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Abstract The report is on an electrochemical biosensor
with remarkably improved sensitivity toward nitrite. In this
strategy, positively charged gold nanoparticle (PCNA) is
used in combination with multiwall carbon nanotubes
(MWCNT) by electrostatic adsorption for fabricating
PCNA/MWCNT films. Then hemoglobin (Hb) biocatalyst
will easily be attached to the surface of the combination
films aforementioned. After that, the Hb/PCNA films are
immobilized onto the Hb/PCNA/MWCNT films through
layer-by-layer assembly technique. The (Hb/PCNA),/
MWNT/GC electrode thus prepared exhibits enhanced
electrocatalytic behavior to the reduction of nitrite at —
0.10 V versus SCE in 0.05 M H,SO, solution. On condi-
tion of the low detecting potential and low pH, interference
caused by direct electrochemical oxidation or oxidizable
substances can be prevented. Therefore, the modified
electrode shows fast response time, very high sensitivity,
good selectivity and stability. The current response of the
sensor increases linearly with nitrite concentration from a
range of 3.6 x 107° to 3.0 x 107> M with a detection
limit(S /N = 3) of 9.6 x 107’ M.
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Introduction

Nitrite, which is one of the most dangerous toxic sub-
stances in environmental processes, food supplies and
forensic science, is generally regarded as potential carcin-
ogenic in human body. Therefore, early detection of nitrite
is important in protecting water resources and food sup-
plies to prevent carcinogenesis. Common laboratory-based
analytical methods for determining nitrite include UV-
visible spectra [1] and ion chromatograph [2], which are
reliable but time-consuming or complicated, etc. Thus the
electrochemical sensors are receiving considerable atten-
tion because of quick response, low-cost, high sensitivity as
well as the ability to be miniaturized. Electrochemical
nitrite sensors commonly rely on monitoring the electro-
catalytic current of modified electrode to nitrite. This is due
to the fact that the applied potential of the reduction of
nitrite is relatively lower compared to that of the nitrite
oxidation, which tends to invite interference from coexis-
ting substances [3]. Several reports have appeared on
detection of nitrite by using electrochemical sensors, which
include heteropolyanion-modified electrode [4], polyani-
line/carbon nanotube composite modified electrode [3],
carbon nanotubes (CNT) powder microelectrode [5], direct
electrochemistry and electrocatalysis of hemoglobin in
sodium alginate film on a BMIMPF4 modified carbon paste
electrode [6], hemoglobin/colloidal silver nanoparticles
immobilized in titania sol-gel film on glassy carbon elec-
trode: direct electrochemistry and electrocatalysis [7],
direct electrochemistry and electrocatalysis of hybrid film
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assembled by polyelectrolyte—surfactant polymer, carbon
nanotubes and hemoglobin [8], direct electrochemistry of
hemoglobin and its electrocatalytic effect based on its
direct immobilization on carbon ionic liquid electrode [9]
or direct electrochemistry and electrocatalysis of hemo-
globin in gelatine film modified glassy carbon electrode
[10].

Interest in metal nanoparticle films is stimulated from
their technological importance, as they display unique
optical properties, magnetic properties, electronic proper-
ties and a surface area three orders of magnitude greater
than micro-scale material [11]. Although actual applica-
tions of such films have yet not been realized, metal
nanoparticle films such as negatively charged gold nano-
particle (prepared in aqueous solutions) [12], positively
charged gold nanoparticles (PCNA) [13, 14], Pd [15], Pt
[16] and Ag [17] show promise in the development of
novel electrical and optical sensors, as catalysts, and pre-
cursors for metallic films. In particular, due to the relatively
simple preparation, negatively charged gold nanoparticle
has been an intensive research subject for the design of
sensors [18-20]. However, water-based syntheses of gold
nanoparticle is fraught with problems as a result of ionic
interactions, which are typically overcome by using low
reactant concentrations [13, 14]. Compared to those
nanoparticles prepared in aqueous solution, PCNA syn-
thesized in organic solvents can be made at relatively high
concentrations with predefined size and shape, with
improved monodispersity [13, 14]. In addition, compared
with negatively charged gold nanoparticle, PCNA is syn-
thesized in toluene by using tetraoctylammonium salts as
the stabilizing agent, has more efficient electrocatalytic
catalysis [13, 14]. To our knowledge, so far the potential
applications of PCNA are not studied sufficiently.

