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Abstract:



An effective pre-concentration method, namely amended-cloud point extraction (CPE), has been developed for the extraction and pre-concentration of neonicotinoid insecticide residues. The studied analytes including clothianidin, imidacloprid, acetamiprid, thiamethoxam and thiacloprid were chosen as a model compound. The amended-CPE procedure included two cloud point processes. Triton™ X-114 was used to extract neonicotinoid residues into the surfactant-rich phase and then the analytes were transferred into an alkaline solution with the help of ultrasound energy. The extracts were then analyzed by high-performance liquid chromatography (HPLC) coupled with a monolithic column. Several factors influencing the extraction efficiency were studied such as kind and concentration of surfactant, type and content of salts, kind and concentration of back extraction agent, and incubation temperature and time. Enrichment factors (EFs) were found in the range of 20–333 folds. The limits of detection of the studied neonicotinoids were in the range of 0.0003–0.002 µg mL−1 which are below the maximum residue limits (MRLs) established by the European Union (EU). Good repeatability was obtained with relative standard deviations lower than 1.92% and 4.54% for retention time (tR) and peak area, respectively. The developed extraction method was successfully applied for the analysis of water samples. No detectable residues of neonicotinoids in the studied samples were found.
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1. Introduction


Neonicotinoids have been commercialized as a new generation of pesticides affecting the central nervous system of insects, whilst they exert a lower neurotoxicity towards mammals than previously developed insecticides [1]. Neonicotinoids were developed as a safer and more effective class of pesticides [2], and as a result they have become the most popular group of insecticides with applications in agriculture and veterinary medicine [1] instead of other classes of pesticides, including organochlorines, organophosphates and carbamates. This group of insecticides includes nitro-substituted (dinotefuran, nitenpyram, thiamethoxam, imidacloprid and clothianidin) and cyano-substituted (acetamiprid and thiacloprid) compounds [3]. They are intended for the treatment of a wide range of plants including sunflower, corn, canola, cotton, potato, rice, sugar beets, oil rapeseed, soy, ornamental plants, tree nurseries and fruits [4]. Neonicotinoid insecticides act as agonists at the insect nicotinic acetylcholine receptors (nAChRs), which play an important role in synaptic transmission in the central nervous system [5]. The European Commission has banned the use of imidacloprid, thiamethoxam and clothianidin in crops attractive to pollinators in the next two years emphasizing awareness of the potential harmful impact of the neonicotinoids on honeybees and their products [3]. Therefore, a highly sensitive and selective analytical method for monitoring neonicotinoid residues at low concentration levels is required to secure food quality and to protect the consumer from hazards.



Neonicotinoid insecticides are unsuitable for direct analysis by gas chromatography due to their low volatility and high polarity [6]. Capillary electrophoresis (CE) has also become an attractive approach for the separation of insecticide residues, however the main disadvantage of CE is its poor concentration sensitivity due to the short optical length of the capillary [7]. As a result, high-performance liquid chromatography (HPLC) coupled with various detection systems, including electrochemical (ECD) [8], fluorescence (FLD) [9], ultraviolet (UV)/diode array (DAD) [3,10] and mass spectrometry (MS) [11], is the favored technique for multi-analysis of neonicotinoid pesticides. The C18 column was generally used for separation of some neonicotinoids in various matrices. HPLC has been developed on fast separation through the use of sub-2 µm particle columns, fused-core particle columns, or monolithic columns [12]. Monolithic columns show some potential advantages that are very attractive for medical and biological fields [13]. These columns are characterised by a different structure than the conventional packed ones. The monolithic packing consists of a single continuous piece of either an organic polymer or silica, with a bimodal porous structure comprising macropores and mesopores [14,15]. The macropores or throughpores (typically 2 µm) are responsible for a higher permeability allowing the use of high flow rates at considerably reduced backpressure, while the mesopores (about 13 nm) provide a large surface area which makes possible a good interaction with analytes [12]. Therefore, faster separations can be achieved without sacrificing chromatographic efficiency [14].



The absence of clean-up steps require a suitable chromatographic separation in order to avoid the coelution of potential interferents, and pre-concentration of the target analytes. Despite this, the limits of detection (LODs) of these methods are still low enough to detect neonicotinoid insecticides at the concentration levels of actual regulatory limits. Cloud point extraction (CPE) is an alternative and powerful method for pre-concentration and separation of pesticides [16,17], comprising green chemistry [18]. CPE is based primarily on the phase behavior of non-ionic surfactants in aqueous solutions, which exhibit phase separation after an increase of temperature more than the cloud point temperature of each surfactant. The drawbacks of traditional CPE are overcome by the dual-cloud point extraction (d-CPE) method [19]. The removal of interfering species through the d-CPE procedure improves the efficiency and selectivity of the proposed method, and the back extraction of analyte in aqueous solution is naturally compatible with the conditions of instrumental analysis. This technique includes two cloud point extraction processes; the first part of d-CPE is done as traditional CPE, and finally the analyte is back-extracted into the alkaline aqueous phase in the second cloud point step [20]. In this case, d-CPE was employed to eliminate the effect of surfactant on injection and separation [21]. A d-CPE was developed for the analysis of salfonamide [22], auxins [21], mercury [19], copper [23] and uranium [24].



