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ABSTRACT: Benomyl, as one kind of agricultural pesticide, has adverse impact on human health and the environment. It is
urgent to develop effective and rapid methods for quantitative determination of benomyl. A simple and sensitive electroanalytical
method for determination of benomyl using a magnetic nickel ferrite (NiFe,O,)/multi-walled carbon nanotubes (MWCNTs)
nanohybrid-modified glassy carbon electrode (GCE) was presented. The electrocatalytic properties and electroanalysis of
benomyl on the modified electrode were investigated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV). In
the phosphate-buffered saline (PBS) of pH 6.0, this constructed biosensor exhibited two linear relationships with the benomyl

concentration range from 1.00 X 1077

to 5.00 X 1077 mol/L and from 5.00 X 1077 to 1.00 X 107 mol/L, respectively. The

detection limit was 2.51 X 107® mol/L (S/N = 3). Moreover, the proposed method was successfully applied to determine
benomyl in real samples with satisfactory results. The NiFe,O,/MWCNTSs/GCE showed good reproducibility and stability,

excellent catalytic activity, and anti-interference.
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1. INTRODUCTION

The fungicide benomyl, i, methyl 1-(butylcarbamoyl)-2-
benzimidazole carbamate, is a synthetic benzimidazole. It is
known to exert selective toxicity against fungal cells because of
its higher affinity for fungal tubulin than mammalian tubulin.!
Benomyl is widely used for sterilizing seeds of vegetables as an
agricultural chemical against a range of fungal diseases.>?
Because of the occurrences of benomyl and carbendazim in the
environment and the potential exposure to them through diet,
there continues to be ongomg concern over the risks to human
health of these fungicides.*”’ Numerous studies have been
conducted to determine the fate of benomyl and its associated
residues in soils, plants, and mammals. ® Further, in mammals,
benomyl is known for its ability to induce structural changes in
the chromosomes and hepatocyte microtubule cytoskeleton,’

inhibit protein synthesis'® and lipid peroxidation, and cause
glutathione depletion.'’ Recently, benomyl and carbendazim
were reported as endocrine disruptors that increased both
expression and activity of aromatase in the human ovarian
granulose-like tumor cell line KGN.'? There has been concern
that this compound might influence human health and cause
diseases. Further, benomyl is quite unstable, and it decomposes
in aqueous solutions into more stable compounds, such as
carbendazim and N,N’-dibutyl urea.'*'* The determination of
benomyl residue in vegetables, fruits, and environmental water
samples is a difficult task. To protect consumers from the risk
related to benomyl in food and environmental water, the
development of a simple, rapid, and reliable method for the
determination of benomyl is of great importance.

Thus far, various techniques for the detection of benomyl
have been reported in the hterature, such as high-performance
liquid chromatography (HPLC)," frequency domain fluores-
cence, | ® fluorescence polarization,'”'® and in-layer chromatog-
raphy'® methods. These methods have high accuracy, well
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reproducibility, and reliable ability of qualitative analysis.
However, these methods also suffer from some disadvantages,
such as expensive experimental instruments, sophisticated
laboratory procedures, trained personnel, and complex sample
pretreatment. In comparison to other techniques, electro-
chemical methods have aroused great interests among
researchers because of their relatively high sensitivity, fast
response, and ability to be miniaturized.”® The literature
reported that the OV-17 silicon-modified carbon paste
electrodes and bare glassy carbon electrode (GCE) were used
in the determination of benomyl by differential pulse
voltammetry,”** and the detection limit was 6.9 X 10~ and
1.5 X 107* g/L, respectively. Recently, the electroanalysis
method is reported for the determination of benomyl by
square-wave adsorptive stripping voltammetry,”® and the
detection limit was 2.4 X 107° g/L. According to our
knowledge, magnetic nickel ferrite/multi-walled carbon nano-
tubes nanohybrid-modified glassy carbon electrode (NiFe,O,/
MWCNTSs/GCE) for determination of benomyl had not been
reported. The main objective of this paper is to develop a new
method with high sensitivity, simplicity, and efficiency for the
detection of benomyl.

In this paper, NiFe,O,/MWCNTs nanohybrids were
synthesized through a one-step hydrothermal method and
employed as a modified electrode material for the analysis of
benomyl. This method is based on the different properties of
the mediators plus nanoparticles, such as strong adsorgtlve
ability, huge specific area, and subtle electronic properties.

