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Abstract: Bisphenol A (BPA) is a monomer commonly used in the production
of epoxy resins, plastic bottles and dental filling materials. Due to its chemical
structure, BPA and its derivates show activity similar to the endocrine horm-
ones. It can bind to estrogen receptors and cause neurological disturbances,
even at low doses. Therefore, it is important to determine BPA and its deri-
vatives quickly and sensitively at low concentrations. In this study, a single
amperometric tyrosinase enzyme biosensor was designed for the determination
of the amount of BPA, bisphenol F (BPF) and bisphenol S (BPS) monomers.
Tyrosinase was immobilized onto a modified carbon paste electrode by cross-
-linking with glutaraldehyde. The amount of BPA (BPS and BPF) was deter-
mined directly on the reduction of quinone compound released as a result of the
enzymatic reaction at —0.15V. K,pp) value of the designed biosensor for BPA
was found 0.00067 uM, the linear operating range was 0.001-0.005 uM (a) and
0.03-0.1 uM (b) and the lower detection limit was found 1 nM for each mono-
mer. It is clear that designed biosensor enable the fast, efficient and precise
determination of BPA and its derivatives released from materials used in dental
materials.
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INTRODUCTION
Bisphenol A (2,2-bis(4-hydroxyphenyl) propane, 4,4'-isopropylidenediphe-
nol, BPA) is an important industrial chemical used as a basic component in the
production of epoxy resins and polycarbonate plastics, which have wide applic-
ations in industry. It is frequently used in plastic products in our daily lives such
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as large returnable, refillable water bottles, food service products, feeding bottles,
jugs, glasses, household food containers. In addition, BPA is an important com-
ponent of bisphenol A glycidylmethacrylate (Bis-GMA), a molecule known to be
the basis of composite resins used in dentistry.l-2 In the international dentistry lit-
erature, it is stated that BPA and/or its derivatives can be released into the oral
cavity from composite fillings and fissure sealants at doses that can produce act-
ive substance.

BPA shows activity similar to endocrine hormones due to its chemical struc-
ture. In other words, the emphasis that estradiol and diethylstilbestrol, due to the
presence of phenol groups in their structures, BPA and its derivatives have sim-
ilar effects by binding to estrogen receptors, and that they can cause neurological
disorders even at low doses worries researchers.3 For this reason, it is important
to determine BPA and its derivatives (bisphenol S, BPS, bisphenol F, BPF, etc.)
quickly and sensitively at low concentrations.

Due to the negative effects of BPA and its derivatives on human health, a
number of methods have been developed to determine its amount in the liquids
which comes into contact with BPA containing products.* The BPA derivates
BPF (4,4'-dihydroxydiphenylmethane) and BPS (4,4’-sulfonyldiphenol) also have
estrogenic, progesteronic and anti-androgenic effects and are used in production
of daily life products such as food cans, plastic bottles, efc.

However, most of methods to determine BPA and its derivates are based on
spectrophotometry and/or chromatography, requiring time-consuming sample
preparation and pre-analysis processes. In addition, these methods depend on
large capital investment causing high operating costs. Moreover, the analysis
with these methods require qualified person and interpretation of analysis results
is time-consuming.>-6 For this reason, many research groups are working on dev-
eloping fast, sensitive, innovative and relatively cheaper methods for the analysis
of BPA and its derivatives. Biosensor could be one of the innovative methods
used in BPA determination. Biosensor is defined as a device combined with a
biological agent and a physicochemical converter.

In this study, a new biosensor modified with Fe3O4 nanoparticle was des-
igned to determine the released amounts of BPA and its derivatives contained in
some orthodontic materials. For this purpose, carbon paste electrode was modi-
fied by using commercial Fe304 nanoparticle. Tyrosinase enzyme was immobil-
ized onto modified electrode by cross-linking with bovine serum albumin (BSA)
and glutaraldehyde. Optimum operating conditions of the biosensor as tempera-
ture, pH, glutaraldehyde amount and substrate concentration were studied. Linear
operating range and detection limit were defined. Released BPA concentration
from different dental filling materials as real sample was determined under deter-
mined optimum operating conditions of the biosensor. Although there are biosen-
sor studies for BPA determination in the literature, it was seen that there are
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almost no biosensor studies for the determination of BPA derivate such as BPS
and BPF. In this study, a fast, high sensitivity and sensitivity low detection limit
as well as low cost new biosensor has been developed for the determination of
both BPA and BPS and BPF.

