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Determination of dinotefuran and spirotetramat residue in citrus by
QuEChERS-ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of dinotefuran and spironolactone
residues in citrus by QuEChERS-ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The samples were extracted by QUEChERS method, extracted by 1% acetonitrile
carboxylic acid, salted out by anhydrous magnesium sulfate and sodium chloride, purified by ethylenediamine-n-
propyl silane and C;g mixed purifier, separated by Waters ACQUITY UPLC HSS T3 chromatographic column,
determined by UPLC-MS/MS positive ion scanning and multi-reaction monitoring mode, and quantified by external
standard method. Results The furanid and its metabolites, spirotetramat and its metabolites had a good linear

relationship in the relevant concentration range, and the correlation coefficients were greater than 0.99. The
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recoveries of furfuran and its metabolites were 86.8%—97.6%, the relative standard deviations were 2.7%—6.8%, and

the limits of quantification were 0.005-0.01 mg/kg. The recoveries of spirotetramat and its metabolites were

85.8%—-96.9%, the relative standard deviations were 3.2%—7.4%, and the limits of quantification were 0.005-0.008 mg/kg.

Conclusion

This method has simple and fast sample preparation process, short analysis time, low limit of

quantification, accuracy and precision, which meet the requirements of pesticide residue detection, and is suitable for

simultaneous determination of furfuran and spirotetrame residues in citrus.

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

citrus; residues
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RIS, IRBR A REHZFF . BT, vk 518
2R E P 3 B s e AR R E B

Wk R H AR I AR R 3 AEmEE R
B, BRI AE T C AR RS2 A il B SRRSO, AR g,
FEFDEBIAKRE . AL BREEZFMEY) FRaEl, Brh
TR i S U A ke ol 0 S e Sh A A P R AR
WP N 1- L 3-[(3- DU 0k ) F 3 ] IR (1-methyl-3-[(3-
tetrahydrofuran) methyl] urea, UF) 5 1-H J-3-[(3-PU S kIR
B 3] — & K &L (1-methyl-3  -[(3-tetrahydrofuran) methyl]
dihydroguanidine, DN)™ #2 tt 7, Ji (spirotetramat)- 2 i [ F£ H-
N FVTE R B — T R SR 2R R R 2 % R R R, LA )
INWR A B, 38 T 3 R C IR A AR ARG M, B
BRI G AL, SES BT, AT R EHRE T, FERil]
K, AIARPHAEE A ARE, AR ¢ H S S RO 2
Je ok ORI WS AR PR R 2l Y 3 AR
BY108330- /4 f% Hif H (S1)(spirotetramat-enol-glucoside) .
BY108330-f i (S2)(spirotetramat-keto-hydroxy) . BY108330-
M B (S3)(spirotetramat-enol) BYI08330- ¥ St
(S4)(spirotetramat- mono-hydroxy)!® . £ 4k ik H i i e 7, Fig
PIREPERLAR, (HEEE TG T2, AR
Pk B 32 B IR 2 R A o tHE SR AS AT T AR 2 R B i
AP R A B A% B PR H: (maximum residue limit, MRL),
FE . HA B E G IR IR 2R MRL BN
1 mg/kg; TR M AR E ARG ok B MRL {H, HARE
A vk UK MRL {50 5 mg/kg!' ™12,

BT, ERNSNCAKEE . B3 ARk d i i d
TR B BAAG AT 72 B A 121, L] 0 s e o e i ol
Mg Be FCARHE Wy 60 BF 5 o B R T L A BIF S E A X
QuEChERS Jrikiflif . i I B 4 fifh, &
S7 AR H K H e R A8 L 2 TR BRI VR o O IERE R

il

B4R BRI e ] B pRGE, AT I (A, S RERRA . IR K
K A AR R BRI 2R, REW TR . HAC . BR
9 25 [ RO AR Hh ket g B B o 2 T ok B PR B 05K, 40
S T s 000 ARG F ok e R R ol 2 TR BR R i R S

2 HHSHE

21 B ®

MG TR FAF T,

FrufEdh: Wk Ul R AT B 2 KA (Al =
98.0%, f&[E Dr. Ehrenstorfer A w)); HEE . 25 . LERE (T
Wal, 15 Merke A H)); HRR(EIEAL, I SR
A BRA D, AP, VG BEAL T BRA w,
FHRTFE 450 °CHE 5 h, 200 °CHFBUH A E14 ), JCKBiiREE
by, 1\ BEFE A AR (Cr)id kil . & Ze-N-1N
LAt bt (primary secondary amine, PSA)Ak 5 (2o 51
R R A R A W), S25e /K4 Atk
22 FEMNRSEE

Waters XEVO TQ-XS 7 fmi S0 AH € 15 - 88 Bk T 15X
(e H B 25 H 9 26 [F] Waters 23 F)); JA3003 A3 RS-
2RV, FIBEEERFNB/ARAF) TI8
ULTRA-TURRAX =513 AL (15 IKA wl); Neofuge 18R
B ON(FB I RAYET R EKRER)
UPL-1-100L 4K A (1)1 638 68 2l B 42 47 FR A D) .

