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Determination of Fipronil and Its Metabolites in Vegetables by Liquid
Chromatography—Tandem Mass Spectrometry and the Investigation
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Abstract: A method was established for the determination of fipronil and its metabolites fipronil de-
sulfinyl, fipronil sulfone and fipronil sulfide in vegetables by liquid chromatography—tandem mass
spectrometry. The sample was extracted with acetonitrile and diluted, then filtered through millipore
filter and multiple reaction monitoring (MRM) mode was selected for the determination. The results
showed that the linear range for four analytes was 1-100 wg/L, with the correlation coefficients (*)
larger than 0. 998. The limit of quantification was 0. 005 mg/kg. The recoveries were ranged from
96.0% to 117%, and the relative standard deviations (RSDs) were between 1. 7%-5. 3%. This meth-
od proves to be simple, fast and accurate, and has relative better recoveries and repeatability. Fipro-
nil sulfone was detected in the market sampling vegetable samples, while fipronil was not detected.
In-depth investigation and source research on the detected fipronil sulfone was conducted by gas chro-
matography—mass spectrometry method, and the results showed that fipronil sulfone was found to be
added in pesticides.
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trometry; vegetables; pesticide residues; fipronil and its metabolites
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1 Xy

1.1 Us5i7

SCIEX QTRAP 4500 i AH €0 i3 — = 5 DUARAT 5t i 56 A (SE ] AB SCIEX 22 /] ) 5 XP205 43471 KF- (i
MR A T 5 Agilent 6890 GC/59731 MS M (41 — T i FHAX (B 223 A 7)) .

SRS . RCHEE . UL . SRR SRR AR S (100 pe/mL) , WA A KRBT RESRHE AR 24
Al WEE, 5. WIR. LRI HFiEAl, WH Sigma 23w 5 SCI8 K HSEER = —Z K.
1.2 FEEE-BBERIEEG
1.2.1 &HEEBELEMHE Phenomenex Kinetex F5(3. 0 mmx100 mm, 2.6}Lm)@ij§ﬁf, . 40°C; HEFE
AR 5 ul; WA A: &S mmol/L LFREKEET, MaNAHB: WEE; M. 0.3 mL/ min, B6EEEE
F2)F%: 0~1.0min, 60% B; 1.0~4.0 min, 60%~80% B; 4.0~6.0 min, 80%~90% B; 6.0~7.0 min, 90%
B; 7.0~7.01 min, 90%~60% B; 7.01~10.0 min, 60% B.
1.2.2 JRIEEME =R, BmiEE TL(ESD; BB -4 500 V; . 2R
WICMRM)RET; 3 FIERE . 550 °C; AL (GAS 1): 0.38 MPa; HHBIS.(GAS2): 0.38 MPa; .57
S(CUR): 0.21 MPa; WS (CAD): 9. 45 HERYIREIFIESEWE 1,

T S R H A 1) i 2%

Table 1  Mass spectrometric parameters for fipronil and its metabolites

No. Chinese name English name Precursor ion Product ion Declustering potential/V Collision energy/eV
1 TG Fipronil 434.9 329.8", 249.8 -25 -24, -38
2 TG Fipronil desulfinyl 386.9 350.8", 281.8 -30 -19, -47
3 AL HL N B ik Fipronil sulfide 418.9 382.8", 261.8 -35 22, -35
4 FEEUIE Fipronil sulfone 450.9 281.8°, 415.0 -26 -38, -26

*quantitative ion

1.3 SEBIE-RIEEKALE
1.3.1 SHEBEZMHE DB-SMS{AIEHE(30 mx0. 25 mm, 0.25 um); S AT (4EEE=99. 999%) , Vi
HOA0. 7 mL/min, fHF, AR BEFFHE: W80 °C, £&%F1 min, LL30 ‘C/minFFE 200 C,
PL15 C/min FF2 280 'C, £RFES min, FEFELIEE A 250 'C, A, R 1 pl.
1.8.2 FBUE&EMHF SFE: BrEhEDE R, SFEERE: 230 C; WRFRE: 150 C; k-
B LR . 280 °C; WAFRER: 70 eV; WLFAFIEZRHEIE . 768 s IEELAE 200 v Hi07
Ai: SCAN, FHHETER 33~450 u,

