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2005 - DART and DESI reviews introducing challenges of Ambient
desorption mass spectrometry published

2006 - 17th International mass spectrometry congress, Prague
Jeol exhibits DART - AccuTOFMS

2007 - ICT negotiates with Jeol, first tests carried out in Paris Centre

2008  - DART research initiated at ICT, first papers published

2008  - DART TOF MS incorporated into Biocop project
together with DESI, Analysis of strobilurins, common
ICT, RIKILT Fera paper published in Anal. Chem.

2008 - DART TOF MS  involved in Conffidence project for pesticide                     
residue analysis

2009  - AOAC, Philadelphia, US - meeting Brian Musselman                             
common steps planned

2009 - DART research introduced on occasion of RAFA
„baby“ DART coupled with Orbitrap MS 
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Novel analytical strategy:

AMBIENT MASS 
SPECTROMETRY

- Reduced / minimal sample prep

- No chromatographic separation

…opens the doors to many challenging applications
in various areas of food / environmental analysis



DESI    
Purdue Univ. USA

DART    
JEOL, USA



The ambient ionization methods retain the signature advantages of MS:
speed

chemical specificity
low detection limits

moreover: NO SAMPLE SEPARATION IS EMPLOYED!!!
or SAMPLE PPREPARATION IS MINIMAL





a Techniques where ESI mechanisms are mainly responsible for ionization. 

b Methods where chemical ionization is responsible for ionization 
(photoionization - PI, ion evaporation - IE and electrical discharge)

AMBIENT DESORPTION IONIZATION METHODS

desorption production of ionizing chemical reagents



: Thermal
Desorption with

Secondary Ionization

Liquid Extraction Surface
Sampling Probe / 

Ionization

Laser Desorption
(Ablation) with

Secondary Ionization

Atmospheric Pressure
Matrix Assisted Laser 
Desorption/ionization

Liquid and Gas Jet
Desorption /Ionization

Van Berkel et al  J. Mass Spectrometry, 43, 1181, 2008



Spray and fluid velocity illustration. Droplets are black spheres eight times their actual 
size. Background color indicates velocity magnitude of surrounding fluid. The blue line 
shows the optimum collection angle from experiments (~ 10°)

DESI  
▼



The DART Ion Source
(Jeol)

The space where the 
sample is placed

Excited-state atoms or molecules M*
interact with sample and atmosphere



Steps occurring together, or separately, under

the influence of a particular agent:

DESORPTION – a change in phase (e.g., 
solid to vapor)

IONIZATION - an acquisition of charge by 
neutral analyte molecules



Penning Ionization

• Metastable atoms or molecules react 
with analytes that posses ionization 
potentials less than the metastable
energy: 

M* + S S+. + M + electron



Proton Transfer

• Metastable atoms react with atmospheric water to 
produce ionized water clusters

• Dominant reaction mechanism when helium carrier 
used:  He(23S) energy = 19.8 eV

• Huge reaction cross section: 100 A2

He(23S) + H2O → H2O+• + He(11S) + electron

H2O+• + H2O H3O+ + OH•

H3O+ + nH2O [(H2O)nH]+

[(H2O)nH]+ + M MH+ + nH2O



The ionization process in DART is a variation of APCI,                         
reagent-ion population originates from the gas phase reactions of the 

metastable He atoms produced in the discharge



WP6 - Pesticides

Overall aim of the Work package

Development of rapid screening 
methods for a specific class of 

fungicides (strobilurins) in cereals 



Extraction time: 

Maximum of 3 hours for 20 samples

Working characteristics:

LODs < 0.05 mg/kg (LOQs < 0.1 mg/kg)

Repeatability - %CV < 40 

WP6 Pesticides: target values for Strobilurin SPR 
bioassay 

Is it possible to achieve these 
objectives also by DART?



No. Description By Status
T6.18. To develop/optimise ambient mass spectrometry methods for 

detection of strobilurins in grain.
M 53

T6.19 To conduct an intra-laboratory validation of methods from 
T6.18.

M 55

T6.20  To produce draft SOPs for the ambient mass spectrometry 
methods. 

M 57 /In 
progress

T6.21  Conduct an inter-laboratory trial of the optimised ambient mass 
spectrometry methods.

M 60 In 
progress

T6.22  To design, develop and characterise oligonucleotide-binding 
reagents for the target strobilurins. 

M 52

T6.23  To produce sufficient quantities of the optimum binder for assay 
development. 

M 54

T6.24  To develop a prototype assay incorporating the oligonucleotide 
binder.....

