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Determination of fipronil and its three metabolite residues in
five foods of animal origin

FENG Chengcheng, LIU Xingang, DONG Fengshou, WU Xiaohu, XU Jun, ZHENG Yongquan

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant
Protection , Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract The QUEChERS technique combined with ultra-high performance liquid chromatography tandem mass
spectrometry was used to detect the residues of fipronil and its three metabolites in five foods of animal origin in-
cluding chicken, milk, eggs, pork liver and pork. The samples were extracted with acetonitrile, and then experi-
enced low-temperature treatment, d-SPE purification of MWCNTs, Florisil and C18, BEH C18 by using the exter-
nal standard method. At different concentrations, the average recoveries of fipronil and its metabolites in the five
foods were in the range of 72.1% —113. 8%, with RSD in the range of 1. 9% —17.6%. The LOD was in the
range of 0.73—1.94 pg/kg, and LOQ in the range of 5—10 pg/kg. This method is simple, sensitive and accurate. It is
suitable for rapid screening and quantitative detection of fipronil and its metabolites in the foods animal origin.
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Fig. 1 Structural formula of fipronil and its three metabolites
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TR A1 T 1) 688 7K S5 P SR EL A e ) O R 2 B
BRMFE S1, Bl 8Ok i £ v T RE A AL B A
*ﬂtlzqg[ll] .

ARSI I 0 VRORE A 3 R I3 vk A R i A
PO ARAL , B3 T QUEChERS 5 AR 45 48 &4k
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Jo7k MgSO, \NaCl, b 5t At Ak 4 1k 2 it A BR
N O 4l 2, G, Sigma-Aldrich, Germany; # 46
K o Milli-Q #8 4§ 7K {X (Bedford, MA, USA) il 45
MWCNTs |, florisil, C18 R HU ARt (99. 700) (iR
FEFIRAR A (99. 7040) S B A o T (99, 700) |
DL 3 By o P AL 22 20 R 4 45 0. 22 pom JEJBE, Agela
Technologies, K ; A 55 450 AH €0 135 5 3K DU 94T o
FEER Y (Acquity UPLC-TQD) , Waters /A ) ; KQ-
R P TR VA s B 1L T R R A PR A s Milli-Q
HaikAY, 3£ E Merck-Millipore A 7] ; X1R & # %
FRES AL, 35 B Thermo 23 ] s WA, At /A7 i
DR RA A
1.2 HEEERE

T 53 Z— R-FRBUR HUR (99. 7%0) L 30 H s
(99. 7%0) R AUIE B (99. 720 AR AUFHC99. 7%0)
PrifEim A% 0. 100 3 g, LA 1% 4l S 1 ¥ ) e 25 3
100 mlL, BCil ¥ 2R 100 me/L Bk 5% Afr (i &
T —ACURFEIRAF . IRl 2R A FE A R RE O AR 0. 54
1.2,10 mg/L F1 20 mg/L ) RIIARUE UK o

HERR RIS R S8 VA0 S R AT 4% 5.0 ¢
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FESLCRRAZE 0. 1 @) F 50 mL B 2650 E
H 23S0, 1 mL ¥ 1.2 F1 20 mg/LCAEYS,
XS JEIOEL 0. 5.1 F1 10 mg/ LGS A ARG D 145
WEVE TR ARG A 10 mL Z B AR 4 42 UK . 39 e 4
%1 min, E & F#E 30 min, R A 3 g NaCl
12 g Jo/k MgSO, , g% 10 min, DA 4 000 r/min
B303 min, JEVEW 1 mL, & FHAFEFI[50 mg
florisil (C18) A1 150 mg JG /K MgSO, #% 10 mg
MWCNTs (MW <8 nm) Jfy 5 mL 2.0 %, i jiE
3 min, 4 4 000 r/min B0 3 min. JHJC BT S 4%
P EVEW BT RO T A 0. 22 pm G HLUE
FHEREN R TR
1.3 HEeIERESYE