On the other hand, semiconductor nano-materials such
as carbon nanotubes (CNT) [21, 22], SiO, [23], TiO, [24]
and CdS [25] have been the subject of much research in
recent years, primarily due to the interest in their chemical
stability [26, 27], ballistic conduction properties and sur-
face binding phenomenon [28, 29]. Such novel properties
of semiconductor nanoparticles provide the potential for
substantial improvements in chemical sensors, nanoscale
electronic devices, electrode materials in batteries and
field-effect transistors, etc. [30]. Particularly, both single-
walled carbon nanotubes (SWCNT) and multi-walled car-
bon nanotubes (MWCNT) now emerge in sensors
applications owing to the ability of CNT to promote the
electron-transfer reactions of important biomolecules,
including cytochrome ¢ [31], ascorbic acid [32], H,O, [18,
33] and tripropylamine [34].

Thus, it is suggested that the achieved faradic response
of the Hb is due to the ability of MWCNT to promote the
electron transfer of enzymes. And the Hb exhibits the
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features of an enzyme and acts in an electrocatalytic
manner in the reduction of nitrite.

In order to optimize the use of CNT in various further
applications, the research on the modification of CNT with
metal nanoparticle has been widely reported [22, 35].
Although the functionalized CNT with metal nanoparticle
exhibits more excellent electrochemical behavior toward
biomolecules, and some investigations have been con-
ducted for the fabrication of biosensors based on the
functionalized CNT with metal nanoparticle. The report on
the electrocatalytic reduction of nitrite at (Hb/PCNA),/
WCNT-modified electrode has not been available so far.
The objective of the present work is to study a new
approach for the electroanalytical determination of nitrite
at the (Hb/PCNA),/WCNT-modified electrode. It can be
envisaged that direct adsorption of PCNA onto the WCNT
surface by the electrostatic interaction would not destroy
the sp” structures of WCNT rather than covalent modifi-
cation of WOCNT surface; and hence, preserve their
mechanical and electronic properties [36]. Here, PCNA is
used in combination with multiwall carbon nanotubes by
electrostatic adsorption for fabricating the PCNA/MWCNT
films. Then Hb biocatalyst will easily be attached to the
surface of the combination films aforementioned. After
that, the Hb/PCNA films are immobilized onto the Hb/
PCNA/MWCNT films through layer-by-layer assembly
technique. The (Hb/PCNA),/MWNT/GC electrode thus
prepared responds more sensitively to nitrite (even without
the aid of an electron mediator) than those modified by the
Hb/PCNA/WCNT, the PCNA/WCNT or the WCNT alone.
Moreover, the (Hb/PCNA),/MWNT/GC electrode displays
a higher active, fast, selective and stable features. The
properties of the functional WCNT films, combined with
the electrocatalytic activity, could make them useful for the
investigation of protein electrochemistry and the develop-
ment of bioelectronic devices at functional interface.

Experimental section
Experimental setup

The MWCNT are dispersed, as suggested by transmission
electron microscopy (TEM) data using TECNAI 10 (PHI-
LIPS FEI Co., Holland). Raman spectras of the films were
obtained with Raman spectral comparator (Foram 685-2.
Foster and Freeman Ltd). The scan electron microscopy
(SEM) images of the films were performed on scanning
probe microscope (SMP) (Vecco, USA) and FEI Nova 400
FEG-Sem (FEI, USA). Amperometric experiments were
performed by using a CHI 660C electrochemical work
station (Shanghai CH Instruments Co., China) in a three-
electrode electrochemical cell. A modified GC electrode
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(® =4 mm) is served as a working electrode with a plat-
inum wire auxiliary electrode and a saturated calomel
electrode (SCE) reference electrode. Moreover, the
amperometric experiments were performed in 0.05 M
H,SO,4, which were deoxygenated with highly pure nitro-
gen for 30 min before electrochemical experiments and a
nitrogen atmosphere was kept over the solution during
measurements.

Materials

MWCNT (MWNT, >95% purity) was purchased from
Chengdu Organic Chemicals Co., Ltd., Chinese Academy
of Sciences. Prior to use, MWNT were treated with con-
centrated nitric acid in order to introduce carboxylic acid
groups according to the report [37]. Bovine (horse heart)
hemoglobin (Hb) was purchased from Sigma Chemical
Co., (St. Louis, MO, USA). NaNO,, H,SO, and all other
chemicals were obtained from Chemical Reagent Com-
pany, Sichuan, China.

