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Abstract: Humans are exposed to pollutants daily through various routes, including skin
contact. A key concern is the presence of endocrine-disrupting chemicals, which means
they can mimic, block or interfere with the body’s natural hormones, in many everyday
items, among which are personal care products. We set up a chromatographic method
to simultaneously assess the occurrence of nine endocrine disruptors and to verify the
compliance with mandatory regulations concerning the potential fraudulent additions
of preservatives. A total of twenty-six haircare products were collected and analyzed.
The limits of detection ranged from 0.052 µg mL−1 to 1.744 µg mL−1, while the limits of
quantification ranged from 0.175 µg mL−1 to 5.815 µg mL−1, respectively. Analyte recovery
was between 66% and 87%, demonstrating the accuracy of the method in these target
formulations. Even if the recovered quantity of parabens did not exceed the legal limits,
the analysis detected bis(2-ethylhexyl) phthalate (DEHP) in 2 real samples and dibutyl
phthalate (DBP) in all 26 samples, with concentrations ranging from 151.01 µg/100 g to
1042.58 µg/100 g. Although the European Union regulates the quantity of potentially
harmful compounds in consumer goods, repeated use of certain products, such as haircare
formulations, could result in chronic exposure to several endocrine disruptors.

Keywords: endocrine disruptors; personal care products; hair masks; liquid chromatography;
diode array detection

1. Introduction
Humans are exposed daily to various pollutants through the diet, air and skin contact.

Although the skin is not the primary route of exposure, it can still offer as a significant
pathway for contaminants to enter the human body, due to its large surface area, as skin is
the largest organ in the human body. In recent years, increasing attention has been paid
to Contaminants of Emerging Concern (CECs), particularly those exhibiting endocrine-
disrupting activity and, therefore, classified as endocrine-disrupting chemicals (EDCs).
EDCs encompass a structurally diverse group of chemicals, including both natural and
synthetic compounds widely used in industrial sectors. Industrial solvents and lubricants,
polychlorinated biphenyls (PCBs), plastic monomers such as bisphenol A (BPA) and its
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analogs and plasticizers like phthalates are only some human-made chemicals, with over
1000 potential endocrine disruptors identified by the Endocrine Society [1]. EDCs are
commonly found in everyday products, including cosmetics and personal care products
(PCPs), raising public health concerns. PCPs primarily expose individuals to EDCs through
skin contact [2]. Ingredients such as parabens, UV filters and fragrances can penetrate the
skin barrier and reach the systemic circulation, posing significant health risks [3]. EDCs are
chemicals that mimic or interfere with natural hormonal functions, impacting the endocrine
homeostasis and thus contributing to diseases, such as thyroid disorders, reproductive
issues and even cancer, for women, men and offspring. Research also suggests that EDCs
may be transferred via the placenta to the fetus [4]. Nowadays, PCPs are used not only
by women but also increasingly by men, who have expanded their use beyond traditional
lotions. The European Union has taken significant actions to address the risks posed by
EDCs, particularly in the cosmetics sector [5]. The EU regulatory framework manages these
substances through risk assessment conducted by the Scientific Committee on Consumer
Safety (SCCS) [6] and applies the precautionary principle to enable protective measures. De-
spite efforts to reduce exposure, several challenges persist, including restrictive criteria for
identifying EDCs, incomplete data and limitations such as the ban on animal testing, which
complicate the identification of new chemicals with endocrine activity [7]. Furthermore,
reliance on industry-provided data undermines transparency and public trust. While some
EDCs have been identified and restricted, many remain unregulated, leading to criticism
that the framework fails to fully protect public health and the environment. Stakeholders
advocate for broader definitions of EDCs, better testing methods and more public engage-
ment in decision-making to address these gaps and enhance safety measures. To date,
much attention has been focused on skin exposure as a route for EDC absorption, while
limited studies have investigated potential absorption through the scalp using dedicated
products [8–10]. The scalp exhibits a unique structure compared to other skin areas. Its
anatomy is quite complex and is made up of five distinct layers, each differing in structure,
function and cellular composition [11]. These fine membranes and connective tissues house
a detailed network of blood vessels, nerves and hair follicles, along with other elements.
All of this exists within a tissue layer that is only 5–10 mm thick, surrounding the skull
and the brain. Furthermore, the scalp is characterized by a high density of hair follicles [9],
sebaceous glands and a thinner epidermal barrier in certain regions [10]. These features
may enhance the absorption of lipophilic and low-molecular-weight compounds [10]. Fur-
thermore, frequent use of haircare products such as shampoos, conditioners and masks can
result in prolonged exposure to potentially harmful substances, with the scalp serving as an
overlooked but significant entry point for EDCs. Identifying EDCs in PCPs—particularly
in haircare items—can help establish a robust framework for determining the potential
risks, or lack thereof, associated with daily use. This approach is crucial in assessing the
long-term effects of such exposure and ensuring the safety of consumer products. In this
work, we focused on nine assessed and/or suspected EDCs belonging to various chemical
classes: parabens (PBs), phthalates (PHTs) and triclosan (TCS). PBs have long been consid-
ered harmless and are widely used as preservatives in many consumer goods to prevent
the growth of microorganisms. However, over the last two decades, a debate has been
ongoing about their safety, primarily due to their estrogenic activity, as it was demonstrated
that they can bind to estrogenic receptors of cells and therefore disrupt the hormonal
balance [12]. The EU established specific concentration limits for authorized PBs, namely,
methylparaben (MP), ethylparaben (EP), propylparaben (PrP) and butylparaben (BuP),
requiring that each PB does not exceed 0.4% when used individually, or a total of 0.8%
when used in combination. PHTs, which are esters of phthalic acid, have been included in
this research because certain congeners, such as Bis(2-ethylhexyl) phthalate (DEHP) and
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dibutyl phthalate (DBP), are used to dissolve other substances and/or as plasticizers. PTHs
can be employed in the manufacturing of some haircare products primarily to ensure that
fragrances last longer, hidden as “fragrance” or “parfum” on the label, according to the
INCI (International Nomenclature of Cosmetic Ingredients). Finally, we included in the set
of chemicals under our investigation TCS, an antibacterial and antifungal banned by the
US Food and Drug Administration in some PCPs but allowed in the EU by the Scientific
Committee on Consumer Safety (SCCS) (UE 2024/996). Despite several studies having
been published, they typically address a smaller number of analytes than those examined
in our study, or—when the number of analytes is comparable—they focus on compounds
within a single structural class [13]. The aim of this research was to verify the correct
amounts of several compounds declared on the label, and at the same time, to assess the
possible fraudulent use of those forbidden—isopropyl 4-hydroxybenzoate (iPrP), benzyl
4-hydroxybenzoate (BzP) and isobutyl 4-hydroxybenzoate (iBuP)—validating a routinely
and easy-to-perform method. All the chemicals under investigation are reported in Figure 1
as chemical structures.

