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Abstract:
Objective: A method for the determination of imidacloprid 
pesticide residues in cucumber products by liquid 
chromatography tandem mass spectrometry was optimized 
and established. Method: According to the current national 
standard, the extraction solvent, extraction method, 
constant volume liquid and mobile phase of imidacloprid 
pesticide in cucumber samples were compared. After 
optimization, acetonitrile-water mixed solution (3:1) 
was used as extraction solvent, and the sample was pre-
treated by QuChERS method. The constant volume of 
50% methanol solution was carried out, and the mobile 
phase 0.1% acetic acid (phase A) and acetonitrile (phase 
B) were injected into the sample for detection and 
analysis. The standard curve method in external standard 
method was used for quantitative analysis to evaluate the 
precision and accuracy of the detected concentration of 
agricultural residues. The optimum condition was that the 
detection concentration (recovery rate) was close to 100%. 
Results: The detected concentrations of imidacloprid were 
21.862ng·ml-1~248.311ng·ml-1, and the recoveries were 
88.74%~99.32%.Conclusion: By using optimized method, 
the imidacloprid residue in cucumber was analyzed by 
sampling, and the results showed that the peak condition 
was good, the detection concentration was high, and the 
recovery rate was good, it can provide a new improvement 
and supplement to the analysis and detection process of 
GB23200.121-2021, and widen the path for the analysis 
and detection of imidacloprid in vegetables.

Keywords: Imidacloprid; Lc-ms; Cucumber; Pretreat-
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Introduction

1. Research Background
In recent years, the increasing variety of pesticides has 
inevitably raised concerns regarding pesticide residues in 
agricultural products[1]. Imidacloprid, as a widely used 
insecticide, possesses multiple modes of action, including 
contact toxicity, stomach poisoning, and efficient uptake 
by crops without inhibiting normal growth. However, its 
application can pose significant threats to aquatic organ-
isms and the safe consumption of agricultural products[2].
Due to the scarcity of certain sample types in routine 
monitoring, there is a strong need for a representative ma-
trix for pesticide-residue testing. Martinez et al. suggested 
using cucumber as a universal vegetable matrix for pes-
ticide analysis[3]. The high consumption and widespread 
cultivation of cucumber make its safety critical to public 
health. Meanwhile, its high water content and complex 
matrix can pose challenges to analytical procedures. 
Therefore, developing reliable detection methods for cu-
cumbers can also provide valuable references for other ag-
ricultural products with similar characteristics and matrix 
complexities.
Currently, the main methods for determining imidacloprid 
residues include high-performance liquid chromatography 
(HPLC), gas chromatography–mass spectrometry (GC–
MS), and liquid chromatography–tandem mass spectrom-
etry (LC–MS/MS)[4]. Among these, LC–MS/MS offers 
high detection speed, excellent qualitative and quantita-
tive accuracy, and superior sensitivity. Consequently, the 
present study employs LC–MS/MS, using cucumber as a 
representative matrix, to explore an efficient method for 
the determination of imidacloprid residues in agricultural 
products. With its simplicity, high sensitivity, and rela-
tively short analysis time, this approach is well suited for 
rapid and accurate detection.

2. Research Progress
Among sample pretreatment techniques, the QuEChERS 
method has become the preferred choice for most pesti-
cide-residue analyses due to its simple workflow and low 
methodological error. M. Zhang et al.[5] reported in 2016 
that LC–MS/MS in MRM mode allows precise qualitative 
and quantitative analysis of various pesticides in complex 
matrices, highlighting its importance in pesticide-residue 
detection. Ultra-high-performance liquid chromatography 
(UHPLC)[6] has also been widely applied in pesticide 
analysis, such as G. Gervais’s study on pesticide residues 
in water (2008)[7] and M. Arienzo’s research on pesticide 

residues in vegetables (2013)[8]. RP. Carneiro et al. fur-
ther proposed a multi-residue method for pesticide analy-
sis in bananas in 2013[9].
Regarding imidacloprid itself, the World Health Organiza-
tion classifies it as a Class II (moderately hazardous) pes-
ticide. Although the acute toxicity of this category is gen-
erally not high, HMAD. MI et al.[10] indicated in 2017 
that long-term consumption of foods containing excessive 
pesticide residues may lead to potential health risks.

