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Abstract: This study was initiated to develop an accurate analytical method for the determination of
neonicotinoid and organophosphorus insecticide using Liquid Chromatography tandem Mass Spectrometry (LC-
MS/MS). Several experiments were conducted to select the parent ion and precusor ion and based on this
outcome, the analytical method for the determination of thiamethoxam and dimethoate using LC-MS/MS was
developed. The heated electrospray ionization (HESI) mode was used to develop the method. The linearity of
the developed analytical method was very good and it was 0.998 for both of the selected pesticides. The
optimization of MS/MS parameters has been done properly for both of the selected pesticides through direct
infusion of 100 ug/L standard solutions.

Keywords: organophosphorus insecticide residue; nionicotinoid insecticide residue; LC-MS/MS.

1. Introduction

To determine pesticide residues in fruits, vegetables and other matrices Gas Chromatography (GC), Gas
Chromatography associated with Mass Spectrometry (GCMS), High Performance Liquid Chromatography
(HPLC), and Liquid Chromatography associated with Mass Spectrometry (LC-MS) are the most commonly
used techniques. Among these analytical techniques, GC was used for the determination of pesticide residues in
a wide variety of matrices including fruits and vegetables (Kabir et al., 2007; 2008; 2008a; Hoque et al., 2021;
Habib et al., 2021; Prodhan et al., 2021; 2021a; 2021b; 2018; 2018a; 2018b; 2010; 2009; Rahman et al., 2021;
Nahar et al., 2020; Islam et al., 2021; 2019; 2019a; Hossain et al., 2014; Alam et al., 2022; Parvin et al., 2021;
Parven et al., 2021; Hasan et al., 2021; Islam et al., 2014). In recent years, LC-MS/MS has been used for the
determination of pesticide residues in the extracts of fruits and vegetables as it is an excellent technique which
generally reduces the excessive cleanup steps, exhibits little chance of false-positive findings, and reduces the
analysis time and cost (Hiemstra M. and Kok A de. 2007).

Liquid Chromatography Mass Spectrometry is a powerful and well accepted analytical technique that has very
good sensitivity. Different mass analyzers are used in LC/MS, including single quadrupole, triple quadrupole,
ion trap, time of flight mass spectrometry (TOF-MS). LC-MS/MS with electrospray ionization (ESI) and
atmospheric pressure chemical ionization (APCI) source are used widely to analyze multiple pesticide residues
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from a wide variety of matrices (Caboni et al., 2008; Jansson C. et al., 2004; Fan et al., 2014; Prodhan et al.,
2018c; 2016; 2016a; 2015; 2015a; Obana et al., 2003). A very few pesticides can be analyzed by both GC-MS
and LC-MS techniques. But, LC-MS was considered to cover a wider scope than GC-MS (Mol HGJ et al.,
2008). LC-MS/MS with ESI and APCI source have improved the feasibility of the identification of pesticides of
different chemical structures in food at concentrations comparable to those obtained by GC-MS (Pico et al.,
2006). Therefore, the present study was initiated to develop analytical method for the determination of
thiamethoxam and dimethoate using Liquid Chromatography Triple Quadrupole Mass spectrometry (LC-
MS/MS).

2. Materials and Methods

2.1. Chemicals and reagents

Reference standards of dimethoate and thiamethoxam were obtained from Sigma-Aldrich (St Louis, MO, USA)
via SAF scientific, Bangladesh Limited. The methanol (MS grade), acetonitrile (HPLC grade), and water (MS
grade) were purchased from Merck (Darmstadt, Germany). Sodium chloride was purchased from Chem-Lab
(Zedelgem, Belgium), anhydrous magnesium sulphate (MgSQO,) and Primary Secondary Amine (PSA) was from
Agilent (Santa Clara, CA, USA) via Asa Scientific Ltd., Dhaka, Bangladesh. Formic acid, ammonium acetate
and ammonium formate of mass spectrometry grade was purchased from Fluka (Buchs, Switzerland) via SAF
scientific, Bangladesh Limited.

