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WE ARk R E R AR R indaziflam-diaminotriazine (IND-D), indaziflam-carboxylic acid (IND-C),
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500 g/L 2ok R M & A 9 A 4 A AU A F 100 g/hm? F2 150 g/hm? T4 32 k3 a7 2 @) 33625 1 ok, AR I
K (255 86 d) 2 A M A L AR A AT Am L3R P 09 K8 2T LOQ.

KR FRAEK; KRYE; HBHL; MHH

mESES: S481.8  XERFRIRAG: A DOI: 10.16688/. zwbh. 2019540

Residues and dissipation dynamic of indaziflam and its
metabolites in orange and soil
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Abstract In order to determine the dissipation dynamic and final residues of indaziflam 500 g/L SC and its
metabolites, including indaziflam-diaminotriazine (IND-D), indaziflam-carboxylic acid (IND-C), indaziflam-
triazine-indanone (IND-T),indaziflam-hydroxyethyl (IND-H) and indaziflam-olefin (IND-O), in orange (peel,
flesh, whole fruit) and soil, the samples were extracted by acetonitrile, purified by dichloromethane, and
detected by liquid chromatography-mass spectrometry (LC-MS/MS). The limits of quantitation (LOQs) of
indaziflam, IND-C, IND-T, IND-H and IND-O in the peel. flesh, whole fruit of orange and soil were 0.01 mg/kg and
that of IND-D was 0. 02 mg/kg. Digestion dynamic analysis showed that the half-life of indaziflam in soil was
15.07—16. 12 d. However, the residues of indaziflam’s metabolites in the peel, flesh, whole fruit and soil were
below their corresponding LOQs. Under the application of indaziflam at 100 g/hm* and 150 g/hm’in the soil at
the weed pre-emergence period, the final residues of indaziflam and its metabolites in orange and soil were below
their corresponding LOQs when the orange was ripe and harvested (86 d after treatment) .
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HRE S AR Y H By B — 48 4 R AR A 5 5 i v 2
o EiEFENH WY A indaziflam-dia-
minotriazine ( IND-D), indaziflam-carboxylic acid
(IND-C) , indaziflam-triazine-indanone (IND-T) ,in-
daziflam-hydroxyethyl (IND-H) #ll indaziflam-olefin
(IND-O) , 7£ - 58 B SERIKCR poi g th ), x4
IR 2 AFAEE I AU . IR 7 %
FCACH R TR0 5% B8 43 A 5 A8 VBORE €8 335— H3 35K o
Ttk (LC-MS/MS) i e 2808 AH 7 36 ot 3 (UPLC-
MS/MS) , FEskig A (HPLO 2% AHfF5% 8
b FE] T 500 g/ 1 B8 9 A5 i 42k 7 A7) L >R LC-
MS/MS VEMFFE HAE AR bl 38 Kb A 2R 5 v i ik
B TH i AN B 2 5k BH K o B R D B 50 ) 5 B
FHANGR B UGB SR AR AR

g [3-4]
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Fig. 1 The structural formula of indaziflam
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1.1 UE5RKF

1290 Y5 AH €6 1i%-6460 = 5 VUM AT T 3% B A AL,
2 [ ZEEE N W] s N-1100 Ui 4% 78 A0 75 e AL
PR S IKA-T25 A1 0L, i E TKA A Al
VORTEX-5 Bl ik & » 11 AR DL 7R A0 il i
A IRA T s BSA124S B K. 58 2 Rl TR 2403
R F]; SHZ-B RUH M 2 4R35 4% . i 1R A
W ESF BT .

BlE S e (4l E 99. 3%0) K HAR T4 IND-D
(4EfE 92, 5%)  IND-C (4 i 96. 3%0) , IND-T (4fi fif
97.5%) JIND-H(4EJFF 98. 6%) . IND-OC4i i 94. 8%)
H1 500 g/ L Bfi W8 Jo e B 77 7] (HE 728 T o0 50
~100 g/hm®*) #) 1 E FE HAE YR8 w77 5 B
P (a5t . £ Tedia A BRAF s LF  EHALET . —
FAHVBE JCKBRER BN Ry A3 Al [ 25 48 Ak 2R
AR 5 K Ik BB TK.

