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ABSTRACT

An effective and reliable analytical method based on molecularly imprinted solid-phase extraction
(MI-SPE) and high-performance liquid chromatography with photodiode array detector was
developed to simultaneously determine four phenolic compounds: bisphenol A, 2-phenylphenol,
tert-octylphenol and nonylphenol. A molecularly imprinted polymer that can selectively recog-
nize bisphenol A and alkylphenols was developed. A bulk polymerization method using bisphe-
nol A as a template, acrylamide as functional monomer, ethylene glycol dimethacrylate as the
cross-linking agent, acetonitrile as porogenic solvent and 1,1’-azobis(cyclohexanecarbonitrile) as
initiator was applied. This polymer was applied for isolation and preconcentration of these phenolic
compounds from surface water’s sample of Opole Region (Odra River, Nysa Klodzka River, Mata
Panew River and Turawa Lake). Bisphenol A and 2-phenylphenol were found in all water samples.
Concentration of these compounds ranged 0.011-1.046 pg/mL and 0.020-0.410 pg/mL, respectively.
Nonylphenol and tert-octylphenol were not detected in any samples.
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1. Introduction

A variety of phenolic compounds are widely used in
industry, agriculture and household. Phenol is used in
the production of adhesives, phenol-formaldehyde resins,
disinfectants, pesticides and dyes. These compounds also
find application in the plastic and metallurgical industry.
At the same time, bisphenol A is an important intermedi-
ate in the industrial manufacture of polycarbonate plastic,
epoxy and phenolic resins, polyesters and polyethers. It is
also used as an antioxidant in adhesives and printing inks.
Materials containing bisphenol A (BPA) have a lot of appli-
cations. Therefore, this compound can be found in baby
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bottles, plastic food containers, tin cans, microwave dishes,
toys, dental fillings, medical equipment and in many other
products [1-3].

BPA and alkylphenols (APs) are presented in the envi-
ronment in trace amounts: these phenolic compounds occur
in surface and tap water, wastewaters, soil, dust and food
[4-9]. These substances, due to their toxicity and wide-
spread presence in the environment, pose a threat to the life
and health of organisms. They affect the functioning of the
immune system, reproductive system, thyroid negatively
and contribute to the development of cancer (breast, ovar-
ian, prostate and brain cancer). In recent years, it is ever
more evidence that shows that some phenolic compounds
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affect adversely on the endocrine and reproductive sys-
tem. Bisphenol A, alkylphenols and their derivatives are
known and suspected endocrine-disrupting compounds
(EDCs) that can mimic the body’s hormones or interfering
with the action of endogenous gonadal steroid hormones.
These substances can cause infertility, endometriosis and
abnormalities in the structure and functioning of the
reproductive system (hypospadias, cryptorchidism). For
BPA, the negative reproductive effect was observed for
the first time in the early XX century. Both in vitro and in
vivo studies reported the ability of bisphenol A to disrupt
thyroid function through multiple mechanisms [10,11].
Globally, most natural and synthetic estrogens in the
aquatic environments are in the low ng/L range. At the same
time, industrial compounds, like bisphenol A or alkylphe-
nols, are present in the ug to low mg/L range. Although it
was used in various industries for many years, recent stud-
ies demonstrate that bisphenol A is harmful. BPA is released
into the environment and food from plastic consumer
products due to hydrolysis of the ester bond [12]. The U.S.
Environmental Protection Agency considered that the
maximum safe dose of BPA is 50 mg/kg b.w./d. Although
the affinity of bisphenol A to estrogen receptors is 10-100
thousand times weaker than estradiol, many studies have
shown its biological activity. It is a very weak xenoestro-
gen, but it shows a broad spectrum of activity. It can cause
neurochemical changes in the brain, interfere with hor-
mone production and precocious puberty. An animal and
in vitro studies show that endocrine-disrupting chemicals
affect hormone-dependent pathways responsible for male
and female gonadal development. This influence can cause
male and/or female reproduction system disorders, such as
fertility, endometriosis, breast cancer, testicular cancer or
poor sperm quality [13]. The negative reproductive impact
in vertebrates, like fish, is manifested by overexpression of
egg yolk protein precursor — vitellogenin. Therefore, it is
used as a biomarker of active endocrine substances [14].
Whereas alkylphenols and their derivatives are released
mainly into the aquatic environment from industrial and
agricultural sludge. The concentration of nonylphenol and
polyethoxylated nonylphenols in wastewater (Michigan)
was set at 0.017-37 ug/L and 332 ug/L, respectively [15].
There is concern that these substances can accumulate
in the tissues and interfere with the hormonal system.
Phenolic endocrine-disrupting compounds exist in
the environment at very low concentrations together with
other exogenous interferences. Therefore, it is necessary
to develop simple, reliable and effective methods for iso-
lation, preconcentration and sample clean-up of bisphenol
A, alkylphenols and their derivatives from real samples
(i.e., surface water samples, tap water, wastewaters, sew-
age effluents, etc.) [16-18]. For this purpose, solid-phase
extraction is a routine method for extracting analytes from
complex samples. This technique has many advantages:
ease of operation, high recoveries, low consumption of
organic solvent and a wide spectrum of stationary phases.
However, this method isn’t selective because it’s based
on nonselective interaction between compounds and sta-
tionary phases. Molecularly imprinted polymers (MIP)
is an excellent alternative to conventional sorbents due to
their selective recognition of target molecules. The MIPs

