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Bisphenol A (BPA) and its analogue bisphenol S (BPS), widely utilized in numerous fields of industry, may seep
into the environment and into human organisms. Hitherto, BPA was regarded as the bisphenol to which peo-
ple were exposed to the greatest extent. As endocrine disruptors, bisphenols have negative effects on human
health. Therefore, defining the levels of human exposure to these compounds is a key issue in toxicology. Hair
analysis has been increasingly used for biomonitoring of bisphenols in humans, but information about the co-
existence of BPA and BPS in human hair is extremely scarce. The present study aimed to analyze hair samples
from 25 individuals from Olsztyn, northeastern Poland, to evaluate the levels of these 2 industrial pollutants.
The method used in the research was liquid chromatography with a mass spectrometry technique.

BPA was found in 72% of samples analyzed and its concentration levels fluctuated from 3.6 to 52.9 ng/g (me-
dian 17.7 ng/g). The BPS concentration levels were higher — from 13.4 to 1054.9 ng/g (median 98.7 ng/g). We
also found that gender, age, and the presence of artificial hair color (hair dye) did not affect the BPA and BPS
levels in the hair.

This study has shown that hair samples may be used to measure the levels of bisphenols, and that exposure
to BPS may be greater than that to BPA in this area. The investigation also revealed that hair analysis is a use-
ful approach for the biomonitoring of BPA and BPS levels in human organisms.
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Background

Bisphenol A (BPA;2,2-bis(4-hydroxyphenyl)propane) is a syn-
thetic compound that is widely utilized in numerous types of
industry [1,2]. Primarily, BPA is utilized in the fabrication of
plastics and it occurs in numerous everyday items, such as
electronic equipment, auto parts, bottles, toys, clothes, and
other items [2-4]. It has been found that BPA has the abili-
ty to leach from plastic items and seep into the environment;
BPA has been found in water, soil, plants, and air throughout
the world [5-7].

Moreover, it is known that BPA contained in items having con-
tact with food and drinking water (such as bottles, food stor-
age containers, internal layers of food cans, and water pipes)
is especially dangerous for living organisms, because it pen-
etrates into food and water; thereby entering into living or-
ganisms [2]. The digestive system is the main route of expo-
sure for humans to BPA, but this compound also penetrates
through the lungs, skin, and placenta during the prenatal pe-
riod [2,3]. Previous observations have found the occurrence
of BPA in different parts of the body, including blood serum,
urine, breast milk, sperm, and placenta [3,8-11].

According to previous observations, BPA is an endocrine dis-
ruptor, showing various harmful activities [2,3]. Due to the fact
that BPA is similar to estrogen, it acts on estrogenic receptors
and causes disturbances in the functioning of various inter-
nal systems, including, among others, the nervous, immune,
endocrine, reproductive, and gastrointestinal systems [12-14].
Moreover, correlations between the degree of exposure to BPA
and increased risk of cancer, diabetes, hypertension, heart at-
tack, and neurodegenerative diseases have also been report-
ed [13-16]. Because of the strong harmful activity of BPA, nu-
merous limitations in the utilization of this compound apply in
many countries [17]. These restrictions mainly apply to items
intended for newborns and children, as well as materials that
come into contact with food and drinking water. “BPA-free”
items, in which BPA is replaced with its analogues, are increas-
ingly being produced [18].

One such BPA analogue, which is increasingly being used in
the plastics industry is bisphenol S (BPS; 4-hydroxyphenyl
sulfone). Similarly to BPA, BPS is present in various everyday
objects and may penetrate into the environment, food, and
living organisms [19-23]. Until recently, BPS has been consid-
ered less harmful to humans than BPA. However, recent stud-
ies have shown that BPS exhibits various harmful actions on
living organisms, such as obesity; hypertension; endocrine dis-
rupting and carcinogenic effects; neuro-, cyto- and genotoxic-
ity, resulting in disturbances in reproduction; and other disor-
ders [12,24,25]. Furthermore, some observations have found
that the estrogenic properties of BPS are similar to or greater
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than such activity of BPA [26]. Knowledge concerning the fac-
tors that contribute to human exposure to BPS and the im-
pact of this substance on human health is much more lim-
ited than that about BPA. However, existing investigations
have described that human exposure to BPA is higher than to
BPS [21,27,28], and therefore, BPA is often considered a more
dangerous compound for humans.