1.4 HmATAbIE
1.4.1 BEHESRAERE BUREMEFEN 250 ¢, BHUIRE, HAZUGRIINTRARR, RE), 2%
NI VSRS BN, S HIFbRIC, HEIRFREL 10. 00 giZAE IBON 50 mL R0 g, N 20. 0 mL
CHER VT, TERG % LIRS S min, AN 4 ¢ EACENYET 5 min, H5&5048LL5 000 r/min
05 min, f# ZHERBUR SHE ZOKASY 2 . BB ETRR I 6 mL ZIEHIERL, TNER H Ty
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PR A R HGA AR L (N-PIEE 4 % (PSA ) 150 mg,  BRIREE 900 mg) 1 15 mL¥DRLEL.O B, JMIZRS;
1 min, KO LLS5 000 t/min &0 3 mine WZEU ] mL FEFE T 10 mLBEEEE.OE Y, N2 mLKIE
B, 10,22 wm PRI (A5G- o BT RSO E
1.4.2 RGESRESE ERZGHP NN 10 LN, %5 F35 75 #E% S5 min, #5810 min, K5
228 B P IWE E T 25 mL 2SS, BN S mL IR E SRR, SIHERENNEEZ, Ht
A TG-S E
1.5 fRER R E H

3 IR AR BURR v it 2 VT i, FH P A R 0T RV B 1 pg/m L TR A bR i B, —20 “Cf
17, RAEB LA H.
2 HR5IR

2.1 REBEFEOMLL

RS YN B AT T IRSARR et IR BAH, 3R EE T /K . 5 mmol/L ZIRE K
W 0. 1% HBROKIEH . 5 mmol/L LFRERAI0. 19 WK HAE R AMHBY 73 B R0R . 252880, MiRiahAl
BRI 22X R B AL S G SR SR B AN R R R A R & ], MR 5 mmol/L &
MR K RN S 00 RS T HARIR A o 850U 5 mmol/L SRR EKIFWAE I A, 43558 T H
REAI ZHEVE A BAHE) 0 B RCR, e BLLL W REAE A TS AH B REBUE & T L5 . i Itk R0 5
mmol/L LBRE/KFFHAI G . %A T 9 dUis S A e i 1 LI 1
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Fig. 1 Extracted ion chromatograms of fipronil and its metabolites

2.2 FHEFWIE

2.2.1 &MEE. RHRMEETR EENASKENZEREGIR “1. 4.1 BEATATLHE, HB2)7%
EI RS, 45 VR B S KRR G 2 ¢ LGS BRI ARV, RSB —E = IR & bR
HEFI, M2 AR CAR R B R RS iR B 1, 51 10, 20, 50, 100 pg/L A9 EE BT AL AR ifE T
VeSS, FERR S T E . IR 2 R, 4R HARASMTE 1~100 pe/Lyu R N2t R R IF, M
RABIIRT0.998. LLI0AAEME L0 E ARG . PG . SRS GRmE . R B E 2T IR (LOQ)
¥4 0. 005 mg/kg.

2.2.2 EWERSERERE  EHSAES PTG 2R PR AT AR S SE S, bR
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K45 470.01, 0.05, 0.1 mgkg, BAMIBRAKE#EAT6 CPATEEE . AR 3THL, Btk &9n-F
YIMFRIE R 96. 0%~117%, AHXTFRIERZE (RSD) A 1. 7%~5. 3%, 75 1 B AT 55 (4 v ff 3 R B
RIMZKFA70. 01 mg/kg HAE S G I DLIE 2, IERHZR 710 H T b o Ui . G . i I Bt ik |
G TR RS

2 AR HREIOAIES R SRR TR

Table 2 Linear relations and LOQs of fipronil and its metabolites

Analyte Linear range/(ug:L™") Linear equation” Correlation coefficient (%) LOQ/(mg-kg™")
Fipronil 1~100 y =8.50x10% + 1. 39x10° 0.998 5 0. 005
Fipronil desulfinyl 1~100 y=9.60x10% + 1. 42x10° 0.998 6 0. 005
Fipronil sulfide 1~100 y=7.21x10% + 1. 28x10° 0.998 6 0. 005
Fipronil sulfone 1~100 y = 1.35x10°% + 7. 97x10’ 0.998 8 0. 005

