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Where are we?

GC-MS

» Targeted acquisition with Triple Quadrupole MS/MS:
* Needed selectivity and sensitivity

Robustness

Targeted approach only

False positives

Limited scope

* Unknowns?




Why to vote for high resolution MS?

- Non-targeted acquisition:

« Similar sensitivity as triple quadrupole MS/MS
Increased scope of the analysis through full-scan
Simple setup of full-scan acquisition — no tuning
Flexibility — screen and confirmation on one platform
Perform targeted live or retrospective data processing

Non targeted

acquisition
Targeted data Non targeted data
processing processing
Screening Unknown ID

Quantitation




Orbitrap: The Performance Leader since 2006

— @ What Orbitrap provides?

*Fundamental difference to other HRAM instruments
-Parameter measured is frequency, not time/voltage/etc
__ e “C— *Resolution up to 1M* for more accurate m/z

*Less prone to ambient conditions changes

-Stability within <1-2 ppm during several days

_ *No need for lock mass in “routine work”

Q. »” «Small footprint

*Easy setup

—@ Which applications?

* accurate identification, structural analysis, and
guantification of organic molecules, lipids,

Unmatched ultrahigh resolution, carbohydrates, peptides & proteins in complex
accurate mass performance mixtures

*ASMS 2017 : Performance metrics and example applications: Orbitrap mass spectrometry at resolving power 1M




Does resolution matter?

( <  Detected nesticides
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Q Exactive MS Family
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Flexibility for Routine/Research Work

Full MS(SIM)/data dependent MS/MS
+ Post-acquisition extracted ion chromatograms of parent ions Targete d Workflow
» Relies on high resolution (selectivity) and MS/MS (confirmation)

+ Useful for targeted screening and quantitative methods (QQQ like)

Full MS/ All lon Fragmentation — vDIA*

* Minimum method development

* Great for screening purposes, but quantitation, too
* Fully retrospective!

PRM (Parallel Reaction Monitoring)

* SRM like -> fragment transitions acquired

+ Scheduled target list (Rt, m/z, collision energy)

* Most sensitive and selective even in highly complex matrices

- *vDIA method not available in the United States of America ThermoFisher



UHPLC Conditions

Thermo Scientific™ UltiMate® 3000 RSLC :
» Column: Accucore aQ 100 mm x 2.1 mm x 2.6
* ColumnovenT:. 25 °C

* Injection Volume: 1 pL

* Mobile phase A:

Water 5mM NH,COOH, 0.1% HCOOH
* Mobile phase B:

MeOH 5mM NH,COOH, 0.1% HCOOH
* Flow rate: 300 pL/min

10pL mixer + 25 pL
capillary mixer

[ 0.13x 550mm |

100 pL sample loop

| 0.13x350 mm }—

0.13 x 650mm |

Retention | Flow
[min] | [ml/min]

%WB WC %D Curve

0o _ Delete Line

1 0.000 0.300 0.0 0.0 .

2 0.0a0 0.300 0.0 0.0 0.0 [

3 0.500 0.300 0.0 0.0 0.0 [ LClean Up

4 7.0a0 0.300 700 0.0 0.0 [

] 9.000 0.300 1000 0.0 0.0 [

6 12.000 0.300 1000 0.0 0.0 [

¥ 12100 0.300 0.0 0.0 0.0 [

] 15.000 0.300 0.0 0.0 0.0 [
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Q Exactive Conditions — ddMS? experiment

* full MS:resolution 70,000 FWHM
* scan range 120-1200 m/z

- ddMS2resolution 17,500 FWHM List of target analytes

] } Massfo/d — Polaty ot e NCE CSE] Comment

¢ Inclusion list on 1 foom e 23 [om  [we bt
2 |223.07400 Positive 615 715 B Acetamiprid

° |S o) I atl on l amu 3 [27012500  |Postive  |B47 947 5% Acetochlor
4 |564.12110 Postive 101 nn 5% Acrinathrin

