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Introduction

Over the Last four years the South Carolina Department of 

Agriculture (SCDA) has been working on a new rapid 

extraction method called DPX to screen produce and other 

matrices for Pesticide Residue. We compared the DPX to the 

Luke and the QuEChERS (Quick, Easy, Cheap, Effective, 

Rugged and Safe) Methods by running samples of incurred 

Positive and Spiked produce by all three methods. 

QuEChERS gave good recoveries for almost all pesticides, 

but the extracts were too dirty for ECD chromatograms. 

Interferences were found to be too high to identify numerous 

pesticides in many sample matrices.

DPX worked great for nonpolar and slightly polar pesticides; 

however, it gave poor recoveries for very polar pesticides 

(such as acephate or thiabendazole).

We developed the Micro Luke Method to augment DPX so 

we could extract the polar pesticides as well as the non-

polar. In this case, the time-consuming column 

chromatography cleanup for ECD analysis was replaced with 

DPX. The traditional liquid-liquid extraction for polar 

pesticides and NPD analysis was still utilized to analyze the 

problematic pesticides such as acephate.

The results of these studies have been excellent and SCDA 

is currently using DPX and a Modified Micro Luke Method in 

our Chemical Residue Lab at SCDA.  With funds being cut 

on all levels, SCDA has been able to do twice as many 

samples for half the cost and detect more compounds at 

lower levels.  Using Acetone instead of Acetonitrile is another 

advantage, especially during the shortage and with the 

higher cost for acetonitrile.

Experimental

A Modified Micro Luke Method and Disposable Pipette 

Extraction (DPX) method is described that is used for the 

extraction of polar and nonpolar pesticides, respectively.  This 

method takes advantage of the use of selective detectors for 

gas chromatography (GC) such as a nitrogen-phosphorous 

detector (NPD) and electron capture detector (ECD).  Also, 

this method can be used with mass spectrometry (MS) for 

GC (or high performance liquid chromatography (HPLC) 

following solvent exchange).

The extractions are first processed using acetone, and one 

portion of the acetone solution undergoes a rapid liquid-liquid 

extraction for the polar pesticides, such as organophospates

and organo-nitrogen pesticides.  The 2nd portion of acetone is 

processed using reversed phase mechanisms with DPX tips. 

The time-consuming column chromatography in the Luke 

Method for GC-ECD analysis of organochlorine pesticides is 

not required. The DPX extracts result in chromatograms that 

have low background interferences for a wide variety of fruit 

and vegetables. In fact, the ECD chromatograms obtained by 

using DPX are comparable to those obtained by the Luke 

Method.

The results using the combined Modified Micro Luke and 

DPX method with the standard Modified Luke Method (using 

column chromatography cleanup for ECD) are shown. 

Improved recoveries for the nonpolar pesticides are shown 

using the DPX method. In addition, sample throughput has 

been nearly doubled while reducing costs for the analysis.
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Figure 1. Picture of the DPX extraction method using the Lever Extractor, 

which is processing 12 fruit and vegetable samples simultaneously.  

Figure 2. Pictures of the Modified Luke Extraction Method using liquid-

liquid extractions. The time-consuming column cleanup is not necessary 

for the highly selective GC-NPD analysis of the polar pesticides. 

Schemes for the extraction methods. The top scheme succinctly 

delineates the DPX extraction method. The bottom scheme 

describes the steps used for the Micro Luke Method.

Instrumentation.

An Agilent 6890N with ECD and NPD detectors was used 

with dual simultaneous injection auto sampler 7683B. The 

columns were DB 608 (30 m, 0.32 mm, 0.25um) for ECD and 

DB 35MS (30 m, 0.32 mm, 0.25 um) and NPD. Injection 

volumes were1 uL. Oven Temp:  80C for 1min, 30C/min to 

190C, hold 1 min, 6C/min to 280 C, hold for 3.3 min; total 

runtime was 24 min.

The GC-MS used for confirmations was a Perkin-Elmer 

Clarus 500 with PE built-in Autosampler. The column used 

was a PE elite 5MS (30m, 0.25 mm, 0.25um). He flow was 

1.05 mL/min. Oven Temp: 80C for 1 min, 30C/min to 190C, 

hold 1 min, 6C/min to 280 C, hold 3.3 min; total runtime was  

24 min. SIM methods were used for each compound of 

interest based on the screening results from ECD/NPD data.

Materials.

The DPX-RP tips were purchased from DPX Labs, LLC 

(Columbia, SC). The Lever Extractor was also purchased 

from DPX Labs.

Our research using DPX-RP tips has shown that high 

recoveries are obtained for the analysis of nonpolar pesticides. 

This is not surprising, as the concept of using reverse phase 

mechanisms takes advantage of removing and concentrating 

hydrophobic compounds from aqueous solutions. As shown in 

Fig. 3, the recoveries of organochlorine pesticides are very 

high with the DPX method.  

For organophosphate pesticides, recoveries were high for 

most of the compounds as shown in Fig. 4. However, a few 

pesticides gave poor recoveries. Dichlorvos had recoveries of 

approximately 50% and mevinphose was only approximately 

20%.

A closer examination of the recoveries indicates that it is 

possible to predict the recovery based on the polarity of the 

compound. The logP value, which is used to define the polarity 

of the compound, of 2 or greater give high recoveries using 

DPX-RP. Figure 5 shows a plot of % recovery vs. logP for the 

organophosphorous pesticides. 

Fortunately, these polar compounds are known to be readily 

detected by NPD from the Modified Luke Method. By 

“miniaturizing” this method (Micro Luke), we combine DPX-

Micro Luke to have comprehensive analysis of pesticides in 

fruit and vegetables. A direct comparison of the DPX-Micro 

Luke Method with the traditional Modified Luke Method is 

shown for incurred samples from representative weeks of 

analyses in Fig. 6.  

Figure 3. Recoveries of organochlorine pesticides extracted by 

DPX in carrot and orange sample matrices. 

Figure 4. Recoveries of organophosphate pesticides extracted by 

DPX in carrot and orange sample matrices. The arrows identify 

compounds with low recoveries. 

Conclusions

Figure 5. Recoveries of organophosphate 

pesticides extracted by DPX in carrot (top) and 

orange (bottom) sample matrices are plotted vs. 

logP values. Low recoveries are found with polar 

compounds with logP values less than app. 1.8. 

Figure 6. Representative comparisons of results for DPX-Micro Luke vs. 

the original Modified Luke Method for incurred samples. In most 

instances, the DPX with Micro Luke Method provided better results for 

incurred samples.  

The DPX-Micro Luke Method has been shown to be a viable method for 

comprehensive analysis of pesticides in fruit and vegetables. Most 

importantly, this new methodology results in higher throughput (twice the 

number of samples) and lower costs (approximately half) for this analysis. 

These conclusions are depicted in the tables below. 


