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Abstract
A cyclic voltammetric method is described for the determination of nitrite by using a multiwalled carbon nanotube paste electrode
(MWCNT) that was modified with chitosan-functionalized silver nanoparticles (Chit-AgNPs). The AgNPs were prepared by one step
procedure using chitosan as stabilizing agent. The resulting modified AgNPs were drop-coated onto the electrode. By combining the
advantages of chitosan, AgNPs (in the form of Chit-AgNPs) andMWCNT, the assay exhibits a remarkable improvement in the cyclic
voltammetric response towards the oxidation of nitrite at a typical peak potential of 0.81 V (vs. SCE) in buffer of pH 4.0. The
accumulation of nitrite on the electrode also was achieved, and this further enhances the analytical sensitivity. Under optimized
conditions, the oxidation peak current increases linearly in the 100 nM to 50 μM nitrite concentration range, and the detection limit
is 30 nM. The method has high selectivity for nitrite even in the presence of other potentially interfering ions.

Keywords Chitosan . Functionalized silver nanoparticles . Modified carbon nanotubes paste electrode . Nitrite assay . Cyclic
voltammetry . River water

Introduction

Nitrite is an essential plant nutrient [1], an important constit-
uent of the nitrogen cycle [2], widely applicable as an additive
for the preservation of large number of foods [3] as well as
important in therapeutic applications [4]. Furthermore, salts of

nitrite are mostly used as corrosion inhibitor in steels [5].
However, in spite of all these applications, the discharged of
waste water containing nitrite into the environment is a big
source of deterioration of lakes, rivers and water sources,
which may cause serious health hazards to human. Inside
the human body, nitrite reacts with amines and probably
causes carcinogenic nitrosamines [6] as well as oxidizes he-
moglobin to methemoglobin which diminishes the oxygen
carrying capacity [7]. Therefore, due to its toxicity at certain
concertation, the most sensitive, selective and reliable
methods are required for the determination of nitrite. In this
context, numerous analytical methods have been reported by
various researchers for the determination of nitrite using dif-
ferent analytical techniques. These include; electrophoresis
[8], high-performance liquid chromatography [9], ion chroma-
tography [10], chemiluminescence [11], spectrophotometry
[12] and electrochemical methods [13, 14].

Nitrite is electrochemically active towards gold [15], cop-
per [16], platinum [17], and carbon electrodes [18, 19].
However, due to the high oxidation potential, poor sensitivity
and reproducibility, these electrodes have limited uses for the
determination of nitrite. In comparison, MWCNTs have been
considered to be the best electrode materials for the oxidation

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00604-019-3699-8) contains supplementary
material, which is available to authorized users.

* Abdur Rahim
niazchemist@hotmail.com; rahimkhan533@gmail.com

1 Department of Chemistry, University of Science & technology, KPK,
Bannu 28100, Pakistan

2 Interdisciplinary Research Centre in Biomedical Materials (IRCBM),
COMSATS University Islamabad, Campus, Lahore 54000, Pakistan

3 Department of Chemistry, Hazara University, KPK,
Mansehra 21300, Pakistan

4 Department of Chemistry, University of Karachi, Karachi 75270,
Pakistan

Microchimica Acta (2019) 186: 595
https://doi.org/10.1007/s00604-019-3699-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s00604-019-3699-8&domain=pdf
http://orcid.org/0000-0002-2102-658X
https://doi.org/10.1007/s00604-019-3699-8
mailto:niazchemist@hotmail.com
mailto:rahimkhan533@gmail.com


of nitrite owing to their high electrical conductivity (1.85 ×
103 S/cm), possess high charge transfer rate, good chemical
stability and high mechanical strength [20, 21].

Owing to the prerequisite of high sensitivity and selectivity
for the electrochemical determination of nitrite, the bare elec-
trodes substrates have often been modified with different
chemical substances.

