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W OE: BRY d o M e O 6 1 - 53 B B 15 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) PG € i Hrivk Ut & 2 Rt sk R i ik . 73k BRI
$RHL, Cys [EIFHAEH (solid-phase extraction, SPEY/MEHHL, HIFRAR IR T, LWL L HIRATR S G,
UPLC-MS/MS MI5E, 4MrikiEfit. S8R 7F 0.1~200 pg/L W LA C R EL r'=0.999, MAs . KE . B3
i, AL L WA 22 R R IR KL 2 A CGIAE 5. 10 1 50 pg/kg 3 DMIIFRAKEE, IR
71.2%~105.6%, HIXFHRifEfi 2 (relative standard deviation, RSD)K 1.3%~9.8%. 45 147 7 ik Wi i ks
R, YR BRZ R AN EOR, 1E TR L KR BESE L M L B Wbk i R AR ik B
KR R BORAN GRS -, Ul ik dURACIT Y 25k

Determination of dinotefuran and 2 kinds of metabolites residues in food by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of dinotefuran and 2 kinds of metabolites
residues in food by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
The samples were extracted with acetonitrile, purified with Cg solid-phase extraction (SPE), dried by nitrogen, and
dissolved by initial ratio of mobile phase. Then the samples were determined by UPLC-MS/MS and quantified by
external standard method. Results The correlation coefficients of dinotefuran and 2 kinds of metabolites were 0.999
in the range of 0.1 to 200 pg/L, the recoveries were ranged from 71.2%—-105.6% at 3 kinds of spike levels (5, 10 and
50 pg/kg), and the relative standard deviations (RSDs) were ranged from 1.3%-9.8%. Conclusion This method has

high accuracy and precision, which meets the requirements of pesticide residue and is suitable for the analysis of
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dinotefuran and metabolite residues in grains, fruits, vegetables, fish, eggs and milk.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; dinotefuran; dinotefuran

metabolites; pesticide residues
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Wk ML % (dinotefuran) iy H A< = -/ BB A& B AR AR DS 5%
BRI, S AR BRI LSRN, e i Ak
MBI T DARG A S 5 | SUREnE L, A8 ot
K, AR R 1-F 8- 2-fif 5 -3- (DU & -3- ik g R ) IR, 7 3y
R0 U D9 AR oA 1- 3 -3-( D0 & -3- kg R 3 ) AU
(dinotefuran metabolite, DN). 1-H J-3-(PU5(-3-mkiq H 36 ik
(dinotefuran metabolite, UF)%: 24 r=H, 2012 4EBCA MR
AU R P A 20 U iR M 25 5% BRI % K 25 (Joint
FAO/WHO Meeting on Pesticide Residues, JMPR)# & i 1 25
-1 55 it 245 A - 38 1Tt 24 1) O S5 T ok R AE K R AR
B, R Ao B EZEDT Y0 UF M DN, JIf HME
T Uk B AR AR N i BR P E Xk U . UF & DN Z A1,
AWK e 2, e S N 5k B8 SO R B UF 2 A1,
e e ke R G 2 A A= S R 2R 1.

A X e A e B R 5 T R R A R AN A [
KEHE 7Y 5% B Y iER R . DN Al UF,
BT i SR B A ok B ke SRORRNE . H AR
SR GB 2763—2021( B i A 5ARME £k
e RAR AR ) LR T A TR A 7 S g% B A Sk ke
R R, Bt B R R UF vk d iz f, DAnk i
W3RN o

