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A new, rapid and very sensitive electrochemical method for the determination of a new pes-
ticide clothianidin in tap and river water was developed. The electrochemical reduction and
determination of clothianidin have been carried out at a hanging mercury drop electrode
(HMDE) in various aqueous solutions in the pH range of 2-10 by cyclic voltammetry (CV)
and cathodic stripping square wave voltammetry (SW CSV). The best results were obtained
for the clothianidin determination by SW CSV method in 0.04 mol I"! Britton Robinson
buffer at pH 8.1. Various conditions of the procedure were checked. Elaborated
electroanalytical procedure enable clothianidin determination in the concentration range of
2.0 x 108-9.9 x 10”7 mol I\, The limit of detection (LOD) and limit of quantification (LOQ)
were obtained as 2.00 x 107 and 2.36 x 1078 mol I}, respectively. Precision and accuracy of
the developed method were checked by recovery studies in spiked tap and river water. The
voltammetric determination has been validated using HPLC with UV detection.

Keywords: Clothianidin; Voltammetry; Determination; Environmental sample.

The environmental pollution by pesticides is a serious problem in last
years. Many of these compounds are present in ground and surface water
and their concentration level ought to be controlled, especially in drinking
water. Increasing use of pesticides in agriculture and their stability is a main
cause of such situation. Due to their heavy use, low level of detection of
such compounds is required in analyses of many control processes, envi-
ronmental and food quality!. That is why many techniques have been de-
veloped for quantification, such as voltammetry?, chromatography3->,
immunosensing! and biosensing®.

Clothianidin ((E)-1-(2-chloro-1,3-thiazol-5-ylmethyl)-3-methyl-2-nitro-
guanidine, cloth) is a new pesticide and belongs to the group of chloro-
nicotinyl insecticides. Thiamethoxam, imidacloprid and thiacloprid are
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other examples of such compounds. They contain a nitroguanidine func-
tional group in their structures. Insecticides like clothianidin are antago-
nists against nicotinic acetylcholine receptor. Due to this specific activity
against the insect nervous system, these pesticides are systematic and con-
tact compounds effective in controlling aphids, thrips, potato beetle and
other various harmful pest species’. The important drawback of clothia-
nidin is that it can be toxic for useful insects, i.e. bees (LD;, 0.0038 ug per
bee)s.

There are numerous analytical papers dealing with determination of neo-
nicotinoid insecticides in food, agricultural and environmental samples.
Most common used are GC, HPLC and mass spectrometry. There are also
studies related to fluorescence”!?, micellar electrokinetic capillary chroma-
tography!!, as well as ELISA'?13. Some electrochemical methods were also
developed!#'?. To the best of our knowledge, no publications dealing with
the determination of clothianidin appeared so far on hanging mercury drop
electrode (HMDE)?°,

The goal of this work was to characterize this pesticide electrochemically
(cyclic voltammetry, CV; cathodic stripping square wave voltammetry,
SW CSV) and to develop a rapid, simple and sensitive method for the deter-
mination of this compound in various water samples.

EXPERIMENTAL

Instrumentation

All experiments were performed at pAutolab/GPES (General Purpose Electrochemical System,
Version 4.9, EcoChemie) computer-controlled electrochemical system. A controlled growth
mercury drop electrode (MTM Anko Instruments, Poland) was used (area 1.02 x 1072 cmz).
All potentials were referred to the Ag|AgCl (3 M KCl) reference electrode. The counter elec-
trode was a platinum wire. All measurements were carried out after solutions deoxygenating
with argon for 10 min (and for 60 s before each consecutive measurement at ambient tem-
perature of the laboratory (20 °C)). For the analytical application, the following parameters
have been employed: pulse amplitude 100 mV, frequency 200 Hz, potential step 7 mV.

The Waters 600E liquid chromatograph included Waters 600 Controller, Waters 600 Pump,
Waters 2487 Dual Absorbance Detector, Waters 717 plus Autosampler. Separation was per-
formed on the C18 column (250 mm x 4.6 mm x 5 pm, ANALYSENTECHNIK PerfectSil
Target OSD-3) kept in ambient temperature.

