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%K 1.5%—15.4% , F% /& & (LOD) 7E 0.0001—0.012 ng 36 Fl 4, 4= 58 o S A% A& U ¥k BE (LOQ) H
0.001 mg-kg™", AL PRRARAS MR B (LOQ) K 0.002 mg-kg™" %7 B3 AR 25 5% BRASI A oK | 3& A AE S+
B 5 v S RN B LA 1 % B G
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Determination of fipronil and its metabolites in leek and soil by
ultrahigh performance liquid chromatography-mass spectrometry
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Abstract: A method was developed for the simultaneous determination of fipronil , fipronil desulfinyl,
fipronil sulfone and fipronil thioether in leek and soil. The residues were extracted from samples with
acetonitrile. Soil sample was cleaned up by 100 mg florisil, and leek sample was cleaned up by solid
phase extraction ( SPE ) column. They were detected by ulirahigh performance liquid
chromatography-mass spectrometry ( UPLC-MS/MS ) under multiple reaction monitoring mode,
external standard method for quantitative by matrix-match standard solution. Average recoveries of
the method ranged from 71.8%—107.9% , and the relative standard deviation was 1.5%—15.4%.
The limit of detection (L.OD) of these four compound were in the range of 0.0001—0.012 ng, while
limit of quantification (LOQ) was 0.001 mg-kg™" in soil and 0.002 mg-kg™" in leek, respectively.
The method was simple and reliable. It meets with the requirement of pesticide residues analysis, and
could be applied for determining fipronil , fipronil desulfinyl,fipronil sulfone and fipronil thioether in

leek and soil samples.
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SRR IS T/ N2 B, oA = el R v & A A AR BE B v X BE A, (HL H Air ] P9 B0 By 3 R B A8 2%
F> (AT I R B m | SO R AR IR ) |, FF & v A 5 B AR XU Ak 2 Bl 9 1 AR S st AE L L 7
TEAE S 28 Ao A P ) F LA G UG LA S T SR VR R R ROl R X e
AR 3 A AP PR RICR (A E R AR 5 |, 58 5% B IS 0 B T oK WAH SC .

T g BN % B W e ORI S A Z A, GB/T 2763—2014 FLE R IE7EAE SR 1Y
BRFR BRI N 0.02 mg - kg™ P 5T R AUIE BRI 43 AT 7 3, B LR GE A S 0 SR B
P O EET SRREE  $8R 9 B AR Y 4 BT MOHAPATRA . KUMAR , Wang , Cheng' "7 4
Bl AR IE T A6y L EORAEAEY) S HU R AR 00 5% BRI 7 v, 32 R T AR BRSO i/ T 1 A
QuEChERS-JRAH 3/ i 1 5 1 AE SR 3L A W 2% B o (% R e e RAMAE R
F1 QUEChERS J5 ik, I B3t HAR &9 T4 K, i AR A HL( SPE ) b QUEChERS ik BEHERR
T2 AT, Ul INER RN, , A I T B S RE it v B ARG 5 0 0 ME 2 M B2 GB/T 2763—2014 HifEE
BRSS9 I B GB/T 207691 F1 SN/T 19821 {77 ¥ AH GB/T 20769 h %A ¥ I #
HUE RN A3HT, SN/T 1982 AL AE T B 1A 550U A A<AH €015 - 0 3 4 D, V82 A AR 9 ) D 43
Ik

SR, AR SCH R T B S A A 3 b R N R A 1 22 8% B A b IS, R NG R R PR, A
B e T FHAE BURE Ak, 8 S OB (i 40 2, — 5 DURRAT 5B B SB35 7 22 B I 3 FA 2 [ s A )
S G U G B e U SRS R SR Bk, ST 1) 28R BR AT O R B (A 24 4% B R v
WY PR Rk SR S AR B 5k B M BRI R B

1 #ES I (Materials and methods)