In addition, Ni and Fe have excellent electrocatalytic activity in
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Figure 1. Characterization of MWCNTSs and NiFe,0,/MWCNTs: (A) FTIR spectra of (a) MWCNTs and (b) NiFe,0,/MWCNTs, (B) VSM
image of NiFe,0,/MWCNTs, (C) XRD patterns of (a) NiFe,0,/MWCNTs and (b) MWCNTs, and (D) SEM image of NiFe,0,/MWCNTs.

the catalyst of reactions of organic materials based on their
electronic arrangement.””?® The results showed that the
proposed method is simple, rapid, sensitive, and selective for
the quantitative determination of benomyl at the NiFe,O,/
MWCNTSs/GCE.

2. EXPERIMENTAL SECTION

2.1. Chemicals and Reagents. MWCNTs (length, 0.5-2.0 ym;
specific surface area, >500 m*/g; outer diameter, <8 nm; and 95%
purity) were purchased from Chengdu Organic Chemicals Co., Ltd,,
Chinese Academy of Sciences, Beijing, China. Benomyl (95% purity)
was purchased from HEOWNS Biochemical Technology Co., Ltd.
(Tianjin, China). The 5% Nafion ethanol solution (D520) was from
HESEN Co., Ltd. (Shanghai, China). All other chemicals were of
analytical reagent grade and produced by Shenyang Chemical
Company, China.

2.2. Apparatus. A CHI660D electrochemical workstation
(Shanghai ChenHua Instruments Co., China) coupled with a
conventional three-electrode cell, including a platinum wire auxiliary
electrode, a saturated calomel reference electrode (SCE), and a
working electrode, was used for electrochemical measurements. X-ray
diffraction patterns were recorded on a X-ray diffractometer (XRD,
Siemens DS000, Germany) at 40 kV and 150 mA with Cu Ka
radiation. The diffraction data were recorded for 26 angles between
20° and 90°. Fourier transform infrared spectroscopy (FTIR, Avatar
330, Nicolet, Thermo Electron Scientific, Madison, WI) was used to
characterize MWCNTSs and NiFe,0,/MWCNTs within a 500—4000
cm™! spectral domain with a resolution of 4 cm™' using a KBr pellet
technique at room temperature. A vibrating sample magnetometer
(VSM, Lake Shore 7407, Lake Shore Cryotronics, Inc., Westerville,
OH) was used to measure the magnetic prosperities of NiFe,0,/
MWCNTs in the field of +15 kOe at room temperature. The
morphologies and microstructures of the material were characterized
using scanning electron microscopy (Hitachi SU8000, Japan) under
the voltage of 10.0 kV. A S-3C model pH meter (Shanghai Precision
Scientific Instrument Co., China) was used for measuring the pH of

solutions. Deionized water used throughout experiments was purified
using a Sartorius Arium 611 system (Sartorius, Gdttingen, Germany).

2.3. Synthesis of NiFe,0,/MWCNTs. The NiFe,0,/MWCNTs
composite was fabricated by a one-step hydrothermal method. Briefly,
2.0193 g of Fe(NO;);9H,0 (0.005 mol) and 0.7017 g of NiSO,
7H,0 (0.0025 mol) were dissolved in S0 mL of ethanol, and
subsequently, 0.5 g of MWCNTs was added. Prior to that, MWCNTSs
were acidified with HNO;. The obtained mixture was stirred
vigorously for 1.0 h to obtain a homogeneous black solution. Then,
it was transferred into a 100 mL Teflon-lined stainless-steel autoclave,
heated to 180 °C, and reacted for 12 h. After that, the magnetic
composite was separated by a magnet, washed repeatedly with
deionized water until neutrality, and then dried at 60 °C for 12 h.

2.4. Preparation of a NiFe,0,/MWCNTs-Modified Electrode.
Before modification, the bare GCE was carefully polished with three
grades of alumina slurrys (0.0S, 0.30, and 1.00 mm) on polishing cloth,
respectively, rinsed thoroughly with deionized water between each
polishing step, then washed successively with deionized water,
anhydrous alcohol, and deionized water in an ultrasonic bath, and
dried in air. A 4 mg/mL NiFe,O,/MWCNTs dispersion was prepared
by dissolving 8.0 mg of NiFe,O,/MWCNTs in 2 mL of 1% Nafion
solution prepared in ethanol. The mixture was then sonicated for 30
min to obtain a stable and well-distributed NiFe,O,/MWCNTSs/
Nafion suspension. A 6.0 uL drop of 4.0 mg/mL NiFe,O,/
MWCNTSs/Nafion suspension solution was coated on the surface of
the GCE, and then the solvent was evaporated under the infrared lamp
to obtain the NiFe,O,/MWCNTs/GCE.

