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ABSTRACT: Objective To study the transformation of spirotetramat main metabolites in edible podded and peas,
relation between application measures and residues, risk assessment for dietary residue intake. Methods The

residue of spirotetramat and its main metabolites were extracted with acetonitrile, primary secondary amine and
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graphitized carbon black purification, centrifugated, the supernatant was filtered through the membranes, and
analyzed by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). The dietary
residue intake of spirotetramat and its metabolites in edible podded and peas were analyzed and evaluated. Results
The average recoveries of spirotetramat and its metabolites in edible podded and peas were 82%—113%, and
84%—-108%, with a relative standard deviation (RSD) of 1.0%-11.3%, and 1.7%—19%, respectively. The limits of
quantification (LOQ) were 0.01 mg/kg for spirotetramat and its metabolites in edible podded and peas. Residue for
dietary intake and enforcement in edible podded of spirotetramat were 0.05-0.58 mg/kg and 0.02-0.55 mg/kg,
respectively. Residue for dietary intake and enforcement in peas of spirotetramat were 0.05-0.11 mg/kg and
0.02-0.090 mg/kg, respectively. The main metabolites in edible podded were ketohydroxy and enol, in peas were
enol. The residues of spirotetramat and its metabolites in edible podded were positively correlated with the number of
times sprayed and dosages, but negatively correlated with the days after spraying. The national estimated daily intake
of spironolactone for the general population was 0.191 mg, and accounted for about 6.07% of the daily allowable
intake. Conclusion According to the dose, frequency and harvest interval of this study, there will be no
unacceptable risk to the health of the general population.

KEY WORDS: spirotetramat; main metabolites; risk assessment for dietary residue intake; edible podded; peas;

high performance liquid chromatography-tandem mass spectrometry
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A - = EE PUAR AT BRI T3 (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)
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[ 2458 H b 718 AT BR 2 B]); PSA W] . GCB W57 (R
HHHAN SRR BHECA R A, 18 0 L EEhR UE R (99.0%) | s
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TORTRIFBA R AL A KI5 1 BB R 2 kg DA b o FEXT BN
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132 RIE A

HERIFRI 10.00 g FEAL (K 2 0.01 g) T 100 mL B0
B, A 10 mL /K, 20 mL 21, 5 g & Ab4#H, %7€ 10 min,
4000 r/min 5.0 5 min, B2 mL FIHRKE &4 0.05 g PSA
#10.02 ¢ GCB 9 2 mL B.0&H, #RHE 1 min, 4000 r/min
B0 5 min, 2 0.22 pm FFALIEBEIE F RN, RE
HPLC-MS/MS 4317 .

F1 ABERERT
Table 1 Field experiment design

ANKIERYm? INKER Mz (g ai/ha)  FEZYIREL MEZGRIRR/ RIEI H RAF IR AR YRt 24 18] B /d
45 3 108 2 10 A 7. 14, 21
45 3 108 3 10 T 9 7. 14, 21
45 3 162 2 10 HHE 7. 14, 21
45 3 162 3 10 A 7. 14, 21
45 3 108 2 10 Wi 7. 14, 21
45 3 108 3 10 Wi 7. 14, 21
45 3 162 2 10 Wit 7. 14, 21
45 3 162 3 10 i 7. 14, 21
45 3 T K A8 HYE . B W2 . WORAS 1K
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AR A1 FE : Shim-pack GISS(2.1 mmx50 mm, 1.9 pm);
FEIR: 40 °C; 857 =: ESIY; CID K: 270 kpa; AL &
3.0 L/min; 3SR 10 L/min; #EORAEE: 300 °C; DL
JREE: 250 °C; HNHABRIERE: 400 °C. i shHIRE BE Ve 41 L
72 2, MRM #5820 1 R A 47 %) i) 25— il it
HLR L 3.

