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Development and Validation of an Analytical Method for Flutianil Residue
Identification Using Gas Chromatography-Electron Capture Detection

Ji-Eun Kwon, Jung-Ah Do, Hyejin Park, Ji-Young Lee, Yoon-Jae Cho,
Jae-Ho Oh, Gyu-Seek Rhee, Sang-Jae Lee, and Moon-Ik Chang*

Food Safety Evaluation Department, National Institute of Food and Drug Safety Evaluation, MFDS

Abstract A sensitive and simple analytical method to identify flutianil residues in agricultural commodities was
developed and validated using gas chromatography-electron capture detection (GC-ECD) and mass spectrometry (GC-MS).
The flutianil residues were extracted with acetonitrile, partitioned with dichloromethane, and then purified using a silica
solid-phase extraction (SPE) cartridge. The method was validated using pepper, sweet pepper, mandarin, hulled rice,
soybean, and potato spiked with 0.02 or 0.2 mg/kg flutianil. The average recovery of flutianil was 76.5-108.0% with a
relative standard deviation of less than 10%. The limit of detection and limit of quantification were 0.004 and 0.02 mg/
kg, respectively. The result of recoveries and relative standard deviation were in line with Codex Alimentarius Commission
Guidelines (CAC/GL 40). These results show that the method developed in this study is appropriate for flutianil
identification and can be used to maintain the safety of agricultural products containing flutianil residues.
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Fig. 1. Structure of flutianil.
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Table 1. GC-ECD operating conditions for the determination of
flutianil residue

Instrument GC-ECD (Aglient 6890, Agilent, USA)

Column DB-5 (30 mx0.25 mmx0.25 pm)
Carrier gas (Flow rate) N,, 1 mL/min

Oven temperature 200°C—5°C/min—290°C (10 min)
Injector temperature ~ 260°C

Detecter temperature ~ 280°C

Injection volume 1uL

Table 2. GC-MS conditions for the determination of flutianil
residue

GC-MS (Aglient Technologies 5973MSD,
Agilent, USA)

DB-5MS (30 mx0.25 mmx0.25 pum)

Instrument

Column
Carrier gas (Flow rate) N,, 1 mL/min
Oven temperature 200°C—5°C/min— 290°C (10 min)
Injector temperature  260°C
Interface temperature ~ 280°C

Injection volume 1uL
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Flutianil 3553(99.04%)> Otsuka AgritechnoA} (Tokyo, Japan)
o A Ao}l ALE3} 3L, HPLC grade®| aceatone, dichlo-
romethane, n-hexane, acetonitrile 5 £"&= Merck (Darmstadt,
Germany)ollAl 4 3te] AME-3F3I T} SPE-silica 71E 2] X](Waters-
certified Sep-Pack Silica Vac 6c¢cc, 1g)= Waters (Milford, MA,
USA)ZHFE +Y3F9 AL, sodium sulfate anhydrous, sodium chlo-
ride= Wako (Osaka, Japan)ollAl +3ted ARE-3tdTt. AA= =
W A5 U 23, 99, 2=, g4, @), UFE Ys] &
2Rt § -50°ColM Bdste] ARgsRith. EEU2 flutianil
RET¥E 20.19mgS acetone 20mLol 833t 1,000 pg/mL
(1,000 ppm)©2 AZ3IREH, o]& acetone® R 3]A sl (.1,
02, 0.5, 1.0, 2.0, 5.0 pg/mLe] EFENE A Fslo] Aol AL
skt

=& 2 HA
HA 20 gol| acetonitrile 100 mLE 7F5te] &3 & H35 7
w) 7] 2 $21e]3}5l9. 0™, acetonitrile 40 mLE A ojiE A7) o

A g F 1L 2427l S5 971 S/ 250 mL,
E3}2]¥4 30mL, dichloromethane 150 mLE 713+ % 5E7F 2
B33 f7]45S sodium sulfate anhydrous 15 g0l S3AIA
23192, A dichloromethane 50 mLE 7Fste] $19] 34&
WHReE & T2 ZEkael FHste A FEEY 555

33k AAE n-hexane 3mLE 833t AA Al A&
o™, n-hexane 10 mLE EA3}A7] SPE-silica 7FEZIA]] loading

AN

3k & o]& acetone/n-hexane (595, viv) 10mLE Ao,
acetone/n-hexane E3H(30/70, v/v) 10mLZE SEA]AH e F
40°C ©J3tollX 353t acetone 2 mLE A|-g3l3t] A&
Qo g AT