HEr, P AR AE vk A R vk R B AR
BRI R OROH €3 - FR ISR, R, )
Fsf 437k MU B ARG DN UF ki s b . B
A8 TARE!ST ORI R DO SRS I
ST ) NI S TGN T3 SN s R ey e /b

il

PR TP RBR R A ET ik, Wi, WL R WS
B i ke e e K AR 5k B AT O R DL . R
PAT A R R Ik R B bR HE RN O ¥ GB
23200.51—2016 ( & i 2 A bR UE £ i ik do e sk B
AN 2 VROAH LT - T/ 355 ). GB 23200.37—2016 ( £
LARFERIME B iR E U | ok HUSE 20 Rk 255k B
HAOME WA B/ UL ) M GB/T 20770—2008
CHA T 486 Tk 24 KA G Ak 27 Bk B BE D e VROAH €
- ), ERECA W Lk R e A ARSI o R
53T 22 Tl B 5 v gk s e B AR, R BN X vk
R BERIR L 45 R AR M FOR 25 BE S o M EL Y W, X A4
B 5 B RN A RAR K A Bk, PRI AS BT 7 — D i T
TR . KR B, i, WL L PRl
J¥e B AR 358 4 ke B A e RS AR A €8 1 - B IR BTG U (ultra
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS), DI A6 i ik s e K2 AR 5f
Puk e i e s i 2 2%

1 RS

1.1 XE5RH

IRAEHE T-class/Xevo TQ-XS =0 AH 615 -H BK R
T I FH Y [ TC A5 HAL 18 55 B 1 JB (electron spray ionization,
ESD)] . ACQUITY HSS T3 {4 i (2.1 mmx100 mm,
1.7 um)(GE[H Waters /A #]); Allegra X-15R U4 %20
HL(4000 r/min, FI4EIE 4 °C, 3EE N &/ H]); Centrifuge
5424R TUE5H ES.OHL(14000 t/min, £ Eppendorf 23 ]);
Blixer 4 BI85 #1172 [ Robot-coupe 23 Al ); S300H HYi#H
7R VEAL(PEE Elma 23 A).

F1 BRHBREEREIBNLEED

Table 1 Chemical structure of dinotefuran and its metabolites

&Y BFR oy Fa S Kb SO RS AL B S LT AR
Ik o C7H,4N,0; 202.21 165252-70-0 OQC”T NH—G—NH—CH,
N\NOZ
(0]
ks AL DN C;H,5N;0 157.21 457614-32-3 GVNHH/NHCHs
NH
[¢]
Wk AL AR ) UF C-HiN,0, 158.20 457614-34-5 O\/NHH/NHCHs

0]
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W R (A 99.9%) . DN(ZEJE 97.6%). UF(4li &
99.9%)(f# &l Dr. Ehrenstorfer 2\ #)); 32862 K N
Milli-Q #4li/K (3& [E Millipore 23 #]).

1.2 LWIE
1.2.1 BB

FRUEFSRECH]: A IR TRARUE i 3 FnE O
% 0.1 mg)T 50 mL A&, FZMEECH AL 200 pg/mL
FIATHERE U, 0~4 °CIRAFE . FH 0.1%H R 2 J16-0.1%H
27K (5:95, V:V)IBE R BHR SRR, Bl 0.1, 0.2,
0.5. 1, 2.5, 10, 20, 50, 100, 200 ng/mL R5!| itk
FERRRIE AR, BB .

WA A: 0.1%F BR/KIEW: B 1.0 mL R, FH/K
il E R 2 1000 mL 1E%)

WA B: 0.1%M R NERW: 1.0 mL HiR, 2
&I E A ZE 1000 mL R4 .

ERW: WA A 5 BIEIR(95:5, VIV)IEFRLLIR &34
A, %M.

122 HRmaraE

KA RE, FBTEFENLI BT, MR PRI
5 g FEMOHIE 0.01 g% 50 mL B.0% %, A 10 mL
N, MIRIRA . M 10 min 320, T 4000 r/min &0
5 min, FHFRFEBEE 25 mL WEaED, REYHEH
10 mL ZJEELERI 1R, SIFHRBBOFIIC G E S =
25mL 2|, IREWS), WHHRIUE 2.0 mL, H#E Cg
[E A B 3.0 mL £ . 3.0 mL 7K, 2.0 mL $2HU&
WAL, IFRERAEIEIE), WdE 1.0 mL F ALK, 40 °CKIB A
SAMRERT, 1.0 mL EHE WA, A 1.0 mL F 255
I IE QB INBEPR /ST 10000 r/min #F—25 8
Ok, WHFEER, o 022 um RIURKZ K, 4t
UPLC-MS/MS &1l
1.2.3 Al G- B BT A

