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Abstract A new DP AdSV method was developed for the
determination of the pesticide clothianidin (Clo) based on its
nitro group reduction at the in situ renovated bismuth bulk
annular band working electrode (BiABE). Crucial point of
the proposed procedure is simple and fast regeneration of the
BiABE’s surface in the presence of testing solution, by appli-
cation of the activation potential (Eact = −1.5 V) and next short
accumulation potential (Eacc = −0.6 V). The voltammetric
behaviour of clothianidin has been investigated by cyclic volt-
ammetry (CV). The experimental variables such as; potential
and time of activation or accumulation, pH, concentration of
the supporting electrolyte, DP mode parameters and influence
of possible interferences on the Clo signal response, were
tested. In the optimized conditions, the peak current was pro-
portional to the concentration of Clo over the range from 0.2
to 23.4 μmol L−1 (0.050 to 5.84 mg L−1) with R = 0.9996. The
calculated value of LOD was 0.047 μmol L−1 (0.012 mg L−1)
(at S/N = 3), and sensitivity was 0.094 μA/μmol L−1, for 5 s of
the accumulation time. The relative standard deviation for
2 μmol L−1 of Clo was 4.2% (n = 5). The presented results
were obtained without any pre-concentration time. Finally, the
proposed method was successfully applied for determination
of Clo in the spiked tap and river waters samples with the
recovery test.
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Introduction

Clothianidin (Clo) is a pesticide developed by Takeda
Chemical Industries and Bayer AG. This neonicotinoid insec-
ticide controls insects by acting as an agonist at the nicotinic
acetylcholine receptor, affecting the synapses in the insect
central nervous system [1]. Nowadays, neonicotinoids are
one of the most important categories of insecticides being
generally regarded as the most powerful for control of insect
pests like aphids, leaf- and plant-hoppers, whiteflies, thrips,
some micro-Lepidoptera or some other coleopteran pests
[2–4]. According to the Environmental Protection Agency
(EPA), clothianidin’s major risk concern is to non-target in-
sects. Information from standard tests and field studies, sug-
gest the potential for long-term toxic risk to honey bees and
other beneficial insects [5]. High acute risk was also identified
from exposure via residues in nectar and pollen. In April 2013,
the European Union voted for a two-year restriction on
neonicotinoid insecticides. The ban restricted the use of
clothianidin for crops that are inviting to bees such as maize,
cotton, sunflower and rapeseed. It is moderately toxic in the
short-term to mammals that eat it, and long-term ingestion
may result in reproductive and developmental effects may
cause slight eye irritation, but it does not damage genetic ma-
terial. It is evidence that it causes cancer in rats or mice; it is
unlikely to be a human carcinogen [6].

The method for the determination of clothianidin recom-
mended by the EPA is based on the high performance liquid
chromatography (HPLC) [7–11]. However, all of these tech-
niques have some advantages and drawbacks, generally intrin-
sically related to the sample preparation, which can enhance
the selectivity and sensitivity. Thus, additional procedures be-
fore measurement based on co-precipitation, solvent extrac-
tion and solid-phase extraction are most commonly used.
Owing to this, the electroanalytical methods are increasingly
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used in the clothianidin analysis using the modified and un-
modified electrodes.

The hanging mercury drop electrode had been reported as
the most sensitive electrode for CLO detection [12, 13].
However, the use of mercury should be avoided because of
its toxicity. The problem of the limitation of mercury from the
analytical procedure is partially solved by the use of cyclic
renewable mercury film silver-based electrode (Hg(Ag)FE)
[14, 15]. Great efforts have been taken to develop mercury-
free solid electrodes based on the bismuth or carbon materials.
One of the promising alternative to mercury electrodes in
clothianidin analysis is the bismuth film electrode [16] and
the tricresyl-phosphate-based carbon paste electrode [17].
The bismuth film electrode was also used in determination
of other neonicotinoid insecticides such as imidacloprid,
acetamiprid and thiamethoxam [18, 19].