are formed during copolymerization of functional mono-
mers and cross-linking agents in the presence of the target
molecule. Monomers bind these imprint molecules with
hydrogen bonds, electrostatic interaction or hydrophobic
interactions. Their functional groups are held in position
by a highly cross-linked polymeric backbone. Removal of
target molecule exhibits binding sites which are comple-
mentary in size and shape to imprint substance and other
substances which have analogous structures.

Molecularly imprinted polymers have been already
used for isolation, preconcentration and sample clean-up of
bisphenol A nd other related compounds (e.g., bisphenol F,
nitrophenols, chlorophenols) from food samples [4,19], urine
[4], serum [4] and river water’s sample [6,20-26].

The results, which were obtained during the previ-
ous experiments, clearly demonstrated that molecularly
imprinted polymers show high recovery and good selectiv-
ity for phenolic compounds. Therefore, selected MIP was
used for monitoring the presence of bisphenol A and alkyl-
phenol in surface waters samples from the Opole Region
during the year.

2. Experimental
2.1. Materials

Chemical standards of phenolic compounds: bisphe-
nol A (BPA) (purity > 99%), 2-phenylphenol (2-PP) (>99%),
tert-octylphenol (-OP) (>97%) and nonylphenol (NP) (>94%,
mixture of isomers) were from Sigma-Aldrich. The struc-
ture and basic information of BPA and alkylphenols are
summarized in Table 1. Reagents for MIPs synthesis were
acrylamide (AA), ethylene glycol dimethacrylate (EGDMA)
(>98%, contains 90-100 monomethyl ether hydroquinone as
inhibitor), 1,1’-azobis(cyclohexanecarbonitryle) and acetoni-
trile (HPLC grade) and were obtained from Sigma-Aldrich,
except for acrylamide which Fluka supplied. All other sol-
vents were purchased from POCH and were of analytical
grade. Water was purified using a Milli-Q system from
Millipore (Bedford, MA, USA).

The standard solution of all phenolic compounds was
prepared at a concentration of Img/mL in methanol and
stored at 4°C in the dark.

Empty filtration tubes (volume 12 mL) and Teflon frits
for solid-phase extraction (SPE) were obtained by Supelco.

2.2. Instrumentation

High-performance liquid chromatography (HPLC)
analyses were performed using Dionex Ultimate 3000 with
Photodiode Array Detector (FAD) operating at 225 nm. All
phenolic compounds were analyzed using Microsorb-MV
100-5 octadecylsilane column (150 x 4.6 mm) with pre-col-
umn (MetaGuard 4.6 mm monoChrom 5 um, C18). The
mobile phase was a mixture of acetonitrile and ultrapure
water. The mobile phase was pumped at a flow rate of 1 mL/
min. The inject samples volume was 20 pL. The chromato-
graphic separation was carried out using a multi-step gradi-
ent. The following method was used: 0 min. (50% A: 50% B),
0-5 min (65% A: 35% B), 5-15 min. (95% A: 5%B), 15-30 min.
(95% A: 5% B), 30-35 min. (65% A: 35% B), 35-40 min.
(95% A: 5% B).
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Structure and properties of the selected phenolic compounds in this study

