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Summary

A LC-MS/MS method with simple SPE interference removal for the determination of
glyphosate, (aminomethyl)phosphonic acid (AMPA), and glufosinate in cereals is described.
A carbon-based chromatography column allowed retention of the analytes while ammonium
carbonate mobile phase system insured proper ionization under negative ESI conditions.

Abstract

A simplified LC-MS/MS method for the determination of glyphosate, (aminomethyl)
phosphonic acid (AMPA), and glufosinate in cereals is described. The method enables the
analysis of glyphosate and its metabolites without sample derivatization. The samples are
prepared utilizing an extraction method based upon the Quick Polar Pesticides (QuPPe)
Method and separated by high-performance liquid chromatography with MS detection.

A carbon-based chromatography column allowed retention of the analytes while water,
methanol and ammonium carbonate mobile phase system insured proper ionization under
negative ESI conditions. The use of a sensitive Sciex 6500 MS instrument enabled low
detection limits of 10 ppb in oats-based samples to be attained. Multiple cereals were
analyzed and incurred levels of glyphosate, AMPA and glufosinate were found to be above the
detection limits of the method.
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Introduction

Glyphosate is one of the most used herbicides in

the world with more than 1.4 billion pounds of
glyphosate applied to fields per year.! This chemical’s
usage increased after the introduction of genetically
modified, glyphosate tolerant crops such as corn,
soybeans, and cotton. In the USA, US Environmental
Protection Agency (EPA) regulation document Code
of Federal Regulations (CFR)-title 40-volume 26 sets
the tolerance levels for the occurrence of glyphosate
in food commodities and produce.? The EPA tolerance
for glyphosate residues in cereal grains (also called
crop group 15) are set at 30 ppm; this limit excludes
rice, soy, and corn. In rice, the tolerance is 0.1 ppm
whereas, in sweet corn it is 3.5 ppm.? For glufosinate,
an herbicide that is often included with glyphosate in
analytical methods, the tolerance values are 0.4 ppm
for cereal and 1.0 ppm for rice. These tolerance values
include metabolites and degradants. Therefore, a
glyphosate metabolite, AMPA, was also included into
this study (Figure 1). For comparison, in the European
Union (EU) maximum residue levels (MRL) in oats
are 20 mg/kg for glyphosate and 0.03 mg/kg for
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Figure 1. Structures of Glyphosate, AMPA and Glufosinate

Glufosinate (lower limit of analytical detection) and for
glyphosate in rice MRL is 0.03 mg/kg (lower limit of
analytical detection) and for glufosinate 0.9 mg/kg.3

In this application, the presence of glyphosate in cereal
grains, and oat, in particular, used in the production of
breakfast cereals, was explored.

Various methods for glyphosate analysis were
developed over the last 30 years. Some methods
required derivatization of analytes for HPLC analysis,
with fluorescence detection, with o-phthalaldehyde.*
A method with glyphosate derivatization using
fluorenylmethyloxycarbonyl chloride (FMOC) and

fluorescence detection has also been proposed and
widely used.® Recently, with the advent of modern,
sensitive, and rugged LC-MS/MS instruments, it

has become possible to analyze glyphosate and

its metabolites without derivatization as illustrated

in this work with direct analysis of glyphosate by
MS/MS. Multiple columns were previously used

for mass spectrometry-based glyphosate analysis
including ion-exchange, hydrophilic interaction liquid
chromatography (HILIC), or carbon HPLC columns.®
Some of the HILIC-based and ion-exchange methods
used positive ESI for detection of glyphosate and
analogues and acidic mobile phases.®” The HILIC-based
methods present a challenge of solvating these very
polar analytes in the non-polar diluent. Ion-exchange
methods utilized negative ionization mode for detection
and citric acid or citric salts in the mobile phase® which
are not volatile and therefore not fully compatible

with mass spectrometric detection. We have shown
previously that detection of glyphosate in negative

ESI was possible using carbonate buffer and an anion
exchange column.® In this work, we used a volatile
bicarbonate buffer mobile phase and a Supel™ Carbon
LC U/HPLC column. This column possesses a unique
mixed-mode retention mechanism that allows better
retention of polar analytes.

Experimental

Glyphosate, AMPA and ammonium glufosinate were of
analytical standard grade. Isotopically labelled internal
standards were used including glyphosate-2-13C,*°N,
AMPA-13C, 5N, and glufosinate-D5. Solutions of internal
standards and non-isotopically labelled standards were
prepared in water at 1 mg/mL and used for spiking the
grain matrices.