EXPERIMENTAL

Tyrosinase enzyme (purified from fungus and as 2500 units) was purchased from Sigma-
Aldrich. BPA, BPS, BPF, mineral oil, glutaraldehyde, carbon powder, disodium hydrogen
phosphate and monosodium hydrogen phosphate were obtained from Merck.

All electrochemical experiments were performed using a computer-connected CHI1230A
model electrochemical analyzer of CHI Company (CH Instrument, BASi, Kent Avenue, West
Lafayette, IN, USA). Amperometric measurements were performed in a three-electrode cell
system. A carbon paste electrode with a surface area of 0.6 cm? was used as the working elec-
trode, Ag/AgCI (BAS RE-5B) was used as the reference electrode and platinum wire (MW-
-1032) was used as the counter electrode. After each electrochemical study, the working elec-
trode was stored at 4 °C in distilled water or in the buffer solution.

Modification of carbon paste electrode

A known amount of graphite powder (0.0650 g) was weighed precisely, 30 ul of nujol
and 40 mg of Fe;0,4 nanoparticles were added to it and mixed homogeneously. The resulting
mixture was filled into the electrode chamber so that there was no space left. Finally, the sur-
face was cleaned and polished.”

Enzyme electrode preparation and amperometric measurements

2.0 mg BSA (bovine serum albumin), 50.0 pL phosphate buffer solution, 100.0 pL tyro-
sinase (50.0 units/mL) and 40.0 pL glutaraldehyde (2.5%) was mixed homogeneously. This
mixture (190 pL totally) was dropped onto the surface of modified carbon paste electrode
(MCPE) and dried at room temperature. The prepared enzyme electrode was washed first with
distilled water and then with buffer solution. It was stored in the buffer solution at 4 °C when
not in use (Fig. 1 a).®

BPA, BPF and BPS were used as different substrates of tyrosinase separately. Determin-
ation of the amount of BPA is based on the reduction of quinone compound released as a
result of the enzymatic reaction (Fig. 1b). For this purpose, 0.1 M supporting electrolyte
(NaCl) was added to the measurement medium (pH 7.0 phosphate buffer). The electrode was
equilibrated at varying potentials (versus Ag/AgCl electrode (3.0 M KCI)) until a constant
current value was obtained. BPA solution was added to the cell after equilibrium current (i,)
was recorded, and the system was stirred. At the end of the reaction, the final current (i,) was
recorded. The BPA concentration was plotted against the obtained current difference.’
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Fig. 1. Possible oxidation mechanism of BPA by tyrosinase.*
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After determining the working potential, the optimum conditions (substrate concentrat-
ion, pH, temperature) and the factors affecting its performance (operational stability, storage
stabilization, interference effects) of the designed biosensor were determined. Finally, the
amounts of BPA released from different dental filling materials were determined.

RESULTS AND DISCUSSION

BPA, a monomer of resins and plastics in the structure of many products
used in daily life, released over time, increases the amount of intake into the
human body and creates a toxic effect. Released BPA should be below the tol-
erable daily intake level (0.05 mg per kg of body mass).6 Due to its chemical
structure, BPA can imitate estrogen and exhibit similar activity. It is stated in
studies that BPA has negative effects on human health, especially on the endo-
crine system.3:!! For this reason, it is important to determine BPA quickly and
with high sensitivity.!!