(VAR s 41

Wi 0.3 mL/min; PFFEARBL | pL; #EIE: 30 °C; &
AR TGRS VR ARE: 0~0.6 min, 95%A; 4~6 min, 5%A;
6.1~6.5 min, 95%A..,

Q)%

FE U5 25 F, 9 1E B TR (BSIH); BAIE HLE: 0.6 kV;
BRI 150 °C; BLERA: AR WSS
400 °C; BT : 1000 L/h; 4L S kS0
150 L/h; 481X 2 & b I W (multiple  reaction
monitoring, MRM)# =, ,

2 HER5SH

2.1 SkRESEEER
W RRIATA S 3 AR R I 32 6 o 4% 2 vk

UM e 2 Fh AR P AT IR0 TR, WS e
0.01 mg/kg, B3¢ 2 AT WL, B AR vHEAG I 5 36 Ao ko g
2 AP AT ) R ISCR AR T 50%, ASIE ARG ik O 1 4C
WY,

R2 TEFGERMGL DR R ER S E YR
Table 2 Recovery rates of dinotefuran and its metabolites
detected by different methods

mH GB 2320037  GB/T20770  GB23200.51
Wk /% 89.10 84.50 90.20
WUk UF/% 26.20 35.00 42.10
nk A DN/% 10.50 9.50 1530

22 BRI

TESES F A MassLynx V4.2 54, @71 A shiifk
BRI SH P F BT IMAH] SRR R F
MS/MS 434, Wk Hu e S H: 2 BRI i 4 R o A ol
WE 1 R, iR 20 bk, ScEkUHRE R
157 Ve T3, (AR R UHAERAT . WUA . 8.
kLI ST A T, ik, wmiEEET
B miz=114, HZE[M+H] Z K 7 [N,0,]FI[CH;N]IE
W, T miz=129, JE[M+H] % /% H [NO,] Fl
[CoH ] JE B 1 5 % F ok du e fRf 9 UF, Hoe it & 1
m/z=102, J&[M+H] % K1 H [C,H;NOVE i, s+
m/z=67, J&[M+H]" % 4 1 F [CsH,N,OE iy %o Tk il
FiefCigtd DN, HE 81 m/iz=102, & [M+H] F4 i H
[CHN, B R, SEMES T m/z=57, J&[M+H] &R A
[CsH N,OVE LI . FeZeMfiiE 3 P A 24 W dre e i 2 4
3 iR,

2.3 ARCEEEMHMAL
23.1 REREHHA

G A SRy — Tl FH 1) 48 B 70 8 ik B8 RS DNy T A
BTN, ERERREE —ER&NKS, F
M G RUK B B3, Koy BBE SR T MR
BRE S, HoR F 2N ) s SR IRORE & i B RR A Ak
gy, PREFES P ROK S, SO AR UE Tk B e AR
KA PEBUR . S HUER TSR] BB B 2 K PR A
W, RMEBUE T N & BT 80%HT, mk d f L
B DN B9 R AR F 70%, Rl 205 el g 32, [al
R Bz fE L, W 3.5 R, AR 100%
IS H R