Chitosan is a natural biopolymer which is nontoxic and has
the ability to form film on the electrode surfaces. It possesses
reactive positively charged amino and hydroxyl groups (in
acidic pH) in its structure that may have the tendency to attract
the negatively charged nitrite when present in solution [22].
Due to these properties, make chitosan a highly efficient sen-
sor for nitrite. For this purpose, Jiang et al. [23] have modified
GCE with chitosan-MWCNT to investigate the electrochem-
ical behavior of nitrite. This electrode showed a fast response
towards the oxidation of nitrite.

To achieve better electrochemical response, metallic nano-
particles and their composite as electrode materials have been
used by various researchers for the electrooxidation of nitrite.
Because of the large surface to volume ratios, the electrodes
fabricated with nanomaterials have exhibited excellent elec-
trocatalytic response and electrochemical conductivity as
compared to the bulk metals. For this purpose, various metal-
lic nanoparticles such as Au [24], Cu [25] and Ag nanoparti-
cles [26] have been employed to modify various electrodes.
Among them, the electrodes modified with AgNPs have been
considered to be cheaper, less prone to surface oxidation and
offer good electrocatalytic activities towards nitrite oxidation
as compared to the others metallic nanoparticles.

To further improve the electrochemical detection per-
formance; some researchers have used the electrodes
modified with both metal nanoparticles and chitosan to
exploit the combining properties for the electro oxidation
of nitrite. For instance, Yang et al. [27] have employed a
glassy carbon electrode fabricated with Cu nanoparticles/
carbon nanotube and chitosan film for the electrocatalytic
reduction of nitrite. The electrode surface was modified
by Cu nanoparticles using electrodeposition method.
Similarly, Mo et al. [28] have prepared Au Nanoparticles/
graphene-chitosan modified electrode for detection of nitrite.
The electrode was constructed by first coating a drop of
graphene-chitosan suspension on the GCE and then electro-
deposited AuNPs on the electrode surface.

However, in these modified electrodes, the electrode-
positions of Cu and Au nanoparticles have been carried
out after coating chitosan layer. This may lead to damp-
en the active sites of chitosan and thus direct interaction
of nitrite with chitosan may not be possible. To increase
the performance by using the combined benefits of elec-
trode material, the construction of such modified elec-
trode is needed in which chitosan may be available for

the direct interaction of nitrite, while utilizing the char-
acteristic properties of nanoparticles also.

It is known that the functionalization of metal nanoparticles
with specific ligands can make such sensors more selective. In
this regard, a chitosan functionalized AuNPs have been used
by Baishnisha et al. [29] for the selective colorimetric detec-
tion of nitrite. The sensitive detection of nitrite was achieved
due to the strong binding interaction between positively
charged groups present on the surfaces of nanoparticles and
negatively charged nitrite.

In the present work, we modified the MWCNT paste elec-
trode with chitosan functionalized AgNPs (Chit-AgNPs) to
exploit the combined and direct interaction of chitosan and
AgNPs (in the form of Chit-AgNPs) with nitrite. The designed
Chit-AgNPs/MWCNTPE was employed for the adsorption
cyclic voltammetric determination of nitrite. The Chit-
AgNPs were prepared by one step approach using chitosan
as stabilizing agent and was drop coated to modify the elec-
trode surface. The combination of nanoparticles and chitosan
to modify the electrode in this way increases the sensitivity
and may be a simple approach.

Materials and methods

Reagents

The multi-walled carbon nanotubes powder (www.sigmaaldrich.
com/materials-science/material science-products.html?
TablePage=104696184), Chitosan (www.sigmaaldrich.com/
catalog/substance/chitosan12345901276411?lang=en&region=
PK), silver nitrate (www.sigmaaldrich.com/catalog/product/
sigald/209139?lang=en&region=PK) and sodium nitrite (www.
sigmaaldrich.com/catalog/product/sigald/237213?lang=
en&region=PK) were obtained from sigma-Aldrich, Germany.
The entire chemicals used in this study were of high purity
which needs no further purifications. Deionized water was used
throughout the experimental study. The Britton Robinson (BR)
buffer was used as supporting electrolyte. The standard buffer
solution was prepared by mixing 50 mL of 0.4 M acetic acid
(CH3COOH), 50 mL of 0.4 M phosphoric acid (H3PO3), 50 mL
of 0.4 M boric acid (H3BO3). The stock solution of nitrite (0.
01 M) was prepared by dissolving 0.035 g sodium nitrite
(NaNO2) in deionized water.

