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Abstract

In this study, an amperometric biosensor for hydrogen peroxide quantification was prepared by electrostatic immobilization
of horseradish peroxidase on a multi-walled carbon nanotube, ionic liquid, and poly-L-histidine modified glassy carbon
electrode. The immobilization of the horseradish peroxidase on the electrode surface was achieved by positive charges of
poly-L-histidine. The surface morphology was analyzed by scanning electron microscopy, cyclic voltammetry, and impedance
spectroscopy. The electrode composition, buffer pH, and operating potential were all optimized in order to achieve the best
analytical performance. The modified electrode, which has been fabricated at its optimum composition, reveals two different
linear working ranges, namely 2.0x 10 M t0 9.1x 107" M and 1.8 x 10 M to 1.8 x 10™* M, which are at the determined
optimum operating conditions. The detection limit of the proposed method is of 2.9 x 10~ M. The analytical applicability of
the amperometric determination of hydrogen peroxide concerning the developed biosensor has been evaluated by quantifying
hydrogen peroxide in a commercial oxygenated water sample.
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Introduction

Hydrogen peroxide (H,0,) is a common oxidant currently
used in a wide range of industries, such as textile, paper,
food, and pharmaceutical ones [1, 2]. In recent years, stud-
ies have shown that the excessive use of H,0, in food
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industry is harmful to human health. Consequently, the
Food and Agriculture Organization of the United States
has limited the highest level of H,0, in dairy products to
0.05% (14.7 mM). According to the Joint Expert Com-
mittee on Food Additives (JECFA, 2004), the maximum
addition of H,0, to food must be of 60 mg kg™!, whereas
the Chinese National Standard (GB5009.226-016) has
established this value to be less than 3 mg kg™! [1]. In
addition, studies have shown that high levels of H,0, in
living organisms affect profoundly the natural, physiologi-
cal processes and can lead to cardiovascular and vascular
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diseases, as well as cancer, neurodegeneration, DNA
damage, and so on [3, 4]. The level of H,0O, in human
blood ranges from 1.0 to 5.0 pM, whereas in inflamma-
tory diseases this value can reach up to 50 pM [1]. It is
very important to determine the values of H,0, in food
and clinical diagnostics, particularly because oxidase
enzymes also produce H,0O, as an important intermediate
product. The rapid and accurate determination of the H,O,
is also of great importance in the development of effective
biosensors [5]. Various techniques, such as chemilumi-
nescence [6], spectrophotometry [7], titrimetry [8], chro-
matography [9], and electrochemistry [10—15] have been
reported in the literature with regard to the determination
of H,0,. Among these techniques, enzymatic biosensors
are more attractive than others since they are inexpensive,
simple, sensitive, and selective.

Carbon-based nanomaterials are widely used in biosen-
sor studies due to their ability to provide large surface area,
good mechanical and chemical stability, and high electri-
cal conductivity [16]. Biosensors using carbon nanotubes
(CNTs) as modification materials have been reported to
exhibit high sensitivity, low detection limits, and wide
working ranges [17, 18]. In biosensor fabrication, CNTs
have been used with ionic liquids (ILs) to obtain compos-
ites with high sensitivity and good biocompatibility [19].

ILs belong to a special group of ionic electrolytes with-
out molecular solvents [20]. ILs are used to improve the
response of electrochemical biosensors due to their high
ionic conductivity and biocompatibility [21]. Moreover,
they are chemically and thermally stable as well as rela-
tively ion-conductive, and display negligible vapor pres-
sure, while possessing a wide electrochemical potential
range [12]. Imidazolium and pyridinium salts are the main
classes of ILs. They have attracted a significant degree of
interest. The use of imidazolium ILs as physical films [20,
22-25] or in combination with carbon paste as bulk modi-
fied electrodes [26-28] is a major advancement in the field
of electrochemistry.

Horseradish peroxidase (HRP) is a monomeric heme-
containing phytoenzyme, which has attracted great inter-
est in biosensor and biotechnology applications due to its
high stability in the aqueous solution [29]. HRP contains
a prosthetic heme group which catalyzes the oxidation of
different substrates [5]. The enzymatic activity of HRP is
due to the oxidation and reduction of the iron atom in the
heme group. The immobilization step in enzyme-based
biosensor fabrication determines the reliability and per-
formance of the biosensor. Conventional immobilization
methods include non-covalent (entrapment and adsorp-
tion) or covalent immobilization [30]. Each of these
methods has both advantages and disadvantages. Vari-
ous enzyme-based electrochemical biosensors have been
reported as being used for H,0, determination [13-15],
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but such studies involve complex enzyme immobilization
procedures.

