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Simultaneous determination of 13 plant growth regulators residues by ultra
performance liquid chromatography/tandem mass spectrometry

YAO Bang-Ben'”, QIAO Dong-Qing', TONG Ning', CHEN Wei*’
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2. College of Food and Biologic Technology, Hefei University of Technology, Hefei 230009, China)

ABSTRACT: Objective To establish a method for the detection of 13 kinds of plant growth hormone residues by
ultra performance liquid chromatography-triple quadrupole mass spectrometry. Methods The samples were
extracted by ultrasonic extraction with methanol and purified by centrifugation. The analytes were separated by Cg
chromatographic column and eluted by ammonium formate-acetonitrile solution as mobile phase gradient. In the
mode of electrospray positive and negative ion scanning and multi-reaction monitoring, the external standard method
was used for quantitative analysis. The influence of pretreatment and instrumental analysis conditions on the
detection was also discussed. Results The linear relationship of 13 plant growth regulators was good in the range of
1-1000 pg/L between peak area and mass concentration. When the concentration levels were 50, 100 and 500 pg/kg,
the average recoveries of 13 plant growth regulators were 92.5%—103.5%, the relative standard deviations (RSDs)
was 1.7%—5.6%, and the limits of detection (LODs) was 0.8—4.2 pg/kg. Conclusion This method simplifies the
sample pretreatment procedure, has good reliability and sensitivity, and it is suitable for rapid detection and analysis

of plant growth regulators in plant nutrients.
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T ) R 2 — 2 ELAG R ) A A TR T I P 1) AT R e A
YRR E N ARG N A e R
KHEYWBUSETE . (EHMESH 4K BERm g
DA R o3 i Jo 55 5 T LA EE AR L DR A R s AR
Jo s A 1) — I ORI, S AEENAMERITIZ
7 T A A R R R 4 Al A 7 SR R AR Bk
8 MR, dxf AR RIS Z 2 A T aE, EYh
B B8 AR A A I 9 0] B LR BR Wy ] R Sx LA P A i A
FLE R, AT R 4 WA AT e B IR
T, BRI, TEARA)E SR AR I — SR L 2 A8
FABRE AR, DLRAEGZF | SR Y IR £ b o
BRGNS, X £ i i i T TE R fE

T, A O TR IR b AR A T R R R
B ARSI A o 2 5 TETD AN A T, A OGSOk B /b, R
BRIy i XAEAE S Pl v . AL PR R 0% [ R R A A D
BT, N ME YA R0 0 ATy A K S ik
(enzyme linked immunosorbent assay, ELISA)®1, M (i
7: (gas chromatography, GO)' . & 4 W A € 3% 1 (high

performance liquid chromatography, HPLC)!'? | A0 a,3%- ik
[11-13]

il

1% (gas chromatography—mass spectrometry, GC-MS)
VRORH €6 3% B8 B T3 3% 925 (liquid  chromatography-tandem mass
spectrometry, LC-MS)Z#! 4191 Hirhr 5 00335 £ B o i 10
HAMS 0 s ROR, 8w R BUE SFGEE, T LRI
X AT 5 MEAE B3, DRI £ i N2 W) 0 A T
FHEN T2 B RO AR A v A0 M € H BB T
TEHOR, LRI E A E SRR 13 R A A Y
S ARSI 5 3, TR Sy g N A DG B AR AR AR, i —
AR B i S A R DR TR R B A SR i —E A B
T AR AR S A

2 MRS

2.1 X5

Agilent 6495 ERORAH €I - BB {X . Waters BEH
Cig t0iEH:(2.1 mmx100 mm, 1.7 um)(3E[E Waters /A ));
XP26 K153 K- (5 [E Mettler toledo 23 7]); Milli-Q #B4fE /K
#% (3 Millipore 23 /]); S30H-D78224 FUilA R 1 Ve (8
Elma Sonic 2A#]); Multifuge X1R B & 3 % & O HLEE E
Thermo Fisher 23 #)).