2.5. Procedure for Benomyl Analysis. The electrochemical
behavior of benomyl was studied by cyclic voltammetry (CV), and the
determination of benomyl was performed by differential pulse
voltammetry (DPV). All of the experiments were carried out in a
conventional electrochemical cell holding 5.00 mL of 0.2 mol/L
phosphate-buffered saline (PBS) at pH 6.0 and a certain amount of
benomyl at room temperature. Before benomyl analysis, the S mL PBS
solution was purged with highly purified nitrogen for 10 min.

2.6. Real Samples. Three samples of apple, mushroom, and
spinach were bought in a local supermarket. Suitable amounts of three
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kinds of samples were added to a 50.00 mL beaker; then a suitable
amount of ethanol was added to dissolve them for 30 min with
ultrasonic assistance; and sample solutions were filtrated. All of the
above sample solutions were stored in a refrigerator at 4 °C and
determined by DPV according to the standard addition method.

3. RESULTS AND DISCUSSION

3.1. Characterization of the NiFe,0,/MWCNTs Elec-
trode. Curve a in Figure 1A is the FTIR spectra of MWCNTs.
Two characteristic peaks of MWCNTSs were observed at 1650
and 3430 cm™' corresponding to C=O and O-H band
stretching vibrations.”” Curve b in Figure 1A displays the FTIR
spectra of the NiFe,O0,/MWCNTs nanohybrid sample. The
new characteristic peak at around 556 cm™ is associated with
the Fe—O—Ni stretching vibration.*® This evidence confirmed
that NiFe,O, was successfully loaded to MWCNTs. Figure 1B
presents the magnetic properties of NiFe,0,/MWCNTs
analyzed by room-temperature VSM with an applied field of
—15.0 < H < 15.0 kOe. The value of saturation magnetization
(Ms) is about 10.48 emu g~' (inset is the photo of magnetic
separation).

The XRD patterns of NiFe,O,/MWCNTs and pure
MWCNTs are shown in Figure 1C. The peaks at 25.9° and
43.2° were attributed to the characteristic peaks of MWCNTs
(which can be seen in both curves a and b in Figure 1C).*'
Besides, from curve b in Figure 1C, it could be seen that the
diffraction peaks of NiFe,O, could be assigned to spinel-type
NiFe,0, [Joint Committee on Powder Diffraction Standards
(JCPDS) 54-0964]. The peaks at the 26 values of 30.2, 35.5,
and 62.4 could be indexed to (220), (311), and (440) crystal
planes of spinel NiFe,O,, respectively. The results indicated
that NiFe,O, was successfully loaded to MWCNTs.

The morphology of NiFe,0,/MWCNTs was investigated by
scanning electron microscopy (SEM). From Figure 1D, it is
observed that NiFe,O, nanoparticles were deposited on the
surface of MWCNTs.

3.2. Electrochemical Characterization of Benomyl.
The CV behavior of benomyl on the bare GCE, NiFe,0,/
GCE, MWCNTs/GCE, and NiFe,0,/MWCNTSs/GCE are
illustrated in Figure 2 (curves a, b, ¢, and d, respectively). As
seen, no visible signal was found on the bare GCE (curve a),
only a small and broad redox peaks of benomyl occur on the
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Figure 2. CVs of benomyl in 0.2 mol/L PBS at pH 6.0 solution
(Cbenomyl = 3.5 X 1075 mol/L). (Inset) (a) benomyl on the bare GCE,
(b) benomyl on the NiFe,0,/GCE, (c) benomyl on the MWCNTs/
GCE, and (d) benomyl on the NiFe,0,/MWCNTs/GCE. Scan rate,
0.1 V/s; quiet time, 600 s.

NiFe,0,/GCE (curve b) and the MWCNTs/GCE (curve c).
Meanwhile, a pair of well-defined and quasi-reversible redox
peaks was observed at NiFe,0,/MWCNTs/GCE (curve d),
which indicates that the electrochemical reaction of benomyl is
a reversible process, and the NiFe,O,/MWCNTs composite
has a stron§ enhancement ability for the electric signal of
benomyl.>>*> This is most likely to be attributed to the large
surface area of NiFe,O,/MWCNTs, which may provide many
favorable sites for electron transfer to molecules, and the
NiFe,0,/MWCNTs nanohybrid has a good synergic ef-
fect,** ™35 which may be ascribed to the specific and preferable
properties of the magnetic nanoparticles and MWCNTs.