Compound CAS No. Formula LogK ,  Aqueous solubility Structure References
molecular (mg/L)
weight
H,C_ CH,
C.H,O
Bisphenol A 80-05-7 157162 3.84 120 15,16,18
ispheno 228.3 g/mol [ ]
HO OH
OH O
C,H, O
2-Phenylphenol -43-7 210 33 7 17
enylphenol 90 1702 g/mol 00 O [17]
OH
Cc,H,0
- Iphenol 140-6- Wz 1 12. 1
+-Octylpheno 0-69 2063 g/mol 6 M/Q/ 18]
OH
C.H,O
Nonylphenol 84852-15-3 152 45 5 /\/\/\/\/@ 18
enylphieno 220.4 g/mol (18]

2.3. Sampling area

Opole Region is located in the south-western part of
Poland between the two large agglomerations: Upper
Silesia and Lower Silesia, and covers an area of 9412 km?.
This region is an industrial and agriculture area, where
the development of agriculture conductive favourable cli-
matic and soil conditions. Also a highly developed indus-
try, mainly machinery, chemical, mineral, timber, textile and
steel industry is presented on this area.

The main river in Opole Region is the Odra River.
The other larger rivers are Nysa Klodzka River and Mala
Panew River, which are tributaries of Odra River. The larg-
est lakes are artificial reservoirs, such as Nyskie Lake,
Otmuchowskie Lake and Turawa Lake.

2.4. Real water samples

Surface water’s samples were obtained from Odra
River, Nysa Ktodzka River, Mata Panew River and Turawa
Lake of Opole Region. They were taken from July 2017 to
June 2018 of every month, except January (experiment I)
and subsequently water’s samples from Turawa Lake and
Mata Panew River (upstream and downstream of the lake)
from October 2018 to January 2019 (experiment II). The
primary location information is presented in Fig. 1. All the
samples were collected from a depth of about 30-50 cm
below the water table. Samples were taken in triplicate of
volume 500 mL and then mixed to obtain the average sam-
ple, which was studied. The distance between each sample
collection site was about 200 meters. To avoid contamina-
tion of bisphenol A and its derivatives only glass bottles are
used. These bottles were previously thoroughly washed,
rinsed with ultrapure water and later, on-site, with a water
sample.

Surface water samples were filtered through filter paper
to remove particulate matter. Conductivity and pH were
measured using multifunction devices (CX-501, Elmetron,
Poland). All samples were stored in a refrigerator at 4°C
before extraction.

2.5. Preparation of MIP by bulk polymerization

The non-covalent approach was used to prepared a
molecularly imprinted polymer (MIP). The MIPs synthesis
protocol has been previously in detail described [27].

Briefly, template (BPA; 0.25 mmol), functional mono-
mer (AA; 4mmol), crosslinking agent (EGDMA; 20 mmol),
acetonitryle (20 mL) as porogenic solvent and 1,1'-azobis
(cyclohexanecarbonitrile) as initiator was used.

The obtained polymer was washed with several aliquots
of methanol until no BPA could be detected in the super-
natant solution by HPLC-DAD. Afterwards, it was used as
sorbents for SPE.

2.6. MI-SPE method

In this study, solid-phase extraction was performed using
a 12-position manifold device (Merck) with a membrane
vacuum pump (Vacuubrand).

Four hundred milligrams of dry particles of the molec-
ularly imprinted polymer was packed into an empty
12 mL polypropylene SPE tube and were subsequently
capped with the Teflon frits at the top and bottom to form a
regular sorbent bed.

The results are presented as recovery, defined as the
compound percentage after extraction relative to the initial
amount.

The MIP was evaluated as SPE sorbent using standard
water solution at a concentration of 0.02 ug/mL of each
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Fig. 1. Area map of Opole Region with the sampling locations.

analyte to find the optimum conditions. Different mix-
tures of methanol/water/acetic acid (95: 2.5: 2.5; v:v:v) were
tested as washing and elution solvent. Elution with 5 mL
of this mixture resulted in high recoveries: from 103% for
BPA to 53% for NP and good repeatability (RDS < 6%).

