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Introduction 
Paraquat and diquat, quaternary ammonium compounds (quats), are 
high use agricultural chemicals.  The 1997 USGS estimated use of the 
herbicide paraquat was over 3 million pounds and the estimated use of 
diquat was about 200 thousand pounds.  Because these substances are 
ionic, solid-phase extraction (SPE) and HPLC have usually been 
accomplished with the aid of an ion-pairing reagent such as an alkyl 
sulphonic acid.  LC/MS provides the analyst with a more sensitive and 
highly selective analytical method for these compounds.  Strong cation-
exchange based SPE methods (Oasis® MCX) that do not require ion-
pairing reagents have been successfully employed for quats SPE using 
LC-UV, but the strong salt or strong acid used for elution are difficult to  
remove and are serious impediments to optimal LC/MS analysis. 
 
 
 

 
 
 

 
 
 
In order to overcome these problems, a new type of sorbent has been 
developed for the extraction of quaternary ammonium compounds.  This 
sorbent, Oasis® WCX,  incorporates a weak cation-exchanger bound to 
a polymeric reversed-phase particle.  No strong salts and no ion-pairing 
reagents are required for the analysis.  Instead, the analytes are eluted 
with a mildly acid eluent that is easily removed by evaporation.  Using 
the new sorbent and HILIC based tandem LC-MS, the quantitation limit 
for paraquat is below 100 ng/L (ppt) using only 20 mL of sample.  Prior 
methods required larger sample volumes and were suitable only for  
LC-UV. 
  
Another quat, didecyldimethyl ammonium, (DDAC as chloride salt) has 
increasing use as wood preservative.   We are currently working with the 
electric power industry to develop a sensitive LC-MS method for this 
compound based on our Oasis® WCX paraquat/diquat method.  Our 
preliminary method for DDAC will also be discussed in this poster. 
 
 
 
 
 
 
 

Prior SPE Methods  
Ion-Pairing SPE  
In this procedure (EPA 549.6), a sulphonate ion-pairing reagent is added 
to the sample prior to SPE with a pre-treated C8 or C18 silica SPE 
cartridge.  However, this procedure is not compatible with LC-MS 
analysis.   
 
Mixed-Mode Strong Cation-Exchange (Oasis® MCX) 
Loading capacity for aqueous samples is very high; 300 mL may be 
loaded on 60 mg Oasis® MCX cartridge.  However the concentrated salt 
solution required for elution produces an extract that is not compatible 
with LC-MS. 
 
Despite the limitations, good results have been obtained using Oasis® 
MCX sorbent for LC-UV analysis of aqueous samples and in plant matrix 
(Grey et.al., J. Chromatog. A., 958, pp 25-33, 2002). 
 
 

Mixed-Mode Cation Exchange Sorbents  
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Retention and Elution of Quats  
on Mixed-Mode Sorbents 

 

Oasis® WCX SPE Method 
Paraquat/Diquat 

Goals for This Study 
• To demonstrate the effectiveness of Oasis® WCX sorbent for extraction, and 

enrichment of paraquat and diquat from river water. 

• To utilize Oasis® WCX sorbent for effective sample cleanup. 
• To develop a reproducible and rugged LC-MS method using the SPE protocol.   
 
 Sample:  20 mL of Sudbury River water adjusted to pH 7 with 0.5 M  
    (NH4)3PO4  buffer 

 SPE:   Oasis® WCX, 3 cc, 60 mg, 30 µm (p.n.186002495) 

 Analysis:  Tandem LC-MS (MRM), electrospray+, internal standard   
    calibration  (d8-paraquat, d4-diquat were spiked into each  
    sample @ 10ng/mL prior to SPE)  

Considerations for LC-MS 
Although the chromatographic behavior of 
paraquat and diquat is better using an ion-
pair reversed-phase mode, the MS sensitivity 
obtained using the HILIC mobile phase is 
significantly greater.  The chromatograms at 
right were obtained from 100 ng/mL 
injections of paraquat using ion-pair mode 
with heptafluorobutyric acid (HFBA 50mM) 
compared with HILIC.  
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Results 
A calibration curve was run covering the range  
from 0.1 to 5 µg/L using 20 mL samples of  
Sudbury River water (see graph at right).  
 
