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Abstract
Infants are exposed to the endocrine disruptor bisphenol A (BPA) through breast milk and baby
formula. Detoxication by conjugation of BPA may be limited in infants. We demonstrate BPA
exposure in 11 neonates and 1 young infant, but find no evidence of a low capacity for BPA
conjugation.
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An estimated 5-6 billion pounds of the hormonally active compound Bisphenol A (BPA) are
produced globally per year.1 Human exposure is virtually universal, with over 90% of the
United States population over age 5 years having detectable urinary concentrations of BPA.2

Human health concerns arise from the estrogen mimetic properties of BPA that can confer a
variety of health impacts across the lifespan. Prior analyses have demonstrated that BPA
exposure can occur in neonates via maternal sources (including breast milk) as well as
leaching from packaging of liquid formula or polycarbonate baby bottles.3, 4

BPA is detoxicated to its inactive form primarily via glucuronidation and rapidly excreted in
urine (t1/2 < 6 hours).5 Glucuronidation is limited in newborns relative to older children and
adults, leading to concern that significant quantities of free BPA (the toxicologically active
compound) may exist in the neonate and have deleterious long term developmental
effects.6-8 Thus, the balance of free BPA and BPA-glucuronide is critical for determining
exposure risk in neonates.
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Data on specific BPA and BPA-glucuronide urinary concentrations in newborns and young
children are sparse. Furthermore, progress in BPA quantification has been impeded by
sample contamination and the lack of specific and sensitive quantitative methods that can
independently measure free BPA and BPA-glucuronide at environmental levels of
exposure.9 We have examined the quantitative levels of urinary free BPA and BPA-
glucuronide in a population of healthy newborns using a highly sensitive high performance
liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) method that greatly
reduces exogenous sources of contamination.10

Methods
In January and February 2012, mothers and healthy, full-term neonates (≥ 37 0/7 weeks
gestation) were recruited from the Newborn Nursery at the Johns Hopkins Hospital.
Recruitment and follow up protocols were approved by the Johns Hopkins Bloomberg
School of Public Health Institutional Review Board, and participant informed consent was
obtained. Newborns were excluded if they were large or small size for gestational age, were
noted to have intrauterine growth restriction, had an APGAR score of less than 5 at 5
minutes of age, had delayed voiding or stooling (occurring greater than 24 hours after birth),
had blood incompatibility (ABO or Rh) with their mother, were admitted to the Neonatal
Intensive Care Unit (NICU) for management of hyperbilirubinemia, or had other risk factors
for hyperbilirubinemia (i.e., cephalohematoma, polycythemia). Neonates born to mothers
with documented tobacco use in pregnancy, a positive urine toxicology screen (for cocaine,
marijuana, heroin, or methadone) at delivery, and/or anti-epileptic drug use in pregnancy
were also excluded. Infants with hyperbilirubinemia not requiring a NICU admission were
included. We further limited recruitment to infants who were to receive pediatric primary
care at the Johns Hopkins’ Harriet Lane Primary Care Clinic.

Urine samples were collected using BPA-free pediatric urine collection bags (U-Bag,
Hollister, Inc. Libertyville, IL) during the neonates’ regular well-child care visits (occurring
at or greater than one week of age). Immediately upon collection, each urine sample was
transported to the lab on ice, transferred to a precleaned glass vial, and stored at −80 °C until
analysis. Samples were analyzed for free BPA and BPA-glucuronide using HPLC-MS/MS
according to a modified previously published method.10 Free BPA and BPA-glucuronide
were derivatized with dansyl chloride and measured directly, with d6-BPA and d6-BPA-
glucuronide as internal standards, eliminating the need for enzymatic hydrolysis and
extraction steps prior to sample analysis. The limit of detection was 0.02 ng/mL and the
limit of quantification was 0.1 ng/mL.

Results
A total of 12 mothers and their babies were enrolled into the study. The median age at the
time of urine collection was 17 days (Table). The average concentration of BPA-
glucuronide, as measured in all of the duplicate urine samples, was 0.87 ± 0.51 ng/mL
(median: 0.66 ng/mL). Free BPA was not found in any of the urine samples with the
exception of one sample (subject 6) whose replicate sample was a non-detect (Figure).

Questionnaire data revealed that 10 of 12 newborns had some formula intake served in
plastic bottles; 5 consumed formula made from powder and 4 drank liquid or “ready to feed”
formula, which requires no addition of water.
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Discussion
A critical issue for the assessment of health risks from BPA exposure is the balance of free
BPA and its glucuronide conjugate. The presumptive estrogenic effects of BPA are only
mediated by the availability of free BPA, with BPA-glucuronide viewed as a biologically
inactive derivative. This study explored the potential problem of free BPA exposure in
newborns under the age of 6 weeks. Decreased hepatic glucuronidation has been
documented in full term and premature neonates relative to older children and adults6 and is
manifested clinically by hyperbilirubinemia in the immediate newborn period.

In a previous study, free BPA was detected in 92% of urines from 42 premature infants in a
Neonatal Intensive Care Unit (NICU), suggesting a period of reduced BPA metabolic
capacity at birth.11 Thus, we hypothesized that free BPA would be present in the urine of
most, if not all infants in our study. Free BPA concentrations were also quantified in 3% of
45 full term infants in Germany, but because median exposure levels in the population were
below the method limit of quantification (0.45 μg/L), it is not possible to determine whether
infant physiology was responsible for the low detection frequency of free BPA.12 Besides
the German study, we know of no other published BPA biomarker data for full term healthy
infants.

The detection of BPA-glucuronide in all infants demonstrates universal exposure to BPA in
our study population. We were surprised to determine that BPA-glucuronide was the only
detectable BPA compound in the urine of these newborns. These data fundamentally
challenge our prior assumptions of the toxicology of this environmental contaminant.
Further research is needed to understand whether the absence of detectable concentrations of
free BPA in our study population reflects early development of one or more enzyme
isoforms responsible for the formation of BPA-glucuronide, or whether at very low levels of
exposure to BPA, enzyme activity in neonatal tissues is sufficient to quickly inactivate BPA.
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Figure.
Representative HPLC-MS/MS Chromatogram of Neonatal Urine Sample. Peaks
Representing Bisphenol A (BPA) and BPA-Glucuronide Were Identified and Quantitated by
the Addition of Internal Standards (d6-BPA and d6-BPA-glucuronide) into the Urine
Samples.
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