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Determination of Fipronil and Its Metabolites in Tea by Gas Chromatography-Negative Ion Chemical Ionization-

Mass Spectrometry

MA Yiying', HAO Yu’, ZHANG Peng’, LIU Mengmeng', YU Yang', SUN Xinyao', YU Litao"™*
(1. Heilongjiang Academy of Green Food Science, Harbin 150028, China; 2. College of Toursim and Cuisine, Harbin University of
Commerce, Harbin 150028, China; 3. Enrollment and Employment Divison, Suihua University, Suihua 152000, China)

Abstract: In this paper, a gas chromatography-negative ion chemical ionization-mass spectrometry (GC-NICI-MS) method
was established for the determination of fipronil and its metabolites fipronil sulfone and fipronil sulfoxide in tea. Fipronil and
its metabolites were extracted from samples with acetonitrile, purified by liquid-liquid partition with n-hexane followed by
chromatography on a PSA-SPE column, detected by GC-NICI-MS, and quantified by external standard method. The results
showed that chromatographic separation was achieved within 16 min. The linear range for the four analytes was 0.002—
0.200 pg/mL, with correlation coefficient (R”) larger than 0.999. The detection limit (Rgy = 10) was 0.002 mg/kg, and
the relative standard deviation (RSD) was less than 5%. At spiked concentration levels of 0.002, 0.010 and 0.020 mg/kg,
the recoveries ranged from 96.33% to 102.50%. The developed method has a wide linear range, high accuracy and good
repeatability, and allows the rapid and accurate detection of trace amounts of fipronil and its metabolites in commercially
available tea.

Keywords: fipronil and its metabolites; gas chromatography-negative ion chemical ionization-mass spectrometry; tea;
extraction; purification

DOI:10.7506/spkx1002-6630-20220316-172

&3S TS207.3 SCHRBR GRS A EHS: 1002-6630 (2023) 02-0351-06
51 3CA%

L0, T, SKME, A UM - G S YR - B i I E A o R R R AR [T]. B R, 2023, 44(2):
351-356. DOI:10.7506/spkx1002-6630-20220316-172.  http://www.spkx.net.cn

MA Yiying, HAO Yu, ZHANG Peng, et al. Determination of fipronil and its metabolites in tea by gas chromatography-
negative ion chemical ionization-mass spectrometry[J]. Food Science, 2023, 44(2): 351-356. (in Chinese with English
abstract) DOI:10.7506/spkx 1002-6630-20220316-172.  http://www.spkx.net.cn

Wehs HH: 2022-03-16

BETH: BRI ARGH T ObRE SR & @A IH (CZKYF2020A002)

HEEEN: BE% (1994—)  (ORCID: 0000-0001-8589-8865) , &, BhFLTREN, fiit:, WFoeH5 ARy fin L5 58
T#2. E-mail: mayiying0511@sina.com

SEEEH R T3 (1981—)  (ORCID: 0000-0002-6401-2479) , 33, TR, Mid, BFFIT AN FAai 5 ACa T .
E-mail: 7293811 @qq.com




352 2023, Vol.44, No.02

E6miltl =

SIS — A A RN TR &Y, (BN
=R R FIYYE A, R R R N
PR AL BT KRR AU,
Holi@d s s 2 N EM R . BERRY,
PR K B R T B T Xk, IR S 2t
BRAEOIR, [FI SX AP R 07 KRN AT BE
ERF, B FRIRESISR AR, HESAEEARE
FPET . R TR AR IR 8 v R T B A A
Ji S R AR G U AR, LIS AR = d e
TN, HOMHATE SRR IAHL, XA AR
B R E Y R T A SO R RS A o AR
SIS Ui SR

HEDR A I R IR, R RS RKE, A&
PA R RS T EAA AR G4, A, WA DS
RN KA FAE R — PP RR S, 28I & 0N
R, FWIEEAKEMS G BERMHIX, JRHE
ARG R G L R, R U AR HUR R
HAEEFWHEBEFE, 5k 32555 9 i 8
Hai M E . 2006—20144F, FKEH ORI HAR S KM
SRR R AR 24 % B bR 20 I s AR 87 IRFH12 Ik, R gR
B AR ER22 Ak, OB R A R 22%1 .
20174F, FRIE WO e 2w H A B R AR, £
#80.009 mg/kg, BT HAKS A0 g U 0 IR =
0.002 mg/kg!"™. KR € i 2 4 Jay B AE X 2 v ) 450 HRAG ¢
PR 90.01 mg/kg: GB 2763—2021 (iR 25k
PREBRED MUE/KE. B, BRI RS R AR &
40.005~0.02 mg/kg, /N, KFE. MEZBPINH R
i i KPR 5 00.002 me/kg:s W2 B 4 9 E S RS FE
M. RS A EE S REN0.005 mg/kg. I
SEER PRI AR 0 2R e R U A AR R W
s REAE I eb ) SRR R FLAR U P Bk B ) M B A
=X

