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ARTICLE INFO ABSTRACT

Keywords:

The present research reports the synthesis of the ZnO/ZnCo,04 nanocomposite using a hydrothermal reaction in

BPA the presence of Glycyrrhiza glabra extract as one of the green precursors acting as reducing and capping agent.

Screen printed electrode
Glycyrrhiza glabra
Zn0/ZnCo304

Water

The scanning electron microscopy (SEM), vibrating sample magnetometry (VSM), X-ray diffraction (XRD) as well
as fourier-transform infrared spectroscopy (FT-IR) have been utilized for characterizing the nanocomposite. In
addition, ZnO/ZnCo204 has been utilized as an electrode modifier to detect bisphenol A (BPA). At the optimized

condition, ZnO/ZnCo204/Screen printed electrode (SPE) could be employed for quantifying BPA via differential
pulse voltammetry (DPV) with the linear range between 0.06 and 200.0 uM and correlation coefficient equal to
0.9985. Moreover, 0.01 uM for limit of detection (LOD) was calculated. Based on the results, our sensor showed
high selectivity to BPA. Furthermore, acceptable stability and repeatability has been demonstrated in the sensor.
Ultimately, ZnO/ZnCo204/SPE has been substantially utilized to detect BPA in the water samples.

1. Introduction

Researches have shown BPA as one of the estrogenic environmental
toxins with the widespread utilization for producing poly-carbonate
plastics, flame retardant, epoxy resins, etc. At the determined condi-
tion, BPA is capable of releasing into the environment from the bottles,
plastics plants, packing as well as landfill leachates [1,2]. Therefore,
researchers demonstrated it as one of the potent risks to the public
health. It is notable that a particular volume of BPA can result in the
damages to the development of brain, behavior and sexual differentia-
tion and influence the immune functions [3]. Hence, establishing one of
the simplified and sensitive methods to determine the trace amount of
BPA would be of high importance. In this regard, researchers presented
multiple analytical procedures to detect BPA that include liquid chro-
matography [4], fluorimetry [5], and enzyme-linked immuno-sorbent
assay [6].

Even though these procedures have been shown adequate sensitivity
and efficiency to determine BPA, numerous caveats should be resolved
that include costly equipment, laborious procedure, robust pre-
treatment requirement and finally skilled operators [7-11]. Out of the
mentioned methods, researchers largely considered electrochemical

sensors as a result of their faster response rate, simplified miniaturiza-
tion and convenient operation that showed their benefits in comparison
to the larger instrument-based procedures [12,13]. Nevertheless, ratio
of the signal to noise of the bare electrode is not adequate for deter-
mining trace level of BPA. Thus, researchers made multiple attempts via
modification of the surface of the bare carbon electrode with different
kinds of nanomaterials [14-16]. Ali et al. have designed a new modified
SPE for detection of BPA using multiwall carbon nanotubes (MWCNTSs)
with p-cyclodextrin (BCD) and the detection limit of 0.013 pM was
achieved [17]. In the study of Wang et al. chitosan and nickel nano-
particle/carbon nanocomposite was used as the modifier to construct an
electrochemical sensor for BPA detection and LOD of 0.04 uM was re-
ported for BPA [18]. Safavi Gerdin et al have used La®*/ZnO nano-
flowers for modifying SPE and the LOD value of 0.25 pM was calculated
for BPA [19]. Beitollahi et al prepared a new modified SPE using MnOg
nanorods and LOD of 0.5 uM was obtained for BPA [20]. Although some
satisfactory results have been achieved for these modified electrodes but
it is a challenge to develop simpler and more effective electrochemical
sensor for BPA determination.

Among the metal oxides, scientists employed the cobalt oxides for
the modification the surface of electrode for different electrochemical
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Scheme 1. Development of the modified sensor for determination of BPA.

utilizations [21]. Nonetheless, as a result of their simplified aggregation
and low electrical conductivity, they show a comparatively lower
electro-catalytic performances in comparison to the metal oxide-based
electro-catalysts [22]. It is notable that a combination of the cobalt
oxides with the other transition metal oxides has been largely consid-
ered because of their reasonable electronic conductivity, reversible ca-
pacity, and structural stability. Especially, the cobalt-based metal oxides
like MnCo204, ZnCo204, NiCo204 as well as FeCoy04 have been regar-
ded as the most encouraging options for the electrode substances in
sensing the analytes. Amongst the cobalt-based metal oxides, the zinc
cobaltite with a cubic spinel structure (ZnCo304) has been considered an
encouraging electrode substance for electrochemical sensors that is one
of the largely investigated topics as a result of its changeable oxidation
state, very good electrochemical features, inexpensiveness, and
environmental-friendly nature [23,24].