Electrochemical characterization and determination of the response and working
potential of CPE and MCPE electrodes to BPA

The electrochemical performance of the CPE and MCPE were studied using
cyclic voltammetry and K3Fe(CN)g as a redox probe.!2 The cyclic voltammo-
grams of the electrodes are presented in Fig. 2. 0.05 mM K3Fe(CN)g solution in
0.10 M H,SO4 supporting electrolyte with a scan rate of 100 mV s~! were doc-
umented. It was clear that the reduction and oxidation peaks of 0.05 mM
K3Fe(CN)g are seen quite clearly in the alternating voltammograms of the bare
carbon paste electrode, while the 0.05 mM K3Fe(CN)g obtained in the modified
carbon paste electrode under the same conditions.

The voltammograms of CPE was shown in Fig. 2a (2). The reduction peak at
0.22 V and the oxidation peak at 0.34 V were obtained. When 0.05 mM
K3Fe(CN)g solution was added in cell (voltammogram 3), the reduction peaks at
0.22 V and oxidation peaks at 0.34 V increased. This increasing of the peaks
were related with increased amount of K3Fe(CN)g. The same process was per-
formed with the MCPE under the same conditions (Fig. 2b). As examined from
the voltammograms 2 and 3 in Fig. 2b, no visible reduction or oxidation peak
was observed with the addition of K3Fe(CN)g. According to this results it could
be concluded that the surface of the carbon paste electrode has changed by
modification of Fe3O4 nanoparticles. The decrease in the peaks indicated the
modification of the carbon paste electrode (Fig. 2).

To determine the response of carbon paste electrode (CPE) and MCPE to
BPA, the electrodes established equilibrium at —0.20 V potential separately.!3-14
Then, tyrosinase enzyme was added into the cell and was kept for a while until
equilibrium was reached, and the equilibrium current recorded. The current dif-
ferences (Ai) were recorded by adding bisphenol A solution at increasing cell
concentrations between 1-500 pM. The current differences against increasing
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bisphenol A concentrations were plotted (Fig. 3a). As seen in Fig. 3a, the bisphe-
nol A response of the prepared modified carbon paste electrode is approximately
two times higher than that of the carbon paste electrode.

Current, pA

Potential, mV

Current, pA

Potential, mV

(b)
Fig. 2. Cyclic voltammograms of K3Fe(CN)g in 0.10 M H,SO4 supporting electrolyte (scan
rate of 100 mV s’'); a) bare CPE; b) MCPE. 1. 10.0 mL 0.10 M supporting electrolyte; 2. 1
+ 0.05 mM K3Fe(CN)g; 3. 2 + 0.05 mM K3Fe(CN)g.

The working potential of the MCPE was determined after the working elec-
trode reached the equilibrium at potentials ranging from —0.1 to —0.25V. BPA
solution was added into the cell at increasing concentrations (1-500 uM) and the
current values obtained at the end of the reaction were recorded. Current differ-
ences versus bisphenol A concentration were plotted (Fig. 3b). With the data
obtained, the best reduction potential of the quinone compound formed at the end
of the reaction was determined as —0.15 V.
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Fig. 3. a) Amperometric responses of CPE and MCPE to different concentrations of BPA;
b) effect of working potential on BPA response of MCPE (at 25 °C, in 0.1 M,
pH 7.0, phosphate buffer).

Effects of Fe304 nanoparticles amount on amperometric response of BPA effect
of the amount of glutaraldehyde

In order to find out the optimum quantity of Fe304 nanoparticles in MCPE
on response of quinone compound, working electrodes were prepared by adding
35.0, 40.0 and 45.0 mg Fe304 separately. The reduction currents of quinone com-
pound were measured with each electrode at —0.15 V. The BPA concentration
was plotted against Ai results and 40.0 mg Fe304 showed the best linearity and
the highest response current (Fig. 4a).