R PR KRR € T ) A A + LA £ A 1 i A
A R B ROOGHE B 7 S BRY . Waters UPLC
3 (Acquity BEH C18 3% 1. 7 pm, 2. 1 mm X
100 mm) , AR I HIAE 45°C IR ZREFIK . Ui
0. 3 mL/min, JFEEE N 5 pl,

U DUGFT T {C A ) 2 L IBE 25 S R R
FA B 7 ESIHEE: MRM 22 )5 85 Rl A, A
RV LR R R 2R BAE R 3.0 KV &
RN 350°C,
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PRI — 7 12t (1) FC UG S 3 MR b o i
FZIEECE A 1 000 mg/L AIFRIERE &8 IR
B 1 000. 0,500, 0,100. 0,50. 0,10. 0,5. 0 pg/L
FIARE TAEIR I 32 1. 2 A 1. 3 B 22045 20 #r » b
FRvk e i, DASRCURS S 5 3 AN i AR ()
PABKT TRV S (o) B AR KR , il AR 2

FE 5~200 pg/kg P4 43 5% G0 UG B 3L 3
AR AT 3 A BE A IR N ELSGR BR  A- 5  XS
FERURE BT WS I B2 4393 10,20 5 200 pg/kg.
KPR A3 30 5010 #1100 pg/ke. H AR
TKSF-BE A5 UK A X A o Al 25 8 S0 31F 7 72 1
2 E(RSD),
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Table 1

Precursor and productions, cone and collision voltages of fipronil and its three metabolites in ESI-mode

L] Vi

SrFE RERE/min HELEE/V  EEE TR On/2)

MEfERER L/V EPRE T e/ REHERER: 2/V

. Molecular Retention Cone Quantitative Collision Qualitative Collision
Compound Molecular formula i X K R A .
weight time voltage ion pair energyl ion pair energy?2

L 5 5 c
Byl Ci2Hy Cl2F4N; OS 435. 94 1. 84 34 434. 91—330. 01 16 434. 91—->250. 03 22
iproni
T . .
. . . Ci12 H4Cl2 Fs Ny 387.97 1. 90 34 387.00—>351. 01 14 387.00—>282. 09 28
fipronil-desulfinyl
T
%j\—lﬂﬂﬁﬁjﬁ%‘ Ci2HyCl2Fs Ny S 419. 94 1. 99 36 418. 98—>382. 99 10 418. 98—262. 00 26
fipronil-sulfide
4= oh BE
SR Ci2HyCl2F4 Ny Oz S 451. 93 1. 99 36 450. 97—>282. 03 26 450, 97>414. 97 26

fipronil-sulfone
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RARAE 1 25 QR Z5 4 SR I e R i ARl L B
R E AL A R ES LA i R P N1 N 7 S
H 8T B % HLRE + (florisil) . C18 1 & BERR 4 K4S
(MWCNTs) 3 g fb 0 Hg b eR .
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Fig. 2 Purifying effect of fipronil and its metabolites in five foods of animal origin by the spiked level of 100 pg/kg

2.3 SAERLMERE RN
2.3.1 T EWEN

LRI RS SO 3 AMHYITE 5~1 000 pg/LL
TN SR AT IRPE R BRI L rE 2
y=33.3922+1 159. 1,R*=0. 993 3; fi F JIF5 119 2k
FrFE R y=28. 584241 138. 7,R? =0. 990 8; FL
Rk 2R A )7 FE . y=26. 0962+ 756, 88, R* =
0.991 1; & HE B L 7 B8 k. y = 63. 572+
1 405.6,R*=0.995 1,
2.3.2 AR

