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Abstract

Fetal exposure to five parabens was investigated due to their endocrine-disrupting potential and
possible impact on fetal development. Body burdens occurring from real-world exposures were
determined typically as total concentrations after conjugate hydrolysis in 181 maternal urine and
38 umbilical cord blood plasma samples from a multiethnic cohort of 185 predominantly-black,
pregnant women recruited in Brooklyn, New York between 2007/9. For 33 participants, both
sample types (maternal urine and cord blood) were available. Methyl- (MePB), ethyl- (EtPB),
propyl- (PrPB), butyl- (BuPB), and benzylparaben (BePB) were detected in 100, 73.5, 100, 66.3
and 0.0% of the urine samples at median concentrations of 279, 1.44, 75.3, 0.39, and <0.02 pg/L,
respectively. Median concentrations of MePB and PrPB were, respectively 4.4- and 8.7-fold
higher compared to those reported previously for the general U.S. population (NHANES, 2005/6).
Listed in the order above, the five parabens were detected in 97.4, 94.7, 47.4, 47.4, and 44.7% of
cord blood plasma samples at median total concentrations of 25.0, 0.36, <0.27, <0.09, and <0.10
Mg/L, respectively. Free MePB, EtPB, and PrPB were detected in a subset of cord blood plasma
samples at, respectively, 3.9, 71.7, and 6.4% of their total concentrations, whereas free BuPB and
BePB were not detected. Literature data and those reported here show the urban community
studied here to rank highest in the world for MePB and PrPB exposure in pregnant women,

“Correspondence:halden@asu.edu, Tel.: +1 (480) 727-0893, Mail: The Biodesign Institute, P.O. Box 875904, Tempe, AZ
85287-5904, USA.

Contact information: bpycke@asu.edu; laura.geer@downstate.edu; mudar.dalloul@downstate.edu; ovadia.abulafia@downstate.edu
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

5. Supplementary Material

The Supplementary Material contains the descriptive statistics of the study population, an overview of the LC and MS parameters, and
method performance characteristics, an overview of the individual concentrations of all analytes per sample type, and per participant,
an overview of the correlation coefficients describing the associations between the total uncorrected concentrations of individual
parabens in urine, a comparison of the total urinary concentrations of four parabens in the studied cohort compared to those reported
previously for the general population of the U.S., and a figure comparing the detection frequencies in maternal urine and cord blood
plasma. This material is available free of charge online.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Pycke et al. Page 2

whereas it ranks among the lowest for EtPB and BuPB. This study is the first to report the
occurrence of parabens in human umbilical cord blood. Maternal exposure to parabens is
widespread, and substantial differences were found to exist between communities and countries
both in the spectrum and degree of paraben exposures.
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1. Introduction

Human exposure to parabens mostly is the result of their use as preservatives in personal
care products, pharmaceuticals, and foodstuff, although they also occur naturally in certain
fruits and vegetables.1*# Parabens are identified by their aliphatic or aromatic alkyl moieties,
with methyl- (MePB), ethyl- (EtPB), propyl- (PrPB), butyl- (BuPB), and benzylparaben
(BePB) representing the most commonly used members of this class of alkyl esters of p-
hydroxybenzoic acid (PHBA).? Parabens have been used for decades and, when used within
the recommended doses, are categorized as “generally recognized as safe (GRAS)” by the
European Union® and the Food and Drug Administration.”: 8 Yet, recent studies have raised
awareness for their potential health effects, particularly in children® younger than six to
twelve months of age whose detoxification systems are still immature.®

Parabens can elicit direct and indirect effects on the endocrine system, which may influence
fetal development and ultimately adult health.10 Specifically, many parabens are ER-a
agonists, 11 can affect the fate and metabolism of steroid hormones and xenobiotics, and
have been implicated in excessive weight gain.® Their endocrine-disrupting and obesogenic
potency typically increases with the size of the alkyl moiety.12-14 Additionally,
epidemiological surveys have associated individual parabens with a variety of health
outcomes, including elevated oxidative stress biomarkers for MePB and EtPB, lower serum
thyroid levels for EtPB, aeroallergen sensitization for PrPB and BuPB, and damage of sperm
DNA for BuPB.15-18 Taken together, these observations warrant monitoring of human
exposure to individual parabens and paraben mixtures to inform human risk assessment.

