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APPLICATION BENEFITS

m The retention and resolution of paraquat and
diquat have been greatly improved compared
to current HILIC methods.

m The CORTECS™ UPLC® HILIC Column gives
baseline separation between paraquat and
diquat, allowing the same chromatographic
parameters to be used for both MS
and UV detection.
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INTRODUCTION

Diguat and paraquat are doubly charged quaternary ammonium herbicides

(Figure 1). They have been and remain extensively used worldwide to control both
crop and aquatic weeds. The United States Environmental Protection Agency (EPA)
established the Maximum Contaminant Level (MCL) in drinking water at

20 ug/L (20 ppb). Paraquat is classified among the restricted use pesticides by

the EPA. To ensure the quality of drinking water, the European Union (EU) Council
set the minimum limit for individual pesticides at 0.1 pg/L (100 ppt).' The use of
paraguat was banned in the EU in 2007 following a legal case filed by the Swedish
authorities. Both diquat and paraquat are too polar to be retained by reversed-
phase liquid chromatography on C,5 columns. Most published methods, including
US EPA Method 549.2, must add ion-pairing reagents in the mobile phases,

such as hexanesulfonic acid sodium salts, to achieve the necessary retention and
sometimes resolution between the two “quat” analytes. Mass spectrometric (MS)
detection may be necessary to meet the low quantitation requirement such as
those mandated by the EU. The use of ion-pairing reagent will cause significant ion
suppression for MS detection. As an alternate technique, Hydrophilic Interaction
Liquid Chromatography (HILIC) has some advantages compared to the ion-pairing
chromatography. MS ionization efficiency is improved because no ion-pairing
reagents are added. Secondly, the extract that is typically in high percentage of
organic solvent can be injected directly onto the column without dilution, with

the aqueous mobile phase containing the ion-pairing reagent. This application
demonstrates the UPLC separation using a CORTECS UPLC HILIC Column to
significantly improve the retention and resolution of both analytes, allowing

for detection down to 500 ppt by UV detection alone.
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Figure 1. Structures of diquat and paraquat.


http://www.waters.com/waters/en_US/ACQUITY-UPLC-H-Class/nav.htm?cid=10138533
http://www.waters.com/waters/en_US/ACQUITY-TQD/nav.htm?cid=514467
http://www.waters.com/waters/en_US/Oasis-Sample-Extraction-Products/nav.htm?cid=513209
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EXPERIMENTAL

Sample description

Tap water was first treated with sodium

thiosulfate for dechlorination purposes. All

samples were adjusted to approximately pH 7

by adding ammonium phosphate. Samples were

then loaded to Oasis WCX cartridges. Sample

enrichment was achieved by evaporation and

concentration of the SPE eluents into smaller

volume. The detailed SPE procedure is listed

in Figure 2.

UPLC conditions

System:

Column:

Mobile phases
(Isocratic):

Mobile phase A:

Mobile phase B:

Injection volume:

Column temp.:

Wash solvent:

Purge solvent:

Flow rate:

PDA detection:

Sample vials:

ACQUITY UPLC H-Class
with photodiode array
(PDA) detection

CORTECS UPLCHILIC
1.6 um, 2.1 x 100 mm

(p/n 186007106)

50:50 A/B

200 mM ammonium
formate buffer at pH 3.7

Acetonitrile

20 pL

30°C

50:50 acetonitrile/
water

50:50 acetonitrile/

water
0.5 mL/min

Diquat UV at 308 nm,
Paraquat UV at 257 nm

Polypropylene
autosampler vials

(p/n 186002642)

Table 1 summarizes the MRM transitions and LC/MS parameters used for this study.

