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10 (GC/MS)
o QuECHERS GC/MS
2 4-D- 2 4-D- MCS 5 mL 1 5%
2; 10% GC/MS 4- N N
2 4- N N 2 GC/MS N
10 0.01 ~0.1 mg/kg 10
70.5% ~93.2% RSD  5.2% ~12.3% 10 (S/N=10) 0.01 ~
0.025 mg/kg (S/N=3) 0.003 ~0.008 mg/kg. N GC/MS
1
2 4-D- 2 4-D- N (CPA) . 6- (6-BA) .
2 4- (2 4-D) B~ . . . . 2,
2 4-D.CPA.6-BA
“AB ”\ “« ”» “« »
3
4 -
SN (LC/MS/MS) *°- 1
10
2
2.1
6890GC-5973MS (  Agilent (
); N ( ); ( BACKMAN )
N N N N N ; QUECHERS (
CLE008 300 mg/ ) sMCX (200 mg/6 mL. WATERS ) ;

PCX SLW MCS

20140203 ;20140347
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2 4-D- 2 4-D- CPA.a- 2 4D, N N N 6-BA
99.0% Dr Ehrenstorfer GmbH o
2.2
(o ) (1.0 g/L): 0.025 g( 0.0001 g)
25 mL. 4°C o
5.0 mg/L 1.0 g/L 0.5 mL
100 mL. 4 °C o 5% D SmL 100 mL o 20% -
2 mL 8mL o 10% 1 mL
9ml o
2.3
2.3.1 10.0 g 50 mL 20 mL V40 pL
1 min 30 min 8000 r/min 5 min 50 mL
3.0 g NaCl ;8000 r/min 5 min Na,SO,
50 C 2 mL o
2.3.2 1 mL QuECHERS 5 min
10000 r/min 2 min GC/MS 2 4-D- 2 4-D- o
1 mL 9 ml 40 mmol /L. HCI 8000 r/min 5 min o
5 mL S mL .5 mL 40 mmol /L HCI MCS MCS
5 mL 5 mL 10 mL
1; 5mL5% 10 mL, 2 50 C
o 2  0.5mL GC/MS N \6-BA.
2.3.3 1 1 mL 10% 70 C 30 min
1.0 mL 20% - 2 mlL 4000 r/min 5 min
GC/MS o 5.0 mg/L
0.05 0.1 0.2 0.4 1.0 mL 1.0 mL (0.25
0.5 1.0 2.0 5.0 mg/L) o
2.4
DB-5MS (30 m x 0.25 mm x 0.25 pum); 1260 C ; 80 °C
1 min 10 °C /min 290 °C 300 C 2 min; s =99. 999% 1 mL/min;
1 pl; :EI 70 eV; 1230 C; : ;
m/z 35 ~450,
3
3.1
4 ) 5
10 64.6% ~92.3% (n=3)
10 83.2% ~94.2% (n=3)
3.2
10
2 4-D- 2 4-D- +CPA.B- 2 4D, N ;
N \6-BA. 2 4-D- 2 4-D- GC/MS o CPA.B- N
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2 4D, 5 o
. ; . \6-BA GC/MS o
3.2.1 QuECHERS QuEChERS o .
N (OFAN PSA N
2 4-D- 2 4-D-
1,
3.2.2 MAX
LC/MS
7 . 11
46
; SLW
26 B,-
13 .
1 2 4D- 2 4-D-
MEX PCX SLW Fig.1  Total Ton chromatogram of bean sprouts spiking
MCS 2 4-D-ethyl ester and 2 4-D-butyl ester
o MCX 1.2 4-D- (2 4-D-ethyl ester); 2.2 4-D- (2 4-D-
PCX SLW . : butyl ester) o
MCS 8 80% o MCS
1 1 CPA.a- 2 4D, . 5
GC/MS 2;5% MCS 2 2 N
6-BA 3 3 GC/MS 3,
2 1 3 2
Fig. 2 Total Ton chromatogram of composition 1 after Fig.3  Total Ton chromatogram of composition 2
methyl esterification 8: (Paclobutrazol) ; 9: (Kinetin) ; 102 6-

3:2 4-

Dichlorphenoxy) acetic acid; 5: 8-

acid) ;6:

tyric acid) o

2 3

3.3

(Indole acetic acid) ;7:

MCS

4-Chlorophenoxyaceticacid; 4: 2 4-D (2 4-
(B-naphthalene acetic
(Indole bu-

8

(6-Benzyl adenine) .

