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Abstract

Hairdressers are continually exposed to chemicals, including many endocrine-disrupting chemicals (EDCs), yet few
studies have assessed these exposures among U.S. hairdressers despite the potential health risks. We quantified
concentrations of five biomarkers - four EDC exposure biomarkers [2-naphthol, methylparaben (MeP),
ethylparaben, and propylparaben] and capsaicin - in post-shift urine samples from 23 female hairdressers of color
(Black/Latina) serving a primarily ethnic clientele in the Maryland/Washington DC metropolitan area. Results from
hairdressers were compared to those from 17 female office workers of similar race/ethnicity and to a
representative sample of 431 similarly aged women in the U.S. general population. We also assessed exposure
determinants for highly detected biomarkers among hairdressers. Overall, hairdressers had higher biomarker
concentrations than office workers and women in the U.S. general population. Geometric mean (GM)
concentrations of 2-naphthol and MeP were 2-3 times higher in hairdressers than in office workers (2-
naphthol:17.4 vs. 7.59 ng/mL; MeP: 150 vs. 48.9 ng/mL; both P < 0.01), and 1.5-2.5 times higher than in U.S.
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women (2-naphthol: 15.5 vs. 6.31 ng/mL; MeP: 134 vs. 87.0 ng/mL). Hairdressers serving predominantly Black
clientele had higher biomarker concentrations than those serving a predominantly Latinx clientele. Select salon
services and products (e.g., chemical straightening/relaxing, semipermanent hair color, hair extensions, hairspray)
were associated with higher 2-naphthol and MeP concentrations, while hair bleach use and braiding were
associated with lower concentrations. Mask use during chemical-intensive services was associated with reduced
MeP concentrations (GM: 117 vs. 159 ng/mL). Larger studies are needed to comprehensively assess exposures and
reduce health risks for this workforce.

Keywords: Personal care products, hairdressers, endocrine disruptors, parabens, Black, Latinx

INTRODUCTION

Over 90% of the more than 700,000 hairdressers in the U.S. are women, many of whom are of reproductive
age and low socioeconomic status"’. These women may face unique health risks from exposure to chemicals
present in and emitted from hair products they work with daily. Many of these chemicals are known or
suspected endocrine-disrupting chemicals (EDCs)">”, and exposure to some of these EDCs, including
during the prenatal period, has been linked to increased risks of adverse reproductive'*, respiratory”), and
neurodevelopmental effects*'?. As a result, these exposures represent a potential health risk for women and

[7-9]

children, as many hairdressers work during the preconception and prenatal periods. Despite these risks, few

7,13-15]

studies have quantified salon exposures through biomonitoring”**.

Globally, biomonitoring studies on hairdressers have detected and quantified exposure to select chemicals,
including phthalates”), volatile organic compounds (VOCs)"*'"*, parabens"”, phenols"”, polycyclic
aromatic hydrocarbons (PAHs)"", and aromatic amines"”, confirming workplace exposure to these
chemicals among hairdressers, albeit primarily among Caucasian and Asian hairdressers. However,
biomonitoring has not been widely used to assess exposures among hairdressers in the U.S. To our
knowledge, only two U.S. studies conducted by our team have examined hairdressers’ exposures using
biomonitoring"*'*). We previously measured nine phthalate!™” and 28 VOC"* biomarkers in urine among 23
female hairdressers of color and 17 office workers and found that hairdressers had higher biomarker
concentrations than office workers. Our previous work also showed a differential exposure burden between
hairdressers of color who serviced Black and Latinx clients, suggesting that the unique products and services
offered (e.g., chemical straightening/relaxing) in salons may also influence exposures"*'*. Altogether,
findings from these studies underscore the need to expand biomonitoring efforts among U.S. hairdressers to
characterize exposures that could translate to occupational health disparities and to inform exposure
mitigation efforts.

The limited chemical ingredient disclosure requirements in professional salon products pose unique
challenges when conducting exposure assessments in this workforce. The U.S. Food and Drug
Administration (FDA) regulates cosmetics used in professional settings, including hair salons, under the
2022 Modernization of Cosmetics Regulation Act (MoCRA)"™. As of 2025, individual chemical ingredients
are not subject to pre-market approval under MoCRA. Manufacturers must report ingredients to the FDA,
although they are not required to disclose them to consumers. While the FDA’s MoCRA law mandates that
fragrance allergens be listed in professional products, the rule is yet to be fully enacted, and as of August
2025, a fragrance allergen list is unavailable®. Most prior research on chemical exposures among
hairdressers targeted a predetermined list of chemicals based on anticipated exposure from product
ingredient lists. While this targeted approach is time- and cost-efficient, it is insufficient for capturing all
chemical exposures of concern among hairdressers via biomonitoring, and secondary compounds that
could be of concern but unknown at the onset of the study because they may be generated during product
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use. Ultimately, these challenges constrain efforts to expand our understanding of workplace exposures and
their associated health risks among U.S. hairdressers.

We addressed several of these gaps by conducting a two-phased pilot study where we first utilized a novel
suspect screening method to identify chemicals that may be present in the urine of hairdressers as described

[21]

previously®, and then used a targeted approach to quantify detected chemicals with identities determined
to be present in a higher abundance in the urine of hairdressers compared to office workers - an
occupational group expected to have lower exposures; herein, we present our results of the targeted analysis.
While our previous studies on hairdressers of color focused on phthalates and VOCs, the current study
applied an integrated suspect screening method with targeted analysis, enabling the identification and

quantification of a wider range of chemical exposures.

