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esorption ~lectro=pray ionization
First ambient MS technique invented by Graham Cooks
from Purdue University, USA

ass spectrometry

Mass Spectrometry Sampling

Under Ambient Conditions with
Desorption Electrospray lonization

Zoltan Takats, Justin M. Wiseman,
Bogdan Gologan, R. Graham Cooks*

Science 306, 471 (2004)
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Ambient MS
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Table 1 Chronology and perceived impact of developments in ambient ionization MS

:HVWRQ $QDO\VW

Method name

Acronvm or abbreviation

Y ear of introduction

Research papers (papers/year)”

Desorption electrospray ionization

Surface sampling probe

Diirect analvsis in real time

Atmosphenic solids analysis probe

Electrospray laser desorption
ionization

Fused droplet electrospray
ionization

Direct atmosphenic pressune
chemical ionization

Matrix-assisted laser desorption
electrospray ionization

Jet desorption electrospray
ionization

Extractive electrospray sonization

Desorption sonic spray ionization

Atmospheric pressure thermal
desorption ionization

Helium atmosphernic pressure glow
discharge ionization

Plazma-assisted desorption
onization

Diglectric barrier desorption
fomization

Neutral desorption ex tractive
electrospray ionization

Laser diode thermal desorption

Laser ablation electrospray
ionization

Desorption atmospheric pressure
photo-ionization

Infra red laser ablation electrospray
ionization

Flowing atmospheric-pressure
afterglow

Easy ambient sonic spray
onization

Remote analvte sam pling transport
and ionization relay

Laser ablation flowing
atmospheric-pressure afterglow

Low temperature plasma

Desorption electrospray
metastable-induced ionization

Liguid micro-junction surface
sampling probefelectrospray
onization

Surface activated chemical
ionization

Single particle aerosol mass
spectrometry

DESD
Ssp
DART®
ASAPH
ELD
FD-ESIH
DAPCI™
MALDESEH
1eDI™
EESI*
DeSsI™
APTDI*
HAPGDI™
PADI
DB
ND-EESI*

LDTD™
LAEST*

DAPPI*
IR-LAESIT
FAPA
EASI®
RASTIR*
LA-FAPA*

LTP*=
DEMI*

LMI-SSP/ESI+

SACT*

SPAMS®

24
2004
2005
2005
2005
2005
25
2006
206
26
e
20006
2006
2007
20007
2007

2007
2007

2007

2008

2008

2008

2008

2008

2008
2009

009

2009

2009

188 (31)
501)
65 (16)
Ti(lL4)
61(1.5)
2(0.5)
80 (27)
827
1{0.3)
224(7N
2{(0.7)
J(l)

1 (0.5)

1(0.5)



Solvent Electrical

~ == Potential

MS b
Ch d
Nebulizing Dr:g:ts ’/A
Gas (N,)
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From surface deposit to ion:

Formation of charged primary droplets by electrospray source
Flight of droplets to surface, wetting of surface, dissolvation
Collision of charged droplets with surface => smaller droplets
Takeoff of secondary droplets, ablated material, free ions
Transport through atm. pressure interface

Shrinking of droplets, electrostatic fission => free ions
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Experimental parameters

- Solvent Solvent line
- Solvent flow ol
- Gas flow N Inner solvent
- Spray angle 7" High N Sepdiay

- Capillary voltage velage R MS inlet /
- Distance to sample surface Outer nebulizing /5.
capillary M EE— ~p X

- Angle ion collection MS Sample surface )
- Sample surface

- Distance to MS inlet

- MS parameters (incl. source temp)

Gas Line
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ent and spray

Dissolution of analyte in microdroplets / solvent film

lonization; similar to LC-ESI-MS solvents
MeOH or ACN with water/acid

Option to add reagents (reactive DESI)

Flow rate: 1-5 [|/min

Nebulizer gas: 8-40 L nitrogen/min

Spray droplets: 10 m (2-4),v 100 m/s (120)
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Reagent Target Molecule Product

o
oty R
HgE=K—" H +  HO—
CHa Ry CH;

Betaine aldehyde Cholesteral: Vitamin A, D Hemiacetal

Ry
HO—HNH; + =
R;
Hydroxylamine Anabalic steroids

QOH

HO a
i W il S - 2H,0
—_—

HO OH
Cis-dianls

o

T HaC" ™ ]
OH

Boric acid Phosphonate esters [chemical warfare)

WG —0
N—C=0 <+ i
H,C =

Acylium ion Cyelic acetals
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Higher V => more charges on droplet surface

|

Levels off around 5 kV (=> default)

