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Abstract 

A derivatisation with Dispersive Liquid-Liquid MicroExtraction 

(DiLLME) clean-up method has been successfully developed and 

validated to automate the analysis of glyphosate, 

aminomethylphosphonic acid (AMPA) and glufosinate in water. 

Reducing the need for a concentration step, a small sample size 

of 5 mL was used and fully automating the sample preparation 

procedure, this automated solution provides significant 

advantages, such as reducing the manual preparation steps and 

the reproducibility that comes with an automated system and 

lower consumable costs. 
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Introduction 

Glyphosate, a widely used herbicide used for 

control of broadleaf plants and grasses, has been 

in the news recently due to the banning of its use 

in several countries outside of the United Kingdom. 

Testing of this compound by water companies 

within the UK is still required and there is an 

ongoing need to ensure that methodologies and 

instrumentation continue to provide the desired 

data quality and fulfil the needs of a modern 

analytical laboratory.  

Testing of glyphosate, its breakdown product 

aminomethylphosphonic acid (AMPA), and the 

related herbicide glufosinate, is often achieved by 

derivatisation with fluorenylmethyloxycarbonyl 

chloride (FMOC-Cl) to improve retention in liquid 

chromatography and to increase mass size and 

sensitivity for mass spectrometric detection. This is 

a laborious process due to many liquid handling 

steps and the need for incubated derivatisation. 

The current process, for which this application note 

supersedes, involves derivatisation overnight which 

represents a significant rate determining step in 

sample turnaround time. 

The work described here documents a fully 

validated and accredited* method for the analysis 

of glyphosate in soft, medium, hard, raw, treated 

and surface waters using an FMOC-Cl 

derivatisation with Dispersive Liquid-Liquid 

MicroExtraction (DiLLME) clean-up using 

GERSTEL automation to reduce the manual time 

spent on sample preparation. 

*Note - AMPA and Glufosinate are screening 

analytes only and are not covered by the 

accreditation.    

 

 

 

Experimental 

Instrumentation & Materials 

• GERSTEL Dual head MultiPurpose Sampler 

(MPS) Robotic/RoboticPro 

• GERSTEL quickMix 

• Anatune CF200 solvent safe centrifuge.  

• Agitator 

• Three drawer Peltier cooled stack 

• Agilent 1290 Infinity LC 

• Agilent 6470 Triple Quadrupole MS 

 

Method 

After manually adding 5 mL of sample to a 10 mL 

vial, the sample preparation was fully automated. 

Figure 3 shows a schematic of the automated 

process. 

 

Instrumental parameters 

Injection volume: 50 µL 

Column: C18 1.8 µm. 2.1 mm x 50 mm. 

Mobile phase: 

(A) Water w/ 0.01% formic acid and 1 mL Agilent 

InfinityLab Deactivator additive 

(B) Methanol w/ 1 mL Agilent InfinityLab 

Deactivator additive 

 

 

 

 

 

Figure 1. Chemical structures for all analytes 

 

Figure 2.  Standalone instrument for automated sample 

preparation. 
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Gradient parameters: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Eleven batches of samples were analysed in 

duplicated following guidelines set out by ISO 

17025:2017.  

All analytes were assessed over a concentration 

range of 0 – 300 ng/L using isotopically labelled 

glyphosate and AMPA as internal standards. Table 

1 describes each analyte and quantitating 

transition used along with the retention time. 

 

 

 

 

 

 

 

 

 

 

 

Several water types were evaluated: Soft, medium 

and hard also including raw and treated water 

within this. All waters were spiked at 20% (60 ng/L) 

and 80% (240 ng/L) of the calibration range to 

assess precision and recovery. Glyphosate was 

also evaluated at 100 ng/L in medium water as this 

maximum allowed regulatory limit for this analyte in 

potable water (Prescribed Concentration or Value, 

PCV). Precision and recovery values are calculated 

from all replicates across the eleven batches. 

 

RESULTS AND DISCUSSION 

 

Good linearity was achieved with correlation 

coefficients (R2) above 0.995 with examples shown 

in the figure 4. 

 

Precision and recovery values for glyphosate 

calculated from all replicates are shown in table 2. 

Precision and recovery data for AMPA and 

                

Figure 3. Sample preparation procedure 

Time 

(min) 

A (%) B (%) Flow 

(mL/min) 

1.00 95 5.00 0.4 

8.50 20 80.00 0.4 

9.00 0.00 100.00 0.4 

10.00 0.00 100.00 0.6 

 

Table 1. Analytes assessed, retention time 

and MRM transitions. 

Analyte Retention 

time 

(min) 

MRM 

transition 

Glyphosate 7.65 390→168 

Glyphosate 

2-13C 15N 

7.65 393→170 

AMPA 7.68 332→110 

AMPA 13C 

15N 

7.68 334→138 

Glufosinate 7.78 402.1→206 

 

 

 

Figure 4. Example calibration curves for glyphosate 

(top), glufosinate (middle) and AMPA (bottom) with 

R2 of 0.9999, 0.9984 and 0.9995, respectively. 
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glufosinate are shown in tables 4 and 5 in the 

appendix. 

