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Abstract

Background: Phthalates are endocrine disrupting compounds linked to various adverse health
effects. U.S. national biomonitoring data indicate that select minority subgroups may suffer
disparate exposures to phthalates. Still, exposures and their respective determinants among these
subgroups are not well characterized.

Objective: We sought to examine determinants of phthalate exposure in a subsample of US-
based Latino adults.

Methods: We conducted a cross-sectional study on 94 Latino immigrant adults in Maryland.
Participants were =18 years of age and working in a service-based industry. We administered an
interviewer-administered questionnaire to capture information on potential exposure determinants
(e.g., demographic characteristics, consumer product use, and workplace exposures and behaviors)
and using HPLC/MS-MS we quantified concentrations of 9 urinary phthalate metabolites:
monoethyl phthalate (MEP, diethyl phthalate metabolite); mono-/+butyl phthalate (MBP, di-n-
butyl phthalate metabolite); mono-isobutyl phthalate (MiBP, di-isobutyl phthalate metabolite;
monobenzyl phthalate (MBzP, benzylbutyl phthalate metabolite); molar sum of di-2-ethylhexyl
phthalate or DEHP metabolites [mono-2-ethylhexyl phthalate (MEHP), mono-(2-ethyl-5-
hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), and
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mono-(2-ethyl-5-carboxypentyl) phthalate (MECCP)]; and mono(3-carboxypropyl) phthalate
(MCPP, a non-specific metabolite of several phthalates including di-/+butyl phthalate and di-7+
octyl phthalate). DEHP was analyzed as the molar sum of four metabolites (X~DEHP=MEHP
+MEHHP+MECPP+MEOHP). Spearman correlations, Wilcoxon-Mann-Whitney, and Kruskal-
Wallis tests were conducted to assess bivariate associations between metabolite concentrations and
potential exposure determinants. Covariates associated with metabolites at p<0.10 in bivariate
analyses were included in multivariable linear regression models to assess the independent effects
of predictors on metabolite concentrations.

Results: Uncorrected median phthalate metabolite concentrations were lower in our study
population (<LOD-12.8 ug/L) compared to those reported in the US general population (1.0-28.8
pg/L) and adult populations in other countries. Geometric mean specific gravity-corrected
concentrations for metabolites detected in >50% of samples ranged between 1.4 and 23.6 ug/L.
While we observed some significant associations with select predictors in our bivariate analysis,
select associations were attenuated in multivariable regression models. In our final multivariable
linear regression models, we found that use of bleach (3=1.15, 95%CI:0.30, 2.00) and
consumption pasta/rice/noodles (8=0.87, 95%CI: 0.27, 1.46) was positively associated with MBzP
concentrations. MEP concentrations were inversely associated with use of furniture polish (3=
-1.17, 95%Cl: -2.21, —-0.12) and use of scented dryer sheets (3=-1.08, 95%CI: -2.01, —-0.14).
Lastly, ZDEHP concentrations were inversely associated with use of degreaser (Bpgqp=-0.65,
95%Cl: -1.25, —0.05).

Conclusions: In this predominantly U.S.-based Central American subsample of adults, we
observed lower metabolite concentrations than those previously reported in other U.S. studies and
other countries. Our findings could be due, in part, to temporal trends in phthalate exposures and
cultural differences related to exposure-related behaviors. While some exposure determinants were
identified in our bivariate analyses, results from multivariable regression models did not provide
clear results as many associations were attenuated. Environmental exposures may vary within
minority subgroups and should be explored further in future studies to further inform exposure
mitigation strategies.

Keywords
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INTRODUCTION

Phthalates are synthetic high production volume chemicals classified into two groups as low
and high molecular weight (LMW, HMW) phthalates based on the number of carbon chains
(Katsikantami et al., 2016). LMW phthalates, such as diethyl (DEP) and dimethyl (DMP)
phthalate, have 1-4 carbon side chains, while HMW phthalates, such as di-2-ethylhexyl
phthalate (DEHP) have = 5 carbon side chains. The length of the side chain plays a role in
the metabolism and excretion of phthalates, which can determine their toxicity potential
(Hauser, 2005; National Research Council, 2008). LMW phthalates are mainly excreted as
unconjugated monoesters, although some of them can also be further metabolized to
oxidized metabolites (Koch et al. 2012). HMW phthalates undergo additional
biotransformation and are excreted as oxidative metabolites (Hauser, 2005). The
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glucuronidation in phase Il biotransformation is reported to reduce the potential for
biological toxicity (Hauser, 2005). Phthalates with 4—6 carbon side chains may be the most
potent for some endpoints, such as male reproduction (National Research Council, 2006;
Environmental Protection Agency (EPA), 2012; Gray, 2000).

LMW phthalates are widely used as solvents and fragrance stabilizers in products such as
adhesives, detergents, personal care products, and cosmetics. HMW phthalates are used as
plasticizers to impart flexibility and durability, and are commonly found in building
materials, furnishings, and polyvinyl chloride plastics (PVC) (Godwin, 2010; Schettler,
2006). Phthalates are also found in medications, medical supplies, foods, and toys (Broe et
al., 2018; Colacino et al., 2010; Malarvannan et al., 2019; McCombie et al., 2017). Their
widespread use in consumer products has led to ubiquitous exposure in the U.S. general
population and in other countries (Centers for Disease Control and Prevention (CDC), 2019;
Koch et al., 2017; Shin et al., 2020). Exposure to phthalates may occur via ingestion,
inhalation, and dermal and intravenous absorption (Schettler, 2006).