The details of the synthesis processes of PCNA are
described in the previous reports [13, 14]: A 30-mM
aqueous metal chloride solution was added to a solution of
tetraoctylammonium bromide in toluene. Then a solution
of freshly prepared NaBH, was added to the stirred mix-
ture. After the two phases were separated. The toluene
phase was subsequently washed with 0.1 M H,SO,, 0.1 M
NaOH and H,O,, respectively After that, the toluene phase
dried over anhydrous Na,SO,. Direct phase transfer across
the organic/aqueous boundary: 0.1 M 4-dimethylamino-
pyridine solution of the as prepared nanoparticle mixtures,
which was added to the toluene phase. Then, nanoparticles
from larger volumes of the toluene phase have also been
successfully transferred into water. TEM analysis indicates
that the PCNA is ~ 10 nm (Fig. 1a).

Electrodes preparation

Because carbon nanotubes are very hydrophobic, most
metal nanoparticles cannot adhere to carbon nanotubes and
physical adsorbed metal nanoparticles can be easily

Fig. 1 TEM images of
positively charged nano-Au film
(a), MWCNT film (b), and
PCNA/MWCNT films (c)

removed by agitating the material in liquid by agglomer-
ation [38, 39]. Electroless deposition method, electrostatic
adsorption or chemical reaction with MWCNT have thus
been suggested to improve metal deposition onto carbon
nanotubes [22, 40]. Our strategy for the immobilization of
positively charged metal nanoparticle layers on MWCNT
surfaces is convenient and effective. Therefore the fabri-
cation of the nitrite electrode is as below:

First, sodium dodecyl sulfate (SDS) was used to solu-
bilize and disperse MWCNT according to the literature
[41]. One milligram of the acid-treated MWCNT (func-
tionalizing with carboxylic acid groups) was dispersed in
1 mL of 1.5 mg/mL sodium dodecyl sulfate to give a 1 mg/
mL MWCNT black suspension with the aid of ultrasonic
agitation (Fig. 1b). A total of 10 pL MWCNT suspension
was cast on a cleaned GC electrode surface to form a stable
MWCNT film with abundant negative charge. The
MWNT-modified electrode (MWNT/GC) was then
allowed to air dry [41]. Subsequently, the MWNT/GC
electrode was immersed into PCNA solution for 4 h. Then
it was possible to merge PCNA on the MWCNT-modified
electrode via oppositely charged adsorption, which was
characterized by TEM in Fig. 1lc. After that, Hb was
assembled onto the PCNA/MWNT/GC electrode by
immersing the PCNA/MWNT/GC electrode in 10 mg/mL
Hb solution for 4 h. Eventually, the (Hb/PCNA),/MWNT/
GC electrode was constructed by alternately immersing the
Hb/PCNA/MWNT/GC electrode into PCNA and 10 mg/
mL Hb solution for 4 h each with intermediate water-
washing. Then, the (Hb/PCNA),/MWNT/GC electrode was
kept at 4 °C until it was used.

Results and discussion

Characteristics of the (Hb/PCNA),/MWNT/GC
electrode

Experiment cyclic voltammograms in 0.05 M H,SO, are
plotted in Fig. 2. MWNT/GC electrode displays two
reduction peaks and one oxidation peak in the range of the
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Fig. 2 CVs of MWCNT-modified electrode (a), PCNA/MWCNT-
modified electrode (b), (Hb/PCNA),/MWCNT T-modified electrode
(c), and Hb/PCNA/MWCN-modified electrode (d) at scan rate of
100 mV/s in 0.05 M H,SO,4

