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Abstract: An on-ine solid phase extraction ( SPE) system was used to eliminate the interferences suffi—
ciently and fulfill the simple and sensitive determination of diquat and paraquat in tap and pond water.

This onine SPE system used two SPE cartridges. One was an Acclaim Mixed-Mode WAXH cartridge for
the elimination of anionic interferences; the other one was an Acclaim Mixed-Mode WCX- cartridge for
the enrichment of diquat and paraquat and the elimination of co-enriched cationic interferences. The
baseline separation of diquat and paraquat was achieved on an Acclaim Trinity P1 column. A dual-gradi-
ent high performance liquid chromatographic ( HPLC) system provided an efficient platform to fulfill the
on-ine SPE and separation and the system operated under automatic control of chromatography data sys—
tem software. The complete analysis only required 16 min and the detection limits of the method were
0.12 pg/L for diquat and 0. 10 pg/L for paraquat. The method is simple rapid and sensitive and can
be applied to the determination of diquat and paraquat in drinking water and environmental water.

Key words: ondine solid phase extraction ( SPE); ondine clean-up; dual-gradient high performance
liquid chromatographic ( HPLC) system; herbicides; paraquat; diquat; water
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Table 1 Gradient program and valve-switching time of onine clean-up and solid phase extraction ( SPE)
Loading pump Analytical pump
Time/min Mobile phase Mobile phase Mobile phase Mobile phase Mobile phase Mobile phase Valve position
Al% B/% C/% A% B/% C/%
0.00 10 5 85 60 15 25 12
6.00 10 5 85 64
6.10 55 45 0 -
6.80 - - - 12
9.50 55 45 0 -
9.60 10 5 85 -
16.00 10 5 85 -

For loading pump mobile phase A: 250 mmol/L ammonium acetate buffer pH 5.2; mobile phase B: methanol; mobile phase C: water; flow

rate. 0.7 mL/min. For analytical pump mobile phase A: 500 mmol/L ammonium sulfate buffer; mobile phase B: methanol; mobile phase C: wa-

ter; flow rate: 0. 6 mL/min. —: remain unchanged.
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Fig. 1 Flow schematic of ondine clean-up and solid phase extraction ( SPE)
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Fig. 2 Chromatograms of a mixture of diquat and E
paraquat standards (5 pg/L) using the on- O —~. v
line SPE mode without clean-up cartridge 6 7 8 9 10 11
SPE cartridge Acclaim Mixed-Mode WCXH (10 mm x4. 6 mm) ; t/min
analytical column Acclaim Mixed-Mode HILICH ( 150 mm x 3.0
) . 3 (a) (20 pg/L) |
mm 3 pum); column temperature 25 °C; mobile phase for on-ine (b) (20 pg/L) (o)
SPE 250 mmol/L ammonium acetate ( pH 5.2 adjusted with acetic e
(5 pg/L)

acid) -methanol-water (2.5:13:84.5 v/v/v); mobile phase for sep—
aration 500 mmol /L. ammonium sulfate-methanol-wvater ( 72: 13: 15
v/v/v); flow rate: 0.45 mL/min for ondine SPE and 1.0 mL/min
for chromatographic separation; injection volume: 2.5 mL on the on—
line SPE cartridge ( cartridge 2) .
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Fig. 3 Chromatograms of (a) a mixture of diquat and
paraquat standards ( 20 pg/L each) (b) a
pond water sample spiked with standards at 20
pg/L each and (c) a tap water sample spiked
with standards at 5 pg/L each using the on-ine
SPE mode without clean-up cartridge
SPE cartridge: Acclaim Trinity P1 (10 mm x4.6 mm 5 pm);
analytical column: Acclaim Trinity P1 (50 mm x3.0 mm 3 pm);
column temperature 25 °C; mobile phase for ondine SPE 250
mmol/L. ammonium acetate ( pH 5.2 adjusted with acetic acid) —
methanol-water (55:10:35 v/v/v); mobile phase for separation
500 mmol/L, ammonium sulfate-methanol ( 60:40 v/v); flow rate
for ondine SPE and separation both 0. 6 mL/min; injection volume

2.5 mL on the SPE cartridge ( cartridge 2) .
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3. 7% RSD 0.024% 949 ~98% ( 2)
2.3
/ 4,
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Table 2 Recoveries of paraquat and diquat spiked in water samples
Tap water Pond water
Pesticide Detected / Added/ Found/ Recovery/ Detected / Added/ Found/ Recovery/
(pg/L) (pg/L) (pg/L) % (pg/L) (pg/L) (pg/L) %
Paraquat ND 2.5 2.45 98 ND 2.5 2.40 96
Diquat ND 2.5 2.40 96 ND 2.5 2.36 94
ND: Not detected.
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Fig. 4 Chromatograms of (a) a mixture of diquat and paraquat standards (2 pg/L each) (b) a tap water sample spiked
with standards at 2. 5 pg/L each and ( c¢) a pond water sample spiked with standards at 2. 5 pg/L each using the on—
line clean-up and SPE mode ( UV spectra of diquat and paraquat are shown on the right side)

Cartridge 1 ( for clean-up) Acclaim Mixed-Mode WAX- (10 mm x4.6 mm 5 pm) ; cartridge 2 ( for SPE)  Acclaim Mixed-Mode WCX ( 10
mm x4.6 mm 5 um); analytical column Acclaim Trinity P1 (50 mm x3.0 mm 3 wm) ; mobile phase for ondine SPE  A: 250 mmol/L ammoni-
um acetate ( pH 5. 2) ; B: methanol; C: water; in gradient 0.0 -6.0 min 10%A 5%B; 6.1 -9.5min 55%A 45%B; 9.6 -16 min 10% A
5% B; mobile phase for separation 500 mmol/L ammonium sulfate-methanol-water ( 60: 15:25 v/v/v); column temperature 25 °C; flow rate 0.7

mL/min for ondine SPE and 0. 6 mL/min for separation; injection volume 2.5 mL on the on-ine SPE cartridge.
2.4 EPA 549.2
250 mL C8 N

. EPA 549.2 3 5 mL
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