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ABSTRACT 
Multivariate response surface methodology optimization using 
Placket–Burman and Box–Behnken designs were respectively used 
for the screening and optimization of significant factors for liquid 
chromatography–tandem mass spectrometry. Consequently, the 
optimized instrument successfully improved the sample preparation 
protocol and the method was validated. However, modified 
QuEChERS dispersive solid phase extraction coupled with ionic 
liquid-based dispersive liquid–liquid microextraction were used for 
the determination of multi-pesticide residues in fruit and vegetable 
samples. The analysed samples were jackfruit, strawberries, cucumber, 
pears, and carrots. The resulting linearity range (5–400 µg/kg) and 
regression coefficient (>0.99) results were satisfactory. The 94.2 
and 95.8% accuracy (89–138%) and precision (0–25%) results 
were satisfactory and within the recommended ranges (�20%) and 
(70–120%), respectively. The limits of detection (0.01–0.54 µg/kg) and 
quantitation (0.03–1.79 µg/kg) were excellent. The matrix effects 
(�−87%) for all analysed samples were not significant. The estimated 
measurement uncertainties (�27%) were within the acceptable range 
(�50%). Justifiably, the response surface methodology optimized 
instrument and sample treatment techniques were reliable and 
convenient for multi-pesticide residue determination in various fruits 
and vegetables. 
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Introduction 

Historically, many mass spectrometry instruments have been produced from the periodical 
series modification beginning with the mass spectrometer pioneered by Francis Aston 
(1919) (Sharma 2013). Similarly, several modified chromatographic columns used for 
liquid and gaseous separation have been produced over the years. The columns were trailed 
to the previous attribution made by Mikhail Tsvet (1903) (Lundanes et al. 2013). Thus, 
the liquid and gas chromatography instruments have connected with various detectors. 
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The detectors include diode array, photodiode array and mass spectrometry detectors, 
which is mostly supported by electron spray ionisation (Parejo et al. 2004). Examples 
of the liquid and gas chromatography instruments include high-performance liquid 
chromatography (Aulakh et al. 2005) and gas chromatography-atomic emission 
detector (Cook et al. 1998). Moreover, the new mass spectrometry detectors include gas 
chromatography–tandem mass spectrometry (Chang et al. 2016; Guan et al. 2018) and 
liquid chromatography–tandem mass spectrometry (Zhu et al. 2017). 

Fortunately, the liquid chromatography–tandem mass spectrometry instrument has 
been widely used in analytical science and food quality for more than a decade in 
determining pesticide residues (Frenich et al. 2014). However, the instruments have been 
used in most cases by the technologists and researchers based on the initial factory settings 
(auto-tuning and Mass-Hunter optimization), without further optimizing the factors 
associated with the ion source, which maybe valid on the responses of the mass spec-
trometry detector (Szerkus et al. 2016). Moreover, further optimization would improve 
the sensitivity of the electron spray ionisation of the liquid chromatography–tandem 
mass spectrometry instrument Consequently, this increases the peak areas (recoveries) of 
the analytes (Leito et al. 2008; Szerkus et al. 2016). 

In fact, several factors of the liquid chromatography–tandem mass spectrometry play 
essential roles for the favourable electron spray ionisation, thereby increasing the sensitivity 
and efficiency of the analytical method through excellent responses of the instrument. 
However, these could be achieved by chemometrics (multivariate) optimization approach 
using several factors of the liquid chromatography–tandem mass spectrometry instrument. 
The optimization is based on the use of response surface methodology (RSM) of 
experimental design to obtain optimal conditions for quantification of the extracted 
analytes. Thus, this study will inform users of liquid chromatography–tandem mass 
spectrometry on the benefits of optimization before the analytical instrumentation. 

The liquid chromatography–tandem mass spectrometry instrument is one of the most 
recent instruments used for multi-pesticide analysis at the lowest concentration level 
in various matrices (Kittlaus et al. 2011). Notably, the fruits and vegetables may be 
contaminated in the food chain, during cultivation, transportation, and preservation 
(Gamble 2015). Therefore, the continuous analyses of multi-pesticide residues in vegetable 
and fruits is vital because of their health and environmental issues. These issues include 
congenital disabilities (Criswell et al. 2013), cardiovascular diseases (Mostafalou and 
Abdollahi 2013), and cancer (Parrón et al. 2014). Therefore conventional methods such 
as liquid–liquid extraction, solid phase extraction (SPE), and liquid-phase microextraction 
techniques such as dispersive liquid–liquid microextraction (DLLME) have been used 
previously for the sample preparation of pesticides (Lawal et al. 2016). Nevertheless, the 
reduced efficiency and selectivity of the methods are their significant drawbacks. Thus, 
the coupling modification of the conventional methods such as the quick, easy, cheap, 
effective, rugged, and safe (QuEChERS) with dispersive SPE (Anastassiades et al. 2003) 
and DLLME techniques may be the best efficient method. The developed technique 
may address the drawback challenges for the sample treatment and cleanups techniques 
in vegetable and fruit samples. 

