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Puerto Rico has higher rates of a range of endocrine-related diseases and disorders compared to
the United States. However, little is known to date about human exposures to known or potential
endocrine disrupting chemicals (EDCs) in Puerto Rico. We recruited 105 pregnant women in
Northern Puerto Rico who provided urine samples and questionnaire data at three times (20+2,
24+2, and 28+2 weeks) during gestation. We measured the urinary concentrations of five phenols
and three parabens: 2,4-dichlorophenol (24-DCP), 2,5-dichlorophenol (25-DCP), benzophenone-3
(BP-3), bisphenol A (BPA), triclosan (TCS), butyl paraben (B-PB), methyl paraben (M-PB), and
propyl paraben (P-PB). The frequent detection of these chemicals suggests that exposure is highly
prevalent among these Puerto Rican pregnant women. Urinary concentrations of TCS, BP-3 and
25-DCP were higher than among women of reproductive age in the US general population, while
concentrations of BPA, 24-DCP and parabens were similar. Intraclass correlation coefficients
(ICC) varied widely between biomarkers; BPA had the lowest ICC (0.24) and BP-3 had highest
(0.62), followed by 25-DCP (0.49) and TCS (0.47). We found positive associations between
biomarker concentrations with self-reported use of liquid soap (TCS), sunscreen (BP-3), lotion
(BP-3 and parabens), and cosmetics (parabens). Our results can inform future epidemiology
studies and strategies to reduce exposure to these chemicals or their precursors.
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INTRODUCTION

There is growing evidence that exposure to endocrine disrupting chemicals (EDCs) may
contribute to various human diseases and disorders, such as adverse pregnancy outcomes,
altered reproductive development or function, hindered brain development, obesity, and
increased risk of metabolic syndrome and diabetes.[1, 2] In the past two decades, Puerto
Rico has experienced a steep increase in the rate of preterm birth, where rates have gone
from being similar to the US average in the 1990s (12%) to now being the highest (18%)
among all US states and territories.[3, 4] As a nation, Puerto Rico would have the third
highest preterm birth rate worldwide behind only Malawi and Congo.[5] Compared to the
United States, Puerto Rico also has higher rates of childhood obesity and asthma,[6-8] as
well as of obesity, metabolic syndrome, and diabetes in adults.[9, 10] There is some
evidence for widespread endocrine disruption on the island, manifest in the form of elevated
rates of developmental anomalies such as premature thelarche.[11, 12] However, little is
known to date about human exposures to EDCs in Puerto Rico.

Exposure to certain phenols (or their precursors) and parabens is widespread in the United
States based on the detection of urinary biomarkers of exposure to these chemicals in
virtually everyone tested in the National Health and Nutrition Examination Survey
(NHANES), a large-scale study representative of the US population.[13] Use of consumer
and personal care products are thought to contribute to exposure, but this remains unclear
due to the lack of research to date. Among the environmental phenols, BPA represents the
most studied. It is used in the manufacture of polycarbonate plastics and epoxy resins, and
may be found in a range of consumer products as well as in canned and other foods. The
primary pathway of exposure for most people is likely through the diet, though other sources
and pathways are possible.[14] BPA is weakly estrogenic but may impact multiple
endocrine-related pathways, and has been associated with a range health effects in animal
and human studies.[15, 16] Triclosan (TCS) is used as a preservative and antiseptic agent
added to a range of products including soaps, toothpaste, mouthwash, and other personal
care products.[17] This widespread use has resulted in contamination of the aquatic
environment through residential wastewaters; TCS can also be further transformed into other
toxic chemicals.[18, 19] TCS has demonstrated effects on thyroid function and possibly
reproduction in animal studies,[19] but there have been very few human studies.
Benzophenone-3 (BP-3) is a UV filter and stabilizer used in sunscreens, lotions,
conditioners, cosmetics and plastics, which, like TCS, has led to its detection in surface and
drinking waters.[13] It has been shown to be weakly estrogenic, anti-androgenic, and/or
impact thyroid function in experimental research, but human studies of BP-3 are also
lacking.[20]

