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Abstract: A residual analysis method of indoxacarb enantiomers and its seven kinds of
degradation products in fresh leaves, green tea, black tea, green tea infusion and black
tea infusion was established, followed by comparing the extraction solvent with different
pH. purification and enrichment capacity of different solid phase extraction column,
different loading volume and different proportion of eluting solvent. Fresh tea leaves,
black tea and green tea samples were extracted by acetonitrile and water, purified by
C18 and GCB dispersive solid phase extraction. After concentrated nearly to dry,
methanol-water (9 : 1, V/V) was used to resolve the sample. PRP SPE column was
used for the enrichment and purification of green tea infusion and black tea infusion,
then methanol-water (4 : 6, V/V) was used to cleanup pigments and other impurities.
Finally, the analytes were eluted by methanol, and after rotary to dryness, reconstitu-
ted with methanol-water (9 ¢ 1, V/V). The indoxacarb enantiomers and its degradation
products were separated by Lux® 3 um Cellulose-2 column and quantified by UPLC-
MS/MS using matrix external standard method. In the concentration ranged of 0. 005-
5 mg/L, the correlation coefficients of different matrix standard curves were above
0.999 1. The average recoveries of indoxacarb enantiomers and degradation products at
three spiked concentration levels ranged from 76. 9% to 108. 4% with the relative stand-
ard deviation (RSD) less than 16.4%. The limits of detection (LODs) in fresh leaves,
black tea and green tea were 0. 001 mg/kg, and that in black tea infusion and green tea
infusion were 0. 2 ug/L. The limits of quantification (LOQs) in fresh leaves, black tea
and green tea were not higher than 0. 01 mg/kg, and that in black tea infusion and green
tea infusion were not more than 1 pg/L. The results show that the standard curves,
correlation coefficients, recoveries and precisions of this method can meet the require-
ments of pesticide residue analysis, and it can be used for the determination and screen-
ing of indoxacarb enantiomers and degradation products in tea and other samples.

Key words: tea; indoxacarb; chiral enantiomers; degradation product; ultra perform-

ance liquid chromatography tandem triple quadrupole mass spectrometry ( UPLC-
MS/MS)
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UPLC/Quattra Premier XE # 5 %% & #H
035 = DU AR 53 R AT A« 56 [ Waters 23
H] PP . LA IS 25 ML B (ESD i, MassLynx
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il 5 200 mg/L (4 b e i A5 W, — 18 C IR FE.
4 it 25 WO TR B K R (9 2 1. V/ VD i B
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Fig. 1 Comparation results to indoxacarb and its metabolites extracted by four kinds of extractants
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KRR B £ v e B A BORN O vk R U .
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RS B AR R PRP M 22 J5 A P I B 4 22 i v
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PRI LG AN 52 ) AR 420 T A8 0 T K — 3 43 ol
MEBR €0 3R 55 2% BT SR vt 1 ok AR B ARt &
P o DT 638V 5 I3 2850 I 920 4% JB S el o g B
Ja% IN-JT333F1IN-MK 638 4 TR 4 b 1 4 I« 5%
Vo il ERE R PRP A AR 5 mL A[A [
B0 10,1:9,2:8.3:7.4:6.5:5.6¢:4,
7:3.8:2.9:1.10:0,V/V) [k H B-7KIE R

®2 AESPEHMAELHEER,3MARELSYR DK R
Table 2 Recoveries of indoxacarb, IN-JT333,
IN-MKG638 with different SPE columns and different sample volumes

T 2 TORE bR AR F-Hy R EFRER 22 Average recovery =SD/ %
SPE column Sample volume/mlL Indoxacarb IN-JT333 IN-MK638
C18 25 100. 74£9. 1 70.9746. 4 61.043.6
50 92.743.3 83.644.6 46.74£1.0
100 104.241.4 125.7+7.8 31.640. 4
PRP 25 78.1+1.9 72.2+1.6 84.0+2.1
50 95.749. 4 87.043.2 94.642.0
100 101.042. 7 99.148.5 107.042.9
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Fig. 2 Elution curves of indoxacarb and its metabolites
on PRP column by MeOH-H, O