Firstly column was conditioned with 10 mL of metha-
nol and 10 mL of water. The natural water samples (250 mL)
was adjusted to pH 5.5 by adding hydrochloric acid and
was loaded onto the column filled with the polymer at a
flow rate of approximately 2 mL min™. After the sample
loading, the column was washed with 1.5 mL of methanol/
water/acetic acid (95: 2.5: 2.5; v:v:v). Finally, the analytes were
eluted with 5 mL of mixture methanol/water/acetic acid.

Before SPE experiments, the cartridges were first washed
with 10 mL of methanol to remove possible residues from
previous extraction and next conditioned with methanol
(10 mL) and water (10 mL).

All samples were analyzed using high-performance
liquid chromatography (HPLC).

2.7. Limit of detection and limit of quantification

Limit of detection (LOD) and limit of quantification
(LOQ) for all analyzed phenolic compounds were des-
ignated using the graphical method. The analytes were
determined in spiked water samples for three concentra-
tion levels in the range of 0.1-1 ug/mL for BPA, 2-PP, +-OP
or 1-10 pg/mL for NP (n = 5). For each series of measure-
ments were calculated by standard deviation S and plot-
ted the graph of function S = f(c). LOD was defined as 3s,
where s is intercept values. LOQ for each compound was
calculated as 3 LOD.

Values of calibration equations, coefficients of correla-
tion (r?) for the standard solution of phenolic compounds

and limit of detection and limit of quantification spiked
real water’s samples are presented in Table 2.

3. Results and discussion

Based on the previously obtained results [27], MIP with
acrylamide as a functional monomer was selected to simul-
taneously extract endocrine phenolic compounds (bisphenol
A, 2-phenylphenol, t-octylphenol and nonylphenol). In the
first stage, MIP was used to extract the aqueous solution
with a concentration of 0.02 ug/mL of each compound and
a volume of 250 mL. The extraction was performed accord-
ing to the previously described procedure, using a mixture
of methanol: acetic acid: water (95:2.5:2.5) as an eluent.
This sorbent was characterized by high recovery values of
the tested compounds: 104% BPA, 103.2% of 2-PP, 75.6%
of #-OP and 53.7% of NP (RDS < 6%). The results indicated
the possibility of application of molecularly imprinted
polymer for extraction of analytes from real water’s samples.

3.1. Characteristic of surface waters samples

The samples were from surface waters of three rivers
(Odra River, Nysa Kltodzka River and Mata Panew River)
and one lake (Turawa Lake) located in the Opole Region.
Nysa Klodzka River and Mata Panew River are tributaries
of Odra River, whereas Turawa Lake is a storage reservoir
built on Mata Panew River. These surface waters are heav-
ily polluted due to the high industrialization of the region
and the presence of large areas of agricultural land.

The waters samples had a pH ranging from neutral to
slightly alkaline, taking values from 6.93 to 8.37. The val-
ues of conductivity were between 222 and 596 uS for Nysa
Klodzka River, Mata Panew River and Turawa Lake. Whereas
for the Odra River, conductivity values were much higher
and more differential —from 346 to 1,546 pS. The changes in
pH and conductivity during the year are shown in Fig. 3.

3.2. Matrix effect — influence of conductivity

The values of recovery of BPA and alkylphenols for the
standard water samples at the concentration of 0.02 ug/mL
(pH = 5.5, conductivity = 2.036 uS) were determined,
obtaining good results. Analogous studied were per-
formed for real spiked samples (pH = 5.5 by adding a
few drops of hydrochloric acid) containing 0.02 ug/mL
of each phenolic compound. These samples differed by
the values of conductivity (360 uS and 1380 uS). There
was no significant conductivity effect for the recovery of
bisphenol A, 2-phenylphenol and nonylphenol. Only for
t-octylphenol recovery values vary quite significantly.
The recovery of this compound was lower for samples
with conductivity 360 and 1,380 uS than for the standard
sample. The recovery of all tested phenolic compounds
from different spiked water samples are presented in Fig. 4.