Additionally, scientists have been considerably attracted by signifi-
cant sensing features of the ZnO nano-particles (NPs) such as non-
toxicity, higher surface area, very good bio-compatibility, electro-
chemical activity and chemical stability for developing utilizations,

particularity, in the electrochemical sensors [25].

With regard to this notion, we combined ZnCo204 and ZnO for pre-
paring a ZnO/ZnCo,04 composite, as one of the novel hybrid electrode
materials, to selectively detect BPA. It is unfortunate that multiple
nanocomposite synthesis methods entail using detrimental chemicals or
higher energy requirements that would be highly hard and demand
useless treatments. Overall, the green synthesis of NPs indicates ad-
vancements over other methods because of their simplicity,
environmental-friendliness, inexpensiveness, and reproducibility and
most of the time result in the preparation of more stable substances
[26,27]. Hence, this study addressed the synthesis of the ZnO/ZnCo04
composite based on the green strategy and Glycyrrhiza glabra extract has
been utilized as the reducing and capping agent. In addition, we
examined electrochemical and morphological features of ZnO/ZnCo04
nano-composite. Finally, nano-composite exhibited good electro-
chemical activities for oxidizing BPA in comparison with the bare SPE
(Scheme 1).
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Fig. 1. A) XRD, B) SEM image, C) FT-IR spectrum, D) VSM magnetization curve and E) size analyzer graph of ZnO/ZnCo504.

2. Material and methods
2.1. Chemicals and reagents

According to the research design, BPA, Zn(CH3COO)y-2H50, Co
(CH3COO0),-4H20 (98%< purity) has been bought from Sigma Com-
pany. The standard stock solution of 1.0 mM BPA has been procured by
50% (V/V) ethanol and distilled water solution. Moreover, 0.1 M
phosphate buffer solution (PBS) with distinct pH-values (3.0 to 9.0) has
been procured via mixing KHyPO4 and KyHPO4 stock solution and
setting pH with NaOH (0.5 M) and H3PO,4 (1 M). Each reagent has been
of analytical grade and utilized without additional treatments. The so-
lution has been procured with the use of the double distilled water.

In the next stage, electrochemical experiments have been performed
with a Metrohm 797 electrochemical analyzer monitored by a micro-
computer using Metrohm 797 computrace software. Notably, a graphite

as the working electrode, a silver as the pseudo-reference electrode as
well as a graphite as counter electrode have been selected as the parts
forming the screen-printed electrode (SPE) (Drop-Sens, DRP-110,
Spain).

The nanostructure were characterized by XRD, FT-IR (Nicolet
Magna-550 spectrometer), VSM (Meghnatis Kavir Kashan Company,
Kashan, Iran), Nanosizer (Cordouan: France) as well as FE-SEM (ZEISS,
SIGMA VP-500: Germany) to analyze the morphology of the particle.

2.2. Preparing Glycyrrhiza glabra

In this stage, Glycyrrhiza glabra root has been collected and distilled
water has been used to thoroughly wash it. Then, we dried it in an oven
at 40 °C for 24 h and ground it. After that, the powder passed a 100-
mesh sieve and kept in a desiccator. The extracts have been procured
by macerating with the distilled water at the room temperature (the
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Fig. 2. Cyclic voltammograms of 1 mM [Fe(CN)6]3’/4’ in 0.1 M KCl at (a) SPE,
(b) ZnO/ZnCo,04/SPE.

ratio of herbal-to-water equal 1:1 (w/w)) with the constant stirring over
48 h. Upon the filtration, the raw extracts have been evaporated at 40 °C
at a lower pressure and thus extraction yield has been specified. Finally,
the extract has been kept at 4 °C for additional uses [28].

