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Abstract

This application demonstrated the effectiveness of two extraction process, single stage captive and 

triple stage captive for pesticides screening by 2D LC ToF in drinking water. 

Benefits

Fast 30-minute extraction protocol■

Trace level detection at parts per trillion■

90 second homogenization■

Introduction

Many countries around the world have strict regulatory guide lines for drinking water quality. To 

satisfy legislative requirements, analytical methods have been developed to monitor a wide range of 

contaminants at trace levels using analytical techniques such as gas chromatography/mass 

spectrometry (GC-MS) or liquid chromatography/tandem quadrupole mass spectrometry (LC-

MS/MS). 

Trace level analysis at ppt (part per trillion) constitute the bulk of the work load for the majority of 

testing laboratories worldwide. Current analytical techniques use a combination of extraction 

procedures, often requiring an enrichment process and accurate detection for any given target 

analyte. As such, large sample volumes are usually extracted using various manual extraction 

methods (i.e., solid-phase extraction (SPE), liquid-liquid, etc.)  and are concentrated into a smaller 

volume. As an example, a typical extraction method usually starts with a 500 mL of sample and 

ending up with a final volume of a 100 µL (5000:1 enrichment ratio). If higher sensitivity is required, 

the only alternative left is to process larger sample volume but will require an increase in time and 

manual labor.

In recent years, efforts are now being diverted to investigate effective screening methods with high 

resolution Time-of-Flight (ToF) instruments and with the capability of reaching sub ppb (part per 

billion) levels. With current single chromatography separation setup and the inherent low sensitivity 

of ToF instrument compared to tandem quadrupole MS, this demand is quite difficult to achieve. As 



such, a new analytical strategy is needed to reach those goals. This application will discuss the 

performance of 2D LC-QToF setup for the analysis of pesticides residues in drinking water at sub ppb 

level. With an enrichment factor of 20:1 from a rapid fractionation sample preparation protocol using 

two mixed mode sorbents, the gap between method and instrument limits of quantitation (LoQ) can 

be eliminated with large volume injection. Furthermore, by using an At-column dilution 2D LC 

configuration, 100% organic solvent extracts can be injected directly, thus eliminating all 

evaporation and reconstitution steps from any sample preparation protocol.1-4

Experimental

Two MRM transitions, quantification and confirmation, for each pesticide were selected and 

optimized. The MRM conditions are listed in Table 1. 

For this application, finding the optimum extraction and chromatographic condition for this multi-

residue analysis posed a significant challenge. The chromatographic conditions were tested on 

several trapping chemistries (Oasis HLB, XBridge C18, and XBridge C8) and separation chemistries 

(BEH C18) The loading (low pH, high pH, and neutral pH) and eluting mobile phase (MeOH + 0.5% 

formic acid and ACN + 0.5% formic acid) were also optimized using an automated 6x6 process. 

All pesticides standards were purchased from Sigma Aldrich. The extraction process was performed 

on pre-conditioned  reversed-phase sorbent Oasis HLB SPE Cartridge, 6 cc, 150 mg, (p/n: 186003365) 

for the captive extraction or a dual mixed-mode Oasis MCX SPE Cartridge, 6 cc, 150 mg (p/n: 

186000256) and MAX SPE Cartridge, 6 cc, 150 mg, (p/n: 186000369) for the screening extraction.

Chromatography and MS/MS conditions 

Loading conditions

Column: Oasis HLB Direct Connect HP, 20 μm, 2.1 × 

30 mm (p/n: 186005231)

Loading: MilliQ water (pH 7, no additives)

Flow rate: 2 mL/min



At-column dilution: 5% (0.1 mL/min loading pump and 2 mL/min 

diluting pump)

UPLC conditions

UPLC system: ACQUITY UPLC with 2D Technology 

configured for “Trap and Elute” with At-

column dilution

Runtime: 10 min

Column: ACQUITY UPLC BEH C18, 1.7 μm, 2.1 × 50 mm 

(p/n: 176000863)

Column temp.: 60 °C

Mobile phase A: Water + 0.5% formic acid

Mobile phase B: Acetonitrile + 0.5% formic acid

Elution: 5-minute linear gradient from 5% (B) to 95% 

(B)

Flow rate: 0.500 mL/min (Elution pump)

Injection volume: 100 μL

MS conditions

MS system: Xevo TQ-S

Ionization mode: ESI positive

Capillary voltage: 3.0 kV



Cone voltage: 90.0 V

Source temp.: 150 °C

Desolvation temp.: 550 °C

Desolvation gas: 1100 L/hr

Cone gas: 50 L/hr



Table 1. MRM transitions for all pesticides.

Results and Discussion

Sample preparation
The monitoring of pesticide residues in drinking water is a vital necessity for every nation worldwide.However, if the water sample contains high level of organic matter (Total Organic Content or TOC), This type of enrichment protocol is linked to the limitation of single dimensional separation techni

Separation and Detection

The application started by the selection of several pesticides classified in groups according to their 

The blue box gives the option to select conditions to widen the selection choice. The column on the 

Single stage captive extraction

Once the LC and MS optimization phase were completed, the next step focused on the sample cleanIn this application, the first extraction technique we evaluated was the captive extraction approach. 

As for the second target analyte, the elution profile of dimethoate shows a typical basic functionality

Triple stage captive extraction

By taking in consideration the high level of chemical and physical diversity for the entire listing of p

The latter protocol is best suited for smaller subset of target analyte. With the dual mixed-mode app

The MAX E1 refers to the elution of the reversed-phase portion of the mixed-mode sorbent, while M

Conclusion
This application demonstrated the effectiveness of two extraction process, single stage captive and 
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