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Organophosphorus pesticides are one of the most widely used insecticides, which are mainly used in grain, vegetables
and fruits. Methyl parathion is a kind of organophosphorus pesticide, which belongs to nerve agent. It can cause different
degrees of poisoning to human and livestock and cause serious environmental pollution. Therefore, it is of great significance
to establish an effective method for detecting methyl parathion residues in agricultural products. The determination of methyl
parathion is often carried out by gas chromatography, but because of the strong polarity and thermal instability of methy!
parathion, gas chromatography brings certain difficulty. The High Performance Liquid Chromatography (HPLC) method
was researched for the testing of Methyl Parathion residues in vegetables, and the chromatographic conditions for sample
extraction, purification and detection were screened and optimized. In vegetables, the matrix is complex, the pesticide residue
is low, and there are many interference factors. The main residual components are not easy to separate, enrich and purify,
so the detection of related pesticides is not accurate. After lots of experimental exploration, the chromatographic conditions
by acetonitrile extraction agent, methanol:water (73:27) as mobile phase and UV detection wavelength choosing 270 nm
was selected finally. What's more, QUEChERS (Quickly, Easy, Cheap, Effective, Rugged, Safe) method, a new pretreatment
technology for pesticide residue detection in agricultural products developed in the world recent years, was used for
pretreatment of three kinds of vegetables, and PSA and GCB were selected as purifying agents for sample pretreatment
ultimately. The experimental results displayed that the chromatographic peak area of Methyl Parathion exhibiting a good
linear relationship with its concentration in the 0.05 uM~20 uM range, and the standard curve equation is Y=4833.5x-32.64,
the correlation coefficient is 99.96%. The average recoveries of Methyl Parathion in three kinds of vegetables (Lettuce,
Cucumber and tomato) were between 87.38% and 114.12% at the three spiked levels of 0.5, 2 and 8uM, and the relative
standard deviation (RSD) was between 1.72% and 6.2%. This method has the good points of simple operation, accurate

and reliable, and is suitable for the detection of MP pesticide residues in various vegetables.
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Introduction. The use of pesticides can largely
protect crops from pests and diseases, which has become
an indispensable part of production materials in modern
agriculture (Jiang, et al., 2016; Kumar et al., 2018; Qiao,
Qian et al.,2018). Organophosphorus pesticides are
widespread pesticides in agricultural production in China
(Li et al., 2014; Ng et al, 2015; Yu. et al., 2016), which
have the advantages of high efficacy, variety, and easy
degradation (Khan et al., 2021). Therefore, Methyl parathion
is widely used in the control of various crop pests due to
its low price and wide range of efficacy (Chen et al., 2021;
Eddleston et al., 2020; Liao et al., 2016).However, Long-term
abuse and illegal use of pesticides not only have seriously
threatened the ecological environment (Anakwue, 2019;
Fang et al., 2021; Kumar et al., 2018; Saethre et al., 2012;
Wang et al., 2020; Wei et al., 2022; Zhao et al., 2013), but
also causes great harm to human’s health by inhibiting
the activity of cholinesterase in nervous system, even fatal
or carcinogenic (Huang & Huang, 2012; Kalipci et al., 2010).
So, itis very meaningful to build a reliable and efficient detect
method for pesticide residues (Liuetal.,2014; Luetal.,2018).
Organophosphorus pesticide residual can be detected by
gas chromatography, but most of the organophosphorus
pesticides have strong polarity and thermal instability, which
brings certain difficulties to gas chromatography analysis
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(Chen, 2010). HPLC method has combined the advantages
of common liquid chromatography and gas chromatography,
and then developed after appropriate improvement. It has
the function of separating and preparing water-soluble
substances by liquid chromatography at room temperature,
and the characteristics of gas chromatography (i.e., high
pressure, high speed, high resolution, and high sensitivity)
and good repeatability, small sample quantity, easy to
multiple measurements (Ashraf et al., 2022; Gao et al.,
2017; Harshit et al., 2017; Rana et al., 2011; Vichapong et
al., 2016).

