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(TP b BRI P, T 315040)

B E: BM &M e SO 6% - 8 BT E I (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)IE R h 2418 R B, MM Z 5k ik, & MM ERRIE S N %
Eh 8- HEEML S, S ZHER B 4 1%L RIEWR S E(95:5, VI, PSA HL), R0 (-
FRIRBTRAGHI TR . Z558R ZHU& R B Al 8-FEHEMEMR 53 HI17E 0.001~0.50 mg/L F1 0.0001~0.050 mg/L ¥k FEE
FE P, A v TR A v B 5 ) o (38 St AP ARG R, HISEREL r=0.999., ZHIE R B I uif 765
AR EYE IR 20518 0.010~1.0 mg/kg 1 0.005~1.0 mg/kg, ZHiEE B W IERTE 84%~99%2 8], HHNT
B 22 85 KA 5.2%; WA -2 [l SR AE 78%~88% 22 [T, AHXH AR I 22 fe Kk 3.4%, & BHZ vk (i vE w3
FRE BTGB EsR . i ZHE R B A 8-FILmsmk iy Jr 246 Hi FR (limits of detection, LOD)43 4
H1.0x107" g A1 1.0x107'2 g, J7eE & B (limits of quantification, LOQ)4> %24 0.010 mg/kg 1 0.005 mg/kg.
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Determination of polyoxin B and oxine-copper in pear by ultra performance
liquid chromatography-tandem mass spectrometry

HU Chen-Lei, WANG Quan-Sheng, ZHANG Liang, FU Yan, XU Feng, CHEN Hong-Xia, WU Yin-Liang"

(Ningbo Agricultural Products Quality Testing Center, Ningbo 315040, China)

ABSTRACT: Objective To establish a method for the determination of polyoxin B and oxine-copper in pear by
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods  8-hydroxy
quinoline converted from oxine-copper and polyoxin B were extracted with 1% acetic acid solution and methanol
(95:5, V:V), purified by PSA, and then detected by ultra liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Results The correlation coefficient () was no less than 0.999 within the concentration range of
0.001-0.50 mg/L and 0.0001-0.050 mg/L of polyoxin B and 8-hydroxyquinoline, respectively, which indicated a
satisfied linear relation between the areas and the concentrations of two target pesticides. Meanwhile, polyoxin B and
oxine-copper were fortified into pear blank samples respectively to carry out the recovery tests. The addition levels of

polyoxin B and oxine-copper in pear were 0.010 to 1.0 mg/kg and 0.005 to 1.0 mg/kg. The average recoveries of
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polyoxin B were ranged from 84% to 99%, and the maximum relative standard deviation was 5.2%. The average

recoveries of oxine-copper were ranged from 78% to 88%, and the maximum relative standard deviation was 3.4%.

The accuracy and precision were accorded with the request of residue analysis. The limits of detection (LOD) of

polyoxin B and 8-hydroxyquinoline were 1.0x107'" g and 1.0x107'? g, respectively. Their respective limits of

quantification (LOQ) were 0.010 mg/kg and 0.005 mg/kg. Conclusion The method is of higher sensitivity, which is

helpful to improve the monitoring level of residual risk of polyoxin B and oxine-copper pesticides.

KEY WORDS: polyoxin B; oxine-copper; pear; ultra performance liquid chromatography-tandem mass

spectrometry; residue analysis
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PR A% A FUY, LR AL R e D v 4 i B L T ok
A A RO T S B A T, 2 RN Ry
. BLIRBERG . AR MR S TR TR E A RAT R BIRRL
B WESAR T — MR ML E G YR R, e G R R
B, BRI R, BH b TP R 2 TR M Y
B & AR AP M SE B R A A B A RCR . B, X 2 Fhk
NIRRT ECNZ N A, CIE TR, SER . il
BUSENT 40 FRVERM . TR ) 1A A B A AR 7 Y o 1) i KB
FA PR (maximum residue limit, MRL), HE M E T L%
FRAERLP MRL 2 0.10 mg/kg ), H. 35 5% B 1 43 51y
WA Z P R B (500 1), Fit, b siniE s
B 218 3R DS A 25 1Y 5% B R, R, S AT
SEER R A T RN AT Y