2.2. Preparation of pesticide standard solution

Pesticide standard stock solutions of dimethoate and thiamethoxam were prepared separately in methanol at a
concentration of 1000 mg/L and stored at -20°C until use. A mixed standard solution of 50 mg/L in methanol
containing all the aforementioned pesticides was prepared by adding the appropriate volume of each individual
stock solution in a volumetric flask (50 ml) and made to volume by addition of appropriate solvent. Afterwards,
an intermediate standard solution of 10 mg/L in suitable solvent was prepared from the standard solution of 50
mg/L. Then working standard solutions of 0.01, 0.05, 0.1, 0.2, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mg/L in
methanol were prepared by transferring the appropriate amount from 10 mg/L intermediate mixed standard
solution into ten separate 10-ml volumetric flasks.

2.3. Instrumental analysis

The development of analytical method was accomplished using a Thermo Scientific TSQ Quantum Access Max
triple quadrupole mass spectrometer (Thermo Electron Corporation, Waltham, MA, USA) connected to a
UHPLC- DIONEX Ultimate 3000. The triple quadrupole mass spectrometer which was equipped with a Heated
Electrospray lonization (HESI) source operated at the positive ion mode. The Xcalibur Data System was used to
the acquisition and processing of data. Two individual and specific methods were developed for the
determination of thiamethoxam and dimethoate. The determination of the analytes was achieved by a Hypersil
Gold C18 column (2.5 pm, 50 x 2.1 mm i.d).

The LC pump gradient program was: 0-5 min, 20% mobile phase B; 5-16 min, 100% mobile phase B; 16-27.5
min, 20% mobile phase B. The mobile phase flow rate was 0-18.5 min: 0.2 mL/min; 18.5-25.5 min: 0.5 mL/min
and 25.5-27.5 min: 0.2 mL/min. There are two mobile phase was used in this study. The mobile phase A
consisted of a 90:10, water: methanol mixture containing 5 mM of ammonium acetate, however the mobile
phase B was a 10:90, water: methanol mixture containing 5 mM of ammonium acetate. A HyPurity C18
analytical column (50 mm X 2.1 mm i.d., 3 pum particle size) was used for the chromatographic separation
(Thermo Scientific). The injection volume was 20 pL and the column oven temperature was 40°C. The total run
time was 27.50 min.

2.4. Optimization of mass spectrometry operating conditions

Direct infusion was used to obtain the mass spectra and the optimum collision energy and tube lens values for
each pesticide using a standard solution of 100 ug/L in LC-MS grade Methanol. Several experiments in positive
mode and in different solvents were performed to optimize these parameters for each pesticide. The operating
parameters of the ion source (spray voltage, sheath gas, auxiliary gas, capillary temperature and skimmer offset)
were optimized separately for each pesticide by flow injections of the selected mobile phase (MeOH and LC-
MS grade water).
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3. Results and Discussion

3.1. Method development and LC-MS/MS parameters optimization

Direct infusion of each pesticide (standard solution, 100 ug/L in MeOH) was accomplished to obtain the
precursor and product ions. Collision energy (CE) and tube lens voltage (TL) were optimized for each analyte
separately and breakdown curves were also obtained. The mass spectra and the fragments of thiamethoxam and
dimethoate are shown in Figure 1 and Figure 2.

In this study, the precursor ion of thiamethoxam was [M+H]+ (m/z 291.9) and the quantifier (Q) and qualifier
(g) ions were m/z 211.0 and m/z 181.0, respectively, being in agreement with Prodhan et al., 2015. For
dimethoate, the precursor ion was [M+H]+ m/z 229.9; the quantifier ion was m/z 125.0 and the qualifier ion
was m/z 170.9. The constitution of the mobile phases has been thoroughly optimized for each pesticide
separately. Different mobile phases consisting of methanol or acetonitrile as the organic phase and water with
different additives, such as formic acid, ammonium acetate and ammonium formate at various concentrations
were tested. Ultrapure water and MeOH, in different ratios were chosen, as they proved to be optimum in terms
of highest peak area and signal-to-noise ratio. Both analytes were eluted in isocratic conditions. After their
elution, the organic mobile phase was increased to 100% in order to achieve efficient clean-up of the column
from the non-polar matrix interferences.

The chromatograms of the both pesticides are illustrated in Figure 3 and Figure 4. The operating conditions of
ESI were as follows: Sheath gas (nitrogen) pressure was 30 arbitrary units; Auxiliary gas (nitrogen) pressure
was 10 arbitrary units; Spray voltage was 4000 V; Capillary temperature was 325°C. The collision gas pressure
was 1.5 mTorr. The acquisition was made in the Selected Reaction Monitoring (SRM) mode. The parent ion,
guantification and confirmation ions are presented in Table 1.