The aim of this study is to establish an ultrasonically modified amended-cloud point extraction following the analysis by HPLC with a monolithic column for the simultaneous pre-concentration of neonicotinoid insecticide residues. TritonTM X-114 (Bellefonte, USA) was used to extract neonicotinoid insecticides into the surfactant-rich phase and then the analytes were back extracted with alkaline solution to overcome the surfactant unpropitious effects and to increase the selectivity and efficiency of the proposed method. The parameters affecting the amended-CPE (such as kind and concentration of surfactant, type and content of salts, kind and concentration of back extraction agent, and incubation temperature and time) for the extraction and pre-concentration of target analytes as well as HPLC with monolithic column conditions were also investigated.




2. Results and Discussion


2.1. Optimization of Ultrasonically Modified Amended-Cloud Point Extraction Procedure


Several factors which affect the ultrasonically modified amended-cloud point extraction procedure such as kind and concentration of surfactant, salt addition, kind and concentration of back extraction agent, and incubation temperature and time, were optimized to obtain the maximum extraction efficiency of the proposed method. In this study, these factors were evaluated one factor at a time while the other remaining factors were kept constant. The optimization was carried out on the aqueous solution (10 mL) containing 0.50 µg mL−1 of each analyte. All the experiments were performed in triplicate and the mean of the results were used for optimization.



2.1.1. Effect of Salt Addition


In general, the addition of salt could decrease the solubility of aqueous sample phase and lead to enhancement of their partitioning of the analytes into the surfactant rich phase (SRP) by the “salting out” phenomenon. The presence of salt can increase the incompatibility between the water structures in the hydration shells of analytes and surfactant macromolecules, which can reduce the concentration of “free water” in the surfactant-rich phase and, consequently, reduce the volume of the phase [17]. Different electrolyte salts (i.e., NaCl, Na2SO4, Na2CO3, and CH3COONa) at the amount of 3% (w/v) were investigated and compared with no salt addition. It was found that Na2SO4 gave higher peak area for most analytes; Na2SO4 was then studied in the amount of 0.5–7% (w/v). As shown in Figure 1, the results demonstrate that the highest response in terms of peak area was obtained when the amount of Na2SO4 was 5% (w/v). After that, the peak area decreased. A high salt amount increases aqueous viscosity, thus opposing the migration of the target analytes into the extraction phase. Therefore, 5% (w/v) of Na2SO4 was selected for further experiments.


Figure 1. Effect of amount of salt on the extraction recovery (0.50 µg mL−1) of each neonicotinoid). AU: Absorbance unit.
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2.1.2. Effect of Concentration of TritonTM X-114


TritonTM X-114 was selected as surfactant in a subsequent experiment due to its low cloud point temperature (≈ 22 to 23 °C) and low critical micelle concentration (≈ 0.2 mM) [25] and can easily settle down in the aqueous phase after centrifugation, due to a high density that facilitates phase separation. In this study, the concentration of TritonTM X-114 in aqueous solution was evaluated in the range of 0.25–2.25% (w/v). As shown in Figure 2, the highest peak area was observed when the concentration of TritonTM X-114 was 1.25% (w/v). This is due to the increase in the volume of surfactant-rich phase (SRP) that dilute the target analytes in the final volumes. For further study, the concentration of TritonTM X-114 at 1.25% (w/v) was selected as optimum.


Figure 2. Effect of concentration of surfactant on the extraction recovery (0.50 µg mL−1) of each neonicotinoid).
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2.1.3. Effect of Kind and Concentration of Back Extraction Agent


In the second phase of CPE, two types of back extraction agent were studied. For this propose, basic (NaOH) and acidic (HCl) reagents of 0.05–1.0 M were evaluated for the back extraction of the study analytes in the aqueous phase of their hydrophobic complexes being trapped in micellar media. It was found that NaOH exhibits an excellent extraction efficiency of back extraction agent (data not shown). Therefore, NaOH was chosen as the back extraction agent. As shown in Figure 3, the extraction efficiency is the highest when the concentration of NaOH is 0.1 M. Consequently, NaOH 0.1 M was selected for further study.


Figure 3. Effect of concentration of NaOH on the extraction recovery (0.50 µg mL−1) of each neonicotinoid).
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2.1.4. Effect of Incubation Temperature and Time


Theoretically, the optimal incubation temperature of the CPE occurs when the equilibration temperature is higher than the cloud point temperature of the surfactant [17,26,27]. TritonTM X-114 was used in subsequent experiments because it has low cloud-point temperature (≈ 22 to 23 °C) [25]. In the present study, the effect of incubation temperature was carried out in an ultrasonic bath at the temperature range of 25–60 °C. As the operating temperature increases, the volume of the coacervate phase decreases because of the dehydration occurs in the surfactant rich phase [28]. This can be interpreted to mean that as the temperature increases, the hydrogen bonds are disrupted and dehydration occurs [29]. The highest extraction efficiency in term of peak area was observed at 30 °C (data not shown). The effect of incubation time on the extraction efficiency was studied in the range of 1 to 30 min. It was found that, the maximum efficiency was obtained at 3 min of incubation time (data not shown). It is desirable to use the shortest incubation time and the lowest possible incubation temperature as a compromise between the completion of extraction and efficient separation of the phases [30]. Therefore, 30 °C of incubation temperature and 3 min of incubation time were selected for further study.