. 5 |270.12500 Posttive 347 947 BYL Aachlor

® eXCI US|On 5 S 6 |208.11090 Posttive 649 749 1L Aldicarb
7 |240.10070 Posttive 359 459 B%L Aldicarb suffone
8 |207.07920 Posttive 365 465 5% Aldicarb suffoxide
9 |2812720 Postive 750 850 BL Ametryn
10 |216.10050 Positive 742 842 3B Atrazine
11 |850.52550 Postive 102 A 35% Avermectinbla
12 [743.25160 Postive 718 218 5% Azadirachtin
13 |346.04380 Postive 24 541 35% Azinphos-ethy!
14 |318.01250 Postive 7.81 8.81 35% Azinphos-methy!
15 |404.12350 Postive 7.80 8.80 3B% Azaxystrobin
16 [326.17450 Postive 878 578 B% Benalzot
17 (22408120 Postive 692 792 3B% Bendiocarb
18 |451.0%810 Postive 955 1055 3BL Beta-cyfithrin
19 |440.15830 Postive 1065 1165 BL Biferthrin
20 |338.18580 Posttive B354 554 3B% Bitertanal
271 |343.03540 Posttive 80 501 35% Boscalid
22 |261.02280 Postive 689 789 35% Bromacil
23 |375.96080 Postive 828 928 35% Bromucanazole
24 |317.16360 Postive 829 929 3B% Bupirimate
25 |306.16230 Postive 943 1043 3% Buprofezin
26 |271.03440 Postive AN nn 3v% Cadusafos
5565360514 [Fostve 884 X EX [Zoxamid




Screening Example — Acetamiprid in honey sample

File

DEdS

View Tools Help

Thermo TraceFinder EFS LC

0 T= TR < & | & &= |0y

Analysis « | Data Review - PP_031115_Thermo_MG*

¥ Batch View

Samples
¥ Data Review >

Report View
¥ Local Method
Acquisition
Screening
Processing

Peak Detection

Reports

Acquisition

Method Development

Real time status | User: michal.godula e -*-
( ‘Waiting for Device Initialization ) ﬁ

Samples « B x| Compounds - 1 x
4 PP_031115_Thermo_MG =2 1 Pesticides 052614 _pos
: .g; B[O Selected Compound Name MZ RT P F LS Flag Match Result Name Formula Adduct Confirmed mfz RT (Exp R RT (Delta) Measure
[ 03 ha T v T, Aa - - - -0, - - - Aa - Aa - ha v Aa - ha = - = = - Aa
bo0d
b @05 1 Dimethoate [ [ [} L] ®  Dimethoate@RT 465 C5HIZNOIPS2  M-<H Joutof3 140631 470 465 005 54043EC
- 05 2 Acetamiprid [ ® ® ® ®  Acetamiprid@RT 4.68 CL0HL1CING M+H 3outof3 15344 470 468 002 24454E(Q
b A07 3 PP [ [ [ ° ®  TPP@RT 883 C18H15P04 M=H Joutof3 1.88452 280 883 003 7.1645EC
“ | m | »
Chromatogram « B X || Spectrum - 1 x
M-H [ spectrum | ® Isotopes 100% (7 of 8) | @ Fragments (2o 2} |
06 Acetamiprid NL:7.38E6 m/z 223.07338 - 223 07562 Py Scan # 1285-1311 RT: 4.61-4.80 AV: 14
F- FTMS + p ESI Ful ms [120.00-1000 00] l topes I 06 S
RT. 4.52 ® Multi-Tsotopes F: FEJRIS + pﬂESI Full ms [120.00-1000.00]
o
100 AH: 7320160.93 9 #1: 22307450 a7 )
@ #2; 22407154 3
95 ® 3. 224.07786 305
a0 ® #4: 22507155 3
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80 @ #6: 226.06858 204 =3
E x
75 ® #7: 226.07491 153 4 29615
70 ® #8:227.07827 3 : =7/
Ay 103 24 20695 22716
e ERE | 6 LB
o T 3 22317 : 22518 | N
= 3 -
S I 1 N | X g J \
T 50 5 _
g m 37
45 [ E
0 303
35 255
30 E
25 20; 44
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15 3 i
163 w0 ¥ 22507167 .
10 53 B #6 8
5 478 E -
" - 4.91 5.02 GI‘III|\III|II'I'TTII|III|\III-\|—1I\II‘II\I|III
u T T T T T T T T T T T T T T
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|sotopic pattern fitting Is influenced by resolution