The DLLME technique is excellently known for its enrichment properties (Rezaee 
et al. 2006). Recently, DLLME was used with 1-hexyl-3-methylimidazolium hexafluoropho-
sphate ionic liquid-based excellently for the determination of pesticides in fruits (Zhang 
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et al. 2012). Consequently, 1-hexyl-3-methylimidazolium hexafluorophosphate ionic 
liquid-based was chosen for this study in preference to 1-octyl-3-methylimidazolium hex-
afluorophosphate and 1-butyl-3-methylimidazolium hexafluorophosphate due to its excel-
lent chromatographic properties (Xie et al. 2014). However, the QuEChERS-dispersive SPE 
(sample treatment) method has been known for its excellent extraction efficiency (Guna-
tilake et al. 2014). Therefore, the use of QuEChERS-dispersive SPE method coupled to 
1-hexyl-3-methylimidazolium hexafluorophosphate ionic liquid-based DLLME may yield 
excellent results after quantitation with the optimized instrument for the determination 
of pesticide residues in fruit and vegetable samples. 

To the best of our knowledge, there is no report accurately on the chemometric optimi-
zation to liquid chromatography–tandem mass spectrometry instrument for the determi-
nation of multi-pesticide residues. In fact, this article will serve as a reference for future 
studies and describe the best instrumental and efficient way for monitoring multi-pesticide 
residues in fruit and vegetables. 

Therefore, this study is aimed at using Minitab-17 statistical software for the 
chemometric (multivariate optimization) approach to liquid chromatography–tandem 
mass spectrometry. However, the software generated the Placket–Burman design for 
screening and Box–Behnken design for optimising the significant factors of the liquid 
chromatography–tandem mass spectrometry. Subsequently, the optimized instrument 
was used for quantification of multi-pesticide residues in the prepared sample solutions 
by the use of the modified QuEChERS-dispersive SPE-ionic liquid-based-DLLME 
technique. 

Experimental 

Chemicals and reagents 

The pesticide stock solution (100 mg/kg) for Propamocarb, Carbaryl, Baycarb (Fenobu-
carb), Thiobencarb, Metalaxyl, Thiamethoxam, Diazinon, and Dursban (Chlorpyrifos) 
was purchased from AccuStandard (New Haven, USA). Each of the solutions was diluted 
with methanol to 10 mg/kg working solution and refrigerated at 4°C. The organic solvents 
(liquid chromatography–mass spectrometry grade), salts and reagents purchased include 
methanol and acetonitrile (Merck, Germany), ethanol, acetic and formic acid (Fisher Scien-
tific) and 1-hexyl-3-methylimidazolium hexafluorophosphate ionic liquid (P ≥ 97.0%) 
(Sigma-Aldrich, Germany). Other chemicals include Millipore ultra-pure water (Billerica, 
USA) and pH 5–7 buffer solutions (Sigma-Aldrich). The pH 4, 6, and 8–10 buffer solutions 
were obtained from Fisher Scientific. Sodium chloride (Hamburg Chemicals, France) and 
ProElutM AOAC 2007.01 QuEChERS (extraction salt) and d-SPE (cleanup salt) kits 
(general fruits/vegetables) were purchased from Dikma Technologies (Lake Forest, USA). 

Apparatus and equipment 

A Dynamica centrifuge (Selangor, Malaysia), Vortexer-VTX-3000L (Copens Scientific, 
Japan), Microsyringe (Hamilton, USA), Supelco high-performance liquid chromatography 
column [Ascentis Express C18 (5 cm � 2.1 mm, 2.7 µm)] (Sigma-Aldrich, USA) and triple 
quadrupole liquid chromatography–mass spectrometry (G6490A) instrument (Agilent 
Technologies, Singapore) were used in this work. 
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Conditioning of the liquid chromatography–tandem mass spectrometry 
instrument 

The total ion chromatography (Figure 1) and the supporting parameters of the multiple 
reactions monitoring scans were generated after the auto-tuning optimization and Mass- 
Hunter optimization of the instrument using 1 mg/kg multi-pesticides mixture of standard 
solutions. The parameters generated for each of the analytes include precursor, product 
ions and collision energies are shown in Table 1. Afterwards, the contributory factors were 
optimized further using RSM of the experimental design. 