3.3. Effect of the Modifier Amount on the Oxidation
Peak Current. From the experiment, it was found that the
redox peak current increased significantly with the amount of
modifier (4.0 mg/mL NiFe,0,/MWCNTs/Nafion suspension
solution) increasing from 4.0 to 6.0 uL, and when the amount
of the suspension exceeded 6.0 uL, the current decreased. It
was ascribed that the active sites for the accumulation of
benomyl increased with the increment of modifier amount. The
peak current decreased when the volume exceeded 6.0 uL,
because the conductivity of the electrode reduced, and the film
unstable as NiFe,0,/MWCNTs could leave off the electrode
surface when the film was too thick. Thus, the modifier amount
of 6.0 uL was chosen in the experiment.

3.4. Effect of the Accumulation Time. It is important to
fix the accumulation time when adsorption studies were
undertaken. Bearing this in mind, the effect of the accumulation
time has been studied by the DPV method. The accumulation
time can improve the amount of benomyl adsorbed on the
electrode surface, then improve determination sensitivity, and
decrease the detection limit. The DPV peak currents increase
rapidly with the increase of the accumulation time from 0 to
600 s. However, for a longer accumulation time, there is no
significant increase in the current response. This phenomenon
could be attributed to the saturated adsorption of benomyl at
the electrode surface. Thus, the accumulation time of 600 s was
chosen in the experiment.

3.5. Effect of the pH. The effect of solution pH on the
redox peak of benomyl on NiFe,O,/MWCNTs/GCE inves-
tigated at the pH range from 4.0 to 8.0 by CV is shown in
Figure 3. As seen, with increasing the pH, the peak currents of
benomyl increased and the potentials shifted negatively because
of the participation of protons in the electrode reaction. The
potentials of benomyl followed the linear regression equations
with pH: E,, (V) = —0.060pH + 1.14 (r = 0.9992). The value
of the slope was 0.060 pH™, which is approximately close to
the theoretical value of 0.0585 pH™!; therefore, it can be
deduced that the proton number is equal to that of the number
of transferred electrons. The peak currents of benomyl increase
from pH 4.0 and reach a maximum value at pH 6.0; therefore, a
pH of 6.0 was chosen for the subsequent analytical experiments.

3.6. Electrochemical Properties of Benomyl. Useful
information involving the electrochemical mechanism can
generally be acquired from the relationship between the peak
current and scan rate.’”** Therefore, CVs of benomyl on
NiFe,0,/MWCNTs/GCE with different scan rates ranging
from 0.050 to 0.20 V/s in PBS at pH 6.0 were recorded, and
results are shown in Figure 4. It can be found that the peak
current increased linearly with the scan rate in the range of
0.050—0.20 V s' (as shown in Figure 4A). The linear
regression equations were expressed as follows: I, (uA) =
100.15v (V/s) — 4.83 (r = 0.996) and I, (uA) = —132.13v (V/
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Figure 3. (A) Influence of pH on CVs of benomyl at the NiFe,0,/MWCNTs/GCE, with the pH range from a to e being 4.0—8.0, at the scan rate of

0.1 V/s, and (B) effects of pH on the potential response.
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Figure 4. CVs of benomyl at different scan rates, with benomyl at 3.5 X 1076 mol/L. (A) Scan rates from a to g are 0.050, 0.075, 0.10, 0.125, 0.15,
0.175, and 0.20 V/s, respectively. (B) Dependence of the peak current on the scan rate. (C) Dependence of the plots of E, versus In v.

s) + 6.55 (r = 0.997) (as shown in Figure 4B), respectively. It
indicates that the redox of benomyl on NiFe,O,/MWCNTSs/
GCE is an adsorption-controlled process.*”** The ratio of the
redox peak current (I,,/I,) was approximately found to be 1,
suggesting that the redox reaction of benomyl on NiFe,O,/
MWCNTSs/GCE was a quasi-reversible electrochemical behav-
jor. In this work, the scan rate was chosen as 0.10 V s™%. For an
adsorption-controlled and quasi-reversible electrode process,
the relationship between peak potentials and the scan rate
follows Laviron’s equation*"**