There are growing public health concerns related to phthalate exposures as these compounds
are endocrine disruptors (Ohtani et al., 2000) that have been associated with various adverse
effects, including respiratory problems (Ait Bamai et al., 2016), adverse pregnancy
outcomes (Zhang et al., 2020), and metabolic-related diseases, such as type 2 diabetes,
hypertension, and cardiovascular disease (Bai et al., 2017). Some phthalates are also
reported to have antiandrogenic effects and there is increasing evidence from human and
animal studies which suggests that /n utero exposure to select phthalates may be associated
with disorders of male reproductive development (De Falco et al., 2015). Elevated
occupational exposure to both LMW and HMW phthalates may occur among select worker
populations including those working in plastic manufacturing (Petrovifova et al., 2016). In
the U.S. general population, national biomonitoring data indicate that women and minorities
(Mexican-Americans and African Americans) are disproportionately exposed to phthalates,
particularly LMW phthalates (Huang et al., 2014). Elevated exposures to phthalates among
women are thought to result from personal care product use; however, it is not known why
exposures are elevated among select minority groups (Silva et al., 2004; Kobrosly et al.,
2012).

Identifying modifiable phthalate exposure determinants among minority subgroups is critical
to mitigate potential environmental health disparities. Latinos represent a growing
demographic in the United States, with projections of a steady rise in the percentage of those
who are foreign-born (Colby and Ortman, 2017). While limited studies have evaluated
phthalate exposures among select Latino subgroups (Mexican-Americans and Dominicans)
in the U.S. (Holland et al., 2016; Whyatt et al., 2009), to our knowledge, exposure to
phthalates among other Latino subgroups remains understudied. In the present study, we
sought to fill a critical data gap by examining determinants of phthalate exposure in a U.S.-
based subsample of Latino adults, predominantly from Central America.
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METHODS
Study Population

Data for the present study was obtained from a cross-sectional study comprised of 156
Latino immigrant adults in Prince George’s County, Maryland that aimed to assess
workplace exposures and health behaviors among a Latino worker population. Participant
recruitment was conducted between November 2017 and March 2018. Eligibility criteria for
study participants included being =18 years of age, working in a service-based industry at
the time of enrollment, and willing to provide biospecimens and complete an interviewer-
administered questionnaire. The three service-based industries included facilities
management (e.g., plumbers, landscapers, electricians), dining facilities (cooks and service
staff in dining facilities), and custodial services in residential facilities. All study protocols
were approved by the University of Maryland Institutional Review Board (IRB) prior to
participant enrollment, and written informed consent was obtained from all study
participants prior to any data and sample collection.

Data collection

Trained bilingual-bicultural study staff administered a questionnaire in the participant’s
preferred language (either English or Spanish) to capture information on demographic
characteristics (e.g., age, sex, household income, length of time in the U.S., nativity),
general health, workplace tasks and safety behaviors, and chemical exposures at the
workplace and home (e.g., use of personal care products, cleaners, solvents). On the
questionnaire, dietary and chemical exposures at home were categorized as “never,”
“rarely,” “1-3 times per month,” “1-3 times per week,” “4-6 times per week,” or “every
day”; chemical exposures at the workplace were categorized as “never,” “rarely,” “1-3 days
per week,” or “4-5 days per week;” recent renovation projects and select home
characteristics were categorized as yes/no; use of personal protective equipment at work was
characterized as “never,” “sometimes,” “all the time” or “not necessary for my job.” For the
present analysis, based on the distribution of responses, we dichotomized variables for our
data analysis such that “never” or “rarely” was one category and any use was another
category. Lastly, we queried participants about not being able to afford balanced meals and
the response options were “occurred frequently,” “occurred sometimes,” and “never.” For
our data analysis, these responses were further dichotomized such that any occurrence was
categorized as “yes” and never was categorized as “no”.

Exposure assessment of phthalates

To assess phthalate exposure, we collected a spot urine sample from each study participant.
Samples were collected in phthalate-free polypropylene urine collection containers,
aliquoted into cryovials, and stored at —80°C until laboratory analysis. Prior to storage, we
measured specific gravity in each sample with a digital ATAGO refractometer (Atago USA,
Inc.) to account for urine dilution in our analysis. We quantified concentrations of 9
phthalate metabolites, representing exposure to 6 parent phthalate compounds in each urine
sample at the University of Maryland Exposome Small Molecule Core Facility (College
Park, Maryland): monoethyl phthalate (MEP, a metabolite of diethyl phthalate, DEP); mono-
n-butyl phthalate (MBP, a metabolite of di-n-butyl phthalate, DBP); mono-isobutyl phthalate
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(MiBP, a metabolite of di-isobutyl phthalate (DiBP)); monobenzyl phthalate (MBzP, a
metabolite of benzylbutyl phthalate, BBzP); four metabolites of di-2-ethylhexyl phthalate,
DEHP [mono-2-ethylhexyl phthalate (MEHP), mono-(2-ethyl-5-hydroxyhexyl) phthalate
(MEHHP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), and mono-(2-ethyl-5-
carboxypentyl) phthalate (MECCP)]; and mono(3-carboxypropyl) phthalate (MCPP, a non-
specific metabolite of several phthalates including di-r-butyl phthalate, DBP and di-s+octyl
phthalate, DOP).

