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Abstract: A food analytical method that combines QUEChERS pretreatment assay with ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) was developed for the detection of eight phenylpyrazole
residues in food; ethiprole, flufiprole, pyraflufen-ethyl, fipronil-desulfinyl, fipronil, fipronil-sulfone, fipronil-sulfide, and
fipronil-detrifluoromethyl sulfoxide. Different food matrices were directly measured by salting-out and QuEChERS
purification using 1% acetonitrile acetate and water as extraction solvents. Gradient elution was conducted using methanol
and water as the mobile phase and scanning in the multiple reaction monitoring (MRM) mode was performed simultaneously
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in the positive and negative ion ESI modes. Matrix-matched standard solutions were used for quantitative analysis. The peak shape

of phenylpyrazoles was sharp and symmetrical, showing good separation effects, good linearity within the 1~800 pg/L range, and

correlation coefficients greater than 0.99. The detection limit of this method for eggs, poultry meat, milk, dates, Chinese

cabbage, tea, and rice matrices ranged between 0.01~0.53 pg/kg, with the quantitation limit at 0.04~1.75 pg/kg, the standard

recovery rates at 70.12~119.87%, and the relative standard deviation (RSD) from 1.01~9.91% (n=6). The developed

QuEChERS-UHPLC-MS/MS method can be considered effective, accurate, and versatile, and it can be successfully applied

for the simultaneous detection and analysis of different phenylpyrazole residues in food.
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Table 1 Retention time and UPLC-MS/MS parameters for 8 phenylpyrazoles

2 AR R CAS 5 MA@ T KRG /min 5T (mz) T5&T (mz) #5L8E/V iEd/E /V

. 329.9% -15
R A Fipronil 120068-37-3  [M-H]- 491 434.9 -24

249.9 =30

. 414.9% -20
R AR Fipronil-sulfone  120068-36-2 [M-H]- 5.02 450.9 =30

281.9 =25

. 382.9+ -15
A RIF I Fipronil-sulfide  120067-83-6  [M-H]- 4.95 418.9 =35

313.9 -22

. 350.9% -15
T A Fipronil-desulfinyl 205650-65-3 [M-H]- 4.86 386.9 =35

281.9 =30

329.9%* -10
CEMF Ethiprole 181587-01-9  [M-H]- 4.64 394.9 -16

249.9 -22

398.9* -12
TR Flufiprole 704886-18-0  [M-H]- 4.99 488.9 -48

329.9 —24

£ Lok gy = Fipronil- 282.9* -10
%%ﬁ; ; Jﬁfg){ detrifluoromethyl  120068-79-3  [M-H]- 4.48 318.9 -40

- sulfoxide 182.9 —32

B 339.0% 18

PHE L Bk Pyraflufen-ethyl ~ 129630-19-9 [M-+H]+ 5.01 412.9 9531 24 30

53.

E AR EBT.
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Fig.1 Chromatogram of phenylpyrazoles under simultaneous positive and negative ion collection mode
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of fipronil-detrifluoromethyl sulfoxide in different foods
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Table 3 Matrix effect, detection limit, quantification limit, recovery rate, and relative standard deviation of 8 phenylpyrazole compounds

on papg MUKE EEBR RER B % AR A £
1% (ugkg) /ngke) 2. 4. 10 pg/kg 1%

7 6.54 0.02 0.08  110.69. 106.41. 102.58  4.82. 2.47,2.08

& 32.37 0.02 0.07  115.12. 110.54. 106.77  7.25. 5.77. 2.61

455 23.09 0.02 0.06  108.25. 106.39. 102.11  5.72. 4.12. 1.58

AR AF R 49.26 0.02 0.06 118.88. 115.47. 109.25 8.81. 3.21. 2.02

a% 61.59 0.02 005  117.52. 11536. 110.81  3.21. 3.02. 1.55
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wE 0.65 0.02 0.05  82.12. 85.93. 88.87  4.25. 3.74. 1.08
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Xk 44.05 0.01 0.04  9331. 95.54. 9699  4.22. 3.68. 2.12

wE 436 0.04 0.15  88.76. 92.51. 94.80  4.39. 321. 1.31

&n 5.40 0.05 0.16  119.84. 118.65. 11572  5.26. 4.15. 4.67

44 431 0.05 0.17  76.53. 80.19. 87.23  7.81. 5.15. 521

R I T2 AR, R 1.12 0.05 0.16 109.32. 105.14. 104.25 3.51. 3.09. 2.75
CES 17.63 0.04 0.14 11456, 110.79. 111.38  4.98. 3.72. 4.24