The primary objectives of this study were to: (1) quantify five biomarkers of exposure among hairdressers
identified via a novel suspect screening approach; (2) assess differences in workplace exposures between
hairdressers and female office workers; (3) compare urinary biomarker concentrations in hairdressers to
those reported among women in the U.S. general population; and (4) examine exposure determinants
among hairdressers. By addressing these objectives, we aim to provide a more comprehensive
understanding of chemical exposures among hairdressers of color, an understudied and vulnerable
occupational group.

EXPERIMENTAL

Participant recruitment

Our recruitment strategy and study design have been described in detail elsewhere!*'**? Briefly, we
recruited 23 female hairdressers between December 2018 and May 2019 from six salons in Maryland and
the Washington, D.C. metropolitan area. Three salons catered primarily to Black/African American clients
(“Black salons”) and three to Latinx clients (“Dominican salons). Black salons specialized in services such as
hair relaxing and braiding for their Black/African American clients, while Dominican salons offered the
“Dominican Blowout” (hair washing, setting rollers, blow-drying, and flat ironing)"* as well as some
services offered in Black salons. We limited our study to women of color based on emerging evidence that
using specialty hair care products, such as hair relaxers marketed solely to this demographic, may result in

[3,23-26]

elevated chemical exposures in this occupational subgroup

We also recruited a comparison group of 17 female office workers working in a university setting.
Hairdressers and office workers were eligible to enroll in the study if they were at least 18 years of age and
willing to complete two interviewer-administered questionnaires in English or Spanish, provide a urine
sample, and complete other study protocols. Hairdressers were additionally required to work mainly in a
hair salon for at least one year prior to enrollment in the study to ensure they had a sustainable clientele
base and provided a wide range of hair services. The University of Maryland Institutional Review Board
reviewed and approved all study protocols, and each participant provided written informed consent before
enrolling in the study.

Data and biospecimen sample collection

Detailed data and biospecimen sample collection activities have been described in detail elsewhere!>**”.
Briefly, bilingual study staff administered two questionnaires to participants in their preferred language
(English or Spanish). An initial baseline 72-item questionnaire was used to collect participant demographics
(e.g., age, race/ethnicity, level of education, income, and smoking status), general health history information
(e.g., reproductive health, respiratory conditions and symptoms), personal and workplace behaviors [e.g.,
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use of personal protective equipment (PPE), services provided and hair products used in a typical work
week, number of hours in the work week, efc.], and information on personal care products (PCPs) used in
the previous 24-48 h. This time frame was selected based on the relatively short half-lives of many chemicals
in PCPs, as urinary biomarkers quantified in samples reflect recent exposures. In addition, on the day of
biospecimen collection, we administered a post-shift questionnaire to collect information about the
products used and services rendered that day. Office workers were exempted from salon-specific inquiries,
such as PPE use.

All participants provided post-shift spot urine samples on the same day the baseline and post-shift
questionnaires were administered. We determined the study salon visit day (i.e., the day of the week) for
hairdressers based on their availability, with a preference for a day with a high clientele volume. We
collected urine samples in metal- and phthalate-free polypropylene collection containers and aliquoted the
samples into 2 mL cryovials. Participants were instructed to wear powder-free gloves during urine sample
collection to minimize the risk of contamination from products used on their hands. Study staff transported
urine samples within an hour of collection to the laboratory in a portable cooler with ice packs and stored
them at -80 °C until ready for laboratory analysis. Prior to storage, we measured the specific gravity of urine
samples using a handheld refractometer pen (ATAGO™3741, Tokyo, Japan) to account for urine dilution in
the analyses””*". Specific gravity-corrected biomarker concentrations were calculated as reported

[13,14]

previously!***.

Laboratory analysis of urine samples

We analyzed urine samples using a two-phase strategy. First, we analyzed urine specimens via a suspect
screening workflow previously described”'. Briefly, 250 L of participant urine was incubated with p-
glucuronidase (from H. pomatia, type H-2, 2 85,000 U/mL; Sigma-Aldrich, St. Louis, MO, USA), followed
by protein precipitation, and supernatants were analyzed via liquid chromatography-high resolution mass
spectrometry (LC-HRMS). Raw data were processed using computational tools to detect and tentatively
identify compounds that were present in hairdressers’” urine at higher abundances compared to office
workers. Then, the identities of the compounds were confirmed by comparing them to reference standards
when commercially available. We confirmed the identities of five compounds: 2-naphthol, methylparaben
(MeP), ethylparaben (EtP), propylparaben (PrP), and capsaicin. Four of the compounds (capsaicin
excluded) are EDCs. Capsaicin is an ingredient derived from hot peppers and uniquely used in hair growth
products to stimulate hair follicles and treat various hair growth-related conditions, including alopecia
areata [Supplementary Table 1]*7*. This ingredient has been reported to act as an irritant and sensitizer in

other occupational settings"**".

For the second phase, the focus of the present study, we quantified the urinary concentrations of the five
chemicals described above. New aliquots of the participants’ urine were analyzed using the same sample
preparation and instrumental method previously described”’, except that mass spectrometric data were
acquired using Full Scan mode. A matrix-matched calibration curve was prepared for each compound and
analyzed with the participant samples. A detailed description of the preparation of the calibration curves
and verification of the quantification results is provided in the Supplementary Materials. Data were
processed using Xcalibur QuanBrowser (v4.1, Thermo Scientific, Waltham, MA, USA). Linear ranges for 2-
naphthol, capsaicin, EtP, MeP, and PrP were 2-501, 3.7-252.7, 50-1,000, 15-1,014, and 100-1,000 ng/mL,
respectively.