With regard to the multifaceted harmful properties of BPA and
BPS for humans, evaluation of exposure to these compounds
is an important section of toxicology. Until recently, such mon-
itoring was mainly based on the analysis of “classic” matrices,
including blood serum and/or urine samples [29,30]. However,
at present, the examination of hair specimens to identify the
intensity of human exposure to bisphenols and other endo-
crine disruptors as an environmental pollutant is increasingly
important [28,31-37]. This approach has the advantage that
hair samples can be collected in an easier and less invasive
way than blood serum. Moreover, hair samples can be easi-
ly stored for long periods and shipped over long distances.

Previous observations have found that the use of hair analysis
to assess the degree of exposure to endocrine disruptors is vi-
able and provides good results that, with regard to sensitivity,
reliability, and reproducibility, are similar to results obtained
during urine or blood serum analysis [28,31,38]. The utiliza-
tion of hair examination in the evaluation of human exposure
to bisphenols is a comparatively new approach. Nevertheless,
in light of the previous studies, the analysis of hair samples
seems to be a good alternative to other matrices for studies
of human exposure to BPA and BPS [27,28,32,33].

Therefore, the aim of this study was to analyze the intensity
of exposure of inhabitants of north-eastern Poland to BPA and
BPS by evaluating 25 hair samples using liquid chromatogra-
phy with a mass spectrometry technique (LC-MS) method. It
is the first study in Poland in which analysis of hair samples
was used to simultaneously monitor BPA and BPS. The investi-
gation enriches the knowledge concerning human exposure to
these compounds and the use of hair samples in such studies.

Material and Methods

Sample Collection

Before sampling, all people included in the study were notified
about the nature of the investigation, and all consented to the
procedure. All procedures during the study were done in accor-
dance with the guidelines of the Bioethical Committee at the
School of Medicine of the University of Warmia and Mazury in
Olsztyn (Poland) (agreement numbers: 27/2017 and 5/2021).
The investigation was conducted in line with The Code of Ethics
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of the World Medical Association (Declaration of Helsinki) for
experiments on humans. Subjects had to meet the following
inclusion criteria to be eligible for the study: they had to be
adult (over 18 years old), relatively healthy (without diagnosis
of any long-term disease) and living in Olsztyn (a city of north-
eastern Poland). They could be either male or female, with any
hair color. Subjects were randomly selected volunteers and dur-
ing the present investigation no control group were formed
because the aim of the study was to evaluate the levels of
the industrial pollutants, bisphenol S and bisphenol A, in the
hair samples in a representative group of residents of Olsztyn.

Hair specimens were gained from 25 residents (13 men and
12 women) of Olsztyn (a city inhabited by about 170 000 res-
idents, located in northeastern Poland), on a voluntary basis.
The age of volunteers ranged from 23 to 67 years (mean age
38.84+13.93). All volunteers were office workers or students
and followed a varied diet including food products of plant
and animal origin. The characteristics of the participants in the
study are presented in Table 1. The method of sample collec-
tion has been described previously by Wojtkiewicz et al [33].
Hair specimens were gained from the location above the nape
of the neck, as close as possible to the scalp. Right after cut-
ting, hair specimens were put into aluminum foil sachets and
kept in the dark at room temperature without any contact with
plastics that could contain bisphenols.

