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ABSTRACT: AIM To establish an HPLC-MS/MS method for the simultaneous residue determination of 11 plant
growth regulators (PGRs) in Renshen Guben preparations, and to conduct a risk assessment. METHODS  The
analysis was performed on a 40 °C thermostatic ACQUITY UPLC ® Waters HSS T3 column (2.1 mmX100 mm,
1.8 wm), with the mobile phase of acetonitrile-0. 1% formic acid ( containing 5 mmol/L ammonium formate )
flowing at 0. 30 mL/min in a gradient elution manner, and electro spray ionization was employed in both positive
and negative ion scanning, with multiple reaction monitoring mode. The chronic and acute exposure risk values of
the detected PGRs were calculated and assessed based on residue levels, health guidance values, and exposure
estimates. RESULTS Eleven PGRs exhibited good linear relationships within their own ranges (R*>=0.990),
whose average recoveries were 70. 0% —120. 0% , with RSDs all below 12. 0% . In both oral liquid and pill forms,
mepiquat chloride showed the highest average residue levels, while sodium 5-nitroguaiacolate exhibited the highest
acute risk value (0.765 7, 0.908 1) and chronic risk value (0.023 1, 0.027 0). CONCLUSION Although
PGRs residues are detected in Renshen Guben preparations, all levels remained within safe limits.
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Tab.1 Mass spectrometry parameters for various plant growth regulators
2R tg/min BT m/z FET m/z WIS 1% m/z HEFLHLE/V R R/ V
B 9.375 [M+H]* [M+H-C;H;ClO]Y 293.9—70.0 " 150 16
[ M+H-CgH,sN;0]* 293.9124.9 150 32
s [0 9.626 [M+H]* [ M+H-C;H,5Cl0]* 292.0—70.0* 75 20
[M+H-CgH;N,0]* 292.0—125.0 75 28
23R 1.030 [M]* [M-C,H5C1]* 121.9-57.9* 60 25
[M-C,HN]* 121.9—62.7 60 20
RS 1031 [M]* [M-CH, ]* 113.997.9" 6 20
[M-C,Hg]* 113.957.9 60 40
TR 2.297 [M+H]* [M+H-H,0]* 161.0—143.0" 60 10
[ M+H-C,H,NO,]* 161. 0—44. 2 60 16
3-M5[WE 2, g 1) 8. 185 [M+H]* [ M+H-CH,0,]" 176.2—130. 1% 90 10
[ M+H-C,HsNO, ]* 176.2—77.0 90 40
HifE 9.200 [M+H]* [ M+H-C,,H,,NCIO, ]* 339.2-80.2" 175 17
[M+H-H,0]* 339.2-321.2 175 33
2 L) 9. 839 [M+H]* [M+H-C;H,,0]"* 264.2—70.0" 175 28
[M+H-C 3 Hy0]" 264.2—67.0 175 20
4Tl FEAE W10 1] 8.313 [M]~ [M-NOJ~ 137.9—108.0* 100 16
[M-NO, ]~ 137.9—91.9 100 20
DTy FEFE gl L1217 8.311 [M]~ [M-NO]~ 138.1-107.9* 80 30
[M-NO, ]~ 138.1—92.0 80 30
5Bl AR A By 017 8.385 [M]~ [M-CH;-NO]~ 167.9—122.9 80 20
[M-CH; ]~ 167.9—153.3* 80 20
W o NEEB TR,
30000007 A-p 150 0007 B-p . 150 0007 C-p
2000 0001 f 100000 a 1000001
" | 5 S ‘ i " :
1000 000+ r 1 50 000 ‘\l 500001,
. Il \ . | oLl 1
0 t/min 10 15 0 5 t/min 15 0 t/min 15
A-n e B-n Y 10007 ¢ .
200007 i’ 400
2l
10 000+ % 200 % 3001
\
0 e e Y AR S
0 S i 10 15 0 S ymin 10 15 0 5 i 10 s
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LR 20 WIORES 3. TEEME 4. 3-MINRZER 5. BB 6. BRGM 7. MRALME 8. IMZEME 9. 4-fSEIRMIEN 10, S-AEEEATEY
ARBHH 11 2-TEEEAR I Y
1. chlormequat chloride 2. mepiquat chloride 3. daminozide 4. indol-3-ylacetic acid 5. inabenfide 6. paclobutrazol 7. uniconazole

