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Abstract: Background: Daily-use products, including personal care products, household
products, and dietary supplements, often contain ingredients that raise concerns regarding
harmful chemical exposure. Endocrine-disrupting chemicals (EDCs) found in daily-use
products are associated with numerous adverse health effects. Methods: This pilot study
explores the relationship between concentrations of EDCs in urine samples and products
used 24 h prior to sample collection, and ingredients of concern in those products, in
140 adults of reproductive age in Northern Nevada. Results: Having higher numbers of
products and ingredients of concern, especially in the personal care category, was associ-
ated with higher levels of mono-(-ethyl-5-carboxypentyl) phthalate (MECPP). Similarly,
taking more supplements was associated with higher levels of methylparaben (MePB).
In contrast, using household products with more ingredients of concern was associated
with lower levels of monobutyl phthalate (MBP). Generally, women used more products,
were exposed to more ingredients of concern and had higher urinary metabolites than
men. Participants who rated themselves as being in poor/fair health were exposed to
more personal care and supplement ingredients of concern than those in better health.
Interestingly, those in excellent health also took supplements with more ingredients of
concern. Conclusions: Greater product use and more ingredients of concern are associated
with urinary metabolites of known EDCs and self-ratings of poor health. Women and
people who take supplements are at greater risk, and even people who consider themselves
to be healthy can be highly exposed. More education among the general public is needed
to make people aware of the presence of these chemicals in their everyday products so they
can make efforts to avoid them.

Keywords: endocrine-disrupting chemicals; personal care products; bisphenols; phthalates;
parabens

1. Introduction
Many widely used synthetic chemicals are endocrine-disrupting chemicals (EDCs),

which can interfere with the endocrine system’s balance and function [1]. EDCs are found
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in numerous products that people are exposed to daily, such as shampoos and conditioners,
lotions, sunscreens, clothing, plastics, pesticides, cookware, and food [2,3]. Over the
last several decades, endocrine-disrupting chemical exposure has grown substantially [4].
Furthermore, many EDCs are present in products due to contamination during production
and packaging [5–7]. While some EDCs have been banned, regulation is difficult because
chemicals are diverse. There is no standard for reporting all known chemicals and their
risks; health effects may show up months or years later, and regulatory testing is expensive
and time-consuming [8,9]. In recent years, there have been numerous studies on the effects
of various endocrine disruptors on human health endpoints, including reproductive issues
in both men and women [10,11], diabetes [12], neurological disorders [13], and certain types
of cancer [14,15]. Based on this research, many health and scientific organizations, including
the American Medical Association (AMA), the World Health Organization (WHO), the
Endocrine Society, and the American College of Obstetricians and Gynecologists (ACOG)
have recommended counseling patients to reduce EDC exposure [16–20]. For example,
the College of Obstetricians and Gynecologists (ACOG) recommends that doctors “screen
and counsel patients during the pre-pregnancy and prenatal periods about opportunities
to reduce toxic environmental health exposures”, particularly EDCs [18]. Despite these
recommendations, EDC-specific environmental health literacy in healthcare providers is
poor, and thus patient EDC counseling is not the norm, leaving individuals responsible for
their own education [16,21].

The average U.S. adult uses 12 personal care products a day with an average of 112
unique chemical ingredients [22]. Previous studies have shown associations between
personal care product use and urinary EDC biomarkers. A study of over 200 pregnant
women indicated that those who avoided certain ingredients in products like “fragrance”
had lower phthalate concentrations, particularly monoethyl phthalate (MEP) [23]. MEP
was also found in higher concentrations in a study with a group of men who used cologne
or aftershave within 48 h of collection of their urine sample for EDC testing [24]. Other
research has identified a similar link between children using personal care products and
elevated concentrations of phthalates [25]. A variety of interventions have shown that the
use of personal care products is directly associated with urinary biomarker concentrations
of EDCs. Both research interventions that instruct individuals to stop using products
containing these chemicals and those that instruct individuals to begin using them (for a
short time period) all found that the use of these products increased the concentration of
EDCs in urine [26].

An estimated 70% of all chronic illnesses are related to an individual’s exposome
(environment) and the remaining 30% are related to an individual’s genetics (genome) [27].
This suggests humans may have the ability to significantly alter their health based on
their environmental exposures. While regulation at the state and federal levels and health
provider support is essential for the protection of human and environmental health, the
fact that so many chemicals are still in use puts the onus of reducing these chemicals
on the consumer. Reporting health testing results (“report-back”) as an intervention
has shown promise in increasing environmental health literacy and healthy behavior
changes [28–33]. However, there are few options for individuals to understand their
common exposure risks (e.g., EDCs in products, etc.) and proactively track and reduce
them. Direct-to-consumer health testing (e.g., 23andMe, California, United States) as well
as digital health tools and applications (e.g., Fitbit) with feedback services have become
increasingly popular [34–36]. These technologies have been shown to increase general
health literacy [37–40], but challenges exist in effective comprehension of report-back and
science/clinical translation [29,41,42]. Additionally, while patients can order genetic tests
to learn about their (unchangeable) health predispositions, there have previously been very
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limited tools/services available for the understanding of EDC exposures in order to make
actionable changes to prevent disease and optimize health.

In a previous paper, we found that reporting back EDC metabolite levels to individu-
als, with actionable recommendations for EDC reduction, led to increased environmental
health literacy and reduced EDC exposure in a population of US men and women [43].
We also found that women reported increased readiness to reduce exposures (while men
reported the opposite). These results may indicate that men required more support or
more tailored recommendations. Indeed, participants reported increased knowledge after
the study, but also more concern about product choices and expense, indicating the need
for further education and individualized support [43]. Thus, there is a need for the anal-
ysis of individuals’ product use with the aim of providing tailored recommendations to
reduce exposure.

In another relevant study, researchers swapped out personal care products in a popu-
lation of adolescent girls, and found a decrease in phthalate, paraben, and phenol chemical
concentration in urine samples over a three-day period, showing that improving personal
products can reduce EDCs [44]. However, it is unclear how the analysis of individuals’
real-world personal care/household product use relates to EDC exposure, health, and
other important demographics. Thus, in this study, we compared individual exposure
data (i.e., 24 h exposure journals detailing product use) and ingredients of concern within
those products, as well as sociodemographic and health parameters, with urinary EDC
metabolite levels, in order to better understand the potential impacts on human health, and
to further the development of tailored, actionable feedback to reduce EDCs.

2. Materials and Methods
All study methodologies received approval from the General Institutional Review

Board (IRB) at the University of Nevada, Reno, which is responsible for overseeing social,
behavioral, and educational research, as well as biomedical studies and clinical trials
(IRB00000215; “[1786153-1] Renown Institute for Health Innovation-Million Marker Detect
and Detox Pilot”, approved on 19 July 2021). Participants did not receive compensation for
their involvement.

2.1. Population

We recruited participants from the Healthy Nevada Project (HNP), a population health
and genetics research study [45]. The recruitment process, consent procedures, and data
collection for participants in the HNP are detailed in Grzymski et al. [46]. For the current
study, from August 2021 to July 2022, a total of 526 recruitment emails were sent to HNP
participants who agreed to be contacted about future research studies and met the age
criteria for this study. Those who responded were required to meet the following eligibility
criteria: be between the ages of 18 and 40, own a smartphone, speak English, not be
pregnant, and have no known diagnoses of cancer, metabolic disorders, or kidney disease.
During the recruitment phase for the HNP, data on participants’ age, sex, race/ethnicity,
education level, income, height, weight, and self-reported health status were gathered
through a questionnaire.

