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ABSTRACT - The aim of this research was to develop a rapid and easy multi-residue method for determining
dimethipin, omethoate, dimethipin, chlorfenvinphos and azinphos-methyl in agricultural products (hulled rice, potato,
soybean, mandarin and green pepper). Samples were prepared using QuUEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) and analyzed using gas chromatography-tandem mass spectrometry (GC-MS/MS). Residual pesti-
cides were extracted with 1% acetic acid in acetonitrile followed by addition of anhydrous magnesium sulfate
(MgSO,) and anhydrous sodium acetate. The extracts were cleaned up using MgSO,, primary secondary amine (PSA)
and octadecyl (C ;). The linearity of the calibration curves, which waas excellent by matrix-matched standards, ranged
from 0.005 mg/kg to 0.3 mg/kg and yielded the coefficients of determination (R*) > 0.9934 for all analytes. Average
recoveries spiked at three levels (0.01, 0.1, 0.5 mg/kg) and were in the range of 74.2-119.3%, while standard deviation
values were less than 14.6%, which is below the Codex guideline (CODEX CAC/GL 40).
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Materials and methods
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Dichlorvos (98%) 3% Wako Pure Chemical (Osaka,
Japan), omethoate (96.6%), dimethipin (99.0%) 2|3
chlorfenvinphos (99.3%) %< Dr. Ehrenstorfer (Augsburg,
Germany), azinphos-methyl (97.2%) ¥ <32 Accustandard
(New Haven, CT, USA)°lA F+U3A T oA EYUEEL
(Acetonitrile)> HPLC GSHS=Z Merck (Darmstadt,
Germany)oll A T+ 3te] ALt ow, SHibnl v F
(Magnesium sulfate)< Junsei (Tokyo, Japan), ©}AEA
(Acetic acidy Sigma-Aldrich (Buchs, Switzerland), Primary
secondary amine (PSA)= Agilent Technologies (Santa
Clara, CA, USA), C > Waters (Milford, Ireland)25E]
d3tAtt. F5of FbE AR A EFFAY dESAE
55 ArEH), AAAF), FCFR), A2, 2
FATE Tt #Est & UEH &7 Fol 20°C
of Byaim Aol ARSI
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Fig. 1. Molecular structure of dimethipin, dichlorvos, omethoate,
chlorfenvinphos and azinphos-methyl.

HEZEHN gl gFEgoto] x|

UuEd, HERER2 QW Edo|E, FREFANEA
2 oRRIEAMY FFEFS 77} oAl &alste] 1,000 pg/
mL (1,000 ppm)®] EFHNE A AT 7+ FFL
1,000 pg/mLe E55t] 100 ug/mLE SN EYEZ 3
XMete] g FFLACZ FPtl.  Matrix-matched
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Sample S g

Extraction

- Shake for 1 min

- Shake for 10 min

Centrifugation

- 4°C,4,000 X g, 10 min

Purification

- Shake for 1 min

Centrifugation

- 4°C,4,000 x g, 10 min

GC-MS/MS

- Collect supernatant layer

- Wetting for 20 min (hulled rice and soybean)

- Add 10 mL of 1% acetic acid in acetonitrile

- Add 6 g of magnesium sulfate and 1.5 g of sodium acetate

- Add C;3 150 mg, PSA 150 mg, MgSO, 450 mg to 3 mL of supernatant

- Filter through syringe filter (PTFE, 0.2 um)

Fig. 2. Experimental flow chart for dimethipin, dichlorvos, omethoate, chlorfenvinphos and azinphos-methyl.

Co. Ltd., Tokyo, Japan)Z 10%-7+ M&sldth Alge 9
Al &-2] 7](Heraeus Megafuge 16R Centrifuge, Thermo
Fisher Scientific, Dreieich, Germany)E& AFHE-3}o] 4°C,
4,000 x goll A 1037+ YAl skt A5 3 mLEs F
&l C, 150mg, PSA 150mg % vl aur 450 mg
o] ©71 15 mL ¥4lEelded Wi 127 Jes 7 94
2715 o] 83l 4°C, 4,000 x goll A 10487+ 941 &2 3}
Atk AR dedes WHEEAZEPTFE, 02 pum X
13 mm, Teknokroma, Barcelona, Spain)@® ]33t & o]&
AlAgQ oz AR ThFig. 2)"™.