Instrumentation

DY2113 series Mini Potentiostat (Austin, USA) was used for
all the electrochemical measurements. The voltammetric
study was performed in an electrochemical cell comprising
of three electrode system. In this system, saturated calomel
electrode and platinum wire were functioned as reference
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and counter electrode, respectively, while multi-walled carbon
nanotube paste electrode fabricated with chitosan capped sil-
ver nanoparticle was used as a working electrode for the
voltammetric detection of nitrite.

Synthesis of chitosan functionalized AgNPs
(chit-AgNPs)

Chit-AgNPs were prepared according to the procedure de-
scribed by Chin et al. [33]. In a typical procedure, 47 mL of
2% chitosan solution was mixed with 2 mL of 0.02M solution
of AgNO3. The mixture was subjected to continuous stirring
at room temperature for 30 min. After that, 1 mL of 8 mg/mL
solution of freshly prepared sodium borohydride (NaBH4)
was added to the above mixture of chitosan and AgNO3 and
the stirring was continued for further 120min. The as prepared
Chit-AgNPs was kept in dark before use.

Preparation of the multiwalled carbon nanotube
paste electrode (MWCNTPE)

To prepare the MWCNTPE, first of all the MWCNT powder
was pretreated by adding a suitable amount into a mixture of
concentrated nitric acid and sulphuric acid (3:1 v/v) to eliminate
the residual metal particles that remained from the synthesis
process and to promote the generation of functional groups,
such as carboxyl, hydroxyl, quinone, nitro and amino groups
on the MWCNTsurfaces [30]. After that, the mixture was kept
under stirring for 12 h at room temperature. Subsequently, the
mixture was filtered and washed several times with deionized
water. The MWCNTwere then finally dried at 120 °C for 5 h.
To prepare MWCNT paste electrode, a suitable amount of the
dried MWCNTwas mixed with paraffin oil (25%) and homog-
enized in a mortar and pestle for about 30 min. The prepared
paste was put into a syringe needle plastic cover and then
pressed downward. To make an electrical connection, a copper
wire was inserted into the past at the back of the needle cover.
Finally, the tip of the cover was cut off with a cutter and then the
surface of the paste was smoothed with a paper.

Preparation of Chit-AgNP/MWCNTPE

To construct Chit-AgNP/MWCNTPE, 20 μL Chit-AgNPs so-
lution was drop cast on the surface of the MWCNTPE and
dried under IR lamp for 10 min (the construction of Chit-
AgNPs/MWCNTPE for nitrite detection is shown in Fig. 1).
After drying, a thin film of chitosan capped AgNPs was
formed on the surface ofMWCNTPE. The modified electrode
was used as working electrode for the determination of nitrite
and was stable after several continuous CV measurements.

Voltammetric procedure

Before starting voltammetric experiment at each new surface of
Chit-AgNP/MWCNTPE, 10 successive cyclic voltammetric
scans were recorded in the anodic direction in the potential range
from 0.2–1.1 V in the blank solution containing 0.04 M BR. All
the cyclic voltammetric measurements were performed in a
10 mL solution containing 0.04 M BR buffer and desired
amount of nitrite. In a typical CV procedure for the determina-
tion of nitrite, 1 mL of 0.4 M BR was transferred into a
voltammetric cell and was diluted up to 10 mL with deionized
water. After adjusting the pH of the solution to 4.0, appropriate
amount of nitrite (in μL) was added from the stock solution into
the cell. Then, after 15 min accumulation time (ta), cyclic volt-
ammogram was recorded from 0.2 to 1.1 V in the anodic direc-
tion using scan rate of 0.05 V·sec−1. Nitrite was pre-concentrated
at the surface of electrode spontaneously. The cyclic
voltammetric determination of nitrite in river water sample was
carried out by mixing 5 mL river water (without subjecting to
filtration process), 1 mL of 0.4 M BR and 4 ml deionized water
(total volume 10mL). The standard additionmethodwas used to
determine the concentration of nitrite in river water sample.