Statistical analysis
We calculated descriptive statistics (i.e., frequencies, means, standard deviations, and range) to summarize
study population characteristics and compared demographic differences between hairdressers and office
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workers and between hairdressers by salon type (Black vs. Dominican salons). To further characterize and
describe work practices in salons, we also compared differences in select workplace practices, such as the
services provided across hairdressers by salon type. We compared differences in select demographic
characteristics between hairdressers and office workers and among hairdressers by using Chi-square or
Fisher’s exact tests for categorical variables (e.g., race, educational attainment, income, smoking status) and
Wilcoxon Mann-Whitney tests for continuous variables (e.g., age, number of clients per week, number of
hours worked per day).

We summarized detection frequency (DF), geometric mean (GM), percentiles (p25, p50 and p75), and the
range of urinary biomarker concentrations (ng/mL). We evaluated biomarker concentrations as specific
gravity-corrected concentrations, and for those below the limit of quantification (LOQ), we assigned a value
of LOQ/V2"**!. Analyses of biomarkers were stratified by occupation (i.e., hairdressers vs. office workers)
and salon type (i.e., Black vs. Dominican salons). We modeled less frequently detected biomarkers (DF <
60%) as dichotomous variables (i.e., detect vs. non-detect) and used Chi-square or Fisher’s exact tests to test
for differences in biomarker concentrations between hairdressers and office workers, as well as among
hairdressers, for these less frequently detected biomarkers. Similarly, we used the Wilcoxon Mann-Whitney
tests to explore similar comparisons for frequently detected chemicals (DF 2 60%) using continuous
biomarker concentrations. In addition, we compared summary statistics (i.e., DF, GM, percentiles, range) of
biomarker concentrations between hairdressers and a representative sample of 431 women of a similar age
(22-58) and race/ethnicity (Non-Hispanic Black and Hispanic) from the U.S. general population
participating in the National Health and Nutrition Examination Survey (NHANES) 2015-2016 cycle*”. For
these comparisons, we used biomarker concentrations uncorrected for dilution, as dilution correction
methods in NHANES differ from those in the present study (i.e., creatinine correction vs. specific gravity
correction).

We further examined the relationship between urinary biomarker concentrations and services rendered
(e.g., chemical straightening/relaxer, Brazilian Keratin Treatment), hair products used (hair spray, leave-in
conditioner), and PPE (e.g., masks) worn in a typical workweek. Specifically, we used dot plots to compare
specific gravity-corrected biomarker concentrations based on whether (i.e., Yes/No) participants provided
the service, used the product, or wore PPE in a typical week. We restricted these comparisons to questions
with at least a 30% response rate per response category'' and biomarkers with DFs = 60% (only 2-naphthol
and MeP met this criterion and were retained for these analyses). We did not perform statistical tests to
compare 2-naphthol and MeP concentrations by services rendered, products used, or PPE worn due to the
small sample size (i.e., based on the number of hairdressers who answered “yes” or “no”). We conducted all
analyses in Stata 15.0 software (Stata Corp, College Station, TX) and generated figures using GraphPad
Prism 9 Software (San Diego, CA). Statistical significance was set at P < 0.05 for all analyses.

RESULTS AND DISCUSSION

Population characteristics

Hairdressers vs. office workers

Most hairdressers (96%) were women of color (48% Hispanic/Latina and 48% Non-Hispanic Black), had at
least a high school education or equivalent (83%), and were nonsmokers (83%) [Table 1]. Similarly, most
office workers (82%) were also women of color (41% Hispanic/Latina and 41% Non-Hispanic Black) and
nonsmokers (94%). While most office workers had a college education (71%), only 22% of hairdressers were
college-educated. Most office workers earned an annual income of = $30,000 USD (82%) annually.
Hairdressers were slightly older than office workers, with a mean age of 40 vs. 34 years (P-value = 0.05).

Reported use of cosmetics and PCPs in the past 24-48 h was not significantly different between hairdressers
and office workers (P-value = 0.83) [Table 1]. Over half of the hairdressers (65%) reported providing
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Table 1. Study population characteristics (N = 40)

Kavi et al. J. Environ. Expo. Assess. 2025, 4, 37 | https://dx.doi.org/10.20517/jeea.2025.47

Hairdressers from

Hairdressers from

All hairdressers (

Office

Characteristic Black Salons (N =11) 33 ':'.;;;an Salons C;Iuea N=23) ‘(N,: r=k$;§ C;Iu e
n (%) n (%)

Race

Hispanic/Latina 109D 10 (83.3) <0.01 11(47.8) 7(41.2) 0.52

Non-Hispanic Black 10 (90.9) 1(8.3) 11(47.8) 7(41.2)

Other® J© 1(8.3) 1(4.4) 3(17.6)

Highest education obtained

< High school 00 4(333) 0.21 4.(17.4) 0 <0.01

High school or GED 4(36.4) 2(16.7) 6(26.1) 1(5.9)

Trade school 4(36.4) 4(33.3) 8(34.8) 1(5.9)

College 3(27.3) 2(16.7) 51.7) 12 (70.6)

Other 0 0 (0 0 (0 307.7)