Experimentally, the multivariate RSM optimization runs were carried out on 100 µg/kg 
multi-pesticide mixture of standard solutions to provide the optimum condition of the 
instrumental electron spray ionisation in yielding better results. Furthermore, the data of 
the multiple reactions monitoring scans resulted in the total chromatographic peak areas, 
which was integrated by the use of Agilent (B.06.00) Acquisition Mass Hunter software. 
Thus, the total chromatographic peak areas were used by the two essential designs for 
the RSM screening (Placket–Burman) and optimization (Box–Behnken) of significant 
factors of the instrument. Notably, the total chromatographic peak areas used for the 
instrumental optimization corresponds to analytes concentration in the analysed samples 
(Abdulra’uf and Tan 2015). 

Subsequently, the RSM optimized instrument was operated starting from 15 and 85% of 
mobile phase B (acetonitrile þ 0.1% formic acid) and A (deionised H2O þ 0.1% formic acid 
þ1% acetonitrile) which were transported by a nitrogen stream through the column. The 
Supelco high-performance liquid chromatography column was injected with the analyte sol-
ution (5 µL) at a flow rate of 0.1 mL/min and 30°C column temperature. The estimated gradi-
ent of the elution time for mobile phase B was 15% (0–1.6 min); 15–100% (1.6–10.4 min); 
100–15% (10.4–12.0 min). The Mass Hunter setup was operated at 200°C (gas temperature), 
14 L/min (gas flow), 45 psi (nebulizer gas), 400°C (sheath gas temperature), 11 L/min (sheath 
gas flow), 3000 V (capillary voltage), and 200 V (Delta(þ) electron multiplier voltage). 

Sample preparation 

The 250 g individually homogenised samples purchased from the night market located in 
Petaling Jaya (Malaysia) were preserved (4°C). Then, some parts of the preserved samples 

Figure 1. Total ion chromatography (TIC) responses of the eight pesticide analytes present at 
1 mg/kg (ppm).  
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were equally weighed and spiked serially with estimated volumes of a known mixture of 
standard analyte solutions. These were used for calibration curves and validation studies. 

QuEChERS-dispersive solid phase extraction method 

Each of the five 50 mL centrifuge tubes was occupied with 20 g of the refrigerated sample 
and 15 mL acetonitrile was added. Then the tubes were spiked serially with the volumes of 
known concentration mixture of the multi-pesticides standard solutions, respectively. Each 
of the tubes was vortexed for 1 min after covering. The extraction salt (6 g MgSO4 and 1.5 g 
sodium acetate) was added and shaken vigorously for 1 min before centrifugation 
(4000 rpm) for 2 min. Afterwards, the 1.5 mL supernatant was transferred to 2 mL 
centrifuge tube, which contained the cleanup salt (150 mg MgSO4 and 50 mg PSA). The 
tube was centrifuged (4000 rpm) for 5 min. 

Ionic liquid-based DLLME method 

The resulted supernatant from d-SPE cleanup was transferred into 15 mL centrifuge tube 
containing 10% NaCl (w/v) in 9 mL of distilled water. Centrifugation (7000 rpm) took 
place for 5 min on the tube after 130 µL of ionic liquid-based was added. Eventually, the 
2 mL high-performance liquid chromatography vial was occupied with the sedimental 
extract (100 µL), and 500 µL methanol was added. The analyte solution was analysed with 
the RSM optimized liquid chromatography–tandem mass spectrometry instrument after 
the vial was vortexed for 1 min. 

Validation 

Validation expresses the desirability, effectivity and certifiable accord of the RSM 
optimized liquid chromatography–tandem mass spectrometry instrument and the sample 
preparation technique for determination of multi-pesticide residues in the analysed fruits 
and vegetables (Li et al. 2017). Unfortunately, the RSM optimized liquid chromatography– 
tandem mass spectrometry instrument was not validated because there is no specific 
(official) guideline for its validation because a consensus has not been reached on how 
the protocol should be conducted (Kruve et al. 2015). However, the sample treatment 
and cleanup techniques of this work were validated using the guidelines of the European 
Union Commission (SANTE-11813, 2017). 

Notwithstanding, the validated parameters such as relative recovery (accuracy) and 
relative standard deviation (precision) were estimated at three (spiked) concentrations 

Table 1. Auto-tuning and Mass-Hunter optimization of the instrumentation. 
Chromatographic  
peak Pesticides Precursor ion, m/z Product ions, m/z Collision energies, eV  

1 Propamocarb 189 74;102 26;14 
2 Carbaryl 202 127;145 30;6 
3 Baycarb 208 77;95 42;10 
4 Thiobencarb 258 89;125 54;26 
5 Metalaxyl 280 160;220 26;10 
6 Thiamethoxam 292 132;211 26;10 
7 Diazinon 305 97;169 42;22 
8 Dursban 350 97; 198 34;22   
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(5, 100, and 300 µg/kg). The accuracy and precision results of the prepared samples of the 
triple analyses (n ¼ 3) were estimated. The linearity range for each of the analytes 
calibration curve at five levels (spiked) concentrations is 5–400 µg/kg. Moreover, the 
estimated matrix effect [Eq. (1)] (Li et al. 2016) for each sample was measured and 
tabulated. The limits of detection and quantitation were estimated corresponding to 3 
and 10 factors of the signal-to-noise ratio, respectively (Xiu-Ping et al. 2017). Also, the 
measurement uncertainties were conducted on the validated parameters and shown to 
be certifiable with the obtained results. The measurement uncertainties were estimated 
at the 95% confidence level with the use of an empirical model and coverage factor (k ¼ 2) 
(Kaczyński 2017). 