2.2. Analytical Performance of the Proposed Method


After optimization of the developed method, the analytical performance was evaluated in terms of linearity, precision, limit of detection (LOD), limit of quantification (LOQ) and enrichment factor. The experimental results are summarized in Table 1. Calibration curves were constructed by triplicate injections of standard solution of neonicotinoid insecticides at eight concentrations obtained after extraction. The peak area of each neonicotinoid was plotted against its concentration. LOD and LOQ were defined as the concentration of the target analytes giving signal-to-noise ratio (S/N) = 3 and 10, respectively. The precision in terms of intraday (n = 5) and over several days (n = 5 × 3 days) was also investigated as the relative standard deviation (RSD) of retention time (tR) and peak area of the studied compounds. Good linearities covered the range of 0.005–0.7 µg mL−1 with a correlation coefficient (r2) ≥ 0.9978. LOD were in the range of 0.0003–0.002 µg mL−1. The enrichment factor (EF), defined as the ratio of slope of calibration obtained from the proposed extraction method to that without pre-concentration, was also investigated. The obtained EFs were 20–333-fold. High precision was observed with RSD lower than 2.00 (tR) and 5.00 (peak area), respectively. These results show that the developed extraction method coupled to HPLC can increase the sensitivity of detection (see Figure 4) and provide high precision.


Figure 4. Chromatograms of standard neonicotinoids obtained by (a) without pre-concentration: concentration of all standards was 0.50 µg mL−1, (b) with the ultrasonically modified amended-CPE method: concentration of all standards was 0.50 µg mL−1.
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Table 1. Analytical performance of the proposed method for five different neonicotinoids.





	
Insecticide

	
Linear Equation

	
Linearity (µg mL−1)

	
r2

	
Limit of Detection (LOD) (µg mL−1)

	
Limit of Quantification (LOQ) (µg mL−1)

	
% Relative Standard Deviation (RSD)

	
Enrichment Factor (EF)




	
tR

	
Peak Area






	
Thiamethoxam

	
y = 239217x + 1546.9

	
0.005–0.7

	
0.9978

	
0.001

	
0.003

	
1.02

	
3.77

	
100




	
Clothianidin

	
y = 834910x + 1822.5

	
0.005–0.7

	
0.9997

	
0.001

	
0.005

	
0.96

	
3.89

	
200




	
Imidacloprid

	
y = 505089x − 178.27

	
0.005–0.7

	
0.9999

	
0.0003

	
0.001

	
1.26

	
4.12

	
333




	
Acetamiprid

	
y = 805535x + 347.71

	
0.005–0.7

	
0.9999

	
0.0005

	
0.002

	
1.67

	
4.54

	
20




	
Thiacloprid

	
y = 2000006x + 5418.3

	
0.005–0.7

	
0.9992

	
0.002

	
0.006

	
1.92

	
0.01

	
100











2.3. Application to Real Samples


The proposed method was applied for the determination of neonicotinoid residues in surface water samples. The result is shown in Table 2. It was found that no neonicotinoid insecticide residues were observed in any surface water samples studied. The accuracy of the proposed method was evaluated in term of % recovery. The surface water samples were spiked with the target insecticides at different concentrations of 0.05, 0.10 and 0.25 µg mL−1, before extraction and analysis. Extractions were carried out under the optimum extraction conditions and recoveries are summarized in Table 2. Accuracy (percentage values) from matrix-matched calibration were in the range of 60.11–119.63% with their respective RSD lower than 13.71%. The chromatograms of blank and spiked surface water samples at three concentration levels are shown in Figure 5.


Figure 5. The chromatograms of (a) surface water sample, (b) spiked surface water sample at 0.05 µg mL−1, (c) spiked surface water sample at 0.10 µg mL−1 and (d) spiked surface water sample at 0.25 µg mL−1.
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Table 2. Recoveries of the studied neonicotinoids spiked in surface water samples obtained by the proposed method.





	
Analyte

	
Spiked (µg mL−1)

	
Surface Water I (n = 3)

	
Surface Water II (n = 3)

	
Surface Water III (n = 3)




	
Recovery (%)

	
RSD (%)

	
Recovery (%)

	
RSD (%)

	
Recovery (%)

	
RSD (%)






	
Thiamethoxam

	
0.00

	
ND

	
-

	
ND

	
-

	
ND

	
-




	

	
0.05

	
101.89

	
2.45

	
89.50

	
1.21

	
98.12

	
0.95




	

	
0.10

	
115.33

	
2.61

	
111.52

	
0.70

	
101.64

	
6.63




	

	
0.25

	
116.72

	
2.14

	
115.52

	
1.84

	
117.56

	
4.20




	
Clothianidin

	
0.00

	
ND

	
-

	
ND

	
-

	
ND

	
-




	

	
0.05

	
92.45

	
8.21

	
89.08

	
1.74

	
68.78

	
1.77




	

	
0.10

	
112.22

	
1.57

	
100.31

	
1.55

	
91.50

	
9.63




	

	
0.25

	
113.08

	
4.09

	
119.63

	
0.86

	
106.43

	
4.82




	
Imidacloprid

	
0.00

	
ND

	
-

	
ND

	
-

	
ND

	
-




	

	
0.05

	
90.43

	
9.13

	
85.30

	
1.02

	
95.97

	
3.48




	

	
0.10

	
106.23

	
1.34

	
95.04

	
1.18

	
90.64

	
9.35




	

	
0.25

	
106.90

	
2.73

	
110.15

	
0.75

	
98.67

	
4.84




	
Acetamiprid

	
0.00

	
ND

	
-

	
ND

	
-

	
ND

	
-




	