10. 2-methoxy-5-nitrophenol sodium salt 11. 2-nitrophenol sodium salt

B1 J[EYWEKFTH MRM &iE

Fig.1 Multiple reaction monitoring charomatograms of various plant growth regulators

8. triapenthenol 9. 4-nitrophenol sodium salt
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Tab.2 Linear relationships of various plant growth regulators

EA I (a1 )9 75 R? VYR (ng-mL™" ) KDIFR/ (ng-mL™")  E&B/(ng-mL™")
EZ2 el Y= 28 936. 11X-1 619. 45 0.999 5 0. 10~20. 00 0.05 0.10
FUH Y= 34 936. 70X-6 233. 02 0.996 1 0.10 0.20
I e Gyl Y=12 089. 25X-48. 65 0. 998 2 0.50~50. 25 0.10 0.25
L Y=11285.28X+11. 32 0.999 1 0.20 0.50
R ril Y=5 560. 08X+11 140. 66 0.995 3 1. 00~ 100. 40 0. 10 0. 20
A Y=4 662.98X+9 870. 13 0.994 4 0.10 0.20
MRS & Y=3131.96X-1 897. 65 0.997 1 2.00~200. 20 0.10 0.20
AU y=3 895.06X-2 680. 33 0.992 0 0.20 0. 40
TR el Y=4 172. 57X-4 409. 20 0.998 2 5.06~505. 5 2.53 5.06
AU Y=688.24X-2 010. 99 0.991 4 2.53 5.06
3-M|Wk 2 TR =l Y=1 588.77X-3 673. 40 0.999 3 10.01~1 001. 00 1.00 2.00
FLF y=11755.01X+364.27 0.994 9 2.00 4.00
P =il V=3 286. 88X-822. 24 0.997 7 2. 00~200. 00 0.20 0. 40
kil Y=1527.49X-80. 14 0.999 0 0.20 0. 40
25 Gyl V=47 248. 14X-2 050. 57 0.998 9 0.20~20. 02 0.10 0.20
FUA Y=15099. 67X-3 192.27 0.999 7 0.20 0.40
4T R T M xil Y=109. 66X +8 623. 87 0.991 8 10.01~1 001. 00 5.00 10. 01
LHI Y=100. 15X +1 717. 06 0.992 6 5.00 10. 01
2-flFEAR T A & Y=10. 45X +930. 41 0.997 4 9. 80~988. 00 0.98 1.96
A5 Y=6.17X-12. 11 0.998 7 0.98 1.96
STHEERAIRE T A Y=0.79X+18.20 0.998 0 19.59~1 958. 52 9. 80 19.59
A Y=0.96X +10.08 0.993 3 9.80 19.59
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2.4.2 KW HU “2.2.17 WURXTMAE EAAIREYN 1. 80% , RIUVNZHE®E R,

WOE &, 7E “2.17 WA TR E 6 Wk, M4E  2.4.3 FEREDCREES B0 iRk, JU)iE &,

TR FL RSD 2351 A 254088 0. 77% | J 5508 0. 69%
M 1.13% . HIURES 1.80% . T EEWF1.47% . 3-
M| 2R 1. 06% | HLEIIE 1. 41% | FPZEME 1.22% |
A-THFEAE AN 1. 35% |, 2-fE ORI 4M 1. 77% | 3-fil§

2 3 AT I B, 2 <2.2.27 TR J7 ik
AR, 7“2 17 TR R EREIE, Tt

R, 4RI 3,

x3 FEMEKBATLHMERKERLEER (n=6)

Tab.3 Results for recovery tests of various plant growth regulators (n=6)