3. k]
Nebulizer gas pressure (psi)
.. 300

2 1




cometr

Standard configuration DESI sources

Q

The sniffer

d, (0.8 = 1.0 mm)

d, [~ 5 mm)
«- e~
The spray tip & ¥ Pl |
i o (40°) i
dy (1.5 — 2.0 mm) ! . H L i
| T f\ e i Where:
: “1:* "—) f ! o = angla of spray io normal
Y : L J G = collection anghe
i : i i1 = sprayer ho surface distance
2 = snifier to surface distance
o3 = sprayer to sniffer distance

The sample o4 = spray lip kength

*UHHQ HW DO $QDO &KHP

25-80°

~5-10°

Spray tip to surface= 1-10 mm
Surface to MS inlet = 1-5 mm
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Alternative configurations

Configuration

' iI:lE-i-[-lEnﬁ{.:E-l-“E&'l{m

‘Mean Rhodamine

angle intensity®
* o= a0 15462630
L e
_ * a0 /10° 739250
“‘4 0100 13752510
“ 45°/45° 29741040
% S0°/10°%(Open) 1400525

OHQWHU HW DO $QDO &KHP




etry independent configurations

&

MS inlet
.--""".-.—

Sprayer

I l Enclosure
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Sample surface (substrate)

Wettabllity: solvent formation/dissolution
Electroconductivity: more charge maintained by substrate,
more charge In sec. droplets

Surfaces:

Sample itself Pear leaf

Substrates for liquids/extracts:
- Glass
- PTFE (teflon)
- PMMA (polymethylmethacrylate)\ | .
- Filter paper
- TLC plates
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|, Instrumentation

In principle
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|, Instrumentation

lon source assembly Mass spectrometer

Agilent Technologies

Applied
Bigffstems /':":’;s SCIEX

Science advancing health
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MS Inlet (sniffers)

Standard LXQ MS inlet capillary

Extended, bended

Extended, bended,
enlarged opening
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Front view DESI

Spray head




| applications

DESI and related ESI approaches by far most utilized ambient MS technique*

Rapid analysis pharmaceutical product
Explosives

Biological imaging

Forensic imaging of inks

lllegal and counterfeit drugs

Drug metabolites in biological matrices

Chemical warfare agents
Textiles

Peptides and proteins
Proteomics
Metabolomics

Plants / natural products
Food contaminants




Consideration MRL verification
MRLs expressed in mg/kg whole product
requirements minimum sample size

Test MRL compliance: In laboratory
Homogenisation (+extraction) => deposit on spots/slides DESI for fast

(semi) Quantitative analysis high throughput
analysis of extracts

Test presence (screening, yes/no) In laboratory

Fast high throughput analysis of sample

Direct detection from sample surface N .
Distribution on surface/cross sections

or cross-sections of tissues In-field
No sample preparation DESI as on-site detection tool

Qualitative Food forensics
crops, swops, clothing, containers, syringes




Fungicides, widely used, high application rates
Non-systemic (residues on surface only)

H 3 I:::-._ o
N—C
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thiram
propineb
X

PBDC =
propylenebis(dithiocarbamate)

EBDC = ethylenebis(dithiocarbamate)




Dithiocarba

Solubility issues

Stability issues

Current method: hydrolysis to CS,

Legislation (396/2005): CS, (sum) but specific MRL for 3 DTCs

Dithiocarbamates (dithiocarbamates
Groups and examples of expressed as CS2, including maneb, Propineb Thiram
individual products to which  mancozeb, metiram, propineb, thiram (expressed as (expressed as
the MRLs apply (a) and ziram) propilendiamine) thiram) Ziram

Apples
Pears
Strawberries
Lettuce




081114 01#56 RT: 0.54 AV: 1 NL: 3.20E1
T: ITMS + p ESI Full ms [100.00-500.00]

%0- 06 >0 1D@
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081114 02 #8-22 RT: 0.07-0.21 AV: 15 NL: 6.40
T: ITMS + p ESI Full ms [100.00-500.00]
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Nitrogen sheath gas
Incident angle

Spray tip-to-surface distance
Surface to MS-inlet distance
Scattering angle

DESI spray

Flow

Scanning of the surface
Heated capillary MS (LXQ)
Substrate

120 psi (9 bar)