Smoking status

No 7(63.6) 12 (100.0) 0.04 19(82.6) 16 (94.1) 0.37

Yes 4 (36.4) 0(0) 4.(17.4) 1(5.9)

Income®

<$30,000 5(455) 5(62.5) 0.59 10(52.6) 3(17.7) 0.10

$30,001-$50,000 2(18.2) 2(25.0) 4.(21.1) 307.7)

$50,001-$75,000 1(9.0) 1(12.5) 2(10.5) 4(235)

>$75,000 3(27.3) 0 3(15.8) 7(41.2)

PCP use in the past 48 h

< 5 Products 0(0) 1(8.3) 050 1(4.3) 00 0.83

5-10 Products 4(36.4) 2(6.7) 6(26.1) 3(17.6)

>10 Products 7(63.6) 9 (75.0) 16 (69.6) 14 (82.4)

Number of different chemical-intensive hair services provided per week

1-3 Times 40 (66.7) 34 (63.0) 0.60  74(64.9) n/a

4-7 Times 16 (26.7) 14 (26.0) 30 (26.3)

=8 Times 4(6.6) 6 (11.0) 10 (8.80)

Number of natural hair services provided per week

1-3 Times 15 (51.7) 9(81.8) 040  24(60.0) n/a

4-7 Times 6(20.7) 1(9.10) 7(17.5)

2 8 Times 8(27.6) 1(9.10) 9(225)

Characteristic Mean (SD) P- Mean (SD) P-
value® value®

Age (years) 37.3(10.2) 42.8 (10.6) 022  40.2(10.6) 33.6(7.9) 0.05

Number of clients per 19.2 (8.8) 327 (1.4) <0.01 262121 n/a

week

Number of years working 14.9 (9.4) 15.3 (10.1) 0.83 15.1(9.5) n/a

in hair salons

Number of hours worked  46.2 (23.7) 42.6 (13.4) 0.69  443(18.7) 40.4 (10.4) 0.73

during the week

°P-values based on Chi-square or Fisher's exact tests to assess group differences, where appropriate. °Other race categories include: White,
Asian, American Indian or Alaska Native, and Other. “Four hairdressers did not report income. d4p-values based on the Wilcoxon Mann-Whitney
Test. Significant findings are noted in boldface (P-value < 0.05). GED: General Educational Development; PCP: personal care product; SD:

standard deviation.
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chemical-intensive hair services, such as chemical straightening/relaxers and permanent hair dying, 1 to 3
times a week. Hairdressers also reported serving an average of 26 clients in a typical workweek (range: 7-50
clients/week) and working in salons for an average (SD) of 15 (9.5) years. Both work groups reported
working a comparable number of hours during a typical workweek (hairdressers vs. office workers: 44 vs.
40 h; P-value = 0.73).

Hairdressers by salon type

All hairdressers in Black salons reported having at least a high school diploma, compared to 67% of
hairdressers in Dominican salons. We observed no significant differences in income between hairdressers
working in Black and Dominican salons. Additionally, even though Black hairdressers reported providing
more chemical-intensive hair services (i.e., services that are considered potentially harmful because they
involve the use of several chemical preparations or treatments to permanently change the structure and
texture of hair) and natural hair services (i.e., involving the provision of services to create “natural
hairstyles” that do not alter hair chemically) than Dominican hairdressers, these differences were not
statistically significant (P-value = 0.60 and P-value = 0.40, respectively). Hairdressers in Black salons also
reported having fewer clients in a typical work week (mean: 19; range 7-40 clients/week) compared to those
in Dominican salons (mean: 33; range 7-50 clients/week; and P < 0.01).

Urinary biomarker concentrations across populations

Biomarker concentrations in hairdressers vs. office workers

All five biomarkers were detected in hairdressers, but only 2-naphthol, capsaicin, and MeP were detected in
urine samples provided by office workers [Table 2]. The biomarkers 2-naphthol and MeP were frequently
detected (i.e., DF% 2 60) in both groups, with DFs ranging from 82% to 100%. Three biomarkers, 2-
naphthol, capsaicin, and MeP, were detected in > 50% of hairdressers, while EtP and PrP were detected in
only 22% and 30% of hairdressers, respectively. All quantified biomarkers were higher in hairdressers
compared to office workers. For example, the GM concentrations of 2-naphthol and MeP were 2 and 3
times, respectively, higher in hairdressers (P < 0.01) compared to office workers (GM values- 2-naphthol:
17.4 vs. 7.59 ng/ml and MeP: 150 vs. 48.9 ng/mL; Table 2). The lack of significant differences in PCP usage
between hairdressers and office workers suggests that other exposures, both within and outside the
workplace, such as environmental factors (e.g., built environment such as flooring and paint types) and
dietary habits">**, may also contribute to hairdressers’ chemical exposures.

Biomarker concentrations in hairdressers vs. women in the U.S. general population (NHANES 2015-2016) and
other populations

Comparisons with women from the general U.S. population were limited to biomarkers measured in
participants from the NHANES cycle (2015-2016) closest to when study samples were collected, including
2-naphthol and three parabens. We found that 2-naphthol was widely detected among hairdressers and
similarly aged women of color participating in NHANES (96% vs. 100%, respectively); similar findings were
observed for MeP (100% vs. 99%) [Table 2].

