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Introduction and Objectives
With many 100,000 tons per year worldwide glyphosate is one of the most produced pesticides 
at all. It was launched by Monsanto under the name Roundup in 1974 as a broad band herbicide 
now being legalized throughout Europe. In 1996, Monsanto introduced glyphosate-resistant 
genetically-modified plants, ensuring the use of glyphosate before, during and after the 
cultivation of the plant.

Glyphosate is a non-selective foliar herbicide with a systemic effect. It is almost ubiquitously 
used against mono- and dicotyledonous weeds in agriculture, vineyards, and orchards, meadows, 
pastures and lawns, as well as in the forest. As a mimetic of the phosphoric acid ester phosphoenol 
pyruvate, it blocks the enzyme 5-Enolpyruvylshikimat-3-phosphate synthase essential for the 
synthesis of aromatic amino acids. Nowadays glyphosate is also used as a siccation agent for 
earlier harvesting applied to leguminoses, potatoes and rape seed. 

The aim of this project was the development of an UPLC-MS-MS based analytical method 
applicable to the six different plant-derived commodity groups and also to base products for 
baby food. The method should display a high sensitivity, accuracy and high robustness and 
should be fast and easy.

Development and Validation of a Sensitive and Fast 
Analytical Method for the Determination of Glyphosate, 
Glufosinate and AMPA in Commodities of Plant Origin

Material and Methods
The methodological steps of the new analytical method are as follows (fig. 1): after addition of 
C13N15- and deuterium-labelled internal standards the compounds of interest were extracted 
with an aqueous solvent.

The resulting extract was submitted to a Dispersive Solid Phase Extraction (DSPE) cleanup step 
with cation exchange sorbents and afterwards derivatized with FMOC chloride. 

The FMOC derivatives were extracted into acetonitrile and determined by UPLC-MS-MS. The 
instrument parameters are depicted in table 1.
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Results and Discussion
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Figure 1: Flow chart of the analysis of glyphosate, 
AMPA, and glufosinate in commodities of plant origin.

Table 2: Validation data for the determination of glyphosate, AMPA and glufosinate in 6 
commodities of plant origin according to SANCO/10684/2009

compound asparagus 
(high water content)

lemon 
(high acid and water content)

spiking level 10 ppb spiking level 100 ppb spiking level 10 ppb spiking level 100 ppb

Recov. [%] CV [%] Recov. [%] CV [%] Recov. [%] CV [%] Recov. [%] CV [%]

glyphosate 106 5.5 109 4.6 107 2.9 97 4.2

AMPA 108 5.5 108 4.8 105 5.4 100 4.4

glufosinate 109 3.7 100 0.8 97 1.5 109 5.4

compound raisin 
(high sugar and low water content)

hazlenut
(high oil content)

spiking level 10 ppb spiking level 100 ppb spiking level 10 ppb spiking level 100 ppb

Recov. [%] CV [%] Recov. [%] CV [%] Recov. [%] CV [%] Recov. [%] CV [%]

glyphosate 104 2.7 105 3.0 106 2.6 102 5.5
AMPA 101 2.8 101 4.9 99 5.3 96 8.1
glufosinate 89 3.6 102 5.3 107 4.2 104 2.8

compound
lentil 

(high starch/protein content and low water/fat content)
Black tea 

(difficult or unique commodities)

spiking level 10 ppb spiking level 100 ppb spiking level 10 ppb spiking level 100 ppb

Recov. [%] CV [%] Recov. [%] CV [%] Recov. [%] CV [%] Recov. [%] CV [%]

glyphosate 96 8.0 106 7.9 97 7.1 104 8.7
AMPA 105 6.5 100 5.5 110 8.2 104 8.9
glufosinate 102 3.2 99 1.5 103 3.5 97 2.2

Figure 2: LC-MS-MS chromatogram of a rape seed sample 
contaminated with 0.043 ppm glyphosate.

Figure 3: LC-MS-MS chromatogram of a grape sample 
contaminated with 0.116 ppm glufosinate.

Figure 4a: LC-MS-MS chromatogram of a wheat straw 
sample contaminated with 51.4 ppm glyphosate.

Figure 4b: LC-MS-MS chromatogram of the wheat straw 
sample contaminated with 0.23 ppm glyphosate.

The validation according to SANCO/2009/10684 gave recoveries between 
90 and 110 % in each of the six different commodity groups for glyphosate, 
glufosinate and AMPA (table 2). 

The variation coefficients at 10 ppb (reporting limit) and 100 ppb spiking 
level were far below 10 %. 

The detection limits were 1 ppb (commodities with high water content) 
and 5 ppb (commodities with low water content).

The turnaround time of sample processing and measurement is just 2 
hours.

This method is suitable for the analysis of conventional and organic plant-
derived food as well as base products for baby food.

UPLC-MS/MS
XEVO TQ MS

1-2 g finely ground sample

Spiking of isotope-labelled 
internal standards; 
aqueous extraction

DSPE cleanup

Derivatization with 
FMOC-chloride

LLE (acetonitrile)

Measurement system Acquity UPLC; XEVO-TQ-MS (Waters)

Stationary Phase BEH C18 2.1 x 50 mm

Mobile Phase A: CH3OH/0.1 % HCOOH; B: H2O/5 mM NH4HCOO 

Ionisation mode ESI positive

Glyphosate-FMOC 392>88; 392>214; 392>179

1,2-C13N15-Glyphosate-FMOC (Internal standard) 395>91

AMPA-FMOC 334>179; 334>112; 334>156

C13N15-AMPA-FMOC (Internal standard) 336>114

Glufosinate-FMOC 404>136; 404>208; 404>179

D3-glufosinate-FMOC (Internal standard) 408>139

Table 1: Instrument parameters