	
0.05

	
90.27

	
3.89

	
87.76

	
0.26

	
82.31

	
2.24




	

	
0.10

	
110.31

	
0.64

	
100.07

	
1.06

	
92.19

	
9.08




	

	
0.25

	
112.78

	
1.64

	
111.41

	
0.31

	
103.14

	
4.06




	
Thiacloprid

	
0.00

	
ND

	
-

	
ND

	
-

	
ND

	
-




	

	
0.05

	
82.40

	
5.45

	
64.54

	
2.50

	
60.11

	
9.28




	

	
0.10

	
88.64

	
0.55

	
88.64

	
3.99

	
88.64

	
13.71




	

	
0.25

	
95.71

	
0.34

	
102.46

	
3.09

	
84.24

	
6.76








ND: not detected.









2.4. Comparison with Other Sample Preparation Methods


A comparison of the present ultrasonically modified amended-cloud point extraction method with other sensitive methods such as dispersive liquid-liquid microextraction (DLLME), dispersive solid-phase extraction (DSPE) and room-temperature ionic liquid-liquid-phase microextraction (RTIL-LPME) for the determination of some neonicotinoid insecticide residues in water samples is provided in Table 3. It was found that the proposed method provides high sensitivity in term of low LODs and high EFs. However, one of the main drawbacks of quick, easy, cheap, effective, rugged and safe (QuEChERS) methodology is the fact that there is no pesticide concentration step in the final extract while toxic organic solvent is required to extract the target analytes [31]. The proposed method has been recognized as an alternative to the conventional extraction because of its performance, lower cost and lower toxicity because a surfactant is used as an extractant. Another significant advantage of the proposed method is that it is a faster, simpler and a greener method with a requirement of a small volume of sample.


Table 3. Comparison of the proposed method with other sample preparation methods for the determination of neonicotinoids. Dispersive liquid-liquid microextraction (DLLME); quick, easy, cheap, effective, rugged and safe (QuEChERS); dispersive solid-phase extraction (DSPE); room-temperature ionic liquid-liquid-phase microextraction (RTIL-LPME); cloud point extraction (CPE); high performance liquid chromatography (HPLC); diode array (DAD); liquid chromatography (LC); mass spectrometry (MS); ultraviolet (UV).





	Extraction Method
	Analytical Technique
	Linear Range
	Recovery (%)
	LOD
	LOQ
	EFs
	Reference





	DLLME
	HPLC-DAD
	LOQ–100.0 µg kg−1
	73.4–118.3
	1.5–2.5 µg kg−1
	5.0–7.5 µg kg−1
	66.6–105.9
	[3]



	QuEChERS
	HPLC-DAD
	LOQ–100.0 µg kg−1
	73.8–89.9
	2.0–2.5 µg kg−1
	5.0–10.0 µg kg−1
	72.2–85.2
	[3]



	DSPE (QuEChERS)
	LC-MS/MS
	0.005–0.5 µg mL−1
	62.0–129.93
	0.0007–0.002 µg mL−1
	0.002–0.005 µg mL−1
	-
	[32]



	DLLME
	LC-MS/MS
	LOQ–100.0 µg L−1
	69.2–113.4
	0.5–1.5 µg L−1
	1.0–5.0 µg mL−1
	67.8–95.0
	[12]



	QuEChERS
	LC-MS/MS
	LOQ–100.0 µg L−1
	71.8–94.9
	1.0–2.5 µg L−1
	2.5–10.0 µg mL−1
	51.3–96.2
	[12]



	DSPE and DLLME
	HPLC-DAD
	0.02–4.50 µg mL−1
	76–123
	0.002–0.005 µg mL−1
	0.007–0.018 µg mL−1
	-
	[6]



	RTIL-LPME
	HPLC-DAD
	0.41–5000 ng mL−1
	69.2–113.4
	0.12–0.33 ng mL−1
	0.41–1.1 ng mL−1
	655–843
	[33]



	Amended CPE
	HPLC-UV
	0.005–0.7 µg mL−1
	60.12–117.57
	0.0003–0.002 µg mL−1
	0.001–0.006 µg mL−1
	20–333
	This work











3. Materials and Methods


3.1. Chemicals and Reagents


All reagents were analytical grade or higher. Five standards of neonicotinoid insecticide including clothianidin, imidacloprid, acetamiprid, and thiamethoxam were obtained from Dr. Ehren-storfer GmbH (Augsburg, Germany), and thiacloprid were purchased from Sigma-Aldrich (Taufkirchen, Germany). All standard neonicotinoid insecticides were of analytical standard grade. The stock solution of each insecticide (1000 µg mL−1) was prepared by dissolving an appropriate amount in methanol. Working standard solutions were prepared by diluting the stock standard solution with water. Chromatographic grade methanol and acetonitrile were purchased from Merck (Darmstadt, Germany). Sodium chloride (NaCl), anhydrous sodium sulphate (anh. Na2SO4), sodium carbonate (Na2CO3) and sodium hydroxide (NaOH) were obtained from Ajax Finechem (Auckland, New Zealand), Sodium acetate (CH3COONa) was obtained from Carlo Erba (Val de Reuil, France). Triton™ X-114 was obtained from Sigma-Aldrich (St. Louis, MI, USA). Sodium dodecyl sulfate (SDS) and Triton™ X-100 were provided by Merck. Cetyltrimethyl ammonium bromide (Calbiochem, Germany) was also used. Water used throughout the experiment was produced by RiOsTM Type I Simplicity 185 (Millipore Waters, Burlington, MA, USA) with the resistivity of 18.2 MΩ.cm.