Matrix effect %ð Þ ¼
slope of calibration curve for analyte in matrix

slope of calibration curve for analyte in organic solvent

� �

� 1
� �

� 100
ð1Þ

Results and discussion 

Placket–Burman design 

The Placket–Burman design was operated on 24 experimental runs at 2-levels of variables 
[low (−) and high (þ)] as reported for pesticides determination (Cortada et al. 2009). 
Apparently, the 100 µg/kg standard solutions of the eight pesticides mixture were used 
for screening the significant factors of the liquid chromatography–tandem mass 
spectrometry instrument at the 95% confidence interval (0.05 confidence limits). The total 
chromatographic peak areas of the resulted multiple reactions monitoring were recorded 
accordingly in the Minitab generated design before undergoing statistical analysis. There-
fore, Figures 2 and 3 respectively illustrate the Pareto chart and normal plot of standardized 
effects for the screened factors. The Pareto chart shows horizontal bars with a red line 
vertically across the bars to show a significant difference. Also, the normal plot expresses 
the significant extent (ANOVA) for each of the screened parameter is distributed along the 
mean (straight line). 

Eventually, the eleven factors screened are: (A) starting mobile phase B, 10 and 20%; (B) 
column temperature, 25 and 35°C; (C) flow rate, 0.1 and 0.2 mL/L; (D) injection volume, 1 
and 5 µL; (E) gas temperature, 150 and 250°C; (F) gas flow, 11 and 17 L/min; (G) nebulizer, 
30 and 60 psi; (H) sheath gas temperature, 200 and 400°C; (J) sheath gas flow, 10 and 12 L/ 
min; (K) capillary voltage, 2000 and 4000 V; and (L) Delta(þ) electron multiplier voltage, 
100 and 200 V. The results showed that the flow rate, injection volume, sheath gas tempera-
ture, and Delta(þ), electron multiplier voltage had the largest influence on the instrumental 
response. 

Box–Behnken design 

The Box–Behnken design was employed for optimization of the four significant factors: flow 
rate, injection volume, sheath gas temperature, and Delta(þ) electron multiplier voltage. 
Similarly, the total chromatographic peak areas results of the generated design (Table 2), 
which was used for the 27 runs at three levels [low (−), medium (0), and high (þ)] were ana-
lysed statistically, as supported by Dong et al. (2009). Later on, the optimization responses 
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were demonstrated in the contour plot and desirability chart. However, the response surface 
of the contour (Figure 4) plot was expressed in a two-dimensional plane for the two signifi-
cant factors, which were proportional to each other. The generated lines of the contour plot 
were based on total chromatographic peak areas interception against the two significant 

Figure 2. Pareto chart of standardized effects at 0.05 confidence limit (2.201 bar chart length). The screened 
factors were (A) starting mobile phase B, 10 and 20%; (B) column temperature, 25 and 35°C; (C) flow rate, 0.1 
and 0.2 mL/L; (D) injection volume, 1 and 5 µL; (E) gas temperature, 150 and 250°C; (F) gas flow, 11 and 
17 L/min; (G) nebulizer, 30 and 60 psi; (H) sheath gas temperature, 200 and 400°C; (J) sheath gas flow, 10 
and 12 L/min; (K) capillary voltage, 2000 and 4000 V; and (L) Delta(þ) electron multiplier voltage, 100 and 200 V.  

Figure 3. Normal plot of the standardized effects at the 0.05 confidence limit. The most significant 
parameters were (C) flow rate, 0.1 and 0.2 mL/L; (D) injection volume, 1 and 5 µL; (H) sheath gas 
temperature, 200 and 400°C; and (L) Delta(þ) electron multiplier voltage, 100 and 200 V.  
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factors. For example, the most shaded (colored) line in the contour plot in between the two 
significant factors (sheath gas temperature against flow rate) signified the best-optimized area 
(value) that could provide the maximum total chromatographic peak areas (>35,000,000). 
Furthermore, the resulted total chromatographic peak areas was at its maximum when para-
meter sheath gas temperature approaches 400°C, and parameter flow rate was at 0.1 mL/L. 

