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Development of Simultaneous Determination Method of Diquat and Paraquat
in Feed by LC-MS/MS
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We have developed a simultaneous quantitative determination method of the concentration of diquat
and paraquat in feed using a liquid-chromatograph -electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

Diquat and paraquat were extracted with water and sulfuric acid by heating under reflux, and the
extracted solution was filtered. The filtrate was then purified with two types of solid phase
extraction (SPE) columns (Oasis MCX and Oasis MAX, Waters Co.; Milford, MA, USA). Having
oxidized these compounds, the sample solution was purified with an SPE column (Oasis HLB,
Waters Co.), and injected into an LC-MS/MS to determine the concentration of diquat and paraquat.
LC separation was then carried out on an ODS column (Inertsil ODS-3, 2.1 mm i.d. x 150 mm, 4
um, GL Sciences Inc.; Tokyo, Japan) with a gradient of 0.1 v/v% formic acid solution and methanol
as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization (ESI+) was
used.

Soak washing of the used glassware with NaOH solution (I mol/L) and nitric acid (1:10) was
necessary, because diquat and paraquat have a strong tendency to remain on glassware. Of the
feeds used in the present experiment, the matrix effect identified on milo and corn was successfully
removed by diluting the sample solution to be injected into an LC-MS/MS.

Key words: diquat; paraquat; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed
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9,10-dihydro-8a,10a-diazoniaphenanthrene dibromide 1,1'-dimethyl-4,4"-bipyridinium dichloride
Ci2H12N2Br2 MW:344.05 CAS No.:85-00-7 Ci12H14CI2N2 - MW: 257.16  CAS No.: 1910-42-5

Fig. 1 Chemical structures of diquat and paraquat
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Table 1-1  Operation conditions of LC-MS/MS 1
Column Inertsil ODS-3 (2.1 mm i.d. x 150 mm, 4 um), GL Sciences
Mobile phase 0.1 v/v% formic acid aqueous solution — methanol (4:1) — 10 min —
(3:7) (hold for 2 min) — 5 min — (4:1)
Flow rate 0.2 mL/min
Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Source temperature 120 °C
Desolvation gas N2 (800 L/h, 400 C)
Capillary voltage 0.6 kv
Cone gas N> (50 L/h)
Collision gas Ar (0.1 mL/min)
Table 1-2 ~ MS/MS parameters of LC-MS/MS 1
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) V)
Diquat oxide 215 171 — 30 19
— 153 30 28
Paraquat oxide 217 174 — 39 25
— 104 39 48

Table 2-1

Operation conditions of LC-MS/MS 2

Column Inertsil ODS-3 (2.1 mm i.d. x 150 mm, 4 um), GL Sciences

Mobile phase 0.1 v/v% formic acid aqueous solution — methanol (4:1) — 10 min —
(3:7) (hold for 2 min) — 5 min — (4:1)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Nebulizer gas Air (3 L/min)

Drying gas N, (15 L/min)

Heat block temperature 500 °C

Desolvation line tenperature 100 °C
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Table 2-2 MS/MS parameters of LC-MS/MS 2
Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (V)
. . 171 — 25
Diquat oxide 215
— 153 10
. 174 — 31
Paraquat oxide 217
— 104 45

D
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Sample 10.0 g (300 mL evaporator flask)
added 60 mL of water and 30 mL of sulfuric acid
heated under reflux at 120 °C for 60 min