1.1 AR 5]

8 1 IR R 1 - = PUAR AT R B B3 ( Acquity-Xevo TQD, Waters 3 F] ) ; MassLynx V4.1 4 >k 4
FALHE 2245 ; Acquity UPLC BEH C (A4 CRiA2 1.7 um, 100 mmx2.1 mm, Waters 23 ) ) 3 ZP-200 #&3%1%
(REM LR ) ;QL-901 Wi A % (1T HAR UUR{ES Hil38& A FRA F] ) ; Eppendorf 5415D #.0»
ML(FEE Eppendorf 23 F]) ;Foss 2094 F£ 5 H1HL(F122 Foss A FRZAF]) ; BUCHI-215 RUJie % 7% e i 46 AX
(i ATHLNF]) s Filter Unit JEAR(0.22 pm, Waters 22 A ) 51/10 J7H1 1/100 HF KA ( B 45 $-FC A
ZAEHT) ;TDZ5-WS 5 2UARE 25 CoHL (I R A RS S 56 T A BR S\ ) 5 P I 1 e e (B2 L i 8 7 4
WA RATR) %

FRAUEARE S, U 99% , L5 B o P4 Ak 27 0w AR 5 50 S04 Pk i i AU S BR o 5 , 100 mg- L7
RS A S TG TR AE &, 20 98.3% , LA 51 15 o G R Ak~ S ) B A3 5 S o s A ke s o 1 , 40
J£ 99.4% , DL 5] B s vE A 22 2 Gl 35 2 B £ (Florisil ) MR B 55 A1 85 Ak 7k 22 ( GCB) & AH A B
FE, AR (i) AR A K.

1.2 FESLETALHE
1.2.1 RS &

25 SR A 4R ok A R B AR R 2 B R SR AR T T ST T Ak S, A MR S R 2 I i R A
FOFAE AR 2L 55 22, DA 5 2ok 07, WCSE T 4 Ak sl At IS B AR AR v, R o AT, A 43 1k 43 B 200—
300 g BEdh 2 1, Sl A EF DRR S ASH  JRAMNIEFRES I A7 T —20 °C UKAG R AR AT, It Al 22 . A SR A Rk
FEMEE T -20 CUKAR R 24 b, ARG Y BALBERE , DU43 40 B 200—300 g FE i 2 13, 7051 AR
A&rh JEAMIEARES T -20 CAZRIALE, I w5 .

1.2.2 HHE
- IEAAESE  FREURE 20 g(VERRZE 0.01 g) B T 250 mL HLIE =, A 7 ¢ EALEERA], A
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50 mL ZNiE#EGIR IR, 1 TOK RN B K , W E 25 mL B3R, 7% A 100 mL ~F IR, e
FERA FVRAEE T BWALR T, A 2.0 mL ZJERRGHE, JESEMA 1.0 mL 2 ZBE gk,
1.2.3 4k

438 R 3B % BLEE £ (Florisil ) W57 4L 0B 1.5 mL $2BOR % AZEH Florisil 100 mg A9 2 mL 2.0
B IRIE 1 min J5TEOHL(14000 remin”' YELC 1 min, B BT 0.22 pm HER S B AT 1 A
/NI, T UPLC-MS/MS #6:143-#7.

dE38 . 5.0 mL £ TR £ TR 06 A A 58 i [ AH A8 ORE B R 45 4 19 1.0 mL #E S 7 AN,
7.0 mLZ R ZFG-TR R (ARFRLL 1:1) ARG 7 IRVGER/ I ISR BRIV TP IS b v, e i 28 R AX
kg EIE T, RS WERE AR 2.0 mL, B AT SR /NE R, BF UPLC-MS/MS Kl 434
1.3 BRI VR C ) B i T g 5 5 56

S35 2.0 mL SR 0 IV A Pk 5 SRS 9RC i BRI 980 I i Pk B (VR 100 mg- L)
CIEEZH] 20.0 mL, FCHAR R 10 mg- L™ A5 M W F 22 910 Bk L il Wk B2 4 0.001,0.002,0.005
0.01.0.02.0.05.0.1.0.2 mg- L™ BIFRUEIA IR F 5.