3.2. Instrumentation


For chromatographic separation, a Waters 1525 Binary LC system (Waters, Milford, MA, USA) equipped with a degasser, a column compartment, a manual injector, and a photo-diode array detector (PDA) was used. Empower 3 software was used for data acquisition. Separation was performed on a Chromolith® HighResolution RP-18 endcapped (4.6 × 100 mm) column (Merck). The injection volume was 20 µL and all of the studied insecticides were detected at 254 nm. The mobile phase consisted of acetonitrile and water (26:74, v/v) at a flow rate of 0.5 mL min−1. Five neonicotinoid insecticides were separated within 9 min with the elution order of thiamethoxam (tR = 4.54 min), clothianidin (tR = 5.30 min), imidacloprid (tR = 5.76 min), acetamiprid (tR = 6.45 min) and thiacloprid (tR = 8.91 min). A centrifuge (Centurion, UK) was used to complete phase separation. An ultrasonic bath (Dksh, Hamburg, Germany) and a vortex mixer (Fisher Scientific, Waltham, MA, USA) were also used.




3.3. Ultrasonically-Modified Amended-Cloud Point Extraction Procedure


Figure 6 shows schematic diagram of the proposed extraction method prior to HPLC analysis. For the first CPE, 10 mL of real sample or standard solution was mixed with 5% (w/v) of Na2SO4 before subsequently transferring to a 15 mL screw cap test tube. After that, 1.25% (w/v) Triton™ X-114 was added into an aqueous solution before vortexing the tube for 30 s. Then the solution was immersed in an ultrasonic bath at 30 °C for 3 min. The phase separation was accelerated by centrifugation at 3000 rpm for 5 min. The target analytes in aqueous sample were extracted into the surfactant-rich phase settled at the bottom of the tube. The aqueous phase was removed carefully by using a syringe.


Figure 6. Schematic diagram of the proposed extraction method.
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For the second CPE, 100 µL of 0.1 M NaOH was injected into the surfactant rich phase. The mixture was immersed in an ultrasonic bath at 60 °C for 20 min to form new two phases, and then the mixture was centrifuged at 3000 rpm for 1 min to separate the two resulting phases. The aqueous phase was diluted with 300 µL of 50% (v/v) methanol (the minimum amount necessary to completely dissolve the aqueous phase) to decrease viscosity and then passed through a 0.45 µm nylon membrane filter. Finally, 20 µL of the extract was directly injected into the HPLC.





4. Conclusions


This work demonstrates the application of the ultrasonically modified amended-cloud point extraction method for sample preparation and pre-concentration of some neoicotinoid insecticide residues prior to HPLC analysis. Triton™ X-114 was used to extract some neonicotinoid residues into the surfactant-rich phase and the target analytes were then transferred into an alkaline solution using an amended-CPE process. An ultrasound agitator was used for acceleration of the mass transfer in the extraction process. The proposed method provides high sensitivity, simplicity, low cost and is environmentally friendly. At the same time, less organic solvent was used in the proposed method. The proposed method accomplished low LODs, which are below the maximum residue limits (MRLs) of some neonicotinoid residues in agricultural products.







Author Contributions


R.K., Y.S. and J.V. participated in designing the study. R.K. and J.V. conducted the study. Data was collected and analyzed by R.K. The manuscript was written by R.K., J.V., R.B., Y.S., and S.S.




Acknowledgments


This article is written in honor of the 60th birthday of Professor Supalax Srijaranai. The authors gratefully acknowledge financial support for this research from the Center of Excellence for Innovation in Chemistry (PERCH-CIC), Mahasarakham University, National Research Council of Thailand (NRCT). J. Vichapong would like to acknowledge the Thailand Research Fund (TRF) and the Commission on Higher Education (CHE), through grant number MRG6180024. We also thank Merck Ltd., Thailand for providing the monolithic column.




Conflicts of Interest


The authors have declared no conflicts of interest.




References


	1. 
Rodríguez-Cabo, T.; Casado, J.; Rodríguez, I.; Ramil, M.; Cela, R. Selective extraction and determination of neonicotinoid insecticides in wine by liquid chromatography–tandem mass spectrometry. J. Chromatogr. A. 2016, 1460, 9–15. [Google Scholar] [CrossRef] [PubMed]

	2. 
Taliansky-Chamudis, A.; Gómez-Ramírez, P.; León-Ortega, M.; García-Fernández, A.J. Validation of a QuECheRS method for analysis of neonicotinoids in small volumes of blood and assessment of exposure in Eurasian eagle owl (Bubo bubo) nestlings. Sci. Total Environ. 2017, 595, 93–100. [Google Scholar] [CrossRef] [PubMed]

	3. 
Jovanov, P.; Guzsvány, V.; Lazić, S.; Franko, M.; Sakač, M.; Šarić, L.; Kos, J. Development of HPLC-DAD method for determination of neonicotinoids in honey. J. Food Compos. Anal. 2015, 40, 106–113. [Google Scholar] [CrossRef]