2.3. Preparing ZnO/ZnCo204 nanocomposite

A 2-phase path has been considered for the preparation of the pure
Zn0/ZnCos04 nanocomposite. Therefore, in the first hydrothermal
stage, the mixed solution has been procured via dissolving Zn
(CH3C00),-2H50 and Co(CH3COO0),-4H,0 with 2:1 stoichiometric ratio
in 30 mL distilled water at 30 °C. After that a specific volume of the
Glycyrrhiza glabra extract aqueous solution has been added drop-by-drop
by vigorous stirring. Next, this solution has been sealed in a 50 mL
Teflon lined stainless steel auto-clave and stored at 180 °C for 12 h.
When it has been cooled down to the room temperature, we gathered the
final product through centrifugation and used ethanol and distilled
water to wash it for several times. Then, it has been dried at 70 °C for
twelve hours for obtaining ZnCo-precursor. For the next phase, we put
the procured precursor in the furnace and annealing has been performed
at 500 °C in air for two hours for obtaining a pure ZnCo204 sample. For
synthesizing the ZnO-decorated ZnCo304, the same procedure in the
presence of the pure ZnCo204 has been utilized; however, just volume of
Zn(CH3COO0)2-:2H50 (nearly 2 times) enhanced in the absence of the
cobalt salt in a hydrothermal phase. It has been found that the green
(environmental-friendly) chemical methods are the procedures empha-
sizing the development of the free organic solvents and reduction of the
energy taking procedures [29].

2.4. Electrode preparation

The ZnO/ZnCo,04 nanocomposite have been employed for coating
the bare SPE. Therefore, 1 mg of ZnO/ZnCo504 homogenized with ultra-
sonication for 30 min in 1 mL aqueous solution, then 2 ul of aliquots of
Zn0/ZnCo204/H20 suspension solution has been poured at the surface
of the carbon working electrode. Consequently, the solvent has been put
aside for evaporating at the room temperature.

Microchemical Journal 160 (2021) 105663
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Fig.3. Cyclic voltammograms of (a) bare SPE and (b) ZnO/ZnCo,04,SPE in the
presence of 150 uM BPA in 0.1 M PBS (pH = 7.0) at the scan rate of 50 mVs L.

2.5. Preparing the real samples

We collected drinking, bottled, river and waste water in Kerman
(Iran), so a 0.22 pm membrane has been used to filter the water samples
and pH has been set to 7.0 with 0.1 M PBS solution.

3. Result and discussion
3.1. Characterizing the ZnO/ZnCo204 nanocomposite

XRD analysis has been used to examine the structural description of
the ZnCo204/Zn0 nanocomposite (Fig. 1A). It is notable that * refers to
the respective diffraction standard cards of ZnO and no symbol stands
for ZnCo204. Moreover, ZnCo204 crystal structure has been verified
through 220, 331, 222, 400, 422, 511 and 440 peaks (spinel cubic
ZnCo204, No. 23-1390). However, the residual peaks have been indexed
in wurtzite ZnO (JCPDS No. 42-1451) [30]. As seen, XRD outputs pre-
sents total transformation of Zn-Co precursors into the ZnO and
ZnCoy04 crystals following a calcination procedure. In addition, sharp
and intense peaks demonstrate the complete and crystallization of the
sample. We did not observe any peak of impurity that verifies a desirable
purity of the nanocomposite. Average size of the samples of nano-
crystallite equaled 35 + 1 nm computed by Debye Scherer’s equation
[31]

(D = kMpBcosB) 1)

here D represents the size of the NPs crystallite and k stands for the shape
factor (0.9). Moreover, A refers to wave-length of the X-ray (1.54 A) cu
Ko radiation and 0 represents Bragg angle form 26 value of the intensity
peak from the XRD pattern. Finally, p implies a full width half maximum
of diffraction from XRD pattern of the NPs.

The SEM has been used to examine the morphology of the pure
ZnCo204/Zn0. The non-agglomerated and spherical particles can be
seen in the Fig. 1B. The average size of nanostructures is about 45 + 10
nm.