In many studies, glutaraldehyde (CHO-CH,CH,CH,—CHO) is preferred as a
cross linker.”>15 Since glutaraldehyde is a small molecule, it can interact with
amine groups both on the enzyme surface and interior and as a result the active
site of the enzyme may be blocked by excessive cross-linking. The three-dimen-
sional structure of the enzyme may change and activity losses may occur.1® The
amount of glutaraldehyde used should be investigated, for being sure that the act-
ive site of the enzyme is not affected, to avoid loss of activity. Best glutaral-
dehyde amount was defined by using prepared electrodes with the addition of 20,
30, 40 and 50 puL (2.5 %) glutaraldehyde solution separately for the determin-
ation of bisphenol A. Equilibrium current was recorded and current differences
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were plotted. An increase in currents was observed when the amount of glut-
araldehyde was increased from 20 to 30 pL and from 30 to 40 uL. There was a
loss in activity detected by decreased currents with the electrode prepared by the
addition of 50 pL glutaraldehyde. It was clearly seen from the graph that the
highest currents recorded with the electrode designed by using 40 uL glutaral-
dehyde (Fig. 5b). The findings could be explained as 30 ul glutaraldehyde was
insufficient to immobilize the enzyme and had difficulty in holding the structure
together, and 50 pL glutaraldehyde caused loss of activity in the enzyme due to
excessive binding.
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Fig. 4. Effect of Fe;04 (a) and glutaraldehyde (b) amount on BPA response of MCPE
(at 25 °C, in 0.1 M, pH 7.0, phosphate buffer).

Effects of pH and temperature

One of the most important factors for enzymes, to show their activities with
maximum velocity and low K, value, is pH. Since there could be different ioniz-
ations on the active site or side groups of the enzyme at different pH values, the
optimum pH value at which the enzyme shows the best activity should be deter-
mined. For this purpose, different buffer solutions ranged between 4.0 and 9.0
were used to determine the effect of pH on amperometric response of designed
electrode. An acetate (acetic acid/sodium acetate) buffer solutions of pH 4.0 and
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5.0, phosphate (NaoHPO4/NaH;PQy4) buffer solutions of pH 6.0, 7.0 and 8.0 and
glycine/sodium hydroxide buffer of pH 9.0 were used. When the Ai response cur-
rent values at increasing concentrations (1-500 uM) were plotted against pH, the
highest response current values were at pH 5.0 representing the optimum pH of
the designed biosensor (Fig. 5a).
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4 & —d—pH 8.0
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(b)
Fig. 5. Effect of pH (a) and temperature (b) on BPA response of MCPE.

In literature, it was stated that BPA biosensors prepared with different mat-
erials had optimum operating performance at different pH values varied between
3.0 and 7.0.11.17-19 The reasons for this difference in pH values could be exp-
lained by the different modification materials and immobilization process.

Temperature is an important parameter for enzyme activity. Enzymes deg-
rade at high temperature. To examine the effect of temperature on the current res-
ponse of enzyme electrode, the temperature of the solution in the thermostatic
cell was adjusted to 20 °C using a thermostatic circulating water bath. Then, BPA
solution was added with an intracellular concentration of 1.0x10~4 M, and at the
end of the reaction Ai value for 20 °C was calculated. The same process was
carried out for the temperatures between 30 and 70 °C with 10 °C step. These
amperometric response currents were measured at different temperatures in trip-
licate and plotted (Fig 5b). It is clear that the enzyme electrode showed the best
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activity at 40 °C. Nevertheless, in terms of the practicality of the biosensor, all
studies were carried out at room temperature.’>1 1,15

Substrate concentration and calibration curves BPA and its derivates

In order to examine the effect of the substrate concentration on the prepared
biosensor, the amperometric currents of the increasing bisphenol A concentration
(1-500 nM) at —0.15 V were recorded. Ai current obtained by increasing bis-
phenol A concentration results were used for preparing Michaelis—Menten curve.
It was observed that the current differences increased linearly as the bisphenol A
concentration increased, then deviated from linearity and increased hyperbolic-
ally at increasing concentrations. The same process was also carried out separ-
ately for BPS and BPF substrates. Lineweaver—Burk curve was prepared to cal-
culate the K, constant by plotting the data as (1/([BPA]-1) Ai-l. The observed
value of K (app) provides important information about the catalytic activity and
affinity between enzyme and substrates. A low Ky (app) value indicates a high
affinity and kinetic activity between enzyme and substrate. Increasing concentrat-
ions of bisphenol A, BPS and BPF separately resulted in a quite small current
differences after a certain concentration.