Dichlorophenols are also prevalent in human urine samples.[13] 2,4-dichlorophenol (24-
DCP) is a minor metabolite of the common herbicide 2,4-dichlorophenoxyacetic acid (2,4-
D) and other environmental chemicals (including TCS[21]), while 25-DCP is a metabolite of
1,4-dichlorobenzene (paradichlorobenzene) that has been used in moth balls, as a room/toilet
deodorizer and previously as an insecticide.[13] Urinary 25-DCP (but not 24-DCP) was
associated with obesity in children[22] and with age at menarche in adolescent girls[23] in
recent reports utilizing NHANES data. Inverse associations between 25-DCP and infant
birth weight, particularly among male infants, have also been reported.[24, 25] Finally,
parabens are a class of chemicals widely used as preservatives in cosmetics and other
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personal care products, and are also used as antimicrobials in various foods and
pharmaceuticals.[26] They are suspected EDCs with demonstrated adverse impacts on
endocrine and reproductive function in animal studies, but research on human health impacts
have been extremely limited.[27, 28]

With the exception of two recent studies of BPA [29, 30] and a related study on parabens,
[27] data on temporal variability and/or predictors of exposure to these chemicals related to
product use in pregnant women are lacking. Given their ubiquity and potential to contribute
to adverse human health, exposure characterization studies are needed to inform
epidemiology studies, especially among susceptible populations such as pregnant women
and children. Information is also needed on sources of exposure to inform potential
interventions aimed at reducing exposures and associated health risks. The objective of this
study was to determine distributions, variability, and predictors of urinary biomarkers of
environmental phenols and parabens measured at multiple times during pregnancy among
women living in Northern Puerto Rico.

Study Participants

This study was conducted among pregnant women participating in the “Puerto Rico Testsite
for Exploring Contamination Threats (PROTECT)” project, an ongoing prospective birth
cohort in the Northern Karst Region of Puerto Rico, which is designed to evaluate the
relationship between environmental toxicants and risk of preterm delivery. Study
participants were recruited at approximately 14+2 weeks of gestation at seven prenatal
clinics and hospitals throughout Northern Puerto Rico during 2010-2012. Women were
eligible if they were between the ages of 18 to 40 years, resided in a municipality within the
Northern karst region, didn’t use oral contraceptives three months prior to pregnancy or in
vitro fertilization as a method of assisted reproductive technology, and were free of known
medical/obstetrics complications. Women provided spot urine samples at three separate
study visits (2012 weeks, 24+2 weeks, and 28+2 weeks of gestation). Questionnaires to
collect demographic information and data on self-reported product use in the 48 hours
preceding urine sample collection were also administered at each visit.

The present analysis reflects the first105 women recruited into the study who had urinary
biomarker data as of June 2012. The research protocol was approved by the Ethics and
Research Committees of the University of Puerto Rico and participating clinics, the
University of Michigan School of Public Health, and Northeastern University. The
involvement of the Centers for Disease Control and Prevention (CDC) laboratory was
determined not to constitute engagement in human subjects research. The study was
described in detail to all participants, and informed consent was obtained prior to study
enroliment.

Measurement of Phenols and Parabens in Urine

Urine was collected in polypropylene containers, divided into aliquots, and frozen at -80 °C
until shipped overnight to the CDC. All urine samples were analyzed at the National Center
for Environmental Health of the CDC for five phenols (BPA, TCS, BP-3, 24-DCP, and 25-
DCP) and three parabens (butyl paraben (B-PB), methyl paraben (M-PB), propyl paraben
(P-PB)) by online solid phase extraction-high-performance liquid chromatography-isotope
dilution tandem mass spectrometry.[31, 32] The analytical method details are provided in
the Supporting Information. To monitor for accuracy and precision, each analytical run
included calibration standards, reagent blanks, and quality control materials of high and low
concentrations. The limits of detection (LODs) varied slightly between analytes, but were
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generally in the low ng/mL range. Concentrations below the LOD were assigned a value of
LOD divided by the square root of 2. Specific gravity (SG) was measured at the University
of Puerto Rico Medical Sciences Campus using a handheld digital refractometer (Atago Co.,
Ltd., Tokyo, Japan). For data analyses utilizing SG-corrected metabolite concentrations, the
following formula was used: P.=P[(1.019-1)/(SG-1)] where P is the SG-adjusted urinary
concentration (ng/mL), P is the measured urinary concentration, and SG is the specific
gravity of the urine sample. An SG of 1.019 was the median SG value for this group of urine
samples.