3.2. Preparation of calibration curve

The standard solutions of different concentrations of each pesticide were prepared and injected with suitable
instrument parameters. The samples were calibrated (retention time, peak area, etc.) against five pointed
calibration curve of standard solution of concerned pesticide. Each peak was characterized by its retention time.
The calibration curves prepared with different concentrations are presented in Figures 5 and 6 for both of the
selected pesticides. In case of thiamethoxam, the calibration concentrations ranged from 1 ug/L to 200 ug/L,
while it was 10 ug/L to 50 ug/L for dimethoate. The linearity of the calibration curve for both of the pesticides
was very good and the co-efficient of determination was 0.998.
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Figure 1. MS-MS Spectra of thiamethoxam.
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Figure 2. MS-MS Spectra of dimethoate.

Table 1. LC-MS/MS parameters for the selected pesticides.
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Figure 3. Chromatogram of thiamethoxam showing retention time.
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Figure 4. Chromatogram of dimethoate showing retention time.
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Figure 5. Calibration curve of thiamethoxam made with different concentrations ranging from 1 ug/L to
200 ug/L.
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Figure 6. Calibration curve of dimethoate made with different concentrations ranging from 10 ug/L to 50
ug/L.
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4. Conclusions

In this study, an efficient analytical method was developed for the determination of thiamethoxam and
dimethoate using LC-MS/MS. The linearity of the developed analytical method was very good and it was 0.998.
The proposed method can be used for the analysis of the selected pesticides in fruits and vegetables. The
findings of this study will help the scientist/ analysts to quantify the selected pesticide residues accurately.

Acknowledgements

The authors are grateful to Md. Kamal Hossain in the Pesticide Analytical Laboratory, Pesticide Research &
Environmental Toxicology Section, Entomology Division, Bangladesh Agricultural Research Institute, Gazipur-
1701, Bangladesh for his kind cooperation during the present study.

Data availability
Data are contained within the article.

Conflict of interest
None to declare.

Authors' contribution

Conceptualization: [Mohammad Dalower Hossain Prodhan]; Methodology: [Mohammad Dalower Hossain
Prodhan]; Formal analysis and investigation: [Mohammad Dalower Hossain Prodhan, Afroza Begum, Marina
Afroze]; Writing - original draft preparation: [Mohammad Dalower Hossain Prodhan]; Writing - review and
editing: [Mohammad Dalower Hossain Prodhan, Md. Sultan Ahmed, Nirmal Kumar Dutta and Debasish
Sarker]. All authors have read and approved the final manuscript.

References

Aktar MA, R Khatun and MDH Prodhan, 2017. Determination of pesticide residues in eggplant using modified
QUEChERS Extraction and Gas chromatography. Int. J. Agron. Agri. Res., 11: 22-31.

Alam MM, R Hasan, SMM Rahman, MAR Choudhury and MDH Prodhan, 2022. Analysis of pesticide residues
in vegetables purchased from local markets of Mymensingh district of Bangladesh based on QUEChERS
Extraction and Gas Chromatography. Asian Australas. J. Food Saf. Secur., 6:10-17.

Caboni P, G Sarais, A Angioni, S Vargiu, D Pagnozzi, P Cabras and JE Casida, 2008. Liquid chromatography
tandem mass spectrometric ion switching determination of chlorantraniliprole and flubendiamide in fruits
and vegetables. J. Agric. Food Chem., 56: 7696-7699.

Fan S, P Zhao, C Yu, C Pan and X Li, 2014. Simultaneous determination of 36 pesticide residues in spinach and
cauliflower by LC-MS/MS using multiwalled carbon nanotubes-based dispersive solid-phase clean-up. Food
Addit. Contam. Part A., 31: 73-82.

Habib M, A Kaium, MSI Khan, MDH Prodhan, N Begum, MTI Chowdhury and MA Islam, 2021. Residue level
and health risk assessment of organophosphorus pesticides in eggplant and cauliflower collected from Dhaka
city, Bangladesh. Food Res., 5: 369-377.

Hans G J Mol, Ruud CJ van Dam and MS Odile, 2003. Determination of polar organophosphorus pesticides in
vegetables and fruits using liquid chromatography with tandem mass spectrometry: selection of extraction
solvent. J. Chromatogr. A., 1015: 119-127.