GC-MS/MS 21712M XA

717174 oll= 7890B gas chromatography (GC) System
(Agilent Technologies, Santa Clara, CA, USA)3 7010
GC/MS Triple Quad (Agilent)y& AFHg3le] GC-tandem
mass spectrometry (MS/MS) #41-& 33t} £48 ZH
< 5% Diphenyl, 95% Dimethylpolysiloxan®] DB-5MS UI
ZAHE(GB0m x025mm LD., 0.25 um, Agilent Technologies)S
ol-gste] FEstlrh. Ay B 2k 80°CollA SEZF
FAAZL & AESNA 10°CAELE 300°C7HA] oA 713l
3R FABAT FYTFe] 2= 280°CE AA AT
olF 7N EE AFES ARSI 52 12mLES

Table 1. Analytical conditions of GC-MS/MS for the determina-
tion of dimethipin, dichlorvos, omethoate, chlorfenvinphos and
azinphos-methyl

Parameters Condition
Column DB-5MS UI (30 m x 0.25 mm, 0.25 pm)
Flow rate 1.2 mL/min
Injection volume 1 uL

Injection mode Splitless mode

Mobile phase Helium (He)
Injection temp. 280°C
Rate Set point Hold time
(°C/min) (°C) (min)
Oven temp. 30 5
10 300 3
MS/MS condition
Ion source ElI
Source temp. 230°C
Electron energy 70 eV

2 AA3AE. AlEE= splitless modeZ 1 pL? FU33
ok ARt 71e] o238} Ao 2EE 230°CE A4St
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Table 2. Optimal MRM transition and parameters of GC-MS/MS analysis

Compound Molecular weight Exact mass Precursor ion (m/z) Production (m/z)  CEY(eV) RT” (min)
118 589 10
Dimethipin 210.3 210.00 124 76 10 17.1
124 59 40
185 939 20
Dichlorvos 221.0 219.94 185 109 20 10.3
109 79 10
156 1109 10
Omethoate 213.2 213.02 156 79 30 152
110 79 10
323 267 20
Chlo(ff?;n (VZigl-phos 359.6 357.96 323 159 40 gzggé
267 159 40
160 779 20
Azinphos-methyl 317.3 317.00 160 51 40 245
132 77 20

YCE: Collision energy.
"RT: Retention time.
9Quantitation ion.

HAL o] 23 H O 2= electron ionization (EI)H<] positive-
ion modeE AHE-a}TH(Table 1). =7t 53 o2&
2 o] (quantification ion) 2 7§43 ] (qualification ion)L-
Z A9 3sle] MRM (multiple reaction monitoring) 7S
39 51 th(Table 2).
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Results and discussion

JEERE =R

OuEld, tEEE2H2A, QW EJo|E, A2 ¥~
2 o FAmE L Bz ol 3hkSulfur, S) = <
(Phosphorus, P)& 3833 $©] GC-FPD (gas chromato-
graphy-flame photometric detector) %=+ GC-NPD (gas
chromatography-nitrogen phosphorous detector)S ©]-& 3t
BAlo] 7hesteHs, SRk 2019 1€ 19FE PLS7}
BE FES tdes duido] AFsleriEe] A4
A FAY F7HEA 4 sl deiA dEHOE
0.01 mg/kge] 73887158 A&t 224 0.01 mg/
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Table 3. Comparisons of extraction efficiency depending on solvent