with different ratios
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Fig. 3 Purification effect of tea infusion sample

on PRP column by MeOH-H, O with different ratios
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Cellulose-1 FE 5B 1 X B M X e 1A (1 4% 4 »
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IN-JT333 % W4 19 4% 3 o 38 o 358 X Lo HoAth
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FIE 2B 0T B A ) B A B A 4 SRE S5 XT
IN-JT333 X WA i 45 43 F 6T IN-JUST3 Xof B {4
1 LA IF J8 W 43 B9 5 D €8 1% A B R 2
A% WA T AS 6] A2 Lux® 3 pm Cellu-
lose-1 #& [ Bfi HUE-R M L B 3-SR 5 e it
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SR+ 3 32 SR v T € 3 A R o O A IBOA
T AT B AN [ T 2 P e M A 8 2 0] R Ak
P& Lux® 3 um Cellulose-2 52 B %t B Hy g %t
WA N I A 7 ) 1) O3

%l UPLC-ESI"-MS/MS %} #i it g & H
7 R A 7 D HEAT 3 BT s A AR HE AL R HS N 25
HLHS 23 B4 B0 E 7 8 g MA-H L X i
T B AT TR T L 153
W BT 15 8, o Ak il 1 24 i iR it L 20 eV gl
AR LT B R g B L 7 R AR W EST -
MS/MS % 7R T & 4, B & ik Jg = 900
S5 FE L,
2.3 tRAEMZ REEMERYE

16 2. 1 F0 2.2 LA i 52 596 25 101 L e
Ef IRl X i A& K B i 7 M) AE 0,01, 0025,
0.05.0.10.0.25.0.50.1.0.2.5.5. 0,10 mg/L
O e BALIA G B SRy — 22 ) e 38 31 Bl 1 o R )
AREEN LLAS CERAS VAL AT RN SR AR O 1 SR TR
P o 5 W, 13 B 2Pk O R RAE ¢ R G 8 T
3. SER LML A LR A R T B
WA Ko L R ik 7 ) 2R PE G R R AT M O R AR
(R*)FHIFE0. 999 1LL I, BEME il I 4G I Bk

KM ERM GGG RS —EN
R JOT U 559 280N 5 PR IR SR Y T b 9 A 1
ERMT. UPLC-MS/MS 52 it g o) e {4
T o fige 7= ) 1 AR 6 % 1R R TR 5
2.4 EREMBEE

P16 AR S mE N (SRR LR L B
AV ELAS A v el B BRAA K K 1 7 )
BTG P R R KR 6 YO AT BN N [l i
SEH, 4 RA TR A, 25 R EWL FE 0,005,
0.05.0.50 mg/kg(FKHH M 0.5.5.50 pg/L)
NNV BE R L B RS AR A e R A IN-
JT333-1HIIN-JT333-2 , IN-JU873-1IIN-JU873-2
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7F :a. Indoxacarb; b. IN-JT333;¢c. IN-JU873;d. IN-KG433;e. IN-MF014;f. IN-MK638;g. IN-MK643;h. IN-MN470
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Fig.4 MS/MS spectra for parent ions of indoxacarb and its metabolites at 20 eV
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Table 3 Linear regression equations, correlation coefficients (R*) and matrix effects (MEs)