3. Research Objectives and Signifi-
cance
The national standard GB 23200.121-2021 employs LC–
MS/MS for detecting pesticide residues in plant-derived 
foods, yielding objective detection performance and 
recovery rates. However, the procedural descriptions 
for certain pesticides remain insufficiently detailed. The 
present experiment aims to optimize and supplement the 
existing method by establishing an efficient LC–MS/MS-
based approach for the determination of imidacloprid 
residues in cucumbers. The goal is to refine extraction, 
pretreatment, and detection parameters, thereby providing 
methodological improvements and practical reference for 
pesticide-residue analysis in agricultural products.
Main Text

4. Experimental Instruments and Re-
agents

4.1 Materials and Reagents
Cucumber; chromatographic-grade acetonitrile, formic 
acid, acetic acid, ammonium formate, methanol; analyti-
cal-grade sodium chloride and n-hexane; ProElut QuE 15 
mL Tube-EN, 150 mg PSA / 45 mg Carb / 900 mg MgSO₄ 
(DiKMA); Vac 6 cc (500 mg) NH₂ cartridges (Sep-Pak); 
50 mL centrifuge tubes; 3 mL syringes; 0.22 μm nylon 
membrane filters.

4.2 Instruments and Equipment
Shimadzu LC-30A-8050 LC–MS/MS system; XH-C 
vortex mixer; electronic analytical balance; ASE-12 sol-
id-phase extraction device; nitrogen evaporator; GT10-1 
high-speed desktop centrifuge.

5. Experimental Methods

5.1 Preparation of Standard Solutions
A small amount of imidacloprid reference material (con-
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taining 100 μg of active ingredient) was weighed and 
diluted to prepare an external standard stock solution of 1 
μg/mL. The solution was stored below –25 °C.

5.2 Optimization of LC–MS/MS Sample Pre-
treatment

5.2.1 Pretreatment Methods

This study compared the QuEChERS method with sol-
id-phase extraction (SPE).
In the QuEChERS procedure, PSA adsorbent is directly 
added to the extraction solution during the extraction step.
In the SPE procedure, the cartridge is first activated, fol-
lowed by filtration of the sample, repeated washing, and 

collection of all eluates.
5.2.2 Optimization Procedure

Eleven portions of cucumber samples were spiked to a 
final imidacloprid concentration of 1 μg/mL. The study 
examined four experimental factors: extraction solvent, 
extraction method, volumetric solution, and mobile phase. 
In each group, three factors were kept constant while the 
remaining factor was varied. Six injections were con-
ducted for each sample, and the averaged results were 
analyzed. Chromatographic profiles and detected concen-
trations were compared to evaluate optimal conditions for 
pesticide-residue detection.
The specific variable settings are shown in Table 1.

Table. 1  Four groups of experimental factors and their control variables

Factor Variable 1 Variable 2 Variable 3

Extraction solvent Acetonitrile

Extraction method QuEChers Method SPE
Volumetric Solutions Methanol 50%Methanol 75%Methanol

Mobile Phases 0.1%acetic acid (Phase A) / ace-
tonitrile (Phase B)

Ammonium formate–formic 
acid solution (Phase A) / am-
monium formate–formic acid 
methanol solution (Phase B)

0.1% formic acid (Phase A) / 
acetonitrile (Phase B)