Concentrations of phthalate metabolites were quantified using high-performance liquid
chromatography-isotope dilution—-tandem mass spectrometry (HPLC/MS-MS) using a
modified method based on a previously validated laboratory method (Centers for Disease
Control and Prevention (CDC), 2010); limits of detection (LOD) ranged from 0.063 to 0.542
ug/L. Briefly, the laboratory method entailed thawing the frozen urine samples, which were
then vortexed and sonicated for 5 minutes. Then, 100 pL of ammonium acetate buffer
solution (1M, pH 6.5) containing 20 pL of a p-glucuronidase solution (enzyme from E. coli
K12) and 2.5 pL internal standard (10 ug/mL) was added to 400 pL of urine. This mixture
was incubated at 37  for at least 90 min to induce the enzymatic cleavage of the conjugates.
Finally, the mixture was filtrated and a 200 pL aliquot of the sample was transferred into an
injection vial for further liquid chromatography with tandem mass spectrometry analysis
using the Agilent 1290 Infinity Il HPLC coupled with an Agilent 6470 QQQ triple-quad
mass spectrometer (MS/MS). An autosampler was used to inject 10 uL of sample onto the
UHPLC system and chromatographic separation was achieved using an Agilent InfinityLab
Poroshell 120 Phenyl Hexyl LC column (2.1 x 100 mm, 1.9 um). Analysis of the phthalate
ester metabolites after HPLC separation was performed using negative electrospray
ionization tandem mass spectrometry (ESI(-)-MS/MS) detection in dynamic multiple
reaction monitoring (dA(MRM) mode. A nine-point calibration curve was used to quantify
metabolite concentrations. The working standards were prepared in 10% acetonitrile in
water. The concentration of the 13C-labeled internal standards was 50 pg/L. The recovery
rate was calculated as the ratio between the experimentally observed concentration and the
nominal concentration. A blank sample was processed through the sample preparation
procedure and confirmed no laboratory contamination of phthalate metabolites. After every
10 sample injections, a solvent blank and spiked standard were injected for quality assurance
or quality control (QA/QC) purposes.

For the present study, we assessed exposure to individual metabolites and generated a
summary metric for di(2-ethylhexyl) phthalate (DEHP) devolving metabolites (XDEHP
metabolites) since DEHP can break down into four different metabolites. The summary
measure used in our analyses consisted of the molar sum of individual DEHP-devolving
metabolites (MEHP, MEHHP, MECPP, MEOHP). Metabolite concentrations were corrected
for dilution by using the following formula: Cgy= Cx [(SGm = 1)/(SG - 1)], where Cyyis
the specific gravity-corrected phthalate metabolite concentration (in pg/L), Cis the observed
phthalate metabolite concentration (in pg/L), SG, is the mean specific gravity value in our
study population, and SG is the specific gravity of the urine sample (Xia et al., 2014).
Concentrations below the respective metabolite LOD value were assigned the instrumental
reading values when available, or replaced with a value of LOD/V2 if the instrumental
reading value was not available (Lubin et al., 2004).
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Data Analyses

We calculated descriptive summary statistics on participant characteristics as well as on
uncorrected and specific gravity-corrected individual phthalate metabolite concentrations.
We also compared our uncorrected phthalate metabolite concentrations to available health-
based guidance values or biomonitoring equivalents (BE) (Koch et al., 2017). These values
are based on reference doses or tolerable daily intake values and were available for five
phthalates (DEP, BBzP, DnBP, DEHP, and DiNP) (Aylward et al., 2009a, b; Hays et al.,
2011).

To examine associations between specific gravity-corrected urinary phthalate metabolite
concentrations and each potential categorical predictor of exposure captured in the
interviewer-administered questionnaire, we used Wilcoxon-Mann-Whitney (e.g., product
usage at work and at home) or Kruskal-Wallis tests (e.g., worker categories). We restricted
our predictors analyses to metabolites detected in =70% of the samples (i.e., detection
frequency, DF>70%) and questionnaire items reported by at least five study participants. We
used Spearman correlations to assess bivariate associations between metabolite
concentrations of frequently detected metabolites and continuous variables, namely age,
years in the U.S., total annual household income, and body mass index (BMI). Variables
associated with metabolite concentrations in bivariate analyses at p<0.10 were then included
in multivariable linear regression (MLR) models to assess the independent effects of each
predictor on each phthalate metabolite quantified, and to evaluate the proportion of variance
(R?) explained by each model.

Statistical significance of predictor variables in the MLR models was set at p<0.05. The
demographic factors gender, age (years), time in the U.S. (years) and work category
(facilities management; dining services; and custodial work) were included a prioriin all
multivariable linear regression models. As part of our sensitivity analysis and based on the
exploratory nature of our analysis, we used the Benjamini-Hochberg approach with the false
discovery rate set at 0.25 to account for multiple testing (Newson, 2010; Benjamini and
Hochberg, 1995). All analyses were conducted in Stata version 16.0 (Stata Corporation,
College Station, Texas).

Of the 156 study participants that were recruited in the study, we had complete questionnaire
and phthalate data on 94 participants. Consequently, 62 participants were dropped from the
original 156 study participants for the present data analysis (n=3 participants were missing
information on specific gravity due to insufficient sample volume; n=59 participants were
missing information on important predictors considered). Three participants were missing
information only on annual household income; thus, based on the distribution of participant
responses, we assigned the lowest income category to these study participants to increase
our sample size. Results did not significantly differ when these individuals with missing
income information were excluded from our analyses (not shown).