Hasan R, MM Alam, SMM Rahman, D Sultana and MDH Prodhan, 2021. Monitoring of pesticide residues in
vegetables collected from retail markets of Dhaka district of Bangladesh using QUEChERS Extraction and
Gas Chromatography. Asian Australas. J. Food Saf. Secur., 5: 63-70.

Hasan R, MDH Prodhan, SMM Rahman, R Khanom and A Ullah, 2017. Determination of organophosphorus
insecticide residues in hyacinth bean collected from different markets of Dhaka. J. Env. Anal. Toxicol., 7:
489.

Heimstra M and Kok Andre de, 2007. Comprehensive multi-residue method for the target analysis of pesticides
in crops using liquid chromatography—-tandem mass spectrometry. J. Chromatogr. A., 1154; 3-25.

Hoque MS, F Tamanna, MM Hasan, MHA Banna, P Mondal, MDH Prodhan, MZ Rahman and MLV Brakel,
2022. Probabilistic public health risks associated with pesticides and heavy metal exposure
through consumption of common dried fish in coastal regions of Bangladesh. Environ Sci. Pollut. Res., 29:
20112-20127.



Asian Australas. J. Food Saf. Secur. 2022, 6 (2) 71

Hossain MS, MM Rahman, KH Kabir, MRU Miah and MDH Prodhan, 2014. Determination of Pre Harvest
Interval (PHI) for cypermethrin and acephate in yard-long bean under supervised field trial. Bangladesh J.
Entomol., 24: 101-115.

Islam MS, MR Rahman, MDH Prodhan, D Sarker, MM Rahman and MK Uddin, 2021. Human health risk
assessment of pesticide residues in pointed gourd collected from retail markets of Dhaka city, Bangladesh.
Accredit. Qual Assur., https://doi.org/10.1007/s00769-021-01475-7

Islam MA, A Ullah, M Habib, MTI Chowdhury, MSI Khan, A Kaium and MDH Prodhan, 2019. Determination
of major organophosphate pesticide residues in cabbage collected from different markets of Dhaka. Asia Pac.
Environ. Occup. Health J., 5: 30-35.

Islam MS, MDH Prodhan and MK Uddin, 2019a. Analysis of the pesticide residues in bitter gourd using
modified QUEChERS extraction coupled with Gas Chromatography. Asia Pac. Environ. Occup. Health J., 5:
6-15.

Islam MS, MDH Prodhan and MK Uddin, 2019b. Determination of major organophosphorus pesticide residues
in eggplant using QUEChERS Extraction and Gas Chromatography. Int. J. Innov. Sci. Res. Technol. 4: 212-
219.

Islam MW, KMG Dastogeer, I Hamim, MDH Prodhan and M Ashrafuzzaman, 2014. Detection and
quantification of pesticide residues in selected vegetables of Bangladesh. J. Phytopathol. Pest Manag., 1: 17-
30.

Jansson C, T Pihlstrom, BG Osterdahl and KE Markides, 2004. A new multi-residue method for analysis of
pesticide residues in fruit and vegetables using liquid chromatography with tandem mass spectrometric
detection. J. Chromatogr. A., 1023: 93-104.

Kabir KH, MA Rahman, MS Ahmed, MDH Prodhan and MW Akon, 2008. Determination of residue of
diazinon and carbosulfan in brinjal and quinalphos in yard long bean under supervised field trial. Bangladesh
J. Agril. Res., 33: 503-513.

Kabir KH, MA Rahman, MS Ahmed, MDH Prodhan and MW Akon, 2008a. Quantitative analysis of some
commonly used insecticides in vegetables. Bangladesh J. Agriculturist, 1: 259-264.

Kabir KH, M Abdullah, MDH Prodhan, MS Ahmed and MN Alam, 2007. Determination of carbofuran residue
in the samples of sugarcane and soil of sugarcane field. The Agriculturist, 5: 61-66.

Nahar KM, MSI Khan, M Habib, SM Hossain, MDH Prodhan and MA Islam, 2020. Health risk assessment of
pesticide residues in vegetables collected from northern part of Bangladesh. Food Res., 4: 2281-2288.

Obana H, M Okihashi, K Akutsu, Y Kitagawa and S Hori, 2003. Determination of neonicotinoid pesticide
residues in vegetables and fruits with Solid Phase Extraction and Liquid Chromatography Mass
Spectrometry. J. Agric. Food Chem., 51: 2501-2505.

