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Validation Study of Glyphosate Determination Method in Grains and Grass Hay by LC-MS/MS
at Concentration Equivalent to the Revised Regulation Value

TAKAHASHI Yuichi®
(" Nagoya Regional Center, Food and Agricultural Materials Inspection Center)

We have made a validation study of glyphosate determination method in grains and grass hay at
concentration equivalent to the revised regulation value. The method, which uses a liquid-
chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS), has been
listed in the Feed Analysis Standard of Japan.

Glyphosate in grains and grass hay was extracted with water, and the extracted solution was purified
with two types of solid phase extraction (SPE) columns (Oasis HLB and Oasis Plus MCX, Waters
Co.; Milford, MA, USA). Having derivatized the compound with trimethyl orthoacetate, the
sample solution was purified with two types of SPE columns (Sep-Pak Plus NH2 and Silica, Waters
Co.), and injected into an LC-MS/MS to determine the concentration of Glyphosate. LC separation
was then carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 5
pm, Agilent Technologies Inc.; Santa Clara, CA, USA) with a gradient of 0.01 % (v/v) formic acid
solution and acetonitrile as a mobile phase. In the MS/MS analysis, the positive mode electrospray
ionization (ESI+) was used.

Recovery tests were conducted on oats, barley, wheat, corn, milo, rye and klein grass hay.
Glyphosate was added at the following levels: 30 mg/kg for oats, barley, wheat, milo and rye; 5
mg/kg for corn; and 500 mg/kg for klein grass hay. The resulting mean recoveries ranged from
77.5 % t0 98.2 %. The repeatability in the form of the relative standard deviation (RSD,) was less
than 6.0 %.

This method was thus validated as useful for inspections of glyphosate in grains and grass hay.

Key words: glyphosate; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); grains; oats; barley; wheat; corn; milo; rye; klein grass hay
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Glyphosate

N-(phosphonomethyl)glycine
C3HsNOsP  MW: 169.07 CAS No.: 1071-83-6
Fig. 1 Chemical structure of glyphosate
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CsH1sNOsP  MW: 253.19
Fig. 2 Derivatization reaction of glyphosate
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Sample 10 g (300 mL Erlenmeyer flask)

——added 200 mL of water

——shook for 30 min

——centrifuged at 1500xg for 10 min

——transferred 4 mL of supernatant to 10 mL volumetric flask

——filled up to 10 mL with water

—— diluted sample solution of grass hay 500-fold with water

Oasis HLB-Oasis Plus MCX joint cartridge (attached Oasis Plus MCX under Oasis HLB)
|—washed with 6 mL of methanol and 12 mL of water

50 mL eggplant flask
9ep i . Standard solution
——applied 1 mL of sample solution
——eluted with 18 mL of water ——1 mL of mixed standard solution
——transferred to 200 mL eggplant flask ——transferred to 200 mL eggplant flask
Derivatization

——evaporated under 50 °C and dried with nitrogen gas
——added 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
—— plugged air-tightly and heated for 2 h at 100 °C

——cooled to room temperature

——evaporated under 50 °C and dried with nitrogen gas

——added 4 mL of ethyl acetate Standard solution
Sep-Pak Plus NH2-Sep-Pak Plus Silica joint cartridge added 10 mL of 0.01 % (v/v) formic
(attached Sep-Pak Plus Silica under Sep-Pak Plus NH2) ’7acid solution

——washed with 10 mL of ethyl acetate 10 pg/mL of standard solution

——applied 2 mL of sample solution

——washed with 18 mL of ethyl acetate

50 mL eggplant flask

——eluted with 10 mL of acetone

——removed Sep-Pak Plus NH2

——eluted with 10 mL of acetone-water (19:1)
——evaporated under 50 °C and dried with nitrogen gas
——added 1 mL of 0.01 % (v/v) formic acid solution
LC-MS/MS

Scheme 1 Analytical procedure for glyphosate
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Table 1  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature
lonization

Mode

Source temperature
Desolvation gas
Cone gas

Capillary voltage
Collision gas

ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 5 um), Agilent Technologies
0.01 % (v/v) formic acid aqueous solution — acetonitorile (93:7) (hold for 12 min)
— 3 min — (5:95) (hold for 10 min)— 6 min — (93:7) (hold for 8 min)

0.2 mL/min

40 °C

Electrospray ionization (ESI)

Positive

120 °C

N (800 L/h, 400 °C)

N, (50 L/h)

3.0 kv

Ar (0.20 mL/min)

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier  Qualifier voltage energy
(m/z) (m/z) (m/z) (eV) (eV)
L 102 - 22 17
Glyphosate derivative 254
- 152 22 17
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38

fAEHFZE S Vol. 50 (2025)
Table 3  Recoveries for glyphosate in feeds
Spiked Oats Barley Wheat Corn
level  Recovery? RSD,” Recovery® RSD” Recovery? RSD,” Recovery? RSD,”
(mokg) (%) (%) (%) (%) (%) (%) (%) (%)
5 - — 81.3 3.0
30 94.8 2.0 90.8 16 98.2 0.6
500 —
Spiked Milo Rye Grass hay
level  Recovery? RSD” Recovery? RSD,” Recovery? RSD,”
(mokg) (%) (%) (%) (%) (%) (%)
5 —
30 85.6 1.7 77.5 4.7 — —
500 - — 91.5 6.0
—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 3  Typical selected reaction monitoring chromatograms of glyphosate derivative
in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of glyphosate
derivative.)

A: Standard solution (300 ng/mL: 1.5 ng as injection amount)
B: Spiked sample solution of oats (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
C: Spiked sample solution of barley (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
D: Spiked sample solution of wheat (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
E: Spiked sample solution of corn (spiked at 5 mg/kg of glyphosate (0.25 ng as injection amount))
F: Spiked sample solution of milo (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
G: Spiked sample solution of rye (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
H: Spiked sample solution of klein grass hay (spiked at 500 mg/kg of glyphosate (0.05 ng as

injection amount))
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