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 May 01.
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Demographic characteristics.

General demographic characteristics for the study participants are displayed in Table 1.
Study participants in our analytical sample (i.e., participants with complete data on
predictors considered) were predominantly female (90%) and born in El Salvador (65%).
Other countries of birth reported included Guatemala (6%), Peru (5%), Mexico (4%),
Honduras (2.1%), Nicaragua (2.1%), the Dominican Republic (2%), Colombia (1%),
Ecuador (1%), Cuba (1%), and the United States (1%). The mean age (SD) of these
participants was 47.3 years (9.4 years) and approximately half (51%) reported working in
facilities management, 29% in residential facilities, and 20% in dining services. Participants
reported living in the U.S. an average (SD) of 22.2 years (9.9 years) and the mean (SD)
total annual household income reported was $45,707 (+$32,899). A little over half (54%) of
these study participants reported having no more than a high school education and the
majority of them were overweight or obese (92%). Overall, except for age (p=0.046) and
region of country of birth (p=0.035), participants in our analytical sample were
demographically similar to the subsample of workers excluded from our analysis due to
incomplete data. Participants in our analytical sample had a greater proportion of younger
participants (18-39 years) and participants who originated from Central America (Table 1).

Biomarker concentrations

Summary statistics for uncorrected and specific gravity-corrected urinary phthalate
metabolite concentrations detected in all study participants and the analytical sample are
presented in Table 2. MCPP and MEHP were detected in less than half of the study
participants (DFpcpp=40% and DFy\enp=5%), while the remaining 7 metabolites were
detected in the majority of study participants in our analytical samples, including MEP
(DF=99%), MBzP (DF=90%), MBP (DF=95%), MiBP (DF=71%), MEHHP (DF=99%),
MECPP (DF=97%), and MEOHP (DF=93%). None of the phthalate metabolite
concentrations measured in our study population exceeded the currently available
biomonitoring equivalents (BEs) (Table 2).

Bivariate associations with demographic factors

In our bivariate analyses, we found some significant associations between work category and
urinary metabolite concentrations for several metabolites. Specifically, we found that
workers in facilities management had the highest median concentrations for several
metabolites, including MBzP (1.77ug/L; p-value=0.02), MBP (7.22ug/L; p-value<0.001),
and MiBP (3.39ug/L; p-value=0.001). Residential facilities workers had the second-highest
median concentrations at 1.26pg/L for MBzP, 2.95ug/L for MBP, and 1.52ug/L for MiBP;
while workers in dining services had the lowest median urinary metabolite concentrations,
specifically, 0.88ug/L for MBzP, 1.42ug/L for MBP, and 1.14ug/L for MiBP (see
Supplementary Information, Table S1). We also observed some statistically significant
positive correlations, albeit weak correlations (o <0.25; p<0.04), between age and MBP (p
=0.23, p-value=0.02); age and MiBP(p =0.21, p-value=0.04); as well as BMI and MBzP (o
=0.23, p-value=0.02) (see Supplementary Information, Supplemental Table S2). We found
no statistically significant associations between urinary phthalate metabolite concentrations
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and other demographic factors assessed, including sex, total annual household income, time
in the U.S., and place of birth.

Bivariate associations with diet-related factors

Our results from our bivariate analyses examining associations with dietary factors are
presented in Table 3 (boxplots for significant diet-related factors in the bivariate analysis are
available in the Supplementary Information section, Figure S1). Briefly, compared to
participants who did not consume fresh vegetables, participants who consumed fresh
vegetables had a higher median concentration of MBzP (medians: 1.57pug/L vs. 0.80ug/L, p-
value=0.005). Consumption of soda was positively associated with MBzP concentrations (p-
value=0.05). Participants who consumed processed meats had a lower median ZDEHP
concentrations compared to those who did not (medians: 0.023umol/L vs. 0.034umol/L, p-
value=0.03). Additionally, those who consumed sugar-sweetened beverages had lower
median MiBP concentrations compared to those who did not (medians: 1.47ug/L vs.
2.86ug/L, p-value= 0.03). Lastly, we found that participants who reported not being able to
afford balanced meals had a higher median concentration of MEP than those who reported
being able to afford balanced meals (medians: 30.0ug/L vs. 13.3ug/L, p-value= 0.05).

Bivariate associations with chemicals used at the workplace/workplace related behaviors

Bivariate analysis results for covariates related to workplace chemical exposures and
behaviors (e.g., use of specified products and use of dust masks at work) are displayed in
Table 4 (boxplots for significant factors related to workplace chemical exposures and
behaviors are available in the Supplementary Information section, Figure S2). Briefly, we
observed an inverse association between use of furniture polish at work and MEP
concentrations (p-value= 0.01). Use of bleach and window or glass cleaner was positively
associated with MBzP concentrations. Similarly, use of window or glass cleaner at work was
positively associated with MBP concentrations, with users having a higher median
concentration than non-users (medians: 6.12pug/L vs. 1.52ug/L, p-value<0.001). Participants
who reported using cleaning products at work, not including bleach, and those who reported
using dust masks at work also had higher median concentrations of MBP compared to those
who did not use these products or wore masks (medians ¢jeaning products: 9-84Hg/L Vs.
1.99ug/L, p-value= 0.002; medians masks: 6.12Ug/L vs. 2.12ug/L, p-value= 0.005). Use of
window or glass cleaner at work was also positively associated with MiBP concentrations
(medians: 2.86pg/L vs. 1.01ug/L, p-value= 0.003). Use of degreaser at work was inversely
associated with MiBP concentrations (medians: 1.01pg/L vs. 2.86ug/L, p-value= 0.01).
Lastly, use window or glass cleaners at work was positively associated XDEHP
concentrations (medians: 0.02ug/L vs. 0.03ug/L, p-value= 0.03).