voltage between —0.4 and 0.8 V (Fig. 2a) because of the
specific electrochemical properties of MWNT [41]. Com-
paring the results of Fig. 2b (PCNA/MWCNT-modified
electrode) with Fig. 2a, the peak currents have increased. It
can be ascribed to the presence of PCNA, which as electron
antennae could efficiently tunnel electrons between the
electrode and the electrolyte. When Hb is entrapped on the
PCNA/MWCNT-modified electrode, a more obvious
reduction/oxidation peak is observed in Fig. 2d. This is due
to the fact that MWNT can facilitate fast direct electron
transfer between redox proteins and electrode surface [42—
44]. In the following procedures, Hb/PCNA is assembled
on the Hb/PCNA/MWCNT-modified electrode, the CVs of
(Hb/PCNA),/MWCNT-modified electrode is reduced
(Fig. 2¢). The reasonable explanation for why the transfer
of the electron to the electrode surface becomes more
difficult may be due to the increase in the quantity of Hb
assembled onto the electrode. The CVs of modification
process shows that the (Hb/PCNA), films can be immo-
bilized on the MWNT film based on the layer-by-layer
assembly technique. Moreover, the CVs of the (Hb/
PCNA),/MWCNT-modified electrode at different scan
rates have been studied. It is found that both the anodic and

Fig. 3 SEM images of
MWCNT film (a), PCNA/
MWCNT films (b), and Hb/
PCNA/MWCNT films (c)
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cathodic peak currents increase linearly with scan rate from
0.01 to 0.14 V/s, which indicates a surface-controlled
process.

SEM is a powerful tool for studying the surface mor-
phologies of the membranes. The morphology of the
MWCNT film (Fig. 3a) shows a network-like structure.
Compared with the MWCNT film, the SEM image of
PCNA/MWCNT films (Fig. 3b) has obviously changed, on
which the light dot is observable due to the assembly of
PCNA. More coral-shaped particles are distributed uni-
formly on the surface while Hb is presented on the PCNA/
MWCNT films (Fig. 3c).

On the other hand, Raman spectra of MWCNT, PCNA/
MWCNT, and Hb/PCNA/MWCNT film are shown in
Fig. 4. The MWCNT film (Fig. 4a) shows a disorder-
induced peak around 1,350 cm™!, which is similar to that
obtained by Shift et al. [45]. The reason may correspond to
the D-lind associated with disorder-allowed zone-edge
modes of graphite [45]. When PCNA is self-assembled on
MWCNT film by electrostatic interactions, a significant
increase of the intensity of D-band and G-band (Fig. 4c)
can be observed in Raman spectra, owing to the unique
optical property of PCNA. After Hb is coated on the
PCNA/MWCNT films, the peak value of the Hb/PCNA/
MWCNT films diminish drastically as shown in Fig. 4b.

Electrocatalytic activity of the (Hb/PCNA),/MWNT/
GC electrode

To confirm the electrocatalytic activity of the (Hb/PCNA),/
MWCNT-modified electrode toward nitrite, an experiment
is performed in 0.05 M H,SO, containing nitrite with
different concentrations. With the addition of nitrite,
obviously enhanced cathodic peak current are observed
(Fig. 5b, ¢, d,); increasing the nitrite concentrations (0,
3.3 x 10_3, 5.0 x 1073 M) resulted in dramatic increase
of reduction peak current of the modified electrode. These
results indicate that (Hb/PCNA),/MWCNT-modified elec-
trode exhibits excellent electroactivity toward nitrite. The
mechanism of NO, ™ reduction at the (Hb/PCNA),/MWNT
film is yet not clear, but probably similar to that reported by
Yao [3] and Lu[8]:
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Fig. 4 Raman images of MWCNT film (a), Hb/PCNA/MWCNT
films (b), and PCNA/MWCNT films (c)
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Fig. 5 CVs of (Hb/PCNA),/MWCNT-modified electrode at scan rate
of 100 mV/s in 0.05 M H,SO, without nitrite (), with 3.3 x 107> M
(b) and 5.0 x 10~> M nitrite (c)

2NO; + 2H" + HbHFe(IT) — HbHFe(IIT) + 2NO
+2H,0

Estimation of the biosensor construction

Using Hb for practical applications requires that it is active,
stable and kept at high concentration in close vicinity of the
electrode surface [46]. Thus, six different strategies for the
preparation of nitrite biosensors are compared at —0.10 V
in 0.05 M H,SO,. Figure 6 shows the comparison of the
amperometric responses of a Hb/GC electrode (Fig. 6a),
MWCNT/GC electrode (Fig. 6b), PCNA/MWCNT/GC
electrode (Fig. 6¢c), Hb/MWCNT/GC electrode (Fig. 6d),
Hb/PCNA/MWCNT/GC electrode (Fig. 6e) and (Hb/
PCNA),/MWCNT/GC electrode (Fig. 6f) to successive
additions of different concentrations nitrite, respectively.
Compared with the Hb/GC electrode (Fig. 6a), the
MWCNT-modified electrode (Fig. 6b) exhibits higher

