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Determination of Diquat and Paraquat in Water Samples
by Solid-Phase Extraction and HPLC/DAD
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The quaternary ammonium compounds, diquat and paraquat, are commonly used herbicides. This method
is used for the determination of diquat and paraquat in water samples by solid-phase extraction and liquid chro-
matography/diode array detector. And the molecular ion and characteristic mass ions of two compounds are

confirmed by using positive ESI/MS. The concentrations and species of the ion pair reagents, column tem-

perature, the pH and the species of the extracting sorbents were optimized to get high recoveries and good
chromatographic resolution between diquat and paraquat. Extraction recoveries of diquat and paraquat were

89% and 93%, respectively by using C18 cartrige at pH 11.5 of sample and 2 ml of solvent volume, and the

relative standard deviations were less than 5%. The mobile phase was adjusted to 0.05M of 1-heptanesulfonic

acid at pH 5.5 and column temperature atCA@or baseline separation of them.
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Fig. 1. Chemical structures of diquat and paraquat.
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* Conditioning soln. A : 0.5g cetyltrimethyl ammonium bromide

& 5 m¢ ammonium hydroxidein 1 £ D.W.

* Conditioning soln. B: 20g 1-hexanesulfonic acid sodium salt

& 20 m¢ ammonium hydroxide in | £ D.W.

Fig. 2. Schematic  diagram of sample preparation
procedure.
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Table 1. HPLC/DAD conditions.

HPLC/DAD: Hewlett Packard HP 1090/ diode-array
detector
Column: ODS Hypersil column
(100 mm x 4.6 mm LD., 5 pm particles,
100 mm x 2.1 mm LD., 5 um particles)
Injection volume: 20 ml
Flow rate: 1 ml/min or 0.2 ml/min
Oven temperature: 40°C
Wavelength: diquat - 308 nm
paraquat - 257 nm
Mobile phase: buffer (isocratic elution)
Run time: 6 min

Table 2. LC/MSD operating parameters.

Ionization: ESI/positive ion mode
Drying gas (N2): 4 L/min
Nebulizer gas pressure: 10 psi
Source voltage: 3.5 kV
Vaporizer temperature: 325°C
Relative collision energy: 25%
Mass range: 50-800 m/z
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Fig. 3. Effect of the concentration of ion-pair reagent on
the resolution of diquat and paraquat.
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Table 3. Recoveries of diquat and paraquat by using Cg cartridge at various pH (n=5).
H
Compounds Recovery p

%o 2.0 7.5 8.5 10.5 115 13.0

Diquat average 9.2 17.0 55.7 75.3 89.3 4.0
SD 2.6 3.0 14.1 4.6 4.6 18

RSD 284 175 254 6.1 5.1 443

Paraquat average 5.8 75.3 75.9 78.9 93.2 16.2
SD 15 11.6 10.6 20.5 1.7 34

RSD 26.0 15.6 134 26.0 1.8 209
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Table 4. Typical calibration data and detection limits of diquat and paraquat in water.

A tenti trati y = ax+b MDL
Compounds max retention concentration (ng/ml)
(nm) time(min) range(ng/ml)
a b r
paraquat 257 2,521 0.2~10.0 87.295 -39.250 0.997 0.2
diquat 308 2.909 0.1~10.0 33.596 -7.384 0.999 0.1

MDL: SN > 3
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Fig. 9. ESI/MS spectrum (A) and MS/MS spectrum (B) of
m/z 183 of diquat.
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Table 5. Precision and accuracy of diquat and paraquat (n=3).

Target Value Measured Value (ng/ml) RSD Accuracy
Compound
(ng/ml) Ave range (%) (%)
Diquat 4.00 3.76 3.58 - 3.92 4.54 93.9
Paraquat 4.00 3.83 3.79 - 3.85 0.84 95.7
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