Experimental Procedure
Five hundred grams of cucumber were homogenized thor-
oughly before pretreatment.
QuEChERS method:
A 10 g portion of homogenized sample was weighed into 
a 50 mL centrifuge tube. Then, 1 mL of 1 μg/mL imida-
cloprid spiking solution was added. After vortex-mixing, 
20 mL of acetonitrile and 10 g of sodium chloride were 
added for salting-out extraction. The mixture was vor-
texed for 10 min and centrifuged at 8000 r/min for 5 min. 
An aliquot of 15 mL of the supernatant was collected, vor-
texed again, and centrifuged under the same conditions. 
Then, 10 mL of the resulting supernatant was transferred 
to a 50 mL centrifuge tube and evaporated to dryness un-
der nitrogen at 50°C for subsequent volumetric dilution.
Solid-phase extraction (SPE) method:
A 10 g sample was weighed into a 50 mL centrifuge tube, 
spiked with 1 mL of 1 μg/mL imidacloprid solution, and 
vortexed. Then, 20 mL of acetonitrile and 10 g of sodium 
chloride were added, followed by vortex extraction for 10 
min and centrifugation at 8000 r/min for 5 min. Ten milli-
litres of the supernatant was evaporated to approximately 
2 mL at 50°C under nitrogen.
An SPE cartridge was washed with 5 mL of an acetoni-
trile–toluene solution (3:1). After placing the cartridge on 

a stand connected to a 100 mL flask, the 2 mL concen-
trated extract was loaded onto the cartridge and washed 
into the sorbent bed with 3 mL of the same acetonitrile–
toluene solution. The cartridge was then eluted with 25 
mL acetonitrile–toluene solution, and all eluates were 
collected in the 100 mL flask. The collected solution was 
evaporated nearly to dryness at 50°C under nitrogen.
Volumetric Dilution and Injection:
A total of 2.0 mL of the selected volumetric solution was 
added to reconstitute the residue, followed by vortex-mix-
ing for 1 min. The solution was filtered through a 0.22 μm 
membrane prior to LC–MS/MS analysis.
Calculation of Recovery Rate

Recovery(%)= 100%
Theoreticalconcentration
Measuredconcentration

×

Here, the measured concentration refers to the concentra-
tion of imidacloprid obtained by LC–MS/MS after sample 
extraction (unit: ng·mL⁻¹).
The theoretical concentration was 250 ng·mL⁻¹, assuming 
no loss of analyte during extraction and dilution.
5.2.3 Instrumental Conditions

Chromatographic Conditions
Column: C18 column, 2.1 mm × 100 mm, 1.8 μm;
Flow rate: 0.3 mL/min;
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Column temperature: 40°C;
Injection volume: 2 μL.

The gradient elution parameters used for the mobile phase 
are shown in Table 2.

Table. 2  Mobile phase elution gradient table
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time/min Phase A Phase B
0 97 3
1.50 85 15
2.50 50 70
18.00 30 70
27.00 2 98
27.01 97 3

Ionization Source and MS Parameters
The ionization source was an electrospray ionization (ESI) 
source, operated in both positive- and negative-ion scan-
ning modes. The ion source temperature was set at 350 
°C. The electrospray voltage was 5500 V in positive-ion 

mode. The nebulizing gas and auxiliary heating gas pres-
sures were both maintained at 0.345 MPa.
The mass-spectrometric parameters for imidacloprid are 
shown in Table 3.

Table. 3  Spectrum parameters of  compound

Analyte Ion pair (m/z) Q1(V) CE(V) Q3(V)

Imidacloprid
256.00>175.10
256.00>209.00

256.00
256.00

13
17

175.10
209.00

6 Results and Discussion

6.1 Optimization of Extraction Solvents
Imidacloprid contains multiple polar covalent bonds and 
nitrogen-containing heterocycles, enabling efficient ex-
traction based on the principle of “like dissolves like.” In 

this experiment, acetonitrile (control group) and two ace-
tonitrile–water mixtures (2:1 and 3:1, v/v) were compared 
to evaluate their extraction performance.
The LC chromatograms of the three solvent systems are 
shown in Figure 1. All three extraction solvents produced 
well-shaped peaks without interfering signals. The experi-
mental results are summarized in Table 4.
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Fig. 1  The spectra of imidacloprid were extracted with Acetonitrile, 
acetonitrile-water mixed solution (2:1), acetonitrile-water mixed 
solution(3:1)  

