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Determination of 29 acidic herbicide residues in tea
by gas chromatography-mass spectrometry
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Abstract A method was developed for the determination of 29 herbicide residues in tea. The
target analytes were extracted with acetonitrile. The extract was cleaned up with an ENVI-Carb
solid phase extraction column and derivatized with trimethylsilydiazmethan then cleaned up
through a Florisil solid phase extraction column. The derivatives were determined by gas chro-
matography-mass spectrometry GC-MS with selected ion monitoring SIM mode. The sepa-
ration and quantification were achieved using an HP-5MS silica capillary column 30 m x 0. 25
mm x0.25 pm with a column temperature gradient from 50 C  held for 1 min to 160 C at a
rate of 4 C/min held for 3 min and then increased to 300 C for 5 min at a rate of 10 C/min.
The average recoveries of these herbicides at three spiked levels 0.01 0.05 and 0.1 mg/kg
ranged from 57. 1% to 120.4% with the relative standard deviations RSDs ranged from 4.3%
to 20.9%. The detection limits were from 0. 002 mg/kg to 0. 005 mg/kg. The method is easy
fast and more sensitive. It also indicated that this method can meet the requirements for sim-
ultaneous determination of 29 herbicides in tea.
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B - 151 75:25:1
“1.3.17
2 mL -
GC-MS 25 mL -
1.3.3
“1.3.2”7 40 C
1 1 mL 2 mL
1.1 - 8:2 0.2 mL
Agilent 6890N/5975B - 30
EI LA- T 30 min
BROTA 4000 Heidolph 5 mL
HR2860 WH-866 1.3.4
B5200S-DT 3 mL 6 mL Florisil
1.3.3”
Supelco 6 mL
1.2 - 2:8
10 mL 30 C
2- 4- 2 4- 2 4- 0.50 mL GC-MS
1- 5- 2 4 5- 1.4 -
2- 4- 2 4 5- 2 4- 1.4.1
HP-5MS 30 m x 0.25
mm x0.25 pm 250 C
Dr. Eh- 99. 999% 1. 0 mL/min 0.75 min
renstorfer 95. 0% 2 pL 50
2.0 mol/L Sigma LY I min 4 C/min 160 C
3 min 10 C/min 300 C 5 min
Supel- 1.4.2
co ENVI-Carb 1.0 g 12 EI 230 C 70 eV
mL Waters Sep-Pak Plus SIM
500 mg 3 mL 1.5
1.5.1
1.3 “ 1.4 -
1.3.1 GC-MS
2.5¢g 0.01
g 50 mL 20 mL
30 min 2g
5 min 5000 >50% +10%
r/min 3 min 100 mL 20% ~50% = 15%
20 mL 10% ~20% +20% <
40 C 1 mL 10% +50%
1.3.2 “ 1.4
1 cm -