717184
Flutianil ¥4S 93] GC-ECD (gas chromatography-electron
capture detection, Agilent Technologies, Palo Alto, CA, USA)E
ARSI S, Table 19] 717184 274& YeIdth 4]
NS FR317] 98] GC-MS (Agilent Technologies)S ©]&-3}
o Table 20 VR 717184 271004 AlER] #4S a3t
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GC M= sol
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octanol/water E8)Al<=(log P,,, 25C)7} 299 &3} acetone/
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n-hexane (30/70, v/iv)e] &1 2O E PA &5 Vs 2 2
ZH(Table 3), silica 7FEZ A7} florisil, amino-propyl 7FE&] ] Xt}
=2 IS B silica 7FEHAE & AR Al 7HEA
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o] SARE FAFoZ 2Fse] A A9 FHE AAIE
k. @ acetone/n-hexane (5/95, v/v), @ acetone/n-hexane (15/85,
v/v), @ acetone/n-hexane (20/80, v/v), @ acetone/n-hexane (25/75,
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Table 3. Comparisons of SPE cartridge for flutianil analysis
Solvent Ratio Fraction Florisil (%) Silica (%) NH, (%)
Acetone/n-hexane 10/90 1 (loading 3 mL) - - -
2 (5mL) - - -
3(5mL) 46.1 - -
4 (5mL) 28.2 12.8 63.3
5(5mL) 6.1 66.7 29.0
Total 80.4 79.5 923
Acetone/n-hexane 30/70 1 (loading 3 mL) - - -
2(5mL) 70.1 91.6 87.6
3(5mL) 49 10.1 5.9
4(5mL) 5.0 - -
5(5mL) 5.2 - -
Total 852 101.7 93.5
Ethyl acetate/n-hexane 10/90 1 (loading 3 mL) - - -
2(5mL) - - -
3(5mL) - - -
4(5mL) - - -
5(5mL) 6.4 - -
Total 6.4 - -
Ethyl acetate/n-hexane 30/70 1 (loading 3 mL) - 20.1 -
2(5mL) 62.3 78.2 -
3(5mL) 11.8 6.3 42.0
4(5mL) 5.2 - 41.7
5(5mL) - - 7.5
Total 79.3 94.6 91.2
Dichlormethane/n-hexane 10/90 1 (loading 3 mL) - - -
2(5mL) - - -
3(5mL) - - -
4(5mL) - - -
5(5mL) - - 43
Total - - 43
Dichlormethane/n-hexane 30/70 1 (loading 3 mL) - - -
2(5mL) - - 7.3
3(5mL) - - 82.7
4(5mL) - - -
5(5mL) - - -
Total - - 90.0
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Table 4. Comparisons of elution solvents for flutianil analysis

Solvent Ratio Fraction Silica (%)
n-hexane 100 1 (loading 3 mL) -
2(5mL) -
3 (5mL) -
4(5mL) -
5 (5 mL) -
Total -
Acetone/n-hexane 5/95 1 (loading 3 mL) -
2(5mL) -
3 (5mL) -
4(5mL) -
5(5mL) -
Total -
Acetone/n-hexane 15/85 1 (loading 3 mL) -
2(5mL) -
3 (5mL) 82.53
4(5mL) 20.57
5 (5 mL) -
Total 103.1
Acetone/n-hexane 20/80 1 (loading 3 mL) -
2(5mL) 5.00
3 (5mL) 76.78
4(5mL) 3.49
5 (5 mL) -
Total 85.27
Acetone/n-hexane 25/75 1 (loading 3 mL) -
2(5mL) 46.95
3 (5mL) 23.37
4(5mL) -
5 (5 mL) -
Total 70.32
2ME S 98 s5e ol
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R 871E oW E, WL FFele] BUE YFE AR
o ®R 3 A, AR F 47, AR T A FF T OF
of thall & AollA ek EAHA ofsll YA 5 AR
Aol 108 F £, sk 35S AYS FYsiTh Aol
243 RE Ao)A flutianile] WF-E AlZHHel el peakZt
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Fig. 2. Calibration curve of flutianil standard solution.

Table 5. Results of recovery for flutianil residue

Sample Fortification ~ Recovery=RSD" LOQ

(mg/kg) (%) (mg/kg)
» 0.02 96.32+0.84
epper 02 103.07+2.89
St 0.02 100.45+2.58
weet pepper 02 107.93+5.04
Mandai 0.02 107.97+7.50
andarin 02 83.46+8.79

0.02
Hulled i 0.02 107.813.17
uledrice 02 106.79+2.94
Sovb 0.02 95.74+731
oybean 02 80.717.80
Potat 0.02 76.53+3.23
otato 02 81.35+4.87

YMean values of triplicates with relative standard deviation.

A 2248 grs] fa AR FHES A3
ot AA 5 flutianile] A&1E $18] GC-MS2] ion sourceol|A]
THE 70eVY electron beamCE =Y FA49 AA I E
S IFAA A FoleM)Ft B AR Hojd vt
fragment®] Folo] A== Y& olgsl] B eH, &
2 M9 50-500 m/z2] scan modeol|A] HEAFEO] 426.5, exact
mass”} 426.0%1 flutianil EF8H(1 pg/mLyS Y3+ total ion
chromatogram (TIC)3} mass spectrumS &Rl 7 EAJol
S st Flutianil 72 5 ©2(0)2F F(S)e Tzl
Bl 426 mz—231 mzyg A5 F Y3, spectrumsS &
A} flutianik 231 m/z, 200 m/zollA HAsHES &+ 2
ol wj flo] How A A flutianile] WF-F A7 17.
o) AtH(Fig. 4).
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Fig. 3. Chromatograms of pepper A-1; control, A-2; at 0.02 mg/kg, A-3; 0.2 mg/kg, sweet pepper B-1; control, B-2; at 0.02 mg/kg, B-3
0.2 mg/kg, mandarin C-1; control, C-2; at 0.02 mg/kg C-3; 0.2 mg/kg hulled rice D-1; control, D-2; at 0.02 mg/kg D-3; 0.2 mg/kg potato
E-1; control, E-2; at 0.02 mg/kg E-3; 0.2 mg/kg soybean F-1; control, F-2; at 0.02 mg/kg F-3; 0.2 mg/kg.
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