
Elizabeth Crawford 
Applications Manager 

crawford@ionsense.com 

2nd October 2012 

126th AOAC Meeting ς IonSense, Inc. Seminar  
Las Vegas, NV, USA 

DART-MS:   
Strategies for Rapid Screening & Quantitation 
of Pesticides 



Evolving Open Air Ionization 

Venter, A.; NefliuΣ aΦ /ƻƻƪǎΣ wΦDΦΣ ά!ƳōƛŜƴǘ 5ŜǎƻǊǇǘƛƻƴ Ionization 

Mass SpectrometryέΣ ¢ǊŜƴŘǎ ƛƴ !ƴŀƭΦ /ƘŜƳΦΣ нтΣ нуп-290, 2008. 
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DART-SVP Ionization Source 
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Key DART Source Parameters 
ÅSource Parameters:  
Å Ionization gasses  

Å N2 (Standby) 
Å He (Run Mode) 

Å Temperature of ionization gas 
Å Sample introduction speed 

 

Å Ions typically observed in      
DARTςMS mass spectra: 
Å [M+H]+, [MςH]ς 

Å M+·, Mς· (ionic compounds) 
Å Use of dopants to promote 

ionization: 
Å [M+NH4]+ (ammonia) 
Å [M+Cl]ς  (e.g. CH2Cl2) 
Å [M+CF3COO]ς (trifluoroacetic 

acid) 
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Figure courtesy of Prof. Jana IŀƧǑƭƻǾł  
ICT Prague, Czech Republic 



DART-SVP:  Experiments Overview 

ÅPesticide Screening 
Å FDA swab screening method 

ÅQuantitative Pesticide Analysis in Orange Juice 
Å 1-D Transmission Experiment Module 

Å Fast liquid analysis ς Carbendazim in orange juices 

Å Sample Concentration 

Å Stir-bar sorptive concentration followed by DART-MS 

Å X-Z scanner Experiment Module 

Å Higher throughput option for liquid sample analysis ς up to 96 
samples per run 

ÅMycotoxin Screening  
Å HR-AM screening with DART-SVP 
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Pesticide Screening and Quantitation 



FDA Rapid Pesticide Screening Method 
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Rapid Pesticide Screening 

Spiking 
Å Each piece of produce was weighed to 
determine the pesticide dosing volume based 
on the determined spiking levels. 
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Transmission DART            
 Using Polyurethane Swabs 

Å Concentrate trace amount 
of analytes on a sponge 
type swab for DART 
analysis. 

Å Scan up to 10 swabs in 
one run using the 
temperature ramp 
method with user defined 
sampling time and heater 
temperatures. 

Å The heated DART gas 
passes through the swab 
and into MS inlet. 



Utility of High Resolution for Very 
Rapid Analysis of Complex Mixtures 

Pesticide Mixture 

Total Run Time       1.8 minutes 

DART Heater Temperature Quickly Ramped from 95 ς 350° C  
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Data courtesy of Sara Robison 
DART-SVP coupled to Exactive at FDA FCC Cincinnati 



Typical Results 

Å114 of the 132 pesticides were detected 
(86%), (some were isobaric compounds)  

 

Å88% of the analytes had a mass error of 
< 1 ppm, 97% of the analytes had a 
mass error of < 2 ppm 
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S. E. Edison, L. A. Lin, L. Parrales. Food Add and Contam. Part A., 2011, 28: 1393-1404. 

S. E. Edison, L. A. Lin, B. M. Gamble, J. Wong, K. Zhang.  Rapid Commun. Mass Spectrom., 
2011, 25, 127-129. 

 

 
Data courtesy of Sara Robison 

DART-SVP coupled to Exactive at FDA FCC Cincinnati 
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1. Objectives: 

ÅGenerate standard curve data for carbendazim in orange juice 
ranging from 1 ppb ς 2000 ppb. 

ÅScreen for carbendazim in a variety of orange juices from the EU, 
India and the USA. 
ïEuropean maximum residue limit* (MRL) is set at 200 ppb for oranges and 

carbendazim is not approved for use on citrus fruits in the US .  The US 
FDA has set an action limit of 10 ppb. 

2. Analysis Overview: 

ÅNo sample preparation ς liquid from consumer juice beverages 
directly analyzed by transmission mode direct analysis in real 
time (DART) source coupled with Q Exactive. 

ÅPositive ion mode - carbendazim targeted MS2 experiment. 
ïm/z 192.07675 Ҧ 160.05032 

 *  http :// eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:152:0001:0021:EN:PDF 
 

Quantitation  -  Carbendazim 
 Unapproved Fungicide for Citrus Fruits in US 



15 

3 µL of liquid sample 
pipetted onto 

stainless steel mesh 
screen and allowed 
to completely dry 

before DART analysis 

Stainless steel mesh screens: 
Used as the sampling  

surface for juice samples 

Transmission DART Workflow 

Juice is 
directly 

applied to 
the mesh 
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20 ppb ; 7 % CV 

10 ppb ; 16 % CV 

5 ppb ; 9 % CV 
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m/z 192.07675 Ҧ 160.05032 
 

XIC generated with +/- 5 ppm window around 160.05032 