On the other hand, the desirability chart illustrated the optimized values for each of the 
significant factors, which yielded the best analytical result at the composite desirability fit of 
1.0 (Figure 5). Thus, the figure indicates optimum values of a flow rate of 0.1 mL/L (A), 
5 µL injection volume, 400°C sheath gas temperature, and 200 V Delta(þ) electron multi-
plier voltage. These results are in the same range for pesticides analysis documented by 
Vázquez et al. (2015) except that the reported flow rate is higher than 0.1 mL/L, which 
may be due to the different column size used. Subsequently, the setup of optimized and 
unoptimized factors was compared through instrumental analysis of the analyte solution 
(100 µg/kg). Resultantly, the RSM (experimental design) optimization of the instrumental 
setup yielded a better result of 68% compared to the 32% average total chromatographic 
peak areas for the unoptimized setup (Figure 6). 

Similarly, comparative investigation of the sample treatment techniques for this analysis 
(Figure 7) favoured the RSM optimized QuEChERS-ionic liquid-based-DLLME technique 
(50.10%) over the RSM optimized QuEChERS-dispersive solid-phase extraction-ionic 
liquid-based-DLLME (48.17%) and RSM optimized QuEChERS-dispersive SPE (1.73%) 
techniques after analysis of the distilled water (sample). However, the RSM optimized 
QuEChERS-dispersive solid-phase extraction-ionic liquid-based-DLLME technique 
(65.90%) was selected and used for the sample treatment of fruits and vegetables due to 
the weak recoveries by QuEChERS-ionic liquid-based-DLLME technique (34.10%) in a real 
sample of fruits (Figure 8). Therefore, the QuEChERS-dispersive SPE-ionic liquid-based- 

Figure 4. Contour plot response interaction between sheath gas temperature against flow rate at the 
0.05 confidence limit. The point or area between the two interactive factors with more coloration 
signifies higher total chromatographic area.  
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based-DLLME technique coupled with the RSM optimized liquid chromatography–tandem 
mass spectrometry instrument was used for determination of multi-pesticide residues in 
the fresh samples of jackfruit, strawberries, cucumber, pear, and carrot. 

Therefore, the impact of the optimized settings of the instrument successfully increases 
the instrumental efficiency, which contributed to improving the selectivity and robustness 

Figure 5. Composite desirability optimization chart at the 0.05 confidence limit. The best predicted 
optimized values were flow rate, 0.1 mL/L; injection volume, 5 µL; sheath gas temperature, 400°C; 
and Delta(þ) electron multiplier voltage (EMV), 200 V.  

Figure 6. Comparison of unoptimized and RSM optimized setups of high performance liquid 
chromatography–tandem mass spectrometry using a 100 µg/kg (ppb) mixed pesticide standard solution.  

10 A. LAWAL ET AL. 



of the sample preparation technique as reported by Jansson et al. (2004). Accordingly, the 
sample preparation succeeded in detecting and quantifying the targeted analytes at lower 
concentration levels and provided satisfactory results of the accuracy and precision in 
the analysed fruit and vegetable samples. 

Method validation 

The parameter results from the sample treatment and cleanup techniques were validated 
according to the official guideline (SANTE-11813, 2017) for the determination of pesticide 
residues in the analysed samples. These include accuracy, precision, limit of detection, limit 
of quantitation, matrix effect, and measurement uncertainties. Approximately, the 94.2% of 

Figure 8. Comparison of recoveries between the RSM optimized QuEChERS-IL-DLLME and QuEChERS- 
dSPE-IL-DLLME sample preparation methods after spiking fruit samples with 100 µg/kg (ppb) mixed 
pesticide standard solutions.  

Figure 7. Comparative analysis of the RSM optimized QuEChERS sample treatment methods after 
spiking a distilled water samples with 100 µg/kg (ppb) mixed pesticide standard solution.  
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all accuracy (Table 3) results (89–138%) are within the recommended range (70–120%). 
The 95.8% precision (Table 3) results were within acceptable range (�20%). The range 
results of limit of detection (0.01–0.54 µg/kg) (Table 4) and limit of quantitation (0.03– 
1.79 µg/kg) (Table 4) were less than the least level of calibration (5 µg/kg), and the 
European Union maximum residue limits (Table 5) (European Union 2016). 

