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functionalized magnetic nanomaterials purification-high performance liquid chromatography-mass spectrometry.
Methods The samples were ultrasonically extracted with acetonitrile-water. The extract was purified by
amino-functionalized magnetic nanoparticles, and then concentrated under nitrogen. The residue was dissolved in
acetonitrile-water (7:3, V:V) to a final volume. The analyte solution was analyzed using a C;g column with methanol
and water as the mobile phase under negative electrospray ionization mode. The data was collected using the multi
reaction monitoring mode. The samples were analyzed based on the external standard method. Results Under the
established conditions, the target substances were well separated and showed a good linear relationship within the
range of 1.0-20.0 ng/mL, with a correlation coefficient (r?) greater than 0.99. The limit of detection was 0.2 pg/kg
and the limit of quantitation was 0.5 pg/kg. Through spiked recovery experiments, the recovery rates at 3 spiked
levels ranged from 79.94% to 94.52%, with relative standard deviations of 2.95% to 8.22%. Conclusion Compared
with traditional pretreatment methods, the proposed method utilizes a magnetic suction frame to absorb magnetism,
which can eliminate the centrifugation steps, save time, ensure good reproducibility and reduce detection costs. The
proposed method can be used to determine fipronil and its metabolites in meat. The establishment method can provide
technical support for monitoring the residues of fipronil and its metabolites in meat on the market supervision.

KEY WORDS: fipronil and its metabolites; amino functionalized magnetic nanomaterials; high performance liquid

chromatography-mass spectrometry; meat
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220 B il 2 A iR A I A 4

FH1TE

7 [ SCHRERE, & B XoF 980SR B AR 4 4 A
Tk, FEASMARE Y KM E R - Rk s
TRORE TR €20 T3 - o 0 P02V L X PR R S5 e g
Je FCAC R 2k i SCRR B O F R 220 ORI TR
FH QUEChERS %56 /8 1= S50 AR €6 3% - 5 B 0 1 2 000 2 8 28
i SR G S AR IR R A QUEChERS-#8 55
SRR T - B G T T ARG O W o R G R T R LA
W, PIEYRA T QuEChERS RTAbEET =, XAhHTAL
P75 T A R s AURE BRI, AR R T2 L R R
AR AT, AN AE O AT M s R A BT SR, iR T
R — T I A 3 1 A P UG SO
FRTIN  BEF 1k, A58 R FH 2 L T RE AL R 1k 900 Kb R
SRR A By 45 A v SOROR € - H B T T TR R T AR
FP SRR B AR I A B R Y T TR AT, AR
R LU B AR T B AR B4 — il A S A

1 #R5ERZE

1.1 X SR

FR AU B A GRS |« SR BR  JC e AR
FRvEY T (BN 100 ng/mL &5 2% (BePure); H
BE(Eig o) . N (G a2 i S s P A IR A7),
F R (i oli, P A2 iR e A BR A &), 2K (g
afi, PR ERn A RA R, HRR(GIELD) . CsBik. &
_HZ-N-N #Atbi(primary-secondary amine, PSA)UR}(3EH
FERR CH/RBHE A w)); AT, KRR K
JEA MRA W), BRI REACHETE G R B RS HR
HF5E ), PRIME HLB [EARAE U NME [BLRS 3CC (150 mg),
L ERFFIREARA A, MeLugE(E e, 0.45 pm, #iL
MR A PR D) e K Atk (A ).

34 Gy IRt (A% 8 I . 8 I SEIA . 8 3 EIN . 5
By RS PR 5 153G 1A (R 5t 45 R T FIER B2 T 37))
1.2 UE5REF

TSQ Fortis — 5 PUMAT FRIE(L(BL % Vanquish =520
A TE AU RIS 2% 8 7 K) . HERAEUS Multifuge X1R
OHLEEEFERR CHERBHE 2 1]); SMATR ik &A= (-
WEAMBRUEA R HD); LPD2500 ) 245 iR BETR A I G
FERFEAE A IR A v ); R300 FERs 28 AL (B R A g TR
B2\ F]); HERAEUS Multifuge X1R 2.0 HL(3E [E Thermo
Fisher Scientific 2\]); AF-4 3 FEK i TAES: GRAEIL AT
PR H]); EVA 48 A WAL (A 508 F) 28 BHU AR A R W),
Phenomenex Kinetex Cjg f&1%H(100 mmx4.6 mm, 2.6 pm,
LRI LA ).
1.3 R RRECH
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R B AR ) R AR TRV, IR BUAL
1.4 H@ATIE

IR RENE DR R AT AR B RO 2 g il AR CRE T
£]0.01 )& T 50 mL &0 %, 1A 10 mL 80%Z -7
W 10 mL(Z K, 8:2, ViV), WiEHEY 1 min, #AE1E
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4 kinds of different mobile phases
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Fig.3 Relative response values of fipronil and its metabolites in
different proportions of solvents
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Table 2 Optimize the amount of amino functionalized magnetic
nanomaterials added