RT
E.=E - —1
be anF n (1)
E,= E° + RT Inv
P (1 — a)nF ()
log K, = alog(l — a) + (1 — a)loga — log RT
nFv
(1 — a)anFAE,
© 23RT 3)

where E,, and E, are the anodic and cathodic peak potentials
V), E° is the formal potential (V), n is the number of electron
transferred, @ is the electron transfer coeflicient, K, is the
standard rate constant of the surface reaction (s™'), v is the scan
rate (V/s), AE, is the peak—peak potentlal separatlon, R is the
universal gas constant (8314 J mol™ K'), T is the
temperature (298 K), and F is the Faraday constant (96 500
C/mol). Figure 4C shows the plots of E, versus In v; the
equations of the straight line were as follows: E, (V) =075 —
0.015 In v (V/s) (r = 0.991), and E,,, (V) = 0.87 + 0.020 In v
(V/s) (r = 0.993). The values of a and n can be determined
from the slope, respectively. The electron transfer number 7 is

close to 2, and the value of a is 0.528. Moreover, the values of
K, were calculated to be 0.951 s™'. The pH effect on E,,
demonstrated that the number of electrons and protons
involved in the benomyl oxidation process is equal (see section
3.3). Therefore, the redox of benomyl on NiFe,0,/MWCNTs/
GCE is proven participation of a two protons (2H") and two
electron (2e”) process. The mechanism of the electrode
process could be described as follows (Scheme 1).

Scheme 1. Proposed Mechanism of Electroreduction of
Benomyl on the NiFe,0,/MWCNTs/GCE

i

I
NH(CH,)sCH; CNH(CH_);3CH;

N ﬁ
+2H*
LG
(:[ )—NHCOCH; — =
N

3.7. Estimation of Electrode Real Surface Areas and
I's. The electrochemically effective surface areas of bare GCE
and NiFe,0,/MWCNTs/GCE were determined by the
chronocoulometric method according to the formula given by
Anson®

N I
CH—NHCOCH,

2nFAc D”2 172

Q(t) = + Qg *+ Qg

(4)
where A is surface area of the working electrode, ¢ is the
concentration of the substrate, D is the diffusion coefficient, Q
is the double-layer charge, and Q. is the Faradaic charge.
Other symbols have their usual meanings. A 0.1 rnM
K;[Fe(CN)g4] solution containing 1 mM KCl has a D** of
K;[Fe(CN)s] of 7.60 X 107 cm® s™'. According to the
experimental results (as shown in panels A and B of Figure 5),
on the basis of the slope of the linear relationship between Q
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Figure . (A) Plot of Q—t curves of (a) GCE and (b) NiFe,0,/MWCNTs/GCE in 0.1 mM K;[Fe(CN);] containing 1 M KCL (B) Plot of Q—t"/?
curves on (a) GCE and (b) NiFe,0,/MWCNTs/GCE). (C) Plot of Q—t curves of the modified electrode in 0.2 M PBS at pH 6.0 in the (a) absence
and (b) presence of 3.5 X 107® mol/L benomyl. (D) Plot of Q—t/> curve on NiFe,0,/MWCNTs/GCE after the background is subtracted.
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Figure 6. (A) DPVs of benomyl at different concentrations. The concentrations of benomyl from a to lare 1 X 1077,2 X 1077, 3 X 1077, 5 x 1077, 1
x 107% 1.5 X 107%, 3 X 1075, 5 x 107% 1 X 10™° mol/L, respectively. (B) Related calibration curve.

Table 1. Comparison of the Developed Method to Some Other Methods for the Determination of Benomyl

method linear range (g/L) detection limit (g/L) recovery (%) reference
liquid chromatographic from 1.0 X 107 to 2.5 X 107> 3.3 % 107¢ 45
GC/MS from 2.0 X 107 to 1.0 X 107° 20 % 107 74-107 46
fluorescence polarization from 3.0 X 1077 to 3.0 X 107* 1.1 x 1077 104-113 47
bare GCE from 8.1 X 107° to 1.5 X 107° 24 % 107° 99 21
OV-17 silicon-modified carbon paste electrodes from 1.0 X 107° to 4.0 X 107* 69 x 107° 31-83 23
NiFe,0,/MWCNTs-modified GCE from 2.9 X 107° to 2.9 x 1073 72 X 107 93-103 present work

and /2, A was calculated to be 0.013 and 0.072 cm? for bare
GCE and NiFe,0,/MWCNTSs/GCE, respectively. These
results indicated that the specific area of the modified
electrodes is nearly 6 times that of the bare electrode, which
would enhance the current response and decrease the detection
limit.

