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Determination of glyphosate, glufosinate and aminomethylphonic acid
residues in tea by liquid chromatography-tandem mass spectrometry
using multi-walled carbon nanotubes as dispersive solid-phase
extraction sorbent
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ABSTRACT: Objective An ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
analysis method was established for simultaneous determination of glyphosate, glufosinate and aminomethyl-
phonic acid (AMPA) in tea. Methods The sample was extracted with water, and cleaned up by multi-walled
carbon nanotubes(MWCNTS)and primary-secondary amine(PSA)as dispersive solid-phase extraction sorbent,
then derived using fluorenyl methyl chloroformate(FMOC-CI). The derivatives were separated by ACQUITY
UPLC BEH Cg column, using acetonitrile and 4 mmol/L ammonium acetate as the mobile phase. The identifi-

cation and quantification of glyphosate, glufosinate and AMPA were carried out by MS/MS in positive electro-
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spray ionization(ESI") and multiple reaction monitoring(MRM) mode, and the quantification analysis was per-
formed by external standard method. Results The calibration curve showed a good linearity in the range of
0.1~1 pg/mL with the correlation coefficient r*> 0.999. The quantification (LOQ) limits were 10 pg/kg. The
average recoveries of glyphosate, glufosinate and AMPA spiked at 0.25, 0.50 mg/kg and 1.00 mg/kg levels in
green tea were 95%~116%, 98%~118% and 74%~84%, and the relative standard deviations (RSD, n=6) were
lower than 6.79%. Conclusion This method is simple, effective and sensitive, and it is suitable for the deter-
mination and confirmation of glyphosate, glufosinate and AMPA in tea.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; glyphosate; glufosinate;

aminomethylphonic acid; tea; multi-walled carbon nano-tubes; dispersive solid-phase extraction
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Fig. 1 Chemical structures of glyphosate, glufosinate and AMPA
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Waters ; 4K15 23 INEEMH
Sigma ; SI Vortex Genie2 - .
SIem voriex Lietl 231 RARGELH
s Scientific Industries ; HHS . ACQUITY UPLC BEH C, 1.7 um, 2.1
. . ; mm x50 mm,; T A: ; B: 4 mmol/L
: Millipore, : elix10 : £ 0.3 mL/min, ’
2.1.2 XA 5 A I 130 °C: Sl
. 0,
Dr.Ehrenstorfer GmbH s 1 97.0% %1 UPLC MEisES
97.5% 99.0% ; 100 pg/L Table 1 The ratio of mobile phase
( ) A (%) B (%)
(N32B407' 10H20) 0 10 90
1.0 30 70
1 9- (FMOC-CL) J&K 20 90 10
Chemical LTD, 98% 10 g/L
6.0 90 10
FMOC-CL ,
6.1 10 90
(MWCNTS), 10~20
8 10 90
nm 5 nm; N-
(PSA) 232 RFAH
5 . 200 g/ . , (ESI+),
22 HmaahiE (MRM); 2.5 kV;
25¢ 50mL 150 C, 500 C;
, 25 mL ’ ’ 1000 L/hr 50 L/hr, ,
30 min, 8000 r/min 10 min, 2
2 mL PSA MWCNTS 5 mL N
m mL3 gER5iE
, 1 min
, 10000 r/min 10 min 3.1 WEMEFARMERFHRE
1 mL 5 mL R 0.5 mL ,
0.5 mL , 30 s, , 2 mL 3
40 C 0.5h, MWCNTS  PSA, , 1
mL , 3
FT2 Hink. EEHBMESEEBERN FMOC iTE YR RIS &5
Table 2 MS/MS parameters for the FMOC derivatives of glufosinate, glyphosate and AMPA
136.2* 22 22
1 -FMOC 1.55 404.4
179.3 22 30
179.2* 24 28
2 -FMOC 1.45 392.3
88.2 24 18
179.3* 22 22
3 -FMOC 1.82 3343

156.2 22 8
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Table 3 The recovery results for the amount of the NANO and PSA
TEST1  TEST2 TEST3 TEST4 TEST5 TEST6 TEST7 TESTS
MWCNTS 0 50 50 60 60 60 80 100
(mg)
PSA 100 50 100 0 60 100 0 0
124 97 44 1.29 51 109 1.23 136
(%)(n=2) 84 63 98 96 85 93 83 91
52 56 105 41 45 76 64 58

OO QO
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2 FMOC ,R H (12

Fig. 2 Derivation reaction with FMOC of glufosinate, glyphosate and AMPA. R:H or alkyl group!'”
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Fig. 3 MRM chromatograms of the derivatives of glufosinate, glyphosate and AMPA with FMOC
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Table 4 Linear equations and correlation coefficients for
glufosinate, glyphosate and AMPA 24
, 8
Y =15078X-440.0 R>=0.999 5 2 1
Y =34660X-891.6 R>=0.999
Y =29203X-661.3 R>=0.999
e frh - 15K she ALy T e 3 8 ‘# i/I:\,
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Table 5 Recovery and RSD for glufosinate, glyphosate ,
and AMPA spiked in blank sample (n=6)
2
(mg/kg) (%) RSD(%)
0.25 118 2.88 ’
0.50 102 433
; PSA
1.00 98 2.02
0.25 116 4.28
[20]
0.50 101 1.61 ’
[21]
1.00 95 3.47
0.25 74 6.79
0.50 82 2.66

1.00 84 2.65 >
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