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Chemicals showing structural or functional similarity to bisphenol A (BPA), commonly called BPA analogues,
have recently drawn scientific attention due to their common industrial and commercial application as a substi-
tute for BPA. In the European Union, the use of BPA has been severely restricted by law due to its endocrine
disrupting properties. Unfortunately, it seems that all BPA analogues show comparable biological activity, includ-
ing hormonal disruption, toxicity and genotoxicity. Until now, the knowledge about human exposure to BPA an-
alogues is scarce, mainly due to the lack of the data concerning their occurrence in human derived biological
samples. This study presents the development of an analytical method for determination of trace levels of eleven
BPA analogues in human blood serum samples. The method involves fast and simple liquid-liquid extraction,
using low sample and solvent volumes. Chromatographic separation of analytes was optimized using one-
factor-at-a-time approach (mobile phase composition, gradient shape, chromatographic column selection, sepa-
ration temperature, etc.).
Themethod allows for effective separation of the analytes, even in the case of configurational isomers (bisphenol
M and bisphenol P). The calibration curves for all analytes were linear in the range tested. The limits of detection
and quantitation were in the range of 0.0079 ÷ 0.039 ng/mL and 0.024 ÷ 0.12 ng/mL respectively. Compound-
dependent recovery values were in the rage of 88 ÷ 138%. Matrix effects were mitigated with the help of
matrix-matched calibration curves prepared for every batch of samples. Results obtained after the analysis of
245 real human blood serum samples indicate that human beings are exposed to different BPA analogues, that
are present in the environment and in common, daily use products.
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1. Introduction
In the last years endocrine disrupting compounds (EDCs) have be-
come the chemical group of special concern due to their ability to inter-
fere with hormonal system and ubiquitous presence (Rissman and Adli,
2014). Bisphenols (BPs) are the chemicals that have recently been the
subject of growing interest due to their endocrine disrupting properties
(Konieczna et al., 2015). BPs contain two p-hydroxyphenyl functionali-
ties in their molecular structure and include several analogues, of which
bisphenol A (BPA) is the most commonly used and known. Since early
1950s, BPA has been used in plastic industry for the production of
epoxy and polycarbonate resins (Vogel, 2009) being commonly used
as rawmaterials in the manufacturing of a broad spectrum of everyday
use products (i.e. tin linings and other food contact materials, water
pipes, powder paints, toys etc.). Nowadays, the annual production of
BPA reaches over 7.7 million tons and the demand for this compound
is predicted to increase over the next years (Industry Experts, 2016).

The effects exerted by BPA on human health have been extensively
studied and its estrogenic activity is one of the best known upshots.
Due to its phenolic structure BPA is able to interact with estrogen recep-
tors and therefore may exert estrogenic actions (Konieczna et al., 2015)
leading to ovarian dysfunction (Rutkowska and Rachoń, 2014) or even
estrogen dependent cancers (Rachoń, 2015). Besides that, the vast num-
ber of other adverse effects have been proven, including neural and de-
velopmental disorders (Arbuckle et al., 2016; Kundakovic et al., 2013),
alternation of thyroid function (Ahmed, 2016), metabolic disorders
(Stojanoska et al., 2017) and suspicion of increasing the risk of
Parkinson disease (Huang et al., 2014). Hazardous implications of BPA
presence are not only limited to humans. Especially, the homeostasis
of aquatic ecosystems can be disrupted in various ways such as
Table 1
Basic information on bisphenol A analogues.

Compound/molecular weight [g/mol] CAS number Structu

BPA
228.29

80-05-7

BPC
256.34

79-97-0

BPE
214.26

2081-08-5

BPF
200.23

620-92-8

BPG
312.45

127-54-8

BPM
346.46

13,595-25-0

BPP
346.46

2167-51-3

BPS
250.27

80-09-1

BPZ
268.35

843-55-0

BPFL
350.41

3236-71-3

BPBP
352.43

1844-01-5
feminization of many wildlife species or developmental and behavioral
alternations (Bhandari et al., 2015). Therefore, several endocrine socie-
ties have published their position statements on its adverse health risks
and stressed the need of governmental authorities in establishing the
laws of minimizing the exposure to these endocrine disrupting
chemicals (Grob et al., 2015; Hunt et al., 2016; Rutkowska et al., 2015).