Human exposure to parabens typically occurs through topical contact with or ingestion of
paraben-containing productsl as well as inhalation of contaminated air and dust.19-21
Following exposure, human epithelial absorption of parabens and their subsequent
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metabolism occur rapidly in the liver. Metabolism results in systemic distribution of free
parabens and adducts of PHBA, glucuronide, sulfate, and glycine adducts, all of which are
excreted principally via urine.® 22: 23 Diverse biomonitoring studies from across the globe
have confirmed human exposure to a variety of parabens as being widespread, 18 24-31 and
more prevalent and substantial in women compared to men or children.28 Select studies
investigated human prenatal and neonatal exposures to parabens in the U.S.,32-34 Puerto
Rico,2” Denmark,28 Spain,2° China,30 Korea,!® and Japan.3! In these studies, parabens were
confirmed to be distributed systemically, leading to exposure of the human fetus and
neonate via the placenta3® and amniotic fluid 9 18:36 |n children, the estrogenic burden of
free parabens and possibly PHBA may become more important than that of endogenous
estradiol.® 9 In adults, frequent use of paraben-containing products may result in steady-
state exposure levels to free parabens and PHBA, despite the rapid and efficient metabolism
and excretion of parabens upon exposure.2”- 30 In fact, observed changes in the health status
of a study population from Puerto Rico were suspected to be due to exposure to endocrine
disruptors including, parabens.2” Although children feature an increased susceptibility to
endocrine disruption, reports on fetal and neonatal exposures to parabens are still scarce for
the populations in the U.S., its territories,2”- 32 and around the world.18 29. 31, 37,38 Data
often are available only for maternal urine samples, with measurements of paraben levels in
placental and amniotic fluid seldom being investigated due to the invasive nature of the
sampling of these specimens.3%: 36

Here, we report on maternal and fetal body burdens of parabens resulting from real-world
exposures. Five parabens were monitored in a section of an urban immigrant population and
body burdens in our cohort were compared with those observed in the U.S. general
population and pregnant women around the globe. Fetal exposures were assessed using 181
maternal spot urine samples collected once per participant during the second to third
trimester and 38 umbilical cord blood plasma collected at birth. Body burdens were
determined primarily as total (}-) concentrations, accounting for both free product and
conjugated species; however, for a random subset of 21 cord blood plasma samples, the
concentration of free parabens were also assessed. Human biomonitoring studies usually use
cohorts representing the general population to determine the extent and risk of
environmental exposures.24 Since pregnant women, infants, and minority populations may
differ somewhat in degree and extent of exposure,2’- 39-42 risk,39 43 or susceptibility, our
sampled population requires close scrutiny due to its susceptibility to adverse exposure
effects and the paucity of data available today. The present work addresses some of these
data gaps by investigating body burdens of pregnant women and neonates in an urban
immigrant community using liquid chromatography tandem mass spectrometry (LC-
MS/MS) for highly sensitive and selective analysis of the five targeted parabens.

2. Materials and methods

2.1 Standards and reagents

MePB was purchased from Aldrich (Sigma-Aldrich, St. Louis, MO), and 13Cg-MePB (99%)
was obtained from Cambridge Isotope Laboratories (Andover, MA). EtPB, n-PrPB, n-BuPB,
and BePB were acquired from RT Corp (Laramie, WY) and deuterated standards (EtPB-dy,
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n-PrPB-d,4, n-BuPB-d,) were purchased from C/D/N Isotopes (Quebec, Canada). LC-MS-
grade (99%) methanol, water, and acetic acid were obtained from Fluka (Basel, Switzerland)
and LC-MS-grade acetone was obtained from Sigma-Aldrich (Sigma-Aldrich, St. Louis,
MO). Individual stock solutions of the native and stable isotope-labeled compounds were
prepared in methanol. All stock solutions were stored at —20 °C in glass vials sealed with
polytetrafluoroethylene septa.