Figure 1. Chemical features of investigated EDCs, and of BzP used as internal standard (IS).

2. Materials and Methods
2.1. Chemicals and Materials

All the reagents used in this study were commercially available and of analytical
grade. Acetonitrile (ACN), methanol (MeOH) and trifluoracetic acid (TFA) (minimum
purity ≥ 98.0%) were purchased from Sigma Aldrich (Milan, Italy). Bis(2-ethylhexyl) phtha-
late (DEHP; minimum purity ≥ 98.0%), dibutyl phthalate (DBP; minimum purity ≥ 99.0%)
and triclosan (TCS; minimum purity ≥ 97.0%) were purchased from Sigma-Aldrich
(Dorset, UK). Methyl 4-hydroxybenzoate (MP), ethyl 4-hydroxybenzoate (EP), propyl
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4-hydroxybenzoate (PrP) and butyl 4-hydroxybenzoate (BuP) were purchased from Merck
& Co. (Poole, UK). Isopropyl 4-hydroxybenzoate (iPrP) was purchased from Fluorochem
(Hadfield, UK), benzyl 4-hydroxybenzoate (BzP) was purchased from Sigma Aldrich (Mi-
lan, Italy) and isobutyl 4-hydroxybenzoate (iBuP) was purchased from J&K Scientific (San
Jose, CA, USA). The purity of all PBs was equal to or higher than 98%.