Additionally, detection rates for 2-napthol and MeP were also similar to those reported among Iranian
hairdressers"” and nonpregnant women in Japan and Sweden"**. However, uncorrected GM
concentrations for MeP and 2-naphthol were 1.5-2.5 times higher in hairdressers than in U.S. women (2-
naphthol: 15.5 vs. 6.31 ng/mL; MeP: 134 vs. 87.0 ng/mL) [Table 2]. While median MeP concentrations were
also higher in hairdressers than those reported among Iranian hairdressers and Swedish women", they
were lower than those reported previously in Japanese women™. These exposure differences may be
attributable, in part, to regulatory and product formulation differences between the U.S. and other nations.
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Table 2. Summary statistics for uncorrected and specific gravity-corrected urinary biomarker concentrations in ng/mL among study participants (n = 40, 2018-2019) and women in the U.S.
general population (NHANES 2015-2016)"

Biomarker L0Q Hairdressers (n = 23) Office workers (n =17) P-value® NHANES participants (n = 431)*°
DF% GM p50 (p25, p75) Range DF% GM  p50 (p25,p75) Range LOD DF% GM p50 (p25,p75) Range

2-Naphthol 200 96 15.5 15.0 (6.80, 37.6) <LOQ-393 88 0.09 100 6.31 6.34(3.18,13.6) 0.12-397
17.4 14.7 (8.29, 25.2) <LOQ-282 7.59 5.93 (4.98,13.2) <L0Q-29.0 <0.01

Capsaicin 3.70. 57 14.9 7.40 (4.05,72.0) <LOQ-163 35 - - - - -
16.0 15.4(<L0Q,76.1) <LOQ-112 <L0Q <LOQ <L0Q-41.4 0.23

EtP 50.0 22 <LOQ <LOQ <LOQ-376 O 1.00 59 3.33 1.60 (<LOD, 11.9) < LOD-1,660
<LOQ <LOQ <LOQ-338 <LOQ <LOQ <LOQ 0.58

MeP 50.0 100 134 109 (50.3,304) 16.9-2570 82 1.00 99 87.0 90.8(27.7,302) < LOD-16,000
150 152 (52.7, 262) 30.9-1,820 48.9  37.7(20.8,113) <L0Q-464 <0.01

PrP 100 30 <LOQ <LOQ <LOQ-990 O 010 99 13.6  14.4 (3.50,56.4) < LOD-2,210
<LOQ <LOQ <LOQ-702 <LOQ <LOQ <LOQ 0.07

°GM and percentile values are only reported when biomarkers were detected in = 50% of participant samples. ®p-values based on the Wilcoxon Mann-Whitney test for frequently detected biomarkers (DF 2 60%).
“P-values based on Chi-square or Fisher's exact tests, where appropriate for less frequently detected biomarkers (DF < 60%). “We included only women aged 21-58 in the NHANES analyses. The NHANES data are
weighted to account for the complex survey design. The reported sample size of 431 is based on publicly available NHANES data from 2015 to 2016 for women with paraben exposure data. “Sample size for similar-
aged women of color with 2-naphthol exposure data from the 2015-2016 NHANES is 417. Bolded values indicate summary statistics that have been specific gravity-corrected. Significant findings are marked with an
asterisk (*) to indicate a P-value < 0.05. NHANES: National Health and Nutrition Examination Survey; LOQ: limit of quantification; DF: detection frequency; GM: geometric mean; p#: represents percentiles; LOD: limit
of detection; EtP: ethylparaben; MeP: methylparaben; PrP: propylparaben.

For instance, the FDA regulates PCPs sold in the U.S., although its legislative authority to mandate safety testing is limited"”. As a result, the FDA has
restricted the use of 11 chemical compounds in cosmetics'*”, while Europe has restricted 1,328’ Policy differences may impact the detection and frequency of
exposure to chemicals in PCPs based on the origin of the PCPs used or the location of the research study. Differences in PCP usage patterns and in product
formulation content across these racially/ethnically diverse studies could also account for the differences in MeP concentrations observed® .,

EtP and PrP were detected in > 50% of U.S. women, while they were less frequently detected in hairdressers [Table 2]. The GM concentrations for EtP and PrP
were < LOQ for hairdressers, preventing further comparisons. The overall lower detection rates observed in our study for EtP and PrP among hairdressers may
reflect both lower exposures to EtP and PrP-containing products and methodological constraints. In particular, our analytical method employed higher LOQs
(EtP: 50 ng/mL; PrP: 100 ng/mL) compared to much lower limits of detection (LODs) and LOQs reported in other studies (EtP: 0.01-1 ng/mL; PrP: 0.03-

0.1 ng/mL)!"*#>+== These differences likely limited our ability to capture biomarker concentrations at the lower end of the detection spectrum for EtP and
PrP.
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Biomarker concentrations in hairdressers in Black vs. Dominican salons

Besides EtP, we detected all other biomarkers in > 50% of hairdressers working in Black salons [Table 3].
However, only 2-naphthol and MeP were detected in > 50% of hairdressers working in Dominican salons.
Capsaicin and PrP were more widely detected in hairdressers working in Black salons than in Dominican
salons, with a DF% of 100% compared to 17% (P-value = 0.02) for capsaicin and 55% compared to 8% for
PrP. For frequently detected biomarkers among both work groups (2-napthol, MeP), GM concentrations
among hairdressers working in Black hair salons were approximately two times higher than those working
in Dominican salons (2-naphthol: 22.9 vs. 13.6 ng/mL; MeP: 225 vs. 115 ng/mL) [Table 3]; a similar pattern
was observed when our team previously measured phthalates"” and VOCs""* in this study population.