Reagents

The following reagents were used in the research: 1) BPA
and BPS (both >98%), and ammonium acetate (>98%) from
Sigma-Aldrich (St. Louis MO, USA); 2) methanol (LC-MS grade)
from Honeywell-Riedel de Haén (Wunstonfer Strasse, Seelze,
Germany); 3) acetonitrile (LC-MS grade) from Fisher Chemical
(Bishop Meadow Road, Loughborough, UK); 4) phenobarbital-
d5 (IS) from Isotec Inc (Miamisburg, OH, USA); 5) ultrapure wa-
ter, obtained using a Merck Direct-Q 3UV water purification
system (Darmstadt, Germany).

Extraction of BPA and BPS from Hair

Prior to extraction, hair specimens were rinsed twice with ul-
trapure water and twice in methanol. This rinsing was used
to remove contaminants from the surface of the hair. Then,
the hair specimens were dried at 50°C and cut into fragments
with a length of several millimeters. The extraction was made
according to the method described by Tzatzarakis et al [34]. In
brief, 30-100 mg of each sample with 2x2 ml of methanol and
50 ng IS in glass screw tubes were subjected to extraction in
an ultrasonic water bath for 2x2 h with periodic mixing with
a vortex system. Then, the extracts were combined and evap-
orated to dryness under nitrogen steam at 35°C. After this,
100 pl of methanol was added to the residues, the solution
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was transferred into 2 ml vials with inserts for LC-MS anal-
ysis, and 10 pl of the solution was injected into the system.

Instrumentation

An LC-MS system (Shimadzu, Kyoto, Japan, LC-MS 2010 EV)
was used. For analyte separation, we used a Supelco Discovery
column C18 (250 mm, 4.6 mm, 5 um; Sigma-Aldrich, St. Louis,
MO, USA) at a temperature of 30°C. The analysis was performed
with a flow rate of 0.6 ml/min using a water gradient as sol-
vent A and methanol as solvent B. To monitor the aforemen-
tioned substances, we used atmospheric pressure chemical
ionization (APCI) and a quadrupole mass filter in negative se-
lected ion monitoring (SIM) mode, with ions m/z 227.15, 259.1
for the BPA, 249.05, 285.05 for the BPS, and 236.05 for the IS.
The interface, CDL, and heat block temperatures were set at
400°C, 200°C, and 200°C, respectively; the detector voltage at
1.5 kV; and the nebulizing gas flow at 2.5 L/min.

Method Validation

Analytical parameters to evaluate the efficacy of the meth-
ods were tested as follows. Standard solutions of the analyt-
es were made in the following concentrations: 0, 50, 100, 250,
and 500 ng/ml and their linearity was found to be 0.9993 for
BPA and 0.9951 for BPS. Spiked sample analysis was performed
for concentrations of 0, 10, 25, 50, 75, and 100 pg/mg for BPA
and 0, 10, 25, 50, 75, 100, and 600 pg/mg for BPS with lineari-
ty at 0.9997 in the case of BPA and 0.9956 in the case of BPS.

Both limit of detection (LOD) and limit of quantification (LOQ)
were evaluated using the signal to noise ratio. Three repeats of
spiked samples (n=3) were used for the evaluation of the re-
covery, accuracy, and inter-day precision (%RSD) of the meth-
od. This was performed using levels 25, 50, 75, and 100 pg/
mg for recovery and 10, 25, 50, 75, and 100 pg/mg for preci-
sion and accuracy (Table 2).

Statistical Analysis

GraphPad Prism version 9.2.0 (GraphPad Software, San Diego,
California, USA) was used for the statistical analysis. In the
case of comparing 2 groups, the nonparametric Mann-Whitney
test was used. The test power with the level of significance
0=0.05 was 0.82. Data are presented as mean+standard de-
viation (SD). The differences were considered as statistically
significant at P<0.05.

Results

During the present investigation, at least one of the bisphe-
nols studied was found in each of the hair samples. In the case
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Table 1. Characterization (demographic features) of volunteers taking part in the study.

No Age Sex Hair color Dyed hair?