In this study, High Performance Liquid Chromatography
(HPLC) was utilized to determine MP in different vegetables.
This method has the good points of simple operation, accurate
and reliable, and is suitable for the detection of MP pesticide
residues in various vegetables (Chen, & Li, 2013; Pang et al.,
2011; Tan, et al., 2009; Wang, Chen, Cao, & Li, 2015).

Materials and methods. Experimental Instruments
and Reagents.

Experimental instruments were:

UPLC-PDA (I-Class PLUS, Waters Corporation, Milford,
MA, USA);

Vortex Shaker (IKA Vortex 3, Germany);

Millipore filter system (Millipore Corporation, Bedford,
MA, USA);
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Centrifuge (Sigma 3K 30, Germany).

In research were used such reagents as:

HPLC-grade acetonitrile (MREDA Technology Inc, USA);

Methanol (Dikma Beijing, China);

Primary secondary amine (PSA, Tianjin Bona Aijer
Technology Co., LTD); Graphitized carbon black (GCB,
Hangzhou Micron Pie Technology Co., LTD);

NaCl (Sinopharm Chemical Reagent Co. LTD).

Chromatographic conditions. Chromatographic column
was Shim-Pack: VP-ODS; Mobile phase was methanol
and water, and the ratio was determined by experiment
results; The flow rate was 1.0mL/min; The sample size
was SpL; Quantitatively determined by calculating the peak
areas.

Preparation of standard solution. Methyl parathion
pesticide stock solution is dissolved in acetonitrile to
20 uMIL, stored at -18 °C for use. The standard reserve
solution was diluted step by step to obtain standard solutions
with concentrations of 0.05 uM, 0.1 uM, 0.5 uyM, 1 uM, 5 uM
and 10pM, respectively.

Sample preparation. Lettuce, cucumber, and tomato
were obtained from the Plant factory in Henan Institute
of Science and Technology, and vegetables can be grown
without any pesticides there. Each vegetable sample
was washed and dried, and then cut them into pieces
and put them into a homogenizer for homogenization. 10 g
sample were weigh into a 50 ml centrifuge tube; 2 g NaCl
and 10 mL acetonitrile are added, blended, and vortex for
3 min, then centrifuged for 5min at 3,500 rpm. An aliquot
of 2 ml was transferred from the supernatant to a new clean
2 ml centrifuge tube containing a certain amount of PSA
and GCB purification material. The samples were again
vortexed for 3min and then centrifuged at 10,000 rpm for
5 min. Afterwards, 2 ml supernatant was taken and filter
them through 0.02 pM filter membrane before sampling.

Generally, vegetable samples without any pesticides
were taken, a certain amount of standard mixture was
added, and the determination was repeated for 3 times
according to the given chromatographic conditions.

Results. 1. Selection of detection wavelength. The
UV spectrum of aromatic compounds has characteristic

absorption at 254 nm, Through the wavelength scanning
of the diode array detector, the pesticide had the maximum
absorption at 270 nm, so 270 was selected as the detection
wavelength.

2. Selection of Mobile phase. Methanol-Water was
used as mobile phase, and different ratios were set for
screening. Experimental results showed that V-methanol:
V-water (73:27) was the best pesticide separation,
meanwhile, the interference of blank samples was minimal,
and the analysis time was short.

3. Linear relation and limit of detection. Under the optimal
liquid-mass separation conditions, a series of standard
solutions with different concentrations of MP were prepared
for determination, and the standard spectrum of MP (which
concentrations is 10uM) is shown in Fig.1. Then the standard
curve of mass concentration was drawn based on the peak
area of each component. The results show that the linear
range of MP is 0.05~20 puM, and the standard curve equation
is Y—4833.5 x— 32.64 ,the correlation coefficient is 99.96%,
which can meet the needs of quantitative analysis.