A, Wi B. UF; C. DN,
B2 e K AR DN, UF @ K35

Fig.2 Chromatograms of dinotefuran and its metabolites
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I 102.0
i A
5 B
E [ 57.0
66.9 70.9 85.0
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1= L 56.9
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Eﬁf $6.9 ‘114.0
E‘ L . 156.9
= 202.9
o 100.0 127,0
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BT ke K 2 AR 7 B - R 1A
Fig.1 Product ion scanning mass spectra of dinotefuran and its two metabolites
100 232 AR
™ s R ACACR | DRI P2 TRy IR
E A A AP, SCBRFESERY SPE ¥k 7 2. HLAE T Carb/NH,
L /L HLB FE. Cig b, SALHVIMEZES FREEATE F Xk
150 200 250  3.00 HARE s, LK 4, & Carb/NH, X 2 R4 ma 4
zﬁj';ﬂ/min K, TSRS T 30%, HLB kE, Cigkl . SULEIVHE R
100 ¢ ' THAIIFIARK, A Cig SPE FAHEEST | RIS AIE 2
o 5 DTk HLB AR MEESHECRAT, DRI C g SPE
g FEEA T AL B ST R R I, E IS, AR
B BB, YA Z A A, IR EIR AR
0 | ! L L L | L NN N 2 NP S, v N N
1.50 2.00 2.50 3.00 10000 r/min =20, REASAT RN I F LW RISL, R T ik —
100 fif il /min AR HEABTE REGE Bi LT R RS, WA,
= 157 C G AT e A T b B
2 24 HHXRRKGHIR
0 : : e DA TR (Y) R DA bR, BT T BE (X, /L) A i A
1.50 2.00 2.50 3.00 N REE i .
i /i xR e AR MR, & 4 7T, 7€ 0.1~200 pg/L Ji[H

INEPEAI X REL rP=0.999, RPEXLRRBIF; H4E 21 f
R PR L 5 H B T BT, A3 035 ek e K 2 AR I
YR E RS TR EM L, DL 35S0 LA 10 £33 4 1L 45
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AT A R i R, R ISR Tk Ok B < 1,03 pg/kg, Wk AU O ik E BEBR <
AT RALAR B, DN Y7 i E 1 R <2.70 pg/kg, UF 2.85 pg/kg, AN A IR o
R3 BREBRREKEYINSRKEENRESH
Table 3 Optimized parameters of MRM for dinotefuran and its metabolites
L&Y BEF (m/z) TET(mlz) HEFLHL R/ V EERER eV
203.1 114* 35 10
Wkt
203.1 129 35 10
159.1 67 35 16
Wk B A UF
159.1 102* 35 10
158.1 57 35 15
Wk s AT ) DN
158.1 102* 35 10
TN ERE T
2R . RS | DD R R A PO SRR
BT
=DN
ME(%)z(;EmmeJJXMm%
= UF ASolvcnt
. IB\EEH% qua ASochnt ﬁ%ﬁ?@?ﬁﬁu EF' E *ﬁ%”ﬁ‘]@ﬁ, ASamp]c %
PNTEHE ST S AR ] 5 5 (4 H AR R AR, B A 455 R

10 20 30 40 50 60 70 80 90 100
ZIEER%

0

N[5 5k 14 2L AR RCRORT 1k HL e K HC A0 [T i < 1
1 (n=3)

Effects of different extracts on the recovery of dinotefuran
and its metabolites(n=3)

‘| I‘ |‘ :

Carb/NH, HLBH:  Fikéak:

Fig.3
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&l 4 OR[F] SPE [T A& IO Xof ke s Joie S FLAR I Il e = 1
R (n=3)
Fig.4 Effects of different SPE on the recovery of dinotefuran and
its metabolites(n=3)

25 EFRHMN

TEAR S 25 5% B AR 0 BT R R b, 38 8 25 A Bk B R0,
(matrix effect, ME), X500 RICH &CH i, 0T BB A FEAL
L BTGV R E A AR R, e H Py 1 o DG A

E, FOREEFERAUN,; G5FON T, R IR0 o A
WFFEE5E 21 FhRE 5L Rk e &2 4G9 DN UF i 5E5RL
N, A5 B 0.1%H IR ZHE-0.1%H BRIK, 5:95, V:V)Fl
25 AP IR L RIS I W, EE8E 6 IR, IR 5

FLAE H, AT Rk s AR DN UF AL RSO0,
TE-9.61%~9.3%Z 1], FEFAN A B2, B LR %R AR
mh AT RE
2.6 EIWNRRIBEERE

FEAS BT SOR I TR S 58, IACSE A S
10 A1 50 pg/kg, BN AKF R 6 A4S, W
F 5 PR, BUCRILE 71.2%~105.6%, X ifE e 2%
(relative standard deviation, RSD)AJTE FEI7E 1.3%~9.8%, i
JEAR L5 RGN R
2.7 EFrHEmNE