FT-IR spectra of the procured samples have been shown in Fig. 1C. As
seen, the wide strong IR adsorption band (greater than 3000 cm™')
verified the presence of OH stretching mode as a result of the water
adsorption on the sample surfaces. Moreover, the absorption bands have
been seen below 580 cm’l, which demonstrated Zn-O and Co-O
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effect of pH on the I,, of BPA.

stretching vibrations. Hence, remaining absorption peaks seen at 1645
em~! could be ascribed to the bending vibration H-O-H (water) [32].
Furthermore, the nanocrystal magnetic stuff has been examined by a
vibrating sample magneto-meter at 300 K (Fig. 1D) and saturation
magnetization (Ms) of 3.49 emu g’1 obtained. Overall, zinc cobaltite at
the room temperature proved a para-magnetic nature due to its normal
spinel structure. However, opportunities of the partial inversion are
found out of the ZnCos04 NPs, which result in coupling of the cations of
octahedral and tetrahedral sites and enhance incidence of the super-
paramagnetic coupling [33]. Finally, the coupling impacts have been
shown to be size-dependent. For reaching more accurate information of
the lower agglomeration of the samples, we utilized the nano-sizer
analysis (Fig. 1E). Finally, average hydrodynamic diameter of the sam-
ples (55.16 nm), showing good fitness of the auto-correlation functions
with Pade Laplace analyses.

3.2. Electrochemical properties of modified electrode

For assessing the electrochemical properties of the sensor, [Fe(CN)

613~/%" couples have been utilized as the electrochemical probe. Then,
electrochemical performance of ZnO/ZnCo,0,4/SPE has been assessed in
0.1 mM [Fe(CN)6]%~/* redox probe. As seen in Fig. 2, redox peaks
remarkably improved at ZnO/ZnCo304/SPE (83.1 pA) in comparison to
bare SPE (48.9 pA). Such a situation can be caused by accelerating the
electron transfer and larger surface area of ZnO/ZnCo,04 that causes the
increased current responses. It has been found that peak to peak po-
tential (AEp) is 121 mV and 253 mV at the ZnO/ZnCo204/SPE and bare
SPE respectively. With regard to smaller value of AE, at the ZnO/
ZnCo204/SPE, the procedure of the electron transfer proceeds quickly
and is quasi-reversible, reflecting the electrode capability to produce a
good micro-environment for undergoing the simplified electron-transfer
reaction.

3.3. Electrochemical behavior of BPA at ZnO/ZnCo0204/SPE

In order to investigate BPA electrochemical behavior at the modified
SPE, we compared oxidation potential and oxidation current in 0.1 M
PBS at pH of 7.0 consisting of 150 uM BPA. Fig. 3 demonstrates cyclic
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voltammograms for modified and bare SPE. As seen, a clear oxidation
peak of BPA has been appeared at 495 mV for modified (curve b) and
680 mV for bare SPE (curve a). Any related reduction peak has been not
observed in the reverse scan, indicating irreversibility of electro-
chemical oxidation procedure of BPA. In comparison to bare electrode
(9.4 pA), peak current on ZnO/ZnCo204/SPE experienced a considerable
enhancement (16.8 pA). Therefore, the obtained outputs indicated
ability of ZnO/ZnCo,04/SPE for accelerating BPA electro-oxidation that
can be ascribed to a substantial introduction of ZnO and specific features
of ZnCo204 like highly efficient specific surface areas and more
reasonable electric conductivity.

3.4. Effect of pH

In this stage, we used CV to examine pH impact on the oxidation of
200 pM BPA at the modified electrode in a pH range between 3 and 9
(Fig. 4A). Therefore, oxidation peak potential (Epa), switched to the
negative potential values with the ascending pH, which has been fol-
lowed by a linear association with equation of Ep, (V) = — 0.0545 pH +
0.8629, reflecting that protons have a direct contribution to BPA
oxidation (Fig. 4B). Then, the slope value has been obtained —54.5 mV
that was near the theoretical value of 59 mV which implies the equality
of the number of the electron as well as proton in oxidation of BPA
(Scheme S2). As shown in Fig. 4C, current intensity enhanced slowly
from pH of 3.0 to 7.0, and consequently declined; so, we chose 0.1 M PBS
as a supporting electrolyte with the pH value of 7.0 for additional
investigation for maximizing sensitivity to detect BPA.