M 58

T6.25 To prepare a draft SOP for the procedure developed in T6.24. M 60

Stop decision taken by TMG

WP6 – Tasks in 2009
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Work to be completed at ICT Prague…

(i) Inter-laboratory Comparison (samples delivered 
November 10, 2009)

(ii) Comparison of performance characteristics 
(e.g., repeatability of the measurement, limits of 
detection, exploiting of high mass resolving 
power) of DART–TOFMS and DART–Orbitrap MS

(iii) Comparison of extraction techniques: EtOAc 
extraction vs. QuEChERS



Work to be completed at ICT Prague… 

(iv) Testing of a new generation of DART ion source 
“Baby DART” → improvement of performance 
characteristics expected…



LC-MS/MS

SLE
(50 mL of EtOAC, 

15g Na2SO4)

AccuTOF™ DART™

PLE
(~50 mL AcN, 15g Na2SO4

at 90°C) 

QuEChERS
10 mL AcCN / 

disp. SPE

5g of sample

Alternative sample handling Confirmation

Final volume adjustment to 25 mL

12.5g of sample

EXPERIMENTAL SET-UP

Direct analysis of solid sample



MS[1];0.195..0.225;-1.0*MS[1];0.290..0.327; / ESI+ / 20071116_SMPL13 
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Identification of analytes in 
wheat extract

[M+H]+ mass spectra

Crude ethyl acetate extract spiked with strobilurins at 120 µg/kg

Polarity: positive (DART+)
Helium flow rate: 2.6 L/min
Discharge voltage: 2400 V
Peaks volatage: 1100 V
Beam temperature: 300°C 



m/z 409.13993

Estimation of element 
composition

Mass difference from 
accurate trifloxystrobin 

mass – 5.91ppm
(m/z 409.13993 vs. 

409.13752)

Identification of analyte at “baby food” level

MS[1];1.526..1.549;-1.0*MS[1];0.869..0.892; / ESI+ / 20071122_SMPL3 
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[M+H]+ mass spectrum, crude ethyl acetate 
extract spiked with strobilurins at              

12 µg/kg



elemental 
composition

analyte ion

Identification of analyte at “baby food” level

trifloxystrobin



0

100

Intensity (130750)x10

409.1400

410.1438

411.1479
410.3592409.6898

-10

0

Intensity (8310)x10
3

206.0849

More IP for trifloxystrobin 
(solvent standard, 50 µg/kg)

Oriffice 1 voltage
20 V (standard set-up)

Oriffice 1 voltage
50 V

m/z 409.1375

m/z 206.0830 m/z 186.0540

Cone induced fragmentation Enhanced confirmation

Oriffice 1 voltage
50 V



Column: Discovery C18 150 × 3 
mm, 5µm (Supelco)
Mobile phase: 10mM amonium
acetate - methanol
Flow rate: 0.3 ml/min
Injection volume:5 µl
Column temperatuire: 40 °C

Ionization: ESI
Polarity: positive
Capillary voltage: 3200V, one: 50V
Source temperature: 120°C
Desolvatation temp.: 350°C

Quattro Premier XE (Waters)

Confirmation method:  
LC-MS/MS

Trifloxystrobin

Pyraclostrobin

Kresoxim methyl

Azoxystrobin

Dimoxystrobin

Picoxystrobin



CALIBRATION – matrix matched standard

Internal standard (prochloraz) added into crude extracts, 200 µg/mL 

Azoxystrobin

y = 0,0044x + 0,1433
R2 = 0,9954
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ng/g„On-line“ injections

Mass Chrom[1];409.10081..409.19919; / ESI+ / 20071116_SMPL12 
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L
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L

PEG

correction 
of mass drift



METHOD
Recoveries Repeatability

(RSD, n=5)
LOQs

(ug/kg)

SLE
AccuTOF™ DART™

82–91% 8–15% 12–30

PLE
AccuTOF™ DART™

80–94% 14–19% 12–30

QuEChERS 
AccuTOF™ DART™

89–95% 8–11% 12–30

QuEChERS 
LC-MS/MS

93–97% 4–7% 1–4

PERFORMANCE CHARACTERISTICS
wheat grains spiked by strobilurins at 60 µg/kg

no matrix effects related to ionization were observed in crude extracts 
possible interferences at ions of analyes (close m/z from matrix)



Incurred residue analysis
- wheat grains (BIOCOP test material)
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Further simplification 
DIRECT mesurement 

?