Materials

Clothianidin was purchased from Dr. Ehrenstorfer GmBH (Germany). A stock solution of
1.0 x 107 mol I"! was prepared daily by dissolving an accurate mass of the pesticide in an
appropriate volume of acetone and water (40% v/v) and methanol and water (30% v/v) for
voltammetric and HPLC measurements, respectively. Working solutions for voltammetric
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investigations were prepared by dilution of the stock solution with water. Methidathion,
diazinon, acibenzolar S-methyl, demeton, cyromazin, thiophanate methyl, dodine and
fenthion (stock solution of 1.0 x 10~ mol 17! each) were purchased from Sigma-Aldrich.
0.04 mol I"! Britton-Robinson (BR) buffer pH 2-10 and borax buffer pH 7-9 were used as
supporting electrolytes. All other chemicals were POCh S.A. (Poland) and analytical-reagent
grade. All solutions were prepared with distilled and deionized water.

Water samples from Sokolowka (River water I) and Bzura (River water II) rivers were
stored frozen until assay.

Calibration Procedure for Voltammetric Determination

Appropriate volumes of clothianidin working solution were transferred into the voltammet-
ric cell to obtain related clothianidin concentrations. For optimum conditions described in the
experimental section, linear calibration curves for SW CSV analysis were constructed in the
clothianidin concentration ranges of 2.0 x 10°-2.0 x 10~ and 2.0 x 107-9.9 x 10”7 mol I"!
with applied accumulation time 5 and 10 s, respectively. The repeatability, accuracy and
precision were checked.

Recovery Studies

To study the accuracy and repeatability of the applied methods, recovery experiments were
carried out using the standard addition method. In order to know whether the constituents
of biological samples show any interference with the analysis, known amounts of pure
clothianidin solutions were added to the pre-analysed specimen of water and mixtures were
analysed by the proposed SW CSV method. The recovery results were calculated using the
related calibration equations after six repeated experiments.

Analysis Procedure of Environmental Sample

The general procedure used to obtain cathodic stripping voltammograms was as follows:
10 ml of the supporting electrolyte (5 ml of the buffer mixed with 5 ml of distilled, tap or
river water) were placed in the voltammetric cell and the solution was purged with argon for
10 min with stirring. During the accumulation step, an anodic potential (-0.35 V) was ap-
plied with stirring the solution. After the accumulation period, the solution was equilibrated
for 5 s. Following the equilibrium step, a negative ongoing potential scan was applied. To
receive a well-shaped peak of clothianidin, the supporting electrolyte current was subtracted
from the recorded clothianidin one.

Working Chromatographic Procedure

Working solution of 1 x 10~ M clothianidin was prepared by diluting an appropriate volume
of stock solution in water. Standard samples of spiked water (filtered through filtering paper)
were prepared by transferring of 300 pl of clothianidin working solution to a 50-ml standard
flask and made up to the mark with a river or tap water sample. The final concentration of
clothianidin in each water sample was 6 x 10 mol I"\.

To a 10-ml standard flask, 8.333 ml of a spiked water were transferred and made up to the
mark with distilled water. The clothianidin concentration was determined by means of stan-
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dard addition method (SAM). Concentrations of clothianidin standard additions were as fol-
lows: 5 x 1078, 1 x 107 and 1.5 x 10~ mol I"™.

The samples prepared as previously described were incubated at 4 °C in the autosampler.
A volume of 25 pul was injected in a chromatographic column. As a mobile phase, methanol
and water at the ratio of 50:50 (v/v) pumped with flow rate 0.8 ml min~!, were used. During
the analysis, solvents were degassed by helium. UV detection was employed at 270 nm. Re-
tention time of clothianidin was 8 min.

RESULTS AND DISCUSSION

Electrochemical Reduction of Clothianidin

In order to understand the electrochemical process of clothianidin, reduc-
tion on the HMDE, CV and SW CSV techniques were carried out. Typical
square wave voltammogram of 3.0 x 10° M clothianidin in borax buffer
(pH 8.1) is shown in Fig. 1. Clothianidin has two main cathodic peaks, the
first one appeared at about —0.97 V (peak I) and the second one at -1.34 V
(peak II). At very negative potential, approximately at —1.7 V, the third peak
appeared (peak III).