——cooled to room temperature

—filtrated under reduced pressure (filter paper: No. 5B, receiver: 200mL volumetric flask)

washed with 50 mL of water
—filled up with water
|
1 mL of sample solution (25 mL volumetric flask) (grass)
l—fi]led up with 3 mol/L sulfuric acid
2 mL of sample solution (100 mL polypropylene beaker)
added 30 mL of water
adjusted pH to 5.5-6.5 with 12 mol/L sodium hydroxide aqueous solution
added water to make about 50 mL
Oasis MAX-Oasis MCX jointed cartridge
prewashed with 5 mL of methanol and 5 mL of water
attached Oasis MCX under Oasis MAX
applied pH adjusted sample solution and drain

washed with 5 mL of water (two times)
removed Oasis MAX

——placed a receiver (10 mL polypropylene volumetric flask)

eluted with 9 mL of 25 w/v% ammonium chloride

——filled up with 25 w/v% ammonium chloride

2 mL of sample solution or 0.1 mL of 1 ng/mL mixed standard solution

Oxidation (polypropylene beaker) \—

——10 mL of 12 mol/L sodium hydroxide solution . )
2 mL of 25 w/v% ammonium chloride

——1 mL of 1 w/v% potassium ferricyanide

homogenized
Oasis HLB

prewashed with 5 mL of acetonitrile and 5 mL of water

applied sample solution and drain

washed with 10 mL of water (two times)

placed a receiver (50 mL evaporator flask)

eluted with 5 mL of acetonitrile

evaporated under 40 °C and dried with nitrogen gas

——dissolved in 1 mL of water-methanol (4:1) (samples except for grass), 4 mL (grass)
——filtrated through membrane filter (PTFE 0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for diquat and paraquat in feed
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Fig. 2  Calibration curves of diquat and paraquat by peak area (left) and peak height (right)
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Fig. 3  Typical Selected Reaction Monitoring (SRM) chromatograms of diquat oxide and
paraquat oxide in standard and reagent blank solutions
(LC-MS/MS conditions are shown in Table 1. Arrows indicate the retention times of
1: diquat oxide and 2: paraquat oxide)
A: Standard solution (The oxidative product of 1 ng/mL each as diquat and paraquat)
B: Reagent blank
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Table 3  Cleaning method study

Cleaning method
No 2 ) 9 Blank test results
New glassware™  Alkalin treatment’  Nitric acid treatment
1 O - - Not detected
2 - O - Detected
3 - O O Not detected
n=1, O: Tested, —: Not tested

a) About all glassware to use, the new glassware (or the one which haven't been
used by this experiment) was used.

b) 300 mL evaporator flask for extraction which was soaked by NaOH (1 mol/L)
for about 15 minutes was used.

c¢) About all glassware to use, the glassware which was soaked in nitric acid (1:10)

for one night was used.
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Fig. 4  Typical SRM chromatograms of diquat oxide and paraquat oxide
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Table 2. Arrows indicate the retention times of 1:
diquat oxide and 2: paraquat oxide. The baselines were shifted for display.)
A: Standard solution (The oxidative product of 1 ng/mL each as diquat and paraquat),
B~J: Blank sample solution (B: milo, C: alfalfa hay, D: barley, E: oats, F: wheat, G: corn,
H: ryegrass hay, I: rice straw and J: WCRS)
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Table 4  Matrix effect study

Concentration _ b
Matrix standard Samplea) Matrix effect
Samples . ) . (%)
solution (ng/mL) (mg/kg air-dry basis)
Diquat  Paraquat Diquat  Paraquat Diquat  Paraquat

Oats 10 10 0.5 0.5 99.2 100
Barley 10 1 0.5 0.05 97.5 96.2
Milo 10 10 0.5 0.5 62.6 56.4
Wheat 10 1 0.5 0.05 98.1 99.0
Corn 1 2 0.05 0.1 69.7 67.3
Alfalfa hay 10 1 50 5 99.9 97.5
Ryegrass hay 10 1 50 5 98.0 97.9
Rice straw 1 6 0.05 0.3 90.9 92.6
WCRS 2.25 2.25 0.1125 0.1125 96.8 103
Milo (two times dﬂution)c) 10 10 0.5 0.5 98.2 103
Corn (two times dilution)” 1 2 0.05 0.1 98.1 105

n=1
a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

c¢) Blank solution (milo and corn) diluted by water-methanol (4:1)
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