2.2 Cohort and sampling procedure

Archived samples of maternal urine and human cord blood plasma originated from an urban
immigrant population investigated previously for prenatal exposure to mercury and to the
antimicrobials triclosan and triclocarban.3% 44 These previous studies detail the sampling
procedures and cohort descriptors. Table S1 provides a concise overview of the composition
of the sample population. The sample population was comprised of individuals with ethnic
backgrounds from 19 different countries in the Caribbean, West Indies, Central and South
America, and Canada. Briefly, pregnant women (aged 18-45 years) were recruited at the
University Hospital of Brooklyn's Prenatal Clinic between October 2007 and December
2009. Random “spot” urine specimens (n = 181) were provided once per participant during
the 6t to 9t months of pregnancy. A convenience subset of participants were followed to
delivery, at which time single umbilical cord blood specimens were collected from the
neonates (n = 38) for plasma isolation and storage at —80°C for subsequent lab analysis.
Human specimens were collected in polypropylene vials or cups that had not been pre-
screened for the presence of target analytes, so a random subset of cord blood plasma
samples (n = 21) was analyzed for both free and total concentrations. The study protocol
was approved by Institutional Review Boards (IRBs) of the State University of New York
Downstate Medical Center, and of the New York State Department of Health. Each
participant signed an informed consent form prior to participation.

2.3 Extraction procedure

The samples were shipped on dry ice to Arizona State University and archived at —80°C. To
maintain analyte stability, freeze-thaw cycles were minimized by distributing the sample
into 2 mL aliquots that were also stored at —80°C. Human specimens (1 mL of maternal
urine or 100 L of cord blood plasma) were thawed, spiked with a solution containing six
isotope-labeled standards (10 uL) as well as a solution containing two hydrolysis standards
(50 pL), and diluted with a solution containing hydrolysis enzymes (1 mL). An additional
900 uL MS-grade water was added to the umbilical cord blood samples. The labeled
standard solution contained 13Cg-MePB, EtPB-ds, n-PrPB-dy4, and n-BuPB-d,, and 13C,-
methylumbelliferone in methanol. The hydrolysis standard contained methylumbelliferone-
sulfate and methylumbelliferone-glucuronide in water. Enzyme solution containing 0.5
mg/mL of glucuronidase/sulfatase H1 (1:1) in 1 M ammonium acetate (pH 5.0) was added,
where after the mixture was gently mixed and incubated overnight at 37°C. Target analytes
were extracted using 60 mg Oasis HLB (Waters, Milford, MA) solid-phase extraction
cartridges as described previously.#* Extracts were dried and reconstituted with 1 mL
methanol, and homogenized in a sonication bath. Free parabens were determined using the
same method as for total parabens, with the substitution of enzyme-free buffer, and the
samples were not inoculated overnight prior to extraction.
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2.4 Chemical analysis

Methanolic extracts were diluted 1+1 with water. Aliquots of 100 UL were injected onto the
LC-MS/MS instrument (API 4000 triple quadrupole mass spectrometer, ABSciex,
Framingham, MA) operated in negative electrospray ionization mode. The LC was run at
0.5 mL/min, starting at 60% methanol (MeOH) with a ramp to 95% MeOH over 4 min; flow
was held at 95% MeOH for 3.5 min, decreased back to 60% MeOH over 1.5 min, and held
at 60% MeOH for 2 min for re-equilibration of the analytical column (X-Bridge, 4.6 x 150
mm, C8 column with 3.5 um particle size (Waters) preceded by an equivalent guard
columns; Waters, Milford, MA). Use of a switching valve allowed diversion away from the
MS/MS of flow between 0.0 and 2.0 min and 8.0 to 10 min. The source parameters were set
as follows: curtain gas: 25 psi, gas 1: 70 psi, gas 2: 50 psi, lon Source Potential: —4500 eV,
source temperature: 500°C, entrance potential (EP): —10 eV, and collision activated
dissociation (CAD) gas: 12 psi.

2.5 Creatinine determination

Urine aliquots of 2 mL were measured for creatinine onsite at SUNY using the Alkaline
Picrate Method and a Beckman Olympus Analyzer, Model AU-2700 (Beckman Coulter,
Inc., Brea, CA). Urinary creatinine adjustment accounts for dilution differences due to
diurnal variation of random spot urine specimens collected at various times throughout the
day.