2.2. Instrumentation and Conditions

Milli-Q water was produced in-house, and its conductivity was 0.055 µS cm−1 at 25 ◦C
(resistivity equals 18.2 MΩ·cm). The chromatographic system consisted of a quaternary
gradient pump (Jasco PU-2089 Plus), a 7725 Rheodyne injection valve fitted with a 20 µL
loop and a multi-wavelength detector (PDA) (Jasco MD-2010-Plus). The analyses were per-
formed on a reverse-phase LC column Kinetex phenyl-hexyl 100 Å (Phenomenx, Torrance,
CA, USA), 150 × 4.6 mm, 5.0 µm particle size, at room temperature (20 ± 2 ◦C).

2.3. Optimized Final Methods

The haircare products were selected based on their labels. Ingredients of all the
analyzed PCPs are reported in Table S1 in the Supplementary Material section. We selected
26 PCPs, among which there were 19 hair masks, 2 shampoos and 2 hair conditioners,
choosing samples commercially available in Italy regardless of brands and claims, but from
different countries. BzP was chosen as the internal standard (IS) after the analysis of each
sample as a preliminary step to determine a possible its fraudulent addition despite being
banned. Samples were extracted as follows: 25 mg of each hair product was analytically
weighted, and we added 500 µL of BzP 1 mg mL−1 in EtOH, vortexed for 1.0 min and
then sonicated for 15 min. Next, 25.0 mL of extraction solvent (60:40 (v/v) EtOH:n hexane
mixture) was added to each sample and again vortexed for 1 min and centrifuged for
15 min, 6000 g (LLG-uniCFUGE2). All real samples were filtered before the analysis with a
0.45 µm syringe filter. We analyzed two procedural blanks for all target compounds (MP,
EP, iPrP, PrP, iBuP, BuP, TCS, DBP and DEHP) and we did not detect trace levels of any
compounds under analysis. The chromatographic analysis was performed as follows: the
mobile phase was 0.01% TFA Milli Q (A): ACN (B), the flow rate was set to 1.0 mL min−1

and, for the best precision, the sample loop was overfilled with a minimum of three times
the sample loop volume in a “full-loop” injection mode (60 µL). The gradient program was
as follows: 0 min 30.0% B; 10 min: 35% B; 25 min 95% B; 30 min 95% B; 30.1 min 30% B; and
40 min 30% B. All mobile phases were vacuum filtered through 0.45 µm nylon membranes
(Millipore, Burlington, MA USA). Data acquisition and integration were accomplished
by Chrompass software, (Version v1.7) performed with a multiwavelength detector at λ
220 nm for DEHP, DBP and TCS and λ 254 nm for PBs, respectively. Each sample was
injected three times to test the instrument repeatability. Calibration curves were obtained
by plotting peak areas against concentrations of the analytes. Some analytes investigated in
this research can be released from plastic labware; therefore, care was taken by the analyst
using glassware materials, washed using only organic solvents and water, or if necessary,
we properly treated plastic equipment to avoid possible background contamination, by
keeping the plastic labware in contact with a solution of 50:50 n hexane–tetrahydrofuran
for 3 h before use [14].

2.4. Method Validation Results

The validation parameters determined are described in the ICH Q2a [15]. Specificity
was assessed through injection of a procedural blank, not containing the matrix, but which
underwent the entire measurement process like a test sample, to verify any contamination
or interference caused by reagents or sample tubes or introduced during any part of the
measurement procedure; procedural samples were spiked with IS to verify the occurrence
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of interfering peaks, eluting at the same retention time. Linearity was assed, through the
set-up of calibration curves ranging from 1.0 to 30.0 µg mL−1 by plotting the average
peak areas against the analyte concentrations. Linear regression analysis was performed,
and the correlation coefficient, slope and intercept were calculated using the least squares
regression line, using Microsoft Excel® 2021 software. Accuracy and precision, i.e., the
closeness of the test results to the true or theoretical value and the degree of scatter between
replicate measurements of the same sample under the same conditions, respectively, were
evaluated. Recovery rates were reported as a percentage of the concentration of IS; precision
was assessed by analyzing ten replicates of the sample on the same day and across two
different days to capture both intra-day and inter-day variability, with results expressed as
relative standard deviation (RSD). Repeatability was tested using a nominal concentration
of 1.0 µg mL−1 of all investigated analytes. The limit of quantitation (LOQ) and limit of
detection (LOD), the lowest amount of an analyte that can be quantitated with suitable ac-
curacy and precision and the lowest amount of an analyte that can be detected, respectively,
were estimated as follows: LOD = (SD·3)/S and LOQ = (SD·10)/S, where SD represents
the standard deviation of the intercept with the y-axis from the calibration curves, and S
is the slope of the calibration curve. To that end, a standard solution with all investigated
analytes in pure solvent was tested ten times to ensure it fell within the appropriate range.
Figure S1 (Supplementary Material) shows a chromatogram of a real sample spiked with
all analytes at 5 µ mL−1. The matrix effect was determined by calculating the ratio of the
peak area in a spiked real sample to the peak area in a pure solution. The spiking was
executed at 20.0 µg mL−1.