	4. 
Biever, R.C.; Hoberg, J.R.; Jacobson, B.; Dionne, E.; Sulaiman, M.; McCahon, P. ICON rice seed treatment toxicity to crayfish (Procambarus clarkii) in experimental rice paddies. Environ. Toxicol. Chem. 2003, 22, 167–174. [Google Scholar] [CrossRef] [PubMed]

	5. 
Xiao, Z.; Li, X.; Wang, X.; Shen, J.; Ding, S. Determination of neonicotinoid insecticides residues in bovine tissues by pressurized solvent extraction and liquid chromatography–tandem mass spectrometry. J. Chromatogr. B. 2011, 879, 117–122. [Google Scholar] [CrossRef] [PubMed]

	6. 
Wang, P.; Yang, X.; Wang, J.; Cui, J.; Dong, A.J.; Zhao, H.T.; Zhang, L.W.; Wang, Z.Y.; Xu, R.B.; Li, W.J.; et al. Multi-residue method for determination of seven neonicotinoid insecticides in grains using dispersive solid-phase extraction and dispersive liquid–liquid micro-extraction by high performance liquid chromatography. Food Chem. 2012, 134, 1691–1698. [Google Scholar] [CrossRef] [PubMed]

	7. 
Zhang, S.; Yang, X.; Yin, X.; Wang, C.; Wang, Z. Dispersive liquid–liquid microextraction combined with sweeping micellar electrokinetic chromatography for the determination of some neonicotinoid insecticides in cucumber samples. Food Chem. 2012, 133, 544–550. [Google Scholar] [CrossRef] [PubMed]

	8. 
Rancan, M.; Rossi, S.; Sabatini, A.G. Determination of Thiamethoxam residues in honeybees by high performance liquid chromatography with an electrochemical detector and post-column photochemical reactor. J. Chromatogr. A 2006, 1123, 60–65. [Google Scholar] [CrossRef] [PubMed]

	9. 
Subhani, Q.; Huang, Z.-P.; Zhu, Z.-Y.; Liu, L.-Y.; Zhu, Y. Analysis of insecticide thiacloprid by ion chromatography combined with online photochemical derivatisation and fluorescence detection in water samples. Chin. Chem. Lett. 2014, 25, 415–418. [Google Scholar] [CrossRef]

	10. 
Vichapong, J.; Burakham, R.; Srijaranai, S. Vortex-assisted surfactant-enhanced-emulsification liquid–liquid microextraction with solidification of floating organic droplet combined with HPLC for the determination of neonicotinoid pesticides. Talanta 2013, 117, 221–228. [Google Scholar] [CrossRef] [PubMed]

	11. 
Jovanov, P.; Guzsvány, V.; Franko, M.; Lazić, S.; Sakač, M.; Milovanović, I.; Nedeljković, N. Development of multiresidue DLLME and QuEChERS based LC–MS/MS method for determination of selected neonicotinoid insecticides in honey liqueur. Food Res. Int. 2014, 55, 11–19. [Google Scholar] [CrossRef]

	12. 
Regueiro, J.; Álvarez, G.; Mauriz, A.; Blanco, J. High throughput analysis of amnesic shellfish poisoning toxins in bivalve molluscs by dispersive solid-phase extraction and high-performance liquid chromatography using a monolithic column. Food Chem. 2011, 127, 1884–1891. [Google Scholar] [CrossRef]

	13. 
Pfaunmiller, E.L.; Paulemond, M.L.; Dupper, C.M.; Hage, D.S. Affinity monolith chromatography: A review of principles and recent analytical applications. Anal. Bioanal. Chem. 2013, 405, 2133–2145. [Google Scholar] [CrossRef] [PubMed]

	14. 
Guiochon, G. Monolithic columns in high-performance liquid chromatography. J. Chromatogr. A. 2007, 1168, 101–168. [Google Scholar] [CrossRef] [PubMed]

	15. 
Unger, K.K.; Skudas, R.; Schulte, M.M. Particle packed columns and monolithic columns in high-performance liquid chromatography-comparison and critical appraisal. J. Chromatogr. A. 2008, 1184, 393–415. [Google Scholar] [CrossRef] [PubMed]

	16. 
Seebunrueng, K.; Santaladchaiyakit, Y.; Soisungnoen, P.; Srijaranai, S. Catanionic surfactant ambient cloud point extraction and high-performance liquid chromatography for simultaneous analysis of organophosphorus pesticide residues in water and fruit juice samples. Anal. Bioanal. Chem. 2011, 401, 1703–1712. [Google Scholar] [CrossRef] [PubMed]

	17. 
Santalad, A.; Srijaranai, S.; Burakham, R.; Glennon, J.D.; Deming, R.L. Cloud-point extraction and reversed-phase high-performance liquid chromatography for the determination of carbamate insecticide residues in fruits. Anal. Bioanal. Chem. 2009, 394, 1307–1317. [Google Scholar] [CrossRef] [PubMed]

	18. 
Arain, S.S.; Kazi, T.G.; Arain, J.B.; Afridi, H.I.; Brahman, K.D.; Naeemullah. Preconcentration of toxic elements in artificial saliva extract of different smokeless tobacco products by dual-cloud point extraction. Microchem. J. 2014, 112, 42–49. [Google Scholar] [CrossRef]

	19. 
Yin, X.-B. Dual-cloud point extraction as a preconcentration and clean-up technique for capillary electrophoresis speciation analysis of mercury. J. Chromatogr. A. 2007, 1154, 437–443. [Google Scholar] [CrossRef] [PubMed]