=Eil FU
EA
KT/ (ng-mL™")  FEIEERIMCR /%  RSD/% IR/ (ng-mL™)  SEIIIEERYR /% RSD/%
EZ L 2 117. 44 6.22 5 83.24 6. 86
5 89. 90 2.90 10 90. 11 3.19
10 98. 37 2.41 20 92. 69 1.99
P B e 2 103.03 7.75 5 94.74 7.26
10 110. 21 6. 81 50 89.75 3.37
50 100. 16 4.90 100 100. 54 3.84
% 2 75. 42 5.70 5 80.35 6. 65
10 93.55 2.38 50 90. 03 2.71
50 95. 67 7.06 100 92.75 3.56
FH RS 2 115. 94 2.62 5 117.50 5.65
20 104. 36 3.23 40 95. 34 8.46
200 111. 86 4.1 200 99. 32 7.83
TREE 10 76.19 8.71 20 72.37 6.22
50 80. 22 4.32 100 78.35 5.71
100 79. 61 5.08 200 82.90 3.57
3-I5[R R 10 99. 77 2.75 20 106. 63 6.03
50 96. 14 2.60 100 103.75 8.47
100 92.15 5.05 200 96. 20 6.48
P45 iz 2 78. 66 5.18 5 81. 86 6. 44
10 90. 59 1.95 50 95.43 4.62
50 98.75 3.38 100 99.77 7. 11
02 2 89. 04 6.62 5 92.13 7. 44
5 80. 07 8.30 10 83. 47 8. 66
10 86. 89 2.71 20 85. 86 2.84
A-FHFEAR B B 25 79.53 5.68 50 70. 32 5.92
50 82.71 3.81 100 74. 42 3.16
100 86. 16 7.70 200 84.53 2.22
2-THHEAR I 64 25 70. 90 4.90 50 89. 12 7.27
50 85.20 7.71 100 78. 14 6.17
100 73.96 6.99 200 84. 44 5.11
S-H LA AR B i 25 114.28 3.78 50 117. 11 4.19
100 109. 25 2.14 200 95.65 9.32
200 106. 98 6.27 400 109.97 9.03
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2.5 Howteml  HU31HLEES,, # <2.2.27 TR
Fk MRS, FE <2, 17 TS T SRR
GE, BRWE 4, UL, R, PR, £
R 3-M5|WE TR L BN AS Rk 100% , A
rhk: 9 L3 1K 10. 66 ~ 16,05, 1. 63 ~213. 94
4.09~15.34, 5.60 ~10.08, 0.27 ~0.58 ng/mlL,
FUF A YE B4 R 2.90 ~ 41,44 1.42 ~
206.21, 10.66~42.05, 4.83~7.63, 0.54~1.07
ng/g; AT YA S-fiF R A A A B B R R
K 2435010k 80. 65% . 83.87% , AP I Rl
I AKEH (ND) ~68.91, ND~0.24 ng/mL,

FUF) AR H 9 B3 Sk ND ~90. 81, 0.33 ~0.90
ng/g; T RME, 4-GHFEORER G B0 ZE R 2-fiF R
3 B AR AL TR B R H B A H R

2.6 RE&RfE 5l “2.3”7 WRAR (1) A
(3) XPAG I iy 7 AR A AR AR R AT 2
BrRERITE, JIMRRC KR TYEEE S T &
R A KA R R H R AR MaS
R, ol s (2) 1 o(4) TR,
MEPEREE, 45 03% 5, Y5, MT 3-BIRLR
FGUEIe e = 7T 225 YRR A, SOW HAh 5 Ff
A A A AR5 500 7 A 0 XUBSE (A T TS A

