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i E.ES TR SI0RAE - $ KW BA R (UPLC-MS/MS) ik F BF 47 BN # #E F % 2
GO AR S 3 AP R B R BG0 Hk . MR 2 CIEIRIUS A AL B AR R FUR 4L, B AR AR &
B, R = F v SAT BB, A AR I RARE R IR RS, SR AW AR
#0.05 ~0.2 mg/kg & BB, BN S st Rk Arok 8 1 09 T3 R de ek 5 A A 85.4% ~
99.4% 85.6% ~98.7% #» 88.8% ~100.3% ,#a+ A4 £ (RSD) 554 2.7% ~4.0% 2.5% ~
3.6% F22.3% ~4.6% ; A % vk  Z Mk ok SE R0 T R m Ik 5 h 84.3% ~99.3% .
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UPLC-MS/MS method for determination of paclobutrazol,
forchlorfenuron and prochloraz residues in fruits

XU Yong®', SHOU Linfei', YU Miao', XU Zhengning’

(1. Institute for the Control of Agrochemicals ,Zhejiang Department of Agriculture ,Hangzhou 310020, China;;
2. College of Ammospheric Science ,Nanjing University ,Nanjing 210032 , China)

Abstract: A rapid method for determination of paclobutrazol, forchlorfenuron and prochloraz residues
in watermelon and waxberry was established using ultra high-performance liquid chromatography
coupled to tandem mass spectrometry ( UPLC-MS/MS). The sample was extracted with acetonitrile and
cleaned by solid phase extraction ( SPE) cartridge. The mass spectrometer was operated with
electrospray in the positive ion mode (ESI™ ). The target analytes were quantified by external standard
method and matrix-matched standard solution used to compensate for matrix effect. Average recoveries
of paclobutrazol, forchlorfenuron and prochloraz in watermelon samples were in the range of 85.4% -
99.4% ,85.6% —98.7% and 88.8% —-100.3% at three spiking levels from 0. 05 - 0.2 mg/kg with
relative standard deviations of 2. 7% -4.0% ,2.5% -3.6% and2.3% -4.6% . Average recoveries of

paclobutrazol , forchlorfenuron and prochloraz in waxberry samples were found in the range of 84.3%
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-99.3% ,84.6% -98.2% and 83.6% -99.2% at three spiking levels from 0.05 —0.2 mg/kg with
relative standard deviations of 2.4% -4.5% ,2.9% -3.7% and 2.2% -3.9% . Limits of detections
(LOD) of paclobutrazol, forchlorfenuron and prochloraz in fruits were 0.5,0.5 and 0.5 pg/kg, while
limits of quantifications (LOQ) were 1.7,1.7 and 1.7 pg/kg. The method is simple and suitable for
the routine and confirmation analysis on fruits.

Key words: ultra high-performance liquid chromatography-tandem mass spectrometry; fruits;

paclobutrazol ; forchlorfenuron ; prochloraz ; residue
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PUZAT i B F X (UPLC-MS/MS) [A] i 73 #r 7Kk 2R
H 22 B | SPHE IR A DR S fre 5% B 4 0571 o AR SR
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1.1 #AFENE

% 3¢ W ( paclobutrazol ) . 4 Nt & ( forchlor-
fenuron) FI WK fif fi¢ ( prochloraz ) #x #E & ( 4 J&
99.8% , Sigma 2~ ®] 77 i ) 3 W B 2N (0 3% 4,
Merck 23 W) ) 3 58 W ke (35 4l ; | alik ; R
(96% ) LR (99% ) . L TR %k (34} TEDIA 24w
i) s SALEA (43 T4, 140 THET 4 h)

R VR A - = EE DO T R K 9 AY
(UPLC-MS/MS, Xevo TQ MS) F1 Acquity UPLC

BEH C #[50 mm x2.1 mm(i. d),1.7 pm] (3EH
Waters 2\ ) ) 3 AWK ( 358 Organomation /A &] ) ;14
BIHL(TI8, & [E TKA A H]) s M4k 2l 4k £ 4t (milli-
Q reference, Millipore A w) ) ; 24 3% [H A 2% BY A
(6 mL,500 mg, Agela Technologies /A ] ) ;Filter Unit
JEME(0.22 pm fGHLZFR , Agela Technologies 2y F] ) o