EAT, 2 e s S AR A 7 vk 2 B
AMEEIENL AR RS VES T WO - B B
SN W [ Rch == 1§ R 7 S W S i REcR
BTS2 R U I £ B ik, BRI 2
KRR M et KoE B SEL f, 2 H AT
AR R0 e R S - b YR -, B
HETHERAD . mNERD. TR R A, £
BRI ZGHR R I A Tz Y, T L A R 0 R
B B HAR A IR IE e > o DR, AR S0 S A% A
i S AR HRE AL B SRR SRBUGRIE 3. R
{1 FH S R AR (R B EAT B 7, AT A S — i
SE 4% I o B UG B FARUR A B 1R R B - B A -
BV, R T T ) S T R A e e ) A R e
R, %77k FeE RN R R R R R
1, RESNARS I RO e A B A T S AR

1 MHESHE

1.1 MRS

ZH30 s LEZR10 My Z0FR10 4. SLAS 4.
A5 AT

FrdEdih: #ULE (CASS: 120068-37-3, 100 pg/mL) |
A (CASS: 205060-65-3, 100 pg/mL) . F5HE
Bl (CASS: 120068-36-2, 100 pg/mL) . % H T
W (CAS%: 120067-83-6, 100 pg/mL) Jb 5tz &
FRRFEARAR: 8. N, Bk, BFEE (3
R , JALE (hga) R T R WA 2
RAHMR AT ; CNWBOND PSA SPE Cartridge (PSA-
SPEH:)  (#1#%4500 mg/6 mL) . CNWBOND Carbon-
GCB SPE Cartridge (GCB-SPEF:) (#ixH
500 mg/6 mL) . 0.22 pm#Et =i Ese CHHAD i
RSO R A A IR A F]; SUPELCLEAN ENVI-18
(ENVI-18-SPEF:)  (3#% 500 mg/6 mL)  ERpifk T
AR (L) GRAF.
12 5%

8890-7000D = F PU A2 A AH € 15 - ot 1% BC A (T
1k 2235 K Mass hunter B4R A0 B R 45) . HP-SMSE
(30 mX0.25 mm, 0.25 pm) % H z e B A R
AFE]; FS-100M AL HEEERIF AR AR ; Dynamica
VELOCITY 18RE &R & LAl Rl sl AR
~F]; MMS-520-5020 k%4 ARRCHAARA
T 10 basic ULTRA-TURRAX"¥J5i 8%  #H[EHIKAA A ;
LabTech HI150-100LT e 28 KAX  SRAAREMUER I A
FRAF: TTL-DCH“EMAX At RIZR IR R e A R
AH.
1.3 ik
13,1 ARAEE R

Ay RS BRI « ARG L AR U BXOR R R S T
BARAE 1 mL, F I B 23 0 € 25 210 mL, i il o7 &
WREENT0 pg/mL ARG 960 980 o i 00 gl e
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Table1 Mass spectrometric parameters for fipronil and its metabolites
- i miz
e Wimin  — ERET  EWAT
UG 12.347 366 333, 368, 400
i I 8.888 352 316, 318, 354
Ey 15.383 416 347, 383, 385
LU IR 11.957 384 350, 386, 387
1.4 HisabrE

R FH AR £ 13 - i i 106 FHASCHC 4% 1) 58 53 i 31 Mass
hunter. Microsoft Excel flOrigin 202 1% 46 il 25 B 4T 45
TR HT o

2 SRS

2.1 REGRIRE R

WIOLRIREONA FEE. NI I RE et
BTN S AN I S KA 2 B ORI 8. MOk B
W CREFNIE O N EGR, LAnARE40.010 mg/kg
(7S A RE ORRF O B, FREGRIA N & 520 mL, 42
T PSA-SPEAE 4§ 4k, AT Hi HUKG S FAR 4 1 4 BRI
MRFSE, iR R2, K.

42 AISRIHDR R B A A IR

Table 2  Extraction efficiencies of different solvents for fipronil and
its metabolites
- RSD/%
i il I ok
U 2.83 0.40 1.87
T A 3.04 2.82 2.06
TILIER 2.15 2.99 5.92
LU IR 5.87 3.00 3.56
1200 ©NME ol miECk
100 -
g 80
g 60 -
E 40
20+
0