R4 HRENER

Tab.4 Determination results of samples

R B L e T T ol 7 U C I
A 329210111 A5 11. 66 2.37 ND 7.87 ND 21.37 0.35 5.35 ND ND ND
A 329210141 A7 15.28 2.19 ND 10. 08 ND 68.91 0.33 7.54 ND ND ND
A 329210292 il 14.29 1.63 ND 8. 12 ND 43. 88 0.29 4.09 0.11 ND ND
A 329220022 A7 13.18 6. 87 ND 8.51 ND 20. 51 0.27 11.97 0.16 ND ND
A 329220062 AR 13. 40 8.55 ND 7.71 ND 51.05 0.29 12.23 0.13 ND ND
A 329220112 A7 16. 05 6. 04 ND 8.02 ND ND 0.32 13.57 0. 14 ND ND
A 329230112 A7 10.91 110. 62 ND 7.37 ND 58.58 0.33 11.37 0.11 ND ND
A 329230122 Eegill 10. 66 114. 57 ND 6. 07 ND 10. 21 0.29 9.95 0.23 ND ND
A 329230132 =il 11.07 105. 50 ND 6. 05 ND 29.98 0.58 14.33 0.21 ND ND
A 329230142 Eegill 11.07 103. 94 ND 6. 89 ND 27.24 0.36 12. 65 0.20 ND ND
A 329230152 & 11.55  144.15 ND 6. 87 ND 21.40  0.28 13. 88 ND ND ND
A 329230162 Eagill 11.49 143. 84 ND 6.53 ND 15.25 0. 30 15. 34 0.16 ND ND
A 329230172 AR 11.79 189. 88 ND 6.32 ND ND 0.29 12. 42 0.24 ND ND
A 329230182 =il 11.39  213.94 ND 5.60 ND 39.23 0.32 13.35 0.20 ND ND
A 329230192 AR 11. 62 71.43 ND 6. 41 ND 29. 86 0.34 14. 67 0. 14 ND ND
A 329230202 =il 11. 17 65. 04 ND 6.35 ND 24.34 0.28 12.59 ND ND ND
B 21010023 KREI  41.44 1.42 ND 7.63 ND 68. 23 0.72 25.42 0.55 ND ND
B 22010044 KEIL  10.96 10. 64 ND 7.18 ND 90. 81 1.03 28.97 ND ND ND
C 220105 REL 2.90 1.43 ND 5.03 ND 28. 81 0. 66 10. 66 0.58 ND ND
C 221104 KEA  10.38  206.21 ND 6.73 ND 24. 64 0.63 26.28 0.90 ND ND
C 230401 KEIL  11.23 145. 80 ND 5.53 ND 36. 41 0.74 30. 18 0.41 ND ND
C 230403 KEML  11.52 155. 38 ND 5.88 ND 54.94 0.71 29. 67 0.48 ND ND
C 230404 KEIL 14.16 115.02 ND 4.83 ND 89.24 1.07 30. 00 0. 46 ND ND
C 230405 KEA  10.34 50. 40 ND 5.91 ND 24. 80 0.63 27.22 0.57 ND ND
C 230501 KEML  13.86 60. 21 ND 4.92 ND 22.23 0.54 25.84 0. 50 ND ND
C 230506 KEAL  10.11 80. 54 ND 6.49 ND ND 0. 65 29.57 0. 56 ND ND
C 230903 KE  16.86 108. 02 ND 5.87 ND ND 0.70 42.05 0.77 ND ND
C 230904 KEA  12.32 91.93 ND 5.45 ND ND 0. 68 32.00 0.42 ND ND
C 230905 KEA 12,18 128.72 ND 5.79 ND 41.13 0. 66 38.27 0. 65 ND ND
C 230906 K#EA  10.33 142.17 ND 5.62 ND 54. 61 0.92 38.83 0. 64 ND ND
C 220104 KEEAL 5. 06 204. 19 ND 5.61 ND ND 0. 88 25.23 0.55 ND ND

. AFIALHR ng/mL, KREAHANH ng/g, ND FRIETHEHIR,
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Tab.5 Risk assessment results of plant growth regulators