30 70 110 150 190
t/s

Fig. 6 Amperometric current-time curves at constant potential of —
0.10 V in 0.05 M H,SO, with successive addition of 0.2 mM nitrite
for: Hb-modified electrode (a), MWNT-modified electrode (b),
PCNA/MWNT-modified electrode (c¢), Hb/MWNT-modified elec-
trode (d), Hb/PCNA/MWNT-modified electrode (e), and (Hb/
PCNA),/MWCNT-modified electrode (f)

electroactivity toward nitrite. It is due to the fact that Hb
cannot adhere to the GC electrode and physical adsorbed
Hb can be easily removed by agitating in liquid. Hence, the
Hb/GC electrode exhibits lower electroactivity toward
nitrite. However, the PCNA/MWCNT-modified electrode
(Fig. 6¢) exhibits higher electroactivity toward nitrite than
that of the MWCNT-modified electrode. This improved
analytical performance is attributed to PCNA. PCNA,
which is synthesized in toluene by using tetraoctylammo-
nium salts as the stabilizing agent, can be made at
relatively high concentrations with improved monodisper-
sity, predefined size and predefined shape [13, 14].
Therefore, PCNA has more efficient electrocatalytic
catalysis [13, 14]. As is expected, since MWNT has the
ability to facilitate or promote the electron transfer between
proteins and electrode, a higher current response for nitrite
determination is achieved by using the Hb/MWCNT/GC
electrode (Fig. 6d) when compared with the current
response values at the PCNA/MWCNT-modified electrode.
In this experiment, the largest current response is obtained
from the (Hb/PCNA),/MWCNT-modified electrode
(Fig. 6f). However, no obvious increase in the current
response is observed at the (Hb/PCNA);/MWCNT-modi-
fied electrode as compared with the (Hb/PCNA),/
MWCNT-modified electrode, which suggests the quality of
Hb has reached a saturation for the (Hb/PCNA),/MWCNT-
modified electrode. In order to achieve the largest possible
sensitivity, the (Hb/PCNA),/MWCNT-modified electrode
is selected to fabricate the nitrite sensor. Moreover, the
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Fig. 7 CVs of (Hb/PCNA),/ A B
MWCNT-modified electrode in 95+
H.SO, (A) or PBS (B) at 01
various pH values in the
absence of nitrite: 0.05 M 45 30
H,S0, (a); 0.1 M H,SO, (b); < <
0.5 M H,S0, (¢); pH 5.00 (d); = 5 =
pH 4.50 (e); and pH 4.00 (f). = = -10
Scan rate, 100 mV/s

55 -50

d—f
-105 . . . . -90 . . 1
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response times are similar among the six designs, with the
steady-state current being reached in a few seconds.

Optimization of supporting electrolyte

The influence of the acidity of the supporting electrolyte on
the current response is investigated to evaluate the best
performance of the sensor. Figure 7 shows the CVs of the
(Hb/PCNA),/MWCNT/GC electrode in H,SO,4 or PBS in
absence of nitrite. It is found that both the cathodic (E,) and
the anodic (Ep,) potential of the modified electrode posi-
tively shift with the H,SO, concentration in the range from
0.05 M to 0.5 M (Fig. 7A). In contrast, both the cathodic
(Epe) and the anodic (Ep,) potential of the modified elec-
trode negatively shift with the increase in pH (Fig. 7B).

Moreover, the current responses of the (Hb/PCNA),/
MWCNT-modified electrode to nitrite are measured in
PBS or H,SO, with a scan rate 100 mV s~ '. The electrode
exhibits lower electrocatalytic activity for nitrite in PBS of
varying pH. Surprisingly, comparing with the electrode in
PBS, the electrode offers a dramatic enhancement of the
sensitivity in H,SOy, and the electrode shows the highest
sensitivity toward nitrite in 0.1 M H,SO, (Fig. 8a) than
that of the electrode in 0.05 M H,SO, (Fig. 8b), 0.5 M
H,SO, (Fig. 8c) and 1.0 M H,SO, (Fig. 8d). Considering
the effects of the response sensitivity as well as the dena-
turation of the Hb, 0.05 M H,SO, is chosen for the
subsequent experiments.