Detailed information including chemical structures and IUPAC
names of BPA analogues under the study are given in Table 1.

Due to the growing doubts concerning ecological and long-term
health implications, new BPA-related chemicals were considered to be
safer alternatives for industrial applications. The total number of 16
bisphenols has been documented to be commercially applied (Chen
et al., 2016). Bisphenol S (BPS) and bisphenol F (BPF) are nowadays
the most commonly used BPA substitutes, predominantly in the
manufacturing of epoxy resins, polyesters and polycarbonate plastics.
Other analogues are also used in plastic industry to produce dental seal-
ants, pesticides, thermal papers, food container's inner coatings, toys,
lacquers, powder paints, flame retardants, personal care products,
thermosensitive materials and others (Hada et al., 2013; Hsieh and
Hsu, 2015; Ochiai and Masuda, 2013; Teichert et al., 2014; Wagner
et al., 2015; Zouta et al., 2014). Currently, only the BPA applications
are regulated by legislative standards in European Union, United
States and Canada (Yang et al., 2014). BPA, BPE, BPF, BPS, BPP, BPZ,
TBBPA, TCBPA, and BPAF were detected in sludge, surface water and in-
door dust (Bhandari et al., 2015; Lee et al., 2015; Song et al., 2014;
Yamazaki et al., 2015). BPA, BPB, BPE, BPF, BPP, BPS, BPZ BPAF, and
BPAP were detected in foodstuffs (Liao and Kannan, 2012; Yang et al.,
2014). Unfortunately, the understanding of the environmental, biologi-
cal and the health impact of BPA analogues is still very scarce. The envi-
ronmental abundance of BPs undoubtedly indicates that humans are
re IUPAC name

2,2-Bis(4-hydroxyphenyl)propane

2,2-Bis(4-hydroxy-3-methylphenyl)propane

1,1-Bis(4-hydroxyphenyl)ethane

4,4′-Methylenediphenol

2,2-Bis(4-hydroxy-3-isopropylphenyl)propane

4,4′-(1,3-Phenylenediisopropylidene)bisphenol

4,4′-(1,4-Phenylenediisopropylidene)bisphenol

4,4′-Sulfonyldiphenol

4,4′-Cyclohexylidenebisphenol

4,4′-(9-Fluorenylidene)diphenol

1,1-Bis(4-hydroxyphenyl)-1,1-diphenylmethane
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constantly exposed to the wide spectrum of these chemicals, but the
data concerning the presence of BPA analogues in human-derived sam-
ples is still very limited.

Human exposure tomentioned chemicals include dietary (as a most
probable) and non-dietary (inhalation, dermal) routes. Human expo-
sure to bisphenol analogues other than BPA is not well characterized.
Available data concerning bisphenols levels in body fluids and tissues
is very limited so far. Majority of studies has been conducted on the
urinewhere BPA, BPAF, BPB, BPF, BPS, BPP andBPZ have beenmeasured.