23 REHE
231 AREHE ARG EA

HAFRERE R A A ER AR I A AR HE 5D 45 5.0 mg,
SyHIETF 50 mL AR, HOREEmmR Rz,
B LR B R 100 mg/ 1. A MR ERE A, T - 20 °C
W IMHLE, 25

TR A AR VA TR R BC L A3 S0 VR R B — s R AR E
MRAERE R, IR, 5 8 FR AR A PR,
F-20 °CIRFF, #5H . ERMERS, F2s NGRS G e
il 32 IR A bR T TR T
232 RABEHELM

gk Waters ACQUITY UPLC HSS T (2.1 mmx
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100 mm, 1.8 pm ); FEiR: 40 °C; FEMZIRAL: 15 °C; ke
W1 pl; GAAH A 0.1%F FOK G Tish A B: HEE, R
H: 0.3 mL/min, BfEEVEMLSME: 0 ~ 1.0 min, 97%A ~ 95%A;
1. 0~ 2. 0 min, 95%A ~ 40%A; 2.0 ~ 3.0 min, 40%A ~ 20%A;
3.0 ~ 5.0min, 20%A ~ 3%A; 5.0 ~ 5.1min, 3%A ~ 97%A;
5.1 ~7.0 min, 97%A .
233 LN

B I R, IEE TR(ESD), B4R
JE: 3.0 KV; #EFLHLE: 40 V; B TFIRIREE: 150 °C; B
HEE: 600 °C; BB E: 1000 L/h; HEFLKS: 150
L/h, R Z 5w Wil (multiple- reaction monitoring, MRM)
HE, DAOR B B 0] I X5 8 LA il A T e p o iy, DBk
A R R e R 1 8 EA T i AT R E 45 HARY)
A MRM BT S RAESE(NFE 1),
234 HBEAET X

FREUFE 5 5.0 g F 50 mL B4, A 20 mL 1% H
R ZIEHRE, 1WHE 2 min, A 1 g @b, 4 g ToKELRR
EEBSUK, IATE 2 min, 8000 r/min 20> 5 min, & .05, PG
W 1 mL F 10 mL .04, fiIlA 40 mg PSA+40 mg Cjg
AT RfHAAL, 1€ 2 min, 8000 r/min B5.0» 5 min, WZH
1.0 mL 357 0. 22 pm A HLIEME, JEHAL UPLC-M/MS %l

3 HZRED

3.1 REUATIEHE

ANELETHEE. 1%FR-FEE. . 1%7 k-2
JE VB R BB TR X e A e B2 2 R . BB 2R & 4 Fb
AR BGSCR 2, 455 5R 1. 12 £ . BYI108330-
JEEERETF (S1) . BYI08330-F5Mi (S2) . BYI08330-F2 3 (S4)

FEA A 3R BOGR b [ R A, ¥HE 82%~90% . #R1MT,
BYI108330-4%FE . Mk B XA 1% F R- G
ISR AR, SFEUS IR 500 92% . 89% . 85%.
92%. i YRV TR BRI, T HR SV T R IR .
AR, R 1%WER-ZTEVE MG FE ST Ak 387
AR EUE )
3.2 BIEEHREE

AWFSE T Waters ACQUITY UPLC BEH Cig
Column(2.1 mmx100 mm, 1.7 um )., Waters ACQUITY
UPLC HSS T; Column (2.1 mmx100 mm, 1.8 um )2 Fli{3
T AT X I o e S AU L M e 2R R AR 5
SRR MAEM R A0, kAU ARSI (UF . DN
MK, 1E Waters ACQUITY UPLC HSS T; Column G, A%
L ARERRE 1A, TR AR A L Waters ACQUITY UPLC
BEH C;3 Column # #EiR 0.2 ~ 0.3 min, #iE Waters
ACQUITY UPLC HSS T; Column 1E 4438 @i4E . #k—
FZELT OB W BE- K . F -0, 1% FH R K VAR
FEE-0.1%H R 2 mmol/L Z BRI AE R i shARRE X B A
b6 W) RN (B Y 520 . 5 R R W], G HLAHTE
P, ke e B ELAR I | R L 2R B LA W 1 B
N S BB R A . KA 0. 1% iR, R LIZER
W358 1F B F(ESTHBLX f g i 48t 1, A4 s fe s i
BTScE, SRRBEEREE ., SEEY . 25055
REVER .. LB THEKAIMA 0.1%5 F #Z A 2 mmol/L Z,
TR . AAEARAH I 0.1%8 R 2 R oL, & Bk iU
RILACH Y . 2 R 2R R LA (i 43 8 T BT L B
BE2ER . LA S, R EE-0.1% BV R AE M i sl
PEATRREE VRN, i) s E A 1.