1 46 Male Black No
"""""""""" > & Mae  Bak  No
"""""""""" s 8  Female  Bown  Yes
"""""""""" s+ 2»3  Mae  Bak  No
"""""""""" s 3  Male  Bak N
"""""""""" 6 3%  Mae  Bak  No
"""""""""" 7 s  Female  Bak Y
"""""""""" s 22 female  Bak  No
"""""""""" s 24 Femae  Bown  No
w023 Female ~ Bown  No
3 Male ~  Bown  No
2 e Male | Blackgay ~ No
13 Male ~ Bak  No
e s Male | Blackgay ~ No
BT Male ~  Bak  No
T Male ~ Bown  No
2 PR Female Black-brown Yes
8 ss Female ~ Brown Yes
TR 8 Female ~ Brown Yes
""""""""" 20 4  Female  Bak  Yes
""""""""" 1 31 Femae  Bown Y
""""""""" 2 27 Female  Bown  No
""""""""" 3 e  Femae  White  No
""""""""" 2 3%  Mae  Bak  No
""""""""" 5 s«  Mae  Bak  No
Table 2. Validation parameters of the applied methodology. Table 3. Cumulative data concerning bisphenol A and bisphenol

S concentration levels (pg/mg) in hair samples, obtained
n=3 BPA BPS in the present study.

Mean % recovery 87.7 85.7
w0 63 47 ek i
. Mean% accuray 984 954 Meanlpgmg 188 e

5D 15.5 8.1 B B .. 168
Precision (%RSD) | 82 o2 Medan(pgmg .. 77
e T 64 Range (pg/mg) 13.4-1054.9 3.6-52.9
oDpemy 20200 05 07 % positive 96.0 72.0
LOQ(pg/mg) 777777777777777777777777777777777 18 777777777777777777777 22 7777777777 BPS — bisphenol S; BPA — bisphenol A; SD — standard deviation.
v (spiked curves) 09997 09956
v (standard curves) 09993 09951

BPA — bisphenol A; BPS — bisphenol S; SD — standard deviation;
LOD - limit of detection; LOQ — limit of quantification.
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BPS BPA

Figure 1. Mean concentration levels (+SD) of bisphenol A
(BPA) and bisphenol S (BPS) in human hair samples.
Statistically significant differences (P<0.05) are marked
with *. The figure was created using GraphPad Prism
version 9.2.0 (GraphPad Software, San Diego, California
USA).

of both BPS and BPA, clearly visible differences in concentra-
tion levels between particular volunteers were noted (Table 3).

Generally, within all tested samples, BPS was detected in 96% of
the human hair specimens studied and its concentration levels
fluctuated from 13.4 pg/mg to as high as 1054.9 pg/mg with a
mean value of 185.8+249.9 pg/mg. On the other hand, BPA was
noted in a smaller percentage of the hair samples (72%). BPA con-
centration levels fluctuated from 3.6 pg/mgto 52.9 pg/mg with a
mean value of 21.9+16.8 pg/mg. Aggregate data on levels of BPS
and BPA in hair specimens are presented in Table 3 and Figure 1.

CLINICAL RESEARCH

During the present investigation, comparisons of the samples
according to sex, age, and hair coloring of the tested volunteers
were made. In men, the mean levels of BPA were 23.26+17.53
pg/mg and BPS were 192+215.9 pg/mg. In women, the values
were 19.70+16.59 pg/mg and 178.4+296 pg/mg for BPA and
BPS, respectively. Although concentration levels of BPS and
BPA were slightly higher in men than in women, these differ-
ences were not statistically significant (Figure 2). On the oth-
er hand, some differences in the frequency of the studied bi-
sphenols were observed. In men, BPS was noted in 100% of
samples, and BPA only in 84.62%. In women, both substanc-
es were found in a smaller number of samples, which was es-
pecially notable in the case of BPA. In women, BPS was ob-
served in 91.67% of samples studied, and BPA solely in 58.33%.

