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12 CEE R ER S AERM IR P RE ERIS

W, AR, KBL, KIE, KFHE,
AR, RAEK, %i"}“}%

(RTAEA RAMRAL B A7 i 57 B 22 A F 6 v o/ ARV AR A AR 77 it Jo 22 4 XUy Al
FRE BFEE), AFE 050051)

B B AR EE TR R CEALRMWE R OB HEE-4EE (S-glu). Bk TE-FR-Z 4L
(S-keto). #F & LEE-MBF (S-enol) Fr3E R LAES-# %K (S-mono) 495G 5T 7 ik, AR HIE R
BB T O R GAIE, RAKRBSEA 1% 0 TR T AREF, A N-REK T =/ (PSA) F=
T K BRER 4R A 3417 89 QUEChERS 7 ik, )8 A& & 80kA8 &3 - % B % (UPLC-MS/MS)
AR FER S BRAEKX (SRM) FTAR, SMrkig. £RET: FRTEE 0.0005~0.1 mg/L 5&
B A, S-glu & 0.005~0.5 mg/L & B A, S-keto. S-enol #= S-mono £ 0.0005~0.5 mg/L & B A &
oW 8 R B IR L TR B AR 3 A BAF I & X & (RP = 0.999); /£ 0.005~0.7 mg/kg 7
KPR R LB AR AR EFLR 69 F I E A 84%~109%, ABsF AR £ (RSD) A
1.2%~3.3%; £ XEF-FH=EH 86%~102%, RSD 7‘5 1.1%~3.6%. =AKKMRE (LOQ) #
5uglkg. EA RN AR, REE G, TIMAEF, ER TR LR PR R LB ALK AR
B Pk AR A A E &ﬁﬁ]zkﬁwmﬁﬁ,—ﬂ%&ﬂﬂﬁﬁ R LB A LR
AP R G EZXL AL 0.023~0.056 mg/kg X, KFFEMZHRREEGREF A
(0.7 mg/kg); A XIEFHHEE B/ 0~0.015 mg/kg Z 19, F & TESA LR L %%wii%‘# o)
MR SR —BR B N FH42, FRA;HNAA 124dF7.1d, BHEKGKRELRE
B, SRR B TAME RS L2,

FEHRE): AR SRR G- BB, SRR OB, Rt AL B3R R iMa A

FESES: TQ450.236 XEkFRERE: A XEMHS: 1008-7303(2019)03-0338-07

Residues and dissipation dynamics of spirotetramat and

its metabolites in pear and soil
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Abstract: A method for the simultaneous determination of spirotetramat and its metabolites such as
spirotetramat-enol-glucoside(S-glu), spirotetramat-keto-hydroxy(S-keto), spirotetramat-enol (S-enol)
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and spirotetramat-mono-hydroxy(S-mono) in pear and soil was developed. The residual dissipation
dynamics of spirotetramat in pears was determined. The residues in samples were extracted
with acetonitrile(containing 1% acetic acid) and cleaned up by dispersivemethod with N-
propylethylenediamine (PSA) and anhydrous magnesium sulfate as cleaning agents. Then the samples
were detected by ultra performance liquid chromatography-tandem massspectrometry under selective
reaction monitoring mode, and quantified by external standard method. The results showed good
linearity (R* = 0.999) between mass concentration and peak area of mass spectra of each compound
when the concentrations of spirotetramat ranged from 0.005 to 0.10 mg/L; S-glu from 0.005 to
0.5 mg/L; S-keto, S-enol and S-mono from 0.000 5 to 0.5 mg/L, respectively. When the fortified levels
ranged from 0.005 to 0.7 mg/kg, the average fortified recoveries in pear were in the range of 84% to
109% and the reletive standard deviations (RSD) were 1.2%-3.3%. The average fortified recoveries in
soil were in the range of 86% to 102% and the RSD were 1.1%-3.6%. The limits of quantification(LOQ)
were 5 pg/kg. The method is rapid, sensitive and reproducible. Therefore, It is suitable for the rapid
detection and identification of spirotetramat and its metabolite residues in pear and soil. According to
the recommended dosage, the total residues of spirotetramat and its metabolites were 0.023-0.056 mg/kg
in the fruit and 0-0.015 mg/kg in the soil when the pear was ripe and harvested. The half-life of
spirotetramat in pear fruit was 12.4 d, and the half-life in soil was 7.1 d. Therefore, it is safe to use
spirotetramat for the pest control of pear tree.