SHEoIES] HH 3|50l 70.1%= WU HE
o] A% yFrERs FRENTA 9 opE
o] Hat F4&0] 70% ©l5t=E A XA} o EAS
3t SHMEVE™S] A9 BE tIFEHY H+F 35
o] $-F3IRoH, 53] 1% oEAS &3 ol EY
oA HF 3FE0] 99.2-109.0%% =A EbTh
(Table 3). 283 QUEChERSY & AM&3le= Alefo] A&
T}2 original'’, AOAC 2007.01'%, CEN 15662} V2] =
&S vwsith 2 A% & 5 tvEAe] it 3
FEL 81.8-107.6%, TIZFEER 20 Hi 3T 86.5-
98.3%, SHEOIES] HF IFE&LS 101.4-107.7%, Z
ZEARNELS] HE IFEE 97.1-108.4%, oFFELH|
gdo] HF 35E-E 89.1-110.0%°] T}, A 7F original¥
# CEN 15662% 5 o|&3te] F&3 7 AAE 133
S v UFRERA QUECE |3 o xAud
o] Ht IF&o] A FAEAT FF WHOE AOAC
2007.0182 o]&3 oty AAE WPt w el
Bt 3 FEL 99.9%, UFEER 0] HiF 3482 90.2%,
LW EdOES Hi FFELS 111.1%, FEETN L9
Hat 58S 115.7%, o2 de] Hi 3482 98.7%
o] 2ATHTable 4). 1% CFIEAF T oMM EVEL S |83t
o] QUEChERS AOAC 2007.01'Ho.& FZ34 &g % (-
SPEE ©]-&3te] FATES vlwsiith FAol AH8-E=
Fatmladlgr, Cp 2 PSAS] o] M ZE T d-SPE 1(3HF
ol 75 mg/mL, C,q 50 mg/mL, PSA 50 mg/mL), d-SPE

M o oot tlo

Compound (Recovery+RSD?, %)

Dimethipin Dichlorvos Omethoate Chlorfenvinphos Azinphos-methyl

Acetone 95.8+2.1 89.7+6.3 70.1£11.0 110.6+0.5 96.4+3.7

Methanol 78.4+0.8 62.6+5.8 89.4+11.2 48.0£22.5 51.3+1.0

Acetonitrile 99.4+2.5 99.5+4.5 107.0+0.7 109.0+7.1 99.2+0.8
(1% acetic acid)

Acetonitrile 95.5+1.3 94.2+4.0 92.72.4 97.3+5.3 102.740.1
(3% acetic acid)

Acetonitrile 98.3+2.5 92.12.0 90.5+0.2 94.3+0.8 99.3+1.2

(5% acetic acid)

“Recovery=RSD: Mean values of 2 times replications with standard deviation.

Table 4. Comparisons of recovery depending on QUEChERS method

Extraction Compound (Recovery+RSD?, %)
method Dimethipin Dichlorvos Omethoate Chlorfenvinphos Azinphos-methyl
Original 119.8+0.6 11.848.5 7.1£2.8 129.948.2 41.1£2.1
AOAC
2007.01 99.9+18.0 90.2+20.4 111.14£20.9 115.7+17.1 98.7+19.5
CEN 15662 116.6+8.9 8.7+12.5 2.5+17.1 125.2+12.4 25.7+28.1

“Recovery=RSD: Mean values of 2 times replications with standard deviation.
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Table 5. Comparisons of purification efficiency for dimethipin, dichlorvos, omethoate, chlorfenvinphos and azinphos-methyl

Compound (Recovery+RSDY, %)

Dimethipin Dichlorvos Omethoate Chlorfenvinphos Azinphos-methyl
d-SPE 1 90.8+9.9 98.2+1.7 93.8+0.7 101.1+3.1 106.7+1.7
d-SPE 2 94.9+£7.6 102.7£3.9 96.7+4.2 108.2£1.5 108.6+0.8
d-SPE 3 104.2+1.1 97.6+4.9 97.9+2.2 102.3+0.1 106.4+6.0
d-SPE 4 101.9£15.4 95.3£1.0 98.7+1.3 97.4+1.4 102.3+£0.6