(b)
Bl 1 Z4i%E B(a), MW b)RIL2ASE R

Fig.l Chemical structure of polyoxin B (a) and oxine-copper (b)

IR, A G P A0 STk Hh o6 22 T 25 2 0 W IR ) A

W5 A WA i vk . SR @RS, T A Y2
B2 C BRI UE, Bh % BLAE - AR ZE O NE i, BT,

I8 3 B Y04 H Yk - L Ak 24 & % Pk (capillary  electrophoresis
electrochemiluminescence, CE-CEL)K I HE 1L AP (1 Zhi B &R
B; AUV LK (37, V:IEWIRE, WCX Hik,
3 2ok R R OV 3 R I I S K SRR SR T R AR R
B 5% FH; SONG %5PILL 1% BRIFTRARIN, C s bEEHLSS,
PR R OB TSI e 2R R B; RN EED
FH 1% RE R IRAR I, HLB AE ek, 8 i OR A 354 il v
AR BB EUR 21 -0.1%Eh BRIE T (14:1, V:P)IREL,
Cg HURRAe Mk, WSRO R o WA VR 5IH 3%
HIBRER KW . EDTA W ROA C TG IR G 3R BURE &, R, S
R - RG34 LTU 5512 QUEChERS Jy
AR s R o 5 A A SGSCIRI 1L, o R & B RORE €
- RIS E R B R I 25 R BRI R 1 7,
I, AW A T [FBR AL h 2505 R B MR 2
5% BA R R i AW AR €038 - £ IBK 5T 3 75 (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS), ZITEE IR, Wi, Ay 2 hiaE R
WS AR 114 3% B XU, M B8 P B A S -

1 MR5ERZE

1.1 U5

Waters Xevo TQ-S i =5 2 AH €835 - 5 1K o1 15 1Y
(= Waters A Hl); %M Agilent SB-Aq(3.0 mmx
100 mm, 1.8 pum). IKA KS4000ic HIRIRG #% . IKA
GENIUS3 JEiR iR & %% (18 [E IKA /A #]); Sigma 3K15 &
HELOHL(EE Sigma 24 w]); XPE205 L+ K- (B 114
R -FER 20 FD 5

LZAiEE 2 B hRUEM (ZEEE 29.0%) . MERRERARAE L (211
92.7%) . 8- % KL W Wk AR UE A (26 B 99.4%)(E [E Dr.
Ehrenstorfer GmbH A A]); ZJE(Hi%4E, #EE Merk /A H));
HER . CRRIEIEAE, B TR0 (L) A R ], PSA M
AE40~63 pm, FEE Agela A 7]); Crg W50 pm, JE33E
RIRBH AR 7)), A #2402 (graphitized carbon black,
GCB)(Z:H Agilent /A7)

B2 (AR S AR RN O AR WV T T RN X ARl



662 B dn 2 4 R R I A 4R

12

RSB R
1.2 FRERROCH]

ZPiITF R BRI &R FRIL34.68 mg(f5H % 0.01 mg)

ZHiEEE BARESR T 20.00 mL 58, FMPELSK(GS:S,
VEIBELS, A IRSI1FE] 503 mg/L AR EME &

W IR AR G A5 T FRER 12.55 mg(IFHIE 0.01 mg)
MR AR AR T T 50.00 mL =i, A EESK(S:S, V:0)
WWESS, AR5 233 me/L FRiERE & .

8- 3% KL s K B ME £ A5 W FRER 10,57 me(KE i =
0.01 mg)8-F2FEMEMRERIEN: T 10.00 mL 25, I H
5K (5:5, VIVBERAES, #EIR5155) 1051 mg/L brukff
/W

PR a4 I 1.988 mL ZHEE B,
4292 mL WEMRERFN 0.951 mL 8-F5 L0 bR i 45 B T
N 10.00 mL i, DL EEIK(S:S, VINIBRES, B
TRAIEF4 H 100 mg/L FrifE b al g .