Statistical Analysis

RESULTS

Geometric means and selected percentiles were calculated to describe the distributions of
urinary biomarkers of phenols and parabens among study participants and for comparison
with other published reports. We compared concentrations measured in the present study
with those measured in NHANES. We utilized publicly accessible urinary phenols and
parabens concentration data from NHANES 2007-2008 and 2009-2010 among females
between the ages of 18 and 40 years, along with appropriate sampling weights, to tabulate
geometric means and selected percentiles.

Pearson and Spearman rank correlations were calculated to assess relationships between
study visits and between the various biomarkers. Differences in geometric mean biomarker
concentrations between study visits (i.e. time points in gestation) were tested using one-way
ANOVA. To assess temporal variability in urinary biomarker concentrations intraclass
correlation coefficients (ICCs) and their 95% confidence intervals were calculated.[33] ICC
is a measure of the reliability of repeated measures over time, defined as the ratio of
between-subject variance to total (between-subject plus within-subject) variance. ICC ranges
from zero to one, with values near zero indicating poor temporal reliability and values near
one indicating high temporal reliability.[34]

Geometric means were compared between categories for maternal age, maternal education,
marital status, household income, parity, pre-pregnancy body mass index (BMlI), and time of
day at urine collection. We examined the association between urinary concentrations of the
biomarkers and demographic, sampling time, and 48-hour recall of product use variables
using linear mixed effects models with the compound symmetry covariance structure.
Demographic factors were included as fixed time-invariant effects in our mixed models.
Time of day of sample collection and product use variables were modeled as fixed time-
dependent factors. Natural log-transformed unadjusted or SG-adjusted urinary
concentrations of phenols or parabens were the dependent variable in mixed models, with
separate models for each independent variable. Data were analyzed using SAS 9.2 (SAS
Institute Inc. Cary, NC).

A total of 279 urine samples from 105 women were analyzed. Data on SG was missing for 2
samples. Statistical analysis was conducted for both unadjusted and SG-adjusted urinary
concentrations, and results were highly consistent between the two approaches throughout.
Demographic characteristics of our study sample are shown in Table 1. The mean age was
27.2 years; 82% of the women had an education above the high school level, and 73% were
either married or in a domestic partnership. The majority of women reported a household
income below $40,000 per year and nearly all women did not smoke during pregnancy.

Distributions of urinary biomarker concentrations are presented in Table 2, along with
distributions from 18-40 year old women from US NHANES 2007-08 and 2009-10. BPA,
BP-3, both dichlorophenols, M-PB and P-PB were detected in between 95% and 100% of
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samples. TCS was detected in 89% of samples, while B-PB was detected in 58%. When
comparing distributions with NHANES women, women in our study had higher geometric
mean concentrations of BP-3, TCS, and 25-DCP. Median concentrations of TCS and 25-
DCP were two- and six-fold greater, respectively, among women in this study compared to
NHANES 2009-10. For BP-3, median concentrations were similar but the populations
diverged greatly at the upper end of the distribution, which resulted in a higher geometric
mean concentration among Puerto Rican women. Geometric mean and median
concentrations of BPA, 24-DCP, and the three parabens were similar between the two
populations. When looking across urinary biomarkers there was a strong correlation between
24-DCP and 25-DCP (Spearman r > 0.8) and between the three parabens, particularly
between M-PB and P-PB (r = 0.8). There were also weak (r = 0.25 to 0.4) but statistically
significant (p < 0.05) correlations between 24-DCP and TCS, and between BP-3 and the
parabens.