[¥] Show Isatapic Patter

RU1 # 1042-1056 RT: 1461-1478 AV. 8
F: FTMS {1.2} - p ESI Full ms [110.00-700.00]

100 254.0901 NL: 1.44E5

— C16H1403-H
90+ 82.63

80:
?0:
60:
50-]
40:
30:
20;
10:

(=]

NL: 1 4924

100t 25641122 Fenbufen

90

807 264.0910 2541851

70
60
— 254.1487
50
40
a0
] 284 0457 2540615 254 1406
207 254.0530
10+ /_\/\/\ 254 1763
0—+r T T T T T T T

T T T T T
254.02 254 04 254 06 254.08 254.10 254 12 254 14 254 16 254.18 254.20 26422 25424

Relative Intensity

Mismatched isotopic pattern will lead to false negative!
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Preventing false positives with HRAM acquisition
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Intnwsty

14000 o
12000 4
10000 4
8000 4
s0co
4000 4
2000

0

Yoo

Time. min

2 4 sgs 0

96907 1-REZM2_MEAT_T31.01. 08.13 - Mebendazol-am

o EAY o8 v 4220
Aren '723e‘ Haw 508‘04 RT "OOrnn
5.0e2

4 5ed

4.0ns

352

30es

2%

Ireve ey

2.0es 4

1.504

1.004

5.0e3

0.0el

Time, min

2 4 5!3 0

S63071-REZM2_MEAT_T31.01. 06.13 - Mebendazol-ami

HRAM

T TP TR ML TUOET PR TR pee | e ey

& Full ma

e B A B me e e
HTjmni

———
52

4

12

Reproduced with permission from dr. Scarlett Biselli, Eurofins, Hamburg
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Preventing false positives with HR acquisition

969071_AJ_Denzi#1020-1054 RT: 4.62-477 AV 35 NL: 1.98E5
T: FTMS +p ESI Full ms [120.00-850.00]
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3 ways of Quantitation/Screening for Routine Work

Full MS(SIM)/data dependent MS/MS

+ Post-acquisition extracted ion chromatograms of parent ions

* Relies on high resolution (selectivity) and MS/MS (confirmation)

+ Useful for targeted screening and quantitative methods (QQQ like)

Full MS/ All lon Fragmentation — vDIA*

¢ Minimum method development
* Great for screening purposes, but quantitation, too

* No false negatives
 Fully retrospective

PRM (Parallel Reaction Monitoring)

* SRM like -> fragment transitions acquired

» Scheduled target list (Rt, m/z, collision energy)

* Most sensitive and selective even in highly complex matrices

14 *vDIA method not available in the United States of America ThermoFisher



Q Exactive Focus:Variable Data Independent Analysis (vDIA)

Alternative to All lons Fragmentation (AlF)

A scan type  isolation range detection range

vDIA m/z 100 — 205 m/z 50 — 205

vDIA m/z 195 — 305 m/z 50 — 305

vDIA m/z 295 — 405 m/z 50 — 405

vDIA m/z 395 — 505 m/z 50 — 505

« A complete record of data in full scan as well as in MS/MS
« Acycle time of 1.4 Hz

« Excellent reproducibility
« Higher specificity and response for fragments compared to AlF

15 *vDIA method not available in the United States of America ThermoFisher



Q Exactive Focus : All lons Fragmenation (AIF) vs. vDIA

Dimethoate 10 ng/g in wheat Carbaryl 10 ng/g in wheat

1004 545 1004 6.96
Full Scan so- [M+H]* 230.0069 go-| [M*TH]" 202.0863
m/z 135-1000 so- 60~
RP =70,000 “ e
ZOE ZOE
0~ T Op 7.89
1003 Fragment 1009 Fragment?® 6.02
AlF 8- m/z 142.9926 82 m/z 145. 6.83 8.78
m/z 67-1000 e
405 40—
RP = 70,000 Zo.i 20;
1053 Fragment T 100- T Fragment
vDIA " mlz 142.9926 m/z 145.0648
m/z 195-305
RP = 35,000
\5.\0\ T T \5ﬁ5\ T T \6.\0\ T T \6ﬁ5\ T \—ST;)TN\‘/‘ 5‘5 - \6-\0\ T \6-\5\ T \7.\0\ T \7.\5\ T \Sﬁo\ T \8ﬁ5\ T T
Time (min) Time (min)
Data courtesy of Dr Hans Mol, Rikilt Wageningen, UR
16 *VDIA method not available in the United States of America ThermoFisher
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Results of vDIA — Sensitivity in Tea for 330 compounds