TR e 0 B, T AR A E R X 15
BB SCESRAEA AL, M5k MY R RIS 2, DR
T, K DN FIUF 9 & b6 45 118 2R Bt 40 ok
Je i, RSk U AR BN, SR AZSER ik, %
SEBH A H &S T AV A SR S (B8 b 25 4t H I E
49 #t. KA 105 #E. FZ 56 4. Ek 584t 1 6041,
K 40 b PESE 80 HE . FEIA 40 Fib) Ak HUke Je 2 FpL
Lib7L5 4 iuwﬂlm, Hop oty 4 HekgEseRs iRy, R
JFAHJ. W d BEREAR, & RAE 0.005~0.037 mg/kg, HI/NVF HAHE

SN BEE{E 15 mg/kg, HAFERIIARK T
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®4 KMEE. KMEXRY. RHERESR

Table 4 Linear ranges, linear regression equations, correlation coefficients, limits of detections and limits of quantifications

Wk A DN kAR UF Wk e
B il B 5T
K B /(ng/kg) =B /(ng/kg) K B /(ng/kg) Er i/ (ugke) K M/(pgke)  E R /(ngke)
INFE 0.17 0.57 0.11 0.38 0.23 0.76
Fok 0.21 0.69 0.12 0.41 0.26 0.86
KA 0.16 0.54 0.12 0.39 0.26 0.85
A 0.16 0.52 0.16 0.52 0.18 0.61
HE b 0.31 1.03 0.15 0.51 0.42 1.39
H I 0.42 1.39 0.06 0.21 0.64 2.13
KA 0.61 2.04 0.18 0.60 0.81 2.70
] 24 0.57 1.89 0.15 0.51 0.77 2.56
3k 0.40 1.33 0.18 0.60 0.47 1.56
o 0.58 1.92 0.14 0.46 0.68 227
PN 0.34 1.12 0.15 0.49 0.42 1.41
k3 0.59 1.96 0.10 0.35 0.43 1.45
PNt 0.73 2.44 0.20 0.66 0.49 1.64
e 0.81 2.70 0.18 0.61 0.86 2.85
B — — 0.18 0.60 0.32 1.08
X P * — — 0.27 0.89 0.34 1.14
G * — — 0.25 0.85 0.29 0.95
filg 1 * — — 0.31 1.03 0.27 0.91
K — — 0.25 0.83 0.84 2.80
X2 — — 0.18 0.60 0.49 1.63
gy * — — 0.21 0.72 0.42 1.39
SMEVE Fl/(ng/L) 0.5~250 0.5~250 0.5~250
bR &7 & Y=22845.9X+206.2 Y=69986.9X+697.1 Y=3439.1X+389.6
HXRE 0.999 0.999 1.000

T = gl IR £ T ik e e S 1k e Rk R R AR UF BRI, R Tk R DN R, T LRSS A B < — R
AT

F5 BRARRREIRERYE. MZEEERBEE

Table 5 Matrix effects, recoveries and precisions of dinotefuran and its metabolites from spiked samples

LT/ %% Wik B DN UF W
3
DN UF ke H e /(ng/kg) Ell%/%  RSD/% 1%/ % RSD/%  IIt%/% RSD/%
5 89.7 5.1 87.2 2.7 90.7 4.5
N 961 -933  -1.69 10 85.2 6.3 85.9 3.1 89.6 49