3.5. Scan rate effect

For examining the reaction kinetics, we utilized CV to determine

impact of the scan rate on the oxidation peaks current of BPA at ZnO/
ZnCoz04/SPE. Fig. 5 indicates impact of the scan rate on electro-
chemical behavior of ZnO/ZnCo,04/SPE toward BPA. As seen, anodic
peak currents enhanced with increasing scan rate from 10 to 200 mVs ™},
reflecting the kinetics limitation of electrochemical procedure. In
addition, the square root of the scan rate vs. the oxidation peak current
plot with the linear regression equation of E,, (V) = 1.509x + 5.33 (R?
= 0.998) was obtained (Fig. 5-inset), showing oxidation procedure of
BPA at ZnO/ZnCo204/SPE has been a diffusion-controlled electron
transfer procedure.

3.6. Chronoamperometry analyzing

The chrono-amperometry of ZnO/ZnCo204/SPE has been performed
for studying BPA oxidation (at the potential of 0.49 V versus the refer-
ence electrode) and estimating BPA diffusion coefficient in 0.1 M
phosphate buffer solution (Fig. 6). Moreover, Cottrell’s equation may be
utilized for explaining the current response (I) for diffusion-limited
electrocatalytic procedures of the electro-active substances.

I = nFAC,D "2 212 o)

where D (cm?s~1) represents diffusion coefficient of analyte and F refers
to Faraday constant. In addition, C;, stands for bulk concentration of
analyte (mol em ) and n indicates number of the electrons exchanged
in each reactant molecule. Moreover, A represents the electrode surface
area. Hence, experimental plots of I versus t "2 have been drawn and
the fitted lines slopes have been specified at different BPA concentra-
tions (Fig. 6-inset A). Then, the slope of the attained straight lines has
been drawn against BPA concentration. According to the Cottrell
equation and the observed slops in the Fig. 6-inset B, BPA diffusion

coefficient has been approximated to be 1.05 x 10> cm?s ™! in this
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study.

3.7. Calibration curve and limit of detection

Based on the optimum experimental condition, DPV has been used to
analyze BPA standard solutions. Fig. 7 represents DPV response of SPE
toward various concentrations of BPA. As seen, peak currents experi-
enced a linear rise by enhancing the concentration of BPA in the range
between 0.06 and 200.0 pM with a linear regression equation of I, (pA)
=0.0871x + 0.8152 (R? = 9985) and finally, 0.01 uM as the LOD value
was calculated (S/N = 3) (Fig. 7-inset). For comparing functions of other
sensors with this new sensor, Table 1 reports the analytical outputs of
these sensors. In comparison to some sensors, this new electrochemical
sensor displayed comparable analytical functions like wider linear range
and lower LOD.

3.8. Stability and repeatability

For checking repeatability, one modified SPE has been utilized for
detecting BPA (Fig. S1-A). A nearly similar outcome has been found in
10 iterated tests with 3.42% relative standard deviation (RSD) for 50.0
pM of BPA, reflecting reasonable repeatability of this new sensor.
Moreover, we kept electrode at the room temperature for four weeks and
detected the BPA two times weekly in order to examine lengthy stability
of this sensor (Fig. S1-B). Then, it retained 94% of its initial response,
showing acceptable storage stability of SPE.

3.9. Interference study

According to the research design, interference study has been done in
presence of 10.0 pM BPA using DPV. Based on the results, for 100-fold
concentration of Mg?", Ca?*, K*, Zn?*, AI**, Fe®*, NO3, and SO3%,

changes in the anodic currents have been lower than 4% that showed
they did not have any effect on the BPA detection. In addition, 50-fold
concentration of hydroquinone, 2-Nitrophenol, 4-Nitrophenol, pyro-
catechol, glucose, lactose, phenol, catechol and ascorbic acid did not
show any impact on BPA detection with <5% I, changes (Fig. S2).
Therefore, this new sensor showed good selectivity towards BPA.

3.10. BPA determination in the real samples

This new sensor has been substantially utilized to detect BPA in the
different water samples that have been procured through a method
described in Part 2.5. These samples have been spiked with three distinct
concentrations of BPA solution and 3 replicate measurements have been
carried out at all concentration. Table 2 presents experimental outputs.
Additionally, recovery values equaled 95%-104.2% with RSD of 2.0 to
3.8%, reflecting the sensor is capable of successful utilization to detect
BPA in the real samples.