3 DT VA8 Tl ) T A 5T S ik IR A
5 HEUC, B VLA & N T AR B2 T 37 4k BOA Afg RE
5 LU, T SEBRAE AT
1.2 AR KRR

HEBRFRIB 3 FhAfe 25 bR v i 4% 10. 0 mg (A ]
0.01 mg) , 735! F F B AR BT 45 22 100 mL, fic ]
BB Sy 100 mg/L (1) 5 — 4R 2 BR HEAK 25 TR
F 4 COKFETRAE . WM IGE f 1Y 3 FhAe 25hR i
fift 28 R, P VR e T ) BB vk 2 43931 Ry 0. 05,0, 1,
0.2.0.5 11 mg/L ) RINE AR, Hrh &>
F I 3 e 24 1) T i R P AR ]
1.3 #FmBrahETE
131 RAFH % WADT 1000 g BACREE,
T2 g R 8 R G R T 1 B, SR T A



No. 1 TR KA R o AR €0 % - P IO D AT B 3 00K P 000 K R v 2 20 | S b R A 0K S i ) 3% B 63

Lo ENE IO B Ay, VIR, IR S IR &
N TSR, £ o

1.3.2 #EBE5 %4

1.3.2.1 BEHC AERFRIC25.0 g(KE#HIZE 0.01 g)
REEF AL, A 50.0 mL 2, %, & 5 5) 3%
2 min 5 FI U8R 8, AR BB 40 ~ 50 mL F%e A
5.0 ~7 .0 g AfLEAR 100 mL HIEEFH, NZE, &
FUYRY 1 min, 7% E T #HE 10 min, £ 2. HER
W H 10.0 mL Z 54T 150 mL Bekf, F 80 Tk
T _EA TRV 2R 2% A /U s R, T LN 78
KEE T, A 2.0 mLIBAVER (H EE- 5 H b
=1:99 IRFILL ) i sk, 36 AR 9, Rk
1.3.2.2  ¥fb BB AHAEBUE 4.0 mL ik
WA VOB : VI ZEH BE) =1:9] Fipkse, imA
FE SV Ok SRR A TR, OF 15 mL 204870k
SEVRL, ] 2 mL R R RIS AR 5 A, O
REBRE—K, BEOEETARNL,50 TK
WAMRELEELET, HFEEAES5 0 mL,
0.22 pm A HLIEME, £ UPLC-MS/MS 5z .

1.4 #wiNEE

MAHSELZR 1, SRR S L, sl A H
B,k 0.22 wm AHUAHIERL. WA B fEFREL
0.385 g Z MR %%, WMt 7E 1 000 mL #84fi /K, i
0.22 pm 7K AHERR, BL il S mmoL/L 1Y £ 1R B2 K i
W o

x1 RIEHEXRHSH

Table 1 Parameters for procedure of
gradient elution
WM A JishiE B
ihgl i Rate/ . " o 1 i1 2%
SISV el 7 Y e

1me/ min mL/ min ¢A/% ¢B/% urve

0.00 0.3 10 90 W Tnitial

3.50 0.3 90 10 6

8.00 0.3 90 10 6

9.00 0.3 10 90 6

10.00 0.3 10 90 1
1.4.2 Fi Rl & i TR, IER T

(EST*) 3 5 FURIELE 150 3 BANEFALIES. 0 KV; 52
ORI 400 °C s SR L it 800 /b BEAL i
B 40 L/h BEALALIE 30 V3R HI MRM % i 7

1.4.1 UPLC &l & R ITHEERB R, IR RIS A& W% 2.
x2 FEEH
Table 2 Parameters of mass spectrometry
P& EEEHDIEN Ir TR S M B/ Wi g JE i B/ Wi g
Pesticide Scan mode Molecular ion peak  Ion for qualification/Collision energy Ion for quantification/Collision energy

£ 34 paclobutrazol + +H 294/125(41) ,294/70(49) 294/125(41)
St Wx forchlorfenuron + +H 248/129(15) ,248/93(30) 248/129(15)
i % prochloraz + +H 376/308 (14) ,376/70(24) 376/308(14)

1.5 SKEREERMNE
SR BT S A O 0 BEURE i A T E

2 #R5WR

2.1 JRIEWNFHRIERE

N T AR A ) R AU M3 B RCR , SR L%
RT3 FHTE L m/z 100 ~ 500, 455K W,
HE 55 1 1A\ TE B 1 TR 3 nT A5 ) e 1) i
FOR FFARAFRAAE B TIE [ M + H] o fEMIEAS E it
— B VR TSR A T A M DS 1 L T Bl
HAEH
2.2 HRETAMEEMHIEE