of indoxacarb enantiomers and its metabolites in different matrix by UPLC-MS/MS

L&Y Concentration T PRl Correlation JE T EReilis Correlation
Compound range Matrix Linear equation  coefficient R Matrix Linear equation coefficient R
MEY% E%
/(mg/L) (R*) (R*)
S-Indoxacarb y=1795272x—13316  0.9992 y=1022282+983 0.9999 —43
R-Indoxacarb y=82470x—9502  0.9995 y=22953x—1855 0.9997 —172
IN-JT333-1 ) y=23780342x+18017  0.9991 y=1064292—18077  0.9996 —72
IN-JT333-2 B y=291220x+56708 0.9982 y=172872x—3793 0.9996 —175
IN-JU873-1 y=2850262+10038  0.9991 y=94738x—11798 0.9999 11
IN-JU873-2 7 y=431892+4668  0.9996 (&S y=281952—508 0.9992 —35
IN-MK638 y=606592+2589 0.9994 y=227162—392 0.9996 —63
IN-KG433 y=792152+1340  0.9995 y=501862+14863 0.9999 —37
IN-MN470 0.01~10 y=108059x—7322  0.9991 y=20013x+2614 0. 9995 —81
IN-MK643 y=1382822+2723 0.9992 y=61192+1459 0. 9999 —84
IN-MF014 y=1735092+9889  0.9994 y=48248x—6951 0.9997 =172
S-Indoxacarb y=486402+8796  0.9991 —73 y=48381x+7413 0.9995 —73
R-Indoxacarb y=2354021832 0.9992 =71 y=22072x—1041 0.9993 —173
IN-JT333-1 y=847942+6529 0.9993 —178 y=811062+12596 0.9996 —179
0.005~5
IN-JT333-2 y=283591a+4104 0.9995 —71 y=738912+8007 0.9991 =175
IN-JU873-1 y=29994x—1892 0.9995 —65 y=2374652+179 0.9998 —56
IN-JU873-2 AKX y=187732—2033  0.9991 —57 S y=212762+1131 0. 9999 —51
IN-MK638 y=1193520+52 1.0000 —80 y=17559x—691 0.9994 =71
IN-KG433 y=431782+1888 0.9998 —45 y=412512—208 0. 9999 —48
IN-MN470 0.01~10 y=27482x—1145 0.9995 =75 y=1239862+58 0.9998 —78
IN-MK643 y=63062+2279 0.9997 —84 y=5044a+2221 0.9996 —87
IN-MF014 y=27219x—2386 0.9995 —84 y=28293x—1120 0.9994 —84
S-Indoxacarb y=529842x—918 0.9991 —170 y=172387x—4429 0. 9994 —60
R-Indoxacarb y=15693x—1069  0.9996 —381 y=26165r—3238 0.9989 —68
IN-JT333-1 ) y=54495x—4075 0.9994 —86 y=90357x+7525 0.9997 —76
IN-JT333-2 B y=64491x—10362  0.9993 —78 y=324652+1477 0.9991 —89
IN-JU873-1 y=153274x—470 0.9991 —37 y=418202—6904 0.9992 —51
IN-JU873-2 ax y=212762+1131 0.9991 —51 25 g y=17348x—2784 0.9997 —60
IN-MKG638 y=16446x—499 0.9992 —173 y=304962x—599 0.9999 —50
IN-KG433 y=456442+3304 0.9998 —42 y=6343520+5419 0. 9991 —20
IN-MN470 0.01~10 y=22971x—1011 0.9997 =179 y=21719x—5499 0. 9994 —80
IN-MK643 y=28910. 3x+3156  0.9994 =77 y=125262—456 0.9998 —67
IN-MF014 y=239798x—1542 0.9995 =17 y=37174x—6867 0.9993 =79
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Fig. 5 Chromatograms of indoxacarb and its metabolites (0. 10 mg/L) by UPLC-MS/MS
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fE GRS N 25 LOQ Ky 0. 005 mg/kg, 7E
BRI B LOQ Hy 0.5 pg/L; IN-
MK638, IN-MF014 ., IN-KG433, IN-MN470 7
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Table 4 Average recoveries and relative standard deviations (RSDs) of indoxacarb and

its metabolites in different samples by UPLC-MS/MS

KT Rt G 7% BXRG A3
(A7}
" Spiked level/ Fresh tea leaf Green tea Black tea Green tea infusion Black tea infusion

Compound

(mg/kg) AR/Y% RSD/% AR/% RSD/% AR/% RSD/% AR/Y% RSD/% AR/%  RSD/Y%

S-Indoxacarb 0. 005 99. 8 6.3 100. 3 8.1 99.0 9.0 99. 6 11.0 97.0 5.3
0. 050 108. 4 2.0 99.0 4.4 92. 6 8.5 93.2 1.9 97.2 3.1