Keywords: ultra performance liquid chromatography-tandem mass spectrometry; spirotetramat;

metabolite; pear; soil; residue; dissipation dynamics

H ] A R oA TR R P K A
2017—2018 A E LA 75 1900 g, 5T
REEFUR M IE R A, ATk R 2y, JUH
A HF, ARF AR R TRE. BN
(spirotetramat) &7 [F 7 H- 2 w] JF & ()8 — AR
#, REERIAEY, ELER 1. 2011 4E
EEEREE, HTOIVARARE Lk
FNSE S Gmef S 5E 0P, 25 1A XA AR SR
HFRORK, SRR AE AR 6 1B AR e,

B 1 1ZR AN

Scheme 1 Structural formula of spirotetramat

W e 2R AE IR rp B AR ) 32 SR L -
I I -HE T spirotetramat-enol-glucoside (S-glu). #2
1 2,15 - Wi -¥2 % spirotetramat-keto-hydroxy (S-
keto). W& H Z W54l spirotetramat-enol (S-enol)
A spirotetramat-mono-hydroxy #5 B Z, i - B ¥4 5

(S-mono)®. 1 [E K 5E B2t LR FR B E UONIR
LR S H AR BE R AW =2 F, DIg 2 R 3R
N, TERLRFK R A i KR B P & (MRL) AxifE
0.7 mg/kg!, HEA R E KW T HEn,
KT UE i CFRAEARAEY) ik B R A I v R
RIE . R H SR A G5 AR R R 2 A
PATE B I B - 338 v (1) 5 B VA A o) A5 R e 24 Tk BE |
HHAT TS, BRI EE (LOQ) 24 0.025 mg/kg;
S SR A - S RS E ((LC-MS/MS)
R T AR R R 2 S L 4 MR aR
LOQ 7E 0.000 4-0.004 9 mg/kg: 3= CIHZE0
FHAEHOH: 34k PR U, SR A LC-MS/MSS 23l
SE T IR 2T R 4 MR R, LOQ
N 0.027 mg/kg; daE USR] LC-MS/MS
BT T S T e A KA R H 2 e FLAC
VIR g T 1% BREREAENS SR A LC-MS/MS 741
E T ALR I R AR B B, LOQ 4y 0.001 mg/kg,
XS 4 MR RAT S @ Mo Hr; ZFFIR
R v R £ - R R B 1S (UPLC-MIS/MS) v2: 4
LT[R B 0 S R 2T R AR A A R R
B, R aadEAT TR, LOQ A
0.001~0.005 mg/kg; #RIM, A IUEH G K HAR
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HYITE AL S AL el - 338 v (5 B B A LR M e 24
BB BT e AR AR

F M Anastassiades 5!"*) fl Lehotay &5 71
2003 “Efll# QUEChERS (Quick, Easy, Cheap,
Effective, Rugged, Safe) # i Aj &b # H AR LUK,
FE B it AR 25 55 B - A ek L 2 51k T AT
Iz R R, BITVEAEAR 2553 B AT 2
Tz, EE 7 K 2 AOAC (Asso-
ciation of Official Analytical Chemists)™?! Fl1KK
A0 14 QuEChERS F ity BT Ab #7572 51 N HAH ¢
AN AR 2455 B R I A v v

AR P RE S &S, ORE RN
R, G567 EIRER G LRr AT, KA QUEChERS
IEHATRERN AT AL R, 454 UPLC-MS/MS 57 1 %Y
A g vt e 20 R AR B 23 B I E T i
HRHZITEV I T 15 R 208 AU E R
g b B R R

1 R E

1.1 {55

Ulitemate 3000-TSQ ultra %Y = 20 A 4k -
= EE DY R AT o R R A (FEBR R R IR A
A]); DV215CDHL TR (REE A w]); DT5-2
B0l AL EARIE R S LU R A F]); UMV-2
ZIReNEIRIR A A b R E R AR AR,