The disparate detections and exposures noted among the hairdresser groups could be attributed to the
influence of racial/ethnic PCP usage patterns consistent with observed significant differences in usage
reported in the literature by race/ethnicity for several cosmetics, with Black women reporting more hair
product use than women of other races™ . For example, capsaicin is used in hair growth products to
stimulate hair growth and treat numerous hair growth-related conditions, including alopecia areata**.
Given that hair growth-related conditions like alopecia affect more African Americans than other racial
groups™, it is plausible that hairdressers working in Black salons utilize more hair products containing
capsaicin to service their clients than those working in Dominican salons. While it is possible that dietary
intake may contribute to measured capsaicin concentrations, we did not capture information on dietary
intake among study participants; future studies should consider capturing such data to control for other
non-occupational sources of capsaicin that could impact workplace exposures among hairdressers.
Nonetheless, racial/ethnic patterns in hair product use can be a significant source of differential exposure
risk to many chemicals for this worker population and should be considered in future studies. To further
clarify potential sources of variation in biomarker levels between salon subgroups, future studies should
consider obtaining detailed product inventories and ingredient analyses of hair and beauty products used in
different salon types.

Urinary biomarker concentrations by services rendered and use of hair products and PPE in a
typical workday

In general, we observed a wider distribution of 2-naphthol and MeP concentrations among hairdressers
who offered chemical-intensive hair styling and maintenance services (e.g., permanent waves/texturizers,
chemical straighteners/relaxers, extensions with and without adhesive, and roller sets) compared to those
who did not offer these services (2-naphthol: 5.73-282 vs. 6.07-39.6 ng/mL) [Figure 1]. We observed similar
patterns in this group of hairdressers in our prior work, where we found that certain VOCs"* and
phthalates™ were elevated among hairdressers who performed certain chemical-intensive services
compared to those who did not. In contrast, hairdressers who offered natural hair services (e.g., braiding,
sister locs, and afros) had a narrower range of these concentrations compared to those who did not offer
these services (2-naphthol: 5.73-53.0 vs. 5.73-282 ng/mL; MeP: 30.9-583 vs. 43.9-1,820 ng/mL).

Additionally, hairdressers who used masks during chemical-intensive services, including Brazilian keratin
treatment, had a wider distribution of 2-naphthol concentrations compared to those who did not report
using masks (6.59-282 vs. 5.73-69.8 ng/mL). However, those who reported wearing a mask during chemical-
intensive services had a narrower range of MeP concentrations compared to those who did not wear masks
during these services (43.9-262 vs. 30.9-1,820 ng/mL) [Figure 2]. Although we did not collect detailed
information on the type of masks worn (e.g., cloth, surgical, N95), precluding analysis of the effectiveness of
specific mask types or levels of filtration, our findings are comparable with those of Arfaeinia et al., who
found a significant inverse correlation (P < 0.05) between any mask use and urine paraben concentrations
among Iranian hairdressers"”. These results suggest that inhalation may be a significant route of paraben
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Table 3. Summary statistics for specific gravity-corrected urinary biomarker concentrations (ng/mL) among hairdressers by salon
type’

Hairdressers from Black salons (n =11) Hairdressers from Dominican salons (n =12)
DF% GM p50 (p25, p75) Range DF% GM p50 (p25, p75) Range
2-Naphthol 2.00 92 229 19.7 (12.7,39.6) <L0Q-69.8 100 13.6 8.98 (6.80, 21.8) 5.73-282 0.04

P-value®*

Biomarker LOQ

Capsaicin 370 100 274 59.3(4.28,919) <LOQ-1M2 17 <LOQ <LOQ <LOQ-185 0.02
EtP 50.0 36 <LOQ <LOQ <LOQ-338 8 <LOQ <LOQ <LOQ-50 0.35
MeP 15.0 100 225 228 (106, 520) 30.9-1,820 100 104 115 (49.4,178) 43.9-467 0.06
PrP 100 55 152 129 (<LOQ,326) <LOQ-702 8 <LOQ <LOQ <LOQ-334 0.05

°GM and percentile values are only reported when biomarkers were detected in > 50% of participant samples. ®p-values based on the Wilcoxon
Mann-Whitney test for frequently detected biomarkers (DF = 60%). “P-values based on Chi-square or Fisher's exact tests, where appropriate for
less frequently detected biomarkers (DF < 60%). Significant findings are noted in boldface (P-value < 0.05). LOQ: Limit of quantification; DF:
detection frequency; GM: geometric mean; EtP: ethylparaben; MeP: methylparaben; PrP: propylparaben; p#: represents percentiles.
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Figure 1. Specific gravity-corrected urinary biomarker concentrations (ng/mL) based on hair services provided in a typical week (n = 23,
2018-2019). The figure compares 2-naphthol and MeP concentrations between hairdressers who provided (“yes”, denoted by blue dots)
select chemical-intensive services, hair styling and maintenance services, and natural hair services and those who did not offer these
services (“no”, denoted by green dots). MeP: Methylparaben.