%ot 46.48 0.04 0.14  11835. 11547. 11126  6.84. 591. 5.23

P 46.64 0.03 0.1 84.38. 89.92. 92.02  438. 3.99. 2.11
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g% 3
24k oty ARRE BB RER = /% AR AR AR £
/% /(ng/kg)  /(ng/kg) 2. 4. 10 pg/kg 1%

X 13.05 0.07 0.22 90.12. 95.56. 98.88 6.21. 5.72. 3.23

an 15.62 0.06 0.21 114.49. 110.35. 105.78  5.78. 5.23. 4.14

2475 22.31 0.06 0.20 115.68. 110.24. 107.99  5.89. 4.64. 4.13
fﬂfﬂiqig_ﬂﬂ%ﬂf 55.85 0.05 0.16 109.64. 105.74. 103.82  5.06. 4.53. 3.47
ZE3 42.20 0.04 0.13 80.71. 85.64. 89.33 4.21. 3.48. 2.01

vt 70.11 0.05 0.17 74.52. 77.49. 81.74 5.46. 5.21. 5.00

KoK 72.81 0.05 0.16 81.67. 85.52. 87.36 4.11. 3.05. 1.77

wE ;3-.-39 0.02 0.06 105.32. 103.64. 101.14  2.71. 1.58. 1.10

R 14.61 0.02 0.06 109.35. 106.47. 106.88  3.02. 2.29. 1.77

2475 16.79 0.02 0.06 110.54. 108.36. 107.14  4.52. 3.87. 4.18

AT ES 3.10 0.02 0.06 118.91. 115.47. 111.68  8.01. 5.87. 4.31
EE3 18.87 0.02 0.05 117.51. 114.32. 110.82  3.78. 2.05. 2.01

E S 43.95 0.02 0.06 110.68. 106.17. 104.78  7.85. 6.32. 4.15

XK 47.43 0.01 0.05 88.75. 90.74. 93.14 3.71. 2.23. 2.08

PR 1883 0.19 0.64 119.92. 118.16. 117.41  832. 7.77. 7.02

&N 33.98 0.15 0.50 119.86. 119.12. 118.45  8.13. 6.54. 5.78

2475 49.87 0.24 0.80 118.56. 118.01. 116.75  7.92. 6.54. 6.17

TR b 3547 0.12 0.41 117.32. 115.64. 11487  6.13. 5.54. 6.10
ax 53.56 0.12 0.40 89.35. 91.45. 92.87 4.16. 3.31. 2.07

Fert 79.17 0.15 0.49 70.48. 72.64. 74.11 8.95. 7.67. 8.12

XK 85.06 0.10 0.32 91.65. 93.54. 95.79 3.15. 1.07. 1.08

piok s 1095 0.53 1.75 70.98. 72.57. 75.15 6.87. 5.14. 3.21

&N -0.71 0.51 1.70 72.61. 77.12. 79.30 6.54. 4.11. 5.78

44 2.65 0.47 1.56 70.30. 72.55. 73.47 7.46. 6.61. 5.14

T RIF & 8.31 0.40 1.34 78.32. 81.54. 88.17 5.32. 3.78. 4.11
ZE3 31.35 0.43 1.42 84.14. 86.77. 90.74 4.38. 3.87. 3.14

Fert 67.21 0.40 1.33 70.12. 72.03. 72.98 8.98. 8.74. 7.82

KA 70.76 0.31 1.04 78.64. 80.47. 81.35 6.31. 5.74. 4.11

wE ;1-.-11 0.13 0.44 72.13. 75.49. 78.12 7.21. 7.11. 6.54

CXG) -1.28 0.11 0.36 118.75. 116.47. 11434  6.32. 6.11. 547

2475 -5.08 0.07 0.23 119.47. 118.34. 118.77  7.98. 7.16. 7.35

ot B ik b 15.71 0.11 0.36 79.14. 82.54. 86.04 5.14. 5.36. 4.78
ax 2.39 0.08 0.28 78.14. 84.37. 87.96 5.47. 498. 5.02