., ZME(@ika, S5E Fisher 2AF]); Jo/KAiERER
(Grral, E2ERFARAGRAR), Crs BAHZEIBUEE

(RHEEEAN AR A HD

13 A A KA IR G IREERR . S0 . R I AR
W& S-TiE AR B AR B AN (AL RIS SRR I ) 6-
WRLRIERS | 4-SEIRA TR | 2,4- T E IR E L RN G i (e
[El Dr. Erenstorfer A w]); WM T B2 Jaaime 4-FORA LR .
SR IR R B (b BT 2B TG R A IR |
22 LWHE
22,1 Heoweha

R il 1 A T2 BE SCRR P b 1) 7 3 HEAT T B
BURAWAIN 1.0 ¢ #£f, BF 100 mL FERIEH, m
5.0 mL H IR HEIR 2] 30 s, 40 °CHEAAEHL 5 min, 2R TP
5 10 min, fHEHECERZZE, 85, iR E2
4.0 mL 42 HU& 10000 r/min #.0> 3 min, B K 2.0 mL F
15 mL AR F, I 300 mg JEKBREREEF] 200 mg
Cys BAHZEBUERL 2500 r/min i€ 4 min, & 2 min JFH
F3ERG 0.22 pm JEIEAFN 2L 10000 r/min 5.0 5 min,
THRZ 0.22 pm A HUAHIERGT 8, s Rt = 80R A
3 - B I T T D R
222 EE- gL

3% 2 6354y Waters BEH Cpg #:(2.1 mmx
100 mm, 1.7 pm), FENAHNE 0.1%H B 5 mmol/L IR
- NEVETR, BREEVEBL(ILER 1), A 0.3 mL/min, F:IE
N 40 °C, FEFERR 2.0 pL?,

g4 s O s /A A, K
=X A £ WK I (multiple  reaction monitoring,
MRM), Z5ALSET1 0 45 psi, 5 W55 LN 4000 V,
TSR R 350 °C, TSN 11 L/min, HAthAH
KSR 21

®1 BERBRERF

Table 1 Program of the linear gradient elution

B[] /min AN A% Wi sAH B/%
0.0 60 40
2.0 60 40
3.0 40 60
4.0 10 90
8.0 10 90
9.0 60 40
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Table 2 Mass spectrometric parameters of 13 plant growth regulators