When the data of Fig. 6a in linear regions were plotted, it was seen that there
were two calibration charts that could be used for the determination of bisphenol
A. When the calibration graphs were examined, it was determined that there were
linear operating ranges between the concentrations 1-5 nM and 30-100 nM. This
situation allows to determine BPA and its derivatives in wide range. The limit of
detection (LOD), was calculated according to S/N = 3 criterion and calculated as
1 nM.

The Km(app) value as 0.00067 uM and the Iax(app) value as 3.34 pA was
clearly seen in Fig. 6a. Different Ki(app) values as 0.00815 M;20 326 uM;2! 12
uM;22 0.34 mM23 were reported earlier. It is obvious that the Km(app) value of
designed biosensor, in the present study, is quite lower than the K (app) values
reported in literature. One of the biggest advantages of the designed biosensor is
its ability to measure even at very low concentrations.

When the data of Fig. 6b in linear regions were plotted, two calibration
charts were seen that could be used for the bisfenol S determination. When the
calibration graphs were examined, it was observed that there were linear operat-
ing ranges between 1-5 nM and 10-100 nM concentrations and the lower detec-
tion limit was 1 nM. It is seen that the Ki(app) value is 0.00075 uM and the
Imax(app) value is 2.50 pA (Fig. 6b).

When the data of Fig. 7 in linear regions were plotted, it was noticed that
there were two calibration charts that could be used for the determination of bis-
phenol F. When the calibration graphs were examined, it was determined that
there were linear operating ranges between 3—10 nM and 10-50 nM concentrate-
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ions and the lower detection limit was 1 nM. It is seen that the Ki(app) value is
0.00075 uM and the Imax(app) value is 2.50 pA (Fig. 7).
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Fig. 6. Effect of: a) bisphenol-A (BPA) and b) bisphenol-S (BPS) concentration on the
response of biosensor; I) Michael-Menten curve, II) calibration curve 1 and III) calibration
curve 2 (-0.15 V operating potential, at 25 °C, in 0.1 M, pH 5.0, acetate buffer).
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Fig. 7. Effect of bisphenol F (BPF) concentration on the response of biosensor;
I) Michael-Menten curve, II) calibration curve 1 and III) calibration curve 2
(=0.15 V operating potential, at 25 °C, in 0.1 M, pH 5.0, acetate buffer).

It is clear that the designed biosensor has low Kiy(app), LOD and LOQ values
for all three substrates. This shows that the tyrosinase enzyme has a high affinity
for all three substrates (BPA, BPF and BPS) individually.

In Table I, characteristic analytical parameters of the different BPA biosen-
sors were compared. It is clear that the designed biosensor has a low detection
limit and wide calibration range for each substrate, and that BPA and its derivat-
ives can be determined with high sensitivity in complex analysis environments.

TABLE I. Comparison of analytical characteristics of the different BPA biosensors

Linearity
Immobilization Working of bio- LOD

K., Optimum RSD

matrix E/V  sensor nliri(fl M pH o, Long-term stability Ref.
umol L™!
Tyr/Au@PDA- -0.20 0.012- 0.01 nr 7.0 1.69 After 30 days, the !4
rGO-CS/GCE 3.68 modified electrode
remained 92 % of
its initial response
CYP2C9- -0.36 1.25-10.0 0.58 3.90 7.0 nr  The amperometric 24
PAM/GCE response after 10

days is 92 %
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TABLE I. Continued

Linearity

Immobilization ~Working of bio- ﬁrggl K., Optimum RSD Long-term stability Ref
matrix E/V  sensor - uwM pH % ’

umol L™!
Tyr/SWCNT- —0.10 4.00-11.5 0.97 nr 6.0 2.1 The amperometric 2
PolyLys/GCE (n=15) response after 30

days is 94.2 %
Tyt/TiO,- -0.50 028 0.066 nr 6.0 5.1 Theresponseon 26
MWCNT-PDDA- 45.05 (n = 5)the 14 day was 25
Nafion/GCE % of the initial
value