Box plot comparisons of the concentration distributions for each biomarker between study
visits (approximately 20, 24, and 28 weeks gestation) are shown in Figure 1. There were no
statistically significant differences between unadjusted or SG-adjusted geometric mean
concentrations at the three visits for any of the biomarkers. ICCs, presented in Table 3,
varied widely between biomarkers and ranged from weak to moderately strong. BPA had the
lowest ICC (0.24) and BP-3 had highest (0.62), followed by 25-DCP (0.49) and TCS (0.47).

Urinary biomarker concentrations in relation to sampling and demographic variable
categories are presented in Table 4. Only urinary 24-DCP and 25-DCP concentrations were
associated with time of day of urine sample collection, where concentrations in samples
collected later in the day (between 3:00 and 8:00 PM) were significantly higher (p=0.01 and
p=0.006, respectively) compared to the other time categories. There was a trend for
increasing BP-3 concentrations with increasing age categories. The oldest age category (>30
years) was also associated with higher TCS and B-PB concentrations. BP-3 and P-PB
concentrations were lower among women with <12 years of education. There were
increasing trends between BP-3 concentrations and income status, B-PB concentrations and
increased parity, and between BPA concentrations and pre-pregnancy BMI. Finally,
dichlorophenols concentrations were lower and B-PB concentrations higher among women
who were not currently employed.

Self-reported use of selected products in the 48 hours preceding urine sample collection that
were related to urinary biomarker concentrations are presented in Table 5. Use of hand or
body lotion was associated with significantly higher (between 2 and 3-fold) geometric mean
concentrations of BP-3, B-PB, M-PB and P-PB. Self reported use of colored cosmetics
(make-up) was positively associated with similar changes in all paraben biomarker
concentrations. Geometric mean BP-3 concentrations were 10-fold higher among women
who reported recent use of sunscreen (503 ng/mL) than among other women (49 ng/mL).
Use of mouthwash was associated with significant increases in BP-3 and BPA
concentrations. Triclosan concentrations were also higher among women reporting use of
liquid soap and hairspray compared to those who did not. The use of bar soap was
negatively associated with BP-3 concentrations, and use of bar soap and pesticides were
both negatively associated with M-PB concentrations. None of the questionnaire variables,
including use of pesticides, were associated with increased dichlorophenol concentrations
(not shown). When demographic and product use variables that were associated with
concentrations of each biomarker were included simultaneously in multivariate models,
results were similar for each product use variable though somewhat attenuated (not shown).
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DISCUSSION

To our knowledge, this is the first study to report biomarkers of exposure to known or
suspected endocrine disrupting environmental phenols and parabens in Puerto Rico, and also
the first to report temporal variability and/or predictors of most of these chemicals among
pregnant women. We found that exposure to the chemicals measured is highly prevalent
among pregnant women in Puerto Rico. We also found evidence that concentrations of TCS,
BP-3 and 25-DCP were higher than among women of reproductive age in the US general
population. On the other hand, concentrations of BPA, 24-DCP and parabens were similar to
those reported among US women.

The urinary biomarker concentrations measured in the present study can also be compared
with other studies of pregnant women, though caution must be taken since there were
potentially important differences between the studies (e.g., study design, year of sample
collection) that may impact these comparisons. Urinary BPA concentrations in this study
were somewhat higher than studies in Ohio,[29] New York,[25, 35] Mexico City,[36]
Germany[37] and the Netherlands[38] that reported geometric mean and/or median
concentrations between 1.0 and 2.0 ng/mL, but similar to studies in Boston,[30] France [24]
and Spain[39] that reported median BPA concentrations of 2.6, 2.7 and 2.2 ng/mL,
respectively. Studies of the other chemicals we measured have been much more limited in
number. Median concentrations of TCS and BP-3 appear to be much higher in this Puerto
Rico cohort (26 and 31 ng/mL, respectively) compared to studies of pregnant women in
New York (11 and 7.5 ng/mL) [25] and Spain (6.1 and 3.4 ng/mL).[39] Median
concentrations of 25-DCP were similar in the Spanish study (17 ng/mL), but higher in the
New York study (53 ng/mL), compared to this study (19 ng/mL). A recent pregnancy study
in France reported a similar median TCS concentration (24 ng/mL) compared to our study,
but BP-3 and 25-DCP concentrations were lower in that study (1.7 and 10.2 ng/mL,
respectively).[24] For paraben concentrations in this study, B-PB was somewhat lower, P-
PB was somewhat higher, and M-PB was similar compared to the Spanish and French
studies.[24, 39]