Poly-L-histidine (PLH) is a synthetic polyamino acid
containing an imidazole group. PLH can be used to facili-
tate both the reduction and oxidation of myoglobin and
cytochrome and to catalyze the reduction of the NAD™ [31].
PLH modified sensors and biosensors are used to determine
various analytes [32, 33]. Several methods for polymerizing
L-histidine on the electrode surface have been previously
reported [5, 32, 33].

In this study, an amperometric biosensor has been fab-
ricated by immobilizing HRP on PLH, multiwall carbon
nanotube, and IL modified glassy carbon electrode (HRP/
PLH/MWCNT-IL/GCE) for the sensitive quantification of
H,0,. HRP was electrostatically immobilized on the PLH/
MWCNT-IL/GCE. Following the optimization of the experi-
mental conditions the analytical performance characteristics
of the HRP/PLH/MWCNT-IL/GCE have been determined.
The analytical application of the biosensor for the H,0O,
determination in real samples was also studied.

Results and discussion

Optimization of HRP/PLH/MWCNT-IL/GCE
composition

In order to improve the efficiency of HRP/PLH/MWCNT-IL/
GCE, certain amounts of MWCNT, IL, and HRP used in the
electrode composition were optimized. For this, the amount
of the optimization material varied, whereas the amount of
the other components was kept constant. In the optimization
of the amount of MWCNT and IL, the level of HRP on the
surface of the electrode was kept constant at 20.4 U.

The effects of the IL amount on the response of the
HRP/PLH/MWCNT-IL/GCE were investigated by vary-
ing its amount in the MWCNT-IL-gelatin mixture as 2.5,
5.0, 7.5, and 10.0 mm?>. The amount of MWCNT is of
1.5 mg cm™. Figure 1A shows the H,0, responses to HRP/
PLH/MWCNT-IL/GCE:s as fabricated with the studied IL
amounts. As the amount of IL increased from 2.5 mm? to
7.5 mm?, the current response improved and then decreased.
The biosensor showed the best current response to be at 7.5
mm? IL and this value was used as the optimal amount of IL
for the fabrication of the modified electrode.

MWCNT-IL-gelatin mixture containing different amounts
of MWCNT (1.0, 1.5, 2.0, and 2.5 mg cm_3) was inves-
tigated for its effect on the amperometric H,O, response
by four different HRP/PLH/MWCNT-IL/GCE. As shown
in Fig. 1B, the sensitivity of the fabricated H,0, biosensor
increased with the amount of MWCNT up to 2.0 mg cm™
and decreased afterwards. At high MWCNT amounts, the
thickening of the electrode surface caused the shedding of
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the modified material over time. This is the reason why cur-
rent responses with low repeatability were recorded. Con-
sequently, the optimum amount of MWCNT was selected to
be of 1.5 mg cm™>.

The effect of HRP amount on HRP/PLH/MWCNT-IL/
GCE biosensor response was also investigated. The H,0,
sensitivity of the fabricated biosensors at different enzyme
units is shown in Fig. 1C. The sensitivity increased with the
HRP up to 13.9 U and decreased afterwards. The decreased
biosensor response at higher HRP units is hypothesized to
be the result of an increased electron transfer resistance
[34]. Consequently, 13.9 U HRP was selected as the opti-
mal amount.

Determination of the surface morphology
of modified biosensor

SEM and EDX techniques were used to evaluate the sur-
face morphology of the modified H,0O, biosensor. The
SEM images of MWCNT/SPE, MWCNT-IL/SPE, PLH/