 
Table. 4  Data of imidacloprid extraction from three kinds of extracts 
Evaluate extraction 
solvent retention time (min) peak area detected concentration

（ng·mL-1） 
Acetonitrile 4.24 4.067×105 203.438 
Acetonitrile:Water = 
3:1 4.21 5.022×105 248.311 

Acetonitrile:Water = 2:1 
 4.22 4.584×105 229.345 

The results indicated that when the acetonitrile-to-water ratio reached 3:1, the detected 
concentration of imidacloprid was the highest and approached the theoretical concentration 
of 250 ng·mL⁻¹, yielding the best recovery performance. According to relevant studies[11], 
the addition of an appropriate amount of water to the extraction solvent can improve 
extraction efficiency. As the proportion of water increases, the extraction efficiency first 
increases and then decreases. These findings serve as a useful reference for interpreting the 
results of this experiment. 
 
3.2 Optimization of Extraction Methods 
The extraction efficiency of the QuEChERS method was compared with that of the solid-
phase extraction (SPE) cartridge method. The LC chromatograms of the two extraction 
methods are shown in Figure 2, both exhibiting well-defined peaks without interference. The 
experimental data are summarized in Table 5. 

 
Fig. 2  The spectra of two kinds of purifying solution by QuEChers method and solid phase extraction 
column 
 
Table. 5  The data of imidacloprid were extracted by two purification methods 

Purifying method Retention time(min) Peak area Detected 
concentration(ng·mL-1) 

QuEChers method 

SPE 

Acetonitrile:Water = 3:1 

Fig. 1  The spectra of imidacloprid were extracted with Acetonitrile, acetonitrile-water mixed 
solution (2:1), acetonitrile-water mixed solution(3:1)
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5



Dean&Francis

Zhongrui Guo

Evaluate extraction solvent retention time (min) peak area detected concentration(ng·mL-1)
Acetonitrile 4.24 4.067×105 203.438
Acetonitrile:Water = 3:1 4.21 5.022×105 248.311
Acetonitrile:Water = 2:1 4.22 4.584×105 229.345

The results indicated that when the acetonitrile-to-water 
ratio reached 3:1, the detected concentration of imidaclo-
prid was the highest and approached the theoretical con-
centration of 250 ng·mL⁻¹, yielding the best recovery per-
formance. According to relevant studies[11], the addition 
of an appropriate amount of water to the extraction sol-
vent can improve extraction efficiency. As the proportion 
of water increases, the extraction efficiency first increases 
and then decreases. These findings serve as a useful refer-

ence for interpreting the results of this experiment.

3.2 Optimization of Extraction Methods
The extraction efficiency of the QuEChERS method was 
compared with that of the solid-phase extraction (SPE) 
cartridge method. The LC chromatograms of the two ex-
traction methods are shown in Figure 2, both exhibiting 
well-defined peaks without interference. The experimental 
data are summarized in Table 5.
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Fig. 2  The spectra of two kinds of purifying solution by QuEChers method and solid phase 
extraction column

Table. 5  The data of imidacloprid were extracted by two purification methods

Purifying method Retention time(min) Peak area
Detected concentra-

tion(ng·mL-1)
QuEChers method 4.18 3.751×105 233.864
SPE 4.17 3.381×105 210.850

The results showed that the QuEChERS method pro-
duced higher detected concentrations and better recovery 
of imidacloprid than the solid-phase extraction method. 
Therefore, the QuEChERS approach was selected as the 
purification method for subsequent experiments.

