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Validation Study of 2,4-Dichlorophenoxyacetic Acid Determination Method in Grains and Grass
Hay for Feed by LC-MS/MS at Concentration Equivalent to the Revised Regulation Values

TAKAHASHI Yuichi*! and YAMASHITA Nana*?
(*! Nagoya Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Current affiliation: Fukuoka Regional Center, FAMIC)
*2 Nagoya Regional Center, FAMIC)

A validation study was conducted on a method for determining 2,4-dichlorophenoxyacetic acid (2,4-
D) in grains and grass hay at concentration equivalent to the revised regulation values and the limits
of quantification. The method, which uses a liquid-chromatograph electrospray-ionization tandem
mass spectrometer (LC-ESI-MS/MS), is compiled in the Feed Analysis Standard of Japan.

Briefly, 2,4-D and related compounds were first added with water, and then extracted with acetone
under acidic condition. The extracted solution was purified by liquid-liquid partition with a 10 %
(w/v) sodium chloride solution and hexane—ethyl acetate (1:1). 2,4-D related compounds, such as
2,4-D ethyl, in the sample solutions were hydrolyzed to 2,4-D under alkaline condition. The
hydrolyzed sample solution was purified with a solid phase extraction (SPE) column (Mega Bond
Elut C18, Agilent Technologies Inc.; Santa Clara, CA, USA). It was then purified by liquid-liquid
partition with a 10 % (w/v) sodium chloride solution and diethyl ether, followed by further
purification with an SPE column (InertSep GC/PSA, GL Sciences Inc.; Tokyo, Japan). The
purified sample solution was injected into LC-MS/MS to determine the concentration of 2,4-D. LC
separation was then carried out using an ODS column (Atlantis T3, 2.1 mm i.d. x 150 mm, 3 pum,
Waters Co.; Milford, MA, USA) with a gradient of 5 mmol/L ammonium acetate aqueous solution
and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In MS/MS analysis, a
negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on five types of grains and grass hay. 2,4-D and 2,4-D ethyl were
added at following levels: 2 mg/kg for oats, wheat, milo and rye; 0.01 and 2 mg/kg for barley; and
5 and 400 mg/kg for wheat straw. The results showed that mean recoveries ranged from 87.1 % to
100 % for 2,4-D, and 81.2 % to 93.0 % for 2,4-D ethyl. The relative standard deviation of
repeatability (RSD;) was 7.3 % or less for 2,4-D and 8.4 % or less for 2,4-D ethyl.

Key words: 2,4-D and related compounds; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); grass hay; grain; validation study
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2,4-Dichlorophenoxyacetic acid Ethyl 2,4-dichlorophenoxyacetate
CgHeCl203 MW: 221.04 CAS No.: 94-75-7 C1oH10Cl203 MW: 249.09 CAS No.: 533-23-3

Fig. 1 Chemical structures of 2,4-D and 2,4-D ethyl
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5) LC-MS/MS :

LC #B : ACQUITY UPLC System Waters
MS E§ : ACQUITY TQD Waters i

24 TEEFIE

RIF, RE, INE, ~vAvKROT A RITEE T EER 6 =E 1 #i 2.1 ITEWEELZ. 2
2L, EREMFEREICSTI2RBRICBNT, HEEKRT O 2,4-D RENREHRORPEIMNCRD Z &
BPBENT-T0, BEKEIRO—EEE AL /) —L—FB (1000+1) TSHEFNLTHLHEEL
7o, U4 — hA b —TEE AT R ER 6 TEE 1 #i 2.2 ICIEVWHERE L 7.

EBIEDOWE 2 Scheme 1 12, LC-MS/MS DI ES:f: % Table 1 TN 2 (2R L7-.

Table 1  Operating conditions of LC-MS/MS

Column

Mobile phase

Flow rate

Column temperature
Injection amount
Detector

Ionization

Source temperature
Desolvation gas
Capillary voltage
Cone gas

Collision gas

Atlantis T3 (2.1 mm i.d. x 150 mm, 3 pm), Waters
5 mmol/L ammonium acetate aqueous solution — 5 mmol/L ammonium acetate methanol solution
(70:30) — 10 min — (0:100) (hold for 10 min)
0.2 mL/min

40 °C

5 uL

Quadrupole mass spectrometer

Electrospray ionization (ESI) (Negative ion mode)
150 °C

N, (800 L/h, 400 °C)

Negative ion 0.6 kV

N, (50 L/h)

Ar (0.2 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)
) 105 - 35 20
Pymetrozine 218
- 78 35 40
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Sample 10 g (300 mL of Erlenmeyer flask)

——added 20 mL of water (grass hay: 30 mL) and allowed to stand for 30 min

——added 5 mL of HCI (4 mol/L) and 100 mL of acetone (grass hay: 120 mL) and shaked for 30 min
— filtrated with suction filter (No. 5B of JIS P 3801) under reduced pressure