The electrochemical behavior of clothianidin was studied over a wide pH
range (2-10) at HMDE in different buffered aqueous media using SW CSV
technique. The voltammetric signals were strongly pH dependent (Fig. 2).
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SW CSV voltammogram of 3 x 107 M clothianidin in BR buffer pH 8.1; conditions: frequency
50 Hz, amplitude 25 mV, step potential 5 mV =30 s at 0 V. Blank (7), added clothianidin
(2). Inset: clothianidin structure
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The highest peak currents were received at pH 8.1. The peak potential
of the peak I was shifted with increasing pH from 2.39 to 5.25 to more neg-
ative potential. Above pH 6, this signal appeared to be pH independent.
Peak II depends linearly on pH in the whole investigated range. For analyti-
cal purposes, the best response (with regard to the peak current sensitivity
and peak morphology, as well as buffer capacitance) was obtained for peak I
in BR buffer at pH 8.1. This signal is always higher compared to peak II. The
results of carried out experiments are similar to those received for thia-
methoxam!” and imidacloprid?!. The typical DP polarogram of thiameth-
oxam in pH 8 presents two signals, the first peak at about -1 V and the
second one at -1.32 V, the peak current of the first one is much higher than
of the second one at the same time. The electrochemical study of imid-
acloprid?! by DPP at different pH values demonstrates the occurrence of
two different reduction processes, at pH 6.8 two peaks at —-0.90 and -1.38 V
were obtained. The mentioned pesticides include nitro group in their struc-
ture, which is easy reducible at HMDE. Cyclic voltammogram of clothia-
nidin is very close to that of imidacloprid!® and proves irreversible two step
reduction.

The slope and intercept of E = f(pH) (peak potential-pH dependences) for
both signals of the neonicotinoid pesticides clothianidin, imidacloprid and
thiamethoxam are also very similar. For the clothianidin peak I, the slope
and intercept are equal to 0.112 V pH-! and 0.267 V, respectively. In the
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FiG. 2
Dependence of peak I current on pH, 3 x 107 M clothianidin; conditions as in Fig. 1. Inset: de-
pendence of peak I (7) and peak II (2) potential on pH
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case of imidacloprid'* and thiamethoxam!’, the slope of the same depend-
ence is equal to 0.110 and 0.082 V pH™!, respectively. In literature, the
intercept of peak I potential versus pH is given only in the case of imid-
acloprid and reaches 0.278 V. Comparing these results, one can confirm the
same type of electrode mechanism. Minor difference in the slope in the
case of thiamethoxam can be explained due to the used technique as both
clothianidin and imidacloprid were investigated using square wave
voltammetry and the first pesticide with differential pulse voltammetry.
The same comparison can be done in the case of peak II. The slope of the
same dependence for clothianidin, imidacloprid and thiamethoxam
reaches 0.089, 0.072 and 0.071 V pH!, respectively. The intercept is equal
to 0.604 and 0.847 V for clothianidin and imidacloprid, respectively.
Hence, based on the comparison, it could be assumed that the numbers of
electrons and the mechanism involved in the reduction of the compounds
are identical. Such a mechanism is described in literature for imidacloprid
and thiamethoxam as follows: peak I relates to 4-electron reduction of NO,
group to NHOH one, peak II corresponds to further reduction of hydroxyl-
amine group to an appropriate amino group (Scheme 1). Similar deduction
was used for the polarographic characterization of thiamethoxam'!’. Such a
mechanism is well described in literature in connection with electrode reac-
tions of nitro compounds??. We believe that peak Il can be ascribed to
electrocatalytical effect on hydrogen evolution of guanidine group?® also
present in the structure of clothianidin.