Characterizing temporal variability in exposure metrics, especially for biomarkers of
nonpersistent compounds such as those measured in the present study, is a critical step in
designing and interpreting an epidemiology study related to the potential for exposure
measurement error. We found that temporal variability in urinary biomarker concentrations
was not uniform across the chemicals measured. We found a weak 1CC for BPA
(ICC=0.24), which is consistent with previous studies among preghant women in Ohio
(ICC=0.10 to 0.28)[29] and Boston (ICC=0.12 to 0.23).[30] This is likely attributable to the
rapid metabolism of BPA in addition to intermittent exposure to BPA which occurs mostly
through the diet. The ICCs we calculated for M-PB (1CC=0.39) and P-PB (ICC=0.32) were
somewhat lower than those recently reported among pregnant women who had sought
fertility treatment in Boston (ICC=0.46 and 0.44, respectively).[27] The higher ICCs we
reported for BP-3 (0.62), TCS (0.47) and 25-DCP (0.49) suggest more consistent exposure
sources over time for these compounds. Only one other study, conducted among children in
New York City, has assessed temporal variability of these chemicals.[40] The authors
reported lower ICCs than we reported here (0.39, 0.35 and 0.37 for BP-3, TCS and 25-DCP,
respectively).

We found that only dichlorophenol concentrations were associated with time of day of urine
sample collection, where samples collected later in the day had significantly higher
concentrations of these biomarkers. The lack of association between urinary BPA and time
of day in these women was inconsistent with time of day influences on urinary BPA
reported by a previous study of pregnant women in Ohio[29] and an NHANES analysis.[41].
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On the other hand, the positive association between BPA and BMI in this study was
consistent with previous studies reporting relationships between BPA exposure and obesity.
[42, 43] Our observation of increased TCS concentrations among women in their 30s is
similar to an NHANES analysis.[17] Finally, our finding that dichlorophenol concentrations
were lower among women not currently employed may suggest occupational sources of
exposure to the parent chemicals, which may also be reflected in the time of day patterns we
observed in these two biomarkers. However, additional detailed studies would be needed to
support that conclusion.

Most of the associations we observed between self-reported product use and urinary
biomarker concentrations are supported by what is known about the use of these chemicals.
Liquid soap use in the 48 hours preceding urine sample collection was positively associated
with TCS concentrations in this study, which is consistent with the high concentrations
(>1,000 pg/g) of TCS recently measured in samples of “conventional” hand soap and liquid
dish soap.[44] TCS concentrations were also higher among women reporting use of
hairspray than among women who did not. However, we could not find evidence for the
presence of TCS in hairspray.[17, 44, 45] The divergence of the exposure distribution we
observed for BP-3 concentrations between women in this study compared to NHANES, but
only at the high end of the distribution, may also represent a subpopulation of pregnant
women in Puerto Rico with unique and direct exposure to a particular source. Self-reported
use of sunscreen and hand/body lotion was positively associated with BP-3 concentrations.
The greatest increase for any product use/biomarker combinations in our study was observed
for sunscreen use and BP-3. BP-3, a UV filter, has been detected in both “conventional” and
“alternative” sunscreens.[44] Many hand and body lotions advertise having a sun protection
factor and thus may contain BP-3. We also found higher urinary concentrations of BP-3 and
BPA in relation to self-reported mouthwash use. No information relating to the use of these
chemicals in mouthwash could be located, and it may be possible that these associations
were due to confounding or were chance findings due to multiple comparisons.
Concentrations of parabens, which are commonly used in cosmetics and other personal care
products,[45] were associated with self-reported use of cosmetics and lotion. Parabens were
recently detected in a study that sampled various cosmetic and lotion products.[44]