550

5 mm

1 mm

ca. 10° to surface
MeOH/water 1:1

+ 10 mM NH4For. + 0.1% FA
5 pl/min

250 m/sec

50°C

PTFE printed on glass




RT: 0.00-2.10 SM: 3G

RT:1.38 NL: 9.07E1
100 MA: 185 RT: 1.63 m/z=
] MA: 321 195.50000-196.50000 F:
] TKLUDP ITMS + ¢ NSI Full ms2
80— 241.00@cid25.00
] PJ / [80.00-250.00] MS
60 l 1-5L 100422 31
N RT:0.98
] . MA: 179 1 b
40— RT..O.l lRT 0.77 1.1
- MA:0.40 MA 70 3 1.26
0] RT: 0.
N MA: 17! 19
0 RT: 1.03 | NL: 1.62E3
MA: 3586 miz=
1007 PP 371.50000-372.50000 F:
7 6 7 ! ITMS + ¢ NSI Full ms2
80—+ '’ . 404.00@cid25.00
] RT: 0.51
7 RT-028 MA:3888 RT:0.76 [110.00-450.00] MS
_ 100422_31
60  MA: 3581 MA: 4079 RT:1.26 RT: 150
- MA: 2474
MA: 3095 165
1.06
2.02
_ _ 1.81
RN AR IR I R AR R R R
1.0 1.5 2.0

Time (min)



Cal Curve Thiram 0-1 mg/kg Average n=3

y = 0.1428x - 0.0057 *
R? = 0.9761

mg/L ~ mg/kg

0.6 0.8




Direct analysis from sample surface




Alternative to direct analysis

Homogenization (plant juices); simple extraction procedure
followed by rapid DESI detection

Options extraction:
Systemic: QUEChERS or other

Non-systemic: solvent rinse of intact product




QUECNhERS: 1. Initial Extraction Step

Weigh 10 g Sample B

Add 10 mL MeCN

Shake Intensively

for 1 min




2. Extraction/Partitioning Step

(Pre-)Weigh
4 g MgSQ, + 1 g NaCl

Add to the Tube

Shake Intensively

for 1 min




3. Addition of ISTD and Centrifugation

Add ISTD

Shake for 30 s

. Centrifuge (ca. 5 min)

Separated Raw Extract




4., Dispersive SPE Step

(Pre-) Weigh
MgSO, and PSA

Add Extract to Tube
and Shake ca. 30 s

Centrifuge (ca. 2 min)

Cleaned up Extract




Surface extraction




'!q 0N . 2 X1ra |n me '. pDear

RT: 0.00-1.90 SM: 5G N\

solvent {x157)

0.28 NL: 4.15E3
100 OQuUEChERS m/z=
Thiram 195.50000-196.50000 F:
1.13 ITMS + ¢ NSI Full ms2
241.00@cid25.00
Surface [80.00-250.00] MS

extract w/o buffer acetate buffer 100415_34

0.57
- 0.62

\\\%\\

D

0.37

D

no dSPE w dSPE

N

0.78

1.36 1.56 1.84

NL: 1.68E3

m/z=
371.50000-372.50000 F:
ITMS + ¢ NSI Full ms2
404.00@cid25.00
[110.00-450.00] MS
100415 34
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Spike experiments

Vegetables/fruits spiked with thiram std and commercial PPP (TMTD)




RT: 0.00-2.10 SM: 7G
NL: 1.46E2
. m/z=
707 195.50000-196.50000 F:
Strawberry MRL level ITMS + ¢ NSI Full ms2

241.00@cid25.00

80.00-250.00] MS
6SLNHGE URPUWDW P [100422_11 ]

&RQWU&Q/\

P

100

NL: 6.75E2

m/z=
371.50000-372.50000 F:
ITMS + ¢ NSI Full ms2
404.00@cid25.00
[110.00-450.00] MS
100422 _11

1.0
Time (min)




100422 20 #61 RT: 0.38 AV: 1 NL: 8.60E3
F: ITMS + ¢ NSI Full ms2 241.00@cid25.00 [80.00-250.00]

100,

'DXJKWHWVFDQ# &§( SBRQYHQROFWDYGDNUIBQGDUG

Relative Abundance

8 97.1 1128 1200 1314 1400 1519 67. 183.1 188.2| 197.0 209.0 223.0

80 100 120 140 160 180 200 220 240
m/z

100422_20 #175 RT: 1.09 AV: 1 NL: 1.28E2
F: ITMS + ¢ NSI Full ms2 241.00@cid25.00 [80.00-250.00]
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188.1
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Results

Recovery and repeatability (matrix-matched calibration)

Pears spiked (10 mg/kg)
| thiram ISTD ratio

3333 5568 0.60
9398 7561 1.24
6124 5759 1.06
6552 6623 0.99
3414 5054 0.68
5117 5490 0.93
average 5656 6009 0.92
RSD% 40 15 26
av. Rec.% 85




trobilurin fungicides (Biocop)