Organic oatmeal was selected as test matrix and used
during method development. Multiple samples of
organic oatmeal from local stores were scanned for the
presence of glyphosate using the methods described
below. All oatmeals had some level of glyphosate and
other compounds present. For the method development
study, a cereal sample was selected that had the lowest
overall background for all three analytes containing
only glyphosate at 24 ppb. This specific matrix was
spiked to contain either 80ppb and 800ppb of all

3 analytes. The spiked samples were used to evaluate
the recovery of analytes during method development
and for validation.

Additionally, multiple samples of oat cereals were
purchased in the local grocery store and evaluated for
glyphosate contamination using the developed method
(Figure 2)



5 g finely-ground sample mixed with 10 mL of water and 80 ppb of IS, let stand for 30 min

10 mL of methanol with 1% (v/v) of formic acid added, let stand for 30 min

Mixed at 1250 rpm for 15 minutes

Placed in a -80 oC freezer for 30 minutes

Centrifuged 10 min at 5000 rpm

HLB SPE cartridges were conditioned using 0.5 mL 100% methanol followed by 0.5 mL of
water:methanol (50:50) containing 0.5% v/v formic acid

0.5 mL of the sample supernatant was used to pre-wet the cartridge, eluent discarded

0.5 mL of the sample extract loaded and eluent collected; 200 uL diluted with 200 uL of
mobile phase A for analysis

Figure 2. Sample preparation method

Sample preparation

The extraction method was based on the QuPPe (Quick
Polar Pesticides Method) methodology developed in
the European Union (EU) for fruits and vegetables, and
used water: methanol (50:50) containing 0.5% formic
acid (V/V) as the final extraction solvent.®

Solid phase extraction (SPE) cleanup using Supel™
Swift HLB cartridges was applied to the extract,
similarly to a method reported by Chamkasem and
Harmon.® Hydrophilic-lipophilic balance, or HLB, SPE
can be applied to a broad range of analytes using
reversed phase methodology. The SPE cleanup method
in the present work is based on the chemical “filtration”
(interference removal) of the extract through the

HLB cartridge when the impurities that are more
hydrophobic in comparison to the analytes are retained
on the SPE phase while the more polar analytes do not
retain and come through in the eluate

LC-MS/MS method

The analysis was completed using a Supel™ Carbon

LC U/HPLC column, which provided good retention

for these polar analytes. The aqueous mobile phase
[A] used was an ammonium carbonate buffer, pH 9.
This mobile phase ensured the proper ionization of

the phosphate or phosphonate moiety in the analytes
(Figure 1) monitored under negative ESI conditions.
In addition, ammonium carbonate buffer is volatile and
is fully compatible with LC/MS instrumentation. The
organic mobile phase [B] contained acetonitrile: water
(95:5). The method operated under both a mobile
phase and a flow rate gradient. Table 1 lists the MS
analyte parameters. Figure 3 presents a chromatogram
of a standard injection and LC instrument parameters.

Solvent-based external calibration curves used internal
standards and were prepared in 75:25 water: methanol
with 0.25% (v/v) formic acid. The concentration range of
calibration curves was from 1 ng/mL to 150 ng/mL and
the linearity was better than R? of 0.998. Representative
calibration curve for glyphosate is shown in Figure 4.



Table 1. MS parameters for analytes

Compound Q1 Q3 DP EP CX
Glyphosate Quant 168 63 -30 -5.9 -26

Qual 168 124 -30 -5.5 -16
glyphoste-2-13C Quant 167 63 -30 -6.5 -28
AMPA Quant 110 63 -15 -10.0 -28

Qual 110 80 -15  -10.0 -36
AMPA-13C Quant 112 63 -15 -6.5 -24
Glufosinate Quant 180 63 -50 -6.0 -56

Qual 180 95 -50 -10.0 -24
Glufosinate-D, Quant 183 63 -50 -5.0 -70
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Figure 3. LC/MS Analysis of Glyphosate, AMPA, and Glufosinate using
Supel™ Carbon HPLC column. Quantitative transitions are shown for
each analyte. Conditions are described in the experimental section.
100 ng/mL calibration standard is shown.
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Figure 4. Representative calibration curve for glyphosate

Results

Method development

Sample preparation used fast solvent extraction.

SPE was the first choice for sample cleanup as the
sample can be simply passed through the cartridge.
As all analytes in this method are polar, they were not
retained on the reversed-phase SPE and were passed
through and expected to achieve good recoveries.