We did not observe any statistically significant associations between pesticide use in the past
3 months and phthalate metabolite concentrations. Home renovations within the past 6
months were positively associated with MBP concentrations (medians: 3.21ug/L vs.
5.79ug/L, p-value= 0.09). We did not analyze associations with home characteristics such as
the presence of water damage, mold and peeling paint due to the low participant affirmative
responses (<5 participants reported any of these in their homes).
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Bivariate associations with consumer product use (personal care products and scented
product use at home)

Bivariate analysis results for covariates related to consumer product use are displayed in
Table 5 (boxplots for significant factors related to consumer product uses are available in the
Supplementary Information section, Figure S3). When we evaluated bivariate associations
with consumer product use, we found that some products, including makeup, scented dryer
sheets and scented candles, were inversely associated with select metabolite concentrations
(Table 5). For example, participants who used makeup had lower median concentrations of
MBzP, MBP and MiBP compared to those who did not use makeup (medians yppgzp:
1.34pg/L vs. 1.78ug/L, p-values: 0.026; medians ypgp: 2.45ug/L vs. 5.79ug/L; p-values:
0.006; medians pigp: 1.45 pg/L vs. 2.87ug/L, p-value= 0.040). We also found that select
products such as scented carpet cleaners, antibacterial soap, hairstyling products, and
perfume were positively associated with some phthalate metabolites. For example, those
who reported using antibacterial soap had a higher median concentration of MEP than those
who did not (medians: 19.9ug/L vs. 6.03ug/L, p-value= 0.031).

Multivariable regression models

Results from our multivariable linear regression models are presented in Table 6. The
proportion of the variance for target metabolite concentrations explained by our final models
(R? values) ranged from 0.22 to 0.35, suggesting that most of the variability in phthalate
exposure was not captured by our questionnaire items. In general, few predictor variables
remained significant in the multivariable linear regression models. We found that
concentrations of MEP were inversely associated with use of furniture polish (Bpep=—1.17,
95%Cl: —2.21, —0.12) and with use of scented dryer sheets (Bpep=—1.08, 95%Cl: -2.01,
-0.14). ZDEHP concentrations were inversely associated with use of degreaser (Bpgnp=
-0.65, 95%ClI: —1.25, —0.05). Use of bleach and consumption of pasta, rice and noodles was
positively associated with MBzP concentrations (Bpgzp =1.15, 95%CI:0.30, 2.00; 3=0.87,
95%Cl: 0.27, 1.46). Models for MEP, MBzP, and ZDEHP explained 29%, 35% and 22% of
the variability in metabolite concentrations.

After accounting for multiple testing in our sensitivity analyses, we found that consumption
of pasta, rice or noodles, consumption of low-fat milk, use of perfume and scented dryer
sheets outside the workplace, and use of furniture polish at work were statistically
significant predictors of MEP metabolite concentrations at a false discovery rate of 0.25.
Consumption of pasta, rice or noodles and use of bleach at work were statistically significant
predictors of MBzP metabolite concentrations. Statistically significant predictors of ZDEHP
concentrations included consumption of processed meat, use of degreaser at work, and use
of hairstyling products and scented candles outside the workplace. After adjustment, we
found no statistically significant predictors of MBP and MiBP. The Benjamini-Hochberg
adjusted p-values are presented in Supplemental Table S3.

DISCUSSION

In the present study, we examined determinants of exposure to phthalates in a subsample of
U.S.-based Latino adults predominantly from Central America. In general, we observed

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Allotey et al.

Page 10

higher phthalate metabolite concentrations in facilities management staff compared to other
worker categories. Workplace exposure to bleach was positively associated with MBzP
concentrations in both bivariate and final multivariable regression models. While
consumption of fresh vegetables, pasta, rice or noodles, and the use of scented carpet
cleaners were statistically significant predictors of select phthalate metabolites in bivariate
analyses in this subsample of U.S. Latino adults, the only association that remained
significant after controlling for other factors was between MBzP and consumption of pasta,
rice or noodles even after adjusting for multiple comparisons. We did not observe any
significant differences in phthalate metabolite concentrations based on sex, place of birth,
time in the U.S,, and total annual household income.