. T4/ %
ﬁu/\i/mg S ES L ES L ES L ES
R BN R FURE R
30 68.9 67.7 66.1 70.3
60 84.4 85.9 85.6 86.8
100 94.5 93.8 94.0 96.1
150 93.7 93.1 94.2 95.8
200 94.0 92.8 93.7 95.5
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quantitation, LOQ). &5 54135 3 Wion, ARG &I P74
JEHHE A 1.0~20.0 ng/mL JEREINA RIFRLEXR, M
KEZBHEH KT 0.99, %) LOD K 0.2 ng/kg, LOD
H 0.5 pg/ke, WL IIEK
232 EkFEfMEEE

&H% GB/T 27404—2008 ( L= HMiE &
A ERARAS I ) HEATAG . L mR B A bR, e
HA- AR AT A 0.5, 2.5, 10.0 pg/kg %5 3 A~ARIH
W BE KT 11 F UG B LA P TR B AR IR, K
SRR 6 ASEATREIR, 25 RIT: 3 AN TR IKE Y
S B (8] 0 FTE B 79.94%~94.52%, AH R AR A D 25
(relative standard deviations, RSDs) 2.95%~8.22%, HAk
N 4 iR FRWRTEST AT 1% R B RO 2 B 2405 A2
Sy BRI R

2.4  SEPREE MBI

R FR G W IR s AR B T R E Y 34 1y
PIRE S, XTI A BEA T T Ak . 25 SRR,
o 2 32k ARE S 4 A H R S R, A%
% 5 FiR . Ml GB 2763—2024 £ 524 E 5hn i
A AR 2R R AR R PR ) ot A R R U R e, 2
RUL 4 Fb B Z A, Ha ks B PR &N 0.01 mg/ke.
R XA 7 2F AR & b R B AR A S
MRL 0.01 mg/kg, UL SE FPEFRI TR TS, 75
SRR T 7 W RS WA v, T LT A A A P ) R U A
AR, DRI S8 B e 4y W) Emim & eh, X
— SR TR A AR SR R B T Rl R TS Y A PR R
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Table 3 Correlation equations, coefficients, LOQs and LODs of fipronil and its metabolites

ST EVEV:FEFY ML ZEER () LI/ (ng/mL) LODs/(ng/kg) LOQs/(ng/kg)
G Y=6.852 ¢*X+3.522¢* 0.9966 1.0~20.0 0.2 0.5
L E Y=6.441 ¢*X+5.181¢° 0.9981 1.0~20.0 0.2 0.5
TR Y=4.156e*X+1.984 ¢* 0.9993 1.0~20.0 0.2 0.5
E R Y=4.740 e*X+4.156¢" 0.9973 1.0~20.0 0.2 0.5
F 4 SAHERPEDEREREMAREW R ZE (h=6)
Table 4 Recovery rates and precision of spiked fipronil and its metabolites in beef samples (n=6)
S 0.5 ug/kg 2.5 ng/kg 10.0 pg/kg
] /% RSDs/% 1%/ % RSDs/% EN 78 RSDs/%
LG 82.59 8.22 87.72 5.44 93.53 4.53
WG 80.33 7.89 88.54 4.89 93.30 3.89
FHE 79.94 6.87 86.47 5.93 92.78 2.95
TR AR 81.58 7.59 87.44 474 94.52 4.02
=5 LR E R RER RN E (ng/kg)
Table 5 Detection values of fipronil and its metabolites in actual poultry meat (ng/kg)
FE A TR R I L HUE IR e L AR At
4 AFE -1 0.91 1.22 3.45 AH 5.58
4 RFE AL -2 2.20 2.27 423 A 8.70
3 o i IR, B HRFIUE, ETIER R . KR,

A5 37 R R I T RE AL REME 9 KA R S T A
FERESLATAL B . BESL R G KR, BRI
DIREALRETE DR M RHGAE, BRIE, HILLBIR 7:3 (V)Y
SR E SRR o EL AR TE LIS 25 67 8 X
T, H MRM B T8 R4, FWH B /K R S sh AR 7
g, SMRIEE 5558 QUEChERS Al PRIME HLB
RTALHE T AR L, SRR AL R A4 R A Ak B T S A A
B, FEARYI R TSR e . BRIE T RE AL R R R E I Ak FE
W, BRI, BT AR R 2 R, B R O
AR, AT A ERAVERT L. 3207 T LU SE R A RE R AR
U R AR I 5 o Ay i AL R | PR A B

MERA B2 X5 & 1A Rt B A W e B A ) 22K
AT LA T 3 v P v S U B A 1 4 B R M e A 4
ARIHE, AR RS SR A T —Fhmc, AR
Mrrik.
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