“Recovery=RSD: Mean values of 2 times replications with standard deviation.
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Fig. 3. Matrix-matched calibration curves of dimethipin, dichlorvos, omethoate, chlorfenvinphos and azinphos-methyl in (A) hulled rice,
(B) potato, (C) soybean, (D) mandarin and (E) green pepper.
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23 lEF 150 mg/mL, C,q 25 mg/mL, PSA 50 mg/mL),
d-SPE 3(3Atuladl4 150 mg/mL, C,; 50mg/mL, PSA
25mg/mL) 2 d-SPE 4(FAFuul% 150 mgml, C,,
S0 mg/mL, PSA S0 mgimL) 471 %4& AEsieie. 4
A & 3FEE 90.8-108.6%F UEFoH HAHoZ F
T&°] 7% d-SPE 4 271& 47851 t(Table 5).
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1= A tH(Table 7). AFAZF HAIF(CV, %)= A&
%= >1 pg/kg, <0.01 mgkgel 46%, A% >0.01 mgkg,

Table 6. Inter-day (over a period of 3 days) accuracy and precision of analytical method for dimethipin, dichlorvos, omethoate, chlorfen-

vinphos and azinphos-methyl

Fortification Recovery=RSD(%)
(mg/kg) Dimethipin Dichlorvos Omethoate Chlorfenvinphos Azinphos-methyl
0.01 99.3£5.2 105.1£6.5 95.5t11.4 101.3+£5.8 98.9+6.2
0.1 104.4+3.8 100.3£2.5 97.6+6.7 101.7£5.5 91.5+7.7
0.5 105.6+1.0 99.3+4.1 89.4+14.0 100.8+2.5 89.8+12.6
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Table 7. Inter-laboratory validation results of analytical method for dimethipin, dichlorvos, omethoate, chlorfenvinphos and azinphos-

methyl
Pesticide Sample Fortification Recovery+RSD"(%) - Mean” Ccve
(mg/kg) Lab. AY Lab. BY

0.01 102.7£1.6 109.3+2.3 105.1 3.7

Hulled rice 0.1 97.7+1.6 105.4+0.3 100.6 4.1

0.5 94.6+3.2 104.8+3.2 98.4 6.1

0.01 103.7+£3.9 117.1£5.1 108.7 7.5

Potato 0.1 99.3+1.7 94.9+4.6 97.6 3.5

0.5 104.4+1.2 87.4+6.6 98.0 9.5

0.01 114.1+8.8 81.0+£3.1 101.7 18.5

Dimethipin Soybean 0.1 102.0£3.7 91.8+6.1 98.2 6.8
0.5 96.6+7.9 90.9+7.7 94.5 7.9

0.01 107.8+2.7 99.1+1.3 104.5 4.8

Mandarin 0.1 103.1£2.3 91.2+2.6 98.6 6.6

0.5 105.4+0.8 86.9+2.9 98.5 9.9

0.01 90.843.6 115.443.2 100.0 13.1

Green pepper 0.1 102.6+2.3 96.4+1.7 100.2 3.8

0.5 106.1£1.5 84.5+1.8 98.0 11.5

0.01 96.0+4.9 106.3+2.5 99.8 6.6

Hulled rice 0.1 104.6+4.5 97.9+6.2 102.1 5.8

0.5 99.8+6.9 103.4+6.5 101.1 6.5

0.01 105.5+1.2 104.9+12.0 105.3 6.5

Potato 0.1 96.6+2.7 86.0+3.2 92.6 6.5

0.5 102.9+2.4 75.4+16.1 92.6 17.0

0.01 113.5+£8.2 111.5€£3.6 112.8 6.6

Dichlorvos Soybean 0.1 108.742.5 88.9+8.3 101.3 11.0
0.5 109.0+7.7 83.6+12.4 99.5 15.7

