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E"]Orbitrap GC-MS Technology: From the Experts
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We have also asked some key experts in fields ranging from metabolomics, environmental analysis through to food safety and authenticity testing.

Their first experiences with the system have also supported the idea that Q Exactive GC is something very new an different indeed


® New Addition to the Orbitrap GC-MS Family

Redefining Routine GC-MS
RP 60,000 (FWHM @ m/z 200)
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® New Exactive GC Orbitrap GC-MS System

knowns
routine
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E']The Frontier of Routine GC-MS

High Selectivity, Non-targeted
Data Acquisition

____ Fast instrument and method
‘4 set-up

' [ « Method consolidation

» Quantitative and qualitative

» Adjustable scope of analysis
: Information in a single run

.-  High-efficiency data processing
» Retrospective data analysis
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® Exactive GC system: The Technology Inside

redible HRAM
rformance

Highly regarded
active GC
tem platform

g

Thermo
Scientific™
TRACE" 1310 GC
System

g

I,Ill:l|||l||!:||.]

Unique modular
injector and
detector design

Rapid heat cycling

Thermo Scientific' ExtractaBrite  lon Source technology

Routine grade robustness Q

Patented RF lens

Removable without breaking vacuum

i
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Exactive GC is a system that brings together three highly successful technologies
Starting with TRACE 1310 GC, this is a truly unique GC system that brings the power to the user through it’s modular approach.
The system is self configurable in a few minutes with interchangeable, instant connect injector s and detectors.
It also has been designed to be fast, reducing wasted time in heating and cooling
Next is the Extractabrite ion source technology.
This is a proven workhorse in routine applications taken from our ISQ and TSQ 8000 series quadrupole instruments utilising innovations like RF lens protection to maintain long term robustness
The source is fully removable under vacuum to maximise productivity and uptime
And of course our world renowned Orbitrap technology delivery incredibly high resolution accurate mass performance

 Exactive GC is built on the Q Exactive platform and the user environment and experience is familiar



“Exactive GC system: The Technology Inside
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Thermo Scientific™ ExtractaBrite™ ION SOURCE
Robust, rugged electron impact (EI) and chemical ionization (CI) performance – proven in routine applications in the Thermo Scientific™ ISQ™ and TSQ 8000 series GC-MS systems. Fully removable without breaking vacuum for maintenance or switching to chemical ionization (CI). Also exchangeable for a unique source plug, making GC columns easily exchanged, without venting the MS system
 BENT FLATAPOLE
For lowest possible noise and maximum robustness
C-TRAP
Curved linear trap for precise ion injection—delivers excellent in-spectrum dynamic range and ensures outstanding HR/AM performance across a wide range of concentrations through automatic gain control (AGC)
ORBITRAP MASS ANALYZER
Incredible resolving power up to 60,000 FWHM at m/z 200, sub-ppm mass accuracy with a high acquisition rate, driving unrivalled spectral quality


Orbitrap Mass Analyzer

> . \/T
O=,|——
m/z

" V- 4

e lons injected into the Orbitrap are trapped Iin
- an electrostatic field

« Each ion oscillates axially with a frequency
that is proportional to its mass

« An image current of these oscillations is
measured using a split outer electrode

 This image is then converted to a mass
spectrum using Fourier transform

e The longer a signal (transient) is measured,
the higher the res_cwilon
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Exactive GC system Highlights

Resolving Power Mass Accuracy Sensitivity Dynamic Range
Up to
60,000 at <lppm ppt >6 orders
m/z 200
e Maximum » Every scan e In full-scan * Excellent
selectivi . . '
ty o All » High selectivity gg\r/ner?ge Ml
: ple profiling
» Fast enough for concentrations :
GC I . * High spectral * “Triple quad
* In complex matrix fidelity grade”
; » Across the mass quantitation In
range full-scan
» Everyday!
ThermoFisher
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= Resolving Power: Sensitivity

- M * TIC signal
v | intensity vs.
scan number
Rt NN * Increase the
2 resolving power
fuo. 15K 30K 60K g P
& acquisition
* Negligible drop
il In sensitivity
L] . - - - - ﬁ - - - - “,H} - - - 1%0 - - - 2.6.3
Scan Number
High selectivity analysis all of the time
1 ThermoFisher
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Impact of resolving power on the mass accuracy of Pyrimethanil at
10 μg/Kg in leek acquired at different resolutions of 15K, 30K, and
60K. A resolution of 60K is required to resolve the Pyrimethanil ion
from the matrix interference to achieve a mass accuracy compatible
with the regulatory guidelines of <5ppm.


= Resolving Power: Scan Rate @ 60K

XIC of dieldrin in baby food (m/z 262.85642) 100ppb

9 » Fast
% f-sapor 10 acquisition

1;);, 78 262 85651

- 7 i 60,000 RP (m/z 200) « Important for

85 11 24s peak

: i accurate
- 6 sl profiling of
o 12 17 scans narrow GC
3 -' ) peaks

* Full-scan with
resolving power
of 60 (FWHM
@ m/z 200)
generates 17
scans

Fast enough for GC!