2.6 Quality assurance/quality control (QA/QC)

All analytes and their respective labeled standards were identified using their specific
retention time and multiple reaction monitoring transitions (Table S2). To mitigate
background contamination, all glassware was either new or baked at 550°C for 4 h, the
instrument operators refrained from using paraben-containing products to mitigate sample
contamination, and the solvent stocks were checked daily for contamination and replaced if
needed. All extractions and analyses were performed along with solvent blanks, reagent
blanks (i.e., procedural controls), and instrument performance standards. Briefly, reagent
blanks were prepared per batch of samples (typically 1 reagent blank per 10 samples) and
were processed alongside their respective batches from thawing, through the extraction, up
until the chemical analysis using LC-MS/MS. Because the reagent blank undergoes all the
same steps as the accompanying samples, these controls therefore underwent all potential
contamination sources and events the samples experienced, if any. Therefore, the area-
under-the-curve observed for the reagent blank was considered subtracted from the
respective areas obtained for the 10 samples it accompanied. The same procedure was
followed for the urine samples and the cord blood samples. Yet, this approach was unable to
take into account sample contamination occurring at the time of sampling at the hospital
because the samples were taken in the frame of another study. All reported concentrations
were determined based on a standard curve containing between 5 and 8 data points and a
coefficient of determination of R? >0.99. Average recoveries for parabens were determined
based on spike-recovery experiments (8 replicates) performed using commercially-available
human urine (KOVA-Troll 111, Hycor, Garden Grove, CA) and human plasma specimens
(Sigma, Sigma-Aldrich, St. Louis, MO). The spike-recovery experiments were used also to
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compute the accuracy and precision of our method by comparing the recovered levels with
the nominal (i.e., theoretical target) levels. Method detection limits (MDLs), instrumental
limits of detection (LOD) and quantification (LOQ) are provided in Table S3 and were
determined as previously described.** Concentrations were reported when (i) analyte peak
height to background signal had a signal-to-noise ratio of >3; (ii) sample peak areas fell
within the established dynamic range of the calibration; and (iii) the calculated
concentrations exceeded those of the LOD and the MDL, whichever higher (Table S3). For
the determination of free parabens in cord blood, the MDLs for total parabens in the same
matrix were used. The hydrolysis standards were added solely for verifying enzyme activity
in the individual specimens, not for normalizing target analyte concentrations.

2.7 Statistical analyses

Average relative concentrations of individual parabens were determined by calculating the
arithmetic mean of the relative masses (%) of the individual parabens in all samples. Using
SPSS v. 22 software (IBM, Armonk, NY), Spearman correlation analyses were performed
between the total uncorrected concentrations of the various individual urinary paraben levels
recorded for the cohort (n = 181) and described using Spearman'’s rho. Spearman correlation
analyses between media (maternal urine and cord blood) were performed to describe the
association between both ways of assessing the maternal and fetal body burden. All
correlation analyses were performed on log-transformed data to mitigate the influence of
elevated body burdens on the investigated association. Non-detect values were treated as the
MDL divided by the square root of two, except for the correlation between media because of
the high number of non-detects.

3. Results and discussion

3.1 Quality assurance and quality control

All solvent blanks were free of all analytes. The reagent blanks (i.e., process controls) were
free of PrPB, BuPB, and BePB, but contained trace amounts of MePB and EtPB. On
average, 350 + 253 ng/L MePB and 63 + 42 ng/L EtPB were found in the reagent blanks
using isotope-dilution mass spectrometry, despite best efforts to mitigate contamination. As
a result, background subtraction was performed for the determination of MePB and EtPB
using the corresponding reagent blank samples. To assess the robustness of the data and the
impact of potential interferences, all non-spiked samples were re-analyzed after tenfold
dilution, yielding average variabilities of 11 + 9%, 14 + 14%, 7 + 6%, and 20 + 18% for
MePB, EtPB, PrPB and BuPB, respectively. This measure was not available for BePB
because it was never observed in non-spiked samples.

3.2 Limitations

This study primarily established the body burden of the study population; a determination of
the risks associated with observed exposure levels may differ substantially among and
within different study populations and subpopulations, and was beyond the scope of this
work. Due to the study design of collecting convenience samples at an urban hospital, the
ethnic composition of the cohort was not controlled in this study. Furthermore, the study
design and the ubiquity of the target analytes limited opportunities for apportionment of
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exposure sources in this study. Since analyte degradation may have occurred during storage
of the maternal urine and cord blood samples, the concentrations reported here should be
interpreted as conservative or lower bound estimates of the extant, true body burdens. Since
some parabens are ubiquitous in the environment, high paraben levels detected in non-
spiked commercially-available reference materials (urine) negatively affected results of
spike experiments at trace levels and reliable accuracy and precision data could not be
obtained for MePB and PrPB.