I DT O ARV TR B B R « PRI S FURE S, 3 IR 1.2 35 TSR B A BB 0T R T 2 E A
£ 2.0 mL, B4 BB EE 4 0.001,0.002 ,0.005,0.01,0.02.,0.05.0.1.,0.2 mg- L™ BIR A HRE T
YEWE 2.0 mL, R K 44

I IEDSCR SEG  FRICES AR SR i WS IR 24 B TR B b VA A, 8 Jon o s VA B /K F-
0.001.0.02.0.1 mg-kg ™", AL B i e K - 0.002.,0.02.,0.1 mg-kg ™, AR E R E 5 MEE, 5
WS XTI S IR 1.2 15 PIrak (Y i A B TR A T
1.4 XER5&1F
141 RO ik 514

{3 FE . ACQUITY UPLC BEH C, (0345 (1.7 pm, 2.1 mmx100 mm) ;#1335 °C ; FESEIRELS C
0.3 mLomin™'; PEREER .3 WL REIAH A 5 0.19% P RKIEWR , WA B B G, — ok Vel /3 85,
VEMEFERE :0—2.0 min, iEhHH A 1 85% L PEE AL 2 10% ;2.0—4.0 min, WA A 1535 10% 1 1L 51 %5
PRI ;4.0—5.0 min, FBIAH A H 10%ZMH25 L % 85%.
1.4.2  Jik At

FAL IS 55 1 25 A B R (EST ), F 48 7 =X 2 Sy 25 F W DA (MRM) |, B4 LR 0.5 kV, B T4
TR 150 °C, B FVIREE R 500 °C 5 K50 HEFL A Al &, R R 1000 L-h™' ) HE
LA 50 Leh s Sl SO a4 S W 0 O B IR E) B 2 1 0 R X i B T
L HL R Rl AR A L 1.

F 1 Hisfb e iS5

Table 1 Mass spectrum parameters of target compound

FER /N T
7] {37 2 o 4 P B 1] B s N " NN BFI
fea ill\/lo{nofot}(:?’ ﬁi‘i‘*ntion rlf5{ ion™ / Tl B T HEALR S E Tt Quljllitative/
Compound pe o Quanti 1'cat%0n Dwell time/s Cone/V Collision/V .,
mass number time/min quahlallve quantlflcanon i
ion transition(m/z) ion ratio
— 434.996>330.102 " 0.038 34 26
UG 435.94 2.77 0.278
A 434.996>250.111 0.038 32 14
JBE IV A Tt 386.968>351.119* 0.038 26 30
387.97 2.82 0.125
TR 386.968>282.182 0.038 26 10
— 450.932>415.045 " 0.038 36 26
ST 451.93 2.88 0.867
LT 450.932>282.113 0.038 34 14
418.996>383.034 * 0.038 32 26
T, HL A7 419.94 2.90 0.805
AL i 418.996>262.072 0.038 30 12

1.5 Ewmirik
R AMR i 5 1 B AR 258 U i (A — 5 0 1 32 S5 ) 1 i — 28 900 o ot VA 38 B s MV T, 442 TR
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1.4 5B T7 I AEREARIN 234 | LIAR 2505 v v BE D AR A, 5 B o 1) (0 3 e T RO AN AR AR, 22 A
e 2 AR AN A 1F B A TR B AR fn A 25 5k B i

A X Gy X Vg X Vy XLy

A Xm X Vi XL, (1)

o, € A RE R AR 2 AR B I S (B (mg kg™ ) 5 Ay 9 RE VA TUE T X A W T A 5 A A s VA YR E
TR AT RR ; €y ARV RHEAE IR E (mg - L71) 5 V AR AR HEVE M AE IR FR (L) 5 Vi SRR S R TR
HEREARTR (L) 5 Vi AR B SE R (L) L WA BOACA MU IRFR (mL) 5 L, Ry 52 HURBCA HLAH 1)
BUHAEF (mL) ;m HEES R (g) 5
1.6 FEBTROS M 7

FEALN (Matrix effects, ME ) EH5ZERE S 2, i T HARAE S 9 LLAM ALY BT A, B
B 5 00 55 T A i 57 %) R 582 el T i G T ) g R A R B RO 1Y R e T (3 BT AR LB
), B2 BT A5 R RN — S B (B B b SO R 20 23 2 5 43 B O ek HAb & i e 11k
RO, 5 1E B ARSI A 5 A ) S 0 22 S50 o) S 9 8O0 Ao I BE S MR E D E 1 MRS
RIS ST 56 R FE BB b S VS R R 7 S 30 AR B sl 1) R/, A 2R (2) B 22
T, ME R FUS0N K/ 5 A S G T AR 26 5 AR AR A At R bR s B Ay a7 i oo e i 2 5 4%
TR ZE T FRRLR.