50 91.6 6.0 88.2 2.9 91.4 4.6
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= 5(5)
FEBTR /Yo BN DN UF W Hh
[E e 951
DN UF W /(ug/kg) EISC%/%  RSD/% BT 3 /% RSD/% /% RSD/%
5 92.0 7.1 87.3 42 92.3 5.6
E¥/N -8.49  -3.51 9.3 10 77.6 4.0 85.6 2.7 88.4 3.3
50 85.8 2.4 88.3 5.6 95.7 3.2
5 80.1 5.4 86.3 42 91.3 6.9
ok —-6.14 374  -2.16 10 76.6 47 83.8 5.0 89.1 6.1
50 79.2 3.4 82.1 8.9 91.9 1.7
5 89.9 43 83.0 3.7 86.8 3.5
1w -3.62 287  -1.68 10 81.7 6.9 83.1 5.4 89.5 5.2
50 85.3 2.8 90.3 2.9 95.4 2.4
5 81.6 4.8 87.7 8.4 97.1 3.9
I b 2.3 3.73 9.28 10 76.5 2.9 87.7 45 92.7 4.6
50 92.6 5.5 89.1 42 93.8 6.2
5 97.1 6.3 923 52 98.5 49
HIE 949 1.49 6.43 10 87.3 4.6 84.1 5.6 90.4 3.6
50 89.3 3.7 86.8 33 91.0 3.4
5 87.8 9.3 85.1 3.5 89.3 3.9
KA -6.87 537 2.4 10 91.1 4.1 92.3 9.8 105.6 5.4
50 98.7 2.7 89.2 6.0 97.6 7.9
5 90.6 6.7 83.8 6.7 92.1 2.2
[ 24 2.3 3.73 9.28 10 92.6 5.8 86.4 6.6 93.1 5.0
50 91.0 3.9 89.8 8.7 101.1 5.7
5 79.1 7.7 83.2 7.8 91.7 4.7
ESS 672 —0.69 8.82 10 86.7 8.1 88.9 49 94.9 5.6
50 82.3 6.4 86.7 4.4 91.2 3.8
5 83.2 2.0 90.8 4.1 95.5 43
iR 0.02 2.74 5.37 10 87.9 4.6 85.3 49 90.6 8.0
50 86.1 5.5 91.2 7.6 99.7 53
5 92.1 5.5 84.1 6.7 92.0 6.1
Kk¥E 3.03 294 9.29 10 89 6.3 88.0 5.8 94.8 5.1

50 94.4 2.0 84.9 6.4 91.3 4.3
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=54

FE RN Y% I DN UF Ik o i

T

DN UF kU /(ng/kg) B3R /%  RSD/% EIE3R/%  RSD/%  [ICER/% RSD/%

5 89.9 5.6 86.7 5.8 92.8 5.3

IR 133 -131  -7.29 10 88.4 6.6 83.0 8.1 922 6.5
50 87.9 6.3 85.0 6.4 91.7 3.1

5 90.5 6.4 86.2 26 89 4.4

£H0 189 071 493 10 90.1 8.2 85.8 5.5 92.1 9.3
50 88.2 1.3 83.8 5.5 90.1 4.9

5 83.5 5.4 86.7 6.8 929 4.5

i -0.16  —423 2.18 10 90.9 49 88.6 4.9 94.4 3.3
50 93.0 42 89.0 3.1 89.3 2.1

5 90.5 4.0 90.2 5.1 96.2 6.9

TN — 432 -4.68 10 — — 85.3 5.3 91.4 4.5
50 — — 87.3 3.2 90.8 5.8

5 — — 86.5 3.3 90.3 8.1

X6 PR — -6.87 537 10 — — 92.9 6.5 101.1 7.5
50 — — 86.8 5.9 928 6.8

5 — — 85.2 6.5 93.0 6.2

o fa* — -759  -5.18 10 — — 90.2 5.5 96.4 4.1
50 — — 84.7 4.3 89.6 6.3

5 — — 913 5.8 98.9 4.4

iy 11 * — -9.49 1.49 10 — — 90.3 7.2 98.7 3.1
50 — — 85.0 4.3 89.8 4.0

5 — — 712 5.8 74.5 4.4

i line — -1025 -9.87 10 — — 73.4 7.2 73.5 3.1
50 — — 75.5 4.3 76.3 4.0

5 — — 77.6 5.8 84.1 4.4

RO — 849  -8.75 10 — — 76.7 7.2 83.9 3.1
50 — — 722 4.3 76.3 4.0

5 — — 87.5 7.8 92.8 8.4
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