Compared to Mexican Americans from the U.S. general population, we found that
uncorrected phthalate metabolite concentrations were lower in our cohort of predominantly
Central American adults (Table 7); median concentrations in participants from the present
study were 2 to 5 times lower than those reported among U.S. Mexican American adults in
the same age range. A similar pattern was observed when comparing median metabolite
concentrations to U.S. adults of the same age range, regardless of race/ethnicity (Centers for
Disease Control and Prevention (CDC), 2019). Overall, we also observed lower phthalate
metabolite concentrations in the present study compared to those observed in other U.S.
studies (see Table 8), which could be indicative of the distinctiveness of our study population
(Braun et al., 2012; Buckley et al., 2012; Duty et al., 2005; Ferguson et al., 2015; Hauser et
al., 2004; Hoppin et al., 2002; Meeker et al., 2012; Peck et al., 2010; Whyatt et al., 2009;
Wau et al., 2017). In general, similar trends (i.e., lower median concentrations in our study
population) were observed when comparing metabolite concentrations in our study
population to those reported in adult populations from other countries (see Supplementary
Information, Table S4) (Berman et al., 2013; Choi, 2017; Haines et al., 2017; Koch et al.,
2017; Philippat et al., 2012; Philips et al., 2018). Differences in metabolite concentrations
across studies could reflect differences in cultural norms and behaviors that may impact
exposure to phthalates, as well as differences in excretion patterns or differences in overall
declining exposure trends based on the year in which samples were collected. For example,
beauty norms, product preferences, and consumer options based on sociodemographic
advantage have been documented to influence the sources of exposure to phthalates among
minority groups (Mitro et al., 2019). Mitro et al. reported significant positive associations
between time in the US and concentrations of MCPP and MBzP, and negative associations
with MBP and MiBP concentrations among a diverse group of foreign-born individuals.
However, we did not observe such trends within our study population. A prior study on U.S.
adults using data from the National Health and Nutrition Examination Survey (NHANES)
also reported significant differences in phthalate levels based on sex and obesity status, but
we did not observe this in our study population (Buser et al., 2014). It is important to note,
however, that our study population consisted of mostly females (90%) who were also mostly
overweight or obese, which could have limited our ability to assess differences in metabolite
concentrations in our study population. Moreover, differences in metabolite concentrations
across studies may also be due, in part, to temporal trends based on when samples were
collected. For example, Koch et al. compared phthalate metabolite concentrations in the
German general population to those in the U.S. general population and reported that
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exposure to select phthalates decreased between 1999 and 2012 (Koch et al., 2017). The
lower metabolite concentrations in our study may also explain, in part, the weaker
associations we found between phthalate metabolite concentrations and questionnaire items
compared to other studies. In our multivariable linear regression models, for example, we
found a positive association between consumption of pasta, rice, or noodles and
concentrations of MBzP. This finding stands in contrast with those of Serrano et. al, who
reported that this group of food items generally have low phthalate concentrations (Serrano
et al., 2014). Similarly, Serrano et al. also reported that vegetables had low phthalate
concentrations, whereas we found a positive association between consumption of fresh
vegetables and MBzP concentrations in both the bivariate and multivariable analyses. This
disparity in findings could be the result of the high frequency of consumption of these food
items reported among our study participants, 85% of whom reported consuming fresh
vegetables at least 1-3 times a week. For example, according to the CDC, food crops may
absorb benzylbutyl phthalate (parent compound for MBzP) and diet is the major source of
exposure in the general population (Centers for Disease Control and Prevention (CDC),
2020). Diethyl phthalate (parent compound for MEP) is also found in food packaging
(Castle et al., 1988). Use of phthalates in some food packaging materials for these
commodities may have played a role in phthalate exposure in our study population (Cao,
2010).

A systematic review of studies conducted in Japan, Saudi Arabia, and countries in Europe,
North America, and South America reported no evidence of a significant association
between Y DEHP levels and the intake of foods and beverages in plastic packaging
(Erythropel et al., 2014), which is consistent with our findings between phthalate
concentrations and consumption of soda, sugar-sweetened beverages and foods stored in
plastic packaging. We found an inverse association between some phthalate metabolites
(MBzP, MiBP) and consumption of regular soda and sugar-sweetened beverages, but these
associations were no longer present in the multivariable analysis. A review on the phthalate
parent compounds DBP, BBP, and DEHP also reported no associations between heating food
in plastics and phthalate contamination, attributing their finding to the relatively low
temperatures reached by the plastic containers compared to the foods when heated in a
microwave (Fasano et al., 2015). In our study, storing foods in plastic containers and bags
was associated with higher levels of MBzP and MBP in bivariate analysis; however, storage
in plastic containers was no longer significant after controlling for other factors in
multivariable regression models. The mixed results observed in this study on the association
of foods in plastic packaging and phthalates should be explored in future studies to ascertain
the extent to which phthalates in food packaging may increase exposure risk by migrating to
food commaodities.

Contrary to the findings of Buckley et. al, we found an inverse association between the use
of scented dryer sheets and urinary concentrations of MEP (Buckley et al., 2012), which is
the metabolite most frequently associated with fragrances (Koo and Lee, 2004). Similarly,
we expected to observe positive associations between MEP concentrations and the use of
other scented products including detergent, fabric softener, carpet cleaner, and household
cleaning products; however, we did not. The positive association we found between scented
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carpet cleaner use and MBP concentrations is in line with other findings reported previously
on the parent compound DBP in consumer products containing fragrances (Koniecki et al.,
2011); however, this association was only observed in our bivariate analysis.