G3 R TR XS R XS I L A RN T s 1 A
HEATRE SO AT AL I 15 3 25 R A R . s R
VYRR i 53 00 E i vk B2 2k 10,20,50, 100,200 F1
1000 peg/ L 1 22 51) Hok J5 s v 95 V0 FM 975 350 s v 5 AR
DA T AR PN AR AR () o XU BE (o) 22 7 Al i
JERRIE L ANA AR HE R 2. Fedn T A SRR
RN : MEY = (B—A) /BX 100% , Hrft B Ry il br e
b, A B TARE IR . 24 MEY <0
R o Ay R SO 1 SR A5 5 29 MIE %6 =>0 B}, kg 5 J5 114 4100
WIRON . 2L R 2, R A W X o ) R 2
AR TR, » A PR UEAS DN 235 R 1) LSk S
I3 AR P B bR MEVS VAR OE
2.4 WA ENERE BEERREE
2.4.1 AT R R ROR R R

TG SIL 3 A EZACHAE 5 sl Y& b

R ANy 72, 1% ~ 113, 8%, X v Al 22
RSD W 1. 9% ~17. 6%, 45 RAFH A 2558 B8 0 b e
(2 3), BINENSERIEFNZS FRE S 0 @k E WL 3.
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Table 2 Matrix effect of different matrix

LN/ % Matrix effects

M%a EX SR S FRHLIEIN S i g

fipronil  fipronil-desulfinyl fipronil-sulfone fipronil sulfide
W Egg —27.7 —8.6 —23.6 —17.3
WA Chicken — —24.9 —28.8 —32.7 —23.5
£47% Milk 10.9 —19.9 —19.3 —24.1
¥ A Pork —22.7 —15.4 —10.3 —16.2
$EHT Pork liver —27.8 —23.4 —14.5 —14.7
2.4.2 pATFEMRBE

FHAS EIRE b 1 O BE AR Yk 10,20,50,100 Al
200 pg/L M JEFOMARAE . 3 F UPLC-MS/MS
ZM AL B E i B REAE S M L Y 10 A5 LA
bR R I E S0 3 RN 15
AR PRV B2 LOD Jy 0. 73~1. 94 pg/kg, & &t
fRLOQ gy 5~10 pg/kg. [ Pr& 582 51 25
(CAC) FILAE « UG ST A 4105 S I A XS 2
HrBR AL 0. 02 mg/kg, TEXS PAFIHE A Y R 52 {5
47 0.01 mg/kg, F 4L TEMETRRE R
MR B R PR SR B A AE 10~
200 pg/kg T Mk BV BN 2 RAF IR PE G R T
ERBR) AT 0.990 1,
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Table 3 Recoveries and precision of fipronil and its three metabolites in different samples (n=35)