To the best of our knowledge, only a few reports have
concerned application of the bismuth bulk electrodes
(BiBEs) in voltammetry. This type of electrodes offers several
advantages relative to the bismuth film electrodes. For exam-
ple, minimization of the amount of generated waste (solution
containing bismuth salt is not needed), ease of use and fabri-
cation, cost-efficiency and stability. Until now, the application
of BiBEs in trace analysis was mainly focused on the deter-
mination of metals (Cd, Pb, Zn, Ni, Co, Pd and Tl) [20–23].
Only several organic compounds have been yet analysed
using the BiBE [24–26].

In this paper, the in situ renovated bismuth bulk annular
band working electrode (BiABE) for DP AdSV clothianidin
determination is presented. The developed method is based on
DPV reduction of nitro group at −0.92 V. The main advantage
of this electrode is easy regeneration of its surface by electro-
chemical activation in the presence of the tested solution
(Eact = −1.5 V, tact = 5 s) and next short accumulation of Clo
(Eacc = −0.6 V, tacc = 5 s). Moreover, the measurements at the
BiABE can be carried out without removing oxygen from the
solution. The optimal conditions for the determination of
clothianidin in a Britton-Robinson buffer (pH 9.0) at the
BiABE were established. The LOD obtained at the BiABE
is lower with those achieved for Hg(Ag)FE [15] and BiFE
[16]. The recovery of the method was evaluated using natural
water samples from the laboratory tap and Rudawa river
spiked with clothianidin. Potential interferences from
coexisting ions and surface-active substances were deter-
mined using commercially available Triton X-100.

Experimental

Apparatus

All voltammetric measurements were performed using the
M20 multipurpose electrochemical analyser equipped with

the M164 electrode stand (both mtm-anko, Kraków and
Poland). Data acquisition and experimental control were proc-
essed with the EALab 2.1 software. A quartz cell of 10 mL
volume was used with a conventional three-electrode system.
The in situ renovated bismuth bulk annular band electrode
(BiABE) served as the working electrode (Fig. 1a) and pre-
pared according to the detailed description presented in our
previous work [21]. A platinum wire and Ag/AgCl/3 mol L−1

KCl double junction electrode were used as auxiliary and
reference electrodes, respectively. A magnetic stirrer (ca.
300 rpm) was used during the activation and accumulation
steps. The measurement of pH values during the experiment
was performed by means of CPI-505 laboratory pH/ion meter
made by ELMETRON, Poland.

Reagents and solutions

All chemicals were of analytical reagent grade. The fresh
standard stock solution of 1 mmol L−1 clothianidin (Dr.
Ehrenstorfer, Germany) (Fig. 1b) was obtained by dissolution
of an appropriate amount of this reagent in 25.0 mL of water-
acetone mixture (4:1, v/v) and then was stored in the fridge.
Acetone for analysis was purchased from Merck. The
0.04 mol L−1 Britton-Robinson buffer solution (B-R) was pre-
pared by mixing 0.04 mol L−1 phosphoric acid (99.99%,
Sigma-Aldrich), 0.04 mol L−1 acetic acid (99.5%, POCh)
and 0.04 mol L−1 boric acid (99.97%, Sigma-Aldrich). The
required pH value in the range from 5.0 to 11.0 was adjusted
by 0.20 mol L−1 sodium hydroxide (99.99%, Sigma-Aldrich).
Triton X-100 purchased from Fluka was used. All aqueous
solutions were prepared by using quadruple distilled water
(two last stages from quartz).

Sample preparation

The presentedmethodwas checked by determination of Clo in
the spiked tap and Rudawa river water samples. Water collect-
ed from the tap at the laboratory originated from the Dobczyce
water reservoir. Rudawa river water samples were collected
into clean polypropylene bottles from outskirts of Kraków and
pre-treatment procedure consisted of successive filtration
through a filter paper, Whatman® No. 1 (Sigma-Aldrich)
and a 0.45-μm cellulose acetate membrane filter in the
Sartorius device. Recovery tests were carried out for the tap
and river water samples spiked with standard solutions in
amount corresponding to the following concentrations of
Clo: 5, 10 and 20 μmol L−1. Clothianidin was added into the
water sample about 1 h before filtering.