 
A series of 1 µg/L (1ppb) spiked samples was  
then analyzed from that curve over a 5 day period,  
5 replicates per day.   
 
The results are summarized below. 
 
 
Paraquat   Day 1  1.08 µg/L (8.1% RSD)    Diquat   Day 1  1.05 µg/L (2.9% RSD) 
  Day 4  1.10 µg/L (8.0% RSD)    Day 4  1.09 µg/L (5.9% RSD) 
  Day 5 0.95 µg/L (7.1% RSD)    Day 5 1.08 µg/L (4.4% RSD) 
 Overall (n=15)  1.04 µg/L (9.8% RSD) Overall (n=15)  1.08 µg/L (4.8% RSD) 
 
  

  
 

LC-MS Conditions  

Oasis WCX for LC-MS Determination of DDAC 
A current method for DDAC, ASTM Method D-5584, employs cation-
exchange chromatography with indirect UV detection at  
262 nm (Waters SCX 4.6mm x 100 mm). The LOQ is approximately 1 
µg/L  (1 ppm) in groundwater using a 1 L sample and liquid 
extraction into methylene chloride.  
 
Using Oasis® WCX and LC-MS, the LOQ for DDAC is 1 µg/L (1 ppb)
using only 10 mL of sample (see LC-MS chromatogram at right).   
Oasis WCX has also been shown to be effective for the extraction  
of  mepiquat  (growth regulator) and chlormequat (herbicide).  

Conclusions 
• Oasis® WCX is an outstanding SPE sorbent for extraction, enrichment and cleanup of 

aqueous samples for determination of paraquat and diquat. The LOQ for this analysis 
is approximately 0.1 µg/L (100ppt).   

 
• Oasis® WCX is also effective for extraction of single charged quaternary ammonium 

compounds such as chlormequat and DDAC. 
 
• HILIC mode allows for direct HPLC analysis of paraquat/diquat without ion-pairing 

reagents. 
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Prepare Sample
adjust to pH 7

Condition
1mL methanol/ 1 mL water

Load
up to 25 mL sample

Wash 
1 mL pH 7 buffer/1mL methanol 

Elute
1.5 mL ACN/water/TFA 84:14:2 

Evaporate and Reconstitute

Conditions for 3 cc cartridges

0.5 mL mobile phase 

Prepare Sample
adjust to pH 7

Condition
1mL methanol/ 1 mL water

Load
up to 25 mL sample

Wash 
1 mL of 50mM pH 7 buffer/1mL methanol 

Elute
1.5 mL ACN/water/TFA 84:14:2 

Evaporate and Reconstitute

Conditions for 3 cc cartridges

0.5 mL mobile phase 
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XTerra MS C18
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MS Conditions
Instrument: Waters/Micromass QuattroMicro™

Paraquat: cone 40 V
MRM 171 77   (CID 35 eV)

171 155 (CID 35 eV
cone 15 V

MRM 93* 77  (CID 30 eV) 

Diquat: cone 40 V
MRM 183 157  (CID 30 eV)

183 168  (CID 35 eV)
cone 15 V

MRM 92* 85   30 eV) 

*double charged ion

MS Conditions
Instrument: Waters/Micromass QuattroMicro™

Paraquat: cone 40 V
MRM 171 → 77   (CID 35 eV)

171 → 155 (CID 35 eV
cone 15 V

MRM 93* → 77  (CID 30 eV) 

Diquat: cone 40 V
MRM 183 → 157  (CID 30 eV)

183 → 168  (CID 35 eV)
cone 15 V

MRM 92* → 85   30 eV) 

*double charged ion

LC Conditions
Column:  Waters Atlantis™ HILIC, 2.1 x 150 mm
Flow:  0.4 mL/min
Mobile Phase: 40% acetonitrile

60% aqueous buffer pH 3.7
(250mM ammonium formate)

Column Temp: 30 oC
Sample Temp: 30 oC
Injection: 10 µL

0.20 µg/L Spiked Sample
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