W2 2B (4B 99.2%) M HAR ) S-enol (46
J 99.6%). S-keto (4L]F 94.0%). S-mono (4l
99.7%) F1 S-glu (2l 98.6%) #x i & (Dr. Eh-
renstorfer GmbH, f#[H); N-H3# 24 % (PSA,
KRR e J R B A R AR L (fial,
5% [ Fisher A #F]); M (r#rd, RKEEFFHER
AW AT ToAKREREE (/rrall, R KR
R BR A A 350 FH /K38 B Milli-Q 8 46
K & o 22.4% 18 HL 2 B8 B VF I FEEHAEY R
2 CRED B ERAR).
1.2 HiEitE

ISk [24] kAT . WSS TR AL
ARFET X RERNRE, LT RE 114°47,
b4 38°05', FHFE/KE 569.8 mm, TR 12.9 C.
I Y, B R RO, B 1S a.
KAL) HERFTEL T2 a WA T
R BRI ELERIMAE RIS /N X, AN A
B 3ANERNX, X2 BREMN. 5w

2GR IR/ IX o B /NX Z B 2D BRI 1 AR R IR
P47 R 250 22.4% B H 2885
12,1 ARG B CEANEMISKE THRE
LK EEE 3 em ML), RUE/NX A BT ZL RS
YISEY . MARENA S 112 mg/kg, i
251 e A THEZ G20 f 1. 30 7. 14, 21,
30 Fl1 45 d #3CHk [25] Fik, BEALERN B R R
ARG Z AREEKIER. TREMRSE, R
LEANDT 2 kg, BRI EANRSHE, T
—20 °C YKAE HORAZ AR
122 HELEFE b LEBEMDSRE &
30 m? AL 2, B 2, il 2 A O A AUk
4> 112 mg/kg, W% &N 3 000 L/hm?. 45T it 25
JE0@2h). 1. 3. 5. 7. 10, 15, 30. 45 f160d %
SCHR[25] 5 IBENLEL A 5~10 4. SKEE 0~15 cm
REE T4 12 kg, FREMAERY, i, i 1 mm
FLARTR, Al
123 RAKERE W2 MEAFE, 20N E
Ay 75 1112 mg/kg, 7518 2 KA 3 IREZ . 1E
LK B ERR 3 om B IFURHEZ), MaZjRIFEA 7 d.
2 Vi 24 AL R AR TR B T 3 IR ZG A0 EE 7 d IS TR UG
MiZi. s BESE — R 7. 14 A1 21 d R4E
FLILRE RN R o o B SR AR AN AR P4 1.2.1
AT, IR CRAERIAL I 1.2.2 T .
1.3 9WEE
13.1 HRETAE KA AOAC #E#£ 1 QUEChERs
TP HATRE AT AL B . B S g FEAL FETA R
0.01 g) 750 mL E.0EH, HIA 5 mL Z& MK
10 mL AR EON 1% L8R LI TReR )
2min, MU 4 g TKBREREMN | ¢ ZREN, Nl
] 2min, T 3500 /min N> Smin; B2 mL B
W, 2% 300 mg TL/KBREEE:. 50 mg PSA
B R ZESOE Y, WHERS] 2 min, T 3 500 r/min
NEG S ming BUEIER, 1T 0.22 pm HHLIEM,
ft UPLC-MS/MS I 5E o
132 %4 LunaCl8(2)-HST (100 mm x 2 mm,
2.5 um) gk, AR 30 °C, HEEEE S uL; Wish
FHR L H-0.5% FRERIK (VIV) W, SR R B e i -
0 min, 5% & /&; 8 min, 95% & /;: 15 min,
5% ZHE; 18 min, 5% ZJ-

FRig R #s: ESIBSFUE, B URIRE 350 °C,
BN HE 350 'C, ZALHE 3800V, FAAIA
B, FWAMIET): #5241 Pa, #HB)S 103 Pa;
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b SRR S, MEESAARE S 2 Pa. EETFH
i, RPN I (SRM).