O B SR LTRHAR AT LAAE 3K 3 Fif
AR IO o 8 i A R — 3 R AT B N N (el
WM 5 S5, e R HF TR OR 5B i R

BORE I CIEERRBGN (W 3) . T ELER
BB L BREB 0 RIORL AR, ANREA AL bRl e R 5
FEAPY R, S T 2 AT C i DL S
PSR R S Ak S0 RN A SR Ak B 25 1 R A R
AT, e 30 B 1A A BORE 25 o 2% 5T ) 2R e
4, H DRty e (kK 4) .
2.3 BFURKFIRRNENERE

H i 26 K55 & UPLC 308 FH i 2 48
K AR LG Z2 9 AR R AT T — R 5 TS 4w
I LAASTR] A5 B FR - 7K A I8 s A R AR T i3
T B A, EXT BT A DAY R BORE R A B R
150 s FETSIAR TP — 2 2 A R AT A el AR AN [m] 41 43
PIPRER B I], flife 25 5 40 A 20 A1 4 25 . DRt
TEAS [A] LU 91 (%) WY -k (ot sl A ) Hhoar il im AT
5 mmoL/L i) LR %% . WIRM LFRIFATE S . 451
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Table 3 Extraction effects by several extraction solvents
‘ SEXg R R Average recovery/% ,n =5
fezh WK i g 2B
Pesticide Fortified levels/ (pg/kg) " R e
Acetonitrile Dichloromethane Ethyl acetate
Z % paclobutrazol 1 97.5 85.3 73.3
Bkt i prochloraz 1 98.6 78.2 66.8
Z{ AR forchlorfenuron 1 99.3 79.1 65.5
F4 RAAREEBFERERSH TR E
Table 4 Performances between different SPE columns(n =5) %
A A \
V&) Fortified levels/ AR Cishk Pk A A M AL AR A Bt AL AR A
ortified levels
Pesticide (ne/ke) Amino SPE C,3 SPE Neutral alumina SPE  Acid alumina SPE  Alkali alumina SPE
ne/Kg

Z 5 M paclobutrazol 1 97.1 81.1 75.2 59.8 73.9

Bk iz prochloraz 1 102.2 79.3 69.2 61.4 85.7

SR forchlorfenuron 1 95.7 72.5 78.1 76.5 65.5

FW R BhAE TN A S mmoL/L Z, i & vl 34558 5
() RAGE RN B, [RlE), 38 1 ~5 mmoL/L AN[F]
TR FESERUE B, UR N 5 mmoL/L i) %) 5% 4 B
(R o B P RO B JE A E A 5 5 mmoL/L
LR RK AT B
2.4 FHENEZEXER

SR e T Y U M SR FH 3R 5 DG S bR v VS W
MEIEJ7 35 %o 5 o R0 0 AT TR B . IR T A TR
1 mL, HAESW T, MR AdE 1.3 5 )7 i ab 45
SR ZS FAE | mL, BPFS L R DC FCAR VS W o K
R VCECAREA T 1.4 5 i s S5 kI E
SR, 230 DRI NLIRLE 0. 05 mg/kg ¥
IR, 5 5 DG P A e e T R 351 s e e T AR 53
SA 1,87 .1.93 Fil 1. 69, FL 5t DT AR E i b 3 Ak

24 ) )7 (B S50 O S v T AR M A, R T R BT
BN o LAAR 245 118 Jo dt v SR B Al A, DA G I 114 06
B ARPRER] . Zf/ N ik G pn i th 4k
LR TR A RB(R? ), e rp Z2 sk 1 1] U5y 7
Fy=1x10°x +11681,R* =0.997 , S Mt JIx & 1] 15
JifEh y =71 45x +8 81.7,R* =0.996 5, Wk i iz 114
FH 7 FE R y=1 x10°% +7 832,R* =0.998 2,
2.5 FEWAERE BEE RGEMENRTEE
Ty R B RGN R ARE S s i [ i
R HIXHFR (R 22 (RSD) FilE H B (LOQ) &
BMIEISCR DL bR S A bRt (W 5) , 3 F
ALETS A A [ SCR AT RSD M55 G4 25 5%
B A3 AT R SR 532 T VR R R ek SR e 22 ok |
SAMEIR . PREERE KL H R (LOD) ¥4 0.5 pg/kg,

x5 RHGEAEINGHEFEHRMERZER
Table 5 Recovery of pesticides in watermelon and waxberry (n=5)