FE R VT EC IR A AR vE TAE W T 100 mg/L ZHiEmE
B Ml 8-%3LmEmiiR A iR RN, F2s FRE i BRIR T,
FRRREC I >~ 0.0001, 0.0005, 0.001., 0.005. 0.010,
0.050, 0.10, 0.50 mg/L — R ANFEFVCEIR A PRt TAER
1.3 HmaraE

FREUFE A 5.00 g F 50 mL B0 & H, JIA 20.0 mL 1%
PRV S5 HEE(95:5, Vi), LA 350 r/min T A FIR
W4 30 min J5, LA 9500 r/min 2.0 5 min, FHuE4C gk
LA RIGE, D 1% BRERS R EOS:S, VERE
25.00 mL, #Ek.

WL 2.00 mL B35, A 50 mg PSA ¥k, 7Eik
IR #e FIRHE 1 min, L 9500 r/min 2.0 5 min J5, B
0.50 mL 4k E3EBOIMA 0.1%H IRIE R E R 1.0 mL 5T’
G5, 11 0.22 pm EERE)E, Ht UPLC-MS/MS Il E .

14 BIERRIEEY

RS WA 0.1%RFR /350 F RV T (A) AN
HIBA(B), RAMBEEVEB LR 1), @IS 35 °C;
HEFEAAA 10.0 uL,

Fig A [FE RN 24 EE R B F 8-FR Sk mEnkk . R A
R % 2% B 1 U IF B 734l (electron spray ionization, ESI),
Z 8 0 Wi 5 2 (multiple reaction monitoring, MRM)(F&

2), BYNEHIEN 2.50 kV, ZLHHEN 1000 L/h, #EfL
SFHN 150 L/, BTFHRIRE N 150 °C; FALSIRE N
500 °C;

R 1 RENEREE R &M
Table 1 Gradient elution of the mobile phase

BB At A /min Al% B/% I 34 /(mL/min)
1 0.00 95.0 5.0 0.300
2 1.00 95.0 5.0 0.300
3 1.20 5.0 95.0 0.300
4 3.00 5.0 95.0 0.300
5 3.10 95.0 5.0 0.300
6 5.00 95.0 5.0 0.300

1.5 RMEY RS

FREUALZS MR L 4% 5.00 g, R INZHIE R B AR,
TANZKSFH 0.010, 0.10, 1.0 mg/kg, [F1EF S 0 s BhRAR A v
T, AR 435124 0,005, 0.10, 1.0 mg/kg, FA
WIAKF-HEFT 5 WEE . #HR FR S IR BRI, 430
HWRZHER B, MEMRRRLRE I T34 %80 [BDSCR R
bR 2% (relative standard deviation, RSD),
L6 GRHH

FETVCEC MRS . A 1.2 1 BC i 3 S D AT TR
G FRE TAEROIF RN, 158 — R ZHEE B fl 8-7%
FEEMIR G A TR 2 . Z AR A (1) SRR S
ZPiEE B I 8-FRSEMEIR Y5 B it o

R=(p1=b)ax(V\xV3xVa)(mxVyxVs) (1)

Hrh, R ARG Z9IEER B A 8- R SEms ok i) 4% F 4k,
mg/kg; pi NHE SRR T 218 3 B I 8- R EEME I S,
mg/L; a M b 435 254K B Fl 8- R BRI A& KL BTAR
W R R vy L Vo Vs Vi Vs 2303
WAL BUART BB bRk b BN B A R
R, mL; m NFES R, g0

HAE AT (2) TR A A s 19 5% BE

R=Rla (2)

Hirp, Ry SRy nds w14 5% B &, mg/kg; R A 8-F LMk Y 5% BE
i, mg/kg; a FMEMRER AL R 8-FR BEMEMRIN FE ALK