1.3.3 &M R ZRE 4 B HGE & 18 H
LG e 4 SRR HES T 100 mL FE A,
H O REE %, Bel i 10 mg/L TR & s R R
A OISR R 0.51 0.1 0.05, 0.01. 0.005
H10.000 5 pg/mL RAFRAER IR, KH 1.3.2 5%
PRI, CAHERE G SR X I AR B, 22 A
HE AR 2R

134 FEGREE 2 BIFREL S g BUR A IR LR
TEET AR T S0 mL BB, AR L&
4 FREIIARIE S, AIIZKF53 504 0.005. 0.02. 0.1
F10.7 mg/kg, FEAMT AT SFAFHEATHT AL B KA o

RAMHER 6 K. HEARIFEI B 2 RSD.
2 HERED

2.1 EMBFNEEEFIEEF

TEHWE 55 I & TR0, AR I8 R 2R &
4 MRUPIIAERT > T &, e HREES T, T
SrETERR. B ER AT 2 AR
EERBEMNTE T, BLSRM T Ak i
W, 375 7 NAF 5 5 om i R RE = AE N
k%t BAMBETFRE2ATE FHITE
P, = NEEERNTEFETEE. BHROME
K ACEIIK) UPLC-MS/MS Kl S50 W04 1. K6
METREILE 1,

R 1 ERZERR 4 MREIE UPLC-MS/MS IS #
Table 1 The UPLC-MS/MS parameters for spirotetramat and its 4 metabolites

A% ) LR BB 1] TE BT A fe VB TRt Tl 4 e 5
Pesticide Retention time/min Quantitative ion, m/z Collision energy/eV Qualitative ion, m/z Collision energy/eV
S-glu 5.68 464.2/302.1 29 464.2/270.1 29
S-mono 7.48 304.191/91 40 304.191/254.2 18
S-keto 7.83 302.176/216.1 27 302.176/119.1 31
S-enol 8.18 318.1/300.2 15 318.1/214.1 26
WR R 2
spirotetramat 9.49 374.224/302.1 17 374.2/330.2 15
100 9.50 22 FHIEMZKMXRFR
E ‘s S5 (R 2) R R AEETE 0.000 5~0.1 mg/L
50 3 :
] l W, S-glu 7E 0.005~0.5 mg/L M, S-
o 1292 424 567 686} Al 590 10.86 .
100 7.83 keto. S-enol Al S-mono f£ 0.000 5~0.5 mg/L Vi [
o I 050 W, S AE ) 5T B B S Joi i 0 T AR TR 2 2L
] Il i 28 M 2 >
odz2mar e L | s RAIFIIZEHEER R (R = 0.999),
7.48 . s . 5
104 -. F2 HENEMARIRERY
£ 1 | . . . .
5 50 o Il Table 2 Linear equations and correlation coefficients
=} 3 |
®E 3 343 461 570 688 829 95 1072 ] 2 355 o )
- A —= gp o GEEE o wesu
& ]100 - Pesticide Standard equation R
Ee . |\ range/(ug/L)
550 3 2 il 2 i
A = | DI, 0.5~100 =46 647 116 x-25 374 0.999 8
= 0 3 305 491 621 747 | 966 1138 spirotetramat ’ *
100 — 9.50 S-enol 0.5~500 y=126489 807x—73 083 0.999 4
= S-keto 0.5~500 y=66375 649x-225 396 0.999 4
50 3
] | S-mono 0.5~500 y=10993 165x-12 926 0.999 9
E 3.18 4.18 521 6.24 8.14 Il 11.29
0 = 570 - S-glu 5500  y=2276206x+3756.6  0.9999
100 o ‘
50 3 '|| 23 SHAEREREIEEE
1 200 424 | 8.12 10.80 \
0 T T 1 T T T T 1 T ?.21| T T T T %% (?% 3) %%EJ%: E 0005~07 mg/kg I‘}J‘%bnﬂ(
2 4 6 8 10 12

i ] Time/min
1 ZRZEER 4 RSB FIREIEE (0.05 mg/L)
Fig. 1 Total ion chromatogram of spirotetramat and its four
metabolites (0.05 mg/L)