*Acquired on the Q Exactive GC system — the Exactive GC system provides equivalent performance

ThermoFisher
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7 Hz acquisition
The peak width is representative of GC peaks that are typically 2-4 s



E']Resolving Power: Selectivity

Pyrimethanil in leek at 10 ug/Kg <5 ppm ID criteria
199.10840
15,000 Gty Mass error = 10.1 ppm i
g % 100 , -10.04755 ppm =10.1 pp False negative
89
T 3
. O | I | | |
199.10915
Ci2 Hia Na .
g 30,000 i} Mass error = 6.3 ppm False negative
22100 6.29239 ppm
Ly
T 3
< O | I | | |
199.11026
Ci2 Hia N Positive
-0.69801 ppm =0. )
. % - 60,000 199.10570 PP Mass error = 0.7 ppm Detection
§ E “ Matrix Pyrimethanil
o) %—
3 O | I | | |
199.06 199.08 199.10 199.12 199.14
m/z

High Selectivity -

high sensitivity and confidence in identification

I
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Impact of resolving power on the mass accuracy of Pyrimethanil at
10 μg/Kg in leek acquired at different resolutions of 15K, 30K, and
60K. A resolution of 60K is required to resolve the Pyrimethanil ion
from the matrix interference to achieve a mass accuracy compatible
with the regulatory guidelines of <5ppm.


High Mass Accuracy

RT: 19.01 - 1813

- 07 Chlorobenzilate
"] [>38 Scans across peak in leek (10ppb)
aQ - | Average RMS:UAGppm. I :03 (60k) .
L - - * Typically <1lppm
g 70+
g
501 or = * Across the peak
g 50+
G 02 (o8] » AcCross the concentration range
30 o8]
o o2 ||  In matrix
0 I..ll||”| . “Ilu
19.02 19.04 19.06 18.08 19.10 9 12
Time (min)
50 pesticides in 3 different matrices
—+—m/z 118.90306 m/z 120.90011 % m/z 202.83781 a3
—s- m/z 116.90601 —4-m/7 165.87191
15 ]

Hexachloroethane

=3
g
- >6 orders § 1 N ;ﬂ T ) i —
T o A
z g o Vi 78 , Vil
g ; WW” VY \% Faltas
8 £
9 -1
g -
2 — Leek
— Orange
0 a -Tomato
0.1 1 10 100 1000 10000
Concentration (pg on column) Pesticide No.
ThermoFisher
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@High Sensitivity Full-scan

150 compounds in mixed vegetable matrix

GC Orbitrap GC-MS/MS
IDL ppb IDL ppb
<0.5

2.0-40
Full-scan SRM
Triple quadrupole level sensitivity possible with -target acquisition
*Acquired on the Q Exactive GC system —tfie Exactl C system provides equivalent performance &
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Instrument detection limit (IDL) of 150 pesticides in mixed vegetable
matrix using a GC Orbitrap system (full-scan 60k at m/z 200) and
GC-MS/MS system (SRM) with a fast GC separation.*
*Data collected on the Q Exactive GC system. The Exactive GC system provides the same level of
performance when operated under the same conditions. Please refer to Exactive GC Specification
Sheet (PS10506) and Exactive GC Technical Note (TN10511).


High Sensitivity Full-scan

140 -

120 -

=
(=]
o

No. pesticide/matrix
0o
=

F=y
o

20 -

(=)
o

118 Limits of detection and
identification in fruit and
vegetable matrices mLOD

™ LOI (SANTE)

0.5 1 2 5 ND
(ng/Kg)

16



DHigh Sensitivity Full-scan

N-Nitrosodimethylamine in tap water

20

RT. 4.48
AA 8133

-
=1
T

200 fg on
column

0
=]

16

@
T

=~
=]

15 ——

1]
=]

R= 110,000

Relative Intensity

tn
T

=
7

10

% RSD

0.1 1 10 100
[Hg/L]

* n=5 injections per calibration standard were used except 1.0 pg/L level; where n=9 inj. were used
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Precision at low concentration


Dynamic Range

oI\ Iiehi-S ], /-390 =6 Orders Linear range

10,000,000,000 y= 205 DEx0-2345

T 1,000,000,000 R?=0.9999

100,000,000
10,000,000

1,000,000

Area -Blank

100,000

10,000

1,000
10 100 1,000 10,000 100,000 1,000,000 10,000,000

Amount Injected (fg)

Triple quadrupole grade quantitation in full scan

*Acquired on the Q Exactive GC system — the Exactive GC system provides equivalent performance
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® Exactive GC System Main Workflows

Full-scan

1x —

[
&

expected suspected unexpected

Targeted Targeted Non-targeted

Quantitation Screening Screening
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Take a single sample and acquire an untargeted full scan
At the point of data processing is where we can make decisions on what type of information we want and apply the appropriate workflow
Slide….
This allows us to adjust the scope of analysis at a point
The user can combine any of the workflows as they prefer


Orbitrap GC-MS Contaminants Library

- T
* Fast start-up of screening and

quantitation applications Thermo e o
e Thermo Scientific” TraceFinder™ Pesticide and Environmental
Compound Database >700 food Eﬂgtgmi_mg;s ip;t_ralglgbraw
- - Gt -t
and environmental contaminants Otbitrap GO-MS Systams

« HRAM Spectral Library of over 700
food and environmental
contaminants

« User guide detailