass)
within each group, consumed in canned form. Table A3 provides the (unweighted) number of
individuals in each age group, and the number consuming any food in a given food group; note
that not all individuals consumed food within each group, thus the number of individuals
represented by the canned fractions is different across groups.
4 Finally, the median fraction of foods eaten in the canned form by surveyed individuals was
summarized according to food groups and age groups (detailed results in Table A4).
Tables A3 and A4 describe data used to derive the fraction of food consumed in canned form; Table
A3 shows the (unweighted) number of individuals in each age group who had any consumption of
each food group. Table A4 shows the fraction of food in each food group (by mass) consumed as
canned, by age group.
Table A5 shows results from the CTEPP study for BPA urine concentration and estimated
BPA excretion.
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Table A3. Number of individuals in each age group, who had any (non-zero) consumption
from each food group (NHANES 2003–2008).
Infant

Age 1

Age 2

Ages 3 to

Ages 6 to

Ages 11 to

Ages 16 to

Ages 21+

(<1 Year)

Year

Years

5 Years

10 Years

15 Years

20 Years

Years

1387

895

860

1642

2523

3202

2994

14,135

Eggs

427

808

802

1549

2414

3017

2798

13,298

Fish

39

130

157

283

470

587

582

4325

Food Group
Total Number in
Age Group

Fruit

1279

891

852

1626

2492

3101

2838

13,489

Grain

844

888

853

1640

2519

3195

2980

14,073

Meat

418

777

799

1535

2399

3049

2806

13,087

Milk

1218

895

860

1641

2522

3195

2982

14,071

Poultry

480

719

695

1315

2004

2429

2248

10,443

Rice

858

778

744

1421

2211

2718

2495

12,247

Vegetables

1084

895

859

1642

2523

3202

2993

14,131

Table A4. Fraction of food group consumed canned by mass (not adjusted for body
weight), by age group and food group (NHANES 2003–2008). Value in cell is median
(interquartile range).
Food
Group
Eggs
Fish
Fruit
Grain
Meat
Milk
Poultry
Rice
Vegetables

Ages 3 to 5

Ages 6 to 10

Ages 11 to

Ages 16 to 20

Ages 21+

Years

Years

15 Years

Years

Years

0.11

0.14

0.18

0.23

0.27

0.11

(0.02–0.3)

(0.02–0.3)

(0.04–0.3)

(0.1–0.3)

(0.1–0.4)

(0.1–0.5)

(0.02–0.3)

0.28

0.16

0.26

0.26

0.29

0.34

0.20

(0.1–0.7)

(0.1–0.4)

(0.1–0.5)

(0.1–0.6)

(0.2–0.5)

(0.2–0.6)

(0.2–0.5)

0.18

0.16

0.17

0.21

0.24

0.26

0.13

(0.1–0.4)

(0.1–0.3)

(0.1–0.3)

(0.1–0.4)

(0.1–0.4)

(0.1–0.5)

(0.03–0.3)

0.17

0.15

0.17

0.20

0.24

0.28

0.13

(0.1–0.4)

(0.04–0.3)

(0.1–0.3)

(0.1–0.4)

(0.1–0.4)

(0.1–0.5)

(0.02–0.3)

0.21

0.18

0.18

0.23

0.27

0.32

0.17

(0.1–0.4)

(0.1–0.4)

(0.1–0.3)

(0.1–0.4)

(0.2–0.4)

(0.2–0.5)

(0.04–0.3)

0.16

0.14

0.17

0.21

0.24

0.28

0.14

(0.03–0.4)

(0.03–0.3)

(0.1–0.3)

(0.1–0.4)

(0.1–0.4)

(0.1–0.5)

(0.03–0.3)

0.19

0.17

0.19

0.22

0.25

0.31

0.15

(0.1–0.4)

(0.1–0.4)

(0.1–0.4)

(0.1–0.4)

(0.1–0.4)

(0.2–0.5)

(0.04–0.7)

0.19

0.17

0.17

0.22

0.27

0.29

0.15

(0.04–0.4)

(0.04–0.4)

(0.1–0.3)

(0.1–0.4)

(0.1–0.5)

(0.1–0.5)

(0.03–0.7)

0.18

0.17

0.18

0.23

0.27

0.31

0.17

(0.1–0.4)

(0.1–0.3)

(0.1–0.3)

(0.1–0.4)

(0.2–0.4)

(0.2–0.5)

(0.1–0.6)

Age 1 Year

Age 2 Years

0.09
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Table A5. BPA urine concentrations and estimated daily excretions based on Children’s
Total (Aggregate) Exposure to Persistent Pesticides and Other Persistent Organic
Pollutants (CTEPP) data, North Carolina and Ohio, 2000–2001.
Group (n)

Total (142)

North Carolina, daycare (46)

North Carolina, daycare,
collected at daycare (19)
North Carolina, daycare,
collected at home (27)

Ohio, all (96)

Ohio, daycare (56)

Ohio, daycare, collected at
daycare (22)
Ohio, daycare, collected
at home (34)

Ohio, home (40)

Measure

Mean (SD)

Median (25th,
75th Percentiles)

95th
Percentile

BPA concentration (ng/mL)

6.5 (6.4)

5.2 (2.6, 7.7)

19.3

BPA excretion based on
urine volume (ng/kg-day)

152.5 (149.6)

120.8 (61.0, 180.6)

452.6

BPA concentration (ng/mL)

6.9 (6.4)

5.2 (3.8–7.9)

16.6

BPA excretion based on
urine volume (ng/kg-day)

162.1 (150.7)

120.8 (89.1–185.3)

389.3

BPA concentration (ng/mL)

4.1 (2.6)

4.1 (1.6–5.7)

10.2

BPA excretion based on
urine volume (ng/kg-day)

94.9 (61.8)

96.2 (37.5–133.7)

239.2

BPA concentration (ng/mL)

8.9 (7.5)

7.5 (4.5–11.1)

21.2

BPA excretion based on
urine volume (ng/kg-day)

209.3 (179.2)

175.9 (105.5–
260.3)

497.2

BPA concentration (ng/mL)

6.6 (6.4)

5.2 (2.4–7.4)

19.8

BPA excretion based on
urine volume (ng/kg-day)

147.9 (149.7)

120.8 (56.3–173.5)

464.3

BPA concentration (ng/mL)

6.7 (7.4)

5.2 (2.4–7.8)

19.8

BPA excretion based on
urine volume (ng/kg-day)

158.0 (173.3)

120.8 (56.3–181.7)

464.3

BPA concentration (ng/mL)

4.3 (3.1)

3.2 (1.9–6.9)

8.8

BPA excretion based on
urine volume (ng/kg-day)

99.8 (72.5)

75.0 (44.6–161.8)

206.4

BPA concentration (ng/mL)

8.4 (8.8)

5.5 (3.0–9.4)

36.2

BPA excretion based on
urine volume (ng/kg-day)

195.7 (207.3)

129.0 (70.4–220.4)

848.9

BPA concentration (ng/mL)

5.7 (4.6)

4.8 (2.5–6.9)

16.4

BPA excretion based on
urine volume (ng/kg-day)

133.6 (108.8)

111.4 (58.6–160.6)

383.4

Table A6 shows results from the NHANES 2009–2010 study for BPA urine concentration and
estimated BPA excretion.
The studies described in Table A8 come from the EFSA draft Scientific Opinion on the risks
to public health related to the presence of bisphenol A (BPA) in foodstuffs—Part: exposure
assessment [16]. The studies included here report breast milk, colostrum and formula BPA
concentrations in the U.S.
The studies described in Table A7 come from the EFSA draft Scientific Opinion on the risks
to public health related to the presence of bisphenol A (BPA) in foodstuffs—Part: exposure
assessment [16]. The studies included here report BPA urine concentrations and estimated BPA
excretion among infants in the U.S.
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Table A6. BPA urine concentrations and estimated daily excretions based on National
Health and Nutrition Examination Survey (NHANES) data, U.S., 2009–2010. All values
except n (group size) are weighted for survey sampling.
Group

(571)
(863)
Aged 6–10 years (341)
(339)
(340)
Aged 11–15 years
(281)
(232)
(279)
Aged 16–20 years
(248)
(248)
(244)

95th

Percentiles)

Percentile

3.9 (12.4)

2.0 (1.1–3.8)

10.2

71.9 (270.8)

35.6 (23.1–63.0)

162.8

67.3 (257.6)

31.9 (16.2–57.7)

181.5

4.5 (19.8)

1.7 (1.0–3.4)

9.7

97.2 (415.1)

42.5 (28.2–71.2)

185.3

87.0 (423.0)

30.5 (18.8–60.8)

186.6

3.4 (5.3)

2.2 (1.0–3.5)

9.3

65.4 (205.1)

32.5 (17.8–56.8)

161.5

49.7 (87.8)

28.7 (13.9–51.8)

159.6

3.9 (7.0)

2.2 (1.2–4.3)

10.9

53.3 (74.7)

33.2 (23.2–57.9)

134.6

65.9 (118.0)

33.8 (17.0–75.0)