Furthermore, the capability and performance of the technique were estimated based on 
the measurement of matrix effects, which shows the effects of the sample matrix inferences 
on the recovery of the analytes (Wang et al. 2017). Thus, the matrix effect (Table 5) in all 
the analysed samples were very weak (�−87%). This may be due to the extensive 
extraction/cleanup of matrix interferences during sample preparation (Oulkar, Goon, 
and Banerjee 2017). Also, the matrix effect enhancement in liquid chromatography–mass 
spectrometry is not easy to achieve compared to the gas chromatography–mass spec-
trometry instrumentation because of the co-elution of the individual analytes (SANTE- 
11813, 2017). Ultimately, the estimated measurement uncertainties (Table 6) range 
(�27%) were within the accepted recommendation (�50%). Moreover, the linearity results 
were obtained with regression coefficients greater than 0.99 (Table 6). Eventually, analyses 
were carried out on the real (unspike) samples to further certified reliability and credibility 
of the research technique. Therefore, the outcomes respectively detected multi-residue of 
pesticides in the analysed samples. Although, most of the analytes detected were lower than 
the limit of quantitation and European Union maximum residue limits. 

Conclusion 

The chemometric approach to liquid chromatography–tandem mass spectrometry was 
successful, leading to attainment of the maximum optimum condition for the analyte 
quantification and increasing the sensitivity of the QuEChERS-dispersive SPE-ionic 
liquid-based-based-DLLME method. Therefore, the optimized instrument was rapid with 
outstanding detectability and quantification of the analytes (multi-pesticide residues) 
determined in the analysed fruit and vegetable samples. Therefore, the optimized instru-
ment could be reliable and convenient for the determination of multi-pesticide residues 
in various samples of fruits and vegetables. 

Funding 

The Postgraduate Research Project (IPPP) supported this research under the grant no. PG 174- 
2014B, University of Malaya Kuala Lumpur, Malaysia. 

References 

Abdulra’uf, L. B., and G. H. Tan. 2015. Chemometric approach to the optimization of HS-SPME/ 
GC–MS for the determination of multiclass pesticide residues in fruits and vegetables. Food Chem. 
177:267–73. doi:10.1016/j.foodchem.2015.01.031. 

Anastassiades, M., S. J. Lehotay, D. Štajnbaher, and F. J. Schenck. 2003. Fast and easy multiresidue 
method employing acetonitrile extraction/partitioning and dispersive solid-phase extraction for 
the determination of pesticide residues in produce. J. AOAC Int. 86 (2):412–31. 

Aulakh, J., A. Malik, V. Kaur, and P. Schmitt-Kopplin. 2005. A review on solid phase micro extrac-
tion-high performance liquid chromatography (SPME-HPLC) analysis of pesticides. Crit. Rev. 
Anal. Chem. 35 (1):71–85. doi:10.1080/10408340590947952. 

16 A. LAWAL ET AL. 

https://doi.org/10.1016/j.foodchem.2015.01.031
https://doi.org/10.1080/10408340590947952


Chang, C., J. Luo, M. Chen, K. Wu, T. Dong, X. He, K. Zhou, L. Wang, D. Chen, and Z. Zhou. 
2016. Determination of twenty organophosphorus pesticides in blood serum by gas 
chromatography-tandem mass spectrometry. Anal. Methods 8 (22):4487–96. doi:10.1039/ 
c6ay00825a. 

Cook, J., M. Engel, P. Wylie, and B. Quimby. 1998. Multiresidue screening of pesticides in foods 
using retention time locking, GC-AED, database search, and GC/MS identification. J. AOAC 
Int. 82 (2):313–26. 

Cortada, C., L. Vidal, R. Pastor, N. Santiago, and A. Canals. 2009. Determination of organochlorine 
pesticides in water samples by dispersive liquid–liquid microextraction coupled to gas chromato-
graphy–mass spectrometry. Anal. Chim. Acta 649 (2):218–21. doi:10.1016/j.aca.2009.07.041. 

Criswell, J. T., K. Shelton, and C. Luper. 2013. Toxicity of pesticides. Pesticide Applicator Certification 
Series. McAlester, OK, USA: Oklahoma Cooperative Extension Service (EPP-7457). 

Dong, C.-H., X.-Q. Xie, X.-L. Wang, Y. Zhan, and Y.-J. Yao. 2009. Application of Box–Behnken 
design in optimisation for polysaccharides extraction from cultured mycelium of Cordyceps 
sinensis. Food Bioprod. Process. 87 (2):139–44. doi:10.1016/j.fbp.2008.06.004. 

European Union. 2016. Commission regulation, 2016/486. OJEU 90:1–66. 
Frenich, A. G., R. Romero-González, and M. Del Mar Aguilera-Luiz. 2014. Comprehensive analysis 

of toxics (pesticides, veterinary drugs and mycotoxins) in food by UHPLC-MS. Trends Anal. 
Chem. 63:158–69. doi:10.1016/j.trac.2014.06.020. 

Gamble, H. 2015. Trends in food production practices relative to foodborne parasites. In Foodborne 
parasites in the food supply web, 11–22. Cambridge, UK: Woodhead Publishers. 