Among sampling material of human origin, blood (and its deriva-
tives - plasma and serum) is a matrix that carries most valuable infor-
mation about short-term exposure due to its contact with all body
cells and tissues. Due to the of lack of scientific data concerning analyt-
ical methods for the determination of a wide spectrum of BPA ana-
logues, the aim of this research was to develop an easy, fast, highly
sensitive and robust method for human biomonitoring of these
chemicals. To encompass the range of bisphenols that are commonly
present in the environment constituents and may pose health risk, the
total number of 11 bisphenols was determined in human serum sam-
ples using high-performance liquid chromatography tandem mass
spectrometry (HPLC-MS/MS). Analytes have been selected on the
basis of the probability of their occurrence in both the environment
and common goods and previous research concerning their
genotoxicity, estrogenicity or toxicity (Chen et al., 2002; Rivas et al.,
2002). Taking into consideration that most of bisphenols other than
BPA may also exhibit similar biological activity (Chen et al., 2002;
Rivas et al., 2002; Rosenmai et al., 2014; Sui et al., 2012) and number
of their industrial and commercial applications is increasing, introduc-
ing new methods for BPs biomonitoring seems to be justified due to
the constant human exposure to them. In addition, the data concerning
the occurrence and concentration levels of BPA analogues in human de-
rived samples is very limited or absent. To the best of authors' knowl-
edge, this is the first report on the determination of eleven BPA
analogues in human blood serum samples.

2. Experimental

2.1. Materials and standards

Analytical standards of BPA, BPC, BPE, BPF, BPG, BPM, BPP, BPS, BPZ,
BPFL and BPBP were purchased from Sigma-Aldrich (St. Louis, USA, 99%
purity). Acetic acid, formic acid and ammonia were purchased from
Sigma-Aldrich (St. Louis, USA). MgSO4 was obtained from Eurochem
BGD (Tarnów, Poland). Internal standard 13C-labeled BPA (ring-
13C12)was supplied by Cambridge Isotope Laboratories Inc. (UK). Nor-
mal human serum (cat. no. S1-M EMD Millipore) was also obtained
from Sigma-Aldrich (St. Louis, USA). Acetonitrile (ACN) and methanol
(MeOH), used during the sample preparation procedure and as amobile
phase components, were LC-MS grade, obtained from Merck KGaA
(Darmstadt, Germany). Ultrapure water was produced by the Milli-Q
Gradient A10 system equipped with an EDS-Pak cartridge for removing
endocrine disrupting compounds (Merck-Millipore).

2.2. Samples

The study has been conducted according to the Declaration of Hel-
sinki for Medical Research involving human subjects andwas approved
by the Ethics Committee of the Medical University of Gdańsk (permis-
sion number NKBBN 198/2012). In total 245 women aged 18–40 years
took part in the study. They were all informed about the purpose of it
and gave a written consent to participate. Venous blood samples were
drawn after an overnight fast (N8 h) between7 amand9 amat themed-
ical diagnostic laboratory based in the city centre of Gdańsk (Bruss,
ALAB group, Poland), which possesses current ISO certificates and has
an accreditation in the field of medical laboratory diagnostics. All the
procedures were conducted with precautions intended to minimize
the risk of sample contamination with BPA analogues. Blood was
drawn from the antecubital vein using a vacuum blood collection sys-
tem directly into a 7 mL glass tubes (no additives) and within
30–90 min was centrifuged at the speed of 2500 rpm for 15 min. After
the centrifugation process, sera were transferred into 2 mL glass vials
using a plastic disposable (Pasteur) transfer pipette made of BPA-free
low-density polyethylene (LDPE) andwere closedwith a polypropylene
(PP) screw cupwith a polytetrafluoroethylene (PTFE) septum. The sam-
ples were then stored at−70 °C for further analyses.

2.3. Preparation of standards and calibration

Individual stock solutions (0.5mg/mL) of all analyteswere prepared
by dissolving accurately weighted amounts of analytical standards in
ACN. Working solution was obtained by mixing the stock solutions
and diluting themixturewith ACN. All solutionswere stored in a freezer
(−20 °C). All glassware was pre-washed with methanol. Seven-point
(0.05, 0.1, 0.25, 0.5, 1.0, 2.5 and 5.0 ng/mL) matrix-matched calibration
curveswere prepared using normal human blood serum. Before use, the
serum used for preparation of the calibration curves, was analyzed for
the presence of analytes under the study. Itwas found free fromall stud-
ied bisphenols except for small amounts of BPBP (see Supplementary
Fig. 1), therefore the calibration data for this compound were corrected
to account for this fact, i.e. average blank peak area of BPBP was
subtracted from average peak areas of other calibration points. Internal
standard (IS) concentrationwas kept at 25 ng/mL in all calibration sam-
ples. Fresh calibration solutions were prepared for every batch of
samples.

