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ABSTRACT - An analytical method was developed for the determination of quinoxyfen in agricultural products
using the QUEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method by liquid chromatography-tandem
mass spectrometry (LC-MS/MS). The samples were extracted with 1% acetic acid in acetonitrile and water was
removed by liquid-liquid partitioning with MgSO, (anhydrous magnesium sulfate) and sodium acetate. Dispersive
solid-phase extraction (d-SPE) cleanup was carried out using MgSO,, PSA (primary secondary amine), C,, (octade-
cyl) and GCB (graphitized carbon black). The analytes were quantified and confirmed by using LC-MS/MS in posi-
tive mode with MRM (multiple reaction monitoring). The matrix-matched calibration curves were constructed using
six levels (0.001-0.25 pg/mL) and the coefficient of determination (R?) was above 0.99. Recovery results at three con-
centrations (LOQ, 10 LOQ, and 50 LOQ, n=5) were in the range of 73.5-86.7% with RSDs (relative standard devia-
tions) of less than 8.9%. For inter-laboratory validation, the average recovery was 77.2-95.4% and the CV (coefficient
of variation) was below 14.5%. All results were consistent with the criteria ranges requested in the Codex guidelines
(CAC/GL 40-1993, 2003) and Food Safety Evaluation Department guidelines (2016). The proposed analytical
method was accurate, effective and sensitive for quinoxyfen determination in agricultural commodities. This study
could be useful for the safe management of quinoxyfen residues in agricultural products.
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Table 1. LC-MS/MS parameters of analysis condition for quinoxyfen

Parameter Condition
Instrument LC: Nexera X2 UHPLC (Shimazu, Kyoto, Japan)
MS/MS: LCMS-8060 (Shimadzu, Kyoto, Japan)
Column XBridge Cg (2.1 mm I.D. x 100 mm L., 3.5 pm)
Flow rate 0.3 mL/min
Injection volume 1 uL
Oven temp. 40°C
Mobile phase A:0.1% form.ic ac.id .in acetonitrile
B: 0.1% formic acid in water
Time(min) A(%) B%
0.0 30 70
2.0 30 70
Gradient 2.1 95 5
6.0 95 5
6.1 30 70
8.0 30 70

MS/MS condition

Interface temp. 150°C
Heating block temp. 400°C
Desolvation line temp.  250°C
Heating gas flow 10.0 L/min
Nebulizer gas flow 3.0 L/min
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Table 2. Selected-ion of LC-MS/MS for quinoxyfen

Compound Retention time (min) Molecular weight Exact mass Precursor ion (m/z) ~ Product ion (m/z) CEV
197” 34

Quinoxyfen 3.9 308.1 307.00 308 214 34
162 34

Y Collision energy (eV)
2 Quantification ion

Cl O

N

~
Cl N
Ci15HsCI.FNO
M.W. 308.1

Fig. 1. Molecular structure of quinoxyfen.
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Table 3. Comparisons of recovery results for quinoxyfen
extraction and purification efficiency in mandarin

Extraction Recovery + RSD"(%)
- 79.8 + 1.1
1g MgSO, 80.0+ 1.5
3g MgSO, 85.6+0.7
6g MgSO, 88.6+1.2
1 g Sodium acetate 859+ 0.6
2 g Sodium acetate 90.0+ 1.6
5 g Sodium acetate 829+39
6g MgSO, + 1.5 g Sodium acetate 89.2+ 1.6
Purification Recovery £ RSD*(%)
750 mg MgSO, 91.1+1.9
250 mg PSA 90.8 + 1.4
250 mg Cyg 84.8+6.5
45 mg GCB 32.8+11.7

" Recovery = RSD: Mean values of 3 times repetitions with rela-

89.2+ 1.6%) (Table 3). AAZA FHES Yslo] FZ99)
F71%), B3 e S48 M EAS A AR 59 =
q AaEL B AAE AAT 5 e d-SPE (dispersive
solid phase extraction) Z7}ol w2
A HgolA HrtEle Fgateka]
1}
=~
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& 7}?<1; 2171 -] C.8
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© ©FOE ARREA] @3 YA AI7EA] HEe %‘57}6}
of 7 Abgshs Zlo] AP AR AdHAT. T
gatokadl4, PSA, C,, GCBE &7 718 A @48
92.8+0.9%)37 MgSO,(3]5&: 91.1+1 9%) PSA(§4’“°
90.8+1.4%) §=E02 H7IS v =2 3582 5

tive standard deviation L, 4782 RS @ FUhs Aol ARvtEaH }b]":’ﬂ"ﬂ
Table 4. Inter-laboratory validation results of analytical method for quinoxyfen residues in samples
Sample Fortification Recovery = RSD"(%) Ave ¥ cvY LOQ
(mg/kg) Lab. A? Lab. BY (%) (o) (mg/kg)
0.005 84.7+£3.9 106.1 £2.2 95.4 12.6
Hulled rice 0.05 84.5+1.8 100.3+1.0 92.4 9.5
0.25 83.4+2.5 95.5+54 89.5 8.5
0.005 73.5+1.6 88.0+3.9 80.8 10.4
Potato 0.05 80.0+1.1 893+73 84.7 8.2
0.25 77.6+8.9 85.1+1.2 81.4 8.6
0.005 82.4+1.0 107.5+ 1.5 95.0 14.5
Soybean 0.05 83.0+0.7 98.9+3.6 91.0 9.9 0.005
0.25 862+ 1.1 96.5+0.9 91.4 6.3
0.005 74.8+1.9 79.6£2.6 77.2 43
Mandarin 0.05 73.9+4.8 86.4+33 80.2 9.7
0.25 752 +8.1 90.8+5.4 83.0 12.7
0.005 842+55 75.1+£29 79.7 8.0
Green pepper 0.05 83.4+6.3 75.0+ 5.6 79.2 8.9
0.25 86.7+1.9 95.7+14 91.2 5.6

DRecovery £ RSD: Mean values of 5 or 3 times repetitions with relative standard deviation

JLab. A: Ministry of Food and Drug Safety

9Lab. B: Korea Advanced Food Research Institute
YAve.: Recovery average of inter-laboratory

JCV: Coefficient of variation of inter-laboratory
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Fig. 3. Matrix-matched calibration curves of quinoxyfen in (A) hulled rice, (B) potato, (C) soybean, (D) mandarin and (E) green pepper.
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