Guan, S. H., M. W. Huang, X. Li, and Q. Cai. 2018. Determination of atrazine, simazine, alachlor, 
and metolachlor in surface water using dispersive pipette extraction and gas chromatography– 
mass spectrometry. Anal. Lett. 51 (4):613–25. doi:10.1080/00032719.2017.1341904. 

Gunatilake, S. R., J.-W. Kwon, T. E. Mlsna, and K. Xia. 2014. A novel approach to determine 
estrogenic hormones in swine lagoon wastewater using the QuEChERS method combined with 
solid phase extraction and LC/MS/MS analysis. Anal. Methods 6 (23):9267–75. doi:10.1039/ 
c4ay01804d. 

Jansson, C., T. Pihlström, B.-G. Österdahl, and K. E. 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 (1):93–104. doi:10.1016/j.chroma.2003.10.019. 

Kaczyński, P. 2017. Large-scale multi-class herbicides analysis in oilseeds by rapid one-step 
QuEChERS-based extraction and cleanup method using liquid chromatography–tandem mass 
spectrometry. Food Chem. 230:411–22. doi:10.1016/j.foodchem.2017.03.076. 

Kittlaus, S., G. Kempe, and T. Glauner. 2011. Multi residue pesticide screening in fruit and vegetables 
using the G6490A QQQ system, 1–51. Waldbronn, BW Germany: Agilent Technologies. 

Kruve, A., R. Rebane, K. Kipper, M.-L. Oldekop, H. Evard, K. Herodes, P. Ravio, and I. Leito. 2015. 
Tutorial review on validation of liquid chromatography–mass spectrometry methods: Part I. Anal. 
Chim. Acta 870:29–44. doi:10.1016/j.aca.2015.02.017. 

Lawal, A., G. H. Tan, and A. M. A. Alsharif. 2016. Recent advances in analysis of pesticides in food 
and drink samples using LPME techniques coupled to GC-MS and LC-MS: A review. J. AOAC Int. 
99 (6):1383–94. doi:10.5740/jaoacint.16-0272. 

Leito, I., K. Herodes, M. Huopolainen, K. Virro, A. Künnapas, A. Kruve, and R. Tanner. 2008. 
Towards the electrospray ionization mass spectrometry ionization efficiency scale of organic 
compounds. Rapid Commun. Mass Spectrom. 22 (3):379–84. doi:10.1002/rcm.3371. 

Li, H., C. Wang, Q. Zhu, H. Du, S. Guan, F. Wang, W. Zhang, W. Fan, Z. Chen, and G. Yang. 2016. 
Reduction of matrix effects through a simplified QuEChERS method and using small injection 
volumes in a LC-MS/MS system for the determination of 28 pesticides in fruits and vegetables. 
Anal. Methods 8 (25):5061–69. doi:10.1039/c6ay00080k. 

Li, M., C. Dai, F. Wang, Z. Kong, Y. He, Y. T. Huang, and B. Fan. 2017. Chemometric-assisted 
QuEChERS extraction method for post-harvest pesticide determination in fruits and vegetables. 
Sci. Rep. 7:42489. 

Lundanes, E., L. Reubsaet, and T. Greibrokk. 2013. Chromatography: basic principles, sample 
preparations and related methods. Chichester (UK): John Wiley & Sons. 

ANALYTICAL LETTERS 17 

https://doi.org/10.1039/c6ay00825a
https://doi.org/10.1039/c6ay00825a
https://doi.org/10.1016/j.aca.2009.07.041
https://doi.org/10.1016/j.fbp.2008.06.004
https://doi.org/10.1016/j.trac.2014.06.020
https://doi.org/10.1080/00032719.2017.1341904
https://doi.org/10.1039/c4ay01804d
https://doi.org/10.1039/c4ay01804d
https://doi.org/10.1016/j.chroma.2003.10.019
https://doi.org/10.1016/j.foodchem.2017.03.076
https://doi.org/10.1016/j.aca.2015.02.017
https://doi.org/10.5740/jaoacint.16-0272
https://doi.org/10.1002/rcm.3371
https://doi.org/10.1039/c6ay00080k


Mostafalou, S., and M. Abdollahi. 2013. Pesticides and human chronic diseases: evidences, mechan-
isms, and perspectives. Toxicol Appl Pharmacol. 268 (2):157–77. doi:10.1016/j.taap.2013.01.025. 

Oulkar, D., A. Goon, and K. Banerjee. 2017. Applications of LC-MS/MS in pesticide residue analysis. 
In Multiresidue methods for the analysis of pesticide residues in food. CRC Press. 

Parejo, I., O. Jauregui, F. Sánchez-Rabaneda, F. Viladomat, J. Bastida, and C. Codina. 2004. 
Separation and characterization of phenolic compounds in fennel (Foeniculum vulgare) using 
liquid chromatography−negative electrospray ionization tandem mass spectrometry. J. Agric. Food 
Chem. 52 (12):3679–87. doi:10.1021/jf030813h. 