2.2. Biomarker Measurements

Participants had to complete a preliminary survey at the start of the study. Then,
they received a Detect & Detox Kit from Million Marker (MM), based in Berkeley, CA,
USA [47]. The kit includes a urine sample cup made of polypropylene, a return label,
and packaging, as well as instructions for sample collection. Additionally, participants
could access detailed instructional videos on the MM website to help minimize the risk of
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contamination during sample collection. Urine samples were to be collected during the
first morning void. If participants completed the exposure journal, they were instructed to
complete the journal referring to the 24 h prior to sample collection. Participants then sent
their samples back to the third-party laboratory using 2-day shipping with FedEx Priority
Overnight to ensure prompt delivery. Upon arrival at the lab, samples were immediately
logged, aliquoted, and stored in a −80 ◦C freezer. The following metabolites were analyzed
in the urine samples: bisphenol A (BPA), bisphenol S (BPS), bisphenol F (BPF), monobutyl
phthalate (MBP), monoethyl phthalate (MEP), mono(EthylHexyl) phthalate (MEHP), mono-
(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-carboxypentyl) phthalate
(MECPP), methylparaben (MePB), ethylparaben (EPB), propylparaben (PPB), butylparaben
(BUP), and oxybenzone (OBZ). These metabolites are commonly found in the urine of more
than 95% of the US population [48–52]. The urine samples were analyzed using liquid
chromatography/tandem mass spectrometry (LC/MS/MS) after preparation. In brief,
100 µL of urine was combined with 100 µL of water, isotopically labeled standards were
added to both the samples and blank water, and cocktail standards were spiked at 5 µL
each. The samples and standards were incubated with 25 µL of β-Glucuronidase buffer for
2 h at 37 ◦C, followed by the addition of 275 µL of water to the vials. Solvent blanks were
prepared simultaneously. Samples were injected in duplicate, with blanks inserted after
each duplicate. The analysis was conducted using an Agilent Prochell 120-EC18 column
(Agilent Technologies, Santa Clara, CA, USA) [43].

Data from individuals with metabolite concentration values less than the limit of
detection (LOD) were replaced by the LOD divided by 2, as suggested for highly skewed
data [53]. After applying this transformation to the relevant metabolite values, the metabo-
lite concentration values for all metabolites were adjusted for specific gravity (SG) to obtain
a urinary dilution-corrected concentration for each participant using the following formula:
adjusted biomarker concentration = observed biomarker concentration × ((study sample
SG Median − 1)/(individual SG − 1)). Of the 208 participants with EDC biomarker data,
17 did not receive specific gravity measurements due to an error at the lab and, thus,
were removed from further biomarker analyses. Due to the extreme positive skew of
the biomarker data (regardless of transformation), concentration values were divided into
quartiles and treated as ordinal data for analysis. Specifically, the ordinal ranks of the values
were assessed, rather than the values themselves. For several biomarkers (MEHP, MEHHP,
BPA, BPF, BPS, EPB, BUP, and OBZ), fewer than 25% of participants had concentrations
above the LOD. These biomarkers were removed from further analyses.

2.3. Exposure Data

Exposure data were gathered from participants who maintained a 24 h exposure
journal to identify potential sources of exposure, including personal care products, food and
beverages, household items, supplements, and lifestyle activities from the day prior to urine
sample collection. Data related to food and beverage exposures were excluded from this
analysis due to inconsistencies in reporting. Participants submitted their exposure journal
reports via a tool available on a mobile application platform. The questions encompassed
both multiple-choice and open-ended formats. Participation in journal reporting was
optional, and only those who provided this information were included in the analyses for
this study.

After the products reported by participants were collected through the app, the ingre-
dients listed on the product labels were added to a database of products and ingredients.
“Ingredients of concern” were identified by searching banned and restricted lists and
authoritative databases with chemical hazard data such as the US Environmental Pro-
tection Agency CompTox Database [54], the California Safe Cosmetics Program Product
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Database [55], and the US National Library of Medicine PubChem Database [56]. Each of
these databases provides hazard ratings based on dozens of other sources of information
on hazardous chemicals.

2.4. Data Analysis

A priori hypothesis was that greater product usage and more ingredients of concern
would be associated with higher levels of urinary EDC metabolites, and that those variables
would differ by certain demographics. All other reported analyses were exploratory, i.e.,
their results should be used to generate hypotheses for testing in a subsequent study with
new data. For these exploratory analyses, our priority was to discover “true positive”
results, rather than protect against “false positives” as is more appropriate for confirma-
tory analyses. Hence, we did not adjust our statistical findings for multiple testing (i.e.,
multiplicity). For all analyses, the data were reviewed to ensure assumptions were not
violated [57].

When the outcomes were not sufficiently normally distributed for tests to be valid,
nonparametric tests were conducted to compare ordered ranks across categories. In some
instances, variables with response categories with too few participants were combined to
avoid violating the assumptions of the statistical tests. Zero values in product variables
were set as missing values because it was not possible to determine a zero from a lack of
product entries in the exposure journal.

The specific statistical tests used are footnoted under each table and described in the
associated text. A p-value was considered statistically significant if it was <0.05, although
given the exploratory nature of this pilot study, results with p-values < 0.1 are also described.
Throughout the paper, we made efforts to use language that accurately reports “statistical
significance” as indicative of the quality of statistical evidence of study findings. For exam-
ple, each finding with a statistically significant p-value is described as being statistically
discernible, supported, or reliable to avoid the misconstrual of statistical significance as
indicating clinically or practically meaningful data [58–63]. Data were analyzed using the
IBM SPSS Statistical Software (Version 29).

3. Results
Of the 191 participants who had metabolite data, 140 had product usage data from the

exposure journal and were analyzed for this study.

3.1. Demographics

Out of the 140 participants, 82% were female. The average age of participants was
31 years. The majority of participants identified as White (81%), the remaining being
Hispanic, Asian, Native American, Pacific Islander, or Black. Out of the 140 participants,
107 had additional demographics regarding height and weight, education, and health
status; 106 reported their income. The average BMI of these participants was 26. Almost
all of these participants had some level of higher education (96%) and about half had an
annual income between USD 50,000 to USD 100,000. When asked about their current health
status, the majority of respondents said they were in very good (50%), or good (31%) health.
The demographics are shown in Table 1.
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Table 1. Demographics of 140 participants.

Demographics a

Age in Years 31 (21, 40)

Body Mass Index 26 (17, 53)

Sex
Male 25 (18%)

Female 115 (82%)

Race

White 114 (81%)
Hispanic 9 (6%)

Asian 7 (5%)
Native American, Pacific Islander, Black, Other 10 (7%)

Income

Less than USD 50,000 28 (26%)
USD 50,000 to USD 100,000 48 (45%)

More than USD 100,000 30 (28%)
Missing 34

Education

Some college or Less 20 (19%)
Associate Degree 11 (10%)
Bachelor’s Degree 45 (42%)

Master’s Degree or Higher 31 (29%)
Missing 33

Self-Reported Health Status

Poor/Fair 9 (8%)
Good 33 (31%)

Very Good 53 (50%)
Excellent 12 (11%)
Missing 33

a For categorical variables, counts (frequencies) and percentages are reported; percentages are taken over non-
missing values only. For continuous variables, means and ranges (i.e., min, max) are reported.

3.2. Products and Ingredients of Concern

Table 2 shows that participants had used on average 5.5 products (median) within the
previous 24 h, with a maximum of 38. Most of these were personal care products, with far
fewer in the household products and supplement categories. It is likely that participants
underreported product usage because it is challenging to identify all the products one uses
and reporting them was time-consuming. The average number of ingredients of concern
was 19.5 (median), with a maximum of 233. These also mostly fell under the category of
personal care products.

Table 2. Number of products reported and ingredients of concern identified for 140 participants.

Number of Products Number of Ingredients of Concern

Min–Max Median Mean (SD) Min–Max Median Mean (SD)

Total Products 1–38 5.5 8.49 (8.38) 0–233 19.5 38.89 (48.1)
Personal Care 0–27 4 6.13 (5.57) 0–215 19.5 36.17 (42.92)

Household 0–11 2 2.35 (1.93) 0–52 7.5 9.59 (9.63)
Supplement 0–18 2 2.81 (2.88) 0–30 2 3.13 (4.86)

Figures 1 and 2 below represent waterfall plots of the reported products and ingredi-
ents of concern of each individual participant, in order from left to right according to the
total numbers of products and ingredients of concern. Spikes in the graph are noteworthy
because they indicate a participant with a high proportion of a subcategory of products
or ingredients (personal care, household, or supplements) relative to the total number of
products they reported.