Parven A, MSI Khan, MDH Prodhan, K Venkateswarlu, M Mallavarapu and IM Meftaul, 2021. Human health
risk assessment through quantitative screening of insecticide residues in two green beans to ensure food
safety. J. Food Compos. Anal., 103: 104-121.

Parvin R, AAA Al-Subeihi, MMC Mahmud, MTI Chowdhury, MDH Prodhan and MA Islam, 2021.
Determination of pesticide residues and health risk assessment in cucumber and eggplant sold in northern
part of Bangladesh. Poll Res., 40: 1180-1187.

Pico Y, G Font, MJ Ruiz and M Fernandez, 2006. Control of pesticide residues by liquid chromatography-mass
spectrometry to ensure food safety. Mass Spectrom Rev., 25: 917-960.

Prodhan MDH, M Afroze, A Begum and D Sarker, 2021. Determination of organophosphorus and synthetic
pyrethroid pesticide residues and their variability in large size fruit crops. J. Sci. Food. Agric., 101: 4847-
4854,

Prodhan MDH, M Afroze, A Begum, MS Ahmed and D Sarker, 2021a. Optimization of a QUEChERS based
analytical method for the determination of organophosphorus and synthetic pyrethroid pesticide residues in
betel Leaf. Intern. J. Environ. Anal. Chem., https://doi.org/10.1080/03067319.2021.1873311

Prodhan MDH, MS Ahmed, NK Dutta, D Sarker and SN Alam, 2021b. Determination of organochlorine and
synthetic pyrethroid pesticide residues in water samples collected from different locations of Bangladesh. J.
Biophys. Chem., 12: 11-21.

Prodhan MDH and SN Alam, 2018. Determination of multiple organochlorine pesticide residues in shrimp
using modified QUEChERS extraction and gas chromatography. SAARC J. Agri., 16: 81-93.

Prodhan MDH, MW Akon and SN Alam, 2018a. Determination of pre-harvest interval for quinalphos,
malathion, diazinon and cypermethrin in major vegetables. J. Environ. Anal. Toxicol., 8: 553.

Prodhan MDH, MW Akon and SN Alam, 2018b. Decontamination of organophosphorus insecticide residues
from eggplant and yard long bean. Int. J. Expt. Agric., 8: 6-9.


https://doi.org/10.1080/03067319.2021.1873311

Asian Australas. J. Food Saf. Secur. 2022, 6 (2) 72

Prodhan MDH, EN Papadakis and E Papadopoulou-Mourkidou, 2018c. Variability of pesticide residues in
eggplant units collected from a field trial and marketplaces in Greece. J. Sci. Food. Agric., 98: 2277-2284.
Prodhan MDH, EN Papadakis and E Papadopoulou-Mourkidou, 2016. Variability of pesticide residues in
cauliflower units collected from a field trial, and market places in Greece. J. Environ. Sci. Health, Part B., 51:

644-653.

Prodhan MDH, EN Papadakis and E Papadopoulou-Mourkidou, 2016a. Analysis of pesticide residues and their
variability in cabbage using QUEChERS Extraction in combination with LC-MS/MS. Food Anal. Methods,
9: 3470-3478.

Prodhan MDH, EN Papadakis and E Papadopoulou-Mourkidou, 2015. Determination of multiple pesticide
residues in eggplant with liquid chromatography-mass spectrometry. Food Anal. Methods, 8: 229-235.

Prodhan MDH, EN Papadakis and E Papadopoulou-Mourkidou, 2015a. Analysis of pesticide residues in melon
using QUEChERS extraction and liquid chromatography triple quadruple mass spectrometry. Int. J. Env.
Anal. Chem., 95: 1219-1229.

Prodhan MDH, MA Rahman, MS Ahmed and KH Kabir, 2010. Pesticide residues in fish samples collected from
different fish cultivation regions of Bangladesh. SAARC J. Agri., 8: 53-64.

Prodhan MDH, MA Rahman, MS Ahmed and KH Kabir, 2009. Quantification of organophosphorus and
organochlorine insecticide residues from fish samples using smiple GC technique. Bangladesh J.
Agriculturist, 2: 197-204.

Rahman A, A Kaium, MSI Khan, MA Islam, N Begum, MDH Prodhan, A Hossain, SSB Mustafij and MTI
Chowdhury, 2021. Residue level and health risk assessment of organophosphorus pesticides in hyacinth bean
and bitter gourd collected from Cumilla, Bangladesh. Food Res., 5: 238-246.