-A
x 100% (2)

4 ME {H<+10% , 5 BT000 AT LA Z g v S bn i it 2o 5 BIAT 5 >4 ME {H+10% <ME<£50% , A %
JOT RSN 1 e D S5 R R, P R O o T 2 e v 3 > o R T AR R S 5 > ME B >+50% , 5
JETARINE R A 5 0 TR, AR AT it Ak 3 5 12448 ME { <50%.

B
ME =

2 R 51718 (Results and discussion)

2.1 KNSRI
2.1.1 WA REAE

TR T b DA F RS 25 6 B - F B R (ST ) R, — FBeAe B A6 =X P i el v 07 sl A,
AR SEEGRF I LB T S AH T, o i 0 I3 R, 52 S0 A A R 1 3t 8 A ( 1T BB 5 B S i SR AR U £
ESURET T4 Hbrfb G4 i, BL BT RN KA 2C) it s A Y pH {ELXT I8 IE 52 mal AR | 2% 1 3] 6,335 e
TER 4 G053 B FET s oI A 2. L3R T W sl AH & 0.01% ,0.05% ,0.1% ,0.2% H R, Xif i
TR O] AR, 2 S T SAH  0.19% YRR, BE T DA B S8 AR 4T | 8 e 4 18 88 NPT LA N AR i 1 I
TN N, PR E S SR v ) E A9 R R 2 A Ak A A R BB R NS B B S TR B PR L LR T
0.1% R /K 5 W - FH Bt It S AR 2R R0 0.19% H R /K I M- S NG T s AR A 3R S 9 A 0, 6 T 0.1% W R /K i
-G RS ZR | G R 7 E 0.19% YRR /K V- P 2 sl AR A 2R 18, S U 06 0 A D 35 U 9L
Ha FE TR 36 NS BREEAE 0. 1% F R /K TR - SRS T s AH 1A 32 b SR B HRAE 0.19% R /K - R B iR &R
R (EFEWEZE ) IR Sh AR KR B A Rt s 5 9 ks TR B 0.19% Y R /KA - &
1 IR SA AR 2R A A SZIS B B, M3 0.3 mL-min™", 0. 1% FF iR 7K V5 - 2 1 14 6 3 R 0% L 461 an
1.4.2 T2 T A0 A Y ¥ BEARAT SR g 1) A3 A € 5 i
2.1.2 R

SO R0 ISR S U SRR AR G ok 11 43 2 43 Sk 437.2.389.1,453.2 1 421.2,
1E MassLynx V4.1 B RAEFAL B R 5, @‘Bﬁﬁ%ﬁjﬁd\ﬁ@)ﬁlgé%ﬁ:*ﬁ?, HEL % 55 1F 15 - HL B
(ESI™) A s 7 8 (ESI ) AR #4RA2) AR b & 0010 20 T 8 T 0 R < 0 T2 oA TH o
[ 28 i 4, R4S 4 AW B SR R T 500 1 435.94 .387.97 ,451.93 F1 419.94. 7 MS Tune
P, B BRI 2R BT T T B R O B Y. A F I 25 I B L RS (EST) SR L 4 M A s
JC ] A FELIESS £ S - H B (EST ) AR 344G Wi A =5 1 42 T [ M-H ], 730018 m/z 434.996
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m/z 386.968 .m/z 450.932 .m/z 418.996 , T3 A 15 HEFL H R Al 15 B 12 DK/ 0N ol 4 5 - WA 1 i o (B i
15, A R o S R T SO

FIH XEVO TQD MS Detector H IntelliStart #2 , 754325 1 W& JR1E SCHF 9 A T BT 25 58 5
B BAME A Y 50 F B8 F 0 0F 7 8 IR AT A AR AR S A B R AL e TR R
(ESIT) X 4 MM AP s A S8 R AEIE T , ZE A MBI IR ( LK = 1:1) o 5RO
STV P i A U S T R S T 440 B A i i L, TntelliStart A5 T, H Sh 315 24 SO 1647
FXF, 2 B A FLARPAE M S A 8 0 PR e, 5 B R 2 I B 6 FOR s M 4 M B 1R 1 TS =
LR 1.
2.2 FEFER

e LIRS D A E TR AR DS Y (RS s KRR RIRZE IR MBI LEY
B[RV B AR, R] o A0 5 b B 5 () SR 5% B SR B A LR L 52 Wil SPE M4 R4S X 2t
Y I o 5 SO T AN 1 A