75 ThCA R CAS EUEFF (M2 EEE T2 B RV IR Rl fE/V

345.2/143.0 20

1 IR 77-06-5 345.2/143.0% 120(-)
345.2/221.1 20
224.2/133.0 31

2 6-"IF FE R IERS 1214-39-7 224.2/133.0% 75(-)
224.2/117.0 47
204.1/186.1 15

3 nglL TR 133-32-44 204.1/186.1* 95(+)
204.1/130.1 25
169.2/110.9 20

4 4-FARELR 405-79-8 169.2/110.9* 120(-)
169.2/94.9 22
186.8/128.7 10

5 4-FRE LR 122-88-3 184.8/126.7* 120(-)
184.8/126.7 10
218.9/161.0 8

6 24-"@RA LR 94-75-7 218.9/161.0% 80(-)
218.9/89.1 35
‘ 202.0/133.9 23

7 S R IS 2365-40-4 202.0/133.9* 75(-)
202.0/106.8 36
168.0/153.0 10

8 ST HEAR F AR T M 67233-85-6 168.0/153.0% 75(-)
168.0/123.0 20
» 216.3/43.2 35

9 JHiz £t i 10369-83-2 216.3/43.2% 75(+)
216.3/143.4 10
) 245.9/126.6 11

10 SR 68157-60-8 245.9/126.6* 75(+)
245.9/90.9 37
218.9/99.9 75(+) 16

11 EZK e 51707-55-2 218.9/99.9%

218.9/99.1 45
N 294.2/70.1 20

12 2L 76738-62-0 294.2/70.1% 120(+)
294.2/125.0 15
‘ 292.2/70.0 20

13 SR 83657-22-1 292.2/70.0 120(+)
292.2/125.0 30

3 HER55H

3.1 REUATIANERE

PEBE S AR K N 5 o oA i e X 4, L s
FIMOATR (R 3), BHEARIEFAFISR . B8R
. B . LR . K. BEOUKEBRA:1, VIV), 5K
WW(1:1, VIV)ZE 6 FIEFIHREBUSCE . 458 Bon, FEfd
IR B AFAE 2 T BEB A B A M A AR P A < R 3T 500 [RDlseR
WA PE—25 SR e B A SR A T 5 42, FFIIA 300 mg
ToKBRIREE 2Bk K 43, [FIBFEEINA 200 mg C g [ AHZAEHL
HORL T RBRA A, 4553, RBR/KATRE B

A LRI BARY) 0 B AR BEBUEOR, YRR ) f A
WA MGV, R A 4R BBOA R, FOmA
Cg [EAHZE UL AT 25 R 24 B HAT B4 N AR . R,
e H BEVE MR BUA R, FA 300 mg JoK B EREE A
200 mg Cg [EAHZEBOEEL

3.2 USREFHMRK
321 &#AakE

% %7 BEH Cjg2.1 mmx100 mm, 1.7 pm) .
Poroshell-120 EC-Cg(2.1 mmx100 mm, 2.7 pm). XBridge
Ci5(100 mmx2. Imm, 3.5 pm) . Atlantis T3(100 mmx3.0 mm,
3.0um) . Extend Ci5(100 mmx3.0 mm, 3.5 pm)&% 5 Fl i
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TEARFR SR R (2 E-0.1%H BRK N 2 I -5% 2 K) T %
13 A HRPI R R Tr, ERSH NS 0.1%H R

FEREM B, WL 1.

100 mm, 1.7 pm) FUEESEEXS FRIEFI0E 7 25 RLAF, T T A B

5 mmol/L FRE%-Z B BIIE DL, BEH Cig(2.1 mmx
%10! —ESI MRM Frag=120.0V CF=0.000 CID@20.0 {345.20000->143.00000} FL-SZTJJ-5000PPB-2.d
15F 1.640
1.0 il .
ost [\ B
0.0 -
x1 (3)‘ —ESI MRM Frag=75.0V CF=0.000 CID@23.0 {202.00000->133.90000} FL-SZTJJ-5000PPB-2.d
- 11.949
2 [ l
ql I\ SRR
0 )
x10! -ESI MRM Frag=75.0 V CF=0.000 CID@31.0 {224.20000->133.00000} FL-SZTJJ-5000PPB-2.d
4+ 2,014
2 " "
0 X 6-"FFE AR 4
—ESI MRM Frag=120.0 V CF=0.000 CID@20.0 {169.20000->110.90000} FL-SZTJJ-5000PPB-2.d
4} 12059
2 ! 1
1 || l‘l 4'%%@&@
0 L b
2
x10 +ESI MRM Frag=75.0V CF=0.000 CID@35.0 {216.30000->43.20000} FL-SZTJJ-5000PPB-2.d
1.0 ||2.330
0.5- \\
0.0 et g
—EST MRM Frag=120.0V CF=0.000 CID@10.0 {184.80000->126.70000} FL-SZTJJ-5000PPB-2.d
2+ I!, 2.742
1} ] VR W
0 Lk
§ 6 —ESI MRM Frag=75.0V CF=0.000 CID@I(:.;)' 9{;38.00000»152.80000} FL-SZTJJ-5000PPB-2.d
o4t i
j*;r 2 5-HHFEAR P AN
% 0
—ESI MRM Frag=75.0V CF=0.000 CID@16.0 {21 839(3)000->99.90000} FL-SZTJJ-5000PPB-2.d
3.317
4}
2l WER [
0
—ESI MRM Frag=_80.0V CF=0.000 CID@8.0 {218.90000->161.00000} FL-SZTJJ-5000PPB-2.d
1.0F 4.102
0.5F .
24-"FAKALR
0.0 =
+ESI MRM Frag=95.0V CF=0.000 CID@15.0 {2040000->186.00000} FL-SZTJJ-5000PPB-2.d
41 4.198
3L
% L TR
0
x10! —ESI MRM Frag=75.0V CF=0.000 CID@11.0 {245.90000->126.60000} FL-SZTJJ-5000PPB-2.d 5830
1.00F 5
8'7(5) 3 |l |
.50F |
025) 4 SRR
0.00: ——
x10? +ESI MRM Frag=120.0V CF=0.000 CID@15.0 {294.20000->70.10000} FL-SZTJJ-5000PPB-2.d
1.00r 7.504
0.75}
0.50F EZ
0.25} !
0.00 - -
x10! +ESI MRM Frag=120.0V CF=0.000 CID@20.0 {292.20000->70.00000} FL-SZTJJ-5000PPB-2.d 8.080
6 -
4L
2F JaARS
0