Results and discussion

Voltammetric response of nitrite
at the chit-AgNPs/MWCNTPE

The cyclic voltammetric response for the oxidation of nitrite
was studied at glassy carbon (GC) electrode, unmodified
MWCNTPE, Chitosan-MWCNTPE and Chit-AgNPs/
MWCNTPE in BR buffer solution containing 5 × 10−5 M ni-
trite at a scan rate of 0.05 V·s−1. As can be seen from Fig. 2,
that among the various electrodes studied, the Chit-AgNPs/
MWCNTPE showed the highest and most easily evaluated
cyclic voltammetric peak at a typical peak potential of
0.811 V in the anodic scan. There was no cyclic voltammetric
peak observed in the reverse scan. The oxidation potential
0.811 V vs. SCE of nitrite at chit-AgNPs paste electrode is
lower than the standard potential of 0.813 V and comparable
or lower thanmost of the others modified electrodes (Table 1).
According to the previous reports, this result also confirmed
the irreversible electrochemical behavior of nitrite. In this pro-
cess nitrite is oxidized to nitrate.

This study revealed the electrocatalytic oxidation ability of the
designed electrochemical assay towards the oxidation of nitrite.
The enhanced electrocatalytic response shown by chit-AgNPs/
MWCNTPE for nitrite may be ascribed to the increased surface
area and greater conductivity of the chit-AgNPs. The positively
charged (at lower pH) amino and hydroxyl active groups of the
chit-AgNPs on the surface of electrode have promoted the

Microchim Acta (2019) 186: 595 Page 3 of 9 595



electrostatic accumulation of nitrite at the electrode surface, thus,
boosting its surface concentration and, consequently, enhancing
the oxidation peak currents.

The overall reaction mechanism of nitrite at the chit-
AgNPs electrode consists of the charge-transfer step followed
by homo-geneous disproportionation step. The overall oxida-
tion process is as follows;

NO2
− þ H2O→NO3

− þ 2Hþ þ 2e−

Thus, the combined benefit of chitosan, AgNPs as Chit-
AgNPs and MWCNTPE has established a sensitive electro-
chemical method for the oxidation of nitrite.

Effect of pH

pH of the medium is an essential factor which greatly influence
the electrochemical processess and voltammetric response of the
analyte species. In this study Briton Robinson (BR) buffer was
used as supporting electrolyte for the determination of nitrite. The
pH study was performed in the range from 2.0 5.5. As shown in
Fig. 3, the peak current increased remarkedly with the increase of
pH from 2.0 to 4.0 and attained a maximum value at pH 4.0. The
peak current then decreased by further increasing the pH from
4.0 to 5.5. At pH 4.0, the charged amino and hydroxyl groups
greatly promoted the electrostatic accumulation of nitrite at the
electrode surface, thus enhancing the oxidation peak currents.
The decrease observed in the peak currents within the pH range
4.0 5.5 could be explained by the decrease in the density of
charged groups occurring as pH increases. The decrease in peak
current at lower pH value (pH <4.0) may be attributed to the
formation of NO gas from NO2 anion or the formation of pro-
tonated nitrite [31]. Threfore, pH 4.0 was selected as suitable
medium for nitrite determination.