10 mL
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Table 1 Retention times ¢; quantitative ions qualitative ions and relative abundance ratios' of 29 herbicides
No. Herbicide tRZ /min Quantitative ion Qualitative ions
m/z ratio/% m/z ratio/% m/z ratio/%
1 clopyralid 20.42 147 100 149 57 146 65
2 cloprop 20.61 155 100 157 32 214 37
3 4-CPA 21.28 200 100 141 96 111 60
4 dicamba 21.97 203 100 205 64 234 25
5 MCPA 2- -4- 23.15 214 100 141 94 155 65
6 dichlorprop 2 4- 24.34 162 100 189 54 248 45
7 bromoxynil 24.67 291 100 276 51 289 53
8 2 4-D 2 4- 25.01 199 100 234 62 175 37
9 triclopyr 26.92 210 100 269 31 212 45
10 NAA 1- 26.92 141 100 200 40 210 18
11 pentachlorphenol 5- 27.37 265 100 280 95 237 90
12 fenoprop 2 4 5- 28.28 196 100 198 97 223 38
13 chloramben 28.44 188 100 219 76 160 40
14 MCPB 2- -4- 28.85 101 100 101 100 59 68
15 2 45T 245- 28.89 233 100 235 66 268 50
16 fluroxypyr 30.02 209 100 211 65 268 48
17 2 4-DB 2 4- 30.05 101 100 59 60 162 23
18 bentazone 30.58 212 100 105 65 254 27
19 OH-ioxynil 30.65 385 100 370 35 243 38
20 picloram 31.43 196 100 197 80 198 95
21 quinclorac 31.89 224 100 226 65 197 51
22 fluazifop 32.36 341 100 282 97 254 90
23 haloxyfop 33.50 266 100 288 94 375 81
24 flamprop acid 34.38 105 100 106 90 77 36
25 acifluorfen 34.76 166 100 344 55 223 44
26 pyrithiobac sodium 35.25 272 100 283 38 282 15
27 fenhexamid 36.62 97 100 55 38 191 27
28 quizalofop-ethyl 39.64 263 100 243 87 163 35
29 bispyribac sodium 40.30 385 100 384 30 386 22
1 Abundance ratio of the ion to the base peak 2 For ¢, of the peak see Fig. 1.
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Table 2 Recoveries of 29 herbicides on an ENVI-Carb eluted with different volumes of eluent
Recoveries/% Recoveries/%
Herbicide Herbicide
5 mL I0mL 15 mL 20mL 25 mL 5 mL 10 mL 15 mL 20 mL 25 mL
Clopyralid 80.5 85.4 89.8 90. 8 92.8 Fluroxypyr 60.3 89.2 92.5 93.1 93.5
Cloprop 90.2 92.4 97.0 99.3 99.5 2 4-DB 81.2 90.3 91.5 92.1 92.8
4-CPA 80.2 93.1 97.0 99.3 99.5 Bentazone 90.5 95.3 96.6 96.8 97.1
Dicamba 93.1 97.0 99.3 100.5 102.2 OH-Ioxynil 30.2 75.3 85.2 89.5 92.0
MCPA 70.5 80.2 83.4 88.2 89.8 Picloram 10.5 56.5 78.2 80.2 88.5
Dichlorprop 80. 1 85.4 89.8 90.1 90. 8 Quinclorac 5.5 45.2 68.2 80.2 86.3
Bromoxynil 60.5 65.3 78.3 85.6 86.2 Fluazifop 90.5 92.2 93.0 93.5 94.0
2 4-D 74.1 81.2 91.3.8 92.8 93.5 Haloxyfop 89.3 95.6 96.2 96.8 97.5
Triclopyr 55.4 78.9 85.6 88.2 89.2 Flamprop acid 85.3 91.6 93.1 93.5 94.2
NAA 89.6 92.6 94.0 95.2 96.0 Acifluorfen 80.2 90.1 91.3 91.8 92.0
Pentachlorphenol 56.3 63.8 67.8 78.2 85.6 Pyrithiobac sodium 70.5 89.3 91.7 92.3 94.6
Fenoprop 61.2 78.3 82.3 85.6 88.3 Fenhexamid 65.2 83.2 85.3 89.1 92.0
Chloramben 81.5 90.2 91.2 92.0 93.1 Quizalofop-ethyl 5.6 40.7 60.5 82.5 86.2
MCPB 75.3 86.3 88.0 89.3 91.2 Bispyribac sodium 70.2 76.0 80. 1 88.9 90.4
2 45T 80.2 82.3 87.9 88.2 88.7
2.3
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Fig. 1 Total ion current chromatograms TIC of a a mixture of 29 herbicide standards 0.5 mg/L and
b a green tea sample spiked with a mixture of herbicide standards 0.1 mg/kg
For peak identifications see Table 1.
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Table 3 Linear regression equations and correlation coefficients r> of 29 herbicides