Compound MRM Cone (V) CID (eV)
Diquat 183.1 > 157.1 50 25
183.1>130.1 50 30
Paraquat 185.1 > 170.1 38 22
17115770 45 40
Table 1. Summary of MRM transitions of diquat and paraquat used for
UPLC/MS/MS analysis.
Reagents

1. pH adjustment buffer concentrate (400 mM phosphate buffer pH 7)
Accurately weigh 23 g of ammonium phosphate monobasic into a 500-mL
volumetric flask. Add reagent water (Milli-Q or equivalent) to completely
dissolve, then dilute to approximately 400 mL. Adjust pH to 7.2 by adding
ammonium hydroxide solution. Dilute to the mark with reagent water.

2. SPE conditioning and wash solution (10 mM pH 7 phosphate buffer)
Take 10 mL of the 400-mM pH 7 buffer concentrate from above and dilute
to 400 mL with reagent water.

3. SPE eluent (10:90 formic acid/acetonitrile)
Add 50 mL of formic acid to 450 mL acetonitrile and mix well.

Oasis WCX, 3 cc 60 mg, 30 um
(p/n_186002495)

CONDITION/EQUILIBRATE

LOAD

ELUTE

EVAPORATE/RECONSTITUTE

il

Figure 2. Oasis WCX Cartridge protocol for diquat/paraquat analysis.
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MS conditions

Mass spectrometer:
lonization mode:
Source temp.:

Desolvation temp.:

Desolvation gas flow:

Cone gas flow:
Collision gas flow:

Data management:

ACQUITY TQD
Positive electrospray
150°C

350°C

800L/h

30L/h

0.20 mL/min

MassLynx® Software

Sample preparation

Note: Polypropylene containers should be used for sample collection
and for all sample preparation steps. Polypropylene autosampler vials
(pn 186002642) are recommended for UPLC analysis.

1. Sample pre-treatment
Transfer a 10-mL sample to an appropriate polypropylene container (15-mL
centrifuge tubes were used for this study). For chlorinated samples, add
50 L of 20 mg/mL sodium thiosulfate and mix well. For all samples,
adjust pH by the addition of 25 pL of 400 mM pH 7 phosphate buffer.

2. SPE enrichment and cleanup
Perform SPE enrichment and cleanup using Oasis WCX cartridges (see SPE
details in Figure 2). To allow convenient loading of the 10-mL sample,
attach a 30-cc polypropylene reservoir (p/n WATO11390) to each cartridge.
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RESULTS AND DISCUSSION

In a previous publication,” the ACQUITY UPLC BEH HILIC Column was used for the analysis of diquat and
paraquat in drinking water. The method is sensitive using MS detection with LOQ at 40 ng/L. However,
UV-based detection cannot be used due to the lack of baseline resolution between diguat and paraquat
(Figure 3A). When the same instrumental parameters are used for the CORTECS UPLC HILIC Column, there is
an increase in both the retention and resolution of the two compounds (Figure 3B). As a result, the use of the
CORTECS UPLC HILIC Column allows for detection using UV as well as MS. In order to optimize peak shape and
analysis time, the final concentration of the ammonium formate buffer in mobile phase A was increased

from 150 mM to 200 mM, and the mobile-phase composition was adjusted from 40:60 A/B to 50:50 A/B.

(A) ACQUITY UPLC BEH HILIC Column (B) CORTECS UPLC HILIC Column
9 Diquat o5 Diquat
) Paraquat
Paraquat
e o 1o 130 10 160 180 200 330 a0 360 80 300 B P A P A A S R

Figure 3. UPLC/MS/MS (TQD) overlay chromatograms: (A) ACQUITY UPLC BEH HILIC 1.7 um, 2.1 x 100 mm Column, (B) CORTECS
UPLC HILIC 1.6 um, 2.1 x 100 mm Column. Chromatographic conditions are the same for both columns: isocratic at 40:60 A/B,
A: 150 mM ammonium formate buffer (pH 3.7), B: acetonitrile, flow rate at 0.5 mL/min, column temperature at 30 °C.