Scan rate study

The effect of scan rate on the cyclic voltammetric peak current
of nitrite on the Chit-AgNPs/MWCNTPE was evaluated at
different scan rates using different concentrations of nitrite.
Figure 4a, shows the cyclic voltammograms at 5 mM nitrite

Fig. 1 Schematic illustration of
Chit-AgNPs/ MWCNT paste
electrode for the electrochemical
sensing of nitrite along with the
TEM image of the prepared Chit-
AgNPs

Fig. 2 Cyclic voltammograms of 5 × 10−5 M nitrite solution using, 1)
Glassy carbon (GC) electrode, 2) unmodified MWCNTs paste electrode,
3) Chitosan modified MWCNTs (Chit-MWCNTs) paste electrode and 4)
Chit-AgNPs/MWCNTs paste electrode in the presence of Britton
Robinson buffer (pH: 4.0) as a supporting electrolyte using scan rate of
0.05 V·sec−1
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with various scan rates. With the increase of scan rate in the
range from 0.002 to 0.1 V·s−1, the oxidation peak current was
found to increase along with a shift of peak potential towards
more anodic direction. Similarly, broadening in the peak shape
was also observed at higher scan rates. The plot of peak cur-
rent was lineally proportional to the squire root of the scan
rate, as shown in Fig. 4b. This indicated that the electrode
process is controlled by diffusion. The scan rate study was
carried out at 0.8 mM nitrite (Fig. 4c). At 0.8 mM

concentration, the corresponding peak current was proportion-
al to the scan rate, as shown in Fig. 4d. This indicated that at
low concentration of nitrite, the process at the electrode sur-
face is controlled by adsorption. All these results suggested
that the process is partially controlled by diffusion and partial-
ly controlled by adsorption i.e. mixed diffusion-adsorption
process is taking place at the electrode surface. This is mainly
attributed to the surface-active sites and porous nature of the
Chit-AgNPs/MWCNTPE.

Among the various scan rates studied, 0.05 V·s−1 scan rate
gave a well-defined oxidation peak and was therefore selected
for further experiments.

Due to adsorptive nature of the electrode, the adsorption
accumulation of nitrite at the Chit-AgNPs/MWCNTPE can be
exploited to enhance the voltammetric peak current.

Effect of adsorption accumulation time (ta)
on the peak current of nitrite

To examine the possible adsorption ability of the Chit-AgNPs/
MWCNTPE, the effect of accumulation time (ta) on the oxida-
tion peak current of nitrite was studied without employing the
accumulation potential (Ea) i.e. without using electrolysis step.
As shown in S1, the peak current increased quickly when ‘ta’
was increased from 0 to 15 min and then remained constant
upon further increasing the ‘ta’ from 15 to 50 min, suggesting
that the surface has been completely saturated with nitrite. This
result obviously revealed that nitrite has been spontaneously

Table 1 Comparison of the analytical sensitivity of various electrochemical sensors for nitrite

Electrode/Technique Peak potential (V) Medium/pH LR/LOD (μM) Ref.

PPy-Pt/GCE/CV −0.124 H2SO4 solution/1.0 0.5 1000/0.1 [17]

MC/GCE/CV +0.808 BR buffer/3.5 0.5 100/0.1 [23]

AgNS/GCE/Amp +0.86 Phosphate buffer /7.0 0.1 8/0.031 [26]

GO-CS-AuNPs/GCE/CV +0.89 Phosphate buffer /5.0 0.9 18.9/ 0.3 [28]

GNPs/MWCPE/SWV −0.60 BR buffer/4.0 0.05 250/0.01 [31]

CuS/MWCNTs-GCE/CV +0.8 Phosphate buffer /7.0 1 8130/0.33 [33]

AuNPs/CPE/SWV +0.65 Phosphate buffer /7.0 0.2 15/0.2 [34]

p-NiTAPc/GC/Amp +0.86 H2SO4 + Na2SO4 solution/2.0 0.5 800/0.1 [35]

GR/PPy/CS/GCE/DPV +0.736 Phosphate buffer/4.0 0.5 720/0.6 [36]

G4-NH4/MWNT/GC/CV +0.78 Phosphate buffer/4.0 5 1500/7 [37]