Au-rGO paste - 100nM 3.52 - 7.4 5.60 - 27
based 3D-printed L'to10 (n=15)
platform mM LI
MD/Graphene - 10nML! 305 - - - - 28

t0 0.10

mM L-!
Try/Fe;04 NPs -0.15 0.001- 1.0 0.00067 5.0 491 The amperometric This
modified carbon 0.005 and (n=18) response after 20 study
paste electrode 0.03-0.1 daysis 57.11 %

Operational stability of BPA biosensor and storage stabilization of the enzyme
electrode

To investigate the reusability of the electrode, the current changes were det-
ermined after successive measurements at a constant substrate concentration of
10 nM. The Ai values were plotted against the number of measurements (Fig.
8a). The relative standard deviation (RSD) calculated from the current changes
obtained as a result of 18 measurements was found 4.91 % and it was observed
that the electrode lost 5.43 % of its initial activity. The reusability of the elec-
trode prepared in this study was found to be quite good.

In order to determine the storage stabilization of the electrode, amperometric
response current was measured using 10 nM BPA concentration at certain inter-
vals (1-3-10-15-20. days) for 20 days by resting the enzyme electrode in the
buffer solution (pH 5.0) at 4 °C. At the end of the 20th day, the electrode retained
57 % of its initial activity (Fig. 8b).

Interference effects

Acetonitrile, ethyl acetate, hexane, phenol, nitrophenol, urea and potassium
nitrate were chosen as interfering agents. The effect of interfering agents on bis-
phenol A determination was examined at concentration of 10 nM both for sub-

strate and interfering agents. Minimizing or eliminating the interferences that
may occur is important for the detection and accuracy of real sample analysis. It
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was determined that none of these interfering agents caused an interference in
bisphenol A determination.
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Fig. 8. a) Operational stability of the biosensor; b) storage stability of the biosensor.

BPA determination in different dental materials

Three different orthodontic materials were examined to determine the effect-
iveness of the biosensor on real samples. In the first sample, the orthodontic
adhesive (Transbond XT, 3M Unitek, CA, USA) used to bond the brackets to the
tooth surface was prepared in a metal mold with a height of 2 mm and a diameter
of 4 mm, and the LED light source (VALO LED, Ultradent, South Jordan, UT,
USA) It was polymerized by applying it for 3 s on both the front and back sides.
The obtained sample was placed in a glass tube containing 5 mL of distilled
water.?

In the second sample, a 1 mm thick 1 cmx1 cm piece of thermoplastic plaques
(Simona Ag, Kirn, Germany) used in the reinforcing treatment was placed in a
glass tube containing 5 mL of distilled water in order to preserve the new posit-
ion of the teeth after orthodontic treatment.

In the third sample, during the fixed orthodontic treatment, the braces remain
in the slots on the brackets without moving, thus transmitting force towards the
tooth; 10 pieces of elastic ligature (Dentsply GAC, Islandia, NY, USA) were
placed in a glass tube containing 5 ml of distilled water, considering that they
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would be placed on the brackets of the incisors, canines and premolars on a
single jaw.

Measurements were made after the samples were kept in glass tubes for 1 h.
Care was taken not to use plastic materials during the preparation and experi-
mentation of the samples. 100 pL of the obtained sample was added to the mea-
surement medium, and after 20 min of mixing, the measurement was taken in
200 s. These studies were repeated three times and averaged, Ai mean value was
calculated and plotted against bisphenol A concentration. The average of the cur-
rent difference (Ai) for 3 different samples was calculated to determine the
amount of BPA of the samples. It was determined that (0.0002196+8.18)x10~7,
(0.0000909+1.02)x10-6 and (0.000275+4.08)x10-¢ mg/kg BPA from 1 mg of
composite to 1 mL of water was released for samples I, II and III, respectively.