=2 ZERMIEN
Table 2 Condition of MRM

ey’ BT (mlz) FBEF (m/z) I BRI ] /s HEFLH RV flf 2 HL R /e V
. 102.0% 0.100 20 35
ZhEXB 508.2
4292 0.100 20 15
. 128.0% 0.100 20 22
8-F s bk 146.1
118.0 0.100 20 20

T W ERE T
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2 HERE5HH

2.1 {URFHMMRL

HTZHEE B Ml 8-FR LM mire IR i h UL Bl FTHE,
IR A UPLC-MS/MS ZEATAGIN . AL s fhad 72 4351
ZET BSIH BSTF BRI T REMAETFER, 4%
FW], ZHALE ESUSM T A B RIFHES MR . #F—2H
WEM, ZVER B M 8-FRILMEMR A T L (m/z) 53 K
508.2 >429.2/508.2 > 102.0 F1 146.1 > 118.0/146.1 > 128.0 1Y
BT R R, AR B AN R LRSS
SR, BTN AR s . A, ZHEE B Ml
8-FSL M e TR 1 A P S T RRE, IR RS A 2,
E-K. CIE-0.1%FRRIER . FEE-0.1%FRFER . LI
—0.25% A RIE AL 4 P sh AR R AT b, RBUH A
AN HEE-0.1% I BRIA TR, — 1 BA R 1T A
NAE. HTZPER B M 8-FR kst i i b &4,
SEIG M BIXT H T Agilent SB-Aq (3.0 mmx100 mm, 1.8 pm).,
Acquity UPLC® BEH C5(2.1 mmx100 mm, 1.7 pm){@igkE,
KL EE B Ml 8-FRIEMEWTE C g k= AR IR IR A,
SRS T PR IO 505 8, Agilent SB-Aq HEAN
IXREIEE AR R S A, RREA S E K ZHIFHE B M
8- SL M A (B A L AR R R), R R, By
PIVESE Agilent SB-Aq .

2.2 HIRLIEFMARMA

MEIRAR AT DL S, FERME A TR, B
KASRE, A EIRL 5> 8-F2Fkmslk, MEHEE B
SRR PE L AW ER e R R RS S R AR H B IR T K,
HRAE WA, B 0.1% IR 1% L IRIE TR . 2
- 1% RIS . TEE-0.1% P RIS, 202555 ks
T A MR, e B - 1% 2 R VS TRURR 44 T oAt
A3 IBOR A SR IBCHCRAT, 135 BT SRR AR A R o,
W R BV VR A FH - 1% S TRV W o M — 25 X6 S g 375 7 A
I NIRRT T Ak, R BN IR 10, 20,
30 mL FIPRIGIRE 15, 25, 35 min TALT, PR%IE M 4E
X s R 11 [T SCR A B R, AR R,
AR RS 10 mL B ENRCR L 20 mL B, 20 mL A
30 mL BFRE AR, 565 IBENTAERREHE
T 20 mL $%%% 15 min B3RELSAE .

H T REREALE PR ST, ik 0 B R R 2
(PSA. Ci3. GCB) K JHE (50, 100, 150 mg)itfT THIFT, 4%
TR, 2 mL TR PSA HHbJE ZHi 8 % B g
Rt FCA RGN R, 7 50 mg PSA J5 8 5 T4
BFEME, HZPEE B M 8-FRILmsmf iy [l i (4
95%); MIRMELLT Cig bt ZHEE B A EIBCRIEA B
SO, T 8-FR AL ME IR ARl 50%), GCB ¥Hikfs £

HLadEE B Il 8-FRFEMERR Y M ISCRA Ny 40% . BIILER G558
K 50 mg ) PSA XFRURE St T L Ab B

B b, 10 mg/kg MMEMRERLE 1% BRI TR IR H 58
LAY IR 8- YR FEMEIR I B 8.25 mg/kg, A SE WA 7E
R W SEBRE AR, 43 1H 0.10 mL ¥k 5.0 mg/L
2.0 mg/L FIVEMRMIPREE R, DRSS AR I RE RS
20 mL, ¥ERIANEE R TAFE, L UPLC-MS/MS #4714
W, BRI 2 ANEE UL S-FR I AR v I 28 5 B Hr, 15
2| W DA 76 FLHL TR P 1) BB R N 98%..
23 ZMXFR

