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Abstract

Background: Establishing an analytical method for detecting environmental pollutant pirimid using electrical analysis technology.
Objective: Establishing a fast and effective environmental pollutant detection sensor.

Methods: Prior to the modification, the bare GCE was pretreated with 0.1 pm alumina slurry and rinsed with water to provide a
smooth and clean electrode surface. Afterwards, The fresh GCE surface was coated with 10 pL. SWCNT suspension (0.5mg/mL) and
dried under IR-lamp. Then the poly(L-arginine)/SWCNT modified GCE (poly(L-arginine)/SWCNT/GCE) was obtained by cyclic
sweeping between —1500 mV and 2500 mV at the rate of 100 mV/s for 8 cycles in a PBS (pH 8.0) containing 2.5 x 10> mol/L L-arginine.
This was the optimal depositional condition for fabricating the poly(L-arginine)/SWCNT/GCE from test. To evaluate the practical
applicability of present method, farmland soil and river water were selected as sample.

Results: In this study, we fabricated an electrochemical sensor to detect pymetrozine via combining SWCNT and electro-
polymerizing poly(L-arginine) film modified GCE, as well as its electrochemical behavior. The as-prepared sensor features excellent
electrocatalytic activities. It was also observed that the electrochemical property of the sensor was substantially improved because
SWCNT afforded an enlarged active surface and accelerated electron transport. This sensor affords LSV in the linear range of
0.05~1.0 uM pymetrozine with a 17 nM low detection limit (S/N =3).

Conclusions: A new and sensitive electrochemical sensor for pymetrozine determination was developed based on a single-walled
carbon nanotubes (SWCNT) and poly(L-arginine) film. Results suggests that the poly(L-arginine)/SWCNT modified electrode
exhibited a very low limit of detection.

Highlights: The sensor enabled the measurement of pymetrozine in real samples obtained from farmland soil and river water. This
work promoted the potential applications of amino acid materials and SWCNT in environmental pollution science.
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The economic growth of a nation depends on its health and a
disease-free environment. The chirality of agrochemicals and \N
other industrial products is a big threat to human beings in terms
of health problems and economic losses. It is well known that pes-

ticides are a very important class of compounds used to kill pests \ N N/ N NH
(insects, rodents, and fungi) and unwanted plants (weeds; 1-5).
They are also used to destroy vectors of many diseases such as — 0

N

mosquitoes, cockroaches, and termites. Different pesticides are
frequently used in agriculture, horticulture, and municipal activi-
ties. Among the different pesticides, pymetrozine is used to man-
age different insects in farming, forestry, and horticulture (6-10).
The structure of pymetrozine, [4,5-dihydro-6-methyl-4-
(3-pyridylmethyleneamino)-1,2,4-triazin-3(2H)-one], is shown in

B NH o
Figure 1(A)]. It is a new generation of second-generation nicotine-
based high efficiency and low toxicity insecticides. It has gastric )J\
toxicity, contact toxicity, and systemic insecticide (11-14). So far,
pymetrozine as a pesticide can be found widely in both soil and HaN N OH
water. Its monitoring is very important due to its toxicity as an H
NH,

environmental pollutant (15-18). Hence, it is necessary to deter-
mine pymetrozine in the soil environment simply and quickly.
Some analytical methods for pymetrozine have been proposed, Figure 1. The chemical structure of pymetrozine (A) and L-arginine (B).
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such as HPLC (19), GC (20), electronic spectroscopy (21), solid-
phase extraction (SPE; 22), liquid-liquid extraction (23), and
electroanalytical methods (12-15). Compared with other conven-
tional methods, these electrochemical methods possess some
unique and distinct advantages such as quicker responses, cost-
effectiveness, cheap instrumentation, higher sensitivity, and
easy preparation (24-40). A trend in analytical chemistry is
developing the previously reported methods or introducing a new
technique for improvement in the selectivity and sensitivity of
chemical analysis methods. To the best of our knowledge, up to
now there is no report on the application of poly(L-arginine)/sin-
gle-walled carbon nanotubes (SWCNT)/GCE (glassy carbon elec-
trode) to the detection of pymetrozine. The main aim of this
study is electroanalytical detection of pymetrozine using a modi-
fied GCE. At the same time, it provides an idea for the sensitive
detection of other environmental pollutants.