et 82.96 0.10 0.35 74.56. 76.77. 79.54 6.21. 6.12. 598

KK 78.54 0.07 0.23 119.87. 118.87. 118.14  6.47. 598. 5.54
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x4 HRFELER
Table 4 Sample screening results
4% /(ngk
o = /(ug/kg) _
BE BN W B EE ¥ SATE & S
AR Aol Rt RKdE 615 501, 372 Abd kibd A
AR AR At Rtbd R#bd 331 423, 587 kil Rtbd A
A= AR Rt kg RiEE 2540 21180 1.54 k4bd kiEE AAH
REM R jiew i Rdb 135 L7 126 ABE Ak ARE
AT Al kil kb 542 8.65. 336 kb ki ki
T RIF At kibd RiEE 163 134, 147 kbl kEE RAEH
TR A ARAEE R Rk Rk KBk Rbd AR
o 3 ik Al AEEH REE AR REE REd ReE AR

2,6 B EFEEE

EEANE. SR B9, & A% KK
FKFE A 2 BN 24 4 10 pgkg 3 AN K
2RI N R4l S VIR G AR HEIR W, TR ok i
ANRFEERNE 6 I, J7ikHER, B BIcE R
B RoR, KE UL 6 KCEAT I E [ AH XS bR
Mz (RESHD B, SRIE3. HAENE
FE 7 FPgr i = 5T R I0AR RIS 2R O 102.11%~118.88%,
RSD M 1.55%~8.81% : 3 M JiF B4 0 #x 18] Wie 2y
76.59%~119.45%, RSD A 1.01%~9.91% ; % &
& VAR 0 A (5] U R A 76.53%~119.84%, RSD N
1.31%~7.81% ;SR — Bt =3 H S A0 bR [T
N 74.52%~115.68%, RSD N 1.77%~6.21% ; 58 5N
PRI A 88.75%~118.91%, RSD A 1.10%~8.01% ;
o HE n AR [\ 3R A 70.48%~119.86%, RSD A
1.07%~8.95% ;T HEIIFREIEE Y 70.12%~90.74%,
RSD 4 3.14%~8.98% ; Wt B ik hn bx [\ U % K
72.13%~119.87%, RSD N 4.78%~7.98%. A J7 i
) 1] WAL 6 NG 2 i 350 RT3 2 R SRk ek 2R AL S D Y
For i Bk
27 ERFmEE

XHESE. BAL 9. /. H3E R
RAKFERL S 10 HERAZ AT AT IR & 70 b, £ 2
LR A 1 o e R B SR A S, A
HAED G SRR AR A, SR
- W= R ST R, RS E
WK 4 frn. &R T &% E R
(GB2763-2021) "R 2 KRR MR E M E K. H
R WA WA IR AR, e & ERE,

FHPEAE i A 220 55 AT SR U — B = R 2R AR,
PORFILM MR VIR IS, SRPRFEA LS
KUY, ATFERAETR, G R, ST H R
HR SR PR SAL S ARG A 23 BT o

3 #Hip

A SCHENT T8 P A I 54K A W R RO
FH T HR I TS A AR T v, SEBL T USRI E W
(1) 78 PR A B A AT BEX RS R R 2R 5 4 £ 2
i, RH 1% BEER 20 MUK AE N BRI, 4k
H1#1 QUEChERS ##4b J5 v EL#% EALEI, & T
QuEChERS-UPLC-MS/MS 2Kl £ iy Hp 2 J it e s
WA PE R TR e 7, B a0k iRy
0.01~0.53 pg/kg 2 8], & & RAE 0.04~1.75 ng/kg, 1%
T 1538 T SEBRAE S ARSI, AN R B i A 2R
WAL G PR B R S it T — PSR L S R O
MEREE, BAB B bR AN E .
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