Matrix effect =
peak area in presence of matrix

peak area in pure solvent
× 100

Robustness, the reliability of an analysis with respect to deliberate variations in differ-
ent batches and grades of solvents (ACN, EtOH), reagents (TFA, water) and equipment,
was determined, as well as adjusting sonication and centrifugation times. Furthermore,
robustness was tested by two analysts on two days and two reverse stationary phases. Sys-
tem suitability testing (SST), defined by the ICH as “the checking of a system to ensure the
performance of the system”, was also performed. It was an integral part of our analytical
procedures, based on the concept that the equipment, analytical operations and samples
constitute an integral system that can be evaluated as such, which was carried out through
the assessment of resolution (R), column efficiency (N), tailing factor (T) and retention
factor (k), relative standard deviation (RSD) of peak response, h (HETP) (corresponding to
the length of the column (L) divided by the number of theoretical plates (N)) and retention
time, to confirm that the analytical method was appropriate for its intended purpose.

3. Results
3.1. Method Validation

Due to the complex composition of the haircare products investigated, extraction
procedures were adopted before the chromatographic analysis. The influence of solvents
with different polarities, such as MeOH, ACN, ethyl acetate and isopropyl alcohol, was
tested and the extraction trials were carried out using solvents alone or mixtures in various
ratios and volumes (for instance, 50:50 EtOH: n hexane, and 60:40 isopropyl alcohol: n
hexane), with and without sonication and modifying its duration. Although BzP belongs
to PBs’ class, it has been forbidden in PCPs; however, it was chosen as IS, because it is
an analog and it has a Log p value of 3.6 (Chemspider), which is a value higher than its
structural analogs but lower than the other analyzed chemicals. The results showed a good
recovery yield for almost all the analytes, demonstrating that a straightforward mixture
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of solvents is enough for an exhaustive extraction, without additional clean-up steps or
further time-consuming sample preparation.

The method was proven to be selective; because each compound had a distinct re-
tention time, there was no chromatographic peak overlap in the analysis of procedural
blanks and real samples. To assess method linearity, standard curves for the nine analytes
were analyzed, and the results were plotted as the peak area response ratio against the
standard concentration (µg mL−1); the regression analysis for all analytes demonstrated
linearity, within the tested concentration range of 1–30 µg mL−1. The coefficient of determi-
nation (R2) ranged between 0.9794 and 0.9976, and the regression model was significant
(p-value < 0.001). Analyte recoveries ranged from 66% to 87%, demonstrating the method’s
accuracy in target formulations. Precision values ranged from 2.61% to 9.90%. Assay robust-
ness results were within 5% (relative), confirming the method’s robustness. LOD values
ranging from 0.052 µg mL−1 to 1.744 µg mL−1, while LOQ values were from 0.175 µg mL−1

to 5.815 µg mL−1, demonstrating a good sensitivity of the method. Indeed, LOQ ranges
were aligned with the amounts allowed in cosmetics and PCPs according to EU law [16],
indicating that the method provides the required sensitivity to assess compliance with
European regulations. Overall, these results suggest that the method is accurate and precise
across the entire working range. SST was performed every time, just before or alongside the
analysis of the real samples. For the SST to be considered reliable, the instrument needed
to be properly qualified in advance, and the method must have been previously validated.
All validation parameters are reported in Table 1, while SST parameters are listed in Table 2.
The resolution was >1.5 for BuP and iPrP (0.79 and 1.08 values, respectively) but resolved
for more than 50%. The number of theoretical plates (N) of the column for separation, the
tailing factor (T) and the retention factors (k) for all compounds showed that the peaks
were perfectly symmetrical and that the method has good reproducibility.

Table 1. Analytical method validation parameters.