TS A -NH, -OH S5 [A1 AY 4 2538 2 2 B i
AT, R ZHE R B M 8- BRIk ke AL h 1
FE RO AT T RIS . 8 H, FEFTRN (matrix effect,
ME) 14 38 55 42 FH 5 A v 11 2 04 2 15 4l 750 s v A S8 i
2R ARL R A FOAELEA T 1 (ME=JE 50 i A8k 3 /5 50
)4 LAY 0.8<ME<1.2 B, JERRAN A T4k Z W, 52
sk RRY], ZHE X B Ml 8- ILMEEFLAL R 1) ME
<0.75, FWIAFAE 5 W i A 6 Ay, AR 366 I D i A
PRI T

J5E I BL L bk B R 0.0001, 0.0005, 0.001. 0.005 .
0.010. 0.050. 0.10. 0.50 mg/L — Z 5 HEFFVCH IR A hrifE
TAEW, UPLC-MS/MS TGN, 45980, ZHiHEER B
8- % KL s bk 4 B 7E 0.001~0.50 mg/L I 0.0001~
0.050 mg/L ¥ FEE I, bR vl 1A IR0 e J3E 5 e 7
B RAFIIRPE DGR, MR r=0.999. DL 3 f5{EMELL
5, ZHEX B Ml 8-FEIEMsml i (LA H FR (limits of
detection, LOD)4351 9 3.24x107° mg/L 1 1.67x10°° mg/L,
ZYi% % B 8- Rk i bR ik th 2 An il 2 s .
24 EMESHEEE

R FE S T oA 2% 512 56 A A i 43 BT 1k 1) E R B RORGS
W, ZPURER B ORI 1 U IR E 4 51 0.010~
1.0 mg/kg 1 0.005~1.0 mg/kg I, ZHHE X B 7EEL P YT
BN AR 84%~99% 2 8], AHXTFR A 25 e KN 5.2%;
W I - 249 [T 6 TE 78%~88% 22 1], K X s v 0 2 i K
K 34%. ZPLEE B OFIMEMRE I 7 k2 it R (limits of
quantification, LOQ)%3 %147 0.010 mg/kg Fil 0.005 mg/kg, L
WREETEF, 1205 1 0 VAR B RO 2 B T, W AR
B B A AT BERUS), SRR BB E WA 3 TR

AW ZHiER B ORI Y )ik LOD 4051k
1.0x107"" g 1 1.0x107"2 g M 061 SCiik, 5k i 2 F
R ZHEE B Ik LOD H 1.0x1070 g, 14 4016l
5 H g s R K REAE B B9 35 LOD M 1.0x10°7° g5 72
UV g b s AR 2 SR 8% P 9 595 LOD  5.0x107 ' g,
AT UL, Ay g LA A i R 0% L RE W R AR R
MR .
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2.5 EFRMEmOH B4R, MiZ5IRIBE 10 d, RABERUHIZS 5 0 d AOFE S ik

I ET AW T B S AR, Ty TTRINHTIA 0 d AR IR LA 4), SRR, 24w
I T RN, HIGABII AT AR, e R BAERUEAL DAUBIIRTIRALDY 0.02 me/kg; MEMHHITER
SR RRE R A th ZHUEE K B RIVEMRG 5% B FEMh EROPIEATURUE o 0.38 mg/kg. (A ST Ir ik 1R

WM, HATT S0%Z 4 Mk TR IPAIZEALM i RO SCRRRE AP ZHUE R B RIS R B, UL
FIFIFR R 920, JUAEAL LRIGZ A1 800 Ak, Hizh  PRELTACRET .