The diffusion coefficient D and Faradaic charge Q.4 of
benomyl at NiFe,0,/MWCNTs/GCE can also be determined
by chronocoulometry based on eq 4. As shown in panels C and
D of Figure S, after background subtraction, the plot of Q

against /% showed a linear relationship. With n = 2, A = 0.072
cm?, and ¢ = 3.5 X 107 mol/L, D was calculated to be 1.13 X
1077 cm® s7'. According to the equation Q.4 = nFAL, the
adsorption capacity, I, can be obtained as 1.75 X 107'° mol
cm™,

3.8. Electrochemical Determination of Benomyl Using
DPV. As a highly sensitive and low detection limit electro-
chemical method, DPV was used for the determination of
benomyl. Figure 6 presents DPV curves of benomyl at different
concentrations on the NiFe,O,/MWCNTs/GCE under the
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optimum conditions. It can be seen that an increase in the
benomyl concentration is accompanied by an increase in anodic
current, but there are two linear sections in the regression line
that fit the following equations: for concentrations in the range
from 1.00 X 1077 to 5.00 X 1077 mol/L, I,, (uA) = —0.46 +
1.23¢ (umol/L) (r = 0.998), and for concentrations in the range
from 5.00 X 107 to 1.00 X 10~° mol/L, I, (4A) = 6.24 + 0.41¢
(umol/L) (r = 0.995). The detection limit was 2.51 X 107®
mol/L based on 3 times that of the background noise. It could
be seen that the proposed method showed a rational linear
range and an acceptable detection limit.

The comparison of the developed method to some other
methods for the determination of benomyl is listed in Table 1,
which showed excellent sensitivity and a wide linear range of
the proposed method.

3.9. Reproducibility, Stability, and Interference Study.
The NiFe,0,/MWCNTs/GCE showed good reproducibility,
and the relative standard deviation (RSD) was 3.3%, which was
evaluated by six repetitive measurements of 3.5 X 107 mol/L
benomyl in PBS at pH 6.0 (accumulation time, 600 s; scan rate,
0.10 V s7'; and accumulation potential, open circuit potential),
which indicates that the electrochemical response of benomyl at
the NiFe,0,/MWCNTs/GCE was highly reproducible. The
DPV responses remained 91% of the initial current after the
NiFe,0,/MWCNTs/GCE electrode was stored in a refriger-
ator at 4 °C for 7 days, suggesting good stability.

Under the optimized conditions, the redox peaks current of
3.5 X 107° mol/L benomyl was individually measured in the
presence of different interferents and their influence on the
analytical signal was investigated. As shown in Figure 7, it was

Interference

Figure 7. Signal of benomyl in the presence of interfering compounds.

found that 100-fold concentrations of carbendazim, thiabenda-
zole, and tricyclazole, 300-fold concentrations of vitamin C,
glucose, and CO527, and 1000-fold concentrations of Ca®*,
Mg**, K¥, Na*, Zn*, CI", and NO;™ have no influence on the
signal of benomyl. The results indicated that the peak current
of benomyl was not significantly affected by the presence of
common existing substances, suggesting a great anti-interfer-
ence ability of the NiFe,0,/MWCNTs/GCE.

3.10. Analysis of the Real Sample. To evaluate the
practical application of NiFe,0,/MWCNTs/GCE for real
sample analysis, apple, mushroom, and spinach were analyzed
and detected by DPV under the optimal conditions using the
standard addition method. The results are given in Table 2, and

Table 2. Determination of Benomyl in Real Samples

added found” RSD? recovery
sample (1075, mol/L)  (X107°, mol/L) (%) (%)

apple 0 0

0.482 0.479 3.5 99.3

3.445 3.500 3.8 101.6
mushroom 0 0

0.482 0.496 2.6 96.9

3.445 3.500 4.1 98.5
spinach 0 0

0.482 0.463 5.3 96.1

3.445 3211 4.5 93.2

“Mean of three measurement. "Relative standard deviation for n = S.

the recoveries were determined in the range from 93 to 103%.
As indicated by the results, the developed sensor was proven to
be a promising and reliable tool for the determination of
benomyl in food and possesses potential applications in the
analysis of the relevant real samples.

4. CONCLUSION

In this work, a sensitive and reliable electrochemical method
was proposed to determine benomyl. The electrochemical
sensor based on NiFe,0,/MWCNTs/GCE displays an electro-
catalytic performance to the oxidation of benomyl with a low
detection limit. The electrochemical sensor shows good
sensitivity, selectivity, and reproducibility. The NiFe,0,/
MWCNTSs/GCE is proven to be an accurate and reliable
method because of the determination of benomyl in real
samples with satisfactory results.
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