TR T TR At SR AR
B2 954 TNV RE /g« kg ! fipronil fipronil-desulfinyl fipronil sulfide fipronil-sulfone
Matrix Spiked concentration %/ /0 /0 2%/
e/ % RSD/ % M/ % RSD/ % e/ % RSD/% e/ % RSD/ %
Recovery Recovery Recovery Recovery
L 10 105. 1 8.5 86. 4 10. 4 82.7 4.9 89. 5 1.9
Milk 20 109. 2 5.8 94. 8 4.0 98. 6 2.8 98. 2 6.8
200 98.5 3.4 93.1 2.7 94. 1 2.0 93.9 2s
W E 10 113. 8 252 92.1 10. 5 76. 4 5.8 98. 8 3.8
Egg 20 101. 9 8.5 102. 1 5.4 91. 6 5.3 87.5 6.9
200 92. 8 9.3 92. 8 5.7 93.1 8.0 95.0 7.7
W 10 82.3 9.0 75.5 8.2 72.1 8.6 84.3 6.3
Pork liver 20 96. 6 7.9 87.5 2.7 83.3 & 90. 4 4.2
200 85.4 4.4 92. 6 5.0 86. 6 4.3 86. 5 4.3
X A 5 77.3 10. 1 87.2 16. 8 78. 2 10. 6 85.3 15.7
Chicken 10 89.2 7.4 86. 7 9,5 95. 3 15. 4 95.6 5.2
100 91. 8 10. 1 105. 9 18, 3 101. 3 9.6 99.7 17. 6
A ) 103. 9 12.7 T8, & 12.7 93.3 14. 6 82. 6 14. 1
Pork 10 96. 2 9.3 89.1 10. 1 84. 2 15. 8 91.1 5.4
100 85. 8 6. 6 88. 7 8.2 85. 8 7.0 83.9 7.8
20150727-flu-hun- 5ppb—rjb1 1Sm (Mn, 12); Sm (Mn, 1:2) F1 20150824-ck-pork-1-1 Sn(Mn 1x2); Sm(Mn, 1xZ) Sm (Mn, 1x2); Sm(h  20150727-flu-hun-pork-! 5wM1B4r1 -2.Sm (Mn, 2); Sm (Mn, 1x2); Sm
100 387> 351.01 (NB46513)100 387> 351.01 (MBAG513) 100 4 387> 351.01 (MB;6150153;
A
S fipronil desulfinyl e ¥
12
og2 00 g7 a2 1
0 Aot ey TINE ) Lrrreereprrerrrereprereprererreerpeereprreeereees TiMe 0 s e s, Time
1.00 2.00 3.00 4.00 5.00 1.00  2.00 3.00 4.00 5.00 1.00  2.00 3.00 4.00 5.00
20150727- ﬂu-hun-5ppb—qb—1 1Sm (Mn, 1x2)‘“;58m9(au>n3;;29)9 (MB45950) 20150824-ck-pork-1-1 Sm (Mn, 1x2); Sm (Mn. ug ?;grzug"g (1“%)4?9";0(;; 20150727-flu-hun-pork-! Eppbc18—tr1 28’““4‘:‘319’821 ;mz (gl;nmgf;g%g;
100 23100 100 17363
X 0, e LRE X
fipronil sulfide
0 e e | IE ) e i, i L R Lime
1.00  2.00 3.00 4.00 5.00 1.00  2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00
20150727-flu-hun- 5ppb-r|b-1 -1Sm (Mn, 1X2); Sm (Mn. 152): Sm (Mn. 15¢ 20150824-ck-pork-1-1 Sm (Mn 132); Sm (Mn, 1x2); Sm (Mn, 132); Sm (¥ 20150727-flv-hun-pork- 59pb—c18-t_| -1-2 Sm(Mn, 1)(2) Sm (Mn. 1x2); Sm
100 435.1>330.01 (fnvoﬂi) 100 435.1> 330.01 (ﬁ)mni)l 00 1> 330.01 (fipronil)
3.68e3
X U = =
fipronil
Py
0 S Time oL Time 0 S A : T ime
1.00  2.00 3.00 4.00 5.00 1.00  2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00
20150727 4lu-hun-Sppb- b-1 1 STIM ™2 Sm(Mn, 1x2) F1 20150727-flu-hun-pork-! 5ppb-c1a-!)-1 -2 Sm (Mn, 1x2); Sm(Mn, 1x2); Sm
100 N " 450m97>n28303m846135)133mzmm”S'"('f,'.',"e) ‘50"5'1'}2%3’&";"25;,100 4509728203 (4846130
® IR FE 3 X
fipronil sulfone
0 o7 209 418
0ttt Time. o L 0 T T T Time () ettt 11Me
1.00  2.00 3.00 4.00 5.00 1.00  2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00
b c

a
a: BRI be 2 R AIAE s o2 SRR IES ng/ke
a: Fipronil and its three metabolites of standard solution; b: Blank pork sample; c: Spiked pork sample (5 pg/kg)

B3 EHAFEARPEREBNI=EHEIEE
Fig.3 LC-MS/MS MRM chromatograms of fipronil and its three metabolites
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Table 4 Comparison of matrix matched calibration and solvent calibration
&Y B )5t AT R? FERMR/pg - kg !