1.2 HEE
PRI ) P A8 1 VD EL A AL A A el 1T A A

AR IRBVEN I G 4T 4 pH 5. 4L F
U & i 2. 2%, 3% BRCRAVEY) h A 2 5% B8 i 56 v
DU OEVRIG AR 24 550 Ak B T ) 3 0 s o 45 1 0 A )
HR LR BETH i sh 251000 X IR A B X e 77
AEFRIX FNZS X RRIX
1.2.1 H@Es SRR

K 500 g/ L B J5URE e BV 1) - 4 2t Ve i
T 5 P4 53 55 A0 3 1 9K il 25 RG] i 150 g/hm’
R B 1.5 A5 B E R 3 Ik, /MX
H 50 m*, B/NX AT 2 BRI . 53135 7K 25 AT
B AL BRI AR I B X . 430 F 255 2 ho1.3.
7.14.21.30.45 d REMEFE M 255 2 ho1.3.7,
14.21.,30.45.60 d RAE T HEREN, . MG SR SRE A
TE/INDK P 4% B8 LIBCRE 5325 A B R B AR 19 AN (] 77 11
(7 SN NI AN DD 8 SN SN AN =% N B v
22 kgld EAK TR TO F I AAR R 52 4 SR S8 )
B A~8 I, BUASAH ARG 2~4 . S)H G 26 A A 98
RS, T =20 CURME P ORAFRFIN . T IAE AL R T
L TR AR/ N LR 12 R AR
RGBT 0~10 em, B/NXCRFE AP T2 kel 1
ANEWEEHER LW 5 IR A 5T - 53EHL 500 g
BN B ERAS T, F—20 CUkAE R RAFRRIN
1.2.2 HAKRERE

BARFIEE 100 g/hm? G 571 b RO A e 7] o
150 g/hm’ G B RRAY 1.5 A% Bt 245 7] ot
BN FR T 4 T R 1) B A R AR B 1 UK
PR ST 3 YR /NX AR 50 m?, /N AT 2 Bk
B S NP el = D 0 N I R T T e
R B Giti 25 )5 86 ) ML R S A A5 SR 592 e - 43
FE& S IRAET — 20 CUKAE TR A A i 1) SR AR T A B
JrkiE 1. 2.1 17,
1.3 SthAE
1.3.1 HHHNRRE %ML

K P — S Bergefb - R €0 3% — R BT
L (LC-MS/MS) kil 5% B 4, ANk e it . BARE
TR Ry 43 BIFREL 10 g S Bz sl R P sl 4 SR a3 A it
BF 250 mL W ESO L A 50 mL . Pk
30 min, L E W 2 mL F 125 mL 403 2 o
40 mlL 5% NaCl 7K - F 50 mL — S BEAEHL 2 1K,
AP TCKBR BRI 2 250 m B ELHH T
45 COKVR LA BR AV, 2 ml I EEESS, 120, 22 pmAfy
HUABIERR 20 i LC-MS/MS Al
1.3.2 LC-MS/MS # il &

WA 55 1 AN AN 35 4 Agilent SB-C18
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(50 mm X 2. 1 mm, 1. 8 pm); H i 35C, #EFE &
10 pLs 33 0. 3 mL/min; 3 8l A g K F1 10024 H
P R FHBB VR, 25 R 1,

®1 HHEBEHEERRSG
Table 1 Gradient elution in liquid chromatography

i ] /min K/ % HE/ %
Time Water Methanol
0. 00 30 70
3. 50 30 70
3.51 10 90
6. 00 10 90
6. 01 30 70
8. 00 30 70

SR 2544 H 5 2% H 5 Celectron spray ionization,
ESD B 78 1 B 7334l W D05 =00k 22 SoOny e s
B TWIZ Y 3 500 V. 2540 Ut 12 40 psi.
THRAREE Sy 350 C, TR REN 9 L/ min, AR 4 Bl

W MG 5 AN (4 AR X 1 o i
L8 R 8 7 S ok B K P S e S £ v - A
TR AT s — W R ) T B AT
A H AR AP 2 A S S B E I B
T B A 5 S 5 P I AR B A Ol I A%
. BRI I S AU 9 LC-MS/MS il 2 %
e 2, ST g WL 2,

.26 ‘W x
S 22 ‘\‘ ”
X 918

~H# ||
3O L0 \ |
2 06 I ’U\

o2 oAl S UL
051.01.52.0253.0354045505560657.07.5
RAER] ] / min

Acquisition time

E2 10 ng/mL EfIRRER R HA B TIC E
Fig.2 The TIC spectra of 10 ng/mL indaziflam

and its metabolites

®2 HERESERREKHEYE LCMS/MS & SH
Table 2 The LC-MS/MS parameters for indaziflam and its five metabolites

vigiic| P ER B[] /min FEHE T/ m e 2 EVERS T/ m o = M AE /e V
Analyte Retention time Quantitative ion Qualitative ion Collision energy
Bl g5 I indaziflam 1. 88 157. 8 157. 8/301. 8, 144.9/301. 8 15
IND-D 0. 56 137.9 115. 8/157. 9, 137.9/157. 9 20
IND-C 0. 86 157. 8 137.9/331. 8,157. 8/301. 8 19, 20
IND-T 0. 90 157.9 137.9/315. 8,157. 9/315. 8 21
IND-H 1.77 137. 8 137. 8/299. 8,144, 8/299. 8 23
IND-O 2. 39 137. 8 137.8/281. 8,144.9/281. 8 18

