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BRI, Rl A 5 i X6 T A AT A 4 SRR PR o 01 2 [T 38 70%~93%, d5e OAH X A 1 ff 22 (relative
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ABSTRACT: Objective To establish a method for determination of acequinocyl and its metabolite
hydroxyacequinocyl residues in Citrus by wultra performance liquid chromatography-tandem mass
spectrometry-electrospray ionization (UPLC-MS/MS-ESI). Methods The Citrus samples were extracted with 0.5%
formic acid acetonitrile, purified with florisil absorbents and magnesium sulfate anhydrous, eluted with the mobile phase
of 0.1% formic acid solution and methanol, separated on the ACQUITY UPLC BEH Cg (100 mmx2.1 mm, 1.7 pm)

column, then analyzed in positive ion mode of electrospray ionization source under multiple reaction monitoring
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(MRM) mode, quantified by matrix matching curve external standard. Results

The linear relationship of

acequinocyl and hydroxyacequinocyl was good in the mass concentration range of 0.0025-0.0500 mg/L, and the

correlation coefficient was greater than or equal to 0.9984. Meanwhile, the average recoveries of acequinocyl and

hydroxyacequinocyl in whole fruit and pulp of Citrus were 70%—93% with the maxium relative standard deviations

(RSD) of 12.0% at the spiked concentration of 0.005 to 0.500 mg/kg. The limit of quantitation (LOQ) of this method

was 0.005 mg/kg. Conclusion This method is more convenient and efficient applied modified QuEChERS and

UPLC-MS/MS-ESI. Moreover, the accuracy, precision and sensitivity are satisfied to accord the request of residue

analysis of acequinocyl and hydroxyacequinocyl in Citrus.

KEY WORDS: acequinocyl; hydroxyacequinocyl; QuEChERS; ultra performance liquid chromatography-tandem

mass spectrometry; electrospray ionization; residue analysis; Citrus
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MRL) 0.01 mg/kg, 75 358 B 20 A 5 T8 o I G gt
FRHE R, O AR B R R o TVRAH €8 15 38 R TE Tk
TR TR, FLIRAE (3 12 T 2 A2 2% R i A 2o 8 2 B 2 o
THE, I T AR . R PR €5 - R 50 T 1 L 0 R
FOHRE I REE, W YING ZEPLR W R 205 Pk 32
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AL AT IR R B A BT EEoR, (HUE R KRR
HH, 2 il (atmospheric pressure chemical ionization, APCI), 7%
2R S TR A5 UOOR T SN/T 4066—2014 T4k #
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FRER o AN /I S 4 35 o RE X 7 B ) R A T L ETA
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FH 4 B 55 125 15 (electrospray ionization, EST)#EF TR /7
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1.1 MR5RF

RG2S FURE AL AL RPN B M, THER I SE

KIBTR(AEE 98.16%) . FRALKIHMR(LEE 98.68%) (1
[# Dr. Ehrenstorfer 2~ dl); ZWg . HEE(GiG4l, 2% Merk
AT, PRR(EIE, 18E Aldrich 23#]); A4, TokEk
TR (A b ali, vl ] 24 4 Ak 250 A BR A w ), N-PY 3k
Z . —JH(primary secondary amine, PSA, 40~63 um, %%
), B BAEL(60~100 H). Cig M550 pm)dbat
RIRANTD); A1 A4k ARK B (graphitized carbon black, GCB, 3%
E Agilent A F]); ZEEBRAIKE (20~30 nm, VLHFEFEHK
MRPEHE AT B H)

12 UFE5E%

Waters ACQUITY Xevo TQ-S i i R I AH {3 - AR I
JRE{Y . ACQUITY UPLC BEH Cg f&15%4% (100 mmx2.1 mm,
1.7 um)(3E B Waters 72 wl); KS4000ic fH & ¥k 3 %% .
GENIUS3 Jig iR & s (i IKA Ar); 3K15 & E.0Hl
(f# [ Sigma 2% #l); N-EVAPTM 112 & WAL (3% H
Organomation A F]); XPE205 42— 1RVt
Mettler Toledo A ).
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1.3.1  ARBERBH
it AR BRI 2 7 Ul TR A 552 66 R TR AR AR 5, 400l
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FH15E