N, MR 2R A AE L R b 3 [l 2R
N 84%~109%, RSD N 1.2%~3.3%; 7£HEd
YIRS N 86%~102%, RSD N 1.1%~3.6%. #ix
G E (LOQ) M 0.005 mg/kg
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*x3 BAZERERGYERRREE T IE PR EEE RN RERE (n=6)
Table 3 The recoveries of spirotetramat and its metabolites from pear and soil samples (n = 6)
12 L 27
spirotetramat S-enol S-keto S-mono S-glu
B NI
Sample  Fortified level/ T T T T
(mg/kg) EEES EEES ELES Bl Bl
Average RSD/% Average RSD/% Average RSD/% Average RSD/% Average RSD/%
recovery/% recovery/% recovery/% recovery/% recovery/%
BRI 0.7 96 1.2 95 1.4 91 23 94 29 92 22
Peer fruit 0.1 96 1.5 91 33 88 2.1 92 23 89 2.6
0.02 94 1.8 92 2.0 84 2.0 100 1.8 102 33
0.005 91 2.4 91 1.5 87 1.9 89 3.0 109 29
L4 0.7 96 1.6 93 24 91 1.3 97 2.0 93 2.8
Soil 0.1 94 26 91 2.7 90 1.1 96 23 92 32
0.02 93 2.7 89 34 87 1.8 97 1.9 99 2.1
0.005 88 3.4 86 2.4 91 2.3 90 3.6 102 2.4

2.4 BRZFERAEKHVERRERETIRDH
HRRENES

iR (R 4) B9 R ABRERUR MR £

BEh B BN ST & — R NLEN ) F TR ¢, =
coe ™, KRN 12.4d 1 7.1 d.

*4 BRZERAKRGHMERE DIRFEEBRS

Table 4 Dissipation dynamic of spirotetramat and its metabolites in pear and soil

5% R & Residue/(mg/kg)

STV 1 1% Soi
SRAEN %1 Peer +: 4% Soil
Sampling time/d ﬂli% A P qg% hZ g P
spirotetra-  S-keto ~ S-mono  S-enol S-glu Total’  SPwotetra-  S-keto  S-mono  S-enol S-glu Total®
mat mat
0(2h) 0.086 0.026 0.0050  0.0070 <LOQ 0.120 0.17 0.008 2 <LOQ 0.048 <LOQ 0.22
1 0.052 0.015 <LOQ 0.0120 <LOQ 0.079 <LOQ  0.0053 <LOQ 0.14 <LOQ 0.14
3 0.038 0.016 <LOQ  0.0090 <LOQ 0.063 <LOQ <LOQ <LOQ 0.13 <LOQ 0.13
7 0.018 0.018 0.0050  0.008 4 <LOQ 0.045 <LOQ <LOQ <LOQ 0.077 <LOQ 0.077
14 0.012 0.012 0.0089  0.0052 <LOQ 0.038 <LOQ <LOQ <LOQ 0.048 <LOQ 0.048
21 <LOQ 00082 0011 <LOQ <LOQ  0.019 <LOQ <LOQ <LOQ 0016 <LOQ 0016
30 <LOQ <LOQ 0012 <LOQ <LOQ  0.012 <LOQ <LOQ <LOQ 00076 <LOQ 0.0076
45 <LOQ <LOQ 0.0087 LOD  <LOQ 00087 <LOQ <LOQ <LOQ <LOQ <LOQ  0.0026
el PR
Dissipation dynamics ¢,;=0.082 5¢"%% ¢, =0.168 6¢""
equation
32 Half-life/d 12.4 7.1

T NI Z B AR 4 MR B R R

Note: * The sum of residues of spirotetramat and its four metabolites.

25 BEHZEREKRSEYERNRERIELIERH
RAKBE

MTESS R (R 5 M1 6) R W: IR A L8 S AR
WIAEBL R ) B 5% BE & E 0.020~0.057 mg/kg 2 [A]
F A HE i 24 5% B BT MRL 1H (0.7 mg/kg); 7E
3 B AR B R E < LOD~0.015 mg/kg 2 [f],

