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Simultaneous determination of ten plant growth regulators and fungicides
in bean sprouts using QUEChERS-UPLC-MS/MS

CHENG Sheng-hua, YANG Chun-liang,ZENG Shao-dong , WEI Xiao-yi, WANG Ming-yue, LI Ji—-hua”*

(‘Agricultural Products Processing Research Institute ,Chinese Academy of Tropical Agricultural Sciences, Laboratory of

Quality and Safety Risk Assessment on Agro—products Processing, Ministry of Agriculture ,Zhanjiang 524001 , China)

Abstract: A method was established based on QUEChERS- ultra-high performance liquid chromatography-triple
quadrupole mass spectrometry (UPLC-MS/MS) to simultaneously determine 10 kinds of plant growth regulators
and fungicides residues in bean sprouts.The sample were extracted with 1% acidic acetonitrile, then dehydrated
and cleaned using PSA,C, and GCB.The QgQ mass spectrometer was operated in a multiplereaction monitoring
mode and qualified using external standard method. The results showed that All of residues ( Carbendazim,
6—Benzylaminopurine, Indole — 3 - acetic acid, Gibberellin, Enrofloxacin, 2, 4 — Dichlorophenoxyacetic acid,
Paclobutrazol, Prochloraz, Aldicarb, Thiophanate methyl) were in a good linear relationship between 5.0 and
200.0 pg/L and the relative coefficient were more than 0.99 ,the recoveries were in the range of 80.4% ~99.8% , the
relative standard deviations were 2.0% ~7.8% , the limits of detection of the method were varied from 0.2 to
2.6 ug/kg. The method is simple,rapid and reliable.It can be suitable for detection and confirmation of these ten
plant growth regulators and fungicides in bean sprouts products.
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Table 1  Gradient elution program

B ] C min) _ R (%) __
iz 0.1% LR

0 35 65
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25 80 20
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3.6 50 50

3.8 65 35

4.0 65 35
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P 0.15 L/min'™
1.5 #RAER RS RinE &S

AR VAR 25 V5 W A BE 1« A3 S E A AR 5.0 mg £
PR 6 WEREE AL Bk LR SRR VBT E
FRfESE T 50 mL A SR, BB e 2%, B0 i B
100.0 mg/1. BAEET TR , B8 BHEAF T -20 C kAR,

TRAFRE T TR WK : 43 51 I HL 100.0 mg/ L B A5
WEAH A5 T WA 100.0 mg/ L (14 Z2 350 Mk | BK 8 e | 6 2K



@&sﬁ@f&l

H M L W

B AL 2,4 - A E R BARER R
1.25 mLF 25 mL #F @ ZSmfi b, FH B 27, Be i ek
5.0 mg/L YIRS ARHE T RIE W , 2 A7 T -20 C ok
i,

EAHVIR AR AR - FH TR sh AH 5l 38 2 5T 25 11 (B
P 2 ECHE ) Bid Rl 5.0, 10.0,20.0, 50.0, 100.0 .
200.0 ng/LES AL RS, SLECELAT , FE4e i fb )5 i
FAFFEATHIHT, LA 10 Fh2G 9 HERR MR (x) S B2 AR,
FE i W B - X TRT AR (y ) S AR BRas il An iz it £ o
2 HRE5HW
21 MHEENTHE

%3 QuEChERS'" J5 k45 4 UPLC— MS/MS{Y %%
X HARbE 2 3547 K, BRAE 2R 5.00.10.00.,15.00 g
SPATAE b ARSI 235 SR 1) AH X5 s o A 25 ( RSD% ) 4353 R
437% ~1021% 2.92% ~6.43% .3.01% ~6.39% ., HL
PR 5.00 g A6 4% S 0% AR X B AE s 25 KR, AN H 4%
{3 510.00 g Fil 15.00 g 1) RSD% #H 22 %5 /) , #BHE
R LR, 2 )R Y TE R AR S5 i PR R
10.00 g,
2.2 REUAFIANERE

T A A A0 AR B 7R nT LA B v AR B R L A [
ARIE T i TP, AR5 10 Fh 455 100 4 4 A 24 P o, bl e
T NG BRI G (PSR P R A P B A R R
PRBGHR  45 R LK 1, AAXT T lR Ak 20 (R fk B s