2.4. Sample preparation

Sample preparation step was conducted with precautions intended
to minimize sample contamination. All glassware was washed with
MeOH and all plastics were made of high quality polypropylene to
avoid contamination of the samples by bisphenols. In order to extract
the analytes from serum samples, the following liquid-liquid extraction
method was used. 500 μL of serum was placed in a clean glass tube and
mixedwith 1.5 mL of ACN and 10 μL of IS solution (2.5 μg/mL). Samples
were shaken for 30 s and left for 10 min in room temperature to com-
plete protein precipitation. After that, 250 mg of anhydrous MgSO4

was added and each samplewas vortexed to removewater. After centri-
fugation for 2 min (6000 rpm, 3864g) supernatants were transferred to
clean glass tubes and evaporated under the gentle stream of nitrogen in
a water bath (42 °C), to the final volume of about 150 μL. The residue
was mixed with 250 μL of mobile phase (MeOH:H2O, 50:50, 0.01% v/v
NH3), vortexed again and transferred to chromatographic vials for anal-
ysis. Procedural blanks spiked with IS, along with system blanks were
prepared for every batch in triplicate in the sameway as other samples.
Example of a procedural blank chromatogram is given in Supplemen-
tary Fig. 1.

2.5. MS/MS and separation conditions

All analyses were performed with Shimadzu triple quadrupole LC-
MS/MS system (LCMS-8060, Shimadzu, Japan) equipped with an
electrospray ionisation source (ESI) working in the negative multiple
reaction mode (MRM). LabSolutions v.5.85 software suite was used for
data acquisition and processing. Detailed information on ion transitions,
MS/MS operational parameters and ion source parameters are given in
Supplementary material (Supp. Table 1). Optimal conditions for MRM
transitions were established using an automated procedure built into
the LabSolutions software suite. In short, it consisted of injecting stan-
dard solutions of analytes (one at a time) into the spectrometer, finding
a precursor ion ([M-H]−), fragmentation of precursor, selectingmost in-
tense product ions and finally automatic optimisation of detector volt-
ages. Ion source parameters (gas flows, temperatures) were adjusted
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manually using one-factor-at-a-time approach to obtain the best signal
intensity for all analytes.

2.6. Separation conditions

Chromatographic separation was carried out using the UPLC Nexera
×2 system (Shimadzu, Japan) consisting of degasser DGU-20A5R, con-
troller CBM-20A, binary pump LC-30AD, autosampler SIL-30AC and col-
umn oven CTO-20AC. Two chromatographic methods were applied to
determine the analytes. BPC, BPE, BPF, BPG, BPM, BPP, BPZ, BPFL, BPBP
were separated using gradient of H2O (mobile phaseA) andMeOH(mo-
bile phase B), both modified with 0.01% v/v of ammonia. Initial condi-
tions of 5% B were kept for 1.5 min, then the content of B component
was increased to 75% over 10.5 min and further increased to 100%
over 4 min. Following this, mobile phase composition was set-back
to starting conditions and maintained for 5 min for column re-
equilibration. For graphical illustration of mobile phase gradient see
inset of Fig. 1.

During thedetermination of BPA and BPS themobile phase consisted
of H2O (component A) and MeOH (component B) without additives.
Isocratic elution using 1:1 mixture of components A and B was used.

Ascentis®Express (C18 15 cm×2.1mm, 2.7 μm)with guard column
(0.5 cm × 2.1 mm, 2.7 μm), mobile phase flow of 0.55 mL/min, 50 °C of
thermostated column compartment and injection volume of 5 μL were
applied for separation of analytes in case of both methods.

