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Abstract Rapid screening of pesticides present on the sur-
faces of fruits and vegetables has been facilitated by using a
Direct Analysis in Real Time (DART™) open air surface
desorption ionization source coupled to an Exactive® high-
resolution accurate mass benchtop orbitrap mass spectrome
eter. The use of cotton and polyester cleaning swabs to
collect and retain pesticides for subsequent open air desorp-
tion ionization is demonstrated by sampling the surface of
various produce to which solutions of pesticides have been
applied at levels 10 and 100 times below the tolerance levels
established by the United States Environmental Protection
Agency (US EPA). Samples analyzed include cherry toma-
toes, oranges, peaches and carrots each chosen for their
surface characteristics which include: smooth, pitted, fuzzy,
and rough respectively. Results from the direct analysis of
fungicides on store-bought oranges are also described. In all
cases, the swabs were introduced directly into the heated
ionizing gas of the DART source resulting in production of
protonated pesticide molecules within seconds of sampling.
Operation of the orbitrap mass spectrometer at 25,000 fulk

Keywords Direct analysisinreal time (DART) - Pesticide
- High- huti mass (HRAM)
Benchtop orbitrap - Surface analysis

Introduction

Direct analysis in real time ionization coupled with mass
spectrometry (DART-MS) has been gaining momentum in
the past few years in food quality and food safety, particu-
larly in the application areas of authenticity [1-3], adulteration
[4, 5], contamination [6-11], and food packaging [12, 13].
A review paper on the challenging applications in food
quality and safety accomplished with the DART rechnique
gives a perspective of where this technology has progressed
to over the past 4 years [14]. The increase in concemn with
the quality of food has been growing with the demands of
expanding global trade markets. The focus on development
of faster and simpler analytical tonization techniques for
mass ic hes has also fk hed in the past

width half maximum resolution was sufficient to g
high-quality accurate mass data. Stable external mass cali-
bration eliminated the need for addition of standards tvpi-
cally required for mass calibration. thus allowing muhiple

lyses o be pleted without @ recalibration.

Published in the special paper collection Recent Advances in Food
Anabysis with gucst editors J. Hajslova, R, Krska, M. Niclen.

7 vears where there is a need to always get the results faster,
with lower analytical costs and minimized sample prepamtion
steps [15-18]. In recent publications, the United States
Food and Drug Administration (US FDA) ists have
developed a DART-based method wtilizing high-resolution
accurate mass detection o rapid screening of pesticides on
the surfaces of fruits and vegetables with the objective of
creating a simple protocol for testing that might be deployed
at selected border points of entry. Using their experimental
protocols icide screening per sample was completed in

E, Crawford (77} B. Musselman
lomSrmcn ne

under 3 min per swab [6, 7]. The use of such a rapid method
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Abstract Rapid screening of pesticides present on the sur-

Keywords Direct analysis inreal time (DART) - Pesticide

faces of fruits and vegetables has been facilitated by using a
Direct Analysis in Real Time (DART®) open air surface
desorption ionization source coupled to an Exactive® high-
resolution accurate mass benchtop orbitrap mass spectrom-
eter. The use of cotton and polyester cleaning swabs to
collect and retain pesticides for subsequent open air desorp-
tion ionization is demonstrated by sampling the surface of
various produce to which solutions of pesticides have been
applied at levels 10 and 100 times below the tolerance levels
established by the United States Environmental Protection
Agency (US EPA). Samples analyzed include cherry toma-
toes, oranges, peaches and carrots each chosen for their
surface charactenistics which include: smooth, pitted, fuzzy,
and rough respectively. Results from the direct analysis of
fungicides on store-bought oranges are also described. In all
cases, the swabs were introduced directly into the heated
ionizing gas of the DART source resulting in production of
protonated pesticide molecules within seconds of sampling.
Operation of the orbitrap mass spectrometer at 25,000 full-
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Introduction

Direct analysis in real time jonization coupled with mass
spectrometry (DART-MS) has been gaining momentum in
the past few years in food quality and food safety, particu-
larly in the application areas of authenticity [1-3), adulu

[4, 5], contamination [6-11], and food packaging (12, 13].
A review paper on the challenging applications in food
quality and safety accomplished with the DART technique
gives a perspective of where this technology has progressed
to over the past 4 years [14]. The increase in concem with
the quality of food has been growing with the demands of
expanding global trade markets. The focus on development
of faster and simpler analytical ionization techniques for

width half maximum resolution was sufficient to
high-quality accurate mass data. Stable external mass cali-
bration eliminated the need for addition of standards typi-
cally required for mass calibration, thus allowing nultiple
analyses to be completed without i lib

Published in the special paper collection Recent Advances in Food
Analysis with guest editors J. Hajslova, R. Kreka, M. Nidlen.

mass sy pp has also i inthe past
7 years where there is a need to always get the results faster,
with loweranalytical costs and minimized sample prepamtion
steps [15-18]. In recent publications, the United Staws
Food and Drug Administration (US FDA) scientists have
developed a DART-based method utilizing high-resolution
accurate mass detection to rapid ing of pesticides on
the surfaces of fruits and vegetables with the objective of
creating a simple protocol for testing that might be deployed
at selected border points of entry. Using their experimental
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T Is pesticide ing per sample was completed in
under 3 min per swab [6, 7]. The use of such a rapid method

Methamidophos [M+H]* Average Peak Area
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Methamidophos Swabbed from the Surface of Cherry Tomatoes

3.5E+07
3.0E+07
2.56+07
2.0E+07
1.5E+07
1.0E+07
5.0E+06
0.0E+00

Cotton Swab (n=2)

Polyester Clean Swab (n=2)
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