Enzyme amount / U

MWCNT-IL/SPE, and HRP/PLH/MWCNT-IL/SPE are
given in Figs. 2A-a and A-b, respectively. The SEM image
of MWCNT-IL/SPE clearly shows the homogeneous dis-
tribution of the MWCNT-IL composite (Fig. 2A-b). A
more porous morphology was observed with the addition
of IL to MWCNT/SPE. Distinct plates and rods which
were observed on the PLH/MWCNT- IL/SPE surface
(Fig. 2A-c) indicate the well-coated PLH on the electrode
surface [S5]. The transformation of the rod and plate struc-
tures on the PLH/MWCNT-IL/SPE surface into a more
ordered form confirms the immobilization of HRP on the
electrode surface (Fig. 2A-d). The electrostatic immobi-
lization of the negatively charged HRP on the positively
charged PLH/MWCNT-IL/SPE surface can be explained
by different surface morphology. The EDX spectrum of
HRP/PLH/MWCNT-IL/SPE is also given in Fig. 2B. The
C, O, and N peaks in the spectrum can be attributed to
histidine on the electrode surface. The P and F peaks in
the spectrum are due to the existence of IL.
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Fig.2 A SEM images of (a)
MWCNT/SPE, (b) MWCNT-
IL/SPE, (¢c) PLH/MWCNT-IL/
SPE, (d) HRP/PLH/MWCNT-
IL/SPE; B EDX spectra of
HRP/PLH/MWCNT-IL/SPE
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Electrochemical properties of HRP/PLH/MWCNT-IL/ voltammograms and EIS of bare GCE, MWCNT-IL/GCE,

GCE PLH/MWCNT-IL/GCE, and HRP/PLH/MWCNT-IL/GCE
were recorded in 5.0 mM K;Fe(CN)y/K,Fe(CN) (1:1) solu-

The electrochemical properties of the electrode sur- tion containing 0.1 M KCl (Fig. 3).

face occurring after each modification step were inves- Cyclic voltammetry measurements are effective tools

tigated by CV and EIS methods. For this purpose, cyclic  to elucidate the electrochemical properties of the modified
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Fig.3 A Cyclic voltammo-

gram (scan rate: 0.05 V s71), 110 (a)
B Nyquist plots (a) bare GCE, —(b)
(b) MWCNT-IL/GCE, (c) PLH/ (c)
MWCNT-IL/GCE, (d) HRP/ 50 F——(d)

PLH/MWCNT-IL/GCE in
5 mM [Fe(CN)6]3_/4‘ solution
containing 0.1 M KC1
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electrodes after each modification step. In CV measure-
ments, well-defined redox peaks at+0.420 V and +0.090 V
were observed at bare GCE (Fig. 3A-a). There is a difference
of 0.330 V between the anodic and cathodic peak potentials
of [Fe(CN)6]3_/4_ at bare GCE. Figure 3A-b shows that the
peak currents are more intense in MWCNT-IL/GCE than
at bare GCE. There is also a difference of 0.090 V between
the peak potentials of the redox probe. This result can be
attributed to the larger surface area of the MWCNT-IL com-
posite as compared to the GCE electrode surface and the
enhanced electron transfer between the redox probe and the
electrode [12, 19, 35]. In the voltammogram obtained at
PLH/MWCNT-IL/GCE, the current intensity of the redox
peaks increased while the peak separation remained the
same (Fig. 3A-c). This result can be attributed to the attrac-
tion between the positively charged electrode surface and
the negatively charged redox probe due to intense electro-
static interaction [5]. Immobilization of HRP enzyme on
the electrode surface decreased significantly the redox peak
currents, where the difference between the peak potentials
was of 0.120 V (Fig. 3A-d). The decrease in the peak cur-
rents and the increase in the peak potential difference can
be explained by the thickened electrode surface, the barrier
effect of Nafion, and the repulsion between the negatively
charged HRP and the redox probe. This result constitutes the
evidence for the successful immobilization of the HRP on
the surface of the electrode.

EIS measurements were carried out in order to investi-
gate more thoroughly the electrochemical properties of the
modified electrodes. In EIS measurements, the R, value of
bare GCE was determined as 1089 Q (Fig. 3B-a). After GCE
was modified with MWCNT-IL composite, the R, value
decreased to 109.5 Q (Fig. 3B-b). When the MWCNT-IL/
GCE surface was coated with PLH, this value was deter-
mined as 17.01 Q (Fig. 3B-c). The reason for the significant
decrease in R, value is the strong electrostatic interaction
between the positive amino groups in PLH and the nega-
tively charged redox probe. The immobilization of HRP on

0.4 11 0 300 600 900 120015001800
7' Q

the PLH/MWCNT-IL/GCE surface increased the R value
to 374.9 Q (Fig. 3B-d). This increase can be attributed to
the repulsion between the negatively charged HRP and the
redox probe. This result is a consequence of the successful
immobilization of HRP on PLH/MWCNT-IL/GCE.