» WIMKE P51\ Watermelon 1k Waxberry
Pefiijes Fortified levels/ Sy [ i 2 AR 1 i 22 Sy [l i AHXS AR E I 22
(mg/kg) Average recovery/ % RSD/ % Average recovery/ % RSD/ %

2% paclobutrazol 0.05 85.4 2.7 84.3 4.5
0.1 91.3 2.7 91.2 3.5

0.2 99.4 4.0 99.3 2.4

Z{MEAR forchlorfenuron 0.05 85.6 3.0 84.6 3.2
0.1 93.1 2.5 92.2 3.7

0.2 98.7 3.6 98.2 2.9

Bk iz prochloraz 0.05 88.8 3.3 83.6 3.9
0.1 94.3 2.3 88.9 3.4

0.2 100. 3 4.6 99.2 2.2
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ERR(LOQ) ¥ N 1.7 peg/kg, MRl 25 FIAF
ity R IIVRE il B SRR il 149 22 B M 0 16T i DL T 1
R — (R 7 AR [F) (3 25 1R T, i S h A

MRM of2 Channels ES+

5 UK, I v i AR, 22 U SE Y U T FR B RSD g
1. 5% ,FE R VE O i B A2 S A Ay e i AR Y
RSD 3 3.2% , WA AR AR E T o

MRM of2 Channels ES+ MRM of2 Channels ES+

aclobutrazol 341 294>70(DUOXIAOZUO paclobutrazol 294>>125DUOXIAOZUO o >70(DUO! 1O
100 L 35023t e 73085 100 s 14 240 z'\g g SOUOKINZT: 100 pulobumzal 341, 294>7T0DUOKIACZEO)
| SES 092024/ 180216, 2611 326370409446 484 T\ 572 X R -
| N0 AR Lol e Y S e s
o B e ey e e B
050 100 150 2.00 250 300 350 400 450 500 550 050 1.00 150 200 250 3.00 350 400 450 500 550 050 100 150 2.00 2.50 3.00 350 400 450 500 5.50
MRM of2 Channels ES+ MRM of2 Channels ES+ MRM of2 Channels ES+
100 341 204> 125DUOKIAOZIO) 1008 peclobutrazol 33 294>70DUOXIACZUO) | 341 294>125DUOXIAOZUO)
paclobutrazol 22981 2.393 N2 0 By 143 309 380 431 . 3.18c3 paclobutrazol 22127 2.19¢5
& SR P17, 16798234 303 1135334127 472 523 567
050 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 500 5.50 050 100 1.50 200 230 3.00 3.50 400 450 500 550 050 1.00 1.50 2.00 2.50 3.00 3.50 400 450 500 5.50
MRM of2 Channels IS+ T - MRM of2 Channels E$+ MRM of2 Channels ES+
309_ 248>>93(LVBINIAO) 277 248129 9 248>>93(LVBINIAO
100 5 N 3(1. ¢ 2 248>>129(LVBINIAO) 3.09_ =93(L )
forchlorfenuron 77608 BOSSIO0E 6079 16160206245 | 3253673.93426 | 491542552 2183100 torchlorfenuro8233 7465
N e 28
050 1.00 150 2.00 250 3.00 3.50 400 4.50 500 550 0.50 100 150 2.00 250 3.00 3.50 400 4.50 500 550 5 Q350 1.00 150 200 2.50 3.00 3.50 4.00 450 500 530
MRM of2 Channels IS+ MRM of2 Charmels ES+ MRM of2 Channels IS+
. 309_ 248>>129 (LVBINIAC) 3.00 48>93(LVBINIAO 3.09 248> 129(LVBINIAO)
100 forohlorfenuron | 1735 12666100 HRSa i g %49 8= LNVBINION 100  lausel 1.24e6
" . 1.09 R r, 458 J‘( A\ 464 forchlorfenuron’
° & 034 003, 161002372787 M 507 =
0 - + 1 1 L L + L L — " " L 1 1 " L L L N L ( L L L 1 1 L L L L L
050 1.00 150 200 250 3.00 350 400 450 5.00 550 050 100 150 200 2350 3.00 3.50 400 450 500550 250 3. 5
I s '3 5 o X 280 s st 050 100 150 200 250 3.00 350 400 450 S00 550
386 376>70. o8, Eodlmm ok 376>308(PROCHLORAZ) T 3763 T0PROCHI ORAY,)
Y e 63067 oieestcR S A 2158 2.08% 3536 203100 prochloraz 64953 6.90¢6
& S B
0 L L L L L L L L e " L L " 1 " L L L L L. 0 1 1 L " " " L N N L
050 1.00 150 2.00 250 3.00 350 400 450 500 550 050 S0 200 250 3.00 350 400 430 5.00 3.5 50 1.00 150 2.00 2,50 3.00 3.50 400 450 500 530
N 50 1.00 150 200 2.50 3.00 350 400 4.50 500 5.50 050 1.00 150 2.00 250 3.00 3 ! T O —
386 376308 35,3 deRel T 376>308(PROCHLORAZ)
100 prochlon o (PROCIILORAZ) 100 prochloraz 322\-‘»3\'3_62 376>T0(PROCHLORAZ) 00 prochloraz. 17372% - 055
" 180e6 273 fh 3.9 o
050 1.00 150 2.00 250 3.00 3.50 400 450 500 550 050 100 150 200 2.50 3.00 3.50 400 450 500 550  Lm¢ 050 100 150 200 250 3.00 350 400 450 500 550
A B C
< YRR 2 =] 3 =]
A 100 wg/L bRUE R B. 25 FURE: ; C. 10 pe/kg VR JINEE S
A. 100 pg/L Standard sample; B. Sample untreated ; C. Fortified sample at 10 pg/kg
E1 UPLC-MS/MS % i i i &%
Fig. 1 UPLC-MS/MS multiple-reaction ion MRM chromatograms
T R=4¢ O =
2.6 ELERHEFMNELER