Calibration
Parameters MP EP iPrP PrP iBuP BuP BzP TCS DBP DEHP

Linear range 1–30 µg mL−1

Slope 939.3 1341.6 801.4 803.9 748.7 874.5 1139.8 914.5 762.5 210.8

Intercept 1261.5 −1114.2 398.4 −9.2834 −711.1 −930.3 −2305 −768.1 −628.2 177.9

R2 0.9879 0.9976 0.9824 0.9933 0.9886 0.9915 0.9794 0.9941 0.9873 0.9988

Repeatability
(n = 5) RSD % 5.1 5.2 2.1 1.1 5.7 4.9 16.6 6.7 14.5 35.8

Intermediate
precision

(n = 10) RSD %
6.7 9.9 4.5 2.6 6.4 4.6 13.1 8.3 11.1 25.6

LOQ
µg mL−1 1.0040 0.6209 0.6039 0.1746 0.5029 0.3434 0.5022 0.6150 1.1231 5.8147

LOD
µg mL−1 0.3012 0.1863 0.1812 0.0524 0.1509 0.1030 0.1507 0.1845 0.3369 1.7444

Matrix effect 79.545 82.596 81.877 72.998 85.291 82.268 90.384 84.183 91.793 78.507
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Table 2. System suitability parameters. N, Number of theoretical plates per column; h, Height
equivalent to one theoretical plate, mm; h, Reduced plate height.; k, Retention factor; R, Resolution; T,
Tailing factor.

MP EP iPrP PrP iBuP BuP BzP TCS DBP DEHP

N 380 521 1187 1347 3320 3977 7455 15595 15830 26050

h 0.395 0.288 0.126 0.111 0.045 0.038 0.020 0.010 0.009 0.006

hr 79 58 25 22 9 8 4 2 2 1

k 1.51 2.69 4.36 4.75 7.28 7.54 8.37 11.31 11.57 14.64

R 3.50 3.45 4.45 1.08 7.15 0.79 2.89 11.90 1.06 13.23

T 0.4487 0.5599 1.2919 0.5495 0.9679 n.d. 0.4004 0.3615 0.3672 0.3531

3.2. Application to Real Samples

The validated method was applied to twenty-six PCPs for haircare, to (a) check the
suitability of the method for the analysis of the EDC selected panel, (b) verify a possi-
ble fraudulent addition of the forbidden PBs and (c) evaluate the concentrations of the
investigated analytes for compliance with current European legislation. Figure 2 shows
chromatograms of a calibration standard (30 µg mL−1) and two real samples, positive for
at least one of the investigated chemicals.

Figure 2. (A) Chromatogram of a calibration standard (30 µg mL−1). (B) Real sample n.1, containing
methylparaben as a preservative, acquired at λ 254 nm. (C) Real sample n.4, containing MP, EP,
PrP and BuP as preservatives, found at values < LOQ, and DPB as a contaminant, acquired at λ
220 nm (C).

The well-defined peaks of the analytes suggest that the analytical method was ade-
quate both for the extraction procedure and the analysis, indicating the applicability of
the method in monitoring commercial samples. Table 3 summarizes the results: out of the
twenty-six analyzed real samples, ten samples showed the occurrence of at least one PB on
their labels. The analysis revealed that the detected quantities were within the legal limits:
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below 0.4% when present alone (ranging from 0.10% to 0.28%) and <0.8 when present in
mixtures (ranging from 0.21% to 0.52%). The remaining sixteen samples did not report any
PBs on their labels, and our analysis confirmed their absence. TCS was not detected in any
of the real samples, while DEHP was found in two samples. DBP, however, was found in
all 26 samples, with concentrations ranging from 151.01 µg/100 g to 1042.58 µg/100 g.

Table 3. Concentrations found in real samples analyzed. For PBs, the concentration is expressed as
w/w %; for TCS, DBP and DEHP, the concentration is reported as µg in 100 g of matrix. * For legal
limits, refer to Annex V in Regulation (EC) No. 1223/2009 of EU (Union, 2014). nd: not detected. na:
not applicable; since some values are <LOQ, the sum is not precisely calculable.