Parrón, T., M. Requena, A. F. Hernández, and R. Alarcón. 2014. Environmental exposure to 
pesticides and cancer risk in multiple human organ systems. Toxicol. Lett. 230 (2):157–65. 
doi:10.1016/j.toxlet.2013.11.009. 

Rezaee, M., Y. Assadi, M.-R. M. Hosseini, E. Aghaee, F. Ahmadi, and S. Berijani. 2006. 
Determination of organic compounds in water using dispersive liquid–liquid microextraction. 
J. Chromatogr. A 1116 (1):1–9. doi:10.1016/j.chroma.2006.03.007. 

SANTE-11813. 2017. Guidance document on analytical quality control and method validation 
procedures for pesticide residues and analysis in food and feed. EU: European Commission. 

Sharma, K. 2013. Mass spectrometry—The early years. Int. J. Mass Spectrom. 349:3–8. doi:10.1016/j. 
ijms.2013.05.028. 

Szerkus, O., A. Y. Mpanga, M. J. Markuszewski, R. Kaliszan, and D. Siluk. 2016. Optimization of the 
electrospray ionization source with the use of the design of experiments approach for the LC–MS-MS 
determination of selected metabolites in human urine. Highway One South, USA: Pharma/Science 
Group. 

Vázquez, P. P., A. Lozano, S. Uclés, M. G. Ramos, and A. Fernández-Alba. 2015. A sensitive and 
efficient method for routine pesticide multiresidue analysis in bee pollen samples using gas and 
liquid chromatography coupled to tandem mass spectrometry. J. Chromatogr. A 1426:161–73. 
doi:10.1016/j.chroma.2015.11.081. 

Wang, J., Z. Gong, T. Zhang, S. Feng, J. Wang, and Y. Zhang. 2017. Simultaneous determination of 
106 pesticides in nuts by LC–MS/MS using freeze‐out combined with dispersive solid‐phase 
extraction purification. J. Sep. Sci. 40 (11):2398–2405. doi:10.1002/jssc.201700092. 

Xie, Q., S. Liu, Y. Fan, J. Sun, and X. Zhang. 2014. Determination of phthalate esters in edible oils by 
use of QuEChERS coupled with ionic-liquid-based dispersive liquid–liquid microextraction before 
high-performance liquid chromatography. Anal. Bioanal. Chem. 406 (18):4563–69. doi:10.1007/ 
s00216-014-7814-8. 

Xiu-Ping, Z., M. Lin, H. Lan-Qi, C. Jian-Bo, and Z. Li. 2017. The optimization and establishment of 
QuEChERS-UPLC-MS/MS method for simultaneously detecting various kinds of pesticides resi-
dues in fruits and vegetables. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 1060:281. 
doi:10.1016/j.jchromb.2017.06.008. 

Zhang, L., F. Chen, S. Liu, B. Chen, and C. Pan. 2012. Ionic liquid‐based vortex‐assisted dispersive 
liquid–liquid microextraction of organophosphorus pesticides in apple and pear. J. Sep. Sci. 
35 (18):2514–19. doi:10.1002/jssc.201101060. 

Zhu, L., Z. Peng, X. Zhang, J. Yang, X. Lai, and G. Yang. 2017. Determination of polyphenols in 
Lycium barbarum leaves by high-performance liquid chromatography–tandem mass 
spectrometry. Anal. Lett. 50 (5):761–76. doi:10.1080/00032719.2016.1202956.  

18 A. LAWAL ET AL. 

https://doi.org/10.1016/j.taap.2013.01.025
https://doi.org/10.1021/jf030813h
https://doi.org/10.1016/j.toxlet.2013.11.009
https://doi.org/10.1016/j.chroma.2006.03.007
https://doi.org/10.1016/j.ijms.2013.05.028
https://doi.org/10.1016/j.ijms.2013.05.028
https://doi.org/10.1016/j.chroma.2015.11.081
https://doi.org/10.1002/jssc.201700092
https://doi.org/10.1007/s00216-014-7814-8
https://doi.org/10.1007/s00216-014-7814-8
https://doi.org/10.1016/j.jchromb.2017.06.008
https://doi.org/10.1002/jssc.201101060
https://doi.org/10.1080/00032719.2016.1202956

	Introduction
	Experimental
	Chemicals and reagents
	Apparatus and equipment
	Conditioning of the liquid chromatography–tandem mass spectrometry instrument
	Sample preparation
	QuEChERS-dispersive solid phase extraction method
	Ionic liquid-based DLLME method
	Validation

	Results and discussion
	Placket–Burman design
	Box–Behnken design
	Method validation

	Conclusion
	Funding
	References