3.3 Parabens in maternal urine

Maternal urine from 181 pregnant women was screened for the five parabens MePB, EtPB,
PrPB, BuPB, and BePB to assess the body burden during the second to third trimesters of
pregnancy. Urinary concentrations were determined after conjugate hydrolysis and are
expressed as total concentrations. Uncorrected concentrations (ug/L) as well as creatinine-
normalized concentrations (ug/g) are presented in Table 1. The creatinine-normalized
concentrations are presented for 167 participants only, since creatinine data were missing for
14 samples. A detailed overview of the exposure per chemical, per matrix, and per
participant is provided in Table S4.

Exposure to MePB and PrPB was found to be pervasive in our cohort (100% of all urine
samples) with both contaminants consistently occurring at levels exceeding their MDLs of
0.06 and 0.03 pg/L, respectively (Table 1). EtPB (73.5%) and BuPB (66.3%) were detected
in the majority of urine samples at levels exceeding their MDLs of 0.04 pg/L and 0.03 pg/L,
respectively. Conversely, BePB was never detected at levels exceeding the MDL of 0.02
pg/L. The ubiquitous parabens, MePB and PrPB, typically occurred at substantially higher
concentrations when compared to EtPB, BuPB, and BePB (Figure 1). Indeed, MePB and
PrPB were the most abundant parabens relative to the other three parabens, since they
comprised more than half of the total paraben concentration (i.e., sum of the concentrations
of the five target parabens) in 90.1% (n = 163) and 7.2% (n = 13) of the 181 urine samples,
respectively. Conversely, EtPB constituted more than half of the total paraben concentration
in one urine sample only (0.6%) with the EtPB comprising 68% of the total paraben
concentration in that sample. Linear correlation analyses (Table S5) using uncorrected total
urinary levels showed that body burdens of individual parabens increased concomitantly and
significantly (p <0.001 or p <0.005, two-tailed). This suggests that if subjects have elevated
body burdens for one paraben, they are likely to have elevated body burdens for the other
parabens also. These strong correlations are most likely due to the co-occurrence of
individual parabens in consumer product formulations,* and were found to be particularly
strong for MePB and PrPB (Spearman’s rho = 0.758). Similarly, significant positive
associations between individual parabens have been reported previously in urine of pregnant
women from Korea, Spain, and Puerto Rico,18: 2729 and in urine of the general population
of the United States.24 With co-occurrence of different parabens being the rule rather than
the exception, pinpointing effects of individual parabens in complex mixtures may be
difficult using human cohorts experiencing real-world exposures, and may require the use of
controlled in vitro and in vivo models.

Environ Int. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pycke et al.

Page 8

Based on the descriptors of our sample population (i.e., women, predominantly black, and of
Caribbean origin; Table S1) and past studies reporting higher concentration for these
descriptors,24 27. 32 an elevated risk of exposure to parabens was expected in our cohort
compared to the general population where these subpopulations, which experience higher
body burdens,?* 27 32 are |ess represented. Indeed, when comparing the urinary levels of
MePB and PrPB in our cohort (2007/9) with those reported previously for the NHANES
cohort (2005/6) (Figure 2), exposure in our cohort was more similar to, but typically higher
than, that in black and female subpopulations, and substantially higher than exposure in the
general and age-matched population of the United States (Figure 2). For EtPB and BuPB,
exposure in our cohort also was typically higher compared to the age-matched and general
U.S. population, but EtPB exposure in our cohort was most similar to that in the female
subpopulation (Table S6). The median concentrations of MePB and PrPB in our cohort
were, respectively, 4.4 and 8.7 times higher than those of the general population. Similarly,
exposure levels of MePB, EtPB, PrPB, and BuPB in our cohort were, respectively, 1.2, 1.44,
2.17, and 1.3 times higher than those of the black subpopulation (Table S6). Caution should
be exerted when comparing the current data set (2007/9) with the one from the NHANES
study (2005/6),24 since multiple dissimilarities between both studies may impact
comparisons, the principal factors being differences in the year of sampling and the
composition of the respective subpopulations. Still, Figure 2 shows that exposure to MePB
and PrPB is driven mostly by race/ethnicity (black), more so than sex (female), and rather
than by age (20-59 years). However, additional factors may be causing the typically higher
concentrations in our predominantly black cohort compared to the general population of the
United States, and race/ethnicity may simply be a proxy for other factors driving elevated
exposure, such as education, socio-economic status, geography and culture-dependent diet.
Regardless, future work should focus on investigating whether elevated paraben body
burdens may have implications for the health of women and those of ethnic minorities.