R T AR 9 ) AR R e R | AR S SR SR I DG A v Vs YR 5 s v il £, - SR 68 FH 401
LT (Florisil ) ik, FISCRELET , H ME <50% 5 365648 5>k FH 23 80446 5757 ( Florisil+ GCB) ¥4k, ME {H
TETE KT 50% , 198 F A1 B B AR A U/ NV AR S 25 TG0 58 2408/, ME B <50% , S2 56 45 5 WL 3% 2.
B, AR S A AR S i e Al e P AR AE U/ INVEE | v P T 3 3R Tk B R AR R
2.3 JIERRPEAROCYE MERAE R R I

S U S AR I 10 5 0 o ol 2 D 5 S5 D LA oA 2R 7F 0.001—0.2 mg - 17" ¥ B2 Vi B P 24 i 52 TR
WA B AHSE B r 97 0.99 L .2 BR QA 245 5% B 36 v U ) ) Hp g /NG 1 i (LOD, 48 (4G
ARG A 3 MRS S TR AR T i, LA ng A R 7 ) R ARAS U MR B2 ( LOQ , 18 WS I 77 vk g
A H R U A ERE i B B AR 5, D mg kg PR R ) 1 S, U B A ) B /R S
(LOD) 4 0.0001—0.012 ng, +3EH LOQ 4 0.001 mg-kg™",dEZEH LOQ 4 0.002 mg-ke ™', ELAAK UL 2.

R 2 R B AP EA RIS BT b A 1] )07 B A DG R BORIA: i R

Table 2 Comparison of matrix-matched calibration and solvent calibration

Pk - . - . $5 2 (352
EY KR Concentration 281512 *H?é,%éﬁ( %ﬁﬁxﬁlﬂj B/ i it e i
R . . Correlation Matrix LOD/
Compound Matrix range/ Regression equation .. LOQ/
. coefficient effect/ % ng 4
(mg-L7") (mg-kg™)
2N 0.001—0.2  y=104.329x+560.31 0.9950 / 0.0006 /
FAUE +4 0.001—0.2  y=94.1462x+306.863 0.9959 -10 0.003 0.001
|5 0.001—0.2  ¥=55.0999x+167.186 0.9971 -47 0.005 0.002
NG 0.001—0.2  y=70.8507x+186.889 0.9975 / 0.0003 /
JOBE IV e 36 P + 3 0.001—0.2  y=94.1462x+172.847 0.9961 33 0.0001 0.001
A3 0.001—0.2  y=41.5618x+85.687 0.9990 -41 0.003 0.002
NG 0.001—0.2  ¥=91.9291x+122.290 0.9957 / 0.003 /
FLHLE R 11 0.001—0.2  y=77.4604x+354.143 0.9969 -16 0.012 0.001
Y
¥ 0.001—0.2  y=82.423x+71.19 0.9984 -10 0.003 0.002
i 0.001—0.2  y=41.0964x+105.021 0.9952 / 0.003 /
e +4 0.001—0.2  y=33.8803x+225.911 0.9970 -18 0.001 0.001
E|5 0.001—0.2  y=36.9242x+25.7757 0.9967 -10 0.003 0.002
FERR 1.2 5 1.4 15 TR (%) 7 VAR TV 0 [ SO S 00 | SR FH 3 Jo DG e b o 1h 2 1, SRR St