Examples of chromatograms obtained after analysis of calibration
solutions using both methods are given in the Fig. 1. More detailed in-
formation on separation conditionswill be discussed in the next section.

3. Results and discussion

3.1. Extraction conditions

General problem in bisphenol analysis is ion suppression or en-
hancement, resulting from the presence of matrix components. In case
Fig. 1. Chromatograms obtained after analysis of 1 ng/mL calibration solution; (A) separation of
IS trace has been scaled down by the factor of 0.05.
of such complex biological matrix as blood serum, procedure was fo-
cused on removal of its elements. ACN andMeOHwere tested as the ex-
traction solvents that are also needed for precipitation of endogenous
proteins. Eventually, ACN was chosen due to significantly higher recov-
ery of analytes. Drying of the extract with anhydrous MgSO4 enhanced
peaks intensities due to precipitation of water soluble interferences
which could caused signal suppression. Salting-out effect could also
help to improve the transport of analytes from aqueous phase into the
organic solvent.
3.2. Separation and detection of the analytes

The goal of the conducted research was to develop analytical
method for separation and determination of 11 bisphenols in blood
serum samples. Ascentis® Express C18 (15 cm × 2.1 mm, 2.7 μm) col-
umn with guard column (0.5 cm × 2.1 mm, 2.7 μm), packed with
core-shell technology particles, was chosen due to its high separation
efficiency and relatively short analysis time.

MeOH and ACN were tested as the main organic components of the
mobile phase, however, in the case of ACN, peak broadening, peak shape
deterioration along with the much smaller response were noted. This
phenomenon has been observed for several other compounds deter-
mined in ESI negative ion formation mode (Gioumouxouzis et al.,
2015). 5, 10, 20 and 25 mM ammonium acetate, 0.01, 0.05 and 0.1% v/
v formic acid, acetic acid and ammonia were tested separately as the
mobile phase additives. The most promising results (in terms of re-
sponse andpeak shapes)were obtainedwhen applying the latter. Buffer
and acid solutions have caused signal suppression.

In case of BPS the addition of ammonia to themobile phase resulted
in decrease of sensitivity and shifting the BPS signal towards system
void time. Moreover, low initial content of methanol as well as long
analysis and conditioning time caused the enrichment of BPA, derived
from system elements, on the front of separation column (Wilczewska
et al., 2016).
9 bisphenols (mobile phase gradient in the inset), (B) separation of BPA and BPS. For clarity
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Therefore BPA and BPS were determined with separate method
using a mobile phase consisting of MeOH:H2O without additives.
Isocratic flow of relatively high elution strength (50% v/vMeOH)mobile
phase provided accurate results and good linearity of the calibration
curves.
3.3. Method validation

The performance of both analytical methods was evaluated in terms
of linearity, limits of detection (LODs) and quantitation (LOQs) and re-
coveries. The obtained results are presented in Table 2 and in Suppl.
Table 2 of Supplementary material. For bothmethods the linear calibra-
tion equationswere obtained from7-point calibration curves, thatwere
made by plotting the ratios of analyte peak area to IS peak area versus
corresponding concentrations. Calibration curves were linear in the
tested concentration range from 0.05 to 5 ng/mL. To increase the accu-
racy at the lowest concentration range, theweighting factor 1/xwas ap-
plied to every calibration curve.

The LOD values were evaluated on the basis of matrix-matched cal-
ibration curves analyzed in triplicates, using the LOD= (3.3Sb)/a equa-
tion, where: Sb – standard deviation of intercept of the calibration curve,
a – slope of the calibration curve (ICH Harmonized Guidelines, 2005).