Regarding the correlations between bisphenols and the age
of volunteers, mean BPS concentration levels in younger vol-
unteers (aged 22-35) were 116.6+123.1 pg/mg, while those in
older volunteers (aged 45-47) were 282.6+346.3 pg/mg. BPA
concentration levels were 26.84+20.16 pg/mg and 17.91+13.25
pg/mg in younger and older volunteers, respectively. Although
BPS levels were somewhat higher and BPA levels were lower
in older volunteers compared with younger volunteers, these
differences were not statistically significant (Figure 3). In old-
er volunteers, both BPS and BPA were detected in 90.91% of
the specimens, while in younger volunteers, BPS was detect-
ed in all specimens studied (100%) but BPA was found in only
42.86% of the specimens.

A B Figure 2. Mean concentration levels (+SD) of
500 507 (A) bisphenol S and (B) bisphenol A in
hair samples of men and women. The
400 40 X .
figure was created using GraphPad
= 300 = 30 Prism version 9.2.0 (GraphPad
£ £ Software, San Diego, California USA).
= 200 = 20
100 10
0- 0-
Men Women Men Women
A B Figure 3. Mean concentration levels (+SD) of
800 507 (A) bisphenol S and (B) bisphenol A
in persons between the ages of 22-35
600 and 45-67. The figure was created
. . using GraphPad Prism version 9.2.0
§ 400+ % (GraphPad Software, San Diego,
California USA).
200~
0-
Aged 22-35 Aged 45-67 Aged 22-35 Aged 45-67
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A 600 B 50
40
400
[=3) o 30
£ £
g g 20 —
200
10
0- 0-
Colored hair  Natural hair color Colored hair

Natural hair color

Figure 4. Mean concentration levels (+SD) of
(A) bisphenol S and (B) bisphenol A in
persons with artificially colored hair
and natural-colored hair. The figure
was created using GraphPad Prism
version 9.2.0 (GraphPad Software, San
Diego, California USA).

In the comparison of BPS and BPA levels in hair specimens in
volunteers with dyed and non-dyed hair, there were also no sta-
tistically significant differences observed between the 2 groups
(Figure 4). Mean levels of bisphenols in persons with natural hair
were 163.5+202.9 pg/mg for BPS and 22.86+16.78 pg/mg for
BPA. In humans with dyed hair, the levels were 230.4+337 pg/mg
and 19.92+18.16 pg/mg for BPS and BPA, respectively.

Discussion

The human hair specimens studied contained high levels of
both BPA and BPS. Interestingly, no statistically significant dif-
ferences in the level of bisphenols were found between volun-
teers of different age range, sex, and dyed vs natural-colored
hair. However, the concentration of BPS in the tested samples
was higher than that of BPA.

This investigation has confirmed that hair evaluation may be
one of the ways for determining the intensity of exposure to
BPA and BPS in humans. Until recently, urine samples have
been the main matrix for research on this issue, and previous
studies describing BPA and/or BPS in human hair were scarce
(Table 4). Earlier observations on hair specimens and other
matrices have indicated that exposure to BPA and BPS is ex-
tremely varied in different regions [31,41]. These differences
are probably connected with industrialization and air pollu-
tion, which is supported by the fact that the rural population
is usually less exposed to bisphenols than residents of large
cities and shows lower levels of bisphenols when sampled [34].

A very important factor affecting human exposure to BPA
and BPS is diet. It has been observed that limitation of foods
from cans and plastic containers or fast foods results in a de-
crease in BPA and BPS levels in urine specimens within just
3 days [10]. Moreover, many other factors affecting BPA and
BPS concentration levels in human organisms have been de-
scribed, including, among others, the use of plastic cutlery and
dishes, profession, lifestyle, and even the number of dental
fillings [2,4,21,22]. It should be emphasized that many factors
that affect human exposure to bisphenols have not yet been

well defined. These factors cause significant variations in the
levels of bisphenol among persons living in the same environ-
ment or eating similar food, which has been observed both
in previous studies [28,31] and in the present investigation.

In recent years, hair analysis has been gaining importance as a
method to determine the exposure of humans to organic envi-
ronmental pollutants (Table 4). It has the advantages of easy
material collection, as well as easy sample storage and ship-
ping without the need for freezing. Simultaneously, in light of
previous studies, results obtained via this method are sensi-
tive and reliable, and accurately reflect human exposure to or-
ganic pollutants [38].