3.3. Endocrine phenolic compounds from real water samples

To assess the application of selected MIP as sorbent in
solid-phase extraction to directly monitor the presence of
bisphenol A and alkylphenols in the aquatic environment,
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Fig. 2. Typical chromatogram under the optimized solid-phase extraction procedure and separation condition of HPLC for
the standard solution of phenolic analytes at the concentration of 0.02 pg/mL in the spiked water sample.
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Fig. 3. Changes in pH and conductivity during the year.

Table 2
Analytical characteristics of the MI-SPE-HPLC method
Compound Calibration equation r? Limit of detection (ug/L) Limit of quantification (ug/mL)
Bisphenol A y=1.0933x — 0.4635 0.997 2.5 7.5
2-Phenylphenol y =1.0543x — 0.4968 0.996 5 15
t-Octylphenol y=0.4831x - 0.2026 0.998 10 30
Nonylphenol y =0.2949x - 0.0137 0.994 50 150

surface water samples

from the Opole Region were tested.

Optimized extraction procedure shows high recovery, good

precision and accuracy.

In all samples (obtained from July 2017 to June 2018)
detected bisphenol A and 2-phenylphenol above detection

limit in the range of concentration 11-415 pg/mL and
20-410 pg/mL, respectively (Table 3). The highest concen-
tration of BPA was observed in samples from Turawa Lake,
indicating that the water is polluted with plastic materials
for the production of which BPA and their derivatives are
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Environmental levels of bisphenol A and 2-phenylphenol in surface water’s samples (1 = 3)
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Date Odra River Nysa Ktodzka River Mata Panew River Turawa Lake
Content of bisphenol A (ug/L)
30th Jul 2017 11+1 102 +9 318 +34 141 +4
27th Aug 2017 81+8 72+7 34+1 72+9
24th Sep 2017 31+4 44 +3 37+4 162 +19
29th Oct 2017 17+1 12+2 15+2 372+52
27th Nov 2017 31+6 12+1 81+4 158 + 31
29th Dec 2017 79+7 213 60+6 69+9
25th Feb 2018 77 +12 38+8 46+6 260 + 53
31st Mar 2018 51+8 38+5 34+2 225+15
28th Apr 2018 38+ 415+ 42 53+8 178 +32
26th May 2018 66 + 97+ 14 339 £51 46+8
23rd Jun 2018 43 + 40+7 40+4 179 +12
Content of 2-phenylphenol (ug/L)
30th Jul 2017 31+2 41+10 34+5 29+3
27th Aug 2017 47+7 43+7 33+2 105 + 49
24th Sep 2017 49+4 54+8 50+ 4 201
29th Oct 2017 36+4 38+4 70+19 22+4
27th Nov 2017 64+1 35+8 410+9 93+6
29th Dec 2017 103 £12 50 +10 86 +20 81+15
25th Feb 2018 203 £ 41 103 +16 26+1 68 +13
31st Mar 2018 192 +32 133+21 122 +17 13117
28th Apr 2018 86 +15 50+3 65+8 256 + 19
26th May 2018 61+9 55+6 50 +10 98+2
23rd Jun 2018 35+1 30+4 32+2 191 £26

sample I: standard solution sample II: conductivity 360uS sample IlI: conductivity 1380uS

mBPA @A2-PP

Bt-OP ENP

Fig. 4. Recovery of BPA and some APs from spiked water samples of different conductivity.

applied. Moreover, it may result from the more significant
accumulation of bisphenol A in stagnant waters than in
rivers. The higher concentration of BPA was also observed
in few other samples: in Nysa Ktodzka River (April) and
Mata Panew River (July, May). There was no correlation
between the presence and concentration of BPA in each
sample. A significantly higher content of BPA in rivers was
expected to find in Odra River than its tributaries. Still,
only some waters samples, collected from September 2017

to April 2018, showed this correlation. BPA can easily bind
to the river’s sediments; therefore, it was not transferred
to the main river.

The highest concentration of 2-phenylphenol in riv-
ers was observed in the winter and early spring months,
while in the Turawa Lake — from March to June 2012. This
substance is widely used in industry for the production of
pesticides, rubber chemicals, food packaging, as an inter-
mediate for dyes and food preservatives, and also in the
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Table 4
Environmental levels of bisphenol A and 2-phenylphenol in
surface water’s samples (1 = 3)

Date Mata Panew Turawa Mala Panew River

River upstream Lake downstream
Content of bisphenol A (ug/L)

13th Oct 97 +16 209+23 143+7

10thNov 124 +7 140£6 1276

16th Dec 276 +15 83+19 1588

6th Jan 245+12 115+6  60=12
Content of 2-phenylphenol (ug/L)

13th Oct 109 + 4 112+4 13245

10thNov ~ 226+5 27432 242+20

16th Dec 259 +17 156 +22 231 +41

6th Jan 199 +4 132+23 18432

timber industry. Therefore it may be directly released to the
environment through various waste streams, mainly from
industrial wastewater.