0. 50 100. 0 1.6 105.3 9.0 99.5 2.1 88. 4 9.2 101. 4 7.9

R-Indoxacarb 0. 005 99.1 4.5 95.7 11.5 100. 7 3.4 98.9 13.4 91.7 5.3
0. 050 105.3 4.1 102. 8 5.6 97.0 11.8 98. 6 1.5 95.5 5.1

0. 50 101. 4 1.4 100. 2 0.4 100. 5 1.4 99.7 3.5 98.5 6.2

IN-JT333-1 0. 005 98.8 2.1 94.8 8.2 95.4 3.5 82.7 14.5 86. 4 5.2

0. 050 101. 4 2.6 98.8 4.4 77.6 13.0 89. 1 2.6 90.0 3.6

0. 50 97.6 2.3 91.7 16.4 97.5 1.0 79.9 5.7 94.3 5.3

IN-JT333-2 0. 005 98.2 2.4 90.0 9.1 95. 6 7.3 84.9 15.8 90. 9 5.7

0. 050 98.3 2.3 100.0 1.9 97.0 15.4 85. 4 1.3 89.7 4.4

0. 50 101.0 1.9 91.6 6.8 96. 2 2.5 76.9 15.7 94.0 7.0

IN-MK638 0.01 98.8 1.6 95.0 10.1 95.7 8.4 91. 6 6.3 89.4 2.9

0.10 96. 4 1.7 94.8 6.5 93.7 5.1 98. 4 0.9 95.5 2.4

1.0 101.0 2.3 104.7 4.2 96. 2 1.1 95. 4 9.6 97.3 3.2

IN-MF014 0.01 98.1 3.4 98.7 6.1 91.6 5.0 97.2 6.0 89. 4 7.5

0.10 101.1 1.9 98.3 6.3 94. 4 13.2 100. 5 3.3 96. 5 4.1

1.0 101. 2 1.1 100.0 4.0 96. 5 2.5 98. 4 5. 4 95.6 4.8

IN-KG433 0.01 100. 5 2.9 92.8 14.1 102. 8 4.3 94.5 5.9 93.1 4.2

0.10 106. 3 0.8 96. 8 4.1 89. 6 15.7 98.8 1.2 96. 4 4.7

1.0 102.5 2.2 97.8 7.1 96. 9 2.7 94.7 5.7 101.5 4.0

IN-MN470 0.01 99.7 3.4 100. 3 2.7 87.5 12.1 102.9 5.0 99.5 7.6

0.10 104. 1 1.7 99.5 9.5 96. 3 2.9 100. 1 0.9 92.0 6.2

1.0 102.9 2.8 94.8 6.6 93.3 6.5 98.0 4.2 98.3 8.0

IN-MK643 0.01 96. 0 1.7 98.9 5.2 99. 6 3.0 97.7 6.4 101.0 4.0

0.10 101. 4 3.0 97.0 7.9 99. 1 8.7 99. 1 1.4 93.6 4.1

1.0 98.8 1.0 92.3 6.1 96. 3 2.2 98. 1 2.4 94.3 2.6

IN-JU873-1 0. 005 100. 3 2.9 95.2 2.0 95.3 3.5 95.7 7.6 94.9 6.6
0. 050 101.9 2.2 96. 8 5.5 97.7 1.6 98. 4 2.2 98.1 4.5

0. 50 100. 7 2.9 94. 8 4.6 96. 5 5.3 100. 2 5.9 99. 8 5.8

IN-JU873-2 0. 005 94.5 8.2 93.3 4.5 94.1 5.4 97.7 1.5 100.0 5.9
0. 050 103.1 5.8 100. 8 5.2 98.5 2.6 94.5 2.4 95.0 6.6

0. 50 100. 8 1.7 93.0 4.3 95. 6 3.6 94.5 6.9 95.3 4.6

T2 2R A i P B S A B UB-R AV INSJT333-1,IN-J T333-2, IN-JU873-1 I IN-JU873-2 [y i v &£ 4 0. 5.5 1 50 pug/L; IN-MK638,
IN-MF014,IN-KG433 . IN-MN470 ,INMK643 f§ 7% i £ 24 1,10 1 100 pg/L
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