The chosen chromatographic method allowed the
injection of the prepared extract after a dilution step
which resulted in a convenient and fast analysis
method. The elution off the HPLC column was
performed isocratically using aqueous carbonate buffer
as the mobile phase. A column wash step followed
using acetonitrile. Multiple injections (n>100) of
extracted samples did not result in significant retention
time change. For example, the retention time variability
across 5 days of injections and two different mobile

Instrument: Agilent 1290 HPLC with AB Sciex Triple Quad 6500 phases preparations had RSD of 3.2% indicating the
Columns: Supel™ Carbon LC, 10 cm x 2.1 mm, 2.7 ym ruggedness of this LC method.
(59986-U) .
Mobile phase:  [A] 20mM ammonium carbonate pH; [B] Organic oatmeal samples were screened for glyphosate
acetonitrile:water (95:5) and related compounds. These results are shown in
ient: Table 2. All compounds were foun resen
Gradient: Time (min) A (%) B (%) _ able compou _ds ere found to _b_e prese t
o 100 o in all samples indicating the good sensitivity of the
30 100 0 proposed method. The sample with the lowest overall
: concentration for incurred analytes, Sample N, was
3.1 0 100 S
chosen to be used for method validation.
5.0 0 100
5.1 100 0 Six replicates of the Sample N were spiked with 24 ppb
8.0 100 0 to determine the method’s limit of quantitation (LOQ)
Flow: - for all three analytes. The recoveries were found to be
ow: Flow rate (mL/min)
0.2
0.2
0.5 Table 2. Background analysis results for organic
0.5 oat cereals
0.2
0.2 glyphosate Glufosinate
Cereal (ppb) AMPA (ppb) (ppb)
Column Temp.: 30 °C
- Sample S 8.0 38 44
Detection: ESI (-) MS/MS (See Table 1)
Injection: 20 uL Sample Z 4.8 198 39
MS Parameters Sample N 24.6 ND ND
Voltage: -4500 V Water control ND ND ND
Curtain gas: 30
Source temp: 600 °C
Gas 1/ Gas 2: 50 /70




within 80-120% with an RSD of below 15%. The LOQ
was determined at the signal-to-noise ratio of 10:1
for glyphosate as 6 ppb, for AMPA - 11 ppb, and for
glufosinate - 8 ppb.

Sample N was spiked with the three analytes at both
80 ppb and 800 ppb levels. Glyphosate and AMPA
chromatograms for the 800 ppb spiked sample are
shown in Figure 5. The quantitation results are
shown in Table 3. All three analytes were detected
and quantified at both spiking levels. Accuracy of the
method was measured as the percent recovery of
the known spiked amounts. For 80 ppb and 800 ppb
spikes, the recovery values for glyphosate were
124% and 96%, for glufosinate, they were 132%
and 104%, and for AMPA the recoveries were at 80%
and 88% respectively on day one. Similar recoveries
were achieved on the second day of testing when
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the samples were extracted and analyzed again.
Reproducibility of the method was excellent with below
10% RSD for 800 ppb spiked samples and below 20%
RSD for 80 ppb spiked samples.

Identification and quantitation of glyphosate
in cereals

The results of glyphosate analysis in cereals using the
proposed method are presented in Table 4. These
samples were purchased in the grocery store, sample
N was labelled “organic”. Internal standards were used
as described in the experimental section. The samples
were found to contain 25-260 ppb of glyphosate. AMPA
levels in oat-containing samples varied from non-
detected to 40 ppb. Glufosinate levels were found to be
below LOQ.

Conclusion

1000000 Table 4. Results of analysis for oat-containing
(\ cereals
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Figure 5. Glyphosate (red trace) and AMPA (blue trace) spiked into
oatmeal at 800 ppb

Table 3. Method validation results after
spiking 80 ppb and 800 ppb into cereal/grains
labelled “organic”

Day 1 % Day 2 %
Spiking level recovery recovery
(n=5) Compound (%RSD) (%RSD)
80 ppb Glyphosate 124 (6) 134 (7)
AMPA 132 (6) 106 (13)
Glufosinate 80 (18) 109 (6)
800 ppb Glyphosate 96 (3) 96 (4)
AMPA 104 (10) 91 (7)
Glufosinate 89 (4) 111 (5)

* Below determined LOQ

The developed method for glyphosate and related
compounds uses LC-MS/MS detection and a Supel™
Carbon LC U/HPLC column that is stable under higher
pH conditions and provided sufficient retention for
the polar analytes in the presence of methanol as
extraction solvent. The mobile phase used 20 mM
carbonate buffer being fully compatible with mass
spectrometry and allowing for an efficient ionization.
For the oat cereal samples, the extraction was based
on the QuPPe method using a mixture of methanol
and water followed by a cleanup using polymeric
Supel™ Swift HLB SPE. The use of stable isotopic
labelled internal standards resulted in good accuracy
for glyphosate and related compounds. Further, it
allowed the use of solvent-based calibration curves.
The lower limit of quantitation (LOQ) for glyphosate
for this method using a triple-quad MS detection was
determined at 6 ppb. The analyzed samples of oat-
containing cereals were found to contain 25-260 ppb
of glyphosate.
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