We found an inverse association between the use of degreaser and concentrations of y DEHP
in both bivariate and full multivariable linear regression models. Further investigation,
however, revealed that degreaser use at work was low for each worker category in our study
(a total of 24 participants out of 94 reported using degreaser at work), so we cannot dismiss
the possibility of a random finding. In our bivariate analyses, we found that work category
was an important determinant of exposure to MBzP, MBP, and MiBP, with facilities
management staff consistently having the highest concentrations, followed by residential
services staff and lastly, dining services staff; however, this association did not remain
significant in the full models. Still, MiBP is a metabolite of dibutyl phthalate which is
present in industrial solvents or additives used in many personal care products such as nail
polish and cosmetics, and also in some printing inks, pharmaceutical coatings, and
insecticides. Workers in the facilities management worker category represent workers who
do plumbing, electrical work, as well as landscaping so workplace exposures on the job to
solvents or insecticides may have led to higher exposures in this workgroup.

Our study was subject to some limitations. First, our exclusion of study participants with
incomplete data resulted in a smaller sample size, which may have greatly reduced our
statistical power. Our study design was also cross-sectional and relied on self-reported
behaviors; thus, recall and social desirability biases could be present. To counter the latter,
we ensured that all bilingual-bicultural staff were properly trained and were culturally
sensitive to our study population, so we do not expect this to have influenced participant
responses. Also, phthalates are rapidly metabolized so concentrations in urine likely reflect
recent exposures (Mittermeier et al., 2016). Phthalate concentrations recorded in our study
were based on a single spot urine sample and may thus not be representative of the study
participants’ general patterns of behavior reported on the questionnaire. We also cannot rule
out the possibility of unmeasured variables or random findings in our study. Our study
sample consisted of a Latino cohort of workers in the service sector predominantly from
Central America and living in Maryland, with a high female to male gender ratio, and
mostly overweight or obese individuals. Thus, our results may not necessarily be
generalizable to other Latino subgroups outside the study area and with differing
demographic characteristics. Finally, while metabolite concentrations in our study
population did not exceed currently published BEs, it should be noted that BES are not
intended to delineate thresholds between safe and unsafe exposures. Rather, BEs are used as
a screening tool to inform risk management efforts and further exposure assessment and
epidemiologic studies. Although exposures in our study population did not exceed published
BEs, studies indicate that endocrine active phthalates act in a dose additive manner; thus, the
cumulative effects of exposure to select phthalates could still exceed levels of concern (Hays
et al., 2008; Lioy et al., 2015; National Research Council, 2008).

Despite the study limitations noted, our study has several strengths. To our knowledge, this
is the first study to assess determinants of phthalate exposure in a sample of U.S. immigrant
Latino adults. Prior studies on Latino populations have focused on Mexican-American and
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Dominican women (Holland et al., 2016; Whyatt et al., 2009), while our study included
adults from several Central American countries. We also examined several potential
exposure determinants, including factors associated with acculturation (e.g., time in the
U.S.); occupational exposures and behaviors; and personal consumer behaviors, including
diet-related behaviors and personal care product use.

In our study population, select predictors of phthalate exposure were related to occupational
factors, including chemicals used at work (e.g. bleach) and diet (e.g., consumption of pasta/
rice/noodles). In this study of U.S. Latino adults predominantly originating from Central
America, we generally found that several determinants of exposure to phthalates were not
always consistent with those reported in prior studies, suggesting that cultural differences
could, in part, explain our findings; although we cannot dismiss our small sample size nor
temporal trends in exposure. Our findings also highlight the need for future studies to
include a diverse sample of Latino adults as environmental exposures may vary by Latino
subgroups, which could influence health inequities and also inform exposure mitigation
strategies. This is particularly important because many Latino subgroups are understudied in
public health research even though they represent a growing demographic in the U.S.
(Gonzalez Burchard et al., 2005).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
. Phthalate exposure varied based on worker category.
. We observed lower phthalate exposures than adults in the US general
population.
. Bleach and select food products were associated with higher MBzP

concentrations.
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Table 1.
Study population characteristics.”
All study participants  Participants with incomplete  Participants with complete p-value*
N=153 predictor data predictor data
N=59 N=94
Gender 0.290
Male 18 (11.8%) 9 (16.3%) 9 (9.57%)
Female 135 (88.2%) 50 (84.7%) 85 (90.4%)
Age 0.046
18-39 years 19 (12.4%) 3 (5.08%) 16 (17.0%)
40-49 years 56 (36.3%) 19 (32.2%) 37 (39.4%)
50-59 years 60 (39.2%) 27 (45.8%) 33(35.1%)
60+ years 18 (11.8%) 10 (16.9%) 8 (8.51%)
Work category 0.055
Facilities Management 80 (52.3%) 32 (54.2%) 48 (51.1%)
Residential Facilities 35 (22.9%) 8 (13.6%) 27 (28.7%)
Dining Services 38 (24.8%) 19 (32.2%) 19 (20.2%)
Region of Country of Birth 0.035
USA 2 (1.31%) 1 (1.69%) 1 (1.06%)
Mexico 10 (6.54%) 6 (10.2%) 4(4.26%)
Central Americab 116 (75.8%) 37 (62.7%) 79 (84.0%)
South America 16 (10.5%) 9 (15.3%) 7 (7.45%)
Caribbean 9 (5.88%) 6 (10.29%) 3 (3.19%)
Time in the US 0.340
<19 years 52 (34.0%) 16 (27.1%) 36 (38.3%)
20-29 years 66 (43.1%) 29 (49.2%) 37 (39.4%)
>30 years 35 (22.9%) 14 (23.7%) 21 (22.3%)
Total annual household income®
<$29,999 67 (43.8%) 24 (40.7%) 43 (45.7%) 0.190
$30,000-$59,999 47 (30.7%) 23 (39.0%) 24 (25.5%)
>$60,000 39 (25.5%) 12 (20.3%) 27 (28.7%)
Highest level of education 0.820
Junior high or less 71 (46.4%) 28 (47.5%) 43 (45.7%)
High school/vocational school 51 (33.3%) 18 (30.5%) 33 (35.1%)
College or more 31 (20.3%) 13 (22.0%) 18 (19.1%)
Body Mass Index (inches?/pounds) 0.266
Normal weight (18.5-24.9) 13 (8.50%) 5 (8.47%) 8 (8.51%)
Overweight (25.0-29.9) 48 (31.4%) 17 (28.8%) 31 (33.0%)
Class I obesity (30.0-34.9) 56 (36.6%) 19 (32.2%) 37 (39.4%)
Class I obesity (35.0-39.9) 28 (18.3%) 16 (27.1%) 12 (12.8%)
Class I11 obesity (=40) 8 (5.23%) 2 (3.39%) 6 (6.38%)
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a - . - .
A total of 156 participants were recruited into the parent study. Of those 156 participants, 153 had measurements on phthalate metabolites. Thus,