Measurement procedure

The electroanalytical behaviour of Clo at the BiABE was
studied using cyclic voltammetry (CV). The optimization of
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electrochemical parameters and quantitative determination of
Clo were performed using the differential pulse adsorptive
stripping voltammetry (DP AdSV) and the standard addition
method. Before each series of measurements, the BiABE was
polished using 0.05-μm alumina slurries on a Buehler
polishing pad and was rinsed with distilled water. Then,
1 mL of 0.04 mol L−1 B-R buffer (pH 9.0), 0.5 mL analysed
sample and 3.5 mL distilled water were pipetted into the elec-
trochemical cell to the volume of 5 mL.

Next, determination of Clo procedure was performed in the
following steps: (1) short electrochemical activation of the
BiABE surface by applying of the activation potential
Eact = −1.5 V with activation time tact = 5 s, (2) short pre-
concentration of Clo on the BiABE at accumulation potential
Eacc = −0.6 V with accumulation time tacc = 5 s and (3) the rest
period of 5 s, the DP voltammograms were recorded in the
cathodic direction from −0.6 to −1.2 V. All steps were per-
formed in the same voltammetric cell containing the tested
solution. For each measurement, three repetitive scans were
recorded. The experiments were carried out for non-deaerated
solutions at room temperature.

Results and discussion

Electrochemical behaviour of Clo at the BiABE

The electrochemical behaviour of Clo was studied by cyclic
voltammetry in 8 mmol L−1 B-R buffer solution (pH 9.0). The
cyclic voltammograms obtained for 20μmol L−1 Clo using the
BiABE were recorded in the range from −0.6 to −1.35 V. As
shown in Fig. 2a, one reduction peak is observed at about

−0.94 V (solid line), and no peak in the reverse direction was
observed (dashed line), indicating that the reduction of Clo at
theBiABEelectrode isan irreversibleprocesswhich is inagree-
ment with the literature data using different electrodes such as
hanging mercury drop electrode (HMDE) at −0.97 V [12], re-
newable silver-amalgamfilmelectrode (Hg(Ag)FE) at−0.60V
[15] and bismuth film electrode (BiFE) at −0.95V [16].

The effect of potential scan rate on the voltammetric re-
sponse Clo reduction on the BiABEwas investigated between
0.0125 and 0.250 V s−1. The cathodic peak current (Ip) varied
linearly with square root of the applied scan rate (v1/2). The
correlation with its equation is shown in Fig. 2b. The linear
plot of logarithm of peak current (log Ip) versus the logarithm
of the scan rate (log v) presented a slope of 0.52 (Fig. 2c);
besides this, the obtained value suggests that Clo reduction
follows a diffusion-controlled mechanism, and it is in agree-
ment with that reported in the literature [27]. The relationships
between the peak current and scan rate for HMDE indicate
that the electrode process is controlled by both diffusion and
adsorption [12]. In the case of Hg(Ag)FE electrode, reduction
of Clo is controlled by adsorption [15].

Activation conditions of the BiABE and effect
of accumulation parameters

The bismuth bulk electrode (BiBE) requires renovation of its
surfacebeforeeachmeasurement,especially inalkalinesolutions
to ensure reliable results. In particular, purification of the
adsorbed surface-active compounds and products of electro-
chemical reactions is necessary. Moreover, Bi(III) ions are very
susceptible to hydrolysis in neutral and alkaline solutions. In
highly alkaline media, it has been shown that Bi(III), instead of