141.6182.022242.62.83.032343.63840424.44.6485052545.65860626466687.07.2747.67.88.08.2848.6
RAERT ] /min
B 1 13 FiAE AR bR v U B F CE B g

Fig.l Extraction ion (quantitative) mass spectrogram of 13 plant growth regulators reference materials



3504

B dn 2 4 R R I A 4R

81

®3 FREHREGHA 13 MEMECETF S KEIIER

Table 3 Recoveries of 13 plant growth regulators by different extracts
PRIR ISR A /% [l de/MEL % [N d KB % ISR LB/ %
P 90.2 69.3 97.3 85.7
G 85.3 63.5 96.9 81.9
LR 80.1 60.1 95.1 80.2
7K 50.2 38.7 96.3 61.8
F B KRR (1:1, VIV) 65.3 493 93.2 69.3
LIEKEEW(1:1, VIV) 61.9 50.3 90.1 67.4
322 AFHAatikiE 33 ERYNHER

AT LRGN BRI A LA 2 50 5 R K A BB
R SAR AR X 13 P A A 085 550 Ao e I Ak R (5
& ZIE-0.1%H BRIY 5 mmol/L FH R Ei S MV A it AR I
5 mmol/L FF R B W BN A RI {8 H FR 4 e T %o iR 10 i
A, HAE R TG AL
3.2.3 RSt e AL

KHIE . B HE T 13 Fh B ARttt 704,
RIARTE BARIALE ESTIUIE . 8 TR T R A .
I, XARERRAE 6 Fi BARYIR AR TR, x|k
TR 6 F Bk FHIE B F R, itm B m
BPARCR, Hm R EUE, XRS5 R 8 (collision
energy, CE)Z 1 & B Ak o 76 MRM R T k#6557,
FRREPEm N SRR Fe . TR B 2 PR E R
ERET, IS RE 2.

FEE 13 PP A F U 3R A S B Aar A (i o 1 o g
O, SEHCE R E FE RSB R I LB, e 2.2.1
PIRTAL PRy vk, Hil4as HERER, FERH S Ryl
[F] Ve AR ) R A 22 S DE PEAR MR W o DA DR TRE A v it
2 AR S R 2R LR 0 FLE IR S RO, AR T
1, FRI BTG SRALN, HAE/NT 1 0k S5 BT il 5 ni
SO ZE LR, 25 L TR 6 B RV VR R T A 1 R (B
NN o R, ASHIFSR SR 25 5T DC AR M VA VB R A 1 2
SRR, DA TATBA PRATE 5% 25 SR P v e 1k 0 T ek o
34 FIERZMTEE KRG H R

TE 1~1000 pg/LYEE R, PLZS FEE BN AbRHERS W ik
FEMR B REAR AR, LMEG YR AL AREEL, LA 3 A5 AN
10 551 LU (SINYIf S vk A AG: HE BR (Timit of detection, LOD)
7€ 2 FR (limit of quantitation, LOQ), E&ZEF L 4,