3.3 Optimization of Volumetric Solutions
Methanol, 75% methanol–water solution, and 50% meth-
anol–water solution (as specified in the national standard) 

were compared to evaluate their effectiveness as volumet-
ric solvents. The LC chromatograms of the three solvents 
are presented in Figure 3, and all three produced well-
shaped peaks without interference. The experimental re-
sults are shown in Table 6.
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Fig. 3  The chromatograms of three volumetric solutions of methanol, 75% methanol 
and 50% methanol were determined 

 
Table. 6  Three groups of volumetric data of imidacloprid 

Volumetric Solution 
 

 

 
Retention Time 
(min) 

Peak Area 
Detected 
Concentration (ng·mL-

1) 
Methanol 4.18 3.975×105 198.862 
75% Methanol–water 4.21 3.381×105 202.877 
50% Methanol–water 4.19 4.495×105 224.908 

The results indicate that the 50% methanol–water solution produced the highest detected 
concentration and the best recovery performance. Thus, 50% methanol was selected as the 
optimal volumetric solvent. 
 
3.4 Optimization of Mobile Phases 
In several studies involving LC detection of drug residues, weakly acidic mobile phases—
typically containing low concentrations of formic acid or acetic acid—are frequently used to 
improve chromatographic peak shape[12]. In this experiment, three mobile-phase systems 
were compared: 
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Fig. 3  The chromatograms of three volumetric solutions of methanol, 75% methanol and 50% 
methanol were determined

Table. 6  Three groups of volumetric data of imidacloprid

Volumetric Solution Retention Time(min) Peak Area Detected Concentration (ng·mL-1)
Methanol 4.18 3.975×105 198.862
75% Methanol–water 4.21 3.381×105 202.877
50% Methanol–water 4.19 4.495×105 224.908

The results indicate that the 50% methanol–water solution 
produced the highest detected concentration and the best 
recovery performance. Thus, 50% methanol was selected 
as the optimal volumetric solvent.

3.4 Optimization of Mobile Phases
In several studies involving LC detection of drug residues, 
weakly acidic mobile phases—typically containing low 
concentrations of formic acid or acetic acid—are fre-
quently used to improve chromatographic peak shape[12]. 

In this experiment, three mobile-phase systems were com-
pared:
1. A 10 mmol·L⁻¹ ammonium formate–formic acid solu-
tion (Phase A) and acetonitrile (Phase B) (national stan-
dard)
2. 0.1% acetic acid (Phase A) and acetonitrile (Phase B)
3. 0.1% formic acid (Phase A) and acetonitrile (Phase B)
The LC chromatograms of the three mobile phases are 
shown in Figure 4. All three yielded clear and well-de-
fined peaks without interference. The experimental data 
are summarized in Table 7.
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Fig. 4  10 mmol·L -1 ammonium formate solution and 6 mmol·L -1 formic acid solution were mixed at 
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(A) / Acetonitrile (B) 4.18 4.435×105 221.862 

The results show that the mobile phase consisting of 0.1% acetic acid (Phase A) and acetonitrile 
(Phase B) provided the highest detected concentration and best recovery performance. 
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Table. 7  Three groups of flow relative imidacloprid injection test data

Mobile Phase Retention time(min) Peak area Detected concerntration (ng·mL-1)
Ammonium formate–formic acid (A) / 

Acetonitrile (B)
4.19 4.205×105 210.358

0.1% Acetic acid (A) / Acetonitrile (B) 4.19 4.501×105 225.189
0.1% Formic acid (A) / Acetonitrile (B) 4.18 4.435×105 221.862

The results show that the mobile phase consisting of 0.1% 
acetic acid (Phase A) and acetonitrile (Phase B) provided 
the highest detected concentration and best recovery per-
formance.