Product MP % EP % iPrP % PrP % iBuP % BuP % Sum of
PBs % *

TCS
µg/100 g

DBP
µg/100 g

DEHP
µg/100 g

1 0.28 nd nd nd nd nd nd nd 151.01 23.62

2 nd nd nd nd nd np nd nd 279.59 nd

3 nd nd nd nd nd 0.23 nd nd 248.31 nd

4 <LOQ <LOQ nd <LOQ np <LOQ na nd 213.61 66.50

5 0.23 nd nd nd nd nd nd nd 194.58 nd

6 nd nd nd nd nd nd nd nd 723.95 nd

7 0.24 nd nd nd np nd nd nd 196.27 nd

8 0.10 nd nd 0.18 nd nd 0.28 nd 294.18 nd

9 <LOQ 0.12 nd <LOQ nd <LOQ na nd 251.40 nd

10 nd nd nd nd nd nd nd nd 266.75 nd

11 0.21 nd nd 0.31 nd nd 0.52 nd 224.46 nd

12 nd nd nd nd nd- nd nd nd 248.13 nd

13 nd nd nd nd nd nd nd nd 278.51 nd

14 nd nd nd nd nd nd nd nd 300.88 nd

15 <LOQ 0.15 nd nd nd nd na nd 293.85 nd

16 <LOQ 0.16 nd nd nd nd na nd 335.24 nd

17 <LOQ nd nd nd nd nd nd nd 189.45 nd

18 nd nd nd nd nd nd nd nd 279.59 nd

19 <LOQ nd nd nd nd nd nd nd 224.77 nd

20 nd nd nd nd nd nd nd nd 247.85 nd

21 nd nd nd nd nd nd nd nd 274.18 nd

22 nd nd nd nd nd nd nd nd 481.73 nd

23 nd nd nd nd nd nd nd nd 190.58 nd

24 nd nd nd nd nd nd nd nd 1042.58 nd

25 nd nd nd nd nd nd nd nd 314.21 nd

26 nd nd nd nd nd nd nd nd 257.18 nd

4. Discussion
4.1. EDCs and Transdermal Permeation Through the Scalp

Emerging research indicates the occurrence of EDCs in several human biological
matrices, including the selected compounds of the present work [17–20]. EDCs have been
shown to act at very low doses and may exert synergistic effects [21]. In this context, even
small aliquots of EDCs eventually crossing the scalp skin, below the concentration values
causing acute toxicity, can cause multiple and chronic exposure. For example, exposure
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to PBs has been associated with reduced fertility and adverse effects on the development
of both male and female reproductive systems. Their interference with estrogens has
also raised concerns regarding an increased risk of estrogen-dependent tumors, such as
breast cancer, particularly following the topical exposure of PB-containing cosmetics in
the underarm area [22]. Although the mechanism by which PBs act as xenoestrogens
is not yet fully understood, one hypothesis suggests that their biological activity may
be related to the inhibition of the enzyme 17β-hydroxysteroid dehydrogenase type 2,
at micromolar concentrations, which could increase the conversion of estradiol into the
weaker estrone [23].

Another hypothesis proposes that PBs can inhibit aromatase, a key enzyme in steroido-
genesis, at much lower concentrations than those needed to induce proliferation of human
breast cancer MCF-7 cells, suggesting a potentially more pronounced anti-estrogenic effect.
Additionally, PBs can cause allergic reactions and contact dermatitis, and they have been
detected in various human tissues, confirming that exposure to these substances is un-
avoidable in daily life [24]. Because the hair shaft lacks metabolism or excretion processes,
EDCs can also accumulate in the hair fiber structure from exogenous sources over long
periods [25]. Indeed, hair can accumulate PBs, as demonstrated by studies conducted by
Li et al. in Northeast China [26] and by Gonkowski et al. [27]. In addition, TCS has been
detected in hair samples collected from 60 adults, with 71% of the samples testing positive,
followed by MP in 17% of the samples [28].

Molecular permeation across the skin occurs through several pathways, such as the
transcellular route, i.e., directly through corneocytes, encountering low-lipid regions within
the cytoplasm, which may facilitate the crossing [29]. In contrast, the intercellular pathway
requires molecules to navigate dense lipid layers and fatty acids. These layers feature both
hydrophilic and lipophilic regions, creating a highly resistant barrier to permeation, partic-
ularly when aided by sebum or interactions with the follicular epithelium. Alternatively,
several molecules can diffuse via the appendageal route [30]. The interplay between path-
ways, particularly the lipoidal diffusion of the target molecule, highlights the complexity of
the permeation. Even when PCPs’ labels comply with current regulations, several studies
have detected unauthorized EDCs, either added intentionally or leached from packaging
materials [13,31].