Au/f-GE/GCE/CV +0.78 Phosphate buffer /7.0 0.12 2000/0.1 [38]

GNs-GCE/CV +0.9 BR buffer/3.0 0.5 100/0.2 [39]

AgNP/GCE/CV +0.82 Phosphate buffer /6.0 10 1000/1.2 [40]

CR-GO/GCE/Amp +0.8 Phosphate buffer/5.0 8.9 167/1 [41]

Chit-AgNPs/MWCNTPE/CV +0.83 BR buffer/4.0 0.1 50/0.03 This work

LR Liner range, LOD Limit of detection, NP Nano Plate, GCE Glassy Carbon Electrode, CV Cyclic Voltammetry, CR-GO Chemically Reduced
Graphene Oxide, Amp Amperometry, PPy Polypyrrole, MWCNTs Multiwalled Carbon nanotubes, MC Multiwall carbon nanotube, NPs
Nanoparticles, CPE Carbon paste electrode, SWV Square Wave Voltammetry, Chit Chitosan, ASV Anodic Stripping Voltammetry, p-NiTAPc
Polymeric nickle tetraaminothphalocyanine, GR graphene, CS chitosan, GNs Graphene nanoribbons, G4-NH4 Amine-terminated poly(amidoamine,
generation 4.0)

Fig. 3 Effect of pH of electrolyte solution on the voltammetric response
of chit-cappedAgNPs-MWCNTs paste electrode used for the detection of
nitrite at a scan rate of 0.05 V·sec−1
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adsorbed at the surface of electrode. Similar results have been
observed by others researchers using carbon paste electrode
[32] and AuNPs/MWCNT/carbon paste electrode [31].

The stability of Chit-AgNPs/MWCNTPE was also evalu-
ated by recording 12 successive voltammetric measurements
at the same surface of electrode in the presence of 5 × 10−5 M
nitrite in BR buffer, pH 4.0. Each cycle was recorded after
15 min accumulation time. From this study it was observed
that the oxidation current of nitrite had the value of RSD of
3.6%. This indicated that the deposited product has effectively
been removed from the surface of electrode during cyclic
voltammetric scan. Thus, the good stability of Chit-AgNPs/
MWCNTPE for the electro-oxidation of nitrite was evident.

Sensitivity of chit-AgNPs/MWCNTPE

The sensitivity of the Chit-AgNPs/MWCNTPE for the electro-
oxidation of nitrite was studied at various concentrations using

adsorption cyclic voltammetry in BR buffer, pH 4.0. The cyclic
voltammogramswith the addition of different concentrations of
nitrite ranged from 1 × 10–7 1 × 10−5 M are shown in Fig. 5.
As, it can be seen that, by increasing the nitrite concentrations, a
gradual increased in the voltammetric peak currents was ob-
served. A nice linear correlation between peak current and ni-
trite concentration was observed in the range of 1 × 10–7 1 ×
10−5 M with regression coefficient (R2) of 0.9989, as shown in
the inset of Fig. 5. By using the equation ‘3 s/S’ (where ‘s’ is
the standard deviation of the blank solution and ‘S’ is the slope
value obtained from the calibration plot), the detection limit
(LOD) at this modified electrode was calculated to be 3 ×
10−8 M, which was better than those obtained at others modi-
fied electrodes using a cyclic voltammetric technique. The an-
alytical sensitivities of the designed modified electrode and
others modified electrodes for nitrite determination are listed
in Table 1. As shown in the table, the designed modified elec-
trode has wider linear range and lower detection limit than the

Fig. 4 (a) Cyclic voltammograms of 5 mM nitrite at various scan rates
(from; 0.002, 0.005, 0.01, 0.02, 0.05, 0.1 V·s−1). (b) Corresponding plot
of peak current vs. square root of scan rate at 5 mM nitrite. (c) Cyclic

voltammograms of 0.8 mM nitrite at various scan rates (from; 0.002,
0.005, 0.01, 0.02, 0.05, 0.1 V·s−1). (d) Corresponding plot of peak
current vs. scan rate at 0.8 mM nitrite
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others reported modified electrodes (mostly used
Amperometry, DPVand square wave techniques) using simple
CV technique. Thus, the high sensitivity suggested that the
modified electrode can be suitable for the determination of
nitrite using adsorption cyclic voltammetric technique.