Int. J. Environ. Res. Public Health 2025, 22, 99 7 of 16
Int. J. Environ. Res. Public Health 2024, 21, x FOR PEER REVIEW 7 of 15 
 

 

 

Figure 1. Number of products reported by each participant. 

 

Figure 2. Number of ingredients of concern identified for each participant. 

Table 3. Demographics by dichotomized (Low/High) number of products and ingredients of con-

cern. 

Demographics 

Number of Products 
Number of Ingredients of 

Concern 

Low 

(n = 70) 

High 

(n = 70) 
Test Statistic a 

Low 

(n = 70) 

High 

(n = 70) 
Test Statistic a 

Age  

(mean, standard deviation) 
32 (4.52) 31 (4.37) 

U = 2146.5 

p = 0.257 
31 (4.520 31 (4.4) 

U = 2302 

p = 0.633 

Body Mass Index  

(mean, standard deviation) 
27 (5.3) 25 (6.47) 

U = 1045.5 

p = 0.018 
26 (5.33) 25 (6.56) 

U = 1180 

p = 0.118 

Sex 
Male (n = 25) 68% 32% χ2 = 3.94 

p= 0.047 

68% 32% χ2 = 3.94 

p= 0.047 Female (n= 115) 46% 54% 46% 54% 

Race 
White (n = 114) 48% 52% χ2 = 0.76 

p = 0.385 

48% 52% χ2 = 0.76 

p = 0.385 Non-White (n = 26) 58% 42% 58% 42% 

Income Less than USD 50,000 (n = 28) 36% 64% H = 2.54 50% 50% H = 0.095 

Figure 1. Number of products reported by each participant.

Int. J. Environ. Res. Public Health 2024, 21, x FOR PEER REVIEW 7 of 15 
 

 

 

Figure 1. Number of products reported by each participant. 

 

Figure 2. Number of ingredients of concern identified for each participant. 

Table 3. Demographics by dichotomized (Low/High) number of products and ingredients of con-

cern. 

Demographics 

Number of Products 
Number of Ingredients of 

Concern 

Low 

(n = 70) 

High 

(n = 70) 
Test Statistic a 

Low 

(n = 70) 

High 

(n = 70) 
Test Statistic a 

Age  

(mean, standard deviation) 
32 (4.52) 31 (4.37) 

U = 2146.5 

p = 0.257 
31 (4.520 31 (4.4) 

U = 2302 

p = 0.633 

Body Mass Index  

(mean, standard deviation) 
27 (5.3) 25 (6.47) 

U = 1045.5 

p = 0.018 
26 (5.33) 25 (6.56) 

U = 1180 

p = 0.118 

Sex 
Male (n = 25) 68% 32% χ2 = 3.94 

p= 0.047 

68% 32% χ2 = 3.94 

p= 0.047 Female (n= 115) 46% 54% 46% 54% 

Race 
White (n = 114) 48% 52% χ2 = 0.76 

p = 0.385 

48% 52% χ2 = 0.76 

p = 0.385 Non-White (n = 26) 58% 42% 58% 42% 

Income Less than USD 50,000 (n = 28) 36% 64% H = 2.54 50% 50% H = 0.095 

Figure 2. Number of ingredients of concern identified for each participant.

For the a priori analysis of demographics, the numbers of products and ingredients of
concern in all categories were grouped such that values less than their respective medians
were categorized as “Low”, and those greater than or equal to their respective medians
were categorized as “High”. We likewise dichotomized the numbers of personal care
products and ingredients of concern relative to their medians.

Table 3 shows the overall demographic distribution for the total number of products
and the total number of ingredients of concern. The relationship between the BMI and
the number of products reported was statistically discernible (U = 1045.5, p = 0.018).
Individuals with a slightly lower BMI reported a higher number of products used. There
was also statistical support for the association between sex and both the number of products
(χ2 = 3.94, p = 0.047) and the number of ingredients of concern (χ2 = 3.94, p = 0.047).
Specifically, women on average reported more products and had more ingredients of
concern than did men.
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Table 3. Demographics by dichotomized (Low/High) number of products and ingredients of concern.

Demographics

Number of Products Number of Ingredients of Concern

Low
(n = 70)

High
(n = 70) Test Statistic a Low

(n = 70)
High

(n = 70) Test Statistic a

Age
(mean, standard deviation) 32 (4.52) 31 (4.37) U = 2146.5

p = 0.257
31

(4.520) 31 (4.4) U = 2302
p = 0.633

Body Mass Index
(mean, standard deviation) 27 (5.3) 25 (6.47) U = 1045.5

p = 0.018 26 (5.33) 25 (6.56) U = 1180
p = 0.118

Sex
Male (n = 25) 68% 32% χ2 = 3.94

p = 0.047
68% 32% χ2 = 3.94

p = 0.047Female (n = 115) 46% 54% 46% 54%

Race
White (n = 114) 48% 52% χ2 = 0.76

p = 0.385
48% 52% χ2 = 0.76

p = 0.385Non-White (n = 26) 58% 42% 58% 42%

Income
Less than USD 50,000 (n = 28) 36% 64% H = 2.54

p = 0.281

50% 50% H = 0.095
p = 0.954USD 50,000 to USD 100,000 (n = 48) 46% 54% 50% 50%

More than USD 100,000 (n = 30) 57% 43% 47% 53%

Education

Some college or Less (n = 20) 50% 50%
H = 1.86
p = 0.602

65% 35%
H = 2.70
p = 0.44

Associate Degree (n = 11) 27% 73% 55% 46%
Bachelor’s Degree (n = 45) 49% 51% 44% 56%
Master’s Degree or Higher (n = 31) 48% 52% 45% 55%

Self-Reported
Health Status

Poor/Fair (n = 9) 11% 89%
H = 5.34
p = 0.148

22% 78%
H = 3.24
p = 0.356

Good (n = 33) 52% 49% 49% 52%
Very Good (n = 53) 51% 49% 55% 45%
Excellent (n = 12) 42% 58% 50% 51%

a Test statistics: χ2 = Pearson chi-square, U = Mann–Whitney statistic, H = Kruskal–Wallis statistic. Bold text
denotes associations with p-values < 0.05. Rows that do not add to 100% are due to rounding to whole numbers.

Exploratory demographic analyses were also conducted for the subcategories of
product and ingredient data. Similar to the overall variables, the average BMI was lower
among those who reported more personal care products (U = 799, p = 0.048). Compared to
men, women reported more household products (U = 255.5, p = 0.017) and supplements
(U = 406.5, p = 0.027) on average, and perhaps also personal care products (U = 770, p = 0.061).
Women also reported more personal care ingredients of concern (U = 760, p = 0.051) on
average, although this is likely because they reported more personal care products.

Relationships with moderate statistical evidence (i.e., that were above the p < 0.05
statistical significance level but below 0.10) in these exploratory analyses included the fol-
lowing. On average, those with lower income (less than USD 50,000) used fewer household
products than participants in higher income categories (H = 5.061, p = 0.08). With regard to
health status, those who rated themselves as being in poor or fair health generally used
personal care products with more ingredients of concern than those who rated themselves
as being in good, very good, or excellent health (H = 7.47, p = 0.058). Interestingly, those
who rated themselves as being in poor/fair health or in excellent health generally used
supplements with more ingredients of concern than those in very good health (H = 6.44,
p = 0.092).

3.3. Urinary Metabolites

Table 4 shows the five metabolites, with at least 25% of all participants having concen-
trations above the LOD. The metabolite levels were not normally distributed, with many
participants below the LOD and several participants with extremely high values for one
or more metabolites. Thus, we categorized the metabolites into quartiles, which groups
this variable into four ordinal parts based on the 25, 50, and 75 percentile cut-offs in the
data [64]. The means of each quartile are shown in Table 3.
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Table 4. Means (ng/mL) of urinary metabolite quartiles.