CONCLUSION

In this study, a new tyrosinase enzyme-based biosensor was designed by
modifying the carbon paste electrode using Fe3O4 nanoparticles. The designed
biosensor has a response time of 200 s, two linear detection intervals and a very
low detection limit (1 nM) for each substrate (BPA, BPS and BPF). Released
BPA should be below the tolerable daily intake level (0.05 mg per kg of body
mass).® With this designed biosensor, measurements can be made at concentrat-
ions lower than 0.05 mg/kg.

With this newly designed biosensor, it is possible to detect three different
species (BPA, BPS and BPF) separately with a single biosensor, at low concen-
trations, with high sensitivity, and with a wide detection range. Considering the
reproducibility, shelf life and interference effects on the biosensor, the designed
biosensor is capable of providing fast, high-sensitivity and economical BPA and
its derivatives determination.

Acknowledgement. This study was supported by Gazi University with project number
05/2020-11.

U3BOJ

OU3AJHUPAIE ETEKTPOXEMUJCKOI BUOCEH30PA BA3UPAHOI' HA TUPO3MHA3HU
3A BUCOKO OCETJ/bUBY U BP3Y JETEKIINJY BUCOEHOJIA A U IhETOBUX NEPUBATA

ONUR CAN BODUR', MERVE KESKIN? BASAK ARSLAN AVAN® u HALIT ARSLAN’
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School of Health Services, Bilecik Seyh Edebali University, Bilecik, Republic of Tiirkiye u *Department of
Orthodontics, Faculty of Dentistry, Gazi University, Ankara, Republic of Tiirkiye

bucdenon A (BPA) je MoHOMEp KOjH ce OOMUHO KOPHUCTH Y MPOU3BOLKH €MIOKCH CMOJa,
IIacTUYHUX OoIla M MartepHjana 3a 3ydoHe rombe. 36or cBoje xemujcke cTpykrype, BPA u
FETOBY JIEPUBATH MOKA3Yjy aKTUBHOCT CIMYHY €HIOKPUHUM XOpMOHHMA. OH ce MOKe Be3aTH
3a eCTpOreHCKe peleNTope W M3asBaTH Heyposolike nopeMehaje, yak M y mMaaum fgo3ama.
Crora je BakHa Op3a M oceT/bMBa JeTekudja BPA U BeroBux nepuBaTa y MaJuM KOHIIEHTpa-
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oujama. Y OBOM HCTpPakKMBamwy je OU3ajHUpaH aMIlepOMeTpHjCKH DHoceH30p Ha Da3u eH3nMa
THPO3MHAa3e 32 KBAaHTUTAaTUBHO onpehuBame moHomepa BPA, ducdenon F (BPF) u duchenon
S (BPS). TuposuHasa je uModunncaHa Ha eleKTPOIU Of YIJbeHHYHe NacTe MOAHW(QHUKOBAHOj
yMpexaBawmeM ca ImyTapanfexupom. Konmunna BPA (BPS u BPF) je ompehena nupextHo
penyKLHjoM XWHOHCKOT jefiliema Koje je ocaodoheHo y eH3MMcKoj peakuuju Ha —0,15 V.
Onpeheno je ma je BpemHOCT Km(app) O¥3ajHUPAHOT OHOCEH30pa 32 BPA 6,7x10™* UM, nuHeapHU
paguwm orcer je 0,001-0,005 pM u 0,03-0,1 uM u na moma rpaHuna geTeKkiuje u3Hocu 1 nM
3a CBAKM 0Jl MOHOMepa. JacHo je moka3aHo Ja Au3ajHupanu duocensop omoryhasa 6p3o, edpu-
KacHO Y ImpenusHo oppehusame BPA 1 merosux aepusara 0ci1000h)eHUX U3 AEHTaTHUX MaTe-
pujana.

(ITpumsbeHo 22. HoBemOpa 2022, pesunupano 13. dedpyapa, npuxsaheno 21. mapta 2023)
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