Figure 4 shows typical UPLC/UV chromatograms of a tap water sample spiked with diquat and paraquat at
500 ng/L prepared in tap water. UPLC coupled with the tandem MS technique is much more sensitive than

the UV-based detection, thus allowing detection at a lower concentration of 50 ng/L. Figure 5 shows typical
UPLC/MS/MS chromatograms of tap water sample spiked with diquat and paraquat at 50 ng/L prepared in tap
water. Tables 2 and 3 show the recovery data obtained from replicate analyses of water samples spiked at
500 ng/L and 50 ng/L, respectively. Typical matrix-matched calibration curves were linear for both MS and
UV detection. The standards used in calibration range from 25 to 2000 ng/L for MS detection, and from

100 to 5000 ng/L for UV detection. Calibration curves are presented in Figure 6 (UV) and Figure 7 (MS/MS).
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Figure 4. UPLC/UV chromatograms of tap water sample spiked with diquat and paraquat at 500 ng/mL.
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Figure 5. UPLC/MS/MS chromatograms of tap water spiked with diquat and paraquat at 50 ng/mlL.
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Detection Recovery (%RSD) Recovery (%RSD)
Diquat Paraquat
uv 74.(5) 90(9)
MS 76 (2) 100 (3)

Table 2. Diquat/paraquat recovery data (n=r) in tap water spiked at 500 ng/L.

Detection Recovery (%RSD) Recovery (%RSD)
Diquat Paraquat
MS 77 (6) 109 (7)

Table 3. Diquat/paraquat recovery data (n=r) in tap water spiked at 50 ng/L.

Compound name: Diquat UV

Correlation coefficient: r = 0.999206, r* = 0.998412

Calibration curve: 0.0891886 * x + -0.981456

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Paraquat_UV

Correlation coefficient: r = 0.998550, r> = 0.997103

Calibration curve: 0.102748 * x + -0.00270236

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Figure 6. Typical UPLC/UV calibration curve for diquat (left) and paraquat (right).

Compound name: Diquat

Correlation coefficient: r = 0.999355, r2 = 0.998711

Calibration curve: 14.8439 * x + -11.6919

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Compound name: Paraquat

Correlation coefficient: r = 0.999486, r2 = 0.998971

Calibration curve: 4.21829 * x + -40.7368

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Figure 7. Typical UPLC/MS/MS calibration curve for diquat (left) and paraquat (right).
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Method performance using UV detection
The method performance is evaluated by Method Detection Limits (MDL) which is defined in the US
EPA Method 549.2 by the following equation:

MDL =S t(n-l, 1-alpha = 0.99)
Where:
t = student’s t value for the 99% confidence level with n-1 degrees of freedom

(n-1, 1-alpha = 0.99)
n = number of replicates (7)

S = standard deviation of replicate analysis

The results of MDL, calculated by using the recovery data from UV analysis of the tap water samples
spiked at 500 ng/L, are summarized in Table 4. The method performance is equal to or better than the
EPA Method 549.2.

Replicates  St. dev. of conc. t Value MDL in method

Compound ") (ng/L) (6degrees of ieadom)l s LI Y015 nail)
Diquat 7 19.4 3.143 0.06 0.72
Paraquat 7 404 3.143 0.13 0.68

Table 4. The summary of MDL results for tap water spiked at 500 ng/L.
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CONCLUSIONS References

Due to the superior retention and resolving power of the CORTECS 1. Official Journal of the Furopean Communities: Council Directive 98/83/EC

UPLC HILIC Column, diquat and paraquat peaks are baseline on the quality of water intended for human consumption (November 1998).

separa[ed‘ This enables the use of the same Chromatographic 2. Van TranK, Shia JC, Young MS. Fast and Sensitive UPLC/MS(MS) Determination
. . X of Diquat and Paraquat in Drinking Water. Waters Application Note

parameters for detection either by tandem MS or UV. By coupling 720004220en. 2012 January.

UPLC with tandem MS, this method has sufficient sensitivity to
satisfy the stringent sensitivity requirement at 0.1 ug/L for both
compounds. The method using the UV detector alone has better
performance than the EPA Method 549.2.
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