In the next stage, the results of BPA determination using ZnO/
ZnCo204 were compared with high performance liquid chromatography
(HPLC) method in water samples. Therefore, the student’s t-test were
applied to compare the outputs of electrochemical and HPLC methods.
As shown in Table 3, the calculated t-values were smaller than the t-
critical value at a confidence interval (CI) of 95%, indicating that there is
no significant difference between the proposed method and the HPLC
method.

4. Conclusion

In summary, magnetic nanocomposites have been successfully syn-
thesized by a green reducing agent, Glycyrrhiza glabra extract, using
hydrothermal route. Moreover, this research presented one of the new
electrochemical sensor for BPA on the basis of the ZnO/ZnCo304
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Table 1 Table 2
Comparison of the efficiency of different electrodes in the determination of BPA. Results of the determination of BPA in real samples. (n = 3).
Electrode Linear range (uM) LOD (uM) Ref. Sample Spiked (pM) Found (uM) Recovery (%) RSD (%)
CNT/TiO,PE 1.0-600 3 [34] Drinking water 0.0 N.D - -
Pt/PDDADMP/GCE 5-30 & 10-60 0.6 [35] 5.0 5.2 104.0 2.9
PME/GR-CPE 9.0-1000 0.0105 [36] 10.0 9.8 98.0 2.4
GN/GCE 0.1-100 0.035 [37] 15.0 14.4 96.0 2.5
MOF-508a/GCE 0.1-700.0 0.03 [38] River water 0.0 N.D -
NiNPs/NCN/CS/GCE 0.1-2.5 and 0.045 [18] 6.0 6.2 103.3 3.2
2.5-15.0 12.0 12.5 104.1 2.9
Ce-MOF-ERGO/GCE 0.003 to 10 0.0019 [39] 18.0 17.5 97.2 2.7
La®*-doped Co304 nanocube/ 0.5-900.0 0.061 [40] Bottled water 0.0 1.1 - 3.8
SPE 5.0 5.8 95.0 3.1
Fe304NPs/SPE 0.03 and 700.0 0.01 [41] 15.0 16.6 103.1 2.5
DPNs/SPE 0.01-1 and 1-300 0.0066 [42] 25.0 25.7 98.4 2.1
MCM-41/CPE 0.088-0.22 38 [43] Waste water 0.0 11.2 - 3.4
Zn0/ZnCoy04/SPE 0.06-200.0 0.01 This 10.0 22.1 104.2 3.0
study 20.0 30.7 98.4 2.0
30.0 40.3 97.8 2.2

nanocomposite. This modified SPE showed a number of benefits like low
LOD, acceptable repeatability and stability, simplified procurement
procedure as well as very good selectivity. In addition, reasonable re-
covery outputs have been obtained in determining BPA in the real
samples.

CRediT authorship contribution statement

Mahnaz Amiri: Software, Investigation, Writing - original draft,
Methodology. Hadi Mahmoudi-Moghaddam: Supervision, Conceptu-
alization, Methodology, Investigation, Resources, Writing - review &
editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgment
This work was supported by Kerman University of Medical Sciences

under grant number 98001016 and the code of research ethics certifi-
cate IR.KMU.REC.1398.649.



M. Amiri and H. Mahmoudi-Moghaddam

Microchemical Journal 160 (2021) 105663

Table 3
Determination of BPA in water samples using modified electrode and HPLC method (n = 3).
Sample Added (uM) Found (uM) Recovery% t value
DPV HPLC DPV HPLC Exp. Critical (95% CI)
Bottled water - 1.12 + 0.04 0.99 £ 0.20 - - 1.1040 2.776
5.00 5.82 +£0.18 5.88 £+ 0.30 95.0 98.1 0.2970 2.776
15.00 16.65 + 0.41 16.77 +£ 0.11 103.1 104.8 0.4925 2.776
25.00 25.74 £ 0.54 25.63 £ 0.71 98.5 98.6 0.2136 2.776
Waste water - 11.23 + 0.38 11.42 + 0.12 - - 0.8258 2.776
10.00 22.09 + 0.66 22.29 £ 0.91 104.2 104.0 0.3082 2.776
20.00 30.70 £+ 0.61 30.88 + 0.34 98.4 98.2 0.4464 2.776
30.00 40.32 + 0.88 41.8 £ 0.62 97.8 101.0 2.3813 2.776

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.microc.2020.105663.
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