A B
100000 |- 1000000 P
/// ’ %
80000 |- //./ 800000 | - ’
pd /,,/
= 60000 | _’ e o 600000 ’
= =
: £
£ 40000 + = 400000 -
20000 - p 200000 :
S e
0 vl 1 1 I 1 1 0 = 1 L L 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.00 0.01 0.02 0.03 0.04 0.05
FREF R B/ (mg/L) FRUEVE RO BE/(mg/L)
A 2455 Z B(0.001~0.50 mg/L); B: 8- Km0k (0.0001~0.050 mg/L).
K2 ZHi&EzR B M 8-FRHL M/ B R BT iy bR i 2k
Fig.2 Standard curve of Poiyoxin B and 8-Hydroxyquinoline in pear
MRM of 4 Channels ES+
MRM of 4 Channels ES+ 100 . 5 1.69 508.2 > 429.2(polyoxinB)
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4.19¢3 [
ot
0 d‘ . . 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 100 1.69 MRM of 4 Channels ES+
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4.47¢3
0 L
0 L N . — " ﬂbm,mm“‘m“
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i 100 MRM of 4 Channels ES+ iid 3.68 1461 MRM]ZS 80£4d(r3halmels ElS+
o 146.1 > 128(8-hydroxyquinolin) H.n-;lﬂ- 1> 128(8-hy oxyqugn;sm;
‘E 1.97¢5 1= -6¢
2 £ L
0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 100 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
100 MRM of 4 Channels ES+ 3.68 MRM of 4 Channels ES+
f{ 146.1 > 118(8-hydroxyquinolin) 146.1 > 118(8-hydroxyquinolin)
2.38e5 6.86e7
0 0 0.50 1.00 1.50 2.00 2.50 3.00 35%)400 4.50
100 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.(?3(3‘113?2]([)1!1615ESJr 100 - . . . . TU3%6R1  MRM of 4 Channels Fﬁé
r{ 42565 1.36¢8
0 I
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
i} 8] /min i} [8] /min

i A AL FRRR; B: 0.05 me/L BE TS IR -A AR ERS L o
K3 ZHisiR B A 8-FRHEME e B BT b iy (B35 4]

Fig.3 Chromatograms of polyoxin B and 8-hydroxyquinoline in pear
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1.68 MRM of 4 Channels ES+
100 | ¢ 508.2 > 429.2(polyoxinB)
5.56e4
0 .00
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
100 1.68 MRM of 4 Channels ES+
508.2 > 102(polyoxinB)
1.46e5
0 i -
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
j&( 100 3.68 MRM of 4 Channels ES+
o 146.1 > 128(8-hydroxyquinolin)
e 7.34e6
=
= 0
100 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
MRM of 4 Channels ES+
146.1 > 118(8-hydroxyquinolin)
6.64¢6
0
0.50 1.00 1.50 2.00 2.50 3.00_3.50 4.00 4.50
100 3.68 MRM of 4 Channels ES+
TIC
1.40e7
0

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
it 8] /min
7 C:0.10 mg/L ZHiFEFE B A AL o
K 3(4E) ZHER B A 8-FRHELWEIAERLIL BT b 1k (o3 (4]

Fig.3 Chromatograms of polyoxin B and 8-hydroxyquinoline in pear

100 1.68 MRM of 4 Channels ES+
508.2 > 429.2(polyoxinB)
1.12¢4

.00
0 e n
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450
1.68
100 1 20200703test009 MRM of ‘}(g(‘gg{‘y";iﬁg
[ 2.92¢4
0 i 1\
0.50 1.00 1.50 2.00 2.50 3.00 4.50
- RM of 4 Channels ES+
100 1 20200703test009 46 1> 128(8 hydroxyqulnolln;
i [ 2.79
ﬁ I
B C
0 0.50 1.00 1.50 2.00 2.50 3.00 450
_ of 4 Channels ES+
100" £ 20200703test009 46 1> 118(8 hydroxyquinglin)
- 2.52
ok
0.50 1.00 1.50 2.00 2.50 3.00 4.50
100 1 20200703test009 MRM of 4 Channels ES&L
X k 5.31e7
ok
0.50 1.00 1.50 2.00 2.50 3.00
5 [E] /min

B4 HITLAL 0 d B g
Fig.4 Chromatograms of Zhejiang pear in 0 d sample
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