	20. 
Zhao, L.; Zhong, S.; Fang, K.; Qian, Z.; Chen, J. Determination of cadmium (II), cobalt (II), nickel (II), lead (II), zinc (II), and copper (II) in water samples using dual-cloud point extraction and inductively coupled plasma emission spectrometry. J. Hazard. Mater. 2012, 239–240, 206–212. [Google Scholar] [CrossRef] [PubMed]

	21. 
Yin, X.-B.; Guo, J.-M.; Wei, W. Dual-cloud point extraction and tertiary amine labeling for selective and sensitive capillary electrophoresis-electrochemiluminescent detection of auxins. J. Chromatogr. A. 2010, 1217, 1399–1406. [Google Scholar] [CrossRef] [PubMed]

	22. 
Nong, C.; Niu, Z.; Li, P.; Wang, C.; Li, W.; Wen, Y. Dual-cloud point extraction coupled to high performance liquid chromatography for simultaneous determination of trace sulfonamide antimicrobials in urine and water samples. J. Chromatogr. B. 2017, 1051, 9–16. [Google Scholar] [CrossRef] [PubMed]

	23. 
Arain, S.A.; Kazi, T.G.; Afridi, H.I.; Abbasi, A.R.; Panhwar, A.H.; Naeemullah; Shanker, B.; Arain, M.B. Application of dual-cloud point extraction for the trace levels of copper in serum of different viral hepatitis patients by flame atomic absorption spectrometry: A multivariate study. Spectrochim. Acta A. 2014, 133, 651–656. [Google Scholar] [CrossRef] [PubMed]

	24. 
Li, J.; Li, G.; Han, Q. Determination of trace uranium by resonance fluorescence method coupled with photo-catalytic technology and dual cloud point extraction. Spectrochim. Acta A. 2016, 169, 208–215. [Google Scholar] [CrossRef] [PubMed]

	25. 
Santaladchaiyakit, Y.; Srijaranai, S. A simplified ultrasound-assisted cloud-point extraction method coupled with high performance liquid chromatography for residue analysis of benzimidazole anthelmintics in water and milk samples. Anal. Methods 2012, 4, 3864–3873. [Google Scholar] [CrossRef]

	26. 
Liu, X.; Chen, X.-H.; Zhang, Y.-Y.; Liu, W.-T.; Bi, K.-S. Determination of arbidol in rat plasma by HPLC–UV using cloud-point extraction. J. Chromatogr. B. 2007, 856, 273–277. [Google Scholar] [CrossRef] [PubMed]

	27. 
Wang, L.; Cai, Y.-Q.; He, B.; Yuan, C.-G.; Shen, D.-Z.; Shao, J.; Jiang, G.-B. Determination of estrogens in water by HPLC–UV using cloud point extraction. Talanta 2006, 70, 47–51. [Google Scholar] [CrossRef] [PubMed]

	28. 
Appusamy, A.; John, I.; Ponnusamy, K.; Ramalingam, A. Removal of crystal violet dye from aqueous solution using triton X-114 surfactant via cloud point extraction. Eng. Sci. Technol. Int. J. 2014, 17, 137–144. [Google Scholar] [CrossRef]

	29. 
Khan, M.; Kazi, T.G.; Afridi, H.I.; Bilal, M.; Akhtar, A.; Ullah, N.; Khan, S.; Talpur, S. Application of ultrasonically modified cloud point extraction method for simultaneous enrichment of cadmium and lead in sera of different types of gallstone patients. Ultrason. Sonochem. 2017, 39, 313–320. [Google Scholar] [CrossRef] [PubMed]

	30. 
Kazi, T.G.; Shah, F.; Afridi, H.I.; Baig, J.A.; Soomro, A.S. Cloud point extraction and flame atomic absorption spectrometric determination of cadmium and nickel in drinking and wastewater samples. J. AOAC Int. 2013, 96, 447–452. [Google Scholar]

	31. 
Vichapong, J.; Burakham, R.; Srijaranai, S.; Grudpan, K. Room temperature imidazolium ionic liquid: A solvent for extraction of carbamates prior to liquid chromatographic analysis. Talanta 2011, 84, 1253–1258. [Google Scholar] [CrossRef] [PubMed]

	32. 
Sunganthi, A.; Bhuvaneswari, K.; Ramya, M. Determination of neonicotinoid insecticide residues in sugarcane juice using LCMSMS. Food Chem. 2018, 241, 275–280. [Google Scholar] [CrossRef] [PubMed]

	33. 
Farajzadeh, M.A.; Bamorowat, M.; Mogaddam, M.R.A. Ringer tablet-based ionic liquid phase microextraction: Application in extraction and preconcentration of neonicotinoid insecticides from fruit juice and vegetable samples. Talanta 2016, 160, 211–216. [Google Scholar] [CrossRef] [PubMed]



























© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  molecules-23-01165


  
    		
      molecules-23-01165
    


  




  





media/file8.jpg
PEEEEEREEES

BEFEESEEEEE

BERSEEEEEEE

s





media/file11.png
L -
v

prdoperyy,
u )

prdiue)ddy
- \o
prdopeprug %
urpruenygor)
WEXOY)IWeLIY |,

- <
- e

_~

o

A
Mttt T <
w) = w) =3 u) =4 w = w = w
< < N N [ o - v— =4 S S
-
< < < < < < < < < < 0.