Amino acids are one of the numerous bioactive macromole-
cules used to construct biological organisms, and are the funda-
mental materials for building cells and repairing tissues. Due to
its versatility and ease of preparation, i-arginine (structure
shown in Figure 1(B)) is widely used to prepare voltammetric sen-
sors (41, 42). -arginine contains a carboxyl group and has electro-
static attraction for pymetrozine. In addition, carbon nanotubes
(CNTs) possess good chemical stabilities, a high aspect ratio,
large surface area, excellent electrical conductivity, and an ability
to promote electron-transfer reactions. For these reasons, CNTs
have been widely used in electrochemical sensors and environ-
mental analytical chemistry (43-47). Nowadays, composite mate-
rials combining CNTs and poly amino acids have attracted
increased attention due to the synergistic contribution of two or
more functional components and many potential applications
(48-58).

In this approach, a new voltammetric sensor made of compos-
ite materials, combining SWCNTs and an r-arginine modified
glassy carbon electrode (poly(L-arginine)/SWCNT/GCE), was fabri-
cated. In the present study, the fabrication, stability,
and electrochemical properties of GCE modifed SWCNT and
poly(i-arginine) were investigated. To evaluate the utility of
the modifed electrode for analytical application, it was used for
voltammetric detection of pymetrozine in real samples. This
work promotes the potential applications of amino acid materials
and SWCNTs in environmental pollution science.

Experimental
Apparatus and Reagents

An RST5000 electrochemical system (Zhengzhou Shiruisi
Instrument Co. Ltd, Zhengzhou, China) was employed in experi-
ments. A three-electrode system was used, consisting of a bare
GCE (4mm diameter) working electrode, a saturated calomel
electrode (SCE), and a platinum (Pt) wire counter electrode. The
pH Meter (Tianjin Sedleys Experimental Analytical Instrument
Factory, Tianjin, China) was employed in experiments to adjust
the pH value.

r-arginine and pymetrozine were obtained from Beijing
Tanmo Quality Inspection Technology Co., Ltd (Beijing, China). A
stock solution of pymetrozine (1 x 107?mol/L) was prepared us-
ing high-purity water and stored at 4°C. SWCNTs were purchased
from Nanjing Xianfeng Nanomaterials Technology Co., Ltd
(Zhengzhou, China). Working solutions were prepared daily by di-
luting the stock solution with 0.1 mol/L H,SO4. All other reagents
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were of analytical grade and were used without any further puri-
fication. High-purity water was used for all preparations.

Fabrication of Poly(L-Arginine)/SWCNTs/GCE

Prior to modification, the bare GCE was pretreated with 0.3 pm
alumina slurry and rinsed with water to provide a smooth and
clean electrode surface. Afterwards, the electrode was sonicated
in absolute ethanol for 5s and allowed to dry naturally.
The fresh GCE surface was coated with 10 uL SWCNT suspension
(0.5mg/mL) and dried under an IR lamp. Then the
poly(r-arginine)/SWCNT modified GCE (poly(r-arginine)/SWCNT/
GCE) was obtained by cyclic sweeping between —1500 and
2500mV at the rate of 100mV/s for eight cycles in a PBS (phos-
phate buffer solution) (pH 8.0) containing 2.5 x 10~>mol/L r-argi-
nine. This was the optimal depositional condition for fabricating
the poly(i-arginine)/SWCNT/GCE from tests. For comparison, a
poly(L-arginine)-modified GCE (denoted as poly(t-arginine)/GCE)
was prepared using the same electro-polymerizing method and a
SWCNT-modified GCE (called SWCNT/GCE) was established by
depositing the above SWCNT suspension (10 uL) on the fresh GCE
surface (42, 59, 60). Figure 2 shows the preparation of the modi-
fied electrode.

Analytical Measurement Process

To obtain stable voltammograms, the prepared poly(L-arginine)/
SWCNT/GCE was scanned between potentials of —500 and
—1000mV at a rate of 100mV/s in H,SO, solution. When the cy-
clic voltammogram was steady, a certain volume of pymetrozine
standard solution was added into the electrochemical cell. Then,
the electrode was placed into the test solution and cyclic voltam-
metry (CV) or linear sweep voltammetry (LSV) was performed.

Sample Solution Preparation

To evaluate the practical applicability of the method, farmland
soil and river water were selected as samples. First, 0.5g
farmland soil was weighed and put into a 50mL volumetric
flask. Then, a certain amount of pymetrozine standard solution
was added to the aforementioned volumetric flask and fix the
volume with water. Last, the sample was pretreated by ultrasoni-
cation for 30min. After 10min centrifugation at
10000revolutions per minute (rpm), the clear liquid phase was
collected for further analysis.