LIEEASTLHI A 100 mg/L BFRHERE W - 43 588 BUE T
WEAE WU 20 2 A mE ) 1 me/L BTRA AR E LAVER . 331
HREFHG R . RS At BRI R, LIS
i T T ) B R BE 40,0025, 0.0050, 0.0100, 0.0250
0.0500 mg/L FRFN A | A 4 AR R 5L B IR A pm v 1
YRR -
1.3.2 #enaras

FREUEERS 5 g TR Z 0.01 )T 50 mL B0, HEf
fITA 10 mL 0.5%H R 205, L 450 r/min P35I 30 min,
JA 5 g EALEN, 4k£29%7% 10 min, FFLL 9500 r/min B0
3 min, BHFEHI 3 mL BER T HCEA 150 mg WP H
T £ 200 mg To/KBREREE B ¥ RHE O, IREEIRS) 1 min
J& 9500 r/min B.L> 3 min, MHEFIREI 2.0 mL _FiERTZIE
A, F40 cCKIE T AR ERBU/NF 1L.0mL, FHZE
ERE 1.0 mL %A, WAJE, i 022 pm I8
UPLC-MS/MS %€,
133 MBELH

ERESAE: TSR 0.1%{RF 50 H R T (A) Al
HIBA(B), RAMBEEVE k(R 1); QIEHEAERRY 35 °C;
PERERFTN 10,0 pL; @ik Waters ACQUITY UPLC
BEH C;g (100 mmx2.1 mm, 1.7 pm).

R1 OREEBEERZ G
Table 1 Gradient elution of the mobile phase

BEEZE HF1A]/min A% B/% Tt #/(mL/min)
1 0.00 80.0 20.0 0.250
2 0.50 80.0 20.0 0.250
3 0.60 2.0 98.0 0.250
4 6.00 2.0 98.0 0.250
5 6.10 80.0 20.0 0.250
6 8.00 80.0 20.0 0.250

R S R BSIHA X T4l , £ = S v
(multiple reaction monitoring, MRM) /7 2(F& 2), B4IEH
FEN 2.50 kV, ZFASIEN 1000 L/h, HEFLARE A 50
L/h, &R N 150 °C; %05 N 500 °C,

13.4 HAe ik

A3 BRI AT 4= SR AR 28 FUFE R 4% 5.00 g, 43311
S R I A T A 3 5 OB R AT MV T, TSN KR Y Ry
0.005. 0.010. 0.500 mg/kg, FFNMAEHIT 5 KEL .

Fi BB LR 25 TR AL B IF ARG I, 4 00 S B s  [e fi 2 R0 A Xt
FRUEDR 22 (relative standard deviation, RSD), 244 i HERE Ik
FERR R VR TS A, 7 DL AS A O B R Y LY
JE R

1.4 BUELIE

K Masslynx 4.1 #0484 BN BEAH R I e 1 5 1
2550, R A WPS 2019 SE1THR 2R 40L& Fn it sk 1

2 HRED

2.1 FRIFHMIL

RN R R 0.1 mg/L A4 IR A1 3 I s TR
bR TR IR A T A A, SRR At U
W R 75 0.1%MR-ZMER R, TIES FEEATAH—E
FR I 7, AELE R AT T 0.1% M AR -H AR & ey, TEIE 25
T BA REFRYIAN . 33 AT RS i T AR vA R 2 L B
RO 200 R A R, e B R R R T
—E AL HEEI, Horr, BRI L) M+H B B 10505 5,
T I TR 7 A ) B 18 5 R BE KT AR W), T Re 2 el 72K
RS oy Y, (e B T A e B AR SR I S
PR R WERRAH R A0 BE RS 7, Z IR ARt — DR I E
BEES ), A B Sl A v 5 2R AR AT oAk, e B
BTS2 (3R 2), MO R A B e o
22 BIEZHMK