- . - _ - W -~ '

thermoscientific
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=

Pesticide residues screening analysis in tea and
honey using a Q Exactive Focus High-Resolution
Mass Spectrometer

17 *VDIA method not available in the United States of America



3 ways of Quantitation/Screening for Routine Work

Full MS(SIM)/data dependent MS/MS

+ Post-acquisition extracted ion chromatograms of parent ions

* Relies on high resolution (selectivity) and MS/MS (confirmation)

+ Useful for targeted screening and quantitative methods (QQQ like)

Full MS/ All lon Fragmentation — vDIA*
¢ Minimum method development

* Great for screening purposes, but quantitation, too
* Fully retrospective!

PRM (Parallel Reaction Monitoring)

* SRM like -> fragment transitions acquired

+ Scheduled target list (Rt, m/z, collision energy)

* Most sensitive and selective even in highly complex matrices

15 *vDIA method not available in the United States of America ThermoFisher



PRM Provides Maximum Sensitivity — Spiroxamine 1 ppb

Full Scan-ddMS2 PRM

.‘ : x [t R HE
Prrm— 3 X[m0y gx 3 /X]lnoreie
_ e =
A Spiroxamine RT: 835 Pe_1ppb_ PRM_OK AR B 35| Pe_tppd_PRM_OK
Sproamee RT: 862 Pe_tzg0 OIS RT:862]Pe_tppd 4dMS
140000 ATE3
Ak 6031522 400003
AR 427307
160000 SN H 35000
180000+ 1400004 400004 S50
é‘ P ?m- £
Freaonn H _g,m_ ?“W
o] el g P
' : - 200003
100000 3 40000 3
g 800 ; il 2150003
00 15000
60000 100004
s 10000
o
s 5000+ 50003
00
0 03
o o 18 80 82 84 476 18 80 82 84 86 88 80 92
% a0 82 Lt !’5 (1] 90 92 w“ 9% 4 L1} 82 o 616 L1 11 02 " 11 RT(min) RT(min)
RT{mn) RTjenn)
m/z 1441384
mz 282741
| ApexRT: 835 B
ApexRT: 862 D | A?ea: 650915 i
Arez 832757 v L
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Q Exactive GC

Source options:
Scan range
Resolving power:

Acquisition options:

Orbitrap
mass
analyzer

lon source

El and CI (NCI/PCI)
m/z 30-3000
4 settings, up to 120,000 FWHM @ m/z 200

Non-target acquisition: Full Scan

Targeted acquisition: SIM, MS/MS, data-dependent MS/MS
Combinations of the above...

20



Why Electron lonisation?

EI-MS spectra to a large extent instrument-independent

EI-MS libraries available (>242.000 spectra, mostly EI-quadrupole-MS)
Dedicated EI-MS libraries (pesticides, drugs..)

Existing libraries nominal m/z, development HR-libraries in progress o

% NIST/EPA/NIH "%,

o MASS SPECTRAL LIERARY
L7 Search/Analysss Programs and Data
i for Microsoft Windows NT 4.0, 2000, XP,
& Vista, Windows 7, 8, 8.1
3 z

S

96.05706
1004

96
283.01635

54

&7 0 ol 7 67.05430

255 20
3 185.98717 212.00277

12399496 255.02147
124 212 B
73 109 145 186 240 ‘ 109
it ) L L L 8|8 ||". 1, I||.I . L 1%9 1T|2 ' |J_|]|..19|8 |.|. :2%§ .!I |||uI 2$8 Al . 4 ‘ H M ‘ ‘ M
B0 80 100 120 140 160 180 200 220 240 260 280 300 o T P “ i l‘m ' “‘u‘ Loy \Hw‘ h“\ ‘\ H\‘ Ml bl J ‘\\‘ “‘ el b
50 100 150 200 250 300
m/z
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New: Variable Electron Voltage (VeV)

N o
J

B

Method LOD (ng/mL)
L

2 mLOD 30 eV
] mLOD 70 eV
0
ﬁb
&R
miz
,»  ASMS 2017 Using Variable Electron Voltage (VeV) on GC Orbitrap ThermoFisher



Non-targeted Screening with Q Exactive GC

detect and refine

» Sensitive and

generate candidates

[ -

» Search spectra

filter and identify
3 v

v
4

LJ .MJI/!,! I!J!