3.5 Quantification by External Standard Meth-
od (Calibration Curve)
Under the chromatographic conditions described above, 

external standard quantification was performed using 
methanol as the solvent. Imidacloprid standards ranging 
from 1 to 1000 ng·mL⁻¹ were prepared, and the peak areas 
corresponding to each concentration were measured. The 
results demonstrated a strong linear relationship between 
imidacloprid concentration (x) and peak area (y), meeting 
the requirements for quantitative analysis, as shown in 
Figure 5. The regression equation and correlation coeffi-
cient are listed in Table 8.
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mg/kg, the acceptable recovery range is 80%–110%, and the coefficient of variation (CV) 
must be ≤11% when the analyte concentration is ≤1 mg/kg. 
The measured analyte concentration in this study was 0.4 mg/kg (equivalent to post-dilution 
levels). The calculated results are shown in Table 9. All optimized conditions met the 
required accuracy and precision standards. 
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Fig. 5 Standard curve of imidacloprid

Tab. 8 Regression equation of imidacloprid

Analyte Regression equation Correlation coefficient
Imidacloprid y = 2436.39618 x +734.04960 0.99935

3.6 Accuracy Verification
For each optimized parameter with the highest recovery, 
six parallel determinations were performed. According 
to the laboratory quality-control specifications in GB/
T 27404-2008 (Appendix F, physicochemical testing of 
food), for analyte concentrations between 0.1–1 mg/kg, 
the acceptable recovery range is 80%–110%, and the coef-

ficient of variation (CV) must be ≤11% when the analyte 
concentration is ≤1 mg/kg.
The measured analyte concentration in this study was 0.4 
mg/kg (equivalent to post-dilution levels). The calculated 
results are shown in Table 9. All optimized conditions met 
the required accuracy and precision standards.
Tab. 9  Parallel data and coefficient of variation of imida-
cloprid optimization levels

Parallel concentrations

Optimization factor
1 2 3 4 5 6 Mean

Mean
recovery
(CV/%)

Extraction solvent

Detected con-
centration (ng/

mL)
248.523 239.352 258.742 260.774 235.669 246.806 248.311

4.05
recovery rate 

(%)
99.41 95.74 103.49 104.31 94.26 98.72 99.32

Extraction method

Detected con-
centration (ng/

mL)
230.589 235.147 228.976 226.612 238.729 243.131 233.864

2.69
recovery rate 

(%)
92.23 94.06 91.59 90.64 95.49 97.25 93.55
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Volumetric solution

Detected con-
centration (ng/

mL)
232.862 221.573 228.694 229.702 215.652 220.965 224.908

2.90
recovery rate 

(%)
93.14 88.63 91.48 91.88 86.26 88.39 89.96

Mobile phase

Detected con-
centration (ng/

mL)
233.675 224.328 219.486 226.503 218.463 228.679 225.189

2.55
recovery rate 

(%)
93.47 89.73 87.79 90.60 87.38 91.47 90.07

4 Discussion

4.1 Selection of Extraction Solvent
The primary extraction method used in this study was the 
QuEChERS approach. Common extraction solvents for 
pesticide-residue analysis include methanol, acetone, and 
acetonitrile. Previous studies have shown that acetonitrile 
provides superior extraction efficiency[13]. Because imi-
dacloprid is relatively polar and susceptible to co-extract-
ed impurities, using acetonitrile mixed with water helps 
reduce interference and precipitate unwanted matrix com-
ponents.

4.2 Selection of Extraction Method
Purification methods commonly used in pesticide-residue 
analysis include QuEChERS and SPE cartridges. The 
QuEChERS method offers high detected concentrations, 
excellent recovery, low analytical error, and reduced la-
bor and material cost. SPE cartridges can concentrate and 
purify samples simultaneously, provide high sensitivity, 
shorten processing time, reduce solvent consumption, and 
allow for automation and batch processing.

4.3 Selection of Mobile Phase
Acetonitrile and methanol are widely used organic sol-
vents in chromatographic detection of drug residues due 
to their polarity, elution strength, and low UV absorbance. 
They facilitate efficient elution during injection. In most 
pesticide-residue analyses, weakly acidic mobile phases 
are used to ensure satisfactory chromatographic peak 
shapes.