*x: concentration of the target substance, y: peak area

3 TR BRI B BRI U B OB i i 25 (n=6)

Table 3 Recoveries and relative standard deviations of fipronil and its metabolites (n=6)

Analyte Spiked/(mg-kg™) Recovery/% RSD/%
Fipronil 0.01 111 2.7
0.05 97.0 1.8
0.1 106 1.7
Fipronil desulfinyl 0.01 110 2.7
0. 05 96.0 1.9
0.1 109 2.0
Fipronil sulfide 0.01 112 2.7
0.05 98.0 3.3
0.1 110 2.4
Fipronil sulfone 0.01 117 5.3
0.05 99.0 2.2
0.1 111 1.7
3.88 391
| Fipronil Fipronil desulfinyl
200 mlz 434.9/329.8 168007 m/z 386.9/350.8
& &
<. 600 <1200
£ £
—_ 300 = 600
o sl h b oo e o MMWMMM WJWMM#M
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S mlz 418.9/382.8 900 mlz 450.9/281.8
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£
S
3004
3 6 9
Time/min Time/min

E2 B4 0. 01 me/kg AR S S 22 H AR 0 SR G - (6 7 (&
Fig.2 Extracted ion chromatograms of fipronil and its metabolites in a sample at spiked level of 0. 01 mg/kg
2.3 MO
2023 4E 4 HEATIEII R, FERAT 4 444 PORPRLE) 5 4555 SR S RS A USRS =8 0. 005 6~
0.014 mg/kg, HARAG HHHE; FrEAHBEREEN0. 005 4~0. 013 mg/kg, IR H LU Y I
KERFABR & (MRL)O0. 02 mg/kg ™, AHAELEAR KM 4R P2 it o i 2 B . R it b S R B RN 3 ek B 1 £
T P b S Y LA LI 3
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Fig. 3 Extracted ion chromatograms in a vegetable positive sample (A ) and standard(B)
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RIS U, 2 2% IR R bR o 7 ik R SCRR 7

R RBIEGE R SR S - T R e 2R ) SR B
Py e A, A PR W HUBR L SRR, SR
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Fig. 4 Total ion chromatogram of X% acetamiprid
pesticide

the peak numbers were the same as those in Table 4

MR ATTLIE Y ARG 805 5 P RIS ) A 277 i ARG R R . SRCRBT, G 9 U X
70.014%, FRCR SR GRS 0 865 1%, 1B “X% WE HK” 424 35 B a sy Jgne Bk . SHUBSI; W]
SR BT SREAE ot PR HE ) S USSR R P BT T R B S IN . AR S RS AR A . X5 R 2hHEY
PR A X% BERIK” AHFF, MR miE R0, K SR A B R 257

FEE G R , RERE
Fed X6 WE PR Z A L R B AR 5

Table 4 Chemical compositions and relative contents of X% acetamiprid pesticide

No. Compound Molecular formula ~ Molecular weight Relative content/%
1 N, N-Dimethylformamide (N, N-—F & BEi%) C,H,NO 73.09 16. 68
2 Cyclohexanone (¥4 L1 ) CH,,0 98. 14 0.16
3 1, 2, 4, 5-Tetramethylbenzene(1, 2, 4, 5-PUFZE) CoH,, 134.22 0.15
4 Naphthalene( %) G, Hyg 128.17 0. 49
5 2-sec-Butylphenol (£ il T 2217 ) C,H,0 150. 22 2.96
6 1-Methylnaphthalene (1-H1 3£2%) C,H, 142. 20 0.15
7 2-Methylnaphthalene (2-F13£%%) C,H, 142.20 0.49
8 Fipronil (F5 4 /i§) C,,H,CLFN,08 437.15 0.014
9 Fipronil sulfone (F5 A5 M) c12H4c1 F,N,0,S 453.15 12.11
10 Acetamiprid (I 3 i) C,H,,CIN, 222. 68 24.38
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