The environmental levels of BPA and 2-PP in selected
water samples are shown in Table 4. None of the tested sur-
face waters did not reveal the presence of both t-octylphenol
and nonylphenol, despite the use of these substances in
industry and agriculture (pesticides).

4. Conclusions

MI-SPE method with HPLC-DAD was the developed
and validated for the simultaneous determination of endo-
crine phenolic compounds from environmental water sam-
ples. This SPE procedure for preconcentration of selected
analytes and remove of matrix interferents, showed high
recovery, good selectivity, precision and accuracy. This
method is straightforward, give reliable results and allows
the determination of trace amounts of some phenolic
compounds in waters samples.

It is believed that a significantly better detection limit of
bisphenol A and alkylphenols will be obtained if this molec-
ularly imprinted solid-phase extraction method is coupled
with more sensitive detectors (e.g., fluorescence or mass
spectrum detector).

References

[1] M.V.Maffini, B.S. Rubin, C. Sonnenschein, A.M. Soto, Endocrine
disruptors and reproductive health: the case of bisphenol A,
Mol. Cell. Endocrinol., 254-255 (2006) 179-186.

[2] C.Erler,]. Novak, Bisphenol A exposure: human risk and health
policy, J. Pediatr. Nurs., 25 (2010) 400—407.

[3] J.P. Sumpter, S. Jobling, Vitellogenesis as a biomarker for
estrogenic contamination of the aquatic environment, Environ.
Health Perspect., 103 (1995) 173-178.

[4] J.-h. Zhang, M. Jiang, L. Zou, D. Shi, S.-r. Mei, Y.-x. Zhu, Y. Shi,
K. Dai, B. Lu, Selective solid-phase extraction of bisphenol A
using molecularly imprinted polymers and its application
to biological and environmental samples, Anal. Bioanal.
Chem., 385 (2006) 780-786.

[5]

(6]

9]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

DK. Alexiadou, N.C. Maragou, N.S. Thomaidis,
G.A. Theodoridis, M.A. Koupparis, Molecularly imprinted
polymers for bisphenol A for HPLC and SPE from water and
milk, J. Sep. Sci., 31 (2008) 2272-2282.

Y. Watabe, K. Hosoya, N. Tanaka, T. Kondo, M. Morita,
T. Kubo, LC/MS determination of bisphenol A in river water
using a surface-modified molecularly-imprinted polymer as an
on-line pretreatment device, Anal. Bioanal. Chem., 381 (2005)
1193-1198.

E. Yiantzi, E. Psillakis, K. Tyrovola, N. Kalogerakis, Vortex-
assisted ionic liquid based liquid-liquid microextraction of
selected pesticides from a manufacturing wastewater sample,
Talanta, 80 (2010) 2057-2062.

S.N. Loganathan, K. Kannan, Green tea potentially ameliorates
bisphenol A-induced oxidative stress: an in vitro and in silico
study, Arch. Environ. Contamin. Toxicol., 61 (2011) 68-73.

A. Guerreiro, A. Soares, E. Piletska, B. Mattiasson, S. Piletsky,
Preliminary evaluation of new polymer matrix for solid-phase
extraction of nonylphenol from water samples, Anal. Chim.
Acta, 612 (2008) 99-104.

S. Basak, M.K. Das, A.K. Duttaroy, Plastics derived endocrine-
disrupting compounds and their effects on early development,
Birth Defects Res., 112 (2020) 1308-1325.

F. Gorini, E. Bustaffa, A. Coi, G. Iervasi, F. Bianchi, Bisphenols
as environmental triggers of thyroid dysfunction: clues and
evidence, Int. J. Environ. Res. Public Health, 17 (2020) 2654, doi:
10.3390/ijerph17082654.

