
LC/MS Application Note

Automated determination of glyphosate, 
AMPA and glufosinate in food by 
online ligand exchange SPE-LC-MS/MS

www.palsystem.com



2 IngeniousNews 01/2020

Automated determination of glyphosate, AMPA and 
glufosinate in food by online ligand exchange SPE-LC-MS/MS

Konetzki, J.1, Nestola, M.2, Rothmeier, S.1, Becker, E.1, Hentschel, A.1, Kirchhoff, E.1 
1) Institut Kirchhoff Berlin GmbH, Oudenarder Str. 16, 13347 Berlin/DE     2) Axel Semrau GmbH & Co.KG, Stefansbecke 42, 45549 Sprockhövel/DE

Background Glyphosate, AMPA, Glufosinate

Glyphosate:
•	 Phosphonate
•	 Broadband herbicide, widespread application, therefore 

detectable in many food matrices
•	 Several formulations
•	 Acute reference dose (ARfD): 0.5 mg/kg body weight
•	 Acceptable Daily Intake (ADI): 0.5 mg/kg body weight / 

day
•	 Maximum permitted level in drinking water: 0.1 µg/L
•	 EU Maximum Residue Levels (MRLs) according to EU 

regulation 293/2013 : 0.05 mg/kg – 15 mg/kg 
depending on food matrix

•	 Main metabolite of glyphosate: AMPA (Aminomethyl-
phosphonic Acid):

Glufosinate: 
•	 Structurally similar compound
•	 Broadband herbicide
•	 ARfD: 0.021 mg/kg body weight
•	 ADI: 0.021 mg/kg body weight / day

Public discussions about toxicity and carcinogenicity

•	 Worldwide discussions about possible cancerogenic 
and/or mutagenic effects

•	 March 2015: International Agency for Research on 
Cancer (IARC): Glyphosate is probably carcinogenic to 
humans (Group 2A)

•	 2016: European Food Safety Authority (EFSA) and 
German Federal Institute for Risk Assessment (BfR): no 
carcinogenic risk to humans if it is used in the prop-
er manner for the intended purpose; 2016: opinion 

supported by the WHO/FAO Joint Meeting on Pesticide 
Residues (JMPR)

•	 November 2017: extension of the licence of glyphosate 
in the EU for 5 more years

•	 Low public acceptance
•	 Many (not always factual) reports in the press
•	 Effective actions driven by NGOs (e. g. analysis of gly-

phosate in urine)
•	 Claims for MRL of 0.01 mg/kg in food

Analysis of glyphosate

•	 Glyphosate in water: LOQ of 0.05 µg/L no problem 
(direct injection or enrichment by SPE)

•	 Many publications for several matrices with LOQs 0.01 – 
0.05 mg/kg
	- with and without SPE
	- GC-MS/MS after derivatization
	- LC-MS/MS with and without derivatization
	- QuPPe method (EURL for Single Residue Methods)

•	 Challenges
	- matrix effects
	- applicability for complex matrices (e. g. cocoa, tea)

•	 log KOW = -3.3
	- Glyphosate is approx. 2000-fold better soluble in 

water than in octanol, hence HPLC is preferred. 
However, because of high polarity chromatography 
on C18-columns is difficult.

	- FMOC-acylation: Fluorenyl group increases hydro-
phobicity and provides better retention on C18 
columns
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Analysis of glyphosate: workflow

MeOH/water 1/1, addition of labeled internal standards, shaking for 1 min

Addition of buffer solution and FMOC, 20 min reaction time at 50 °C, addition of 
formic acid, centrifugation

400 µL

CHRONECT µSPE with CHROSPHE glyphosate cartridges (ligand exchange, ZrO2 
based), 10 x 2 mm

YMC Triart C18 (water/acetonitrile, pH 9)

Quantification by isotope dilution

Manual extraction

Automated derivatization

Injection

SPE

HPLC

MS/MS

Fig. 1: Chronect Worksation Glyphosate:  PAL RTC with centrifuge, agitator and vortexer

Fig. 2: CHRONECT µSPE system

https://www.axel-semrau.de/en/Chromatography+_ 
+Automation/Online+SPE_UHPLC_MS+Solutions/
CHRONECT+Workstation+Glyphosate.html

https://www.axel-semrau.de/en/Chromatography+_ +Automation/Online+SPE_UHPLC_MS+Solutions/CHRONECT+Workstation+Glyphosate.html 
https://www.axel-semrau.de/en/Chromatography+_ +Automation/Online+SPE_UHPLC_MS+Solutions/CHRONECT+Workstation+Glyphosate.html 
https://www.axel-semrau.de/en/Chromatography+_ +Automation/Online+SPE_UHPLC_MS+Solutions/CHRONECT+Workstation+Glyphosate.html 
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Analysis of glyphosate: complex matrices – basic validation

Spiking at LOQ 3 µg/kg (n=6)

Requirements: 
	- Signal-to-noise ratio ≥10:1

Spiking at 10, 50 and 100 µg/kg (n=3 each)

Requirements:
	- Repeatability RSDr ≤20%
	- Trueness 70-120%
	- Retention time deviation between samples and standards: ≤0.1 min
	- Ion ratio deviation between samples and standards: ≤30 %
	- Linearity 

Complex matrices - wheat

Wheat spiked with 3 µg/kg

Glyphosate MRM 390  168

AMPA MRM 332  110

Glufosinate MRM 402  180
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Complex matrices - tea

Tea spiked with 3 µg/kg

Glyphosate MRM 390  168

AMPA MRM 332  110

Glufosinate MRM 402  180
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Complex matrices - sunflower seeds

Sunflower seeds spiked with 3 µg/kg

Glyphosate MRM 390  168

AMPA MRM 332  110

Glufosinate MRM 402  180



7IngeniousNews 01/2020

Complex matrices - cocoa

Cocoa spiked with 3 µg/kg

Glyphosate MRM 390  168

AMPA MRM 332  110

Glufosinate MRM 402  180
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Table 1: Analysis of glyphosate: complex matrices – basic validation

Validation data also meet the criteria for linearity, retention time and ion ratio according to SANTE/12682/2019.

Table 2: Analysis of AMPA: complex matrices – basic validation

Validation data also meet the criteria for linearity, retention time and ion ratio according to SANTE/12682/2019.

Table 3: Analysis glufosinate: complex matrices – basic validation

Validation data also meet the criteria for linearity, retention time and ion ratio according to SANTE/12682/2019.
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Conclusions and outlook

The presented method allows a time-efficient sensitive detection and quantification of glyphosate, AMPA and glufosinate in 
complex food matrices. The manual effort is minimized by applying online SPE. The ligand exchange SPE material reduces 
matrix effects to a minimum. Signal to noise-ratios at 3 µg/kg are satisfactory, even for complex matrices.
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Legal Statements

CTC Analytics AG reserves the right to make improvements and/or changes to the 
product(s) described in this document at any time without prior notice.

CTC Analytics AG makes no warranty of any kind pertaining to this product, including 
but not limited to implied warranties of merchantability and suitability for a particular 
purpose.

Under no circumstances shall CTC Analytics AG be held liable for any coincidental 
damage or damages arising as a consequence of or from the use of this document.

© 2020 CTC Analytics AG. All rights reserved. Neither this publication nor any part 
hereof may be copied, photocopied, reproduced, translated, distributed or reduced 
to electronic medium or machine readable form without the prior written permission 
from CTC Analytics AG, except as permitted under copyright laws.
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