BRI 6, WKL ES RKRF , w8 0 v N h A
Tl SRMLRAGE H 38 73 A folci: 22 RO A ()
R A SRR T3 ] PR o 25K, £ VYR A4
Hyiia,

F6 ERRHERP3HMRAGNKRBRNER
Table 6 Residues of 3 pesticides in real samples

% B4 i Residues/ (mg/kg)

¥4 Samples 2L SR WKt e
paclobutrazol  forchlorfenuron prochloraz
75 JI. Watermelon 1 ND * 0.012 3 ND*
P4 I\ Watermelon 2 ND * 0.013 5 ND *
P4 I\ Watermelon 3 ND* ND* ND*
V4 JI\ Watermelon 4 ND * ND * ND *
P4 I\ Watermelon 5 ND* ND* ND*
1k Waxberry 1 ND * ND * ND *
W H§ Waxberry 2 ND * ND* ND*
ki Waxberry 3 0.027 ND* ND *
i Waxberry 4 ND * ND * ND *
1k Waxberry 5 ND * ND * ND *

*ND: K H ( Not detected ) .

3 &g

AWFSEHE S T 2R UPLC-MS/MS 3% il 5 74
JR At 2235 | SRR | WR AR S 3 o 245 B i
WyJ5ike 1£0.05 ~0.2 mg/kg WHICFALE, 74
SRR 2235 SR AT IR A e 54 - 327 8 T R i % 53
B9 85.4% ~99.4% 85.6% ~98.7% Fl1 88.8% ~
100. 3% , KX Fr #E Al 22 (RSD) 43 5l N 2. 7% ~
4.0% 2.5% ~3.6% 1 2.3% ~4.6% ; i Z254L
LEENE L NI S 1N SR R NG S
84.3% ~99.3% .84. 6% ~ 98.2% Fl 83. 6% ~
99.2% ,RSD 2331} 2. 4% ~4.5% 2.9% ~3.7%
F2.2% ~3.9% o %5 %%t KR i Z2 550 Ut
TR PR EE R ARG R (LOD) 24704 0.5 pe/kg 2t
BRC(LOQ) ¥y 1.7 pg/kg. 75 TA REUE EHHE
RIKS %65 JEE 32006 FEAR 2 5% B 0T 28R i T H K
AR 223 SRR | R g 7% B ) A R
I, I AT TRl B PRSI
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