#F1 MRM HEUBATRANRERESH

Table 1 Mass spectrometry acquisition parameters of pesticides in MRM monitoring mode

s
g e PRI A ekl HALIL IRV
min (M2) e TR REY) MR T (AR V)

1 kU 1.53 203.0 157.0(6) 113.2(10) 24

2 DN 1.29 158.1 102.0(12) 57.0(16) 58

3 UF 1.40 159.0 102.1(12) 67.0(16) 2

4 I8k 2, g 3.24 374.0 330.4(16) 302.0(14) 12

5 BYI08330-/# BEHE 1T (S1) 1.59 464.0 302.0(15) 215.9(24) 20

6 BY108330-[5H(S2) 2.41 318.2 300.1(22) 214.1(14) 8

7 BYI08330-4%(S3) 2.22 302.2 270.1(40) 117.0(18) 34

8 BY108330-7%23#(S4) 2.10 304.2 254.1(18) 211.1(16) 44
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100 '_Ils.osoe+006 100 1638e+006 100 . II3.161e+oo7 100 3.533e+007
% I % £ I o '|
0 [ . __JJJ'.L_L__ 0 AN
o\\c 0
i
f;{ 203>113.2 158.1>57 159>67 374>302
= 3.155¢+007
= 100 5‘-3896*006 8.807¢+005 o . 9891e006 100 2155
% II l' % .‘E‘. I'l % lll
0 E————%g 0 _uLl_n 0 E——JA—‘—-
1.500 1.750 1250  1.500 1.500 3.000  3.500
i8] /min i8] /min [+ [E] /min fi5f 8] /min
A B C D
464>302 318.2>300.1 302.2>270.1 310;‘&27%%‘(‘)-71
. €
100 - 1.238+007 . oo 2822e+007 100 1.148e+007 1(10 fl
% ; ||||l E '. % % ; |!|5
S 0 el el 0 0
E
& 464>215.9 318.2>214.1 302.2>117 310;2;2:)31
= 1 123e+007 4.520e+006 i 298e+007
T 4.708¢+006 100 e 100 e 100 i ﬂ
% E ll I'l % % 5 || Al
0 & A E J Al 0 0
1.500 2.500 2.000  2.500 2.000  2.500
[ [E] /min fHE]/min ] /min ] /min
E F G H

T A: WEHUl; B: DN; C:UF; D: 12 Z.[i&; E: BYI08330-4S M1 (S1); F: BY108330-F i (S2);
G: BY108330-#5(S3); H: BY108330-%23£(S4).
K1 JmAREE S Y MRM &
Fig.]l MRM chromatogram of spiked standards sample

33 FTKmERFERAENMK

TR A 1.0 mg/kg HAMEAWIRIREHH, 7>
HINA 200, 400, 600, 700, 800 mg HYJIC/KEREREE. 45
TRFH S TORBRREE 1) 0 200 mg B, [HIBCREAL, 12
BUANTEAY, MIOKERREE I TE 200 ~ 400 mg Z (8], =L
WA JC /KB IR B 4t 0 38 i T e, DR R B ek
(87.5%). MTC/KBREREE =N 400 ~ 900 mg, [FII4E Y F
IR BT RREE P R B I kAR, JOOK SRR LT f T RE S
W R EbRAe 2, DT BRARSR IR . 256 25 s K RCR A
[EISR, i TG K AR BREE i o 400 mg.
34 BUFIRBAENMRK

LERMAKFEH 1.0 mgke HFRLSYRRBOR S,
400 mg MICKIRBREEMIZRIE R, %487 PSA. Cis AR
SRR il b E AR 4R IO 3 0, 38 A5 2% T R BR AR 1)
SR Ve TR R B PSA Cg b, Bl R RS, 12
WU A% (8] 2)o 4 PSA FHIRAE 40 mg LAPYIS, mkikt
Joie B LA | B2 H 2 R LA ) 1 [ i S 2 3 14 o,
551 86.2% ~ 95.4%; 4 PSA FHE KT 40 mg i, [IRIF
G RE, A m A RS %F B ERA RF N, 24 Cy
FHETE 40 mg DANET, mk s I A . 2 R 2 s RO

AR ) TR B 2R e i, 3551 90.3% ~ 93.2%; 4 Cig
Hm KT 40 mg, FEICRFFIE TR, H% PSA, Cigix 2 F
EAHZEBGRA A AR, FIEIA 40 mg PSA il 40 mg
Cig, WU I . B2 ek 2108 S AR 1 [l i
£, 5% 90.0% ~ 97.8%. FZAHE 40 mg PSA + 40 mg C g
AR RE S B IR AR