exposure among hairdressers, aligning with evidence that parabens are released in particle-phase
emissions***. While the focus should be on eliminating sources of exposure, interventions focused on PPE
to reduce chemical exposures in hairdressers should consider masks capable of filtering both liquid and
solid-phase aerosols. Future investigations should explore the effectiveness of different mask types, usage
patterns, and frequency, as well as the impact of formal workplace policies in salon environments, given the
potential for masks to serve as a practical and testable protective measure. While the measurement of
urinary biomarkers enabled assessment of internal dose by capturing cumulative exposure from all relevant
routes, including inhalation, dermal absorption, and potential incidental ingestion*”, we could not discern
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Figure 2. Specific gravity-corrected urinary biomarker concentrations (ng/mL) based on PPE used while performing chemical services (n
=22, 2018-2019). The figure compares 2-naphthol and MeP concentrations between hairdressers who wore masks while providing
chemical services ("yes"”, denoted by blue dots) and those who did not offer these services (“no”, denoted by green dots). Mask use
during the provision of Brazilian blowout only includes hairdressers who provide the service (n = 15). PPE: Personal protective
equipment; MeP: methylparaben.

the relative contributions of each exposure route. For example, low response rates regarding glove use
precluded robust evaluation of protection against dermal exposures. Larger studies are needed to assess how
PPE use across different routes influences chemical exposures in this workforce.

Chemical-intensive services

Hairdressers who offered permanent waves/texturizers had comparable GM 2-naphthol concentrations
(16.7 vs. 18.6 ng/mL) to those who did not [Figure 1]. Conversely, those who provided chemical
straightening/relaxing (18.6 vs. 12.8 ng/mL) and semipermanent coloring (18.2 vs. 15.0 ng/mL) had slightly
higher GM 2-naphthol concentrations than those who did not. Hairdressers who offered Brazilian keratin
treatment had comparable GM 2-naphthol concentrations to those who reported not offering this service
(17.6 vs. 17.2 ng/mL).

GM MeP concentrations were slightly higher among hairdressers who offered permanent wave/texturizing
(157 vs. 141 ng/mL), chemical straightening/relaxing (161 vs. 107 ng/mL), and semipermanent coloring
services (155 vs. 134 ng/mL) compared with those who did not provide these services [Figure 1]. Lower GM
MeP concentrations were observed in hairdressers who provided Brazilian keratin treatment services than
those who did not (109 vs. 246 ng/mL, respectively).

Hairstyling and maintenance services

Except for haircuts, hairdressers who offered select hairstyling and maintenance services had GM 2-
naphthol concentrations that were 1.2-1.8 times higher than those who did not, including hair extensions
with the use of adhesives (19.4 vs. 15.5 ng/mL), hair extensions without adhesive use (22.0 vs. 12.1 ng/mL),
and setting the hair in rollers (18.1 vs. 14.8 ng/mL) [Figure 1].

Hairdressers who applied hair extensions with or without adhesives had 1.5-1.9 times higher GM MeP
concentrations than those who did not offer hair extension services (with adhesive: 175 vs. 118 ng/mL; no
adhesive: 203 vs. 108 ng/mL) [Figure 1]. We also observed comparable GM MeP concentrations among
hairdressers who offered haircuts and those who did not (151 vs. 146 ng/mL).
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Natural hair services

We observed comparable GM 2-naphthol concentrations among hairdressers who braided hair and those
who provided sister locs/locs compared to those who did not offer these services (braiding: 16.9 vs. 18.1 ng/
mL; sister locs/locs: 16.0 vs. 18.5 ng/mL) [Figure 1]. Hairdressers who provided twisting (i.e., a hairstyle
created by intertwining two or three strands of hair) had slightly higher GM 2-naphthol concentrations than
those who did not provide this service (19.2 vs. 15.4 ng/mL), while hairdressers who offered natural afro
hair services and those who did not had the same GM 2-naphthol concentration (17.4 ng/mL).

GM MeP concentrations were lower for hairdressers who provided braiding (117 vs. 196 ng/mL) and
twisting (139 vs. 166 ng/mL) compared to those who did not provide these services [Figure 1]. In contrast,
GM MeP concentrations were 1.3-1.8 times higher in hairdressers who offered sister locs/locs (175 vs.
136 ng/mL) and natural afro hair services (223 vs. 126 ng/mL) than those who did not.

While our limited sample size may preclude an in-depth investigation of exposure differences between those
providing “natural hairstyles” vs. those that do not, the provision of these services may not always result in
lower exposures. Despite the perception of being safer alternatives to chemical-intensive hairstyles (e.g., hair
relaxing or texturizing, Brazilian blowout or Keratin treatments), natural hairstyles often require the use of
multiple hair products, including styling aids previously shown to contain several chemical ingredients of
concern [Supplementary Table 1]**". Thus, hairstylists providing “natural hairstyles” could still be exposed
to potentially harmful chemical ingredients. Using replacement hair products deemed safer because of
claims of being free of specific concerning chemical ingredients (e.g., paraben- and phthalate-free) may not
always be feasible for hairdressers, as such products might still contain other harmful ingredients. These
challenges persist regardless of whether they provide natural hairstyles or chemical-intensive services, due in
part to the limited availability of safer alternatives” ), the lack of transparency in the ingredient
disclosure, and consumer preferences or resistance to change”®. When Collins ef al. surveyed Californian
women on their PCP usage patterns, they determined that compared to women of other races/ethnicities,
Vietnamese and Latina women were less likely to avoid specific ingredients such as parabens in their
PCPs". Comparatively, Black women were more inclined to use imported products to suit their needs.
Thus, future research should investigate exposures among hairdressers and clients seeking natural
hairstyles, as they may still be exposed to chemicals of concern. Given these challenges, culturally tailored
interventions may be more suitable for mitigating chemical exposures among hairdressers based on their
clientele.