P e B R R R B G B ik 11 - 257 RS %R y 71.8%—107.9% , T 42 P 3 56 10 AR G A ol 22 ( H
W25, RSD* ,n=5)N 1.5%—15.4% , BRI A AR AR vE R 22 ( H (822, RSD” ,n=15) A 1.4%—9.4%,
ULZE 350 M 5 3k VR B S A TRIORE 4 18 3 A 2 5% B A AT B BEOR | JRCSRUNG B AR s o v e
FHREMEE TR, WA 1.
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Table 3 Recovery and relative standard deviation of fipronil and its metabolites in leek and soil
AR R IRIZSHOR S TR UG L ok
= Spiked Fipronil Fipronil desulfinyl Fipronil sulfone Fipronil thioether
Sample level’/ iR HNZE HiEZE [Eex HMZE HEZ EYR BNZE BEZE BEek BNz Bz
(mg-kg™') AR/% RSD"/% RSD'/% AR/% RSD*/% RSD'/% AR/% RSD*/% RSD"/% AR/% RSD*/% RSD"/%
0.001 107.9 3.8 7.2 94.7 4.3 2.8 100.7 4.2 6.2 99.8 2.6 9.4
+1% 0.02 91.4 1.5 6.5 87.7 7.2 5.9 94 4.7 6.7 88.3 7.1 7.5
0.1 81.8 2.7 5.8 94.3 4.1 4.3 82.1 3.3 5.4 79.5 2.7 5.4
0.002 96.1 11.8 5.7 104 4.9 5.2 81.5 10.1 3.2 74.1 15.4 3.9
| 0.02 79.8 10.4 6.8 71.8 7.8 1.4 91.2 15 6.7 73.6 12.7 7.5
0.1 84.3 4.6 4.5 94.8 11.9 3.5 93.3 4.8 1.5 86.8 14.2 3.2
T AR A SRR IRDBCR P28 s RSD . H AARXTFR R 22 (n=5) ;RSD*: H HAHXSARUEMR 2 (n=15).
AR: Average recovery,RSD?; Intra-day precision (n=5) ,RSD"; Inter-day precision(n=15)
fioron
100 ACER) "2’2’?‘1
| 446.4861
0 1 1 1 1 1 - il 1 1 1 i 1 1 1 1 1 1 ] 1
100 - AC5EHE) ﬁgf%"‘
. 218.3782
4.79
0 } ; } T ; Ta— ; ; T S —
100 B(sH) flproml desulfnyl
L 27’5 2690
0 b=—t——t i e i i i i ! e + i t i i i i
100 - B(() k) flproml desu]fny]
2 350513
z 2.70
LZ 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2
% 1000 C(eht) flproml sulfone _
~ | 958 0644
0 1 | 1 | 1 | 1 | | | | | 1 | 1
100 - (st ) ﬁproml sulfone
N 1026 6608 l
0 L L ! I 1 I 1 I I I I I 1 I 1
100 D(E#t) flproml thloether
L 608 2098
0 ) y L y ) y ) y l y y y y ) )
flproml thloether
100 D( &M )
384 2038
0.50 1.00 1.50 2.00 2. 50 3.00 4.00 4.50
t/min

1 FUHR (A) JBEE AT BRI (B) GRAUEI(C) RIS SiEE (D) 192 SO 4 25 1151 (0.001 mg-L™")
Fig.1 Typical UPLC-MS/MS MRM chromatograms of fipronil( A) , fipronil-desulfinyl( B) , fipronil-sulfone (C) and

fipronil-thioether( D) in solvent standard (0.001 mg-L™")
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3 758 ( Conclusion)

TR CNETRGHEI, A1 35 Ak ¢ 2B 15 AH A BURE AN Florisil 43 #8044k 77014 4E , Acquity UPLC BEH
C18 54 (100 mmx4.6 mmi.d., 1.7 pm) 535, 8 SRR (3 - — 3 PUAR AT AR I BT i Aar I 3B, . T
Al 2N -1 LR RO S T e e R T e AR S A ik 11 22 3% B 0 T O i SRR A
HEAT AN [FKSE B A I B R 5, L mISCR N 71.8%—107.9% , MR iEfi 22 4 1.5%—15.4% 545
2555 BR R0 U A R AE IR S0 25 AT, SR RO IVt e 35 3 e I | 30t R D 90 S M ok 1)
/MK (LOD) 7 0.0001—0.012 ng {EH P, 458 P B AR IR B2 (LOQ) 77 0.001 mg-kg ™, AESE 1 iRAIk
IR BE (LOQ) 47 0.002 mg- kg™ . 3K AL F UG ZEAE S - i e KBR B BR i (MRL) 4 0.02 mg- kg™, 1%
D7 1 e K Al SR - SR S A 43 BT 1) LR
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