——washed with 50 mL of acetone

— filled up 200 mL with acetone

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

8 mL of sample solution

I
Liquid-liquid partition I (300 mL of separatory funnel)

——added 100 mL of sodium chloride solution (10 % (w/v))

——added hexan-ethyl acetate (1:1) and shaked for 5 min (two times: 100 mL and 50 mL)

—— put hexan-ethyl acetate layer into 300 mL of Erlenmeyer flask

——added sodium sulfate

—— filtered through filter paper (No. 5A of JIS P 3801)

——evaporated to dryness under 40 °C

——dissolved in 2 mL of methanol

Hydrolysis reaction

——added 1 mL of NaOH (1.5 mol/L)

——refluxed in water bath (80 °C) for 30 min

——adjusted pH to 7.5~8.0 with HCI (1.5 mol/L)

——added 16 mL of sodium bicarbonate solution (0.1 % (W/v))

Mega Bond Elut C18 cartridge

—— washed with 10 mL of methanol and 10 mL of water

——applied sample solution

——eluted with 20 mL of sodium bicarbonate solution (0.1 % (w/v))-methanol (1:1)

Liquid-liquid partition 1T (300 mL of separatory funnel)

——added 5 mL of HCI (4 mol/L) and 100 mL of sodium chloride solution (10 % (w/v))

——applied sample solution

——added diethyl ether and shaked for 5 min (two times: 50 mL)

put diethyl ether layer into 200 mL of Erlenmeyer flask

—— added sodium sulfate

— filtered through filter paper (No. 5A of JIS P 3801)

—— evaporated to dryness under 40 °C

——dissolved in 5 mL of acetonitrile-toluene (3:1)

InertSep GC/PSA cartridge

——washed with 10 mL of acetonitrile-toluene (3:1)

——applied sample solution

——washed with 5 mL of acetonitrile-toluene (3:1)

—— eluted with 30 mL of acetonitrile-toluene-formic acid (75:25:1)

—— evaporated to dryness under 40 °C

——dissolved in 1.0 mL of methanol-formic acid (1000:1)

—— diluted sample solutions of orts, barley, wheat, milo and rye, to which the reference concentration
has been spiked, 5-fold with methanol-formic acid (1000:1)

LC-MS/MS

Scheme 1 Analytical procedure for 2,4-D in grains and grass hay
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Table 3  Recoveries for 2,4-D

Spiked Oats Barley Wheat Milo
level  Recovery” RSD,” Recovery’ RSD,” Recovery” RSD,” Recovery” RSD,”
mgke) %) (%) %) (%) %) (%) %) (%)
0.01 — — 100 7.2 — — — —
2 89.4 1.4 87.1 1.3 89.0 6.3 91.8 2.8
5 — — — — — — — —
400 — — — — — — — —
Spiked Rye Wheat straw
level  Recovery’ RSD,” Recovery’ RSD,”
(mg/kg) (%) (%) (%) (%)
0.01 — — — —
2 91.1 2.2 — —
5 — — 96.8 7.3
400 — — 93.6 2.5
— : Not tested

a) Mean (n = 5)

b) Relative standard deviation of repeatability

Table 4  Recoveries for 2,4-D ethyl

Spiked Oats Barley Wheat Milo
level  Recovery’ RSD,” Recovery” RSD,” Recovery” RSD,” Recovery’ RSD,”
(mghke) (%) (%) (%) (%) (%) (%) (%) (%)
0.01 — — 89.2 8.4 — — — —
2 84.2 3.0 93.0 3.2 82.5 2.3 81.2 2.1
5 — — — — J— — — —
400 — — — — — — — —
Spiked Rye Wheat straw
level  Recovery” RSD,” Recovery” RSD,”
(mg/kg) (%) (%) (%) (%)
0.01 — — — —
2 85.1 3.2 — —
5 — — 81.5 8.3
400 — — 81.4 2.7
— : Not tested

a) Mean (n =5)
b) Relative standard deviation of repeatability
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and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2.

A: Standard solution (300 ng/mL of 2,4-D (1.5 ng as injection amount))

Typical selected reaction monitoring chromatograms of 2,4-D in standard

Arrows indicate the peak of 2,4-D)

B: Sample solution of barley (spiked at 2 mg/kg of 2,4-D (0.8 ng as injection amount))

C: Sample solution of wheat straw (spiked at 400 mg/kg of 2,4-D (1.6 ng as injection amount))

D: Sample solution of barley (spiked at 2 mg/kg of 2,4-D ethyl (0.8 ng as injection amount))

E: Sample solution of wheat straw (spiked at 400 mg/kg of 2,4-D ethyl (1.6 ng as injection amount))
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