0.01 97.9+4.6 83.9+5.7 92.7 9.1

Mandarin 0.1 102.9+4.0 94.5+7.5 99.8 6.6

0.5 101.7+3.4 91.9+11.9 98.0 8.3

0.01 100.0+4.1 86.1+14.4 94.8 10.8

Green pepper 0.1 100.4+5.6 99.6+£2.9 100.1 4.6

0.5 100.1+6.1 85.0+7.0 94.4 10.1

0.01 119.3+4.3 94.5+13.0 110.0 13.5

Hulled rice 0.1 109.5+5.3 94.4+3.3 103.8 8.7
0.5 86.8+7.0 104.4+9.7 93.4 12.4

0.01 106.8+7.5 116.1+6.6 110.3 7.9

Potato 0.1 87.8+6.1 84.5+3.2 86.6 53
0.5 103.2+6.9 74.7+11.4 92.5 17.7

0.01 113.5+¢11.7 97.3+6.0 107.4 12.5

Omethoate Soybean 0.1 99.1+3.1 102.7+4.5 100.4 3.8
0.5 83.1+6.9 103.0+4.8 90.6 12.7

0.01 92.3+8.9 84.2+8.6 89.2 9.4

Mandarin 0.1 79.8+5.0 77.4%6.1 78.9 5.2
0.5 86.5+14.6 78.1+4.1 83.4 12.7

0.01 115.5+6.8 100.2+14.1 109.8 11.3

Green pepper 0.1 97.4+8.5 96.7+5.4 97.1 7.1

0.5 86.1+13.8 78.1£11.1 83.1 13.2
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Table 7. Continued

Fortification

Recoveryt RSD? (%)

Pesticide Sample (mgke) T AY Lab B Mean® cve
0.01 97.545.1 105.5+£2.6 100.5 5.7

Hulled rice 0.1 103.7£2.3 113.5+2.7 107.3 5.2

0.5 97.3+£2.9 106.1+3.8 100.6 5.1

0.01 105.2+£3.7 119.9+4.2 110.7 7.8

Potato 0.1 101.443.8 103.4+3.0 102.2 3.4

0.5 107.6+9.1 98.4+3.3 104.1 8.6

0.01 100.5£11.3 110.9+3.3 104.4 9.9

Chlorfenvinphos Soybean 0.1 103.2+7.8 107.6+0.2 104.8 6.2
0.5 106.5+6.4 103.0+0.6 105.2 5.2

0.01 102.6x1.6 110.2+4.2 105.4 4.6

Mandarin 0.1 103.6+3.9 107.3£0.5 105.0 3.4

0.5 99.6+1.9 99.6+0.5 99.6 1.5

0.01 105.4+9.4 119.3+2.2 110.6 9.4

Green pepper 0.1 106.0+5.2 105.1+1.3 105.6 4.0

0.5 102.3£5.9 92.8+0.4 98.7 6.8

0.01 111.8+2.1 105.9+£5.9 109.6 4.4

Hulled rice 0.1 96.0+0.8 93.1+0.5 94.9 1.7

0.5 80.7+3.0 106.0+£7.0 90.2 15.3

0.01 89.9+9.0 101.1£10.3 94.1 10.7

Potato 0.1 105.9+6.8 81.3%£13.2 96.7 15.5

0.5 101.4+13.1 76.0+8.7 91.9 18.4

] 0.01 117.7+6.4 117.6£2.5 117.7 5.0
Aigﬁg"ls' Soybean 0.1 79.0+4.0 84.147.6 80.9 6.1
0.5 74.249.0 95.3£7.9 82.1 15.5

0.01 100.8+5.3 111.3+9.8 104.7 8.5

Mandarin 0.1 87.6+8.0 79.4+7.6 84.5 8.9

0.5 98.5£12.5 74.4+7.1 89.5 17.7

0.01 110.9+12.9 103.8+6.5 108.2 11.1

Green pepper 0.1 103.6+4.7 99.3+0.5 102.0 43

0.5 109.946.9 109.5+4.0 109.7 5.6

“Recovery=RSD: Mean values of replications with standard deviation.

®Mean: Recovery average of inter-laboratory.
9CV: Coefficient of variation of inter-laboratory.

9Lab. A: Ministry of Food and Drug safety, Pesticide & Veterinary Drug Residue division (n=5).
“Lab. B: Chonnam National University, Natural Products Chemistry Laboratory (n=3).
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