R2 REEEREBERRSE

Table 2 Gradient elution conditions of mobile phase in liquid

chromatography
BffA)/min 3 38/(mL/min) LE% 0.1%F ER T WL/ %
0 0.3 30 70
3.00 0.3 90 10
4.00 0.3 90 10
4.10 0.3 30 70
6.00 0.3 30 70

%3 MRMERR TERZER AR GRS FlERE
Table 3 MRM transition and MS parameters selected for
spirotetramat and its metabolites

wayy  EMETN ERET ai

(m/z) (m/z) eV
2 141 2. i g;i:ggg%:ig 374.30/302.35 }Z
s B A AR jgijgg?éég 464.20/302.35 ‘1‘2
Tl - e gig}gggg?g 318.15/300.35 g
ww Y osmen ]
wx B s 3

1.4 HEHE

AR TLAEER 2002 4FE & AR EIN R g
STHETE) PRSI EYE, 45518 L TRER L FET
AR R R 5% B a0 HP (RN 1 BB R 2 TR o KR R
FR & (maximum residue limits, MRLs), 1312 8t Z, fig ) [E]
FALE 4 H %A & (national estimated daily intake, NEDI),
AR WS R,

UER e 2 T IR TEAl 1) B B S =8 e 2 TR R P A+
75 A A5 T 3 7 k< 0. 806+ HE P2 B B L < 1. 177+
B B < 1. 239+ AR FEAR A 1< 1.231; BB R 2 T 1 7
Bk B B =R R R < 1.239

2 HER5HH

2.1 WNFFE
2.1.1 AR

PRI 2l R AT . TR B, R
FEEARUE ST I 2 251 1000 mg/L TR-A B,
F IEWE AN 525 R RV TR o3 BB B R 0.005 ., 0.01 .
0.02, 0.05. 0.1, 0.2, 0.5 mg/L RINFRAEIAR, 75 1.3.3 5
PR BEA RGN, BEARAR R (X, mg/L), ShARR Ay U T AR
(), PRUEIIZE L 4, P KT 0.99, X R R

R4 BHZBEEREFTERGIRAERLZ

Table 4 Linear equation of spirotetramat and its main

metabolites

FE FRifdh bt 2k r
18 2 g Y=201127276.9X+1350400.3  0.9986
IGEE-FEMET Y=64926448.9X+488094.8  0.9973
Ll il - Y=35312962.7X+199554.6  0.9990
I Y=298861345.5X+4011215.0  0.9913
-y EE Y=66515216.8X+699993.9  0.9966
1 2 g Y=210453092.4X+1365312.2  0.9985
IRTE-HIAMETT Y=71171586.5X+520390.8  0.9970

'Y o

Big Tl - 0 e Y=38571978.7X+222368.7  0.9989
I Y=308909391.5X+4057142.9  0.9916
PERE RS Y=71171978.3X+688519.2  0.9974

212 FAmeEiEk

VAN TRI v BE (1 Rty 2 W | s - AR Y - PR
I | B SRR A0 I A1 EWE AN A 1% B
h RES), BE 2 h, % 1.3.2 SRR S BRI L,
BINEICREE R 5. SR MKF/Z 0.01.0.1 F1 1 mg/kg
I, & IEHE IR 2R T DR R 90%~93%, AR
PRUEDR 250 1.0%~5.2%; s -7 28 Wl 4 1 ~F- 38 [l oy
89%~111%, MIXHRAEINZE N 3.8%~10.1%; i HE-JEHE (1) -
PIENBCR K 98%~113%, FHXIHRUEMZE N 3.1%~11.3%; ¥
P S-SR R 82%~92%, FHXTHRUER 22 M 2.7%~6.6%;
BRI Y S 2 R RN 83%~92%, AR X B E I 22 K
3.0%~4.9%. SHMACER 0.01, 0.1 Fl 1 mg/kg IF, BiE
2 R Z R B SE 3 [BISCR N 90%~99%, A Bk E IR 22 4
2.4%~8.9%; s -4 A AT (1 7 28 [Tk 89%~108%,
A AR AEIR 220 2.7%~19.0%; i JE-F2 5L - 35 (] i 5y
92%~106%, FIXTHRAEIRZE N 3.2%~13.9%; B K-35 [A]
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Wy 84%~94%, MHXTFRUEMZE N 1.7%~9.1%; H-F25E
(A F- B IR 90%~93%, FIRTFRE 224 3.1%~10.0%.