LTRHCREAR, H 56% ~86% , i HINHERHEE G £
R R AR R BUA R RE S K B, Jin A Sk
GG 5K 438, ZE G PR B HL e R, IR s FLBE
VR i HLRE (AR 1 B AR MR UTIE , 16 A R UM
VEFITE 225 W5k B i) 1z W HF QuEChERS J5 ik
. EAR WA 208G SR H O BR AR TR D L, &
B2 S NERIIARFRED LA 1: 100 B, $E B g 3675
Wb B TEAL S W 0 MR &, T 1% 1%
NGV WAE R ZE B o

1201 ool ot oiNE o HEE eERIL R

100 Mg |[] " 1

[RIC (%)

40

20

M R M S
DM sy 7 R 23R Ay S ”‘\[

L e
B S FHEBGARIN 10 Rk A9 $RE A iR

Fig.1 Extraction recoveries of the ten compounds

with five extraction solvents
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Table 2 MS parameters for 10 chemicals in bean sprouts
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Table 3  Ratios( K) of slopes of 10 chemicals standard curves

TRE I HET TR HEfLABRE R

& (min)  (m/z) (m/z) (V) (V)
161" 15

2,4-D 3.19 219 20
125" 30
239" 15

R 247 345 15
RGeS 143* 20
91" 10

6-BA 2.32 226 20
148" 20
132.1° 35 30

s 2.18 192

FER 105.1% 25 20
125* 30

e 332 2941 30
3 70" 30
2453 25

Bigvh 2.18 3605 40
WO R 316.4"* 35
308.1° 18

Ik i iz 3.25 376.1 25
KEEI: 266" 12
116.2" 12

K 279 2132 30
PR 156.2* 12
151.1° 10

7 3.00 3431 25
PR 311.1° 20
130" 15

Wk 276 176.1 25
iR LM 103" 30

PR T

E
JL B SR A L A AR, FeAE R T 1 DR S S R
SR, ELfE /T 1 U R I A, AR S2EG I RE 4 Fh
2R 10 A2 K M LER 3,

MF 3 i nl LR Y, AN [R] b 208 52E 0% 3% 5 3400
KARNGT Sy - A G ZE > GG 2F > B H2FE > Bid i .
2.8 FHiEIEM
2.8.1 JFIRINLEVE B ARAEIR L MAESC R E 10
Fh S I 445 21 B0 AR N, A0 £ M [l U3 05 R M AR 56 R Al
RULF4, G5FFL .10 Fr2hi7E 5.0~200.0 pg/L [
RIS EN B BRI SR MR R
YITE 0.99 L) |, 24 S/N =3 Bt 17 09 B bR e BE A i
ARCAS: Hh Ve )3, 38 oo o i AR FR e BB AS B A HH B, W) EE
S/N =10 #E 192 =R o

«_H

HFR L LRI B Wi

2,4-D 1.02 1.06 1.11 1.00
Fa 0.88 0.91 0.95 0.85
6-BA 1.02 1.04 1.03 0.99
LR 1.05 1.09 1.12 1.01
L3k 0.96 0.99 1.03 0.96
Ratib & 1.01 1.03 1.07 0.98
DK i i 0.99 1.02 1.03 0.99
K 1.07 1.10 1.13 1.02
LT A e 1.05 1.07 1.09 1.01
LAY 0.92 0.95 0.97 0.94

2.8.2  [HNERSZE SRS E] 10 FREGPad EKR
80.4% ~99.8% , FHXTFRENR2E N 2.0% ~T7.8% , BRI,
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FIt % 17 37 vh g B2 3 100 44 2 2R EFT 10 Fh2h 93k
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WRTR 5 P 259 G ER AR S , FR 4 FE 5 & BB TV
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22% ;2,4-D FETEE K 15.16~109.62 pe kg, £
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K 2R 29% ;5 6 — 5 Fk IR IBE 04 F 1 9 [ 24 20.89 ~
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3 it

% JH QUEChERS J7:454 UPLC—MS/MS 7 ESI
1E AR R A 0 S 2R Y 10 B2, 10.00 g k¢
fh%t 25.0 mL 1% LR ZAEHI R HEEL, 150 mg MgSO, |
25 mg PSA (100 mg C,, .10 mg GCB &4k, ) 0.1% H
TR 7K 5 e — FF 5y ik 300 FH B 32 PR I, ACQUITY UPLC
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20.0.50.0 pg/kg =ASKEHIN 10 B 258y, [RIKCR A
80.4% ~99.8% ,AHXTHRUEMRZE N 2.0% ~T7.8% , J1ik ke
HBRH 0.2~2.6 pe/kg, S5HFRW iz B A 45 M B
[ | SRR v R AT | TSR R e AR A, T LA
RHFEZE 10 2y 5% 88 i) H W, 32 & & b
2 4 5 R AL I N EUKSF