4. Precision and recovery rates. Fig. 2 and Fig. 3 were
respectively the control check chromatogram and spiked
chromatogram of cucumber sample. The relative standard
deviation and spiked recovery results were shown in
the Table 1.
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Fig. 1. HPLC chromatogram of Methyl Parathion standard

Table 1
Determination of spiked recovery rate
of vegetable samples
Sample Added(pM) | Recovery rates (%) | RSD(%)
0.5 109.84% 2.61
Lettuce 2 114.11% 4.2
8 103.3% 1.72
0.5 102.23% 6.2
Cucumber 2 108.58% 3.51
8 104.82% 2.89
0.5 89.67% 247
Tomato 2 87.38% 4.86
8 90.31% 5.83
Discussion. Under  optimized  experimental
conditions, methyl parathion has strong absorption
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Fig. 2. The control check Chromatogram of cucumber sample
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Fig. 3. The spiked chromatogram of cucumber sample

at 270nm, so 270nm was chosen as the detection wave
length. In the experiment, the separation conditions
of methanol-water in mobile phase were optimized with
different proportions and different flow rates, and finally
methanol: water = 73:27 was selected. QUEChERS
(Quickly, Easy, Cheap, Effective, Rugged, Safe) method,
a new pretreatment technology for pesticide residue
detection in agricultural products developed in the world
recent years, was used for pretreatment of three kinds
of vegetables(Gonzalez-Gomez, et al. 2022), and PSA
and GCB were selected as purifying agents for sample
pretreatment ultimately. In the standard recovery
experiment, there was a linear relationship between
the standard addition amount of methyl parathion
and the chromatographic analysis results (peak area) in
the concentration range of 0.05~20um, that is, in the above
concentration range of sample extraction, purification,
determination and other steps can make the target to
be tested with a stable recovery rate. In the studies that
have been done, Liu et al. (2012) established a detection
method in dry cabbages byultrasonic extraction-gas
chromatography for the 12 organophosphorus insecticides
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residues detection, and the results showed that
the concentration range of linearity was 0.01~1.00 pg/mL
for methyl parathion detection, and the percent recoveries
was 104.5%~110.5%,coefficients of variation was
2.4%~2.6%,and the detection limits was 0.016mg/kg. (Liu
Chao et al., 2015) Developed a LC-MS/MS method for
methyl parathion in three kinds of tea based on novel HPLC
column Inertsil ODS-3 with methanol and 0.1% acetic
acid as mobile phase,combined with MS. The experiment
results showed a linear relationship in the range of
0~2.0 ng/mL, and the detection limit was 0.47ng/kg.The
adding standard recovery was 83.5%~106.3%. Muckoya
V. A. with colleagues (Muckoya et al., 2020) presented
a simple and rapid method for determination of 11 kinds
of pesticides in wastewater matrices, A chemometric
approach for the optimisation of vortex-assisted dispersive
liquid—liquid microextraction experimental conditions prior
to liquid chromatography—mass spectrometry detection
was applied. The results showed that LOD was 0.67 pg/L,
and spiked recovery rate was 97.68~115.15 for the Methyl
parathion detection. Therefore, compare to the previous
work, our research results are of progressive significance.
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Conclusions. For this article, a HPLC method was | can effectively separate and determine MP pesticide
established for the determination of MP in three vegetables. | residues in vegetables, and the operation is relatively
The linear range of the method was 0.05~20 yM. The | simple and quick, the result is stable and accurate,
recoveries rate and RSD of lettuce, cucumber and tomato | which is suitable for the determination of MP in many
were in the range of 87.38%~114.12%. HPLC method | vegetables.
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Jli ®ane, acnipaHmka, CymMcbKul HayioHanbHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa, XeHaHbCbKul iHecmumym
Hayku i mexHonoeii, M. XeHaHb, KHP

BusHa4yeHHs1 MemunnapamioHy e ogo4ax MemodoM eUcoKoegheKkmueHoi piduHHoi xpomamozpadbii