When taking a global perspective and comparing exposure in our sample populations with
exposures in other cohorts of pregnant women across the world, it becomes evident that the
minority population studied here incurs high body burdens of certain parabens (Table 2).
For MePB exposure, our immigrant population of predominantly-Caribbean descent ranked
first, followed closely by another population from the Caribbean (Puerto Rico), when
comparing the values of the median as well as the 25" and 75t percentiles (Table 2).
Compared to the Canadian cohort (26.0 pg/L), for example, the median MePB concentration
in our cohort was 10.7 times higher (279 pg/L); though it should be noted that the sample
size in the Canadian study was very small (n = 9). Conversely, exposure to EtPB was
remarkably low compared to other populations and was the lowest ever recorded for
pregnant women (Table 2). Specifically, the median value for EtPB (1.44 pg/L) was 26.4
times lower than that for the Korean cohort (38.0 pg/L), which ranked first in exposure to
EtPB. For PrPB, the situation is again highly similar compared to MePB, where our minority
population ranks first followed again by the Puerto Rican cohort, when comparing the
median, as well as 25! and 75! percentile values. For BuPB, the highest concentrations
were reported for the Spanish cohort, and BuPB concentrations in our minority cohort were
on the lower end, with median levels of our cohort (0.39 pg/L) ranking between Canada
(0.25 pg/L) and Puerto Rico (0.4 pg/L). Hence, our cohort may indeed be at an elevated risk
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of suffering health outcomes, but specifically those associated with exposures to MePB and
PrPB. The main sources of exposure to MePB and PrPB remain unidentified for our cohort;
plausible sources include day-to-day consumer and personal care products known to contain
these compounds. Overall, this global comparison suggests that paraben exposures cannot be
generalized geographically, as they appear to be both country and population specific (Table
2). Rather, exposures to parabens likely are driven by the availability of country-specific
products as well as population- and community-specific behaviors and factors.

3.4 Parabens in umbilical cord blood plasma

Thirty-eight specimens of umbilical cord blood plasma from 36 women (33 of which also
provided a urine sample) were screened for five parabens to assess the body burden of the
neonate at the time of birth. The two additional samples (38 samples for 36 women) are the
result of the delivery of twins for two participants. Cord blood plasma concentrations were
determined after conjugate hydrolysis and are expressed as total concentrations in Table 3.
Urine and cord blood samples were collected during different stages of pregnancy, limiting
somewhat our ability to interpret the body burdens observed in both sample types. Still,
significant correlations were observed for EtPB (Spearman's rho = 0.70) and BuPB
(Spearman's rho = 0.36) when plotting both urinary and cord blood concentrations (>MDL
samples only, n = 32 for MePB, 26 for EtPB, 17 for PrPB, and 13 for BuPB). Hence,
significant correlations were found here between both matrices despite the time difference of
several months. Future studies that are more focused on finding associations between
multiple matrices should consider sampling these matrices concurrently and consider using
Kendall”s correlation coefficients to provide better estimates of the association between both
media (maternal urine and cord blood).

The lower molecular weight parabens (MePB and EtPB) showed high detection frequencies
(=95% and 76.3%) in cord blood plasma, whereas PrPB and BuPB were detected only in
about half (47.4%) or less (18.4%) of the samples, respectively (Table 3). Comparing the
detection frequencies for cord blood plasma with those for maternal urine (Figure S1)
showed highly similar detection frequencies for the lower molecular weight parabens
(MePB and EtPB), whereas the same comparison showed a relative depletion in cord blood
for the larger, more hydrophobic ones (PrPB and BuPB). With this similarity in detection
frequencies (i.e., >MDL) for MePB and EtPB, the observed relative depletion of the higher
molecular weight parabens (PrPB, BuPB, and BePB) may be due to the additive effects of
multiple factors, including dissimilarities in sampling periods, matrix and associated
transport phenomena, method sensitivity, and especially, partitioning of higher molecular
weight parabens onto the cellular fraction of whole cord blood. This last factor is likely to
have but a minimal influence since most parabens occur as hydrophilic conjugated species
(as shown in Section 3.4.).