Of course, despite the advantages, hair studies as a way to de-
termine exposure to bisphenols in humans have some ambi-
guities. First of all, substances may penetrate into the hair in
2 ways. The first route of exposure is ingestion, with the sub-
stance reaching the hair roots through the capillaries. The sec-
ond route of exposure is penetration of the substance into the
hair directly from the environment. These 2 sources mean that
conclusions on whether the presence of a substance indicates
external or internal exposure is not possible during hair anal-
ysis. Moreover, concentration levels of bisphenols in the urine
may undergo short-term changes resulting from daily excretion,
and changes in bisphenol concentration levels in the blood se-
rum are connected with their penetration into internal organs
and metabolism in the intestine and liver. Previous studies have
shown that administration of BPA caused a significant increase
in blood and/or urine concentration levels within a short time
after exposure, followed by a decrease in these values [42]. In
contrast to results from blood and urine, bisphenols accumulate
in hair over a long time and are in the hair until the hair falls
out. Accordingly, hair specimen evaluation is appropriate for de-
termination of long-term exposure to bisphenols. However, it is
not good for studying the influence of short-term factors, such
as diet-induced changes. For such studies, urine or blood serum
sample analysis would be a more suitable method.

Comparing the results obtained during the present study with
those from previous investigations on human hair, significant
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Table 4. Biomonitoring studies of bisphenol A and bisphenol S in human hair.

Concentration levels (ng/g)

Country

Greece Adults 45.6
Chidren 277

 Rural Population 394

 Urban Population a71

@ Adults 138
Childen 124

 Greee 699
”””” Korea -
”””” Spain =
”””” Spain -
span 11
~ eoland 3375
~ eoland 17
S
 Belgum 319
chiba 284
 Fance 832
”””” Greece 35
~ poland 987

Reference

58.5+47.3 [34]
"""""""""""""" 131728
"""""""""""""" s03:186
"""""""""""""" 1771928
"""""""""""""" 46538 (3]
- 262085
- 96503 B2
""""""""""""""" 17229 e
""""""""""""""" 24158  pn
9245 B8l
"""""""""""""" 2441427  pun
"""""""""""""" 26114986 [39]
- 3es529 Thisstudy

<LOQ-2298.0 [28]
""""""""""""""" os87 1
"""""""""""""" oo7-1246 71
- osw3  pa
"""""""""""""" 134-10549  Thisstudy

BPA — bisphenol A; BPS — bisphenol S; LOQ - limit of quantification.

differences can be seen (Table 4). First of all, high BPS concentra-
tion levels were visible in the present investigation. Interestingly,
the median value determined in the present study is over 30
times higher than a value determined in China [27], about 28
times higher than one determined in Greece [32] and over 10
times higher than one determined in France [27]. The median
concentration level of BPS observed in the present study is also
3 times higher than the value noted in inhabitants of Belgium,
although the maximum BPS concentration level observed in
Belgium amounted to 2298.0 ng/g and was higher than the
maximum level noted in the present study (1054.9 ng/g) [28].

The reasons for such differences are unknown. Partially, they
could arise from limitations in BPA utilization in the plas-
tic industry and its replacement by BPS. However, such high
BPS concentration levels strongly suggest that there are oth-
er (hitherto unspecified) factors influencing these values. Our

results are all the more puzzling because the city of Olsztyn,
where the samples were collected, is not a highly industrial-
ized area, despite the existence of some branches of indus-
try (including rubber, furniture, and food). The explanation of
the obtained results is hindered by a lack of studies on BPS
concentration levels in the environment, both in the Olsztyn
area, and in the whole of Poland. Knowledge concerning BPS
exposure in Poland is rudimentary and limited. To the authors’
knowledge, there are only 4 studies describing this substance
in human blood [43], human breast milk [44,45], and raw and
processed cow milk [23]. These investigations do not indicate
a particularly high exposure of habitants of Poland to BPS,
but they was performed in completely different regions of the
country from the present study.