Calibration curve of standard nitrite solutions

Figure 9 shows a calibration plot for consecutive additions
of aliquots of a nitrite solution in 0.05 M H,SO, at room
temperature. The catalytic current of the modified electrode
increases linearly with the nitrite concentration in the range
from 3.6 x 107° to 3.0 x 107> M with a detection limit
(S/IN = 3) 0f 9.6 x 1077 M. The linear regression equation
is i (LA) = 3.3263 £ 1.5338[NO, ] (mM) with a corre-
lation coefficient of 0.997. The modified electrode shows
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Fig. 8 Calibration curve of the current response of (Hb/PCNA),/
MWCNT-modified electrode to nitrite in different H,SO,. 0.1 M
H,S0, (a); 0.05 M H,SO4 (b); 0.5 M H,SO4 (¢) and1.0 M H,SO, (d)

higher sensitivity and lower detection limit than any other
reported papers in the acid medium [3, 6-9].

When the concentration of nitrite is higher than
3.0 x 1072 M, the calibration curve tends to level off,
thus, it shows the characteristics of the Michaelis—Menten
kinetic mechanism. The apparent Michaelis—Menten con-
stant (Ky""?), which gives an indication of the enzyme—
substrate kinetics, can be obtained from the electrochemi-
cal version of the Lineweaver—Burk equation [8]:

l/ISS = 1/Imax + K;\l/i)p/lmaxc

Here Igg is the steady-state current after the addition of
substrate. I, is the maximum current under saturated
substrate condition and C is the bulk concentrate of the
substrate. The Ky"*? value for the (Hb/PCNA),/MWCNT/
GC electrode is estimated to be 6.2 x 10~* M. The low
value of Ky indicates that Hb immobilized in Hb/
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Fig. 9 Calibration curve of (Hb/PCNA),/MWCNT-modified elec-
trode to nitrite determination in 0.05 M H,SO, at an applied potential
of —0.10 V

PCNA),/MWCNT film retains a high biological affinity to
nitrite.

Selectivity and stability study

Interference experiment for the detection of nitrite at the
modified electrode is investigated by comparing with the
current response before and after the addition of some
possible interferents into the 0.05 M H,SO, containing
0.4 mM nitrite. Possible interference such as hydrogen
peroxide, milk, ascorbic acid and uric acid in the same
concentration of nitrite had no obviously effect on the
detection. Moreover, the common ions such as 0.4 mM
Na®, K, HPO,>~, H,PO,>~, CI~ and Ca** do not show
interference to the determination of nitrite. The mechanism
is yet not clear, but probable due to the low detecting
potential and low pH, interference caused by direct elec-
trochemical oxidation or oxidizable substances can be
prevented at the modified electrode. It indicated that this
protocol is of high selectivity.

Stability studies of continuous cyclic scans on the (Hb/
PCNA),/MWCNT-modified electrode are carried out in
0.05 M H,SO, without nitrite. Then, the electrocatalytic
activities of the (Hb/PCNA),/MWCNT-modified elec-
trode toward nitrite are measured in 0.05 M H,SO, by
chronoamperometry, and record the chronoamperometry
responses. After that, the two experiments mentioned above
are performed again. The amperometric response of the
electrode decrease to 93.6, 90.9 and 84.8% of the initial
response in the 100, 200 and 400 continuous cycles,
respectively. Surprisingly, hound little change in electro-
catalytic activities of the same electrode toward nitrite after
100, 200 and 400 continuous cycles, respectively.

On the other hand, the storage stability of the proposed
biosensor is studied after the modified electrode is sus-
pended above phosphate buffer at 4 °C in a refrigerator for
30 days. The cyclic voltammograms response of the elec-
trode decrease to 88.8% of the initial response. These
results prove that the (Hb/PCNA),/MWCNT-modified
electrode is of high good stabilities.

Conclusion

In this experiment, we have demonstrated the use of
(Hb/PCNA),/MWCNT-modified electrode for a greatly
enhanced amperometric biosensor of nitrite in 0.05 M
H,SO,4. Due to the low detecting potential and low pH,
interference caused by direct electrochemical oxidation or
oxidizable substances can be prevented at the modified
electrode. Furthermore, the modified electrode shows high
stability and good repeatability. This method offers an
economical, simple, and convenient way to obtain high-
quality detectors for the detection of nitrite.
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