WEE WO RGRN RREER
H b4
1 AT BEIRRDR S 05 B HC AR 4 Il g 3 1 5 i
Fig. 1  Effects of different extractants on the recoveries of fipronil and

its metabolites

GEIRERW, M4 P H ARV INEH0.010 mg/kg,
IR S H AR, k4 A H R B SR BC RN N
85.23%~90.70%, FAXIFriEfw % (relative standard
deviation, RSD) A K T5.87%; x4 i HARYIiI 2
BRI % 996.00% ~98.52%, RSDASKT3.00%; 1EC
Fexs4 B H bR B4 H R % 89.34%~95.75%, RSD
ANKT5.92%. FHIGET WAHF 25 1E 3R BGRIE H AR
(AT UAT 256 345 e 1 F PR AN AE eV N 3R BRI B B AR 1
mE, ZREE (P<0.05) , XEHT OIEHRIEK.
EFEMER, 54 F HARYAPEE AL, ML PR R
3= The
22 REGHRIHE
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Fig.2  Effect of acetonitrile dosage on the recoveries of fipronil and

its metabolites
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Fig.3  Chromatograms of fipronil and its metabolites purified by ENVI-
18-SPE cartridge (A), GCB SPE cartridge (B) or PSA SPE cartridge (C)
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Fig.4  Chromatogram of standard mixture of fipronil and its metabolites
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Table 3  Linear regression equations of fipronil and its metabolites
it G RPN e
A p=120520589.166 727x—242395.039 314 099930  0.002~0.200  0.002
FERE )=717018798.960 887x—566 611.006353 099988  0.002~0.200  0.002
FURAER =146 025796576 153x—196 044.966 809 0.99902  0.002~0.200  0.002
ST y=512239458.254102x—767236.723039  0.99979  0.002~0200  0.002

3T 4, 4 B HFRYIFE0.002~0.200 pg/mL3E
PERPE R, AHOG R BR K T0.999, i e A 4 e fiE &
AW e R M EA R ERLEM . RHREN
0.002 mg/kg, 1%J7iERBUE R, 7T LA L dUE R AR
I E R K
25 EEM. W EREE

WA — = AR, IR B A, R
BnE:43 5 90.010, 0.050 mg/kgAl0.100 mg/kg, P47 5E
7, RSD/NT5%, RFZGFEESERLF, HEER
I, IEFBFATESR, 4R WK4.
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#4 RPEELREN (n=7)

Table4  Results of precision tests (n = 7)

H s FEIE/ (mg/kg) RSD/%
0.010-+0.000 1.33
AU 0.04940.001 0.29
0.097+0.002 252
0.010£0.001 2.02
G 0.04840.002 0.72
0.096+0.001 226
0.010+0.001 3.16
LR 0.048+0.001 1.83
0.098 +0.002 1.96
0.010+0.000 1.89
LRI 0.04840.001 127
0.096+0.003 0.23

R — 2 AR, i B AR &,
DAKE HH PRI, 5 R5FN10 fis, 782146 Bl N £ H20.002,
0.010 mg/kgF10.020 mg/kg =R INAKT, EAFE S HE4T

3 UCHATINGE , #54% KT IAR IR R ££96.33%~102.50%
Z I8}, FEARINTT A M ROR R, SR ARS .

#5  IEHESIREE (n=3)

Table 5  Results of spiked recovery tests (n = 3)
o PRI kR REsE (A N

F5) (mg/kg) (mg/kg) (mg/kg) I/ %
0.002 0.002+0.000 101.6742.36

TR ND 0.010 0.010+0.001  97.33+0.94
0.020 0.019£0.003 96.50+0.71

0.002 0.002£0.000 98.17£1.93

R RS ND 0.010 0.010£0.002 97.40+1.18
0.020 0.019£0.002 96.83+0.24
0.002 0.002£0.000  102.50+1.22

TR ND 0.010 0.010£0.000 96.33+0.47
0.020 0.020£0.002 101.50£0.82
J— 0.002 0.002£0.000  101.3341.55
ﬁ\%ﬁﬁ ND 0.010 0.010+0.001  99.93+3.47
0.020 0.019£0.001 97.124+2.03

VE: NDA#E R HR . ~&H.

2.6 FEAINE

187 F AR BF 56 S8 57 1 SORE £ T - A4k 2 R - O vk ke
30 AR AR . AR R ) A R AT A I A A, O
X5 e 2 R A M RE AT Db RIS, B AR A
°50.020 mg/kg, 455 0L3R6.

A6 Il A i S ol A B i

Table 6  Results of determination of fipronil and its metabolites in
different types of commercial tea by GC-NICI-MS

it A R (mg/kg> : : hHﬁ AR
g 4% nh% =g % ks (mgkg)
HdEs ND~0.003+0.001 ND ND ND 333 0.019£0.000
RS ND ND ND ND 000 0.020+0.001
AhER ND ND~0.004£0001  ND  ND 333 0.020£0.001
RBFETER ND ND ND ND 000 0.019£0.001
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HHEN6.67%, HA10 a2k a1 HLxE Bl &8N
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