Percentile concentrations of the different parabens in cord blood plasma (Table 3) were
typically an order of magnitude lower than those observed in maternal urine. The relative
lower occurrence of PrPB and BuPB in cord blood plasma could also be observed in the
relative total concentrations of the individual parabens (Figure 1), where PrPB and BuPB
went from average relative abundances of 23.9 + 17.4% and 1.1 + 3.5% in urine,
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respectively, to 4.1 + 6.5% and 0.4 £ 1.3% in cord blood plasma, respectively. Conversely,
MePB and EtPB increased in relative abundance, going from 72.6 + 19.0% and 2.4 £ 6.6%
in urine, respectively, to 91.1 + 10.0% and 4.1 + 6.1% in cord blood plasma, respectively
(Figure 1). Given that paraben concentrations in maternal urine in the second and third
trimesters are a good predictor for those extant at the time of birth, our results suggest that a
combination of maternal detoxification (conjugation and hydrolysis) and selective
partitioning or placental transfer may effectively mitigate the transfer of biologically-active,
unconjugated parabens to the fetus, thereby protecting the fetus from otherwise higher
exposure levels. Though the paraben concentrations in cord blood plasma were typically low
(Table 3), we speculate that these concentrations may represent a steady-state body burden
for the fetus because the body burdens are likely to be the result of frequent use of consumer
products by the mother. It is known that maternal exposures and associated maternal body
burdens result in a net body burden of the fetus to parabens because parabens were detected
previously in human amniotic fluid38 as well as in the urine of neonates.1® Our study
demonstrates that the transfer of parabens from the mother to the fetus occurs by means of
cord blood.

Because the detection frequencies and measured concentrations in cord blood plasma were
typically lower compared to those in maternal urine, our results suggest that cord blood
plasma (like amniotic fluid)3® may not be the most suitable matrix for assessing fetal
exposure using the currently available detection techniques. Based on our results, it is
recommended to (i) analyze whole cord blood along with plasma to determine the absorbed
fraction in addition to the bioavailable fraction, respectively, (ii) sample larger volumes of
cord blood, thereby increasing the sensitivity of the analysis, (iii) sample maternal urine
closer to the time of delivery, thereby avoiding uncertainties linked to exposure variability
over time,27- 36 (iv) investigate the relationship between the levels extant in maternal urine
and whole cord blood in the context of birth outcomes, and (v) investigate the levels in
amniotic fluid and neonate urine along with those in cord blood. As in the current study,
following the latter recommendation may be hampered by the fact that many cohort studies
routinely collect plasma rather than whole blood, so sample availability can represent a
limitation.

3.5 Free parabens in cord blood plasma

A random subset of 21 out of 38 cord blood plasma samples was analyzed for free parabens
(i.e., without enzymatic hydrolysis of phase-11 metabolites). Hence, this study is the first to
report concentrations of free and total parabens in umbilical cord blood. Free parabens were
detected for MePB, EtPB, and PrPB in 72.7, 45.5, and 31.8% of the 21 samples,
respectively, but BuPB or BePB was not detected. In our cohort, free MePB, EtPB, and
PrPB constituted 3.9%, 71.7%, and 6.4% (median values) or 4.9%, 72.0%, and 5.6%
(geometric means), respectively, of the total concentrations. These relative concentrations of
free parabens in cord blood plasma are similar to those reported for MePB and PrPB extant
in urine, namely 5% and 2%, respectively for one study,® and 57-98% and 1.4-12%,
respectively for another study.*> Free EtPB was detected in 10 out of 22 samples, but in 3 of
those cases, levels of free EtPB were found to exceed those of the total concentrations by
11-28%, and in 3 other cases both free and total EtPB was detected, but total EtPB could not
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be quantified (<0.15 pg/L). These findings are presumed to be due to the fact that in all 10
cases (where free EtPB was detected) both the free and total concentrations were typically
close to the MDL (0.15 pg/L) and below 1 pg/L, and analytical determinations routinely
incur variability of up to 30%. Despite the fact that these six cases were omitted from our
relative abundance calculations presented above, our relative abundances for EtPB were
substantially elevated compared to MePB and PrPB (Figure 1). One potential explanation
for free EtPB levels being elevated may be differences in the rate of metabolism of paraben
congeners by the human body. Although the fraction of free EtPB (~70%) is higher than for
MePB (~4%) or PrPB (~6%), the relative abundances of the four parabens remained largely
unchanged compared to their total levels in plasma (Figure 1). Thus, the findings for cord
blood plasma reported here are consistent with previous reports where median percentages
of free forms in urine were shown to account for 4-20% of the total forms, while varying
between 0.1 and 92%.31 According to our results, the fetus is exposed to most of the EtPB in
free form, but our low sample size severely limits the reliability of any conclusions as to its
representativeness on a population level.