Urinary Metabolites LOD a % above LOD a Q1 Q2 Q3 Q4

Methylparaben (MePB) 0.25 64% 0.12 2.35 17.62 188.21
Propylparaben (PPB) 0.25 41% 0.10 0.15 1.64 66.78
Monobutyl phthalate (MBP) 0.50 79% 0.33 33.87 62.87 194.76
Monoethyl phthalate (MEP) 0.60 69% 0.29 10.14 56.00 538.91
Mono-(-ethyl-5-carboxypentyl)
phthalate (MECPP) 0.50 91% 0.73 1.78 2.89 13.51

a LOD = Level of detection.

Exploratory demographic comparisons were run for each metabolite, and results with
p-values of 0.1 or lower are described here. Women had higher levels of MEP (U = 1059,
p = 0.033) and MePB (U = 1105, p = 0.062) levels than men. For education, participants with
some higher education or less had lower levels of MECPP than those with an associate or
master’s degree or higher (H = 7.013, p = 0.071). People who rated themselves as being in
poor health and excellent health had higher MePB levels (H = 17.309, p < 0.001) than those
in good and very good health, and similarly, people in poor health had higher PPB levels
(H = 6.745, p = 0.08) than those in good health. For MECPP (H = 11.481, p = 0.009) and MBP
(H = 7.625, p = 0.054) levels, the better the health status the higher the metabolite level.

A priori analysis of the relationships between dichotomized (low/high) product usage
or ingredients of concern and the five metabolites revealed the following results. As shown
in Figure 3, participants with higher levels of MECPP reported using more total products
(p = 0.013 in Table 5). Participants with higher levels of MECPP may also have used
more total ingredients of concern (p = 0.083 in Table 5). Those with higher levels of MeBP
reported using more supplement products (p = 0.03 in Table 5). Interestingly, the direction
of the effect between the number of ingredients of concern for household products and
MBP levels was the opposite of the other variables (although this was not significant at
p < 0.05). The direction of the relationships can be seen in Figure 3, although the numbers
of personal care products and ingredients of concern are not shown for MECPP because
they are subcategories that follow the same pattern as the total products and ingredients
of concern.

Table 5. Associations between the dichotomized (Low/High) number of products or ingredients of
concern and urinary metabolite measurements.

Mann–Whitney Statistic p-Value

Mono-(-ethyl-5-carboxypentyl) phthalate (MECPP)
Total Products U = 3027.50 0.013
Total Ingredients of Concern U = 2853 0.083
Personal Care Products U = 2373.5 0.001
Personal Care Ingredients of Concern U = 2198.5 0.031

Methylparaben (MePB)
Supplement Products U = 1229.5 0.03

Monobutyl phthalate (MBP)
Household Ingredients of Concern U = 721 0.069

Bold text denotes associations with p-values < 0.05.
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4. Discussion
This pilot study revealed that people who used more products, specifically more

personal care products, in the 24 h prior to their urine tests had higher levels of the
phthalate MECPP in their urine. This was also true for people who were exposed to more
personal care ingredients of concern. MECPP is a metabolite of di-(2-ethylhexyl) phthalate
(DEHP) which is a plasticizer found in polyvinyl chloride and building materials, as well as
plastic packaging for food and products [6,65,66]. It is likely that the correlation of higher
DEHP with increased product/ingredient count is due to DEHP contamination. This
contamination can be introduced at many points in the manufacturing process, including
during the production, shipping, and storage of ingredients, formulation and mixing (e.g.,
tubing, machinery), and leaching from final packaging. Consumers may seek out products
labeled “phthalate-free” but these products often unintentionally contain phthalates due to
contamination. Furthermore, many small-batch boutique products, advertised as “clean”,
may have even more contamination, due to less control over the sources and storage of
ingredients [5,67].

Surprisingly, participants who had higher levels of ingredients of concern from sup-
plements had lower MBP levels in their urine. MBP is a metabolite of dibutyl phthalate
(DBP). Low molecular weight phthalates such as DBP are used in personal care products as
odor diluents/solvents and are not required to be disclosed on product labels. They are
often included in the many ingredients that make up “fragrance” or “parfum” [68]. These
low-molecular-weight phthalates are also found in the coatings of pharmaceuticals and
nutritional supplements, including prenatal vitamins [3].
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Participants who used more supplement products had higher levels of methylparaben
(MePB). MePB is a preservative, and has long been used in foods, pharmaceuticals, and
cosmetics to extend shelf life [69]. Interestingly, higher levels of MePB and using more sup-
plements were also associated with reporting being in better health. Prior research confirms
that people who take supplements are more likely to report themselves as healthy [70,71].
However, they are likely unaware that these supplements may be harming their health.

Regarding overall product use and ingredients of concern, participants reported
using eight products on average, with a maximum of 38 products. After documenting
the ingredients in each of these products and assessing the hazards associated with each
ingredient, we determined that on average, participants were exposed to 39 ingredients of
concern, with a maximum of 233. While this number may seem high, consider that a single
body cream that contains 36 ingredients has 25 ingredients of concern, including several
EDCs such as triethanolamine and butylated hydroxytoluene. One of the ingredients
was simply listed as “fragrance” which often contains numerous ingredients of concern,
including EDCs such as phthalates. A popular laundry detergent contains 65 ingredients
with 52 ingredients of concern, with some of the 13 remaining ingredients having no data
with which to judge their hazardous properties. This detergent also contains 39 ingredients
subsumed under the term “fragrance”, which are not named on the label but are available
through SmartLabel [72].

On average, participants used more personal care products than household products or
supplements, and personal care products contained by far the most ingredients of concern.
Women used more products and were exposed to more ingredients of concern than men,
which was consistent across all three subcategories of products, and also for personal care
ingredients of concern. In addition, women in our study had higher levels of MEP and
MePB than men [43]. These findings support prior research [73] and the conclusion that
women are at higher risk for health effects associated with exposure to EDCs.

Regarding self-reported health status, people who rated themselves as being in poor
or fair health were exposed to more ingredients of concern from personal care products and
supplements and had higher levels of MePB and PPB in their urine. This is not surprising,
given that personal care products, which often contain these preservatives, are a primary
route of exposure to chemicals associated with chronic health conditions. Unfortunately,
there are few health programs that offer this type of education, and the medical community,
which could be a useful vector for such information, also remains largely unaware of these
environmental health issues [16,21].

Interestingly, people in better health had higher levels of MECPP and MBP. As de-
scribed above, even products labeled “phthalate free”, which may be used by people
aiming to improve their health, can still be contaminated with phthalates—both inten-
tionally added (such as in fragrances) and through contamination (such as in packaging).
Further, people who consider themselves healthy because they exercise often can be ex-
posed to a variety of harmful chemicals in gymnasiums and sports equipment [74–79], and
phthalates can be present in products such as athletic clothing, yoga mats, and flooring.

Despite this study being conducted under the context of “real world” situations vs.
well-controlled research settings, one limitation of this research is that underreporting is
common. People rarely include every product they use, especially when self-reporting
through a mobile app. Also, we focused this study on personal care, household products,
and supplements, while there are many other sources of everyday chemical exposure.
These include household items such as furniture and electronics, environmental exposures
such as water, food, and house dust, and occupational exposures. In our current research,
we are improving our documentation of these sources and studying a larger sample of
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participants to increase our ability to identify important real-world relationships between
environmental exposures and harmful chemicals detected in urine.

This study provides support for our hypothesis that the number of products a person
uses is associated with urinary metabolites of commonly used intentionally and non-
intentionally added chemicals that are typically not disclosed on product labels. We chose
to study personal care and cleaning products because these products often contain transient
toxic chemicals, such as parabens and phthalates, that may be eliminated from our bodies
relatively quickly. Therefore, identifying products that are causing high exposures to toxic
chemicals can make reducing these exposures actionable. It is unfortunate that the burden
falls on the consumer to understand and avoid such exposures, but until better regulation
is in place to ban these chemicals from products, the empowerment of individuals remains
an important tool.

5. Conclusions
Greater product use and more ingredients of concern are associated with urinary

metabolites of known EDCs and self-ratings of poor health. Women and people who take
supplements are at greater risk, and even people who consider themselves to be healthy
can be highly exposed. Products that may be advertised as free of these chemicals may still
be contaminated unknowingly through packaging or production. Lifestyle interventions
and educating the general public can make people aware of the presence of these chemicals
in their everyday products so they can make efforts to avoid them. This can be achieved
through digital health interventions and educational tools [80]. Researchers are working to
build these interventions and improve environmental health literacy.