In further calculations of LOQ values it was assumed that LOQ =
3 × LOD. LOD values were in the range from 0.0079 ng/mL for BPG
to 0.039 ng/mL for BPBP, which indicate that proposed analytical
method is highly sensitive towards BPA analogues. More detailed
information on validation parameters are given in Suppl. Table 2
of Supplementary material.

To evaluate the recoveries, spiked samples were prepared according
to the described procedure using normal human blood serum. Six inde-
pendent chromatographic runs were carried out for each of three con-
centration levels. Obtained recoveries varied from 88% for BPC up to
138% for BPZ. All relative standard deviations were below 10% and are
within the range of 1.2% to 7.8%. Recovery discrepancies observed for
some bisphenol analogues confirm, that preparingmatrix-matched cal-
ibration curves during analysis of real samples is highly justified in order
to minimize its impact on the end results.

Totalmatrix effects (i.e. comprising of recovery and ion suppression/
enhancement) for each analyte were also evaluated and are given in
Suppl. Table 2 (Supplementary material). In case of some compounds
noticeable enhancement of the signal was observed (27% for BPC and
29% for BPP). The reason for this effect could be a coelution with some
unknown compound enhancing ionisation efficiency for these analytes.

Despite the fact that recoveries and magnitude of matrix effects dif-
fer among analytes the use of matrix-matched calibration curves allows
us to compensate for these phenomena and obtain reliable results.
Table 2
Recovery values obtained for three independent concentrations of spiked quality control
(QC) samples.

Analyte Recovery (RSD) [%] of analyte (n = 6) Detection and quantitation
limits (n = 3)

0.05 ng/mL 0.5 ng/mL 1 ng/mL LOD [ng/mL] LOQ [ng/mL]

BPC 89.8 (3.4) 87.6 (1.9) 88.7 (2.3) 0.021 0.061
BPE 96.0 (3.7) 95.5 (3.0) 106.1 (2.9) 0.011 0.032
BPF 123.4 (4.2) 120.7 (3.6) 118.7 (2.8) 0.012 0.037
BPG 103.7 (1.4) 104.4 (1.7) 103.9 (1.2) 0.0080 0.024
BPM 90.3 (2.3) 90.7 (3.2) 93.4 (4.8) 0.018 0.054
BPP 105.1 (6.5) 103.5 (7.8) 105.8 (2.6) 0.019 0.056
BPZ 132.4 (1.5) 138.2 (1.9) 134.6 (1.9) 0.017 0.051
BPFL 98.3 (3.3) 99.1 (2.7) 99.6 (2.8) 0.014 0.041
BPBP 99.2 (2.7) 98.9 (1.9) 99.0 (1.7) 0.039 0.12
BPA 103 (12) 106.0 (2.9) 101.0 (2.6) 0.0090 0.028
BPS 96 (15) 96.5 (3.7) 101.6 (3.0) 0.022 0.067
4. Analysis of real world samples

Proposed methods were successfully used to analyse 245 real
human blood serum samples in order to determine the analytes' con-
tent and to assess the human exposure to 11 BPA analogues for the
first time. The results are summarized in Table 3 and examples of real
world sample chromatograms are given in the Fig. 2. Analytes were
found in over 50% of serum samples except for BPC, BPZ, BPFL and
BPBP. BPA, BPG and BPS were the most often occurring analogues. Be-
yond the problem of constant human exposure, the presence of
bisphenols in blood is important in the terms of possible adverse health
issues (Konieczna et al., 2015; Rachoń, 2015). There are scientific proofs
that these compounds have the ability to induce eryptosis (suicidal
death of erythrocytes) (Maćczak et al., 2016) or biochemical and mor-
phological alternations in mononuclear cells of peripheral blood
(Michałowicz et al., 2015).

