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Abstract: A method for the simultaneous determination of low-polarity pesticide, such as
forchlorfenuron, paclobutrazol, uniconazole and propiconazole, and high polarity pesticide, such as

chlormequat chloride in leafy vegetables was developed using QUEChERS-ultra performance liquid
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chromatography-tandem mass spectrometry (UPLC-MS/MS). Vegetable samples were extracted by
acetonitrile containing 1% (V%) acetic acid. Then they were cleaned up by GCB and PSA adsorbents
before separated on a C;g3 column and detected under positive polarity multiple reactions monitoring
(MRM) mode. The matrix-matched external standard calibration curves were used for quantitative
analysis. The linearity of 5 plant growth regulators was in the range of 1-1 000 pug/L, with correlation
coefficients higher than 0.999 3. The limits of detection (LOD) of the proposed method were 0.002 to
0.04 pg/kg. The limit of quantification (LOQ) was 0.01 mg/kg which was the lowest spiked
concentration. Recoveries at three spiked levels of 0.01, 0.1 and 0.5 mg/kg ranged from 71% to 93%
with relative standard deviations (RSDs) from 0.2% to 10% in flowering Chinese cabbage, Chinese kale
and pak-choi. The presented method is fast, simple and accurate, which can meet the requirements for
the determination of residues of forchlorfenuron, paclobutrazol, uniconazole, propiconazole and
chlormequat chloride in leafy vegetables.

Keywords: QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS); vegetable; plant growth regulator; residue
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Structural formula of 5 plant growth regulators

B (MRM) failll o S5 4L S3#E 3 L/ming Ji#S
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Table 1 MS/MS parameters of 5 plant growth regulators

T IRENCE YT BE FA I 6] Ql ik Tl 43 g Q3 HiE
Analyte Parent ion, m/z Product ion, m/z Dwell time/ms QI/V CE/eV Q3/V
R 122.1 58.2° 50 -11 -27 -22
chlormequat chloride 63.1 50 6 _» 25
SR 248.1 129.1° 50 -17 -17 -14
forchlorfenuron 931 50 T 3 10
EZ VL 294.1 70.1° 50 -19 —40 27
paclobutrazol 125.1 50 20 40 26
I h 292.2 70.2 50 -13 =23 -28
uniconazole 125.1 50 -19 26 13
[IAEZNEA 342 159° 50 -25 =30 -11
propiconazole 69.2 50 24 21 14
T TERET.

Note: * quantitative ion.
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Fig. 1

MS/MS spectra of 5 plant growth regulators
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Fig. 2 Effect of extraction solvents on recoveries of
5 plant growth regulators
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Fig. 3 Effect of adsorbents on recoveries of
5 plant growth regulators
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AL B 2 AR R CT, S R A KR
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Table 2 Retention time, linear relationships and LODs of 5 plant growth regulators (n=6)

ZEPEVEE (Linear range): 1~1 000 pg/L

Vol LR ER I [8] FEih -
Analyte Retention time/min Sample LT T e R 3 far HH R
Linear equation R LOD/ (ng/kg)
Bt ER 0.366 320> Flowering Chinese cabbage y=3.4x10%+ 15 804 0.999 8 0.04
Ché‘fl?;‘i’g:at F£# Chinese kale y=3.8x 10%+24 815 0.999 4 0.04
38 2% Pak-choi y=15.5x10% + 60 459 0.999 3 0.04
S IR 3.553 30> Flowering Chinese cabbage y=4.1x10% + 241 997 0.999 4 0.03
forchlorfenuron . .
JF 85 Chinese kale y=4.1x10%+ 127726 0.999 9 0.04
W73 3% Pak-choi y=4.1x 10"+ 248 591 0.999 3 0.03
Z R 3.998 30> Flowering Chinese cabbage y=25x10%+ 113593 0.999 4 0.003
paclobutrazol . .
JF 85 Chinese kale y=2.5x10%+ 6 804 0.999 9 0.004
38 2% Pak-choi y=23x10% -2 637 0.999 9 0.003
RGN 4.232 30> Flowering Chinese cabbage y=42x10%-6 054 0.9999 0.003
uniconazole e .
JF#5 Chinese kale y=4.5x 10 -89 797 0.999 9 0.003
38 [ 3% Pak-choi y=4.4x10%- 127 220 0.999 9 0.002
SEZNLE 4.589 30> Flowering Chinese cabbage y=5.0x10"x + 28 729 0.999 9 0.003
propiconazole e .
JF 85 Chinese kale y=5.1x 107 + 24 568 0.999 9 0.005
38 2% Pak-choi y=53x10x+38179 0.999 9 0.004
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®3 5 MEMEETFIZE 3 Mt KRR AR MBS R BN FRERE (1=6)
Table 3 Spiked recoveries and relative standard deviations (RSDs) of 5 plant growth regulators in 3 kinds of leafy vegetables (n=6)

3% Flowering Chinese cabbage

FF# Chinese kale 3 4 2% Pak-choi

ST IR
Analyte Spiked level/(mg/kg) L& A A 22 L& A A 22 L& AR A AR 22
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
3 0.01 80 6 72 6 78 6
chlormequat chloride 0.05 83 6 7 2 31 2
0.5 79 2 76 3 85 8
SUHE IR 0.01 77 6 81 4 77 4
forchlorfenuron 0.05 85 5 84 02 87 7
0.5 89 4 84 0.6 81 3
EZVCH 0.01 91 3 90 1 93 1
paclobutrazol 0.05 86 2 86 3 89 0.7
0.5 79 1 85 4 83 1.
I R 0.01 89 4 89 3 90 4
uniconazole 0.05 83 0.8 80 2 81 0.4
0.5 81 1 80 1 79 0.3
[SEZR:H 0.01 75 7 71 10 78 3
propiconazole 0.05 78 7 85 3 87 2
0.5 72 6 89 2 84 1

IR, g S FE ) A K FITESR O TF
AN 38 3 PS8 TS RO 71%~93%,  AHRT
FrEfR 2 (RSD) N 0.2%~10%, 7 0 HERf RS
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V5 TR b YA IS AR )/ TR 1 S A L AEL]
100 77 VPO T 5 Bl A= K R 1 7RI E flt a2
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Fig. 4 Chromatograms of 5 plant growth regulators in
flowering chinese cabbage spiked with 0.1 mg/kg
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Table 4 Matrix effect of 5 plant growth regulators in 3 kinds of leafy vegetables
MK Spiked level/(mg/kg)
Zj:lflrjt%e T reft%e ot 320> Flowering Chinese cabbage/% Fr i Chinese kale/% 38 3% Pak-choi/%
0.01 0.1 0.5 0.01 0.1 0.5 0.01 0.1 0.5
BHER Fi§4k Without purification -83 -84 -78 -80 -8l —62 -78 -79 —74
chlormequat chloride 4k Purification 81 -83 79 83 84 77 78 18 72
SO AR A1+t Without purification —65 -56 41 -62 -56 42 -59 51 -35
forchlorfenuron 4L Purification —54 —46 =31 -52 —44 27 —46 -38 -23
2L F1§4 Without purification -13 -13 -12 -17 -19 -20 -14 -16 -18
paclobutrazol 4L Purification -6 -12 -13 -4 13 11 -15 15 -13
I K151k Without purification -12 -10 -10 -13 -13 ~14 -12 -10 -10
uniconazole ##4¢ Purification -7 -7 -5 -6 -4 -3 -8 4 -1
B2 5L Without purification -32 =31 =30 =37 =37 -38 -34 -34 -34
propiconazole 4L Purification -19 -26 -26 -26 —24 22 -28 -28 —24
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