BPA levels observed in the present investigation were lower
than levels found in other countries, although BPA is widely
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present in the environment in Poland [46-49]. Until now, only
one study evaluating BPA in human hair has been performed
in Poland [40]. This study reported median BPA concentration
levels of 337.5 ng/g, so it is about 20 times higher than the
value noted in the present study (Table 4). Such differences
may be connected with BPA environmental pollution in vari-
ous parts of Poland. (Until now, BPA levels in Olsztyn and its
surroundings have not been studied).

In the present investigation, significant relationships between
age or sex and BPA and BPS levels in the hair were not found.
It should be emphasized that the results of previous stud-
ies on this issue are often contradictory. Some investigations
have described higher concentration levels of bisphenols in
children [35,50]. This could be explained by a lack of fully de-
veloped enzymes for bisphenol metabolism in children under
the age of 8 years. Other observations have found higher BPA
levels in older persons [31], which may be related to age-de-
pendent changes and disorders in the digestive tract. A simi-
lar situation is noted in the case of sex-associated differenc-
es in concentration levels of bisphenols in the human body.
Namely, some authors have reported higher bisphenol concen-
tration levels in men, which is perhaps related to higher an-
drogen levels [51], while others have described a higher con-
centration level of these substances in girls than in boys [35],
and still others have not observed any sex differences [52].
Such discrepancies show that exact correlations between gen-
der and/or age and bisphenol levels in humans is difficult, be-
cause exposure to these compounds is connected with numer-
ous factors, including diet, lifestyle, residence, type of work,
and even the number of dental fillings.

In the present investigation, no impact of artificial hair coloring
on BPA and BPS levels was found, although, according to ear-
lier studies, hair dying affects hair structure, integrity, and af-
finity for chemical compounds in the hair [54,55,58]. However,
the results of this investigation are in line with earlier studies
on human hair [28,36,37], indicating that hair analysis for the
purpose of biomonitoring bisphenols in humans may be car-
ried out using both natural and dyed hair.

The present study has some limitations. First of all, the number
of investigated samples was relatively low. Although many pre-
vious findings concerning the evaluation of the level of harm-
ful substances were performed on similar group size [29,31-
33,36,38], a study of a larger population would give more
representative results. Therefore, the present study should
be considered as a pilot study and the monitoring of human
exposure to bisphenols in Poland should be further investi-
gated at a larger scale. Another limitation is the differentia-
tion of samples in terms of hair length. It should be pointed
out that in this kind of analysis it is very difficult to establish
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whether the results are an effect of external or internal expo-
sure to the studied substance. Therefore, different lengths of
hair samples may have had an influence on the obtained lev-
els of BPA and BPS. Interestingly, there were no statistically
significant differences between the groups of long and short
hair, and the results obtained within each group had such high
variation that comparison of these categories was not consid-
ered for this report. However, the present findings did show
a high concentration of both BPA and BPS in the tested sam-
ples. Therefore, future analyses of exposure to these bisphe-
nols on a larger scale may wish to include comparisons of dif-
ferent hair length categories.

Conclusions

The present work represents the first biomonitoring of bisphe-
nols in hair in residents of Poland. Additionally, for the first
time, the levels of BPS in human hair specimens were found
to be higher than those of BPA. This indicates that BPS is an
important environmental pollutant, and human exposure to
this substance is high. The reason for such high levels of BPS
is for now unknown, because the body of knowledge regard-
ing BPS occurrence in the Polish environment is nonexistent.
In our study, no statistically significant differences in bisphe-
nol concentration according to age, gender, and/or artificial
hair coloring were found. This work may be treated as a pre-
liminary investigation to further studies exploring the occur-
rence of bisphenols in Poland. Nevertheless, the present work
has shown that hair examination can be a valid way of moni-
toring longer-term bisphenol exposure in humans.
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