Author Contributions: Conceptualization, J.M.F., C.F.K., J.R.R., J.J.G., B.K.G. and J.H.; methodology,
J.M.F., C.F.K., J.R.R., J.J.G., B.K.G. and J.H.; formal analysis, J.M.F., C.F.K., E.J.D. and J.H.; investiga-
tion, J.R.R. and J.H.; resources, M.K.L.; data curation, I.N. and S.D.; writing—original draft, J.M.F.,
C.F.K. and J.R.R.; writing—review and editing, J.M.F., C.F.K., J.R.R., I.N., S.D., M.K.L., E.J.D., J.J.G.,
B.K.G. and J.H.; visualization, J.M.F. and C.F.K.; supervision, C.F.K., J.J.G., B.K.G. and J.H.; project
administration, I.N., S.D. and J.H.; funding acquisition, J.J.G. and J.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported by the National Institute of Environmental Health Sciences Small
Business Innovation Grant (R43ES034312).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the University
of Nevada, Reno (IRB00000215; “[1786153-1] Renown Institute for Health Innovation-Million Marker
Detect and Detox Pilot”, approved 19 July 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request from the corresponding author.

Acknowledgments: The authors would like to thank Christina Ribbens for her assistance during
this study. Sam Conlogue (University of Southern Maine) made valuable contributions to study
conceptualization.

Conflicts of Interest: Foley, Kwiatkowski, Rochester, Kupec Lathrop, Daza, and Hua are employees
of Million Marker. Joseph J. Grzymski receives funding from Gilead Sciences not related to the subject
of the published work. All other authors declare no conflicts of interest.

References
1. Metcalfe, C.D.; Bayen, S.; Desrosiers, M.; Muñoz, G.; Sauvé, S.; Yargeau, V. An Introduction to the Sources, Fate, Occurrence and

Effects of Endocrine Disrupting Chemicals Released into the Environment. Environ. Res. 2022, 207, 112658. [CrossRef] [PubMed]

https://doi.org/10.1016/j.envres.2021.112658
https://www.ncbi.nlm.nih.gov/pubmed/34990614


Int. J. Environ. Res. Public Health 2025, 22, 99 13 of 16

2. López-Cervantes, J.; Paseiro-Losada, P. Determination of Bisphenol A in, and Its Migration from, PVC Stretch Film Used for Food
Packaging. Food Addit. Contam. 2003, 20, 596–606. [CrossRef] [PubMed]

3. Schettler, T. Human Exposure to Phthalates via Consumer Products. Int. J. Androl. 2006, 29, 134–139. [CrossRef] [PubMed]
4. Schug, T.T.; Johnson, A.F.; Birnbaum, L.S.; Colborn, T.; Guillette, L.J.; Crews, D.P.; Collins, T.; Soto, A.M.; Vom Saal, F.S.; McLachlan,

J.A.; et al. Minireview: Endocrine Disruptors: Past Lessons and Future Directions. Mol. Endocrinol. 2016, 30, 833–847. [CrossRef]
5. Hartnett, M.J.; Watson, W.D.; Janssen, J.A.; Hua, J.; Grossman, J.; Peng, Q.; Hartnett, P.; Favela, K.A. Rapid Screening of Consumer

Products by GCxGC-HRT and Machine Learning Assisted Data Processing. J. Am. Soc. Mass Spectrom. 2023, 34, 1653–1662.
[CrossRef]

6. Erythropel, H.C.; Maric, M.; Nicell, J.A.; Leask, R.L.; Yargeau, V. Leaching of the Plasticizer Di(2-Ethylhexyl)Phthalate (DEHP)
from Plastic Containers and the Question of Human Exposure. Appl. Microbiol. Biotechnol. 2014, 98, 9967–9981. [CrossRef]

7. Rudel, R.A.; Gray, J.M.; Engel, C.L.; Rawsthorne, T.W.; Dodson, R.E.; Ackerman, J.M.; Rizzo, J.; Nudelman, J.L.; Brody, J.G. Food
Packaging and Bisphenol A and Bis(2-Ethyhexyl) Phthalate Exposure: Findings from a Dietary Intervention. Environ. Health
Perspect. 2011, 119, 914–920. [CrossRef]

8. Woodruff, T.J.; Burke, T.A.; Zeise, L. The Need For Better Public Health Decisions On Chemicals Released Into Our Environment.
Health Aff. 2011, 30, 957–967. [CrossRef]

9. Phillips, M.L. Obstructing Authority: Does the EPA Have the Power to Ensure Commercial Chemicals Are Safe? Environ. Health
Perspect. 2006, 114, A706–A709. [CrossRef]

10. Aung, M.T.; Ferguson, K.K.; Cantonwine, D.E.; McElrath, T.F.; Meeker, J.D. Preterm Birth in Relation to the Bisphenol A
Replacement, Bisphenol S, and Other Phenols and Parabens. Environ. Res. 2019, 169, 131–138. [CrossRef]

11. Sharpe, R.M. Endocrine Disruption and Male Reproductive Disorders: Unanswered Questions. Hum. Reprod. 2024, 39, 1879–1888.
[CrossRef] [PubMed]

12. Predieri, B.; Bruzzi, P.; Bigi, E.; Ciancia, S.; Madeo, S.F.; Lucaccioni, L.; Iughetti, L. Endocrine Disrupting Chemicals and Type 1
Diabetes. Int. J. Mol. Sci. 2020, 21, 2937. [CrossRef] [PubMed]

13. Kajta, M.; Wójtowicz, A.K. Impact of Endocrine-Disrupting Chemicals on Neural Development and the Onset of Neurological
Disorders. Pharmacol. Rep. PR 2013, 65, 1632–1639. [CrossRef] [PubMed]

14. Soto, A.M.; Sonnenschein, C. Environmental Causes of Cancer: Endocrine Disruptors as Carcinogens. Nat. Rev. Endocrinol. 2010,
6, 363–370. [CrossRef] [PubMed]

15. Giulivo, M.; Lopez de Alda, M.; Capri, E.; Barcelo, D. Human Exposure to Endocrine Disrupting Compounds: Their Role in
Reproductive Systems, Metabolic Syndrome and Breast Cancer. A Review. Environ. Res 2016, 151, 251–264. [CrossRef]

16. Grindler, N.M.; Allshouse, A.A.; Jungheim, E.; Powell, T.L.; Jansson, T.; Polotsky, A.J. OBGYN Screening for Environmental
Exposures: A Call for Action. PLoS ONE 2018, 13, e0195375. [CrossRef]

17. Gore, A.C.; Chappell, V.A.; Fenton, S.E.; Flaws, J.A.; Nadal, A.; Prins, G.S.; Toppari, J.; Zoeller, R.T. EDC-2: The Endocrine
Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals. Endocr. Rev. 2015, 36, E1–E150. [CrossRef]

18. American College of Obstetricians and Gynecologists’ Committee on Obstetric Practice. Reducing Prenatal Exposure to Toxic
Environmental Agents: ACOG Committee Opinion, Number 832. Obstet. Gynecol. 2021, 138, e40–e54. [CrossRef]

19. World Health Organization. Possible Developmental Early Effects of Endocrine Disrupters on Child Health; World Health Organization:
Geneva, Switzerland, 2012.

20. Endocrine Society. AMA Adopts Endocrine Society Resolution Calling for New Policies to Decrease Public Exposure to Endocrine-
Disrupting Chemicals. Available online: https://www.newswise.com/articles/ama-adopts-endocrine-society-resolution-calling-
for-new-policies-to-decrease-public-exposure-to-endocrine-disrupting-chemicals (accessed on 18 October 2023).