Fig. 1 Voltammetric
measurement system with
bismuth bulk annular band
electrode a and chemical structure
of clothianidin b
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hydrolysing, forms stable complexeswith OH− ions (Bi(OH)2+)
that are soluble in aqueousmedia and can undergo electrochem-
ical reduction on the electrode surface [28].Hence, forClo deter-
mination, it is recommended to prepare the bismuth film elec-
trode from a plating solution containing 0.02mol L−1 Bi(NO3)3,
1 mol L−1 HCl and 0.5 mol L−1 KBr in a separate cell (ex situ
method) [16]. In addition to these forms, also bismuth oxides
such as Bi2O3, especially by contact with atmospheric air can
be formed. Above the potential of −1.0 V, Bi2O3 undergo a re-
duction tometallic bismuth and is deposited on the surface elec-
trode [28]. Another way to have effective pre-treatment of the
electrodesurfaceis thoroughwashingwith0.1MHClandlater in
the buffer supporting electrolyte the electrochemical activation
between 15 and 30 cycles from −0.4 to −1.6 V [29]. The studies
presented in thiswork showed that it is possible to determineClo
with high precision and good accuracy after activation of the
bismuth bulk electrode carried out by in situmethod, i.e. directly
in the tested solution. To obtain the most favourable conditions
for determination of Clo bymeans of DPV, the influence of acti-
vation potential as well as activation time were investigated.

Effect of the activation potential (Eact) on the peak current
Clo and the baseline level were tested in the range from −1.2
to −2.0 V vs. Ag/AgCl/3 mol L−1 KCl for 20 μmol L−1 of Clo
with accumulation potential of −0.6 V. The voltammograms
shown in Fig. 3a were recorded without activation potential
(dotted line) and after applying the activation potential of
−1.5 V (solid line). The results showed that application of
the more negative activation potential than −1.2 V causes a
fast reduction of bismuth compounds (observed at potential
−0.65 V) and effective cleaning of the electrode surface with
products of electrode reactions. Initially, the signals slightly
increased to −1.6 V (about 20%) and then remained at con-
stant level. Above −1.5 V significant distortions of the

voltammograms were observed. Hence, for further experi-
ments the activation potential of −1.5 V was used, which
ensures excellent repeatability of the recorded signals and lack
of additional peaks of bismuth compounds.

The effect of the activation time (tact) on Clo peak height
was studied in the range from 2 to 15 s. In the whole tested
range, the peak current was stable, but under the 5 s registered
curves were characterized by worse precision, hence the acti-
vation time of 5 s was selected for subsequent experiments.

The influence of accumulation potential (Eacc) on the peak
current Clo and the baseline level were tested in the range
from −0.5 to −0.75 V vs. Ag/AgCl/3 mol L−1 KCl for the
same concentration of Clo with activation potential of
−1.5 V. The change of accumulation potential had no effect
on the peak current. The voltammograms shown in Fig. 3b
were recorded without accumulation potential (dashed line)
and after applying the accumulation potential of −0.6 V (solid
line). As can be seen, the Clo response is about 50% lower for
any accumulation potential and presented signals exhibit less
repeatability. For further experiments, the accumulation po-
tential of −0.6 V was used.

The effect of the accumulation time (tacc) on Clo peak height
was studied in the range from2 to 30 s.Contrary to expectations,
in over the tested range, the peak current remained at a constant
level. Based on this results and previous studies for character of
electrodeprocess, itcanbeconcludedthatclothianidinispartially
adsorbed on the electrode surface. For subsequent experiments,
the activation time of 5 s was selected.

Effect of pH and Britton-Robinson buffer concentration

The electrochemical behaviour of Clo has been investigated in
different buffer solution; acetate (pH 3.5–5.0), phosphate

Fig. 2 a Cyclic voltammograms obtained for 20 μmol L−1 Clo in 8 mmol L−1 B-R buffer at pH 9.0 at the BiABE for the scan rate of 0.0125, 0.025,
0.050, 0.100, 0.200 and 0.250 V/s−1. bDependence of the peak current on square root of the scan rate and c log of the peak current on log of the scan rate
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(pH 5.7–8.0), borate (pH 7.0–9.0), Britton-Robinson (pH 5.0–
11.0) and ammonium (pH 8.0–11.0). The performed studies
and available literature data [12, 15, 16] show that the highest
sensitivity and reproducibility of results were obtained in
Britton-Robinson buffer (pH 8.1–9.0).