1.3.3  #l1EAr i &

G HIFREL— 7 fE B R R RN 5 G B A
Yt o FF B3 4l PP s i 25 I B 500 ng/mLL /Yy
BE PR AR B TA O 1.5.10, 50,100 ng/mlL 1y
BRI IR 763 35 25 10 T E AT I 5 LA 1 AR -
HEREIR B AR 2
1.3.4 FimERERE

ST HIFRIBU A A IR IR SR B R 7S TR
IS [T B B R S e S 5 A bRt B
BETREEFIAC8) IND-C.IND-T, IND-H. IND-O [/ 7%
J7KSF-H 0. 01,0, 05,0, 50, 1. 00 mg/kg, X4 IND-D
BRI 0. 02,0. 05.0. 50, 1. 00 mg/kg, T4~k B
5 WL ERHTI RS g e LC-MS/
MS 072 o THR I e 38 K AH X FR i f 22 (RSD)

2 ZHRE5HM

21 RAFENGHER BBERIEE
B R SE RN 5 M AE 1~100 ng/mL i1

FEI A MR 32 (o) T AR () B2 RAF IR G &R A
HERNZ SASE R R 3.
®3 HERERREERGUNRESHEZTREMEXRY

Table 3 Linear equations and correlation coefficients of

indaziflam and its metabolites

LISV

Correlation

I3
Analyte

Pt th £k Jr 2
Standard equation ..
coefficient

B F Y indaziflam y=11 359. 37x+4 028. 17 0.999 6

IND-D y=1 038. 95x+515. 82 0.999 6
IND-C y=1 058. 50x+688. 79 0.999 7
IND-T y=2163.99x+1 115. 21 0.999 5
IND-H y=4 526.53z+1 159. 82 0.999 5
IND-O y=1 2075. 84x+3 036. 54 0.999 5

FE PR TEIE 2T DL 3 AR E M H - B
FEL I L 5 AR B eV (LOD) ¥ 0y
0. 01 ng, LA 10 f5AE M ELTE FRI P AEAE S Hh I 5 AIK
VR PR (LOQ) » B W JHE e B AR IND-
C.IND-T,.IND-H,IND-O 7E 7 5 Kz R 4R
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T3 LOQ 2 0. 01 mg/ ke A#H) IND-D 7EA %
R R LR ) LOQ M 0. 02 mg/ke,
IR SR e S LA AR SR R IR L R e
Ferb A E Y % % RSD WL 28 4. 249 i K OF 18
0. 01~1. 00 mg/kg I}, Bfi 58 56 5 Jie 2 A4 IND-
C.IND-T,IND-H, IND-O 7E M5 5 5 VRN 4 R
H % A 48 v i TR 4 oA 1L 696 ~ 102, 5%
73.2% ~109. 0%, 73. 0% ~108. 1%, 74. 3% ~

109. 0%, RSD 43+ %1k 2. 3% ~10. 7%.0. 9% ~
11.8%.2.2%~9. 6% 1. 1%~7.8% ., S4u AT
£ 0. 02~1. 00 mg/kg W}, AP IND-D 7EA 175 51
B R A R DL R A g v i 7 38 (81 3R A )
71.4% ~ 82. 6%, 73. 0% ~ 105. 7%, 74. 2% ~
94.1%.73.7% ~103. 2%, RSD 43 5|~ 1. 3% ~
11.6%.1.6% ~10. 7%, 1. 9% ~5. 1%.3. 5% ~
7.5% . T RARZIER BB IR

R4 HEEEREREQHUEHBRE RA ERETEFHEHEKEREXNIRERE"

Table 4 The average recoveries and RSD of indaziflam and its metabolites in orange peel, flesh, whole fruit and soil