F4 ELZP 10 RRESINAIA IR 75 R KOG FRER AR HE BR A PR

Table 4  Linear equation, correlation coefficients, LODs and LOQs of 10 chemicals

E4S Yok ml )3 7 HXRBR Ko R (pg/kg) FE R (pg/kg)
2,4-D Y =462.3X +379.8 0.993 1.4 4.7
FREE Y =346.6X +125.3 0.991 2.6 8.7
6-BA Y =3485.1X +11243.8 0.999 12 4.0
LR Y =1174.2X +996.4 0.998 0.5 1.7
E2 Y =2958.6X +772.7 0.999 0.4 13

58730 Y= Y =3315.4X +2176.1 0.999 0.3 1.0
DK i iz Y =1869.5X +2031.5 0.999 0.2 0.7
5K Y =249.4X +163.1 0.994 24 8.0

FH LA Y =273.8X +113.2 0.993 2.5 8.3
n5|E 2, 1R Y =578.6X +247.9 0.996 1.4 47
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Table 5 The results of recoveries and precisions(n =6)
i W GO MO ot

4k DWEC TRk mb EMck RS RMCE RS FMOR RSD
(%) (%) (%) (%) (%) (%) (%) (%)

5.0 83.2 6.6 81.5 7.3 80.4 7.2 88.1 5.3

2,4-D 20.0 85.4 6.1 83.6 6.7 82.1 6.6 86.8 4.7
50.0 85.9 5.8 86.1 6.1 84.5 6.1 87.9 4.1

5.0 81.9 5.7 80.4 7.8 80.7 6.7 83.6 5.5

TR 20.0 83.7 5.3 82.2 5.6 81.2 54 84.2 43
50.0 84.6 43 84.7 43 83.5 4.1 84.9 4.6

5.0 93.2 32 96.9 4.1 90.6 39 95.1 35

6-BA 20.0 92.6 29 95.2 3.0 91.0 2.6 97.4 2.6
50.0 94.1 25 95.6 2.8 92.9 2.8 99.1 2.0

5.0 89.4 4.1 87.3 4.7 95.6 4.5 93.7 4.4

ZHR 20.0 91.5 3.6 89.4 4.1 934 39 95.2 39
50.0 93.2 3.8 91.3 2.8 95.7 34 95.3 3.2

5.0 92.6 3.6 93.9 4.1 93.2 4.2 91.9 4.4

LR 20.0 94.3 35 92.7 32 92.3 3.8 89.1 3.8
50.0 94.8 3.2 94.3 24 94.1 3.1 92.6 3.1

5.0 80.7 4.8 83.2 45 81.5 4.6 86.4 42

Rsh & 20.0 82.7 43 85.5 33 83.1 43 84.7 35
50.0 84.1 39 86.4 29 83.7 3.5 86.9 3.0

5.0 95.3 2.4 97.8 3.7 98.4 3.8 98.5 3.4

R i iz 20.0 97.0 2.6 99.3 3.0 95.6 3.5 99.8 29
50.0 96.4 2.1 98.7 2.5 97.8 29 98.9 2.1

5.0 88.4 4.1 90.5 4.4 90.2 4.5 90.6 4.7

KR 20.0 91.7 3.8 93.4 34 91.3 4.0 91.9 4.1
50.0 93.3 34 92.6 3.6 94.3 32 924 32

5.0 89.2 3.9 87.3 4.9 86.1 4.4 87.0 4.8

e V(P S 20.0 88.4 3.6 90.1 35 90.6 34 90.8 3.7
50.0 91.2 32 92.5 3.1 92.2 35 91.7 35

5.0 90.1 4.2 89.0 5.1 88.4 4.6 88.1 4.8

w5\ 218 20.0 92.1 4.0 924 44 90.5 3.7 90.6 3.7
50.0 91.9 3.7 93.2 32 92.3 3.1 91.2 3.1

52Tk Commun Mass Spectrom,2011,25:3289-3297.
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