071109 _hho__13#13-24 RT.0.34-066 A/ 12 NL:251E1 071102 _hho__20#239 RT:7.13 A1 NL: 114
F: VS +p ESI Full ms3 404.00@xid30.00 372.00@xid30.00 [100.00-500.00] F: ITVB +p ESI Full ms3 404.00@xid35.00 372.00@xid35.00 [100.00-1250.00]

=
=
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strobilurin DESI from PTFE Reactive DESI
silver cationization

Metominostrobin "Z" +

Metominostrobin "E" +

Fenamidone

Kresoxim-methyl

Dimoxystrobin

Epoxiconazole

Famoxadone

Pyraclostrobin

Orysastrobin

Azoxystrobin

Trifloxystrobin

Fluacrypyrim

Fluoxastrobin

Picoxystrobin

DESI:. ACN/water/FA (80:20:0.1)
reactive DESI: ACN/water (75:25) + 5 mg/ml AQCF3COOH flow 2.5 ul.min-1




Pesticides in/on veaetables/frui

Optimization of
Spray solvent




eters garcia et al

Nitrogen sheath gas 150 psi (10 bar)
Incident angle 550

Spray tip-to-surface distance 5 mm

Surface to MS-inlet distance 1.5 mm

Scattering angle ca. 10° to surface

DESI spray acetonitrile/water 8:2+1% FA

Flow 5 pl/min
Scanning of the surface ?

Heated capillary MS (LTQ) 200°C
Substrate PTFE




Pesticides in/on veaetables/frui

QUEChERS w/o buffer + PSA clean up; extract diluted 1:3 in acetonitrile




Pesticides in/on veaetables/frui

Direct detection of imazalil from lemon peel




Pesticides in/on veaetables/frui

using deuterated imazalil as ISTD




Reactive DESI anal

Steroids in urine
SPME enrichment
Direct detection from fiber

Spray 3 |I/min:
MeOH/water 1/1 0.05% HAc,
5% hydroxylamine




O:\Data_DESIMS\..\070912\070912_hho__40 9/12/2007 12:45:58 PM rik 167469
2.5 pl/min MeOH/0.2 % FA1/1 inj. vol.: 0.000000

070912_hho__40#31 RT:0.08 AV:1 NL:5.14E3
T: ITMS + ¢ ESIFullms [50.00-1250.00]
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ocktall

Methylboldenone MS/MS m/z 301

070912_hho__40 #53 RT: 0.14 AV: 1 NL: 1.26E3

orojd

Fluoxymesterone MS/MS on m/z 337

070912_hho__40 #2-35 RT:0.03-0.08 AV:3 NL:2.81E2
F: ITMS + ¢ ESI d Full ms2 337.38@cid35.00 [80.00-685.00]

miz
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SPR biosensor chip DESI conditions
Immunoaffinity bound enrofloxacin  FyCHEReYINC R R P ERIT

Angles: impact 60° collection 10°

RIC MS?
360>316

Distances: ESI-chip 3 mm; chip-inlet 6 mm

X-position scanrate 170 yum/s; # tracks: 3

Nitrogen 120 psi

HPHQ




Alkaloids on Senecio jacobaea L. Stinking Willie

Unable to passively permeate membranes Able to passively permeate membranes

Nontoxic Toxic after bioactivation

Metabolically safe Metabolically unsafe




071003_hho__29 #16 RT: 0.38 AV: 1 NL: 6.49E2
T: ITMS + ¢ ESI Full ms2 352.00@cid35.00 [95.00-450.00]
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Summary

DESI a useful option for food contaminant analysis/control
Lots of research in progress, many papers appearing
Like other ambient techniques, pro’s and con’s

Features:

- Direct detection from substrates, TLC, sensor chips, sample surface
- Reactive DESI

- Spatial resolution

- Rapid detection/high throughput of sample(extracts)
Quantitative determination possible with use of internal standard

Limitations:

- Sensitivity (matrix suppression)
- Reproducibility

- MS" or high res required

- residues => targeted detection




Outlook

In lab analysis:
- Further improvement robustness
- Rapid straightforward and selective extraction
- More applications
- Combi sources to extent scope
ASAP+DESI (Lloyd et al, Anal. Chem. 81, 2009, 9158)

Towards in-field:
- optimization of nongeometry dependent DESI source
- coupling of DESI with portable MS instruments




Submitted to Trends in Analytical Chemistry (March 2010)
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