3 gt
KRR 8O 1% K L8 2 8RB,

PL PSA FIJG /K BREE N 70 B4 4L 71 Y1 QUEChERS
J7 AL G SR N, R R OO R -

H IR 1 (UPLC-MS/MS) 7E %8 3 Jz 7 W il A =X
(SRM) FHEATRII, AMpRidiE &, XA K 11
AR e 2 s R AR AT T 5 TR AT
TIVERIE A OC F . HETH L RS %5 FE 3 ml i iR R 24
BB o AT I LR
RZGECHE R IR, 22.4% B2 g1 2,5 B 5
AR EAEH, A 2 mReh 21d, &
ZAEH 2 kP KRR, B R A =
(B 2U%55) 112 mg/kg M2, 450 ZREERL R
FTEWIN 12.4d, EHEFREE RN 714, £
BB AN A 25770 & AN R 24 B (2 FH 3 1K)
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Table 5 Final residues of spirotetramat and its metabolites in pear fruit
(ﬁﬁﬁ%@ i) o iz E%% ;’f};aﬁ%‘%f 855 B i Terminal residues/(mg/kg) |
Dosage, (a.i.)/ Interval time/d  Spray times Days after spraying IR Seketo S-mono S-enol S-glu ait
(mg/kg) spirotetramat Total
75 7 2 7 0.008 9 0.008 2 0.013 <LOQ <LOQ 0.033
14 0.009 3 0.006 4 0.023 0.018 <LOQ 0.057
21 <LOQ 0.005 3 0.021 0.015 <LOQ 0.044
3 7 0.009 0 0.010 0.018 <LOQ <LOQ 0.042
14 <LOQ 0.005 4 0.018 <LOQ <LOQ 0.030
21 <LOQ <LOQ 0.014 <LOQ <LOQ 0.020
112 7 2 7 0.009 6 0.006 5 0.015 <LOQ <LOQ 0.035
14 0.007 1 0.006 8 0.020 <LOQ <LOQ 0.036
21 <LOQ <LOQ 0.020 <LOQ <LOQ 0.030
3 7 0.006 5 0.011 0.020 <LOQ <LOQ 0.040
14 0.005 4 0.005 9 0.020 <LOQ <LOQ 0.034
21 <LOQ <LOQ 0.015 <LOQ <LOQ 0.023
Fo BhZREERARHIEREIRIHREKES
Table 6 Final residues of spirotetramat and its metabolites in pear orchard soils
(%{ﬁ%?g%) b”&Z&‘jFDJ' - ﬁﬁ{?j{kiﬁ E%%%iﬁﬁgﬁ/fﬁ I 4 5% f & Terminal residues/ (mg/kg) |
Doﬁzlg;/’k%l')/ Interval time/d - Spray times Days after spraying spmiyiitzrffat S-keto S-mono S-enol S-glu "ﬁ)gl
75 7 2 7 0.0048 <LOQ <LOQ 0.005 7 <LOQ 0.014
14 <LOQ <LOQ <LOQ 0.001 1 <LOQ 0.001 1
21 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
3 7 0.006 1 0.001 4 <LOQ 0.007 4 <LOQ 0.015
14 <LOQ <LOQ <LOQ 0.001 7 <LOQ 0.001 7
21 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
112 7 2 7 0.006 8 0.001 6 <LOQ 0.005 0 <LOQ 0.013
14 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
21 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
3 7 0.004 1 <LOQ <LOQ 0.003 0 <LOQ 0.007 1
14 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
21 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
ARG (7. 140 21 d) R0 FRMAREE DB, 1T S-glu R . XA RES RF LA
i, W L AR B AR e A Bk B B R T 4 SR 1Y HE o RS AT K o
A I e R B R LR AR A R ZEOK R MRL MR EY, 55 2 K REM LR
15 (0.7 mg/kg)"”, W 22.4% #BRZEEEFHIE TP ORI IR R ABRA R, TR R 25 R

%IJ

IS S SR A R IR =, TR
W5 HR e A

AR AL A TAEHRRAGEHR S TR
BAR T Won: B8 LW TE S AE Y 4 23 (A R
WE A, EAFRAEY AU &2 AR A
A, 7 A AU P AR B B A B X, FEAR
BIF 70 B A A i ﬁ\ﬂjﬁ’ﬂiﬁﬁﬁﬂ@jﬂé’iﬂl
BE AL, HACHY) S-enol. S-keto Al S-mono A

o, BRYEEE B — ke 7 d Ja RERFE
Refar th /D &8 R A BE AR AL, 14 d 121 d FEaY
KA o 1K 0 B R 2 B TE e R AR
ZAE R GG ERE 4R (R OB e I
TP PR MR, 1d PSR 90% LA b)PIAH —3

SE ik (Reference):
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