Although all the real samples analyzed in this study, aiming to assess the suitability of
the validated method, showed PB concentrations—whether individually or in mixtures—
below the legal limits and consistent with the declared label, it is important to emphasize
that hair PCPs are not the only route of exposure to these chemicals. Furthermore, since
PBs share common features, they can exert an additive effect. For instance, the sample n.11
in Table 3 contains more than one PB, with a total concentration of 0.51%, showing a value
below the legal limit of 0.8% for mixtures, but slightly exceeding the maximum limit of
0.4% for a single substance.

European law regulates the amount of TCS, which is currently listed under entry 25 of
Annex V to Regulation (EC) No. 1223/2009. TCS is permitted as a preservative in cosmetic
products at a maximum concentration of 0.3% in items such as toothpastes, hand soaps,
body soaps/shower gels, deodorants (non-spray), face powders and blemish concealers,
and in nail products used for cleaning before the application of artificial nail systems, with
a maximum concentration of 0.2% in mouthwashes [16]. We did not find TCS in any of
the real samples, while 2 samples showed DEHP levels, but surprisingly, we found DBP
in all 26 samples. DBP is, historically, the primary phthalate used in cosmetic products
as a plasticizer, and PTHs have been detected in the human urine [32], even if they are
banned in European PCPs by Annex XIV of REACH, due to their disrupting potential for
human endocrine system. Nevertheless, they can migrate from packaging, where they are
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added as plasticizers, or be present hidden under the “perfumes and fragrances” wording.
Especially if low-molecular-weight, they are quickly absorbed by the skin and have been
demonstrated to affect several functions [24].

Louzau et al. [33] analyzed the concentration levels of different PTHs in various
PCPs, among which were hair products marketed in France and Spain. They found that
DBP was the second most frequently detected phthalate, followed by DEHP, and Huaijun
et al. [34] found a detection frequency of 98.2% DBP among 56 analyzed face masks. This
demonstrates that DBP occurs in several PCPs, where it is either present as a raw material
or originates from packaging migration.

4.2. Implications Concerning Regulatory Limits

Despite the safety and quality required according to current regulations, cosmetics
and PCPs can contain EDCs, which may not be deliberately added but rather migrate
from plastic packaging. Even if in the EU and China, PTHs are not allowed or severely
restricted, in the USA, there is no formal prohibition of their use in cosmetics. Therefore, the
monitoring and assessment of exposure are critical to ensuring consumer safety, mostly for
PCPs imported from non-EU countries. The development of rapid and precise analytical
methods to detect and quantify the most common EDCs in products is essential. Although
numerous methods have been developed for detecting PBs [35], PHTs [36] and TCS [37]
in various matrices [38–40], none have yet been officially regulated for use in cosmetics, a
gap that needs to be addressed [13]. Our proposed method can offer a simple, rapid and
easy-to-perform approach for assessing the most frequent EDCs in hair PCPs with diverse
ingredients in their formulations.

5. Conclusions
Several endocrine-disrupting chemicals have been restricted or banned in cosmetics

and personal care products due to the considerable health risks associated with their
use. These substances have been linked to hormonal imbalances and other long-term
health concerns, prompting stricter regulatory actions worldwide. As a result, there is a
growing and urgent need to investigate as much as possible analytes belonging to different
chemical classes in real-world settings. Routine detection and quantification of these
compounds in cosmetic formulations may ensure consumer safety and enable a more
comprehensive assessment of human exposure. In response to this need, the present
study proposes an analytical method for the separation of nine suspected or proven EDCs
in hair cosmetic products according to established analytical guidelines. The proposed
method is time-efficient, requires only small amounts of sample and organic solvents and
is well-suited for routine applications in quality control and safety monitoring. Although
the method is adequate to assess the amounts of the permitted analytes, more sensitive
techniques such as mass spectrometry could be more suitable to detect contaminants in
traces. Moreover, a significant challenge remains: the substitution of hazardous EDCs
with safer, environmentally friendly alternatives. The identification and implementation of
“green” substitutes that maintain product performance, while eliminating health risks, is a
crucial next step in improving the safety of cosmetic and personal care products.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cosmetics12030116/s1, Figure S1: Real sample spiked with all
analytes at concentration of 5 µg mL−1; Table S1: INCI of cosmetic products under analysis.
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