4. Conclusions

The sampled urban immigrant population was shown here to experience body burdens of
some parabens, and in doing so, this work was the first to report cord blood plasma levels
for parabens. A review of the literature in combination with our data shows that the extent of
paraben exposure is distinct for individual parabens (rather than parabens as a collection), a
finding presumably driven by a number of cultural- and country-specific factors. Hence, this
work emphasizes the need to monitor exposure to parabens both as individual chemicals as
well as on a community level. The strong variability in exposures between populations
warrants an improved assessment of specific determinants of exposure for parabens whether
occurring individually or as a mixture. The present work may serve as a foundation to begin
exploring and identifying, in human populations, the potential health outcomes associated
with exposure to individual parabens as well as to more complex mixtures, such as with
their metabolite, PHBA, and other compounds with which they share pathways of toxicity.
Future work should substantiate whether elevated exposure to the different parabens is
associated with race/ethnicity and cultural background, and if fetal exposures impact fetal
development.

Supplementary material
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Figure 1.
Average relative abundances of five parabens calculated from uncorrected concentrations

(ug/L) in maternal urine (n = 181) and umbilical cord blood plasma (n = 38) after conjugate
hydrolysis, as well as in umbilical cord blood plasma without conjugate hydrolysis (n = 21).
Standard deviations ranged from 1.3-25.1%, but were not plotted for clarity (because they
overlapped). Data for BePB are not shown because this compound was extant at levels too
low to be quantified (>LOD; <MDL).
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Figure 2.
Total (Y -), uncorrected urinary concentrations of MePB and PrPB in our cohort (n = 181)

compared to those reported previously in the general population and in different
subpopulations of the United States.2# The values above the plots represent the percentage
of samples >MDL. The whiskers represent the 10t and 90t percentiles. NR = not reported.
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Total (Y -) concentrations (free form + conjugate species) of five parabens in spot urine collected during the
second to third trimesters of pregnancy. First and second lines report the uncorrected (ug/L) and creatinine-
normalized (ug/g) concentrations from 181 and 167 participants, respectively.

>MDL (%) Percentile Mean
5lh loth 25th 50th 75lh goth 95th
MePB 100 123 | 197 | 818 | 279 626 | 1324 | 2322 | 648
969 | 168 | 771 | 213 467 926 | 2054 | 503
EtPB 735 <004 | <004 | <004 | 144 | 444 | 40 | 1208 | 231
<00® | <004 | <00q® | 104 | 419 | 240 | 671 [ 190
PrPB 100 207 | 469 | 231 | 753 | 180 434 611 171
255 | 431 | 160 | 603 | 133 295 429 116
BuPB 65.7 <003 | <003 | <003 | 039 | 168 | 124 | 330 | 575
<008 | <003 | <00s® | 028 | 120 | 898 | 222 | 324
BePB 0.00 <002 | <002 | <002 | <002 | <002 | <002 | <002 | <0.02
<0.02% | <0.02% | <0.022 | <0.02% | <0.02% | <0.02% | <0.02% | <0.02®
s-parabens 100 201 | 435 | 141 410 826 | 1761 | 2758 | 847
192 | 379 140 297 642 | 1302 | 2745 | 641

MDL.: Method Detection Limit.

a . - .
assuming a creatinine concentration of 1 g/L.
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Total (Y -) concentrations (ug/L) of five parabens after conjugate hydrolysis in umbilical cord plasma collected
at time of birth from 38 neonates.

>MDL (%) Percentile Mean
5th 10th o5t 5oth 75th goth 95th

MePB 97.4 0.89 2.10 6.89 25.0 62.8 180 210 54.8
EtPB 76.3 <0.15 | <0.15 | <0.15 | 0.36 0.56 111 3.82 0.70
PrPB 47.4 <0.27 | <0.27 | <0.27 | <0.27 1.59 11.8 31.8 4.28
BuPB 18.4 <0.09 | <0.09 | <0.09 | <0.09 | <0.09 | 0.16 0.26 | <0.09
BePB 0.0 <0.10 | <0.10 | <0.10 | <0.10 | <0.10 | <0.10 | <0.10 | <0.10
Y-parabens 97.4 1.10 2.51 7.08 25.9 67.5 192 250 59.8

MDL: Method Detection Limit
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