S R HRss  3-mRam  bifblpg 2R S-T IR N SR
RARFEEE A/ (mgemL™!)  1.61x107°  2.14x107%  1.01x107  5.80x1077  1.53x107° 6.89x107° 2.40x107
HH/ (mg-g™')  4.14x107°  2.06x107*  7.63x10°  1.07x10®  4.21x107° 9.08x107° 9. 00107’
FEEREE AF)/(mg-mL™')  1.23x107° 8.07x107°  7.17x107°  3.26x1077  1.16x107° 2.95%1073 1.39%x107
HH/(mg-g™')  1.29x107°  1.00x10™*  5.90x107®  7.47x1077  2.93x107 3.83%x107° 5.58%x1077
ARID {H 0.05 — — — — — —
ADI {8 0.05 0. 195 — — 0.1 0. 003 0. 02
EXPa il 5.35x10°  7.13x107°  3.36x10°  1.93x1077 5. 11x107° 2.30x107° 8.00x107
FLF 1.24x107°  6.19x107°  2.29x107%  3.21x1077  1.26x107° 2.72x107° 2.70x1077
EXPc Rl 2.89x1077  1.89x107®  1.68x1077  7.65x107°  2.72x1077 6.92x1077 3.27x107°
FLF 2.73x1077  2.12x107°  1.25x1077  1.58x107%  6.20x1077 8.10x1077 1.18x107
Hla G 1.07x1072  3.66x1072 — — 5.11x1073 7.66x107"! 4.00x107
FLF 2.49x1072  3.17x1072 — — 1.26x1072 9.09x107! 1.35%107
Hlc Eril 5.77x107%  9.71x107* — — 2.72x107* 2.31x1072 1.63x107°
FLF 5.46x107*  1.09x10°° — — 6.20x107* 2.70x1072 5.90x1073
3 it ) Hla EAESH LA T 0.7, 0.9, JC
31 ARRIAET A RKRIEELRT 3F RS C A TR, STRIN, B

S AR [ FE A A Xof 45 A 4 A K R LA L R A
B, SERYITCIRE IR TR W2
TH HERFT 2 NaCl, MgSO, . NaCl+MgSO, 4
RRCR, KRB ENSCR Y8 5] 70% DL L, fe &k it
B 55 151 NaCl,

3.2 AL ARSZEXT LT 3 A dR i Ak
FER A B RO NI TE | Fe A BE 45 Rl 2 43 #7 223K |
BE 5 100% K AHIRZSHY T3 (i, S MScHk [9,
11, 23-24] Hz 18 3 & A OC B+ %F,  XF Al 48 68 &t
(CE) #EATHRAk, 2 5 ma 3 (8 48 5 34 A b A
F1F,

3.3 AR AR BN (ME) iFHEA
k1 MIE = 35 55 DT it o 2R 9 Ak 2R/ T 300 A o Hil £ 110
RER | ZBBAE 0.8~ 1.2 Z AW, 35 A% N 7T 2
BT /NT 0.8 B, A EGRAMEISN,; KT
L2 B, AHGRAEERAN D, 458, K40
FEAE R TR B 114 32 o 96 5kl 35 S B okl sl s, PRI A
S VPR FE VT e bn v p R AT e T, DAY
2SR JERRS I e G T 45 SR 5 0

3.4 REEirfE SO ERMR 5 E R EAL
DB SR OF A N E I Bt Edl ke A R O R
FE A AT TR A AT 1T 5 AEASG , & 3 Hie
BT 1, FBZ I A A P A R 70 18
PR 8 KU T 28 AT iR S R A KRy
R Hla (EE/NF 1, D08 H S0k 2 88 AU b F ]
PR, AEAEENE, S-iHEaLRmB 4

SRR A AE R R B, ME T S A S-SR
BIRB A AR P AR R 50 ki T 5-m 2k @
BIRE P RS I 738, (R T A%
JERRAL, Ml Sk E B ek, SE0LEA
SRR R A 1 AU T E0H 4
MR B B S-SR A A K AN
SR A —Fh, FErERcm, HAEH RIFRARR
/N (0.003), TG H Hla (A2 05 .
4 #Hig

AWFFEE K S T HPLC-MS/MS 32 [7] if il 52
ASEAGF R 11 Rk AT R, %
T AR, PR MERG, 4TS ER R b iG E
Ko GERL, SHERFES IR 6 B DL AR AE KA
TR, BRI, BARS YT ] 457
TFEI N, SRR A R e b 2 R
T B T RWRAER, (R 244 K b R 2 5 i ) 5
M 1 5 | A A E AR, SRR A ST A A XU TEA
T5 1 S BREERRIE, M2 AN S — Bk e, Xt
o AU 24 4 B b 2 rh LR B A T A T A

SE k.
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