
METHOD

Positive control fruit sample (387g fruit total) was prepared similar 
to (1) by spraying a total of 3.87 µg Simazine, 193.5 µg Sevin, 7.7 µg 
Carbofuran, 9.68 µg Diazinon and 154.8 µg Malathion in 4 mL Methanol 
against the fruits in a paper box to simulate an orchard spray. This fruit 
represents a sample with a pesticide concentration 20 times below the 
EPA established tolerance levels (Figure 3).

A waters nano Acquity pump was used at 500 nL/min with a 30 min gradient 
from 95% A to 80% B (A: water 0.1 vol% formic acid; B – Acetonitrile 0.1 
vol% formic acid). The extraction solvent was 50/50 MeOH/water 0.1 vol% 
formic acid and the resulting drop size on target was ca. 1 mm diameter 
(Figure 1). Chromatographic separation was achieved utilizing a 15 cm 
100 µm ID / 360 OD HPLC column with C18 material (Nikkyo Technos 
Ltd, Japan) connected to a 15 µm ID LCcoupler and Advion ESI chip for 
electrospray ionization at 1.8 kV. Ions were detected using a Bruker HCT ion 
trap scanning from m/z 200 to m/z 1500 with MS/MS triggering activated. 
 
RESULTS

LESAPLUS utilizes a static extraction of surface pesticides from the 
liquid junction formed by holding the extraction solvent on the target 
area (Figure 1). The extract is than subjected to nanoLC/MS and the 5 
pesticides can be readily detected in the mass spectrometer (Figure 5). 
The sensitivity of this approach is sufficient to detect all 5 pesticides at 
20 times below the EPA tolerance level. Although prior standard LESA 
experiments could not distinguish between the two isobaric compounds 
Simazine and Sevin, LESAPLUS can now separate both compounds in the  

 
 
chromatographic dimension (Figure 4). They can readily be identified by 
their retention time, typical MS/MS fragmentation pattern and isotopic 
distribution in MS1 (data not shown).

The TriVersa NanoMate offers both LESA and LESAPLUS analysis modes 
with minimal intervention between the two analysis approaches. This 
allows both rapid sample screening as well as in depth analysis of surface 
areas of interest.
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INTRODUCTION

Residues and contaminants in the food chain are an increasing problem due to high production volumes, large area distribution and import/export of 
food items across the world. The novel LESAPLUS surface analysis approach combines the standard liquid extraction surface analysis(1) with an additional 
step of a nano liquid chromatography separation (Figure 1, 2). This combination is ideally suited to investigate residues and contaminants on surfaces of 
interest and allows both rapid and direct screening as well as in depth analysis of suspect food samples. Here, we show the application of LESAPLUS to the 
detection of various pesticide residues on apples (Figure 3). 

Figure 1: LESAPLUS extraction from the skin of a sliced apple showing 
the extraction solvent forming a liquid junction on the apple 
skin. The extract is afterwards injected into a nanoLC system and 
analyzed by nanoESI/MS using the TriVersa NanoMate automated 
nanoelectrospray source.
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Advion’s technology is being used in pharmaceutical companies, universities, and biotechnology companies around 
the world for a variety of applications. Users have cited the technology in hundreds of peer-reviewed publications 
and conference presentations since 2002.

Figure 5: The two isobaric pesticides in this study (m/z 202.0, Simazine and Sevin) can 
easily be distinguished by LESAPLUS experiments due to the different retention time in 
the LC, a different MS isotope pattern (data not shown) and their characteristic MS/MS 
fragmentation pattern. An earlier standard LESA experiment was not able to distin-
guish these two compounds.

Figure 4: XIC of 5 different pesticides detected on the 
artificialy prepared apple skin. All 5 pesticides can readily be 
detected 20 times below the EPA tolerance level. 
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SUMMARY

LESAPLUS offers: 

 • Direct surface analysis of food items 

• High sensitivity assays with chromatographic separation 
 of isobaric residues and contaminants from food surfaces 

•  Small extraction spot sizes of 400 µm

XIC of m/z 202.0
Simazineand Carbaryl

XIC of m/z 222.1
Carbofuran

XIC of m/z 331.1
Malathion

XIC of m/z 305.1
Diazinon

#  EPA-Tolerance level 
di ffer in different 
commodities, example 
given for lowest level in 
ei ther apple or grape
* old value prior to 2009, 
since then de-facto 
banned since EPA 
cancelled all carbofuran
registrations

Simazine, C7H12ClN5
(M+H)+=202.0854
EPA-Tolerance Level 
(ng/g): 200 Diazinon, C12H21N2O3PS

(M+H)+= 305.1083
EPA-Tolerance Level 
(ng/g): 500

Carbofuran, 
C12H15NO3
(M+H)+=222.1125
EPA-Tolerance Level 
(ng/g): 400*

Sevin/ Carbaryl, C12H11NO2
(M+H)+= 202.0863
EPA-Tolerance Level 
(ng/g): 10,000

Malathion, C10H19O6PS2
(M+H)+= 331.0433
EPA-Tolerance Level 
(ng/g): 8000
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Figure 2: LESAPLUS set-up schematic for automated surface analysis Figure 3: Structures of pesticides used in this study
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THE LESAPLUS ADVANTAGE: 
In-line nanoLC column