5 Conclusion
This study optimized the pretreatment conditions and 
mobile-phase selection based on the national standard GB 
23200.121-2021. Using cucumber as the test matrix and 
LC–MS/MS for detection, this work provides additional 

reference data and supplements the applicability of the 
national method. The detected concentrations of imida-
cloprid ranged from 221.862 to 248.311 ng·mL⁻¹, with re-
coveries of 88.74%–99.32%, meeting standard analytical 
requirements.

References
[1] Liu Hongcheng. Chemical Properties, Quantitative Analysis, 
and Safety Evaluation of Lutein in Marigold [Master’s thesis]. 
Zhejiang University; 2012.
[2] Ding Shaowu, Zhang Peng. Analysis of the Residual 
Hazards and Degradation Characteristics of the Neonicotinoid 
Insecticide Imidacloprid. Modern Agricultural Science and 
Technology. 2019;(19):121–123.
[3] Ma Xianqing, Liu Jing, Zhang Tingting. Application 
of Cucumber Matrix as a Substitute for Zucchini Matrix in 
the Determination of Pesticide Residues by UPLC–MS/MS. 
Contemporary Agricultural Machinery. 2022;(07):59–60, 63.
[4] Wang Xiaohui, Wan Xiaochun, Hou Ruyan. Liquid 
Chromatographic Determination of Imidacloprid Residues in 
Tea Leaves. Journal of Tea Science. 2012;32(3):203–209.
[5] Zhang M, Bian K, Zhou T, Song X, Liu Q, Meng C, He L. 
Determination of residual fipronil in chicken egg and muscle by 
LC–MS/MS. Journal of Chromatography B. 2016;1014:31–36.
[6] Dasenaki M.E., Bletsou A.A., Hanafi A.H., Thomaidis N.S. 
Liquid chromatography–tandem mass spectrometric methods for 
the determination of spinosad, thiacloprid and pyridalyl in spring 
onions and estimation of their pre-harvest interval values. Food 
Chemistry. 2016;213:395–401.
[7] Gervais G., Brosillon S., Laplanche A., Helen C. Ultra-
pressure liquid chromatography–electrospray tandem mass 
spectrometry for multi-residue determination of pesticides in 
water. Journal of Chromatography A. 2008;1202:163–172.
[8] Arienzo M., Cataldo D. Pesticide residues in fresh-cut 
vegetables from integrated pest management analyzed by ultra-
performance liquid chromatography coupled to tandem mass 
spectrometry. Food Control. 2013;31:108–115.
[9] Carneiro R.P., Oliveira F.A.S., Madureira F.D., Silva G., de 

10



Dean&Francis
ISSN 2959-6157

Souza W.R., Lopes R.P. Development and method validation 
for determination of 128 pesticides in bananas by modified 
QuEChERS and UHPLC–MS/MS analysis. Food Control. 
2013;33:413–423.
[10] HMAD M.I., Usman A., Ahmad M. Computational study 
involving identification of endocrine-disrupting potential of 
herbicides: implications for TDS and cancer progression in 
CRPC patients. Chemosphere. 2017;173:395–403.
[11] Pan Shengdong, Ye Meijun, Chen Xiaohong, Wang Li, Jin 
Micong. Simultaneous Determination of Common Insecticide 
Residues in Tea by QuEChERS Purification and Ultra-Fast 

Liquid Chromatography–Tandem Mass Spectrometry. Journal of 
Hygiene Research. 2018;(05):809–814.
[12] Yin Xiaobing, Gao Yang, Tian Yangguang. Rapid 
Determination of Imidacloprid, Acetamiprid, and Indoxacarb 
Residues in Tea Using QuEChERS Combined with HPLC–
MS/MS. Chinese Journal of Health Laboratory Technology. 
2019;(04):404–407.
[13] Wang Dongdong. Electrochemical Sensor Based on Fe-
MOFs Composite Carbon–Nitrogen Nanomaterials for the 
Detection of Chloramphenicol in Milk [Master’s thesis]. 
Nanchang University; 2021.

11