Results and Discussion
Electrochemical Sensor Response of Pymetrozine

To characterize the modified electrode, electrochemical imped-
ance spectroscopy (EIS) was carried out in an electrolyte contain-
ing 5x 10> mol/L [Fe(CN)g*”* and 0.1mol/L KCl. The Nyquist
plot of EIS has two parts, the linear segment at lower frequency
and the semicircle part at higher frequency, which mark the
diffusion-controlled process and the electron-transfer-limited
process, respectively. The charge transfer resistance (Rct) can be
obtained from the semicircle diameter. Figure 3 is the enlarge-
ment of the Nyquist plots (2’ versus -Z") at bare GCE and the
modified electrodes in the high-frequency region. The Rcts of the
four electrodes were 55.32 Q at the bare GCE (a), 27.45 Q at
the SWCNT/GCE (b), 25.1 Q at the poly(t-arginine)/GCE (c), and
18.11 Q at the poly(t-arginine)/SWCNTs/GCE (d). These data dem-
onstrated that impedance decreased when SWCNTs were added
on the GCE or r-arginine polymerized on the GCE. This was the
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Figure 2. Schematic illustration for the stepwise preparation of poly(L-arginine)/SWCNT/GCE.
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Figure 3. The Nyquist plots of EIS in the high-frequency region at: (a)
GCE, (b) SWCNT/GCE, (c) poly(.-arginine)/GCE, (d) poly(r-arginine)/
SWCNT/GCE. Supporting electrolyte: 5 x 10~ mol/L Ks[Fe(CN)]/
K4[Fe(CN)g] (1:1) with 0.1 mol/L KCl solution; Working potential: 0.285V;
Frequency: 1 M Hz to 0.01 Hz.
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Figure 4. Cyclic voltammograms of pymetrozine (5.0 x 10-°>mol/L) at the
bare GCE (curve a), SWCNT/GCE (curve b), poly(r-arginine)/GCE (curve c),
and poly(i-arginine)/SWCNT/GCE (curve d). Supporting electrolyte:
0.1mol/L H,SO4 (pH 1.0); scan rate: 0.1V/s.

result of the conductibility of SWCNTs and the high electrochem-
ical activity of r-arginine. At the poly(L-arginine)/SWCNT/GCE,
the resistance was reduced sharply compared to the bare GCE, an
attribute of SWCNT and poly(t-arginine) functioning together.

Figure 4 shows the cyclic voltammograms in the presence of
50.0 uM pymetrozine with the bare GCE (curve a), SWCNT/GCE
(curve b), poly(r-arginine)/GCE (curve c), and poly(t-arginine)/
SWCNT/GCE (curve d). There is a flat peak pattern on the curves,
illustrating that a mild redox reaction even occurred at the bare
GCE. When the poly(r-arginine)/GCE and the SWCNT/GCE served
as working electrodes, the peak value increased slightly. The
most sensitive voltammetric response of pymetrozine at the
poly(t-arginine)/SWCNT/GCE may be from a synergistic effect of
the larger specific surface area and better accumulation capabil-
ity of poly(L-arginine)/SWCNT. Then, a sensitive electroanalytical
method was proposed based on the poly(L-arginine)/SWCNT/GCE
as the voltammetric sensor for pymetrozine.

Effect of Solution pH

To get the best response of pymetrozine (1.0 x 10~°mol/L) at the
poly(L-arginine)/SWCNT/GCE, the influence of different support-
ing electrolytes were investigated by CV, including 0.1mol/L
phosphate buffer solution, acetate buffer solution, Britton-
Robinson, and H,SO4 solution. After consideration of the peak
shape and sensitivity, 0.1 mol/L H,SO, was chosen as supporting
electrolyte in the following experiments.