@ochopopeaaHidHi necmuyudu € 00HUMU 3 HalbINbW WUPOKO 8UKOPUCMO8Y8aHUX iHCekmuyudie, siKi 20f108HUM YUHOM
8UKOPUCMOBYOMbCS Ha 3€PHOBUX, 0804E8UX Kyribmypax ma ¢hpykmax. MemurnnapamioH— ye pi3Ho8ud hocghopopeaHiyHo20
necmuyudy, skuli gidHocumscs 0 Hepeo8O—NapPanimuYHoOi pe4o8UHU. BiH MOXe Crnpu4uUHAMU Pi3HO20 CMYyneHs OMPYEHHS
nAuUHU ma xydobu, a makox euKnukamu ceplosHe 3abpyOHEHHs] HaBKOMUWHL020 cepedosulya. ToMy eefuke 3Ha4YeHHs
Mae 8CmaHO8MeHHST eghekmuBHO20 MemoOdy 8USIBIIEHHS 3anuLIKie MemusnapamioHy 8 CiflbCbK020crno0apchKill MpodyKuil.
BusHa4eHHs MemurinapamioHa 4Yacmo nposodumbcsi 3a 00MOMO20K 2a3080i xpomamoezpachii, ane 4epes CUNbHY
ronspHicmb | mepMiyHy Hecmilikocmi memunnapamioHy uet Memod 8u3Ha4eHHs1 Ma€ rneeHi mpyoHowi. [ns mecmyeaHHs
3anuwkie memurnapamioHy 8 ogoyax bys docnidxeHuli Memod eucokoeghekmusHoi piduHHOI xpomamozpadpii (BEPX),
a makox XpomamozpacpiuHi ymosu Onisi ekcmpakuii, OYUWEHHST ma euseneHHs 3paskie. B osodesill npodykuii documsb
CKMaOHO euU3Hadumu 3anuwkosy Kinbkicmb necmuyudie. OCHOBHI 3amuliKo8i KOMMOHEHMU Heneeko po3dinumu,
36aeamumu i o4UCMUMU, MOMY 8USIBNIEHHS CyrymHix necmuyudig He € moyHUM. [ocnioHum wrsxom 6yno ecmaHoeneHo
maki onmumarbHi ymoasu 07151 NpoeedeHHsI XpomamoazpaghidHux AocnidxeHb: criggiOHoWeHHsI MemaHosy 0o 8odu (73:27)
SIK pyxomoi ¢pasu ma AoexuHa xeusi eusierieHHs yrbmpacdpionemy 270 um. binbwe mozo, memod QUEChERS (LLlsudko,
Jlezko, [eweeo, EcpekmugHo, HadiliHo, be3ne4Ho) — Hoea mexHosozis nonepedHboi 06p0bKU On1d 8UABNEHHS 3anuWKie
necmuyudie y cinbcbkoaocrnodapcbkux npodykmax, po3pobreHa 8 ceimi ocmaHHiMu pokamu, byna eukopucmaHa 0nsi
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ronepedHboi 06pobku mpbox sudie osoyig, a PSA ma GCB 6ynu obpaHi, y nidCyMKY, sk O4UCHI azeHmu st nonepeoHbol
06pobku 3pa3skig. Pesynbmamu eKkcriepuMeHmy roka3anu, Wo xpomamoepacpiyHa mnnowa niky memusnnapamioHy
O0eMoHCcmpye npsiMy iHIUHY 3anexHicme 3 (io2o KoHyeHmpaujeto 8 Oiana3oHi 0,05 mkM~20 mMkM, a cmaHOapmHe pigHsIHHA
Kpugoi dopieHioe Y=4833,5x-32,64, koegpiuieHm kopensuii cmaHosums 99,96%. CepedHili amicm MmemunnapamioHy 8 mpbox
sudax ogoyig (carnam, oeipok i momidop) cmaHosus 8id 87,38% Ao 114,12% npu mpbox pieHsix gusHayeHHs 0,5, 2i 8 MkM, a
8i0HoCHe cmaHOapmHe gioxuneHHs1 (RSD) cmaHosuno 6i0 1,72% 0o 6,2%. Leli Memod mae nepesazu npocmomu pobomu,
moyHocmi ma HadiliHocmi ma nidxodums 0115 8UsBNEeHHs 3anuwikie necmuyudie (MemurinapamioHy) y pi3HUX 0go4ax.
Knroyoei cnoea: MemunnapamioH, 3anuwku necmuuyudis, sucokoeghekmusHa piduHHa Xpomamozpadisi.
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