The stability of Clo, its peak current and the peak potentials
are strongly dependent upon the pH value of the tested solu-
tion. Moreover, the active potential window of the BiABE and
the formation of solid bismuth hydroxyl compounds depend
too. The effect of solution pH on the reduction of Clo at the
BiABE was investigated in a 8 mmol L−1 B-R buffer solution
over the pH range from 5.0 to 11.0 (Fig. 4a). It was found that
at pH 9.0, the well-shaped, most symmetrical and intense peak
of Clo (20 μmol L−1) was obtained. Hence, this pH value was
chosen as the optimal for the DPAdSV determination of Clo.
Also, the peak potential shifted in negative direction and was
linear with increasing pH in the tested range (Fig. 4b). The
dependence between Clo peak potential vs. pH value is linear
in accordance with equation: Ep = −0.045pH − 0.499 (R =
0.996). The slope of 45.2 mV pH −1 is incompatible as expect-
ed for the Nernstian theoretical value of 59.1 mV pH −1 indi-
cating that one electron and one proton are involved in the
electrode reaction, which is characteristic for Clo reduction
process as it is shown in literature data. Such mechanism is
described in literature for Clo at the HMDE as follows: peak I
(−0.97 V) relates to 4-electron reduction of NO2 group to
NHOH and peak II (−1.34 V) corresponds to further 2-
electron reduction of NHOH group to an appropriate NH2

group [12]. Earlier, similar mechanism was well-described in
literature in connection with electrode reactions of nitro com-
pounds [30]. In the case of bismuth film electrode [16] and
bismuth bulk electrode, the potential window and residual
current depend on the amount of electrodeposited bismuth

and pH value of the electrolyte. Hence, in this negative poten-
tial region for both electrodes only one peak was observed.
Such behaviour can be explained by significant role of protons
in the complex reduction mechanism, in which the first step
involves the reduction of the nitro group to hydroxylamine,
observed for BiABE at potential −0.9 V.

The influence of the B-R buffer (pH 9.0) concentration on
peak current in the solution containing 20 μmol L−1 of Clo was
studied in the range from 1 to 15 mmol L−1. As can be seen in
Fig. 4c, increasing concentration of the B-R up to 5 mol L−1

caused a sudden rise in peak current. In the range from 5 to 10
mmol L−1, the registered signals were on constant level, at
higher concentration than 10 mmol L−1, the negligible de-
creases of peak current were observed. The highest sensitivity,
well-shaped peaks and high ratio of peaks current to the back-
ground level were achieved for 8 mmol L−1 of B-R buffer, so
this concentration was selected for subsequent experiments.

Influence of DPV parameters on Clo response

The differential pulse voltammetry as the highly sensitive
measurement technique was used for the determination of
Clo. To optimize the conditions of the DP AdSV determina-
tion of Clo, the following instrumental parameters were tested:
step potential (Es) in the range 1–7 mV, pulse amplitude (dE)
from 10 to 50 mV (both positive and negative modes) and
pulse width (timp) as the sum of waiting time (tw) and current
sampling time (ts), both in the range 5–25 ms (tw = tp).
Optimal values which were applied in all studies are summa-
rized in Table 1. The step potential of 3 mV, pulse amplitude of
50 mV and pulse width of 40 ms were selected as the best
values, which provide good reproducibility, the highest peak
current and signal-to-background current ratio.

Fig. 3 aDPAdSV voltammograms recorded without activation potential
(dotted lines) and with activation potential (Eact = −1.5 V) (solid lines). b
DP AdSV voltammograms obtained without accumulation potential

(dashed lines) and after application of accumulation potential
(Eacc = −0.6 V) (solid lines). For both, concentration of Clo 20 μmol
L−1. Other conditions as in Table 1
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Analytical performance and stability of the BiABE