H T 2 Al TR R 55 s ol TR 1 G B A I, R Ot
LT 118 43 185 3 J 1 A 1 i 1 O B Sl 2o X L Watters
ACQUITY BEH-C,5 (100 mmx2.1 mm, 1.7 pm). HSS-T3
(100 mmx2.1 mm, 1.8 um)#Fl Agilent SB-Aq (100 mmx
3.0 mm, 1.8 um) 3 FP Al & B, JOEER A2 3L KOREER AE
IS FROR B RE B0, g (R ALhE, H —F RE Ik
BB R R SR, Hor s B AR E o EHSE IR 5
JH# BEH-Cg B35 AE, #E— X ah Al T 7k, 45
R, T8 0.1% MR- NE A Z b, K BARAE, mAE
0.1% MR- FH A 25 v, U6 RS 0 58 56 X W6 T 4 HL AT A v
ORIV IVANNE 8 2 e A I 2 W b s B Y S B
LRI iR B Bt L BEE A1 (R 1) T KR AR ALK
AR 1 55 1 PR [ 1 MIRML SHLT50 5 35 P AL €T 1

%2 MRM &#
Table 2 Condition of MRM

&Y £ B4 ) 8] /min BEE T (m/2) FET(2) T A I I /s HEFLHR/V Till 4 Ha i /e V
D 5.4 115.08 0.050 10 46
343.22
e P i 5.2 189.06* 0.050 10 20

TE N ERE T
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A B
100 ¢ 5.18 100 ¢ 5.20
5.41 5.41

S S 4.81

il il

= 50 | = 50 4.64

= =

o b L ¥ A ppe St Pl TN L
4.00 450 500 550 6.00 6.50 7.00 400 450 500 550 6.00 6.50 7.00
{3 B4 15 1A] /min £ B3 B[] /min
11 A: 343.22>189.06 ¥ 5 [5]; B: 343.22>115.08 T &1 &,
B R W 0 4% 1€1(0.0025 mg/L)
Fig.l lon flow chromatograms of standard solution (0.0025 mg/L)
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23 FIAMNEREML AH ARG = S RN SR IR L TRV A An e CAR A TR I, AFE bR

ZESMIESCERCTY, HEERAT 0.5%HROIEEN
PRPUA R, S5 RFAIRPUCER ST, PR KT 90%.

W—2, T PSA. Cig. GCB., ZEERRAIKEFHD
HREL 5 R PG E S g R R 150 mg).
SEIRRM, BRIE BLAE L4, oAb S —E B
Wz o I TR R R B IR, 35 B T ISR B A, Hoh GCB
ZRERRAUK AT T 58 WK Crs HIREFLENICE 65%);
PSA FI9R% Bk b FDR Rl 85%~101%, T i 2h % ke
o v 2 R (R AR AR R O R B, b v A I 5510 X
P 2 BRACR TC B S X, e R 150 mg 5% BLak:
T i T

H T JOEER 2 e, BRI A Ak P R R R E
PEAT TIRR . RILERH . ¥rfb il T2 Ml vt 45 A
BUN, T Z RO B R E I SZ R, SRR E
F B ET, 12 h )5, Bk 70% KGR 40%55 5
KR R A et . A FAR AR IR, 12 h R H R
f#F/ N T 5%
24 ERMYN

JOT TG I 3 e e R T b 3 4 4 A IR) o B0 R BT A
O XA 245 R 7 £ i 22, DR I Ko R g T A 0 5 X
TER AR 2 AR PR A R T 3RON, AT T F 9T TR il o e ok
247 0.0025, 0.0050, 0.010, 0.0250, 0.0500 mg/L HIZ4EEEFH .