Strengths of our study include the novel aspects described earlier, in addition to its focus on
an understudied and potentially at-risk population, a fairly large sample size for assessing
predictors of metabolite concentrations, its important and original contribution to informing
future exposure assessment and epidemiology studies, and the collection of repeated data on
urinary biomarkers and self-reported product use. The repeated data allowed for an
especially powerful analysis for the time varying factors, as each participant can serve as
their own reference in mixed effects models. A primary limitation of our study was the
inability to ask more detailed questions on the product use form. However, the inclusion of
increased detail on the product use form would result in an exponential increase in
participant burden, and may introduce additional recall errors. Added detail, such as specific
product and brand names, would also result in a diffuse dataset that may lack power to test
associations. Another potential limitation may be in our ability to compare our results with
other studies or generalize our findings to other populations due to differences in study (e.g.,
questionnaire) design and differences in product formulation, availability and use by
country/region.

In conclusion, we found evidence that urinary concentrations of triclosan, BP-3, and 25-
DCP were higher among a group of pregnant women in Puerto Rico compared to women of
reproductive age in the US, while concentrations of BPA, 24-DCP and parabens were
similar. Although greatly limited, there is some evidence that exposure to these chemicals
may be associated with adverse pregnancy outcomes and other health effects. Additional
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human epidemiology studies of these chemicals are greatly needed. We found positive
associations between biomarker concentrations and self-reported use of liquid soap (TCS),
sunscreen (BP-3), lotion (BP-3 and parabens), and cosmetics (parabens). This information,
coupled with data from studies measuring these chemicals in specific products, may help
inform pregnant women and others on how to reduce their exposure. Finally, the degree of
temporal reliability observed for the urinary measures varied by analyte. Epidemiology
studies utilizing these urinary biomarkers to estimate exposure during pregnancy should
include as many repeated measurements at multiple times during gestation as feasible to
reduce measurement error and to explore potential windows of susceptibility to adverse
health outcomes. However, the collection and analysis of multiple urine samples must be
reconciled with budget and logistic constraints of large-scale epidemiology studies given the
high costs associated with the additional contact with participants and sensitive analytical
chemistry methods required.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Boxplots comparing SG-adjusted concentrations of urinary biomarkers across study visits?.
aVisit 1 (20 £2 weeks gestation), Visit 2 (24 +2 weeks), Visit 3 (28+2 weeks)
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Table 1

Demographic characteristics of N=105 pregnant women from Puerto Rico (2010-2012)

Variable Mean + SD or n (%)

Maternal Age at enrollment (years) 27.1+4.8
Gravidity (# pregnancies) 19+10
Parity (# live births) 06+0.7
Years of Maternal Education
< High school 12 (11.4)
High school/equivalent 7 (6.7)
College 86 (81.9)
Household Income (US$)
Missing 15 (14.3)
<$20,000 46 (43.8)
>$20,000 to < $40,000 27 (25.7)
>$40,000 17 (16.2)
Marital Status
Single 29 (27.6)
Married or living together 76 (73.4)
Pre-pregnancy BMI (kg m2)
<25 60(57.1)
>25t0<30 32(30.5)
>30 13(12.4)
Smoked During Pregnancy
Missing 2 (1.9)
Yes 1(1.0)
No 102 (97.1)
Employment
Unemployed 42 (40.0)
Employed 63 (60.0)
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Table 3

Page 16

Intraclass correlation coefficients (ICCs) and 95% confidence intervals (95% CIs) for In-transformed urinary

concentrations of phenols and parabens

Urinary biomarker  ynadjusted® SG-adjustedP
ICC 95%Cl ICC  95%ClI
BPA 027 015042 024 0.13,040
TCS 042 030,055 047 0.35, 059
BP-3 0.58 047,068 0.62 0.51,0.71
24-DCP 037 025050 038 0.27,052
25-DCP 050 038,062 049 0.38, 061
B-PB 045 033,057 047 0.35 060
M-PB 036 024,050 039 0.27,053
P-PB 031 019,046 032 0.20,047

an=279 samples from 105 participants

bn=277 samples from 105 participants
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