The series of DP AdSV voltammograms for increasing Clo
concentration with the corresponding calibration curve were
recorded without any pre-concentration time (Fig. 5). The
presented voltammograms were obtained after automatic
background subtraction. The sensitivity of DPAdSV determi-
nation of Clo was 0.094 μA/μmol L−1. The calibration plot
was linear from 0.2 to 23.4 μmol L−1 (0.050 to 5.84 mg L−1)
and obeyed the equation y = (0.094 ± 0.001)c +
(0.011 ± 0.002), where y and c represent peak current (μA)
and Clo concentration (μmol L−1), respectively. The correla-
tion coefficient Rwas 0.9996. LODwas calculated 3 times the
standard deviation of the intercept over the slope of the cali-
bration curve and amounts to 0.047 μmol L−1 (0.012 mg L−1)
for 5 s of the accumulation time. Obtained results was

compared with the results achieved for other electrodes and
summarized in Table 2. The estimated LOD is 60 times lower
than the value obtained for the BiFE and a few times lower
than value obtained for the Hg(Ag)FE. Only for HMDE the
lower values of LOD were achieved.

In order to determine stability of the BiABE, the signals
obtained for six different samples with the tested solution
containing 2 μmol L−1 of Clo were compared; the calculated
RSD was equal to 4.2%. For longer periods of time, when
measurements were performed for about 1–2 h per day, fluc-
tuations of ca. 8% in signal sensitivity were noted. The per-
formed tests show very good short-term repeatability. Storage
of the BiABE under oxygen, easy access and use of alkaline

Fig. 4 a DPAdSV voltammograms of 20 μmol L−1 Clo recorded for the
different pH of B-R buffer; (a) 5.0, (b) 6.0, (c) 7.0, (d) 8.0, (e) 9.0, ( f )
10.0 and (g) 11.0. b Dependence of the peak current and its potential on

pH. c Influence of B-R buffer concentration on the peak current in the
range from 1 to 15 mmol L−1. Other conditions as in Table 1. The error
bars represent the standard deviation (n = 3)

Fig. 5 DP AdSV voltammograms recorded at the BiABE in the
supporting electrolyte containing increasing concentrations of Clo.
Concentration of Clo from bottom to top: blank, 0.2, 0.4, 0.8, 1.2, 1.6,
2.0, 3.0, 4.0, 6.0, 8.0, 11.8, 15.7, 19.6 and 23.4 μmol L−1. Inset: the
corresponding calibration plot. Other parameters as in Table 1

Table 1 The optimal electrochemical conditions for clothianidin
determination

Parameter Value Unit

Activation potential (Eact vs. Ag/AgCl) −1.5 V

Activation time (tact) 5 s

Accumulation potential (Eacc vs. Ag/AgCl) −0.6 V

Accumulation time (tacc) 5 s

Pulse amplitude (dE) 40 mV

Step potential (Es) 3 mV

Current sampling time (ts) 20 ms

Waiting time (tw) 20 ms

Pulse period (timp = tw + ts) 40 ms

Britton-Robinson buffer 8
9

mmol L−1

pH
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electrolyte causes the formation of oxides and hydroxides on
the surface. Hence, the BiABE required mechanical polishing
(0.05 μm Al2O3) before and after each long measurement
cycle.

Tolerance to interfering species

The effects of co-existing ionic species and surface-active
substances on the stripping peak current of 2 μmol L−1 Clo
(0.5 mg L−1) were investigated. A number of metal ions that
could potentially interfere was examined: Zn(II), Pb(II),
Sn(II), Fe(III), Cu(II), Mg(II), Ni(II), Co(II), Mn(II) and
Cr(VI). During the experiments, the mass concentration ratio
of potential interfering species and Clo was 1:1. In this case,
some interferences were observed only in the presence of
Cd(II). The peak potential of Cd(II) (−0.80 V) is very close
to the Clo peak (−0.92 V). It was found that the addition of 1.0
and 3.0 mg L−1 of Cd(II) causes decrease of the Clo signal
from 80 to 30% of its original value, respectively. However,
cadmium concentrations in the environmental samples are
many times lower than used in this experiment. It is worth to

notice that for Pb(II) and Zn(II), the well-shaped peaks were
observed at −0.75 and −1.2 V, respectively.