data presented above refers to 153 participants with phthalate data, 53 participants who were excluded from this subset due to incomplete data on

predictors assessed, and the 94 participants in our analytical sample with complete data on potential predictors and phthalate measurements.

Central America includes participants from EIl Salvador, Guatemala, Honduras, and Nicaragua; South America includes participants from Peru,
Colombia, and Ecuador; the Caribbean includes participants from the Dominican Republic and Cuba.

C'Three study participants did not report total annual household income and were included in the most frequently reported category of <$29,999.

*
p-values from Chi-square tests (Pearson’s and Fisher’s exact tests) to assess differences in demographic characteristics between participants
included in our determinants analyses.
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Table 3.

Bivariate associations between phthalate metabolite concentrations and diet-related predictors considered.

Diet-related factors No Yes MEP MBzP MBP MiBP ZDEHP
Baked goods 37 57
Beef, pork, or lamb 21 73
Canned food 71 23
Deep-fried food 46 48
Diet soda 81 13
Fast food 56 38
Fish 35 59
Fresh fruits 6 88
Fresh vegetables 10 84 +A*
Low-fat milk 40 54 +*
Pasta, rice, or noodles 32 62 +* +*
Processed meat 67 27 —*
Soda 78 16 —** -*
Sugar-sweetened beverage 66 28 —** —*
Whole grains 12 82
Whole milk 38 56
Consume foods and drinks in plastic packaging 62 32
Could not afford to eat balanced meals? 54 40 4
Heat food in plastic in the microwave 45 49
49 45 +* +*

Store food in plastic containers and bagsb

a. . . . .
For the questionnaire item “could not afford to eat balanced meals”, the yes category corresponds to occurred sometimes and occurred frequently,

while the no category corresponds to never.

b. . . . . .
The answer choices for storing food in plastics were yes and no. For all other exposures listed, the exposure category of no corresponds to
consumption never or rarely and yes corresponds to consumption 1-3 times per month, 1-3 times per week, 4-6 times per week, or every day.

A AA

Positive/negative association between questionnaire item and metabolite at P<0.05.

*,

Vi . . . oo .
Positive/negative association between questionnaire item and metabolite at 0.05<P<0.1.
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Bivariate associations between phthalate metabolite concentrations and occupational chemical exposures and

. . a
workplace behaviors considered.

Chemical use/Workplace behavior No Yes MEP MBzP MBP MiBP ZIDEHP
Air freshener 60 34

Bleach 82 12 +H*

Carpet or rug cleaning product 82 12

Cement dust 81 13

Degreaser or grease remover 70 24 —* i —*
Drywall 78 16

Furniture polish 68 26 i

Non-bleach cleaning products 22 72 +H*

Products to remove wax 86 8

Products to wax floor 85 9

Whiteboard cleaner 76 18 -*

Window or glass cleaner 20 74 +HF +H* +H* +H*
Wears dust masks at work 24 70 +A* +*

a’ H H B H ““, {13 . H H ”
For the use of personal protective equipment, in this case dust masks, the no category refers to the responses “never” or “not required for my job.

AR AA

Positive/negative association between questionnaire item and metabolite at P<0.05.

+H=E . L . o .
Positive/negative association between questionnaire item and metabolite at 0.05<P<0.1.
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Bivariate associations between phthalate metabolite concentrations and predictors associated with consumer

behaviors outside the workplace.a

Consumer product used outside the workplace No Yes MEP MBzP MBP MiBP ZXIDEHP
Air freshener 43 51

Incense 89 5

Scented candles 64 30 —*
Scented carpet cleaner 82 12 +*

Scented detergent 17 77

Scented dryer sheets 37 57 —**

Scented fabric softener 16 78

Scented household cleaning products 33 61

Antibacterial soap 9 85 +A*

Hair styling products 31 63 +*
Makeup 51 43 —F* —H* —F*

Perfume 19 75 +*

a. . .
For products listed, the exposure category of “no” corresponds to “never” or “rarely” and “yes” corresponds to use “1-3 times per month,” “1-3
times per week,” “4-6 times per week,” or “every day.”

A AA

Positive/negative association between questionnaire item and metabolite at P<0.05.

*,

Vi . . . o .
Positive/negative association between questionnaire item and metabolite at 0.05<P<0.1.
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