« High resolution

selective peak against spectral filtering of

detection libraries candidates
 High resolution * HRAM or unit  Putative

spectral mass identifications

nvolution : : made

deconvolutio « Candidates list

 Clean spectrum generated
ThermoFisher

23



Internal Standard Aréa

Maximum Uptime: Routine-grade Robustness

ExtractaBrite lon Source Design
oo - Dual independent heated zones
:  Patented RF lens protects post source
‘ lon optics
T —————— * Repeller designed to overcome any ion
o 00 1000 ‘II::J:HM' 2000 burn

RF Lens
Source Robustness in Matrix
« >3000 injections ExtractaBrite lon Source
« BSTFA derivatized urine

_ _ _ Repeller
» No source maintenance required during study

24 SCIENTIFIC



“Never Vent” Philosophy

 Patented source plug

* GC column change
without venting

» ExtractaBrite lon Source

» Source change without
venting

* Including all areas where
ion burn can form

* Minutes to use the vacuum
probe interlock system

25



Conclusions

Analysis with high resolution mass spectrometry is an effective way to increase the
scope of the analysis and with simple data acquisition.

This allows for more compounds to be analysed from a single injection without
prior optimization of the acquisition parameters.

Routine resolving power of 70,000 FWHM eliminates isobaric interferences,
increasing confidence in results when screening residues in complex matrices.

Screening both targeted and non targeted as well as quantitation is possible with
Orbitrap

26



References

Journal of Chromatography A, 1360 (2014) 119-127
This article was downloaded by: [89.177.76.211]
On: 26 August 2015, At: 02:01

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Numbi
London, SW1P 1WG

Contents lists available at ScienceDirect

Journal of Chromatography A

Vi

Food Additives & Cont

: : Publication details, including instruct FV journal homepage: www.elsevier.com/locate/chroma
Food Additives hitp:/ /v tandfontive.conyoi/tfa AL ¥ LER . pag

_ Comsaminants | Quantitative targeted
of relevant pesticides,
bakery products by liq Large pesticide multiresidue screening method bv liquid f‘)msmﬁk

Contents lists available at ScienceDirect

Analytica Chimica Acta

@ CrossMark

Click for updates

journal homepage: www.elsevier.com/locate/aca

Anal Bioanal Chem
DOI 10.1007/500216-015-8709-z

eapER INFOREFRONT  Targeted analysis of multiple pharmaceuticals, plant toxins and other @Cmmk
secondary metabolites in herbal dietary supplements by ultra-high
Liquid chromatc performance liquid chromatography-quadrupole-orbital ion trap

with simultaneot mass Spectrometry
selective pesticid

Lukas Vaclavik*, Alexander ]. Krynitsky, Jeanne I. Rader
Maria del Mar (;'(']mQZ-RHm(I U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, Office of Regulatory Science, 5100 Paint Branch Parkway, HFS-717,
Amadeo R. Fernindez-Alba™  cojiege Park, MD 20740, USA

IHEIL 1LOVIULIVILIL LalluLtlll 111add SpLLuvIlILLLy 1L UIvua 1vl wvliua vl vi

pesticide residues, mycotoxins, and pyrrolizidine alkaloids

Received: 21 January 2015 /Revised: 8 April 2015/ Accepted: 15 April 2015 . . . . .
© Springer-Verlag Berlin Heidelberg 2015 Zbynek Dzuman?, Milena Zachariasova®*, Zdenka Veprikova?, Michal Godula®,

Jana Hajslova®

2 University of Chemistry and Technology, Prague, Technicka 3, Prague 6, 16628, Czech Republic
© Thermo Scientific, Slunecna 27, Prague 10, 10000, Czech Republic

o7 ThermoFisher
SCIENTIFIC