Herbicide Regression equation * 7 Herbicide Regression equation * 7
Clopyralid y=23161x +227.39 0.9996 Fluroxypyr y =147958x + 13469 0.9988
Cloprop y =121360x +5690. 6 0.9960 2 4-DB y =176568x + 12527 0.9990
4-CPA y =248121x +23746 0.9985 Bentazone y =316074x + 17579 0.9991
Dicamba y =145351x -9122 0.9998 OH-Ioxynil Yy =261270x +31214 0.9984
MCPA Yy =261936x +6683.4 0.9993 Picloram Yy =326630x + 15192 0.9993
Dichlorprop y =209412x +27077 0.9982 Quinclorac y =160637x +7977.3 0.9993
Bromoxynil y =138259x +7391.6 0.9992 Fluazifop y =248065x + 19853 0.9989
2 4-D y =191443x + 18634 0.9987 Haloxyfop Yy =179464x + 14608 0.9990
Triclopyr y =140707x + 11522 0.9988 Flamprop acid Yy =174649x + 13972 0.9989
NAA Yy =136534x +3861.4 0.9994 Acifluorfen y =27039x 0.9982
Pentachlorphenol y =137958x + 13469 0.9986 Pyrithiobac sodium y =687537x + 64633 0.9986
Fenoprop Yy =639427x + 60949 0.9986 Fenhexamid y =269444x +27514 0.9989
Chloramben y =158926x + 18418 0.9983 Quizalofop-ethyl y =121530x +8745.2 0.9993
MCPB Yy =306501x +23521 0.9989 Bispyribac sodium y =23161x +227.39 0.9996
2 4 5-T y =1374022 + 10603 0.9989
+ 3y peak area of the quantitative ion x mass concentration of the analyte mg/L. Linear range 0.01 -5.0 mg/L.
4 29 n=6
Table 4 Spiked recoveries and precisions of 29 herbicides in a green tea sample n =6
Herbicide Spiked/ mg/kg Recovery range/% RSD/% Herbicide Spiked/ mg/kg Recovery range/% RSD/%
Clopyralid 0.10 62.5-80.6 6.1 Fluroxypyr 0.10 63.7-78.5 5.5
0.05 68.5 -86.6 6.6 0.05 67.0-75.6 4.3
0.01 74.8 -88.6 5.9 0.01 60.1-77.6 7.1
Cloprop 0.10 83.0-97.5 5.6 2 4-DB 0.10 83.7-93.8 4.5
0.05 84.0-96.0 4.5 0.05 81.6-97.8 4.9
0.01 93.0 -104.6 4.1 0.01 87.2-98.2 5.8
4-CPA 0.10 87.4 -100.5 5.0 Bentazone 0.10 92.4 -102.4 5.5
0.05 80.8-96.0 5.8 0.05 91.7 -104.3 2.5
0.01 79.4 -92.8 5.5 0.01 86.1-110.8 4.4
Dicamba 0.10 71.6 -86.9 7.3 OH-Ioxynil 0.10 80.0-95.1 5.2
0.05 79.0-93.4 5.9 0.05 84.2-94.6 7.2
0.01 69.8 -82.5 6.6 0.01 87.4-95.7 2.6
MCPA 0.10 80.6 -88.9 3.5 Picloram 0.10 85.4-97.3 6.0
0.05 74.0 -89.4 6.7 0.05 86.4 -98.2 5.4
0.01 77.7-92.4 7.5 0.01 84.7 -102.0 4.3
Dichlorprop 0.10 82.4-92.7 4.8 Quinclorac 0.10 87.4 -100.4 5.7
0.05 75.4 -86.6 6.8 0.05 93.5 -111.2 5.3
0.01 64.2 -78.8 8.5 0.01 92.9 -105.1 3.9
Bromoxynil 0.10 75.6 -88.4 6.6 Fluazifop 0.10 90.7 -105.8 4.0
0.05 74.6 -88.8 6.8 0.05 92.4 -105.2 5.0
0.01 72.4 -86.8 7.3 0.01 84.2-97.0 2.1
2 4-D 0.10 80.6 -88.9 3.5 Haloxyfop 0.10 67.5-80.4 7.4
0.05 74.0 -89.4 6.7 0.05 76.0 -81.4 4.7
0.01 77.7-92.3 7.5 0.01 63.3-75.6 4.6
Triclopyr 0.10 65.6 -75.6 6.6 Flamprop acid 0.10 86.4 -94.7 3.2
0.05 70.2 -80.0 5.4 0.05 89.2 -100.2 4.0
0.01 68.7 -85.2 5.6 0.01 85.8 - 101.1 6.0
NAA 0.10 80.9 -94.3 5.1 Acifluorfen 0.10 76.3 -86.6 5.4
0.05 98.2 -103.0 2.0 0.05 83.8 -95.8 4.9
0.01 78.3 -90.6 5.9 0.01 82.6-94.3 5.7
Pentachlorphenol 0.10 80.3 -91.6 5.2 Pyrithiobac 0.10 71.4 -88.9 4.1
0.05 81.0-94.6 5.6 sodium 0.05 65.0-82.4 4.9
0.01 78.3-90.6 8.0 0.01 85.8-95.0 5.2
Fenoprop 0.10 80.6 -90.2 5.0 Fenhexamid 0.10 82.4-92.4 4.6
0.05 79.8 -92.2 6.4 0.05 83.2-97.2 3.7
0.01 77.8 -93.2 4.4 0.01 81.9-91.9 4.1
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Table 4 Continued
Herbicide Spiked/ mg/kg Recovery range/% RSD/% Herbicide Spiked/ mg/kg Recovery range/% RSD/%