Product usage

Select products were associated with higher biomarker concentrations for 2-naphthol [Figure 3].
Specifically, we observed 1.5-2.1 times higher GM 2-naphthol concentrations in hairdressers who reported
using chemical straightener/relaxer (18.6 vs. 12.8 ng/mL), hairspray (19.3 vs. 12.1 ng/mL), and Brazilian
Keratin Treatment products (26.8 vs. 12.5 ng/mL) to service their clients than hairdressers who did not use
these products. Those who reported using hair bleach had lower GM 2-naphthol concentrations than those
who did not (16.7 vs. 21.6 ng/mL).

The GM MeP concentrations were 1.3-1.7 times higher in hairdressers who reported using hairspray (168
vs. 99.4 ng/mL), chemical straightener/relaxer (161 vs. 107 ng/mL), and permanent waves/texturizer
products (167 vs. 131 ng/mL) [Figure 3]. Similar to 2-naphthol, GM MeP concentrations were slightly lower
among hairdressers who reported using hair bleach than those who did not (148 vs. 159 ng/mL). GM MeP
biomarker concentrations for hairdressers who reported using Brazilian Keratin Treatment products were
comparable to those who did not report using these products (149 vs. 151 ng/mL) [Figure 3].


https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202510/jeea4047-SupplementaryMaterials.pdf
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Figure 3. Specific gravity-corrected urinary biomarker concentrations (ng/mL) based on hair salon products used in a typical week (n =
23,2018-2019). The figure compares 2-naphthol and MeP concentrations between hairdressers who used (“yes”, denoted by blue dots)
select hair products, compared to those who did not use these products (“no”, denoted by green dots). MeP: Methylparaben.

Study limitations and strengths

Our study had some limitations, including the small sample size and cross-sectional design. The collection
of only post-shift urine samples limited the assessment of exposure variability (both within and across
participants) and temporal trends, so we may have missed crucial exposure windows due to the short half-
lives of these biomarkers' . Our design could not differentiate occupational from non-workplace
exposures; however, reported PCP use outside work did not differ significantly between hairdressers and
office workers. Future studies should consider collecting both pre- and post-shift urine samples to better
distinguish occupational exposures from background sources. Dietary sources of exposure (e.g., capsaicin
intake) were not accounted for, nor did we gather detailed data on mask and glove use or salon PPE
policies, limiting evaluation of their influence on chemical exposures. Although office workers served as a
comparison group, the absence of Caucasian hairdressers or those serving a non-ethnic or mixed clientele
limits generalizability to hairdressers working predominantly with women of color. Finally, our study did
not account for seasonal variations in product use or ventilation, which can be affected by factors such as air
conditioning or closed windows. Seasonal shifts may also influence styling practices and product choices,
thereby impacting chemical exposures'®’. Future studies should examine these seasonal patterns to enhance
the accuracy and applicability of findings.

Despite the limitations, our study has several notable strengths. Given the complexity and diversity of
chemicals present in hair and beauty products, conducting comprehensive product inventories and
ingredient analyses can be challenging. However, in the present study, a suspect screening analytical
approach was integrated, providing the opportunity to identify both known and previously unrecognized
chemicals, which can enhance understanding of exposure sources. Future studies should consider
combining prioritized product inventories with suspect ingredient screening to more comprehensively
elucidate sources of exposure disparities in this workforce.

This study is also the first to characterize exposure to 2-naphthol, capsaicin, EtP, MeP, and PrP among
hairdressers of color (Black/Latina) primarily serving a clientele of color using biomonitoring methods in
the U.S. Our study is one of only two studies to characterize hairdressers’ paraben exposures"®. To our
knowledge, no other study has assessed exposure to 2-naphthol and capsaicin among hairdressers.
Additionally, we had two comparison groups - office workers and a representative sample of women from
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the U.S. general population - which enhanced our understanding of chemical exposures among hairdressers
and populations considered less exposed. We also showed that Black hairdressers have higher
concentrations of 2-naphthol, capsaicin, EtP, MeP, and PrP compared to Latina hairdressers, underscoring
the need to expand our understanding of how racial/ethnic product usage and hair service patterns might
drive risks associated with exposures and associated health disparities among hairdressers. Another strength
of our study is that we examined exposure to two EDCs (i.e., 2-naphthol and MeP) among hairdressers in
the context of the product types used, services offered, and work behaviors, including PPE use. As a result,
we identified potential modifiable exposure factors that should be explored further to inform future larger
studies aimed at informing interventions to reduce exposures in this worker group.

CONCLUSIONS

In summary, our findings suggest that hairdressers of color, who primarily serve women of color,
experience disparate chemical exposures, including to select EDCs, potentially due in part to the services
rendered and products used. Differential exposures to select EDCs measured may contribute to exposure
and health disparities. This raises concerns as one-third of this primarily female, low-income workforce
consists of women of color". These women may already be overburdened by chemical and non-chemical
stressors outside the workplace. Our work expands on EDC exposure assessment efforts among U.S.
hairdressers and highlights potential exposure disparities that could lead to health inequities in this at-risk
population and should be studied further. Additionally, our findings are of great public health relevance as
many hairdressers are women of reproductive age and often work during pregnancy, posing an additional
health risk to their children. However, our study’s limited sample size and focus on hairdressers in the
United States must be considered when interpreting these results. While the findings provide important
preliminary insights, larger studies with a racially/ethnically diverse group of hairdressers are needed for
more in-depth exposure characterization of salon exposures and to help identify modifiable exposure
determinants that can be tested in culturally relevant interventions to protect worker health.
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