All experiments were conducted in the constant room temperature
of 20 °C. The effect of the potential scan rate between 50 and 1000 mV s-!
on the clothianidin peak I current was evaluated. Scan rate studies were
than performed to assess whether the processes on the electrode were under
diffusion or adsorption control. The relationships between current and
scan rate were linear according to the equation I, = Av¥, indicating diffu-
sion control. The x values 1.0 and 0.5 are expected for adsorption- and
diffusion-controlled reactions?*, respectively. The regression of the loga-
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SCHEME 1
Proposed mechanism of clothianidin reduction
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rithm of the peak current vs the logarithm of the scan rate gave a slope value
of 0.81 (the correlation coefficient of the straight line 0.999) indicating that
the electrode process is controlled by both diffusion and adsorption?>.

Quantitative Studies

In order to develop a voltammetric methodology for determination of the
pesticide, we have selected SW mode, since the peaks were sharply and well
defined at low concentrations of the clothianidin. The optimum instru-
mental conditions were chosen from the studies of the variation of the
peak current on step potential, amplitude and frequency as well as quies-
cent time, concentration of the BR buffer, accumulation time and poten-
tial. There was no significance in equilibrium time and concentration level
of the buffer within the range of 0.04-0.004 mol I"!. For the analytical
purposes, the best signal was obtained with step potential 7 mV, amplitude
100 mV and frequency 200 Hz. Some interesting results were obtained for
investigation of the influence of accumulation time (Fig. 3) and accumula-
tion potential (Fig. 4) on recorded signals.

For high concentration of clothianidin (3 x 10= mol 1!) there is a signifi-
cant decrease in signal current with increase of accumulation time. This can
be attributed to saturation of mercury drop with the pesticide and/or inter-

0.5
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FiG. 3
Dependence of peak I signal on accumulation time for three chosen clothianidin concentra-
tions: 3 x 10~ (1), 3 x 107 (2) and 3 x 107> mol I™! ((3) inset) in BR buffer pH 8.1; conditions:
E,..=-0.3V, other parameters as in Fig. 1
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molecular interaction hindering electrode reaction. We have confirmed the
result repeating the same experiment for a one fold and two fold lower con-
centration of pesticide. Additional plots (Fig. 4) suggest that clothianidin is
likely to adsorb on the surface of the electrode and is very sensitive to accu-
mulation time. This can be an advantage for analytical purposes what will
be described further. Accumulation potential is also of large significance
and optimal value -0.35 V was chosen. Such potential additionally certifies
that clothianidin does not create covalent bond with oxidized form of elec-
trode material.

Quantitative evaluation is based on the linear correlation between the
mean peak current and concentration of the pesticide. Because of high sen-
sitivity to accumulation time, two ranges were selected: from 2.0 x 1078 to
2.0 x 1077 (Range 1) and from 2.0 x 107 to 9.9 x 107 (Range 2) with differ-
ent accumulation times 10 and 5 s, respectively. The equations of the cali-
bration plots are [,(A) = 3.06C + 3.12 x 102 with linear correlation
coefficient r = 0.9998, and I(A) = 2.21C + 8.10 x 108 with r = 0.9990, re-
spectively (C in mol 17! stands for concentration). All statistic data were ob-
tained from six measurements. Standard deviations for intercept and slope
of the calibration curves are 2.04 x 10 A and 1.69 x 102 A 1 mol-!, respec-
tively for Range 1, and 1.74 x 10% A and 2.68 x 102 A 1 mol!, respectively
for Range 2.
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FiG. 4
Dependence of peak I current on accumulation potential for three chosen accumulation times:
0 (7), 10 (2) and 15 s (3) in BR buffer pH 8.1, 3 x 107 M clothianidin; parameters of excitation
as in Fig. 1
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Validation of the procedure for the quantitative determination of the
clothianidin was examined via evaluation of the limit of detection (LOD),
limit of quantification (LOQ), repeatability, recovery, accuracy and preci-
sion. Detection and quantification limits of the procedure were calculated
from the calibration curves as kSD/b, where k = 3 for LOD and 10 for LOQ,
SD is standard deviation of the intercept and b is the slope of calibration
line2¢. LOD and LOQ were obtained as 2.00 x 102 and 2.36 x 10-8 mol I},
respectively for Range 1, and 6.65 x 10 and 7.86 x 108 mol 1!, respec-
tively for Range 2. The repeatability of the measurement was calculated
from six independent runs of different clothianidin concentrations. The
relative standard deviations varied from 1.7 to 6.3% for lower concentra-
tion range and from 2.2 to 3.8% for higher one.