PN AT AR AE AR Ay rp e 2 5% B R B0 o ) ) BY
FUE BN E KT 0.1 mg/kg Mi/MF2F 1 mg/kg i, [1]
W R AR 70%~110%, A A5 22 W < 15%; B8 0 ik
FERT 0.01 mg/kg Wi/DT5T 0.1 mg/kg BF, BB
TE 70%~120%, AHXT A5 i 25 B < 20%; %S Ik KT
0.001 mg/kg Ti/hTZT 0.01 mgkg B, [H g3 1
60%~120%, FH X A5 HEA 22 1 < 30%. 1% 1 12 B 2018 I
o4 AR AR B E PO U Bl R
82%~113%, FHXTFRHEMZE R 1.0%~11.3%; T+ AYF
By s om |l R 84%~108%, AH XF AR dE W 22 A
1.7%~19%, W ERERFFE LR BRI kgl
T R 4 AN Y7 £ S B 5 B 5 ) S TS T vk
FEX¥R 0.01 mg/kg; f/NG 4R 2158 R B3 A

5x107 g, WEE-HAT T RS- KRR 2x10712 g, i
FBREHN 1102 g
22 REBSMEIHRIERIAERARZES

2019 4EFHMAE . WA . WA . WmEE. A
RIX ., WA 6 i, ANFIREZAFE | b2 BRI SRR ]
BT MBS PR 2 | R AT IR
e IREE . B-FREL L XU AN A (MR R 2L TR+ I A A
H x0.806+ i 32 e x 1. 177+ BEx 1.239+ B2 e x 1.231) Fl
W 5 S (U2 Ay Z TG 475 5 < 1.239) fic 2 Bk B 5 4G 00 45 S
FoMEKT,

23 T EEZGERSREKXEERXMN

2019 4F 6 HbAS[E] At 24 700 0 | il 24 YR BSORD SR M) B
502 7 T XURS PEA 8 SOR I 8 S 0% B i 2t R
L2 8,

*5 AXBIMFEIEPERTERENRBDRMERRALLE
Table 5 Fortified recoveries of spirotetramat and its metabolites in edible podded and peas
BIEHE Witd
R
I (mg/kg)  EIEICR/%  MSHARER 22/% I (mg/kg)  FHEIBCR/% SRR R 22 /%