21. Brown, P.; Clark, S.; Zimmerman, E.; Valenti, M.; Miller, M.D. Health Professionals’ Environmental Health Literacy. In Environ-
mental Health Literacy; Finn, S., O’Fallon, L.R., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 195–227.
[CrossRef]

22. Environmental Working Group. Survey Finds Use of Personal Care Products up Since 2004—What That Means for Your Health.
Available online: https://www.ewg.org/research/survey-finds-use-personal-care-products-2004-what-means-your-health
(accessed on 3 December 2024).

23. Rosen, E.M.; Stevens, D.R.; Ramos, A.M.; McNell, E.E.; Wood, M.E.; Engel, S.M.; Keil, A.P.; Calafat, A.M.; Botelho, J.C.;
Sinkovskaya, E.; et al. Personal Care Product Use Patterns in Association with Phthalate and Replacement Biomarkers across
Pregnancy. J. Expo. Sci. Environ. Epidemiol. 2024, 34, 591–600. [CrossRef]

24. Duty, S.M.; Ackerman, R.M.; Calafat, A.M.; Hauser, R. Personal Care Product Use Predicts Urinary Concentrations of Some
Phthalate Monoesters. Environ. Health Perspect. 2005, 113, 1530–1535. [CrossRef]

25. Bloom, M.S.; Clark, J.M.; Pearce, J.L.; Ferguson, P.L.; Newman, R.B.; Roberts, J.R.; Grobman, W.A.; Sciscione, A.C.; Skupski, D.W.;
Garcia, K.; et al. Impact of Skin Care Products on Phthalates and Phthalate Replacements in Children: The ECHO-FGS. Environ.
Health Perspect. 2024, 132, 097001. [CrossRef] [PubMed]

https://doi.org/10.1080/0265203031000109495
https://www.ncbi.nlm.nih.gov/pubmed/12881134
https://doi.org/10.1111/j.1365-2605.2005.00567.x
https://www.ncbi.nlm.nih.gov/pubmed/16466533
https://doi.org/10.1210/me.2016-1096
https://doi.org/10.1021/jasms.3c00107
https://doi.org/10.1007/s00253-014-6183-8
https://doi.org/10.1289/ehp.1003170
https://doi.org/10.1377/hlthaff.2011.0194
https://doi.org/10.1289/ehp.114-a706
https://doi.org/10.1016/j.envres.2018.10.037
https://doi.org/10.1093/humrep/deae143
https://www.ncbi.nlm.nih.gov/pubmed/38926156
https://doi.org/10.3390/ijms21082937
https://www.ncbi.nlm.nih.gov/pubmed/32331412
https://doi.org/10.1016/S1734-1140(13)71524-X
https://www.ncbi.nlm.nih.gov/pubmed/24553011
https://doi.org/10.1038/nrendo.2010.87
https://www.ncbi.nlm.nih.gov/pubmed/20498677
https://doi.org/10.1016/j.envres.2016.07.011
https://doi.org/10.1371/journal.pone.0195375
https://doi.org/10.1210/er.2015-1010
https://doi.org/10.1097/AOG.0000000000004449
https://www.newswise.com/articles/ama-adopts-endocrine-society-resolution-calling-for-new-policies-to-decrease-public-exposure-to-endocrine-disrupting-chemicals
https://www.newswise.com/articles/ama-adopts-endocrine-society-resolution-calling-for-new-policies-to-decrease-public-exposure-to-endocrine-disrupting-chemicals
https://doi.org/10.1007/978-3-319-94108-0_8
https://www.ewg.org/research/survey-finds-use-personal-care-products-2004-what-means-your-health
https://doi.org/10.1038/s41370-023-00627-w
https://doi.org/10.1289/ehp.8083
https://doi.org/10.1289/EHP13937
https://www.ncbi.nlm.nih.gov/pubmed/39230332


Int. J. Environ. Res. Public Health 2025, 22, 99 14 of 16

26. Yang, T.C.; Jovanovic, N.; Chong, F.; Worcester, M.; Sakhi, A.K.; Thomsen, C.; Garlantézec, R.; Chevrier, C.; Jensen, G.; Cingotti,
N.; et al. Interventions to Reduce Exposure to Synthetic Phenols and Phthalates from Dietary Intake and Personal Care Products:
A Scoping Review. Curr. Environ. Health Rep. 2023, 10, 184–214. [CrossRef] [PubMed]

27. Rappaport, S.M.; Smith, M.T. Environment and Disease Risks. Science 2010, 330, 460–461. [CrossRef] [PubMed]
28. Lichtveld, M.Y.; Covert, H.H.; Sherman, M.; Shankar, A.; Wickliffe, J.K.; Alcala, C.S. Advancing Environmental Health Literacy:

Validated Scales of General Environmental Health and Environmental Media-Specific Knowledge, Attitudes and Behaviors. Int. J.
Environ. Res. Public. Health 2019, 16, 4157. [CrossRef] [PubMed]

29. Brody, J.G.; Dunagan, S.C.; Morello-Frosch, R.; Brown, P.; Patton, S.; Rudel, R.A. Reporting Individual Results for Biomonitoring
and Environmental Exposures: Lessons Learned from Environmental Communication Case Studies. Environ. Health 2014, 13, 40.
[CrossRef]

30. Claudio, L.; Gilmore, J.; Roy, M.; Brenner, B. Communicating Environmental Exposure Results and Health Information in a
Community-Based Participatory Research Study. BMC Public Health 2018, 18, 784. [CrossRef]

31. Oksas, C.; Brody, J.G.; Brown, P.; Boronow, K.E.; DeMicco, E.; Charlesworth, A.; Juarez, M.; Geiger, S.; Schantz, S.L.; Woodruff, T.J.;
et al. Perspectives of Peripartum People on Opportunities for Personal and Collective Action to Reduce Exposure to Everyday
Chemicals: Focus Groups to Inform Exposure Report-Back. Environ. Res. 2022, 212, 113173. [CrossRef]

32. Ohayon, J.L.; Cousins, E.; Brown, P.; Morello-Frosch, R.; Brody, J.G. Researcher and Institutional Review Board Perspectives on
the Benefits and Challenges of Reporting Back Biomonitoring and Environmental Exposure Results. Environ. Res. 2017, 153,
140–149. [CrossRef]

33. Brody, J.G.; Cirillo, P.M.; Boronow, K.E.; Havas, L.; Plumb, M.; Susmann, H.P.; Gajos, K.Z.; Cohn, B.A. Outcomes from Returning
Individual versus Only Study-Wide Biomonitoring Results in an Environmental Exposure Study Using the Digital Exposure
Report-Back Interface (DERBI). Environ. Health Perspect. 2021, 129, 117005. [CrossRef]

34. Global Market Insights. Digital Health Market Size by Technology [Tele-Healthcare {Telecare (Activity Monitoring, Remote Medication
Management), Telehealth (LTC Monitoring, Video Consultation)}, mHealth {Wearables (BP Monitors, Glucose Meter, Pulse Oximeter, Sleep
Apnea Monitors, Neurological Monitors), Apps (Medical, Fitness)}, Digital Health System (EHR, e-Prescribing System)], by Component
[Hardware, Software, Services], Industry Analysis Report, Regional Outlook, Application Potential, Price Trends, Competitive Market
Share & Forecast, 2019–2025; Ugalmugle, S., Swain, R., Eds.; GMI833; Global Market Insights: Selbyville, DE, USA, 2019; p. 220.
Available online: https://www.gminsights.com/industry-analysis/digital-health-market (accessed on 24 May 2020).