Compound Matrix Regression equation LOQ

SRS % Solvent y=33. 3922z +1 159. 1 0. 993 3 =
fipronil 94 Egg y=24. 135x+346. 50 0. 996 0 10. 0
4475 Milk y=237.033x1+89. 472 0.998 7 10.0
¥ A Pork y=25. 818x+376. 65 0.993 5 5.0
BT Pork liver y=24. 099x+531. 57 0.991 7 10. 0
5Py Chicken y=25. 093x1484. 89 0.990 0 5.0

SIS %) Solvent ¥y=28.584x+1 138.7 0. 990 8 =
fipronil-desulfinyl 7% Egg y=26.1262—2310. 58 0.993 3 10. 0
A4 Milk y=22. 904x+89. 778 0.993 5 10.0
¥ Pork y=24. 166x1+261. 38 0.993 6 5.0
$4HF Pork liver y=16.1772+297. 84 0.995 6 10. 0
5Py Chicken y=20. 353x+169. 45 0.997 0 5.0

S S B %) Solvent ¥y=29. 0962756 88 0. 991 1 =
fipronil sulfide 7% Egg y=18. 2352+ 66. 681 0.999 6 10. 0
A45 Milk y=21.920x—42. 052 0.992 3 10.0
¥ Pork y=18. 520x+152. 27 0.996 7 5.0
¥ AT Pork liver y=24. 810x—18. 426 0.999 9 10. 0
A Chicken y=15. 132x+178. 58 0.990 0 5.0

SR HLETN 757 Solvent y=63. 570x1+1405. 8 0.995 1 =
fipronil-sulfone X% Egg y=48.584x—3. 7658 0.999 9 10.0
445 Milk y=25. 608x+510. 68 0.995 3 10. 0
¥ Pork y=25. 403x1+472. 14 0.990 1 5.0
¥ AT Pork liver y=22. 5322+630. 58 0.993 1 10. 0
A Chicken y=30. 035x+282. 68 0.997 5 5.0

3 TFIERIRLA

T8 T FH AORE Aok TR AR BT EE IR L
EUN DI R ARSII0 NN I 51 (TR | AN i B A
B R JETTA N 14 A4 3k 420 A REdh . XEIX
A20 BT IRE S FEAT AT AL BES T SR AU AR B
Hro MIRHUBRRLIN S5 2R (5 5) & W 76 BT A R I Y
ShYTIR A Ah P FR A R IR U

x5 mAOBRERNER"
Table 5 Detection results of fipronil
i s BRERWREE/

G

SRAF b . Ko/t pg kgl

Site BR/M [ected Residue

Quantity .

amount concentration

Jt &L Beijing 6 0 ND
HriE Xinjiang 6 0 ND
11175 Shandong 6 0 ND
M52 Inner Mongolia 6 0 ND
pgJi] Sichuan 6 0 ND
HiVL Zhejiang 6 0 ND
VL7 Jiangsu 6 0 ND
T & Ningxia 6 0 ND
##® Hainan 6 0 ND
[t Hebei 6 0 ND
14t Hubei 6 0 ND
2= Yunnan 6 0 ND
JM Guangzhou 6 0 ND
M)y VT Heilongjiang 6 0 ND

1) ND ERARAG
ND: Not detected.
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IR R 0 5 7. R & 3 s i 7e
5~1 000 pg/L o 20 RAFr %t R, s iU
MR y=233. 3922 +1 159. 1, R* =0. 993 3;
B SR E TN . y=28. 584x+1 138. 7,R* =
0. 990 8 Fp LR i I (1) R P D7 FE O = y = 26. 096+
756. 88, R* =0. 991 1; R IEIMAILME T #E R . y=
63.57x+1 405.6,R*=0. 995 1, % HLNE S HAC T
YIAE 5 Fhsh P iE & S B R Sy 72, 100~
113. 8% AXFFR i 22 RSD g 1. 9% ~17. 6% . 5%
A B2 LOQ fy 5~10 pg/kg. 45 RFK Tk
1) R B RE FIAF B B P4 5 S B i (R A 5K . 7]
FAAE Bl W5 i vh i UG A A 9 5% R A

S 3k
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