To optimize the determination conditions and study the reac-
tion characteristics of pymetrozine at the poly(t-arginine)/
SWCNT/GCE, the influence of the solution pH on the reduction
reaction of poly(t-arginine)/SWCNT was studied in the pH range
0.7-1.71. As shown in Figure 5A, the cathodic peak current
changed gradually and the potential was negatively shifted by in-
creasing the solution pH value. This indicated that there were
protons taking part in the electrode reaction of pymetrozine. The
peak potential (E;) and pH value had a good linear relationship
with a correlation equation of: E, (V) = —0.068pH — 0.7922,
R=0.998 (Figure 5B). According to the Nernst equation, this slope
of 0.068 V/pH was almost same as the theoretical value (0.059V/
pH), which suggests that an equal number of electrons and pro-
tons take part in the pymetrozine reduction process at the elec-
trode surface. According to the above results and previous
reports (12-15), it appears that two electrons and two protons are
involved in the reduction reaction of pymetrozine. Therefore, the
feasible mechanism for the electrochemical behavior of pymetro-
zine at the poly(i-arginine)/SWCNT/GCE may be described as
shown in Figure 6. Moreover, the cathodic peak currents of pyme-
trozine also changed within the investigated pH range. The
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Figure 5. (A) Cyclic voltammograms of pymetrozine (5.0 x 10 >mol/L) at
the sensor in H,50, with different pH (a to e: 0.7, 1.0, 1.23, 1.4, 1.71). Scan
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Figure 6. Possible reduction reaction mechanism of pymetrozine.

maximum peak current appeared at pH 1.0 from the H,SO, solu-
tion, which was selected as the optimal pH to detect pymetrozine
with the highest sensitivity.

Analytical Applications and Method Validation

(@) Influence of accumulation time.—In consideration of the detec-
tion sensitivity of pymetrozine on the sensor surface, a
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Figure 7. The relation between the peak currents of pymetrozine

(1.0 x 10~°mol/L) and the accumulation time (10, 30, 60, 90, 120, 150, 200,
and 2505s.). Supporting electrolyte: 0.1 mol/L H,SO,, pH = 1.0, scan rate:
0.1V/s.

step of accumulation has a significant effect on the
detection sensitivity. The relationship was recorded be-
tween accumulation time and peak currents in a pymetro-
zine solution (1.0 x 10-*mol/L) via LSV. Figure 7 shows that
with the increase in accumulation time (10~250s), the
responding peak currents gradually up to 150s and subse-
quently slowly increased. Considering the detection sensi-
tivity and linear range, an accumulation time of 150s was
chosen to set up the calibration curve in subsequent
experiments.

Calibration curve, LOD, reproducibility, and stability.—With re-
gard to the pymetrozine resultant peak currents at the
poly(t-arginine)/SWCNT/GCE, pymetrozine was quantita-
tively analysed in electrolyte. We also utilized the modified
electrode as the working electrode within a range of pyme-
trozine concentration. Figure 8A shows the superimposed
voltammograms of different pymetrozine concentrations
using LSV. For the experimental results, peak current was
recorded and used as the detected signal. A good linear re-
lationship was obtained between the peak current (ip) and
pymetrozine concentrations (as shown in Figure 8B). The
linear regression equation was i, (pA) = 19.36 C (uM) +
0.4361 (R* = 0.9983). From the slope of 19.36 pA/uM, the
LOD was estimated to be 17nM (S/N =3) using the follow-
ing method (61, 62): LOD = SDpackground/S, Where S = slope
or sensitivity and SD = standard deviation. A comparison
of the poly(i-arginine)/SWCNT/GCE with other sensors for
pymetrozine determination is given in Table 1.

The repeatability and stability of the sensor were evaluated
by LSV in pymetrozine solution (1.0 x 10-°mol/L). For one
electrode, five parallel measurements were carried out un-
der identical conditions, and an RSD of 1.9% was estimated.
Meanwhile, the obtained RSD was 2.8% from five parallel
fabricated poly(r-arginine)/SWCNT/GCEs, revealing a good
reproducibility. In order to test the poly(t-arginine)/
SWCNT/GCE stability, we maintained our sensor at 4°C for

G
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Figure 8. (A) Superimposed LSV curves of different pymetrozine
concentrations obtained in 0.1 mol/L H,SO4 (pH 1.0). Pymetrozine
concentration (a to g): 0, 5.0 x 1078, 1.0 x 10~/,3.0x 107/, 5.0 x 1077,
7.0x 1077, and 1.0 x 10~°mol/L. (B) Calibration plot of peak current
versus pymetrozine concentrations.

14 days and recorded the LSV of a solution consisting of
1.0uM of pymetrozine in order to compare to the LSV
achieved prior to the immersion. Results showed no
change in the pymetrozine peak. Moreover, the current de-
clined by approximately 96.7% in the signal compared with
the initial responses, implying a reasonable stability for
the poly(i-arginine)/SWCNT/GCE. The renewal of the
poly(t-arginine)/SWCNT/GCE was easily achieved in H,SO,
solution by successive sweeping of two cycles between
—500mV and —-1000mV to give a regenerated electrode
surface. This step was repeated several times and the re-
sult of eight measurements is shown in Table 2 with an
RSD of current response was 2.6%.