 

Environmental laboratories that engage in potable 

water testing are also required to ascertain the 

uncertainty of measurement (UoM) associated with 

analytes and their analytical methods. This value 

takes into consideration the error of all contributing 

factors of the analytical measurement 1. The 

expanded uncertainty of measurement for this 

method was calculated as 31.95% for glyphosate. 

This was calculated from a UoM sample spiked at 

100 ng/L. 

Limit of quantitation (LOQ), calculated by 

multiplying the within batch standard deviation of a 

low spike (2 ng/L) by ten. The highest and lowest 

limit of detection (LOD, 3 x within batch standard 

deviation) and LOQ for all three analytes are 

shown in table 4. The maximum regulatory allowed 

LOQ for glyphosate is 30 ng/L. 

Due to the presence of high levels of AMPA in the 

raw matrix, this reduced method performance for 

this analyte. As AMPA and glufosinate are used as 

screening compounds, these were not put forward 

for accreditation. However, glufosinate shows 

similar analytical performance to that of 

glyphosate.  

Figure 5 shows a chromatogram of a blank and 

LOD (2 ng/L) spike for glyphosate in medium 

hardness water.  

 

 

 

  

 

 

CONCLUSIONS 

A fully validated and accredited method 2 for the 

analysis of glyphosate and related compounds 

in water in an ISO 17025 environment was 

developed. 

 As an automated method, this represents 

significant gains in terms of lab efficiency, with a 

derivatisation reduced to ten minutes from an 

overnight process. Utilising an offline 

PrepStation also means that the system can be 

used for other workflows and tasks.  

The work described in this application note 

represents a significant efficiency and cost-per-

Table 2. Precision and recovery values for glyphosate in all water types and replicates. 

Water Type 20% (60 ng/L) 80% (240 ng/L) PCV (100 ng/L) 

RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) 

Soft 9.04 109.33 6.69 105.28 - - 

Medium 6.67 110.39 8.43 104.97 6.98 111.45 

Hard 6.23 110.76 6.94 106.75 - - 

Raw Surface 8.20 108.43 7.69 108.04 - - 

 

Table 3. highest and lowest calculated LOD and LOQ values 

for all analytes 

 Glyphosate AMPA Glufosinate 

Water 

type 

Final, 

Soft 

Raw Final, 

Hard 

Raw Final, 

Hard 

Final, 

Soft 

LOD, 

ng/L 

2 5 2 15 3 5 

LOQ, 

ng/L 

6 15 5 49 9 14 

 

Table

 
Figure 5. Blank (bottom) and 2 ng/L spike (top) for 

glyphosate (7.6 min) in medium water. 
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test saving when compared to the manual 

method previously used. With the automated 

method making use of a short sample 

preparation time of one hour and thirty minutes 

per six sample compared to a process spanning 

two days with an overnight incubation, a big 

saving in time spent was made.  

The automated method also features a 

reduction in the consumable cost having no 

solid phase extraction (SPE) step, saving £2 per 

cartridge and therefore in reducing the need to 

dry SPE cartridges and nitrogen evaporation of 

elution solvents a considerable saving on gas 

usage was made. A saving of £1 per 2mL 

autosampler filter vial was also made as this is 

no longer required for the automated method. 

As a smaller sample volume is required for 

automation, many more replicates may be 

performed from one sample bottle to confirm 

potential PCV limit breaches and this also 

reduces the need for resampling, thus 

eliminating the associated added costs.   
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To discuss implementing this application 

solution for your E&L workflows, contact us and 

we will be delighted to work with you from 

conception to method transfer into your 

laboratory. 

We also offer fully validated methods, according 

to your validation protocol, where required. 

 

 

APPENDIX  

Table 4. Precision and recovery values for AMPA calculated from eleven batches. 

Water type 20 % (60 ng/L) 80 % (240 ng/L) 

RSD (%) Recovery (%) RSD (%) Recovery (%) 

Soft 5.05 101.72 4.38 101.72 

Medium 5.62 102.76 2.30 102.93 

Hard 6.48 104.78 5.91 103.58 

Raw surface 15.63 104.78 9.24 94.50 

 Table 5. Precision and recovery values for glufosinate calculated from eleven batches. 

Water type 20 % (60 ng/L) 80 % (240 ng/L) 

RSD (%) Recovery (%) RSD (%) Recovery (%) 

Soft 8.77 101.79 7.31 99.9 

Medium 10.12 109.07 9.72 105.62 

Hard 9.36 106.95 8.04 105.5 

Raw surface 15.08 132.35 15.97 136.51 
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