The effect of common pesticides presence was tested for possible interfer-
ences in the assay of clothianidin. It was observed that the demeton,
cyromazin, thiophanate methyl and dodine did not interfere up to 50-fold
in the determination. The presence of 20-fold methidathion changed
the clothianidin signal for about 20%. The presence of 10-fold fenthion
decreased peak current for about 50%. Acibenzolar S-methyl disturbed at
concentrations equal and higher than clothianidin concentration. The
presence of diazinon always hindered clothianidin peak.

Analysis of Clothianidin in Spiked Environmental Samples

The developed procedure was applied for the analyses of tap and two differ-
ent samples of river (Bzura and Sokolowka) water. There was no need of any
precipitation, evaporation or extraction step prior to pesticide assay. The
measurements of clothianidin in spiked water were performed as described
in Experimental. The applicability of proposed SW CSV technique for deter-
mination of the pesticide was tested successfully by standard addition
method (Fig. 5). The concentrations of the standard addition in the cell
were at the levels 2 x 108 and 4 x 10" mol I"!. The clothianidin content of
spiked samples was recovered in the range of 98.57-101.49% with less than
3.5% RSD (Table I). The obtained recovery results were calculated from the
linear regression equations I,(A) = 3.06C + 3.12 x 107, The good results of
recovery confirm not only the accuracy of the applied technique but lack of
interferences from matrix as well. The HPLC method?” was chosen as the
analytical reference method and the received results compare well with SW
CSV analysis data (Table I). The same diluted river samples were studied in
both methods.
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TABLE I
Results of the clothianidin quantitative determination in spiked water and mean recovery
values by SW CSV and HPLC techniques, t(k,0) = 2.57, p = 0.95, n = 6, k = n — 1; concentra-
tion of clothianidin added 5 x 107 mol I}

Parameter Tap water River water I River water II
SW CSV
C + SDt(k,0), mol I'l (5.07 +0.18) x 10 (5.05+0.16) x 10°®  (4.93 +0.10) x 1078
RSD 0.035 0.032 0.021
Mean recovery, % 101.49 100.92 98.57
HPLC
C +SDt(k,o), mol I""  (4.99 + 0.06) x 10 (5.06 + 0.09) x 10°®  (5.00 + 0.09) x 1078
RSD 0.012 0.016 0.018
Mean recovery, % 99.85 101.16 100.03
-0.7 r
<
=
-0.5
-0.3
1 1 ]

FiG. 5
SW voltammograms of spiked tap water along with standard addition method in BR buffer pH 8.1;
conditions: t,.. = 10 s at -0.35 V, frequency 200 Hz, amplitude 100 mV, step potential 7 mV.
Blank (7), spiked tap water (2), and concentrations of clothianidin standard additions 2 x 1078

(3) and 4 x 108 mol I'! (4)
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CONCLUSIONS

In summary, the electrochemical reduction of clothianidin on hanging
mercury drop electrode was established and studied for the first time.
We have stated that the reduction mechanism is connected with irrevers-
ible two-step reduction of nitro group. A new square wave cathodic strip-
ping voltammetric method of clothianidin determination in the range of
2.0 x 108-9.9 x 107 mol I"! based on recorded signal of nitro group reduc-
tion was developed. The method was also applied for the determination of
clothianidin in spiked real water samples. The analysis was performed with
good recoveries without any interference from the sample. Voltammetric
results were validated by HPLC method and were satisfying. The quantita-
tive assay of real samples by proposed techniques involved only dilution of
environmental samples and was not time-consuming because no prelimi-
nary steps were required.

Electrochemical methods, such as differential pulse voltammetry or square
wave voltammetry, belong to the most sensitive voltammetric methods.
The sensitivity increases when the accumulation step is employed, so LOD
and LOQ of the presented method of clothianidin determination are one of
the lowest values described in literature. The proposed voltammetric method
is a good alternative to the HPLC, GC, LC-MS and other pesticide analysis
techniques.

This work was supported by Grant No. 505/708 from the University of Lodz, Poland.
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