(Aw)3geyjoA

Time (min)





media/file6.jpg
Q016
)
[

o2

a0

Time (min)

a6y

oo

ooz

oo

s

s

Time (mi






media/file1.png
—&— Thiamethoxam
—o— (lothianidin

160,000 7 —_a— midacloprid
| —¢— Acetamiprid
140,000 . Thiacloprid
120,000
S -
< 100,000 -
A
= 1
2 80,000 -
< 1
<
& 60,000 -
L
m -
40,000 -
20,000 -
01+——T T | T T T | ) ! ! ! I

Concentration of salt (%, w/v)





media/file13.png
1. Vortex 30 s ‘l’

®) . ‘
2. Ultrasound bath (I) 30 °C: ' 1. Ultrasound bath (I) 60 °C: 3
=7 3 min =3 20 min S
|

1 min
- ~ HPLC system

— || 3. Centrifuge (I) 3000 rpm: .|| 2. Centrifuge (I) 3000 rpm: - | o
5 min ‘ — —

vV
vV
y

32 23 \ diluted with 50% (v/»)
\\,“ \, L/ Methanol 300 pL

TX-114 rich phase (lower phase) was

withdrawn by syringe

ion +
Sample solution + 0.5 g Added 100 pL. NaOH
NaxSO4 + 500 uL TX-114





media/file7.png
_
y—
| <
y—
pradoperyy, k
- 0
pudrue)ady
- \O
pridopeprury
UIpIuEIfo[)
wexoyjwery |,
- T
—
)
<
N’
I ' | ' I ! | | | ' | ! I =
o g (g\| e R \O oy (o] o (o]
o o o — o o) o) o) o o]
T T S S S R S T
e e e e e e e e e 0_
(Aw) a3e3j0A

Time (min)

—
y—
pridoperyy,
- 0
prdrue)ddy
= \O
pridopepruy
uIpruenpor)
wexoyjaweny J,
- T
=
_—
=
N’
I ' I ! | ! I ! | | ! | ' I | <
o g (g < R \O g (o S (o
o o o — & S S S S S
e S S S S S S S
< < < < < < < < < 0_

(Aw) d3e)[0 A

Time (min)





media/file12.jpg
o PR [

R | [ — -
- g
(= [
k -
et 00
S soion 955 raisoop o T —

NasSO + S00 L TX-114. A





media/file10.png
~ _ N
— —
_— | ©
— —
pridopenyy,
- o0 - &©
_—~
R
| . £ prdiue)dy L o
= pridopeprury
= uiptuenyor)
wexoyjwey |,
- - -
- — &
_~ _~
= =
A e’
"""+ """t
W < 2] =4 [ ¢] =] [g] < W = 7 ¢) w) < 2] =4 [ ¢] =] [g] < W = 7 ¢)
oy oy en N o o~ — v (=] (=] (=] oy oy en N ol o — o (=] = =
S 2 2 e = = 9 = S S S S 2 2 2 2 2 = 2 & S S
w) d3eyjo
(Aur) a3e30A (AW) 35EIOA

Time (min)

prdopernyy,

prdiue)ddy
pradopepruy
uiprueiypor)
WeXoy)IWeIy |,

0.045 ~

0.040

0.035

0.030

0.025
0.020 —
0.015 —
0.010 —
0.005 —

(Aw)d3geyj0A

-0.005

Time (min)





media/file5.png
250,000 -

200,000 -

150,000 -

100,000 -

Peak area (AU)

50,000 -

—&— Thiamethoxam
—®— (Clothianidin
—&— Imidacloprid
—>¢— Acetamiprid
—+— Thiacloprid

0.4 0.5

Concentration of NaOH (M)





media/file3.png
250,000 -

—&— Thiamethoxam
{ —®— Clothianidin
—&— Imidacloprid
200,000 1 Acetamiprid
—_ | —+— Thiacloprid
-]
< 150,000 -
&~
5
S
~
'C&Q 100,000 -
5
=N
50,000
0.0 0.5 1.0 1.5 2.0 2.5

Concentration of surfactant (%, w/v)





media/file9.jpg
Voltage (mV)

0.045 4
0.040 4
0.035 4
0.030 4
0.025 4

0.020 4

(C)]

Thiacloprid

Acetamiprid

Imidacloprid

Thiamethoxam

Time (min)





media/file14.png





media/file4.jpg
Peak area (AU)

—®— Thiamethoxam
—e— Clothianidin

250,000
—A— Imidacloprid
—— Acetamiprid
200,000 —+— Thiacloprid
150,000
100,000 N
7 - —o
s00004 * oo —a
e -
0 T r T r -
0.0 0.1 0.2 03 04 05

Concentration of NaOH (M)





media/file0.jpg
Peak area (AU)

160,000 4

140,000

120,000 4

100,000

80,000 4

60,000 4

40,000 4

20,000 4

0

—=— Thiamethoxam
—o— Clothi n
—a— Imidacloprid
—— Acetamiprid
—— Thiacloprid

0

Concentration of salt (%, w/v)






media/file2.jpg
Peak area (AU)

250,000

200,000 -

150,000

100,000

50,000 1

methoxam
—e— Clothi
—A— Imidacloprid
—%— Acetamiprid
—+— Thiacloprid

/././'\-

0.0

T

T T T
0.5 1.0 15 2.0

Concentration of surfactant (%, w/v)

25