T4 BAHEPERKEADTORESRE. HXRY QEREESR

Table 4 Linear equations, correlation coefficients, limits of detection, and limits of quantification of 13 plant growth regulators
75 TSR LM AHOC R LOD/(pg/kg) LOQ/(ng/kg)

1 IR Y=96.056X+6970.147 0.9987 2.6 8.7

2 6-"1F BRI Y=9.476X+559.293 0.9993 2.3 7.7

3 TR Y=0.771X-48.072 0.9991 1.6 5.3

4 4-HAEE LR Y=0.682X+14.489 0.9992 2.1 7.0

5 4-HRE LR Y=0.819%+79.946 0.9986 0.9 3.0

6 24-ZFARALIR Y=7.167X+483.195 0.9985 1.7 5.7

7 5 M AR 4 Y=6.366X+376.608 0.9981 42 14.0

8 5-Ti £ 48 HH AR B 4 Y=5.896X+36.308 0.9993 1.1 3.7

9 i G T Y=208.54X 0.9981 1.5 5.0

10 ENAl Y=76.04X+10518.46 0.9980 3.2 10.7

11 WEA R Y=50.397X+8039.82 0.9977 3.5 11.7

12 LR Y=135.781X-2531.484 0.9998 13 43

13 963 e Y=0.998X+136.253 0.9994 0.8 2.7
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3.5 EZEIRLE 3.6 SEFRtEmART

Yo 17 3 L A AE S A TR, 7E 50 100, 500 pg/kg 3
AU, 13 B AR A 835 00 7S DA i o £ 7 2

RAABTFE B S8 7 i 3 b 12 HEAEH S 3750 (5
KR NERE) H AR A A T 1 590 R B A T A D SR -
A

VT UKl 92.5%-~103.5%, A K B ot O 2% (relative AR 75.0%, JURLUBCERR 6 RAERIEIGAL 4-54

standard deviation, RSD)H 1.7%~5.6%, W3 5,

REA ORI B R, BRI 6.

x5 13 MEME ARSI MEREZEFT RSDs(n=6)
Table 5 Recoveries and RSDs of 13 plant growth regulators(n=6)

AR BIAKFE/(ug/kg) SRR % AHX AT AR 22 /%
IREER 50.6 96.3 4.1
6-"F LR IR 48.6 95.4 3.6
ng|IL T R 493 103.5 42
4-FRH LR 523 92.5 2.8
4-FRHE LR 44.1 101.4 3.4
24-ZERA LR 53.6 97.6 5.4
S LA RS 51.4 98.4 2.9
S-AiH RSB UK B il 44.4 102.5 1.7
Jhic i g 529 99.6 23
LA 47.5 97.2 2.5
WE R 48.3 101.8 3.8
E2 49.3 102.3 4.4
S5 50.2 98.5 5.6

R 6 12 HHEWEF T PEYEKCIFT T H 5% B = (mg/kg)
Table 6 Residues of plant growth regulators in 12 batches of plant nutrients (mg/kg)

R
o emaR R ke T SRER 4??;;;2??;54?%59%? I O RV e 2550 0
i
1 S SRR KGR - - - - - - - 026 - - - B
2 ErESERKEIER K - - - - . 03 - - ; .
3 HRICERAKRENLR B - - - - - - - 107287 - - - -
4 FEREE K - - - - . - ; - ; .
5 EREIERIKENR K - - 3914.5 - - 3263 2301 - - -
6 TrEFLmKENRL K - - - - - - - 043 - B, B} _
7 WERITCRARENR K - - - - - - - 17563 - - - -
8 HHUKIEEE K - - - - . - : . ; .
9 FEFERIKIEIER K - - - - - - - B
10 %*E(i%;;ﬁ? K 20988 - - 240038 - - - - - . - .
11 EREEHFEER K 13540.8 - - 266834 - - - - . - - B
12 EMRGEHFEER K 14562.8 - - 276456 - - - - . - - B
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