. » Bl R R A 1 indaziflam IND-D IND-C
i (ij;ufgi/ S [m] %/ V0 AR 1 SEE IR/ % AR BRI P2 [l e/ AR 1
Sample Spiked level Average Wz, % Average w22/ % Average /%
recovery RSD recovery RSD recovery RSD
L Peel 0.01/0.02* 100. 54+1. 0 %3 75.8+0.8 2.4 89.0+2.9 2
0. 05 102.5+1. 4 3.0 82.6+4.3 11.6 83.8+4.0 10. 6
0. 50 102. 0%1. 2 2.6 76.441.8 o & 77.5%+1.8 5.3
1. 00 94,5%1.4 3.2 71.470. 4 1.3 71.6+1.2 3.8
A Flesh 0.01/0.02* 103.14+1.0 Zo L 101. 340. 7 1.6 103.5+0. 6 1.2
0. 05 106. 840. 9 1.9 88.0+4.2 10.7 89.5+4.6 11.5
0. 50 109. 0£0. 4 0.9 105.7+1.5 & 2 107.2+1. 3 2.7
1. 00 108.1£1. 2 285 73.0%1.0 3.1 73.2+1.0 29
45 Whole fruit 0. 01/0. 02* 106. 141. 2 2.6 94.140. 8 1.9 103.7+1.5 & 2
0. 05 101. 642. 2 4.8 75.47+1.7 5.1 76.5+1.8 8o &
0. 50 102. 6+1.0 % & 74.2%1.6 4.7 75.2%1.2 3k ©
1. 00 108.142.0 4.1 76.1£1.2 585 76.3+1.8 B 3
+ 45 Soil 0.01/0.02* 106. 540. 8 1.6 73.7+1.2 & B 97.3+1.3 3.0
0. 05 104.4=+1. 3 2.7 77.8%2.6 7.5 93.8%2.2 5.4
0. 50 109. 0£0. 5 1.1 103.2+1.8 3.9 104. 2£1. 3 2.9
1. 00 107.3%1.5 3.1 83.9+1.7 4.7 101.4+1.0 2.1
IND-T IND-H IND-O
. AT/ — — —
F i mg-kg ! SRR/ AHXS AR IE S35 R/ %6 AHXSARAE S35 [ e R/ V6 AHXS R IE
Sample Spiked level Average W2/ % Average 2/ % Average 2=/ %
recovery RSD recovery RSD recovery RSD
7 Peel 0.01/0.02* 91.5+1.9 4.5 88.9+1.9 4.7 85.1£3.0 8.0
0. 05 95.1+4.6 10. 7 80.2+3.6 10. 0 86.7%2.1 5 &
0. 50 91.942.3 & & 74.6+E1.7 & 2 84.0+3.0 7.9
1. 00 86.2+1.2 &2 88.3+2.5 6.4 81.2+1.4 3.8
A Flesh 0.01/0.02* 105. 942. 6 5.5 106.443.5 7.3 102. 641.6 3.6
0. 05 88.7+3.6 9.0 85.3%+4.5 11. 8 90.143.9 9.7
0. 50 104. 44-0. 7 1.5 102.8+1.3 2T 106. 9+2. 0 4.2
1. 00 89.5+2.6 6. 4 90.3+3.2 8.0 83.1+2.6 7.0
43 Whole fruit  0.01/0.02* 99.643.5 7.8 96.0%1. 3 3.0 101.4+1.7 3.7
0. 05 92.3%2.6 6.3 73.0%1.9 6.0 79.5+2.8 7.9
0. 50 89.4+3.1 7.7 80.8+3.5 9.6 81.5+2.1 5.8
1. 00 94.8+2.0 4.6 93.9£2.0 4.7 86.6+2.0 & 2
+:3% Soil 0.01/0.02% 74.3%+1.6 4.7 104. 1+2. 1 4.4 103.4+£3.1 6.8
0. 05 93.142.3 55 92.242.4 5.7 95.9+1.8 4.1
0. 50 102.941.9 4.1 102. 643. 6 7.8 105.4+1. 8 3.7
1. 00 105.4+1.5 3.1 101.5+1.5 32 103. 74+0. 9 2.0

1) % FREIEFUE ALY IND-C.IND-T, IND-H, IND-O FJ# fii7K -4 0. 01 mg/kg, R4 IND-D 1935 Jin/KF-4 0. 02 mg/kg,
% means indaziflam and its metabolites (IND-C, IND-T, IND-H and IND-O) were spiked at 0. 01 mg/kg, and its metabolite IND-D was
spiked at 0. 02 mg/kg in the orange peel, flesh, whole fruit and soil.
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2.2 HESREREERSFWAELENHBEDAHE