1. Jordakova, J. Dobias, M. Voldfich, J. Poustka, Sensitive online
SPE determination of bisphenol A in water samples, Czech ]J.
Food Sci., 21 (2003) 85-90.

S.Sifakis, V.P. Androutsopoulos, A M. Tsatsakis, D.A. Spandidos,
Human exposure to endocrine disrupting chemicals: effects on
the male and female reproductive systems, Environ. Toxicol.
Pharmacol., 51 (2017) 56-70.

TK.A. Tran, RM.K. Yu, R. Islam, T.H.T. Nguyen, T.L.H. Bui,
R.Y.C. Kong, W.A. O’'Connor, FED.L. Leusch, M. Andrew-
Priestley, G.R. MacFarlane, The utility of vitellogenin as a
biomarker of estrogenic endocrine disrupting chemicals in
molluscs, Environ. Pollut., 248 (2019) 1067-1078.

G.-G. Ying, B. Williams, R. Kookana, Environmental fate of
alkylphenols and alkylphenol ethoxylates—a review, Environ.
Int., 28 (2002) 215-226.

N. Szczepanska, M. Rutkowska, K. Oweczarek, ]J. Plotka-
Wasylka, ]J. Namiesnik, Main complications connected with
detection, identification and determination of trace organic
constituents in complex matrix samples, TrAC, Trends Anal.
Chem., 105 (2018) 173-184.

N. Salgueiro-Gonzalez, S. Muniategui-Lorenzo, P. Lépez-
Mahia, D. Prada-Rodriguez, Trends in analytical methodologies
for the determination of alkylphenols and bisphenol A in
water samples, Anal. Chim. Acta, 962 (2017) 1-14.

M. Moscipan, PP. Wieczorek, Extraction techniques for
isolation, purification and preconcentration of bisphenols and
alkylphenols from environmental and food samples, Int. J. Adv.
Res. Chem. Sci. (IJARCS), 4 (2017) 1-23.

E. Herrero-Hernandez, R. Carabias-Martinez, E. Rodriguez-
Gonzalo, Use of a bisphenol A imprinted polymer as a selective
sorbent for the determination of phenols and phenoxyacids in
honey by liquid chromatography with diode array and tandem
mass spectrometric detection, Anal. Chim. Acta, 650 (2009)
195-201.

A. Kubiak, M. Biesaga, Application of molecularly imprinted
polymers for bisphenols extraction from food samples -
a review, Crit. Rev. Anal. Chem., 50 (2020) 311-321.

M. Kawaguchi, Y. Hayatsu, H. Nakata, Y. Ishii, R. Ito, K. Saito,
H. Nakazawa, Molecularly imprinted monolith in-tube solid-
phase microextraction coupled with HPLC/UV detection for
determination of 8-hydroxy-2'-deoxyguanosine in urine, Anal.
Chim. Acta, 539 (2005) 83-89.

F. Navarro-Villoslada, B.S. Vicente, M.C. Moreno-Bondi,
Application of multivariate analysis to the screening of



(23]

[24]

[25]

M. Pasek et al. / Desalination and Water Treatment 242 (2021) 5663 63

molecularly imprinted polymers for bisphenol A, Anal. Chim.
Acta, 504 (2004) 149-162.

Ch. A. Staples, P.B. Dorn, G.M. Klecka, S.T. O'Block, L.R. Harris,
A review of the environmental fate, effects and exposures of
bisphenol A, Chemosphere, 36 (1998) 2149-2173.

P.B. Dorn, Ch.-S. Chou, J.J. Gentempo, Degradation of bisphenol
A in natural waters, Chemosphere, 16 (1987) 1501-1507.
http://www.hc-sc.gc.ca/cps-spc/pest/part/consultations/_
prvd2008-04/index-eng.php

[26]

[27]

A. Lattore, S. Lacorte, D. Barceld, Presence of nonylphenol,
octyphenol and bisphenol A in two aquifers close to
agricultural, industrial and urban areas, Chromatographia,
57 (2003) 111-116.

A. Poliwoda, M. Moscipan, P.P. Wieczorek, Application of
molecular imprinted polymers for selective solid-phase
extraction of bisphenol A, Ecol. Chem. Eng. S, 23 (2016) 651-664.