Optimizing experimental conditions

The operating potential and pH have been optimized to
improve the performance of the H,0, biosensor. For this
purpose, the effects of pH on HRP/PLH/MWCNT-IL/GCE
performance were tested at pH values between 5.0 and
8.0. Figure 4A shows that the H,0, sensitivity of HRP/
PLH/MWCNT-IL/GCE increases from pH 5.0 to 6.5 and
decreases from pH 6.5 to 8.0. The optimum pH was found
to be of pH 6.5 with the highest current response.

The operating potential values were changed between
—0.15 V and 0.0 V to determine the optimum potential
(Fig. 4B). As the applied potential changed from —0.15 V
to —0.1 V, the response of the biosensor increased and
decreased at more positive potential values. The highest sen-
sitivity was obtained at —0.1 V and this working potential
was selected as the optimum potential.

Analytical characterization of biosensor

The response of HRP/PLH/MWCNT-IL/GCE to H,0,
was investigated after optimizing the experimental condi-
tions. The amperometric response of HRP/PLH/MWCNT-
IL/GCE was measured by successive addition of H,0, in
0.05 M pH 6.5 PBS at —0.1 V. Figure 5A shows that a
stable, rapid, and well-defined amperometric response is
observed after each addition of H,0,. This indicates the
efficacy of HRP/PLH/MWCNT-IL/GCE for the biorecog-
nition event. The corresponding calibration curve plotted
from the i-t data is shown in Fig. 5B. The response of HRP/
PLH/MWCNT-IL/GCE to H,0, showed two different lin-
ear operating ranges from 2.0x 107> uM to 9.1 x 10! uM
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and from 1.8 uM to 180 uM. The limit of detection
(LOD) and the limit of quantitation (LOQ) of HRP/PLH/
MWCNT-IL/GCE were calculated as 2.9 x 10~ uM and
9.5 % 107 uM from Egs. 3 sb/m and 10 sb/m, respectively.
In the given equation, m is the slope of the calibration
curve, sb is the standard deviation of the current differ-
ences obtained by different measurements (n =10) of H,0,
solution at constant concentration (2.0x 1072 uM). HRP/
PLH/MWCNT-IL/GCE reached 95% of the steady-state
current in approximatively 15 s.
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The reproducibility of the proposed biosensor was
assessed by plotting the H,O, calibration curves of five
HRP/PLH/MWCNT-IL/GCE:s fabricated through the same
process. The slope of the calibration curve was used to cal-
culate the reproducibility of the HRP/PLH/MWCNT-IL/
GCE in terms of relative standard deviation (RSD) and it
was found to be of 0.71%. This result shows that the pre-
sented (bio)sensor has a very good reproducibility.

The response of HRP/PLH/MWCNT-IL/GCE to 0.16 pM
H,0, solution was recorded for ten times in order to prove
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its working stability. After these 10 measurements, only a
2.52% loss in activity was observed, which confirms the
good operating stability of the H,0, biosensor. The long-
term stability of HRP/PLH/MWCNT-IL/GCE was investi-
gated. The H,0, response of the biosensor was recorded
for three weeks. Modified GCEs were stored at+4 °C dur-
ing the experiments. HRP/PLH/MWCNT-IL/GCE showed
93.6%, 82.5%, and 80.1% of the amperometric response at
the end of days 5, 10, and 21, respectively. Based on this
result, it can be confirmed that the biosensor possesses a
good long-term stability. The performance parameters of the
HRP/PLH/MWCNT-IL/GCE biosensor is given in Table 1.

The selectivity of the HRP/PLH/MWCNT-IL/GCE bio-
sensor was investigated in the presence of some possible
interferents, such as sodium chloride, glutamic acid, oxalic
acid, and glucose. Amperometric measurements of the HRP/
PLH/MWCNT-IL/GCE biosensor to successive additions of
0.09 mM H,0, and 0.09 mM of each interfering substance
to a stirred 0.05 M PBS solution were recorded. The results
indicated that sodium chloride, glutamic acid, oxalic acid,
and glucose provide 3.2%, 0.4%, 0.2%, and 1.7% interfer-
ence on the H,0, response of HRP/PLH/MWCNT-IL/GCE,
respectively. The low operating potential and the blocking
role of Nafion are responsible for the good selectivity.