¥:  A-40 mg PSA + 40 mg C,g; B-40 mg C18; A-40 mg PSA ; D-k
Hibo
P2 N[ R R A I e BT B L At

Fig.2 Comparison of matix color after purification of different
adsorbents
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35 FAENZMTEESEER

LS A A 35 O 4 RO R S W, B — 7 e ok ol B
HACUHY . 12 A Z s K A TR A AR E LA, Bk
— RYIbRUEI LR, B SO A5 - AR I TS T e,
PL BAREA P g AR OS5 R 2 & (X, mg/kg) AT
SRPEmIE, 25 2, wk H R R AR A AR DGR B
RN B RIFMZEME LR, EmBR(limit of quantitation,
LOQ, SN=10)H 0.005~0.01 mg/kg; &t 25 K HACH
FEM SR B B 93 B R4k S6 R, 8 2 BR (limit
of quantitation, LOQ, ¥N=10)y 0.005 ~ 0.008 mg/kg, ] i
JE SRR I E BT
3.6 FHERMAREWERESBEHEE

bR SR, P I IR B AR R, I
AN AT RN 43 19 25 AR AR S 2R A T 0 i, i
Hil € MRL ARAERY, 5ILE =R, 10 f5E =R . MRL {H

AKOF-HEATUS I mORES, A bR K FEE N E 5 K, I
2 3. 47700, BERERW, fEm . AR 3 A ndRKF
AR DR ROk % R AN SR 3 iw, kU I A
B R RN 86.8% ~ 97.6%, AH X A% HE i 22 (relative
standard deviation, RSD)} 2.7% ~ 6.8%; & Z,F J HAX,
BRI EE R 85.8% ~ 96.9%, AHNFRUEIRZE N 3.2% ~
7.4%, 7RI ]S S R0 2% 5 50 Y A A7 ook i e
W2 v 7 TR 5 PR 1) M RO,
3.7 SERRAEMAET

I FH I ST 4 J X TS 1 50 A R AR A it A 7k
Jiig 2R 2 BRI 2, A5 A B 3 O RE A R s 2,
fis, SRAES 9 0.010, 0.013. 0.025 mg/kg; 2 FFfE Ak
kb, SRAES TN 0.013, 0.051 mg/kg, SIRILE .
W . AR 4R A v vk s ke R B Z R MRL, %
FYIA R MRL,

®2 SHRAMEMTEE. HXRBMERR

Table 2 Linear ranges, correlation coefficients and limits of quantitation of the 8 pesticide residues

e x| LNVl /(me/kg) LYY i LESES () SEREBR/(mg/kg)
1 ke 0.01~1.0 Y=8.02x10°X+1.17%10° 0.999 0.01
2 DN 0.01~1.0 Y=2.64x10°X+3.95%10* 0.999 0.01
3 UF 0.005~1.0 Y=1.57x10"X+2.00x10° 0.999 0.005
4 2 i 2, B 0.005~ 1.0 Y=8.33x10°X+8.52x10* 0.999 0.005
5 BYI108330-J A (S1) 0.008 ~ 1.0 Y=3.92x10°X+8.19x10* 0.996 0.008
6 BYI08330-F i (S2) 0.005 ~ 1.0 Y=9.19x10°X+8.01x10* 0.999 0.005
7 BYI08330-4(S3) 0.008 ~ 1.0 Y=4.51x10°%X+3.75x10* 0.999 0.008
8 BYI108330-¥:5£(S4) 0.005~1.0 Y=7.74x10°X+6.45%10* 0.999 0.005
=3 8 MRAMMNAREILER KI5 % E BB (h=5) HR3
Table 3 Spiked recoveries and RSDs of the 8 pesticide residues e ks S %
(n=5) FE A HIARIE B o,
/(mg/kg) 1%
¥ SN B A 23
F5 Bkl Tﬁ”ﬁg i J/'?/Wz RSD/% 0.008 92.2 7.4
(mg/ke) ° BYI108330-
0.01 89.7 3.6 WBRER(S) 0.08 88.8 4.1
1 ik s 0.10 94.3 2.7 1.00 95.0 3.8
5.00 93.2 43 0.008 87.2 4.8
0.01 97.6 3.8 6 BYI08330- 0.08 95.6 3.6
' ' ' MR (S2) : : :
2 DN 0.10 92.4 5.9 1.00 92.5 32
BYI -
0.005 86.8 5.8 7 iﬁmgiéé()) 0.08 287 58
3 UF 0.05 913 3.0 v
1.00 91.2 6.1
5.00 92.2 6.8
0.005 92.1 3.6
0.005 94.2 47 . BYI108330. o . '
4 W2 2 B 0.05 96.9 3.9 ;%E(S“_) .05 5. .
1.00 93.6 4.4 1.00 90.0 7.0
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