0.01 93 1 0.01 99 9

18 2 g 0.1 90 5 0.1 94 8
1 91 4 1 90 2

0.01 106 10 0.01 108 3

I B R T 0.1 111 7 0.1 101 19
1 89 4 1 89 3

0.01 113 3 0.01 106 14

i RE -3 5 0.1 108 11 0.1 92 7
1 98 4 1 97 3

0.01 86 3 0.01 94 9

I 0.1 82 7 0.1 84 8

1 92 3 1 92 2

0.01 83 3 0.01 90 6
GIREZS 0.1 88 5 0.1 93 10

1 92 4 1 90 3
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Table 7 Residues for dietary intake and enforcement of spirotetramat in edible podded and peas (n=3)
RS ITA 5 SR A i/ (mg/kg) I L5k B i/ (mg/kg)
s B e f¥mE B fr¥Emg g
(g a.i./hm”)
7 14 21 7 14 21 7 14 21 7 14 21
2 0.27 0.057 0.050 0.050 0.050 0.050 0.24 0.027 0.020 0.020 0.020 0.020
T 108 3 0.17 0.052 0.062 0.050 0.050 0.050 0.14 0.022 0.032 0.020 0.020 0.020
2 0.45 0.075 0.059 0.050 0.050 0.050 0.42 0.045 0.029 0.020 0.020 0.020
12 3 0.58 0.087 0.066 0.050 0.050 0.050 0.55 0.057 0.036 0.020 0.020 0.020
2 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020 0.020 0.020 0.020 0.020
N 108 3 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020 0.020 0.020 0.020 0.020
e 2 0.054 0.050 0.050 0.050 0.050 0.064 0.024 0.020 0.020 0.020 0.020 0.034
162 3 0.051 0.050 0.050 0.050 0.050 0.057 0.021 0.020 0.020 0.020 0.020 0.027
2 0.065 0.066 0.050 0.050 0.050 0.050 0.035 0.026 0.020 0.020 0.020 0.020
STRAN 108 3 0.082 0.086 0.050 0.050 0.050 0.050 0.052 0.048 0.020 0.020 0.020 0.020
2 0.092 021 0.050 0.050 0.050 0.050 0.062 0.14 0.020 0.020 0.020 0.020
102 3 0.14 030 0.050 0.050 0.050 0.050 0.10 0.23 0.020 0.020 0.020 0.020
2 0.12 0.092 0.050 0.050 0.050 0.050 0.091 0.062 0.020 0.020 0.020 0.020
sk 108 3 0.12  0.14 0.050 0.050 0.050 0.050 0.088 0.11 0.020 0.020 0.020 0.020
2 0.16 025 0.050 0.050 0.050 0.050 0.13 022 0.020 0.020 0.020 0.020
12 3 0.19 0.34 0.050 0.050 0.050 0.050 0.16 031 0.020 0.020 0.020 0.020
2 0.050 0.050 0.050 0.050 0.060 0.050 0.020 0.020 0.020 0.020 0.030 0.020
108 3 0.050 0.050 0.050 0.077 0.060 0.050 0.020 0.020 0.020 0.047 0.030 0.020
S 2 0.050 0.050 0.050 0.084 0.069 0.050 0.020 0.020 0.020 0.054 0.039 0.020
162 3 0.050 0.050 0.050 0.091 0.057 0.050 0.020 0.020 0.020 0.061 0.027 0.020
2 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020 0.020 0.020 0.020 0.020
- 108 3 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020 0.020 0.020 0.020 0.020
i 2 0.050 0.050 0.050 0.059 0.050 0.050 0.020 0.020 0.020 0.029 0.020 0.020
102 3 0.050 0.050 0.050 0.11 0.050 0.050 0.020 0.020 0.020 0.090 0.020 0.020
#8 TEMHHE. HHRMFREERERZBRER L
Table 8 Comparison of spirotetramat residues in different dosage, frequency and interval to harvest
RACHMG 2R (e a.ihm?) W MIHRE AR mgke) I YRR (meke)
jeE 34 B jeE 3 45) B

2 0.101 0.0500 0.0710 0.0200

108 3 0.0870 0.0545 0.0567 0.0245

7 6 2 0.143 0.0572 0.113 0.0272

3 0.177 0.0668 0.145 0.0385

2 0.0608 0.0517 0.0292 0.0217

108 3 0.0713 0.0517 0.0400 0.0217

14 2 0.114 0.0532 0.0775 0.0232

162 3 0.146 0.0512 0.110 0.0212

2 0.0500 0.0500 0.0200 0.0200

108 3 0.0520 0.0500 0.0220 0.0200

2 2 0.0515 0.0523 0.0215 0.0223

1oz 3 0.0527 0.0512 0.0227 0.0212
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Table 9 Supervised trials median residue in different food groups of spirotetramat residue for dietary intake

e TTEES ﬁiﬁf o R %ﬁig o Ak fﬁig
AR WO 0.12 ien HABESE 0.11 HRKEE AR 0.14
(iR VR (5 3¢ 0.070 £ K HABESE 0.10 GRS AR 0.10
BT HE B 0.057 e KR 0.12 I CRIA) KR 3.70
BECRA) IS 0.050 AR IS 0.23 HERECR ) IS 0.12
fili ¥ KR 0.32 Wt KR 0.17 Y% KR 0.050
Je g e 0.05 HECRA) P& 0.05 ERA) KR 0.070
Wi RRCE S &N 0.050
F10 BARZEREITMEITER
Table 10 Risk assessment for dietary residue intake of spirotetramat
IELY/ LB JRE 1 kg S [ i S/ EEMEIEHHEAR/mg  HAFEAR/mMg  XEHER/%
TR I HA 0.016 0.05 B 0.0008
BEHR 0.0915 0.12 B T E 0.01098
kB 0.1837 0.057 Bk BA T 0.0104709
KR 0.0457 3.7 L34t RLIE 0.16909
&t 0.1913409 3.15 6.07%
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