193.4

Mean (SD)

BPA concentration (ng/mL)

(n, unweighted)
Total 6–20 years (870)

Median (25th, 75th

Measure

BPA excretion based on
creatinine correction (ng/kg)
BPA excretion based on urine
volume (ng/kg)
BPA concentration (ng/mL)
BPA excretion based on
creatinine correction (ng/kg)
BPA excretion based on urine
volume (ng/kg)
BPA concentration (ng/mL)
BPA excretion based on
creatinine correction (ng/kg)
BPA excretion based on urine
volume (ng/kg)
BPA concentration (ng/mL)
BPA excretion based on
creatinine correction (ng/kg)
BPA excretion based on urine
volume (ng/kg)

Table A7. BPA urine concentrations and estimated daily excretions based on published
studies among infants.
Study Population
[42]
Cincinnati, OH
Mother-child pairs participating in the
HOMES study; data shown are for 1
year olds (n = 213)
Urine samples collected during
2004–2009 at clinic or home visits

Median (25th, 75th

95th

Percentiles)

Percentile

--

3.9 (1.8, 7.6)

22

--

18 (9.9, 34)

91

--

19 (12, 34)

75

--

137 (63, 267)

772

Measure

Mean (SD)

BPA concentration (μg/L)
BPA concentration
(μg/g creatinine)
Creatinine concentration (mg/dL)
Estimated BPA daily BPA intake
(ng/kg-day) *
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Table A7. Cont.

Study Population

Measure

Mean (SD)

[43] Boston, MA

Total BPA concentration (μg/L)

6.0 (16.2)

Free BPA concentration (μg/L)

0.5 (0.4)

Mother-child pairs participating in the
EARtH study; data shown are for

Median (25th, 75th

95th

Percentiles)

Percentile

1.8 (1.2, 4.4)

50.9

<LOD (<LOD,
<LOD)

19.4

infants 2–15 months old
(n = 29). Includes 4 sets of twins.

Estimated total BPA daily BPA

Urine samples collected during

intake (ng/kg-day) *

1800

63.5 (42, 155)

1796

--

--

--

--

--

--

2006–2008 from diapers [43]

[44]
Baltimore, MD

Glucoronidated BPA

Geometric

concentration (μg/L)

mean: 0.74

Unconjugated BPA concentration

0.4 (95% CI:

(μg/L)

0.3, 0.6)

Infants 7–44 days old (n = 12)

Estimated glucuronidated BPA
intake (ng/kg-day) *

46.3

* Daily urine excretion assumed to be 300 mL/day for infants <1 year old, and 400 mL/day for children 1 year old [37]. Body weights
are assumed to be 4.8 kg for infants 7–44 days old (value for birth to 1 month), 11.4 kg for 12 month olds (value for 1 to <2 years), and
8.5 kg for 2–15 month olds (average of values for 1 to <3, 3 to <6, 6 to <12, and 12 to <24 month olds) [29].

Table A8. BPA concentrations in breast milk, colostrum and formula.
Media (Units)

Results
Average: 3.0
High: 6.6

Colostrum (μg/L)

Reference and Details
EFSA document calculated from multiple studies ((Table 30) in [16]).
[21]

Geometric Mean: 0.7

USA; Study of mothers and their premature infants in a NICU;
2 samples collected at 3–5 days post partum.

Mature milk (μg/L)

Median: 1.1;

[45]

Maximum: 7.3

USA; 20 samples, BPA detected in 90%.

Median: 1.1;

[45]

Range: <LOD (0.3)—

USA; Pooled milk samples from anonymous donors, n = 20 samples with 90%

6.3

detection rate for total BPA.
[21]

Median: 1.3

USA; Study of mothers and their premature infants in a NICU;
26 but two outliers of 222 and 296 removed from analysis.

Average: 0.9;
High: 2.6
Mean, 2007:
5.0 (milk-based),
5.8 (soy-based)
Mean, 2008:
Formula—canned,
liquid (μg/L )

6.8 (milk-based),
5.3 (soy-based)
Mean: 5.74;
Range: 0.56–11
Median: 1.1

EFSA document calculated from multiple studies (Table 30 in [16]).
[48]
USA and Canada; 2007–2008; Study of 21 samples stored at room temperature
for 10 months (2008), in comparison with samples from same lot (but different
cans) evaluate at baseline (2007). BPA increases from baseline were between
29.8% and 110%.
[47]
USA; Study of 104 formula containers representing 36 products,
from across the USA.
[30]
USA (TX); Study of 9 samples, detection rate of 33% (LOD of 0.2 μg/L).
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