35. Hasselberg, M.J. The Digital Revolution in Behavioral Health. J. Am. Psychiatr. Nurses Assoc. 2020, 26, 102–111. [CrossRef]
36. Brewer, L.C.; Fortuna, K.L.; Jones, C.; Walker, R.; Hayes, S.N.; Patten, C.A.; Cooper, L.A. Back to the Future: Achieving Health

Equity Through Health Informatics and Digital Health. JMIR MHealth UHealth 2020, 8, e14512. [CrossRef] [PubMed]
37. Brewer, L.C.; Hayes, S.N.; Caron, A.R.; Derby, D.A.; Breutzman, N.S.; Wicks, A.; Raman, J.; Smith, C.M.; Schaepe, K.S.; Sheets,

R.E.; et al. Promoting Cardiovascular Health and Wellness among African-Americans: Community Participatory Approach to
Design an Innovative Mobile-Health Intervention. PLoS ONE 2019, 14, e0218724. [CrossRef] [PubMed]

38. Castro Sweet, C.M.; Chiguluri, V.; Gumpina, R.; Abbott, P.; Madero, E.N.; Payne, M.; Happe, L.; Matanich, R.; Renda, A.; Prewitt,
T. Outcomes of a Digital Health Program With Human Coaching for Diabetes Risk Reduction in a Medicare Population. J. Aging
Health 2018, 30, 692–710. [CrossRef]

39. Bhuyan, S.S.; Lu, N.; Chandak, A.; Kim, H.; Wyant, D.; Bhatt, J.; Kedia, S.; Chang, C.F. Use of Mobile Health Applications for
Health-Seeking Behavior Among US Adults. J. Med. Syst. 2016, 40, 153. [CrossRef]

40. Sepah, S.C.; Jiang, L.; Ellis, R.J.; McDermott, K.; Peters, A.L. Engagement and Outcomes in a Digital Diabetes Prevention Program:
3-Year Update. BMJ Open Diabetes Res. Care 2017, 5, e000422. [CrossRef]

41. Morello-Frosch, R.; Varshavsky, J.; Liboiron, M.; Brown, P.; Brody, J.G. Communicating Results in Post-Belmont Era Biomonitoring
Studies: Lessons from Genetics and Neuroimaging Research. Environ. Res. 2015, 136, 363–372. [CrossRef]

42. Boronow, K.E.; Susmann, H.P.; Gajos, K.Z.; Rudel, R.A.; Arnold, K.C.; Brown, P.; Morello-Frosch, R.; Havas, L.; Brody, J.G. DERBI:
A Digital Method to Help Researchers Offer “Right-to-Know” Personal Exposure Results. Environ. Health Perspect. 2017, 125,
A27–A33. [CrossRef]

43. Rochester, J.R.; Kwiatkowski, C.F.; Neveux, I.; Dabe, S.; Hatcher, K.M.; Lathrop, M.K.; Daza, E.J.; Eskenazi, B.; Grzymski, J.J.;
Hua, J. A Personalized Intervention to Increase Environmental Health Literacy and Readiness to Change in a Northern Nevada
Population: Effects of Environmental Chemical Exposure Report-Back. Int. J. Environ. Res. Public. Health 2024, 21, 905. [CrossRef]

44. Harley, K.G.; Kogut, K.; Madrigal, D.S.; Cardenas, M.; Vera, I.A.; Meza-Alfaro, G.; She, J.; Gavin, Q.; Zahedi, R.; Bradman, A.;
et al. Reducing Phthalate, Paraben, and Phenol Exposure from Personal Care Products in Adolescent Girls: Findings from the
HERMOSA Intervention Study. Environ. Health Perspect 2016, 124, 1600–1607. [CrossRef]

45. Healthy Nevada Project. About Us. Available online: https://healthynv.org/about/ (accessed on 6 September 2021).
46. Grzymski, J.J.; Coppes, M.J.; Metcalf, J.; Galanopoulos, C.; Rowan, C.; Henderson, M.; Read, R.; Reed, H.; Lipp, B.; Miceli, D.; et al.

The Healthy Nevada Project: Rapid Recruitment for Population Health Study. bioRxiv 2018. [CrossRef]
47. Million Marker. Available online: www.millionmarker.com (accessed on 4 November 2021).

https://doi.org/10.1007/s40572-023-00394-8
https://www.ncbi.nlm.nih.gov/pubmed/36988899
https://doi.org/10.1126/science.1192603
https://www.ncbi.nlm.nih.gov/pubmed/20966241
https://doi.org/10.3390/ijerph16214157
https://www.ncbi.nlm.nih.gov/pubmed/31661913
https://doi.org/10.1186/1476-069X-13-40
https://doi.org/10.1186/s12889-018-5721-1
https://doi.org/10.1016/j.envres.2022.113173
https://doi.org/10.1016/j.envres.2016.12.003
https://doi.org/10.1289/EHP9072
https://www.gminsights.com/industry-analysis/digital-health-market
https://doi.org/10.1177/1078390319879750
https://doi.org/10.2196/14512
https://www.ncbi.nlm.nih.gov/pubmed/31934874
https://doi.org/10.1371/journal.pone.0218724
https://www.ncbi.nlm.nih.gov/pubmed/31430294
https://doi.org/10.1177/0898264316688791
https://doi.org/10.1007/s10916-016-0492-7
https://doi.org/10.1136/bmjdrc-2017-000422
https://doi.org/10.1016/j.envres.2014.10.001
https://doi.org/10.1289/EHP702
https://doi.org/10.3390/ijerph21070905
https://doi.org/10.1289/ehp.1510514
https://healthynv.org/about/
https://doi.org/10.1101/250274
www.millionmarker.com


Int. J. Environ. Res. Public Health 2025, 22, 99 15 of 16

48. Lehmler, H.J.; Liu, B.; Gadogbe, M.; Bao, W. Exposure to Bisphenol A, Bisphenol F, and Bisphenol S in U.S. Adults and Children:
The National Health and Nutrition Examination Survey 2013–2014. ACS Omega 2018, 3, 6523–6532. [CrossRef] [PubMed]

49. Meeker, J.D.; Ferguson, K.K. Urinary Phthalate Metabolites Are Associated with Decreased Serum Testosterone in Men, Women,
and Children from NHANES 2011-2012. J. Clin. Endocrinol. Metab. 2014, 99, 4346–4352. [CrossRef] [PubMed]

50. Calafat, A.M.; Ye, X.; Wong, L.Y.; Bishop, A.M.; Needham, L.L. Urinary Concentrations of Four Parabens in the U.S. Population:
NHANES 2005–2006. Environ. Health Perspect 2010, 118, 679–685. [CrossRef] [PubMed]

51. Calafat, A.M.; Wong, L.Y.; Ye, X.; Reidy, J.A.; Needham, L.L. Concentrations of the Sunscreen Agent Benzophenone-3 in Residents
of the United States: National Health and Nutrition Examination Survey 2003–2004. Environ. Health Perspect. 2008, 116, 893–897.
[CrossRef]

52. CDC. Bisphenol A (BPA) Factsheet. National Biomonitoring Program.: Atlanta, GA, USA, 2016. Available online: http:
//medbox.iiab.me/modules/en-cdc/www.cdc.gov/biomonitoring/BisphenolA_FactSheet.html (accessed on 1 December 2024).

53. Hornung, R.W.; Reed, L.D. Estimation of Average Concentration in the Presence of Nondetectable Values. Appl. Occup. Environ.
Hyg. 1990, 5, 46–51. [CrossRef]

54. EPA. Cheminformatics. Available online: https://www.epa.gov/comptox-tools/cheminformatics (accessed on 31 October 2024).
55. CA.gov. California Safe Cosmetics Program (CSCP) Product Database. Available online: https://cscpsearch.cdph.ca.gov/search/

publicsearch (accessed on 31 October 2024).
56. NIH National Library of Medicine. PubChem. Available online: https://pubchem.ncbi.nlm.nih.gov/ (accessed on 31 October

2024).
57. Laerd Statistics. Available online: https://statistics.laerd.com/ (accessed on 30 January 2024).
58. Wasserstein, R.L.; Lazar, N.A. The ASA Statement on p -Values: Context, Process, and Purpose. Am. Stat. 2016, 70, 129–133.

[CrossRef]
59. Kühberger, A.; Fritz, A.; Lermer, E.; Scherndl, T. The Significance Fallacy in Inferential Statistics. BMC Res. Notes 2015, 8, 84.