Voltammetric methods are especially susceptible to organic
matter and presence of different kinds of surfactants inevitably
present in natural samples. To study the influence of surface-
active substances on Clo voltammetric response, the non-ionic
surfactant Triton X-100 was used. The effect of Triton X-100
concentration was examined in the range from 0.25 to 5 mg
L−1 for solution containing 2 μmol L−1 of Clo. The addition of
Triton X-100 at concentration 0.25, 0.50 and 1.0 mg L−1

causes decrease of the stripping peak current up to 25, 40
and 85%, respectively. Addition of 1.5 mg L−1 of Triton X-
100 causes complete lack of the signal.

Analytical application of the BiABE

The accuracy of the method was assessed by determination of
Clo in the spiked tap and river water samples at various con-
centrations. The samples were prepared according to proce-
dure described in Section Sample preparation. For each sam-
ple, three experiments were performed. Voltammograms ob-
tained in the course of Clo determination in Rudawa water
spiked sample (20 μmol L−1) are presented in Fig. 6. Four
analytical scans were recorded for each sample as well as after
addition of standard solution. The concentrations of Clo in all
water samples were calculated by means of four standard ad-
ditions method. No interferences were observed from the river

Table 2 Comparison of the
analytical parameters obtained
using different electrodes and
techniques for Clo determination

Technique/(electrode) Linear range [μmol L−1] LOD/accumulation time [μmol L−1]/[s] Reference

SW CSV/(HMDE)* 0.020–0.20 0.002/10 [12]

0.20–0.99 0.006/5

SWAdSV/(Hg(Ag)FE)* 0.60–7.0 0.18/20 [15]

7.0–40.0 1.3/20

DPV/(BiFE) 10.0–92.0 3.0/0 [16]

DPV/(Bi-TCP-CPE) 68.0–240 −/0 [16]

DPAdSV/(BiABE) 0.20–23.4 0.047/0 This work

*Two linear range

Fig. 6 DP AdSV voltammograms recorded for determination of Clo in
dotted Rudawa river water sample using the BiABE in the supporting
electrolyte without deaeration. Curves: blank, (a) water sample diluted
(1:10), (b) 1, (c) 2, (d) 3 and (e) 4 μmol L−1 of Clo. Other parameters as in
Table 1. The inset figure illustrates the corresponding standard addition
plot

Table 3 Results of the Clo determination in the spiked water samples
by DPAdSV method (n = 3)

Concentration of Clo [μmol L−1]

Sample Added Found Recovery [%] RSD [%]

Tap water 5.0 4.9 98 1.9

10.0 9.8 98 2.1

20.0 19.9 99 2.4

River water 5.0 4.7 94 2.2

10.0 9.8 98 3.0

20.0 19.7 98 3.4
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water components. The obtained results are presented in
Table 3. In every measured conditions, recovery was ranged
between 95 and 97% which proves good accuracy of the de-
veloped method. Thus, analytical usefulness of the
clothianidin determination in the examined samples using
BiABE was confirmed.

Conclusions

The presented work is the first to report using the in situ
renovated bismuth bulk annular band electrode (BiABE) for
clothianidin determination. The proposed DP AdSV method
of clothianidin determination in the range of 0.2–23.4 μmol
L−1 based on recorded signal of nitro group reduction was
developed. As it has been tested, the electrode process is con-
trolled mainly by diffusion of the analyte to the electrode
surface, but its partial adsorption is also possible. The main
BiABE benefits are ease of cleaning and fast regeneration of
the electrode surface in the presence of the alkaline solution by
applying activation potential before each measurement, more-
over, it has low sensitivity to the presence of oxygen. The
presented method shows better sensitivity and lower detection
limit comparing to the bismuth film electrode and the renew-
able silver-amalgam film electrode for Clo detection system.
The proposed procedure was also applied for the determina-
tion of clothianidin in the spiked real water samples. The anal-
ysis was performed with good recovery results. In our opin-
ion, the BiABE with the proposed regeneration method offers
increased scope for more widespread use in analysis of nitro
compounds.
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