Selectivity studies.—The influence of various potentially in-
terfering substances for determination of 1.0 x 10-°*mol/L
pymetrozine was studied by LSV. The tolerance limit for
foreign species was taken as the largest amount yielding a
relative error <5% for the determination of pymetrozine.
As shown in Figure 9, the results indicated that 100-fold of
Al**, 503", Zn?*, NO3, Cr®*, Cr*t, and Cd?*, 20-fold of citric
acid, ascorbic acid, quinclorac, thiamethoxam, and imida-
cloprid, and 10-fold uric acid had almost no influence on
the determination. This proves clearly the reasonable se-
lectivity of the proposed method.

Determination of pymetrozine in real samples and recovery.—In
order to prove the feasibility of the analysis method,
farmland soil and river water were chosen as real samples.
The treatment processes for the real samples is described
in Experimental and the detection results are listed in
Table 3. The content of pymetrozine in farmland soil was
0.0026 mg/g and its RSD was 1.4% for three repeated meas-
urements. Additionally, the recoveries for pymetrozine in
farmland soil sample were calculated to be in the range of
96-103%. No pymetrozine was detected in river water sam-
ples, so some standard pymetrozine was added to test
recovery. These data demonstrated that the proposed
method has good accuracy for the determination of pyme-
trozine.

—
(g}
NES

=

Conclusions

Pymetrozine plays an important role in agriculture safety super-
vision. Accurate and rapid detection of pymetrozine in real sam-
ples counts for much as this is the significant prerequisite for its

Table 1. Comparison of different voltammetric sensors for the determination of pymetrozine

Modified electrode Linear range, mol/L LOD, mol/L Voltammetric technique Ref.

Dropping mercury electrode 497 %107 ~7.35x10° 1.48 x 107 DPV? (12)

EPGCE® 1.0x107 ~5.0x10°° 8.0x 107 LSve© (13)

Mercury meniscus modified silver 20x107 ~1.0x 10" 5.4x10°® DPV (14)
solid amalgam electrode

PABA-ZnNP-fMWGCNT-IL-CPE? 1.0x10%~50x10° 83x107 AdSWV® (15)

Poly(i-arginine)/SWCNT/GCE 50x10%~1.0x10° 1.7 %1078 LSV This work

@ DPV = Differential pulse voltammetry.

® EPGCE = Electrochemically pretreated glassy carbon electrode.
¢ LSV = Linear sweep voltammetry.

4 PABA-ZnNP-fMWCNT-IL = Polyaminobenzoic acid functionalized zinc nanoparticles supported on composite of functionalized multiwalled carbon nanotubes

and ionic liquid.
¢ AdSWV = Adsorptive square wave voltammograms.
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Table 2. Repeatability experiment of modifed electrode.

Number Peak current, pA RSD, %

16.2
16.2
15.7
15.2
155
15.4
151
15.6

2.6
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Figure 9. Column chart of the peak current of 1 x 10 ®mol/L
pymetrozine and co-exist with other metal ions or organic compounds.

Table 3. Analysis results and recovery of real samples

Results in

detection Sample

solution, Added, Found, RSD, Recovery, content,
Sample uM uM uM %2 % mg/g
Farmland soil 0.6 0.2 081 21 103 0.0026

0.4 1.0 15 96
0.6 1.2 2.2 101
River water NDP 0.1 0.11 1.6 110 ND
0.3 029 23 97
0.5 0.52 14 104

@ Average value of three replicate measurements.
P ND = Not detected.

effective monitoring. In this study, we fabricated an electrochem-
ical sensor to detect pymetrozine via combining SWCNTs and an
electro-polymerizing poly(i-arginine) film-modified GCE, as well
as its electrochemical behavior. The as-prepared sensor has ex-
cellent electrocatalytic activities. It was also observed that the
electrochemical property of the sensor was substantially
improved because SWCNTs afforded an enlarged active surface
and accelerated electron transport. This sensor affords LSV in the
linear range of 0.05~1.0 M pymetrozine with a 17nM low LOD
(S/N=3). Many important features, including decent anti-
interference, reproducibility, stability, and reliability, were also
observed. Importantly, the sensor enabled the measurement of
pymetrozine in real samples obtained from farmland soil and
river water, thus demonstrating its practical potential as a pyme-
trozine analytical detector.
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