Determination of H,0, in oxygenated water
The amount of H,0, in commercial disinfectant samples

was determined by the standard addition method to verify
the potential applications of HRP/PLH/MWCNT-IL/GCE.

Table 1 The analytical performance parameters of the developed bio-
sensor

Performance parameters HRP/PLH/MWCNT-IL/GCE

First linear working range/uM 2.0x1072-9.1x10™

Second linear working range/uM 1.8-180
LOD/uM 29x107°
Sensitivity/uA uM™! 0.1714
0.0035
Reproducibility/% 0.71
Operational stability/% 2.52

Long term stability 20% loss after 21 days

Table 2 shows the amounts of H,0, in the disinfectant sam-
ple determined by the developed (bio)sensor. The recoveries
were found to be between 97.2% and 101.7%. These results
show that the fabricated H,0O, biosensor is accurate and pre-
cise to an acceptable level.

Table 3 compares the analytical performance of the H,O,
biosensor fabricated by us with some other biosensors docu-
mented in the literature. In the table, it can be seen that
HRP/PLH/MWCNT-IL/GCE offers high sensitivity, wide
operating range, and low detection limit as compared to most
of the previous H,0, biosensors. This improved efficiency
is due to the strong immobilization of PLH and HRP, the
synergistic effects of the modifying substrates, and the low
working potential.

Conclusion

The present study proves that the modified electrode surface
fabricated by electrochemical polymerization of L-histidine
on MWCNT-IL composite provides a suitable environment
for electrostatic immobilization of HRP. In order to develop
a biosensor with high sensitivity and accuracy, the amount
of MWCNT, IL, and enzyme was optimized and suitable
operating conditions were determined. The designed bio-
sensor shows wide operating range, high sensitivity, low
detection limit, good stability, and good storage stability.
These results indicate that the limited biosensor application
involving electrostatic immobilization of HRP should be
more widely used in the future.

Experimental

HRP (from horseradish type VI with a specific activity of
273 units/mg solid), hydrogen peroxide, sodium monohy-
drogen phosphate, sodium dihydrogen phosphate, sodium
hydroxide, hydrochloric acid, 1-butyl-3-methylimidazolium
tetrafluorophosphate, potassium hexacyanoferrate(III),
potassium hexacyanoferrate(Il), Nafion (5% by weight in
lower aliphatic alcohols), oxalic acid, bovine skin gelatin
(type B), and L-histidine were purchased from Sigma-
Aldrich and used as provided. Potassium chloride, glutamic
acid, and sodium chloride were obtained from Merck, and

Table 2 H,0, determination in
oxygenated water sample

Sample Added H,0,/ug Found H,0,/ug dm™> Recovery/%
dm™?
Oxygenated water (10 mm3) 2.99 3.0;2.97;3.04 100.5; 99.2; 101.7
3.0+0.04 100.5+1.3
Oxygenated water (20 mm3) 6.12 5.95; 6.09; 6.05 97.2,97.4;98.9
6.03+0.07 98.5+1.2
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Table 3 Comparison of the analytical performance parameters of different amperometric H,0O, biosensors earlier reported in the literature

Modified electrodes Linear range/uM LOD/uM Samples Recovery/% References
HRP/PLH/MWCNT-IL/GCE 0.02-0.9 0.0029 Oxygenated water 97.2-101.7 This study
1.8-180
HRP/P-L-His-RGO/GCE 0.2-5000 0.05 Real eye drop 98.0-101.0 [5]
Au-Pd/rGO/GCE 0.005-3500 0.004 Human serum 97.0-103.0 [36]
HRP-AuNCs/MWCNTs/CFUMEs 2.0-24 0.443 Calf serum sample 93.6 [37]
GCE/P(GMA-co-VFc) 2000-30,000 2.6 H,0, samples 94.4-101.1 [38]
b-HRP/MWCNTs-avidin/GCE 1.0-14 0.024 Mouthwash 95.3 [39]
Human blood serum 105.2
Milk 90.8
NiCo,S,/rGO/GCE 25-11,250 Milk 97.1 [40]
Toner 100.4
NH,-MIL-53(Fe)/HRP/MWCNTs/GCE 0.1-1.0 0.028 Hela cell culture 120.4 [41]
1.0-600 HepG?2 cell culture 113.0
HEPNP/rGO/Au electrode 0.01-100 Human serum sample - [42]
Mn(II)-PLH-CMWCNT/GCE 2.0-1000 Diluted disinfectant fetal ~ 96.5-105 [43]
bovine serum 96-103.5