5. Conclusions

Presence of BPA and its analogues in different environmental matri-
ces has been well studied by now, but there is still an insufficient scien-
tific data on the occurrence of bisphenol analogues in the human and
animal tissues/fluids. Bisphenols other than BPA doesn't seem to be its
safer alternatives, therefore the interest in this research area has in-
creased in the last decade. In the field of biomonitoring of BPs in
human fluids and tissues the scientific data is still scarce although al-
ready noticeable. In 2016 Asimakopoulos et al. determined 8 bisphenols
in human urine samples alongwith 49 other xenobiotics. Mean analytes
concentrations varied from 0.05 ng/mL (for BPB and BPAF) up to
13.3 ng/mL (for BPS) (Asimakopoulos et al., 2016). Also in 2016 BPA
and six other analogues (BPF, BPS, BPAP, BPAF, BPP, BPZ) were deter-
mined in human urine by applying novel DLLME technique coupled to
LC-MS/MS. Mean BPA concentration was 2.8 ng/mL, while other ana-
logues were found at much lower rates (2–10% of samples) (Rocha
et al., 2016). In case of serum, plasma and blood, scientific data is even
more limited. In 2009 BPA and BPB were determined in human serum
at 0.79–7.12 ng/mL (BPA) and 0.88–11.94 ng/mL (BPB) concentration
ranges (Cobellis et al., 2009). A broader range of analogues (BPA, BPB,
BPC, BPE, BPF, BPPH, BPS, BPFL, BPP, BPM and BPZ) was determined in
human breast milk in 2015. However, only BPA and BPS were found in
concentrations 0.002–1.16 ng/g and 0.23 ng/g respectively
(Deceuninck et al., 2015). More information on the comparison of the
results obtained in this study to other studies are given in Supplemen-
tary Table 3. Because of very limited data on analogues selected for
this research, this comparison has been extended to bisphenol deriva-
tives and other biological matrices. Most of the analytes have been
found in concentrations similar to the results presented.

In this paper the development of a novel analytical LC-MS/MS
method for determination of a broad spectrum of BPA analogues was
Table 3
Information on the results obtained for the real world samples analysis.

Analyte Quantification
rate
[% of all samples]

Detection rate N

LOD
[% of all samples]

Median
[ng/mL]

Concentration
range [ng/mL]

BPC 27.2 40.7 0.177 0.071 ÷ 3.800
BPE 55.1 59.7 0.154 0.053 ÷ 0.828
BPF 49.8 65.0 0.115 0.052 ÷ 0.845
BPG 60.5 70.4 0.188 0.050 ÷ 1.190
BPM 58.8 65.8 0.212 0.057 ÷ 1.104
BPP 52.7 66.3 0.142 0.057 ÷ 0.917
BPZ 37.5 45.3 0.235 0.053 ÷ 1.415
BPFL 7.8 23.5 0.070 0.050 ÷ 1.597
BPBP 47.8 53.9 0.37 0.12 ÷ 2.98
BPA 86.4 91.4 0.124 0.050 ÷ 4.017
BPS 68.7 72.0 1.135 0.073 ÷ 4.844



Fig. 2. Examples of chromatograms obtained after the analysis of a real world blood serum samples. For clarity IS trace has been scaled down by the factor of 0.05.
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described. Sample preparation procedure consisting of liquid-liquid ex-
traction is a routine and inexpensive approach that consumes low vol-
umes of the sample (500 μL) and relatively low volumes of organic
solvent. An addition of anhydrous MgSO4 provided better peak shapes
and response, due to removing water soluble interfering matrix com-
pounds. Themethod is suitable to identify and effectively separate com-
pounds of interest, even constitutional isomers (BPM and BPP), as well
as to obtain very low detection and quantification limits. The developed
method was successfully applied for the analysis of real human blood
serum samples. To the best of authors' knowledge, this study is the
first attempt to determine selected 11 bisphenol A analogues in
human derived serum samples. Results indicate that the problem of
the bisphenols occurrence in body fluids is still underestimated, and
may lead to some adverse health issues. For this reason, the develop-
ment and application of novel analytical procedures focused on
bisphenols' human biomonitoring are of high scientific importance.
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