HEVE R R AR AV I R L G B B RN, 2 o
ROV R 0.9~1.1 Iy nf Zmg 2 2 GERLRA, JIHIR A
KBTI 4 AR A P LTS 0.22~0.32, Ui
FEAERRLE O SEFT RO . AR A0, 7 A A AL oo AN B A,
{EL 8 SR 0 P A7 7 2 S S50KG I ) 7 2 4 L 0 AR v 12628
117 35 55 G i 7 2 — ol R 368 S8 g A 1 ik 220, TRt
hE R, RS VR R ARG TR R
25 FAEFER
LT E Ao £ F IR

i il B MR A 0.0025. 0.0050., 0.0100, 0.0250.,
0.0500 mg/L FMTAE A AR R FE IR A i T ARG T
oz, LA AR (W TR, Y)FIERE BTk (X, mg/L)yBLG
AERE AR, L3 AREME LA 10 £ 050 Lo e (2R 1Y
K BR (limit of detection, LOD) #ll & & FR (limit of
quantitation, LOQ). Z5 5 B (5% 3), 7£ 0.0025~0.0500 mg/L
it BRI, RPESC R RAT . THEEA5 3 SR Ao 5k
KBTI AL R ARG A SRR A R LA R (3 AR R E) o
0.096~0.210 ng/L, 1% #% & & M (10 £5 15 M tb) A
0.310~0.660 pg/L, i /it SCHEEsK
252 EHELSHEE

SR A Rl i 38 S 96 Al 15t vk (%) TEF0 BE RIS 2 B &5 IR
HI(Z 4), 7E 0.005, 0.010 A1 0.500 mg/kg FHKFET, Hf
7% 4 SRR SR PR Hp I TS 35 35 RS 1) Y- 35 1T g 336 -1 Ay

2.5.1

®3  RIHERAERE RIRER AL AHAE L AAR R AN 2 B L

Table 3 Standard curves and matrix effects of acequinocyl and hydroxyacequinocyl in Citrus

wa&Y R e EIEpp AHIE R B LODs/(jug/L) LOQs/(ng/L)
EUN Y=5.101x10°X+2142.72 0.9987 0.096 0.310
K i
RA Y=4.456x10°X+1079.48 0.9995 0.210 0.660
‘ N SR Y=4.421x10°%+1332.11 0.9998 0.120 0.420
FHE I TR
RA Y=6.107x10°%-1095.43 0.9984 0.100 0.390
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Table 4 Recoveries and RSDs of acequinocyl and hydroxyacequinocyl in Citrus (n=5)
0.005 mg/kg 0.010 mg/kg 0.500 mg/kg
a4 E-9n
A IR % RSDs/% S5 IR % RSDs/% S IR /% RSDs/%
" Ko 70 3.7 79 3.0 81 6.4
I R
KA 89 12.0 85 5.3 88 4.9
2R 84 7.6 90 7.1 91 3.0
TR B K
R 93 6.0 91 6.5 92 5.4
70%~93% .  79%~91% #0 81%~92%, RSDs ﬁ?}' %IJ j"j cross-resistance between the Qo inhibitors acequinocyl and bifenazate in

3.7%~12.0%. 3.0%~7.1%F1 3.0%~6.4%. %5 FFH] )5 1)
TE 0 B RTORS 28 R 3440y, W NY/T 788—2018 {RAEH

A2 5% BRI EI ) A 2588 B A Aok . DR AR I
TR T i BRIk 0.005 mg/kg, IR AT TR A IR AR A

1 A% B B IE SE G A E
2.6 SCRRHEmIMN

AT B R R AT SR AT SE R, ﬁﬁ$ﬁ%ﬁﬁ%
WAL R 10 AR s B4 T TR A8, BR— A% SR
mﬁERMMEmeWﬁmﬁ%@%;awwmgmxh
s 359 A AR HH 7 I TR A0 2 3 I TR

3 4 1

A 5 38 3o WA R A AR A B AR PR A Ak, 3Ny
TR T TR R R K TR (4 8 A3 AT . SRR T
A1V FRESE APCT ARSI () Joy B, R 38 PP B 119 EST
WO ST TR, D5k 1A R A= O 2 G
Fo B HATRE G ATAL BRAL S e I B, A R R

BRI, HE LAk -4 W5 R 700 0 I 7K I B A s el
HE— 3R T AR . R R 70%~93%,
RSDs 2 3.0%~12.0%, JyikE =R 0.005 me/kg, FikiE
R, PIEE, FLUERRRE | R 2 0 R o R 34 AT v AT AR P K
%Mﬁ?ﬁmﬁmmﬁ%ﬁﬁﬁi,ﬁ%%MﬁkF%%
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