5%

GC/MS o

46~10

LC/MS/MS N
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QuECHERS .

o GC/MS
GC/MS 10
o DB-5SMS 10
GC/MS 1. 10 0.025 ~1.0 mg/L
0.995 ~0.999 0.02 ~0.05 mg/L,

1 10 N

Table 1  Monitoring ions retention times for 10 plant growth regulators

Component Retention time Qualifier ions Quantifier ions
pone (min) (m/z) (m/z)
2 4-D- 2 4-D-ethylEster 13.32 175 213 250 248
2 4-D- 2 4-D-butylester 15.32 185 220 278 276
4- 4-Chlorophenoxyaceticacid CPA 10. 82 111 141 202 200
2 4- (2 4-Dichlorphenoxy) acetic acid 2 4-D 12.60 175 199 236 234
B- B-Naphthalene acetic acid 13.42 115 200 141
Indole acetic acid 14.67 189 103 77 130
Indole butyric acid 16.69 143 186 217 130
Paclobutrazol 17.45 125 167 238 236
Kinetin 18.74 135 160 186 215
6- 6-Benzyl adenine 6-BA 20. 66 120 148 106 225
3.4 N
2, 2 10
0.01 ~0.1 mg/kg 70.5% ~93.2% RSD  5.2% ~12.3% 10
0.01 ~0.025 mg/kg 3 0.003 ~0.008 mg/kg-
2 N N

Table 2 Recoveries determination limits quantification limits and precisions of method

Component Spiked level Averageo recovery . RSD_ LOQ LOD
(mg/kg) (%) (% n=6) (mg/kg) (mg/kg)
2 49— 0.01 86.7 8.4 0.01 0.003
2 4-D-Ethylester 0.05 91.3 7.5
2 4-p- 0.01 90.3 7.8 0.01 0.003
2 4-D-Butylester 0.05 95.4 5.4
4- 0.025 76.3 10.3 0.025 0.008
4-Chlorophenoxyaceticacid CPA 0.1 82.4 7.9
24— 0.025 81.3 9.2 0.025 0.008
(2 4Dichlorphenoxy) acetic acid 2 4-D 0.1 88.6 6.3
B- 0.025 80.3 8.6 0.025 0.008
B-Naphthalene acetic acid 0.1 89.4 6.4
0.025 77.4 11.3 0.025 0.008
Indole acetic acid 0.1 83.2 8.3
0.025 76.5 9.4 0.025 0.008
Indole butyric acid 0.1 80.5 7.7
0.01 87.6 8.3 0.01 0.003
Paclobutrazol 0.05 93.2 5.2
0.025 74.3 11.2 0.025 0.008
Kinetin 0.1 83.2 9.4
6— 0.025 70.5 12.3 0.025 0.008

6-Benzyl adenine 6-BA 0.1 79

(5]

10.4
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3.5
N 10 10 CPA
50%  20% 0.014 ~0.26 mg/kg CPA GB27622011 (
i .
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Determination of 10 Plant Growth Regulators in Bean Sprouts by
Sequential Cleaning-Gas Chromatography-Mass Spectrometry

WU Ping-Gu" TAN Yin ZHANG Jin WANG Li-Yuan TANG Jun
JIANG Wei PAN Xiao-Dong MA BingJie NI Zhu-Nan WANG Tian-Jiao
(Zhejiang Provincial Center for Disease Control and Prevention Hangzhou 310051 China)

Abstract A sequential clean-up method was developed for the quantification of 10 plant growth regulators in
bean sprout by the gas chromatography/mass spectrometry (GC/MS). The analytes were firstly extracted by
the acided acetonitrile. Extraction was concentrated and re-dissovled by methanol. Then it was divided to two
aliquots. One of that was analyzed for 2 4-D-butyl ester and 2 4-D-ethyl ester after the purification by
QuECHERS cartridge. Another one was treated by MCS solid phase extraction column including diverse
eluting steps. After eluting by 5 mL methanol composition 1 was obtain concentrated and methyl esterified
by 10% boron trifluoride methanol solution. The treated extract was used for the determination of
4-chlorophenoxy acetic acid B-naphthyl acetic acid 2 4-dichlorophenoxy acetic acid indole acetic acid and
indole butyric acid. Composition 2 collected by eluting with 5 mL 5% amonium methanol was used for the
determination of paclobutrazol ~ Kinetin ~ 6-Benzylaminopurine. The clean-up procedures are designed
according to different chemistry properties of these plant growth regulators. The results showed that after
spiking of 0.01 —0. 1 mg/kg selected plant growth regulators average recovery ranged from 70.0% to 93.2%
and relative standard deviation were 5.2% —12.3% . Limit of quantification (LOQ S/N=10) and limit of
detection (LOD S/N=3) were 0.01 -0.025 mg/kg and 0. 003 - 0. 008 mg/kg respectively. The developed
purification method is easy fast and accurate and can be applied to routine test of plant growth regulators in
bean sprout.

Keywords Bean sprout; Plant growth regulator; Sequential cleaning; Gas chromatography-mass spectrometry
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