Selectivity of Chit-AgNPs/MWCNTPE

To examine the possible selectivity of the designed Chit-
AgNPs/MWCNTPE for nitrite, cyclic voltammetric study

was carried out in the presence of other common interfering
anions like Br−, PO4

3−, SO4
2−, S2−, I−, CH3COO

−, Cl−, NO3
−,

NO2
− in the solution containing BR buffer, pH 4.0. The results

showed (Fig. 6), that these anions did not change significantly
the voltammetric peak current of nitrite using the Chit-AgNPs/
MWCNTPE. Thus, the nanoprobe has the potential to selec-
tivity determine nitrite in the presence of common anions.

Determination of nitrite in river water sample

The accuracy of the assay was assessed by applying the Chit-
AgNPs/MWCNPE to river water sample using adsorption
stripping voltammetry. Different concentrations of nitrite were
spiked to the solution containing river water and BR buffer.
The determination was performed by using the standard addi-
tion procedure. The determination results for nitrite in river
water sample are illustrated in Table 2. These results showed
good percent recoveries in the range of 95 106%, thus sug-
gesting that nitrite can be accurately determined in river water
samples without any complex medium effect by using Chit-
AgNPs/MWCNPE.

Conclusions

In this work, MWCNTPE was modified with chitosan func-
tionalized AgNPs and was employed for the adsorption cyclic
voltammetric determination of nitrite in BR buffer, pH 4.0.
The synergistic effect of chitosan, AgNPs and MWCNTs im-
proved the electrochemical response towards the oxidation of
nitrite. The capability of chit-AgNPs/MWCNTPE to adsorb
spontaneously nitrite at its surface greatly enhanced the sensi-
tivity of nitrite which was found to be lower than the others
electrochemically modified electrodes by using cyclic
voltammetric technique. The assay presented high selectivity
for nitrite over the existence of others common anions. The
method exhibited good percent recoveries when applied to
river water sample for the determination of nitrite. In addition,
due to the easily renewable surface, the MWCNT paste elec-
trode can be a suitable electrode for the electrochemical deter-
mination of nitrite.

Fig. 5 Cyclic voltammograms obtained with various concentrations of
nitrite ranged from 1 × 10−7 1 × 10−5 M using chit-AgNPs/MWCNTPE
in the presence of Britton Robinson (BR) buffer, pH 4.0. Scan rate was
0.05 V·s−1 and ‘ta’ was 15 min. Nitrite was pre-concentrated (spontane-
ously adsorbed) without employing electrodeposition potential ‘Ep’. Inset
is the corresponding linear calibration plot in the range of 1 × 10−7 1 ×
10−5 M nitrite

Fig. 6 Cyclic voltammograms of the solution containing 5 × 10−5 M
various common interfering anions +5 × 10−5 M nitrite at Chit-AgNPs/
MWCNTPE using adsorption cyclic voltammetry. Inset; is the bar graph
showing the peak current response of various tested interferents, mixture
of interferents and mixture of interferents + NO2

−. Each cyclic
voltammogram was recorded after 15 min accumulation time. Nitrite
was spontaneously adsorbed at the electrode

Table 2 Determination results of nitrite in river water sample using
Chit-AgNPs/MWCNTPE

Added (μM) Found (μM) Recovery (%) RSD % (n = 3)

0.5 0.53 106.0 5.04

1.0 1.04 104.0 3.10

5.0 4.97 99.40 4.75

10.0 10.51 105.10 6.12

25.0 23.92 95.68 1.80

50.0 47.67 95.34 4.20
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