Chloramben 0.10 86.0-102.4 3.4 Quizalofop-ethyl 0.10 83.0-97.9 5.9
0.05 72.5-89.8 4.0 0.05 82.6-97.8 6.6
0.01 81.0-95.1 5.4 0.01 87.1-103.4 4.0
MCPB 0.10 85.3-92.2 4.9 Bispyribac 0.10 91.8 -110.2 5.3
0.05 75.8 -89.7 2.5 sodium 0.05 85.0-98.0 5.2
0.01 83.4-94.1 3.6 0.01 80.7 -95.3 4.0

2 45T 0.10 87.6 -100.2 2.7

0.05 80.8 -91.6 4.8

0.01 82.1-91.5 4.6

2 ting maximum residue levels for products covered by Annex

55.8% ~ 120. 3%

3.1% ~20.3%

95% 0.01 mg/kg
r 0.0004 ~0.0023
R 0.0009 ~ 0.004 4 0.1 mg/kg
r 0.0076 ~ 0.0023 R 0.007 8 ~
0.034 6 2
2.7
20
29
0.021 mg/kg
3
- 29

Japan Ministry of Health Labour and Welfare. The Japanese
positive list system for agricultural chemical residues in
2005-09-29 http /www. mhlw. go. jp/english/
topics/foodsafety/positive list 060228/index. html

foods.

European Parliament and of the Council. Regulation EC
No. 396/2005 of the European Parliament and of the Council
of 23 February 2005 on maximum residue levels of pesticides
in or on food and feed of plant and animal origin and amen-
ding Council Directive 91/414/EEC. 2005-02-23 . http //
ec. europa. eu/food/plant/protection/pesticides/legislation _
en. htm

European Parliament and of the Council. Commission Regu-
EC No. 149/2008 of 29 January 2008 amending
Regulation EC No. 396/2005 of the European Parliament
and of the Council by establishing Annexes II III and IV set-

lation

10

13
14

15

17

18

20
21

22
23

2008-01-29
protection/pesticides/legislation_en. htm
Zhang Y Huang Z Q Chen X H et al. Chinese Journal of

I thereto. . http /ec. europa. eu/food/plant/

Chromatography 2004

221 95

Xin GB TanJY YaoLJ etal Chinese Journal of Chro-

matography 2008 26
1 116

Huang Z Q LiYJ Chen B et al. J Chromatogr B
853 154

Motohashi N Nagashima H Parkanyi C et al. J Chroma-
togr A 1996 754 333

Ding WH Liu CH Yeh S P. J Chromatogr A 2000 896
111

Henriksen T Svensmark B Lindhardt B et al.
sphere 2001 44 1531

Duncan A R Paul DJ Richard H B et al. J Chromatogr
A 1996 755 245

Zhao SC DongZL WeiF etal. Journal of Chinese Mass
Spectrometry Society

2005 26 4 206

Kuang H Hou Y X Chu X G et al. Chinese Journal of An-
alytical Chemistry

2006 34 12 1733

Moy T A William C B. J Chromatogr Sci 2003 41

2007

Chemo-

343

QiY Zhan C R Zhang X Z et al. Chinese Journal of
Chromatography

2004 22 6 634

Chu X G Yong W Ling Y etal. Chinese Journal of Chro-
matography 2007 25
6 907

Steen R J C A Hogenboom A C Leonards PE G etal. J
Chromatogr A 1999 857 157

Hong M K Kim M C Smith A E. J AOAC Int 1996 79

4 998
Lee AS Hong M K Smith AE. JAOAC Int 1995 78 6
1 459
Scheyer A Briand O Morville S
Chem 2007 387 1 359
Salem A A. J Chromatogr Sci 2007 45 3 131
Hughes D L Ritter D J Wilson R D. J Environ Sci Health
B 2001 36 6 755
GB/T 6379.1-2004/ISO 5725-1
GB/T 6379.2-2004/ISO 5725-2

et al. Anal Bioanal

1994
1994