Sample preparation for direct                            DART TOFMS 
measurement

filling
a paper 

“envelope”

AccuTOF™
DART™

cca 1g of sample

2´

a)
d)

b)
c)

Items used for analysis:

a) incurred wheat grain sample 
b) filtr paper
c) spatula
d) PEG standard solution



DIRECT SCREENING OF INCURRED RESIDUES     
- wheat grains (BIOCOP test material)

1st „hit“
5th „hit“

Mass difference –0.35 ppm
(429 µg/kg)

Azoxystrobin

Mass difference –1.56 ppm
(170 µg/kg)

Pyraclostrobin



Incurred residues screening
- wheat grains (BIOCOP test material)

Mass difference –0.37 ppm
(concentration  52 µg/kg)

Kresoxym-Me

1st „hit“

AccuTOF™
DART™ provides
simple and fast 
confirmation of 
strobilurins in 
wheat at MRL 

levels.



Schurek J. et al.,

Anal. Chem. 80,

9567–9575 (2008),

doi: 10.1021/ac8018137

http://pubs.acs.org/journal/ancham


DART Cone

AnalyserDART–TOFMS

DART–Orbitrap MS
DART Heated 

capillary
Analyser

New problem emerged…

APPROACH #1

APPROACH #2

Transfer of the technique…



DART–Orbitrap MS:
Influence of capillary temperature on the fragmentation
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Purified (PSA, C18) QuEChERS extract (wheat) spiked with strobilurins at 1 mg/kg

Polarity: positive (DART+)
Helium flow rate: 1.5 L/min
Beam temperature: 300°C 

DART–
Orbitrap MS

APPROACH #2



DART–Orbitrap MS: matrix effects
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DART–TOFMS vs. DART–Orbitrap MS:
Influence of mass resolving power
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CONffIDENCE project

WP-1c

Simplified MS screening tool for the 
analysis of dithiocarbamates in intact 
vegetables/fruits



Overview of DTCs

G. Crnogorac, W. Schwack, TrAC-Trend Anal Chem, 28, 40–50 (2009)



Overview of DTCs

G. Crnogorac, W. Schwack, TrAC-Trend Anal Chem, 28, 40–50 (2009)



Activities and achievements
Optimisation of DART–TOFMS instrumental 

parameters for thiram and ziram 

Sample preparation for the determination of thiram 
and ziram in fruits (pears) using DART–TOFMS

Validation study

Thiram Ziram



Activities and achievements
Optimisation of DART–TOFMS instrumental parameters

Gas beam temperature → 300°C optimal

Helium flow → 3.5 litters per minute optimal



Activities and achievements
Optimisation of DART–TOFMS instrumental parameters

VAPUR interface (only 20% increasing of signal 
intensity, but higher background) → without VAPUR

Source of figure: www.ionsense.com



Activities and achievements
DART[+]–TOFMS profiles of standards
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First considerations for the determination of 
thiram and ziram in fruits (pears) using DART–
TOFMS

Both compounds soluble in acetonitrile (this 
information not available in literature!)

Possibility to use acetonitrile for sample extraction 
(QuEChERS approach)

Internal standard needed for reliable quantification 
(triphenyl phosphate, TPP)

Sample preparation

Thiram Ziram



Sample preparation

10 g sample (pears) 
10 mL acetonitrile
Shaking – 1 min

4 g MgSO4 + 1 g NaCl

Shaking – 1 min

Centrifugation – 5 
min, 11,000 rpm

DART–TOFMS
analysis

QuEChERS (Quick, Easy, Cheap, Effective, 
Rugged, Safe)

(1)

(2)

(3)

(4)

(5)



Activities and achievements
Thiram
5 mg/kg

Ziram
1 mg/kg

TPP
(internal

standard)
1 mg/kg

DART–TOFMS spectrum of matrix-
matched standard (pear extract)



Activities and achievements

m/z 240.99 Zoom

Repeated 
injections of 

spike

1st 2nd 3rd 1st 2nd 3rd

1st 2nd 3rd 1st 2nd 3rd

Repeated 
injections of 

blank

Thiram — 5 mg/kg (MRL)

Sample introduction variations compensated 
using an internal standard (TPP)



m/z 304.93

Activities and achievements
Ziram — 1 mg/kg (MRL)

Repeated 
injections of 

spike

1st 2nd 3rd 1st 2nd 3rd

Repeated 
injections of 

blank

Sample introduction variations compensated using an internal standard (TPP)



Activities and achievements

Analyte MRL Spike level Recovery RSD LOQ
(mg/kg) (mg/kg) (%) (%) (mg/kg)

Thiram 5 5 85.2 6.7 0.1

Ziram 1 1 82.7 8.9 0.5

*) Note: Quantification performed using matrix-matched standards with 
internal standard (TPP) correction

Validation study
Matrix: pears



DART offers a lot of challenges in food analysis

Qualitative screening

Quantitative analysis

Metabolomics (non-target) profiling

Rection dynamics monitoring

Method development
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