P-L-His and PLH poly-L-histidine, rGO reduced graphene oxide, AuNCs functionalized fluorescent gold nanoclusters, CFUMEs coated car-
bon fiber ultramicroelectrodes, P(GMA-co-VFc) poly(glycidyl methacrylate-co-vinyl ferrocene), NiCo,S, bimetallic nickel cobalt sulfides, NH,-
MIL-53(Fe) hybrid of metal organic framework, HEPNP horseradish peroxidase encapsulated protein nanoparticles, Mn(1l)-PLH-CMWCNT
manganese(II)-poly-L-histidine functionalized carboxylated multi-walled carbon nanotubes, HRP horseradish peroxidase, MWCNTs Multiwall

carbon nanotubes

glucose was obtained from Fluka. MWCNTs (O.D. < 8 nm;
length 10-30 um) were obtained from Cheap Tubes Inc.
(Brattleboro, USA). Double distilled water was used for all
experiments. Commercial oxygenated water samples for the
sampling practices were obtained from a local pharmacy in
the city of Tekirdag, Tiirkiye.

Electrochemical measurements and electrochemical
impedance measurements (EIS) were performed by Micro-
stat 400 (Dropsens, Spain) and Gamry Instrument (Refer-
ence 300) bipotentiostat/galvanostat instruments, respec-
tively. A three-electrode cell system consisting of a modified
GCE (BASi MF 2012, diameter 3 mm) as working electrode,
a platinum wire (BASi MW 1032, Bioanalytical Systems,
Inc., USA) as auxiliary electrode and an Ag/AgCl electrode
(BASi MF 2052) as reference electrode were also used. SEM
and EDX studies were performed using a Field Emission
Scanning Electron Microscope (FE-SEM, QUANTA FEG-
250). SPCE (Dropsens C110), containing a carbon working
electrode, a silver pseudo reference electrode, and a carbon
counter electrode, was used to perform the SEM and EDX
measurements.

Electrochemical measurements
In the optimization studies, the amperometric response of
the biosensor to H,0, concentrations between 0.03 mM

and 0.2 mM (0.03, 0.05, 0.07, 0.09, 0.1, and 0.2 mM) was
measured, and their sensitivities (slopes of the calibration
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graphs) were compared. CV and EIS studies were performed
in 5.0 mM K;Fe(CN)/K,Fe(CN)4 (1:1) with 0.1 M KCI
from — 0.8 V to+ 1.0 V at a scan rate of 50 mV s~!. The
figures are shown with error bars. The error bars represent
the standard deviation of the three measurements.

Fabrication of HRP/PLH/MWCNT-IL/GCE

The GCE surface was treated with Al,O; paste (0.05 pm) for
10 min. Then the GCE surface was sonicated with distilled
water and ethanol-pure water (1:1) mixture for 5 min in an
ultrasonic bath. 1 mg of gelatin was suspended in 1 cm? dis-
tilled water and kept on a magnetic stirrer at 35 °C—40 °C
for 10 min. A mixture of 1.5 mg MWCNT and 7.5 mm?
IL was added to 1.0 cm® of gelatin solution and dispersed
homogeneously in an ultrasonic bath for 1 h. 5 mm? of
MWCNT-IL-gelatin mixture was dropped onto GCE. The
mixture was allowed to dry at room temperature. Cyclic vol-
tammograms of MWCNT-IL/GCE versus Ag/AgCl in solu-
tion containing 5 mM L-His (0.05 M pH=5.0 PBS) were
recorded at 50 mV s~! with 30 cycles in the potential range
of 0.0 to — (— 1.5 V). PLH/MWCNT-IL/GCE was cleaned
with distilled water and allowed to dry at room temperature.
2.93 mg of HRP were added to 200 mm? of 0.05 M PBS (pH
7). 3.5 mm® of the enzyme dilution (4 U/mm?) was pipetted
onto PLH/MWCNT-IL/GCE. Finally, 5.0 mm? 0.1% Nafion
was added. The HRP/PLH/MWCNT-IL/GCE was stored
at+4 °C overnight (Fig. 6).
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Fig.6 Fabrication of HRP/
PLH/MWCNT-IL/GCE
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