R SR AE TR IS IR AT & — G N B )
OFE MBI AS LZR 5. 2017 4EF1 2018 AE B 4R
FE AR -3 (9 SR AR DURR L 399 R 0. 296 mg/kg Fil
0.322 mg/kg, EF 49K 16. 12 d Fi1 15. 07 d,
255 60 d, B JRUR i AE IERIR G 4 2R LYk
HM TR/ G & 0. 01 mg/kg., Y 7E M A
TR R A AUR g i R B R AT Ve
&, B IND-C.IND-T,IND-H.,IND-O %% &8 5t #5115
F LOQ (0. 01 mg/kg) . IND-D [ 5% & & 1k F I
LOQ(0. 02 mg/kg) .

x5 BREEREMHBELEDRHEBEHE
Table 5 Dissipation kinetics of indaziflam in orange soil

Bk B /mg-kg !

*%_ﬁjlﬂj/_d Residue
Acquisition time
2017 2018
0. 083(2 h) 0. 296 0. 322
1 0. 283 0. 326
3 0. 225 0. 267
7 0.212 0.212
14 0. 165 0.137
21 0. 106 4 0. 126
30 0. 051 6 0.076 8
45 0.048 4 0.041 4
60 <L.0OQ <LOQ
|
Euﬂjiﬁ . C,=0.272 4709t C,=0. 308 4e 0046
Regression equation
5 *Eié/%ﬁ .. 0.932 7 0.986 3
Correlation coefficient
ST /=]
T d 0.272 4 0.308 4
Kinetics constant
2 /d Half-life 16. 12 15. 07

2.3 REKRB

PUMIEF 100 g/hm® FIf 7l 150 g/hm® F4%
TR E o) B PSS AR FE 1 U, ORR AR (2 )5
86 ) Bl R G e 5 A 7R A SR R
PR K R R . A5 AR B R R e
5 MR FEAAG R e IR L R R R iR
BT LOQ.

3 i

K S R BOR » — S B MJC K B R B
oA SRk E i A LC-MS/MS 7 ik #%
20 5 M A T oA AR B 8 v i B A R f
TP AT T M B 20T - 5 R IR G & L HERf

JIE R %5 J3E 35 VT W JE AR 2 8% B8 A T I R ™

AREGHE I T S AR B i BR AR L £
B+ BRI RE KOR BREE TR R B A OC , 3K e ik
S B R R e B AR Y A P AR 25 B R
fift  AE H A2 EE ] 10~80 d°), Guerra 25098 %
I - BT 0 TR e S LA A B e 1 VR A
B A SO M AR TR e S AR A 1 2 )
AR Alonso SEIFFY & B e UL e B LA 4
FEYTE A HE P R R RE 5 A BLAR B A
5 o HLRE I [R] A 4R RS | IR B B g H a1 ARIFSRE
FEHH N IR R e FR A o =i ) 2 100 g/h” 1)
L5 A5 ARG L 2 Bt W AT 245 1 WK AE 3 rp g of
TEWR 15, 07~16. 12 d, B 25k 53 45 T 2 0, $2 1K1
100 g/hm’® Il 150 g/hm® &2 1 U, WOk
WIRAETEE 25 )5 86 L EM H LA 4 S rp i R A
LR BT S e S LA ) 3 T i R Ay B R R e
DT 7 311 | I L e w4 S R R ] T B2
B A R TR U e 1 P T R R U M
FHACHIIAE T3 vh 25 ) W fige o (AT ARG A A 33 vh
I A 8 S o 114 6 20>, 5 S0 0 R e T A A SR
B R R aR R ALT LOQ, BUR S 2 B
W SR e FE M A 2 SR P A s S R 5 2k .

BT R e 0 6 7 36 [ L IR L SRV RE L BTAR
PR JR VG Ok PG R | E A T AR A
BAo LT, H R AR e P E R TR A R
S BT R SR e TE AT % S R Bk R PR L (HLR 5 2K
AP R ) TR K R e L A R R
BRI R A R R T B R R e A B —
PR R A R . ARSI T 500 g/L i
W R e B T R AE AT A 1R 5% BR Bl S B B 5k B K
PP — b A SR B B AR AP TR B R R R
T [ A AR B AR A7 ] = 98 v 1) 3% 7 19 100 AR 9 5 [
R IRAC B 2 ) B i fe AT v 11 e B B B it
9 0.01 mg/kg, AHIFFE HES G S A M A 1 5%
BA HLAIC T 52 ) A0 R A e K B R B A oA 10 A
500 g/ Bfi e f B e V7 R AR I B0 A5 1R T He AR
S T BRI I e R A
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