[CrossRef]
60. Witmer, J. Editorial. J. Stat. Educ. 2019, 27, 136–137. [CrossRef]
61. Wasserstein, R.L.; Schirm, A.L.; Lazar, N.A. Moving to a World Beyond “p < 0.05”. Am. Stat. 2019, 73 (Suppl. S1), 1–19. [CrossRef]
62. McShane, B.B.; Gal, D.; Gelman, A.; Robert, C.; Tackett, J.L. Abandon Statistical Significance. Am. Stat. 2019, 73 (Suppl. S1),

235–245. [CrossRef]
63. Amrhein, V.; Greenland, S.; McShane, B. Scientists Rise up against Statistical Significance. Nature 2019, 567, 305–307. [CrossRef]

[PubMed]
64. Centers for Disease Control and Prevention. NHANES 2017–2018 Overview. Available online: https://wwwn.cdc.gov/nchs/

nhanes/continuousnhanes/overview.aspx?BeginYear=2017 (accessed on 30 January 2024).
65. Wams, T. Diethylhexylphthalate as an Environmental Contaminant—A Review. Sci. Total Environ. 1987, 66, 1–16. [CrossRef]

[PubMed]
66. Ginsberg, G.; Ginsberg, J.; Foos, B. Approaches to Children’s Exposure Assessment: Case Study with Diethylhexylphthalate

(DEHP). Int. J. Environ. Res. Public. Health 2016, 13, 670. [CrossRef]
67. Hua, J.; Favela, K.A.; Watson, W.D.; Janssen, J.A.; Hartnett, M.J.; Spidle, H.A.; Grossman, J.N. Consumer Product Non-Targeted

Exposomics for Prospective Human Health. Conference Abstract. In Proceedings of the Mass Spectrometry and Allied Topics,
Houston, TX, USA, 4–8 June 2023. Available online: https://www.asms.org/docs/default-source/conference/final-program-
detail_2023_as-of-04-23-2023.pdf (accessed on 30 January 2024).

68. Wang, Y.; Qian, H. Phthalates and Their Impacts on Human Health. Healthcare 2021, 9, 603. [CrossRef]
69. Soni, M.G.; Taylor, S.L.; Greenberg, N.A.; Burdock, G.A. Evaluation of the Health Aspects of Methyl Paraben: A Review of the

Published Literature. Food Chem. Toxicol. 2002, 40, 1335–1373. [CrossRef]
70. Dickinson, A.; MacKay, D. Health Habits and Other Characteristics of Dietary Supplement Users: A Review. Nutr. J. 2014, 13, 14.

[CrossRef]
71. Paranjpe, M.D.; Chin, A.C.; Paranjpe, I.; Reid, N.J.; Duy, P.Q.; Wang, J.K.; O’Hagan, R.; Arzani, A.; Haghdel, A.; Lim, C.C.; et al.

Self-Reported Health without Clinically Measurable Benefits among Adult Users of Multivitamin and Multimineral Supplements:
A Cross-Sectional Study. BMJ Open 2020, 10, e039119. [CrossRef]

72. Consumer Brands Association. SmartLabel. Available online: https://smartlabel.org/ (accessed on 31 October 2024).
73. Parlett, L.E.; Calafat, A.M.; Swan, S.H. Women’s Exposure to Phthalates in Relation to Use of Personal Care Products. J. Expo. Sci.

Environ. Epidemiol. 2013, 23, 197–206. [CrossRef]
74. Carignan, C.C.; Heiger-Bernays, W.; McClean, M.D.; Roberts, S.C.; Stapleton, H.M.; Sjödin, A.; Webster, T.F. Flame Retardant

Exposure among Collegiate United States Gymnasts. Environ. Sci. Technol. 2013, 47, 13848–13856. [CrossRef]
75. La Guardia, M.J.; Hale, R.C. Halogenated Flame-Retardant Concentrations in Settled Dust, Respirable and Inhalable Particulates

and Polyurethane Foam at Gymnastic Training Facilities and Residences. Environ. Int. 2015, 79, 106–114. [CrossRef]

https://doi.org/10.1021/acsomega.8b00824
https://www.ncbi.nlm.nih.gov/pubmed/29978145
https://doi.org/10.1210/jc.2014-2555
https://www.ncbi.nlm.nih.gov/pubmed/25121464
https://doi.org/10.1289/ehp.0901560
https://www.ncbi.nlm.nih.gov/pubmed/20056562
https://doi.org/10.1289/ehp.11269
http://medbox.iiab.me/modules/en-cdc/www.cdc.gov/biomonitoring/BisphenolA_FactSheet.html
http://medbox.iiab.me/modules/en-cdc/www.cdc.gov/biomonitoring/BisphenolA_FactSheet.html
https://doi.org/10.1080/1047322X.1990.10389587
https://www.epa.gov/comptox-tools/cheminformatics
https://cscpsearch.cdph.ca.gov/search/publicsearch
https://cscpsearch.cdph.ca.gov/search/publicsearch
https://pubchem.ncbi.nlm.nih.gov/
https://statistics.laerd.com/
https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1186/s13104-015-1020-4
https://doi.org/10.1080/10691898.2019.1702415
https://doi.org/10.1080/00031305.2019.1583913
https://doi.org/10.1080/00031305.2018.1527253
https://doi.org/10.1038/d41586-019-00857-9
https://www.ncbi.nlm.nih.gov/pubmed/30894741
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/overview.aspx?BeginYear=2017
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/overview.aspx?BeginYear=2017
https://doi.org/10.1016/0048-9697(87)90072-6
https://www.ncbi.nlm.nih.gov/pubmed/3317819
https://doi.org/10.3390/ijerph13070670
https://www.asms.org/docs/default-source/conference/final-program-detail_2023_as-of-04-23-2023.pdf
https://www.asms.org/docs/default-source/conference/final-program-detail_2023_as-of-04-23-2023.pdf
https://doi.org/10.3390/healthcare9050603
https://doi.org/10.1016/S0278-6915(02)00107-2
https://doi.org/10.1186/1475-2891-13-14
https://doi.org/10.1136/bmjopen-2020-039119
https://smartlabel.org/
https://doi.org/10.1038/jes.2012.105
https://doi.org/10.1021/es4037868
https://doi.org/10.1016/j.envint.2015.02.014


Int. J. Environ. Res. Public Health 2025, 22, 99 16 of 16

76. Beaulieu, H.J.; Beaulieu, S.; Brown, C. Phenyl Mercuric Acetate (PMA): Mercury-Bearing Flexible Gymnasium Floors in Schools—
Evaluation of Hazards and Controlled Abatement. J. Occup. Environ. Hyg. 2008, 5, 360–366. [CrossRef] [PubMed]

77. Dehghani, M.H.; Norouzian Baghani, A.; Fazlzadeh, M.; Ghaffari, H.R. Exposure and Risk Assessment of BTEX in Indoor Air of
Gyms in Tehran, Iran. Microchem. J. 2019, 150, 104135. [CrossRef]

78. Hajian, M.; Mohaghegh, S. Indoor Air Pollution in Exercise Centers. Int. J. Med. Toxicol. Forensic Med. 2015, 1, 22–31.
79. Beausoleil, M.; Price, K.; Muller, C. Chemicals in Outdoor Artificial Turf: A Health Risk for Users; Public Health Branch, Montreal

Health and Social Services Agency. 2009. Available online: http://www.ncceh.ca/sites/default/files/Outdoor_Artificial_Turf.pdf
(accessed on 1 December 2024).

80. Martin, L.; Zhang, Y.; First, O.; Mustieles, V.; Dodson, R.; Rosa, G.; Coburn-Sanderson, A.; Adams, C.D.; Messerlian, C. Lifestyle
Interventions to Reduce Endocrine-Disrupting Phthalate and Phenol Exposures among Reproductive Age Men and Women: A
Review and Future Steps. Environ. Int. 2022, 170, 107576. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/15459620802017425
https://www.ncbi.nlm.nih.gov/pubmed/18365889
https://doi.org/10.1016/j.microc.2019.104135
http://www.ncceh.ca/sites/default/files/Outdoor_Artificial_Turf.pdf
https://doi.org/10.1016/j.envint.2022.107576

	Introduction 
	Materials and Methods 
	Population 
	Biomarker Measurements 
	Exposure Data 
	Data Analysis 

	Results 
	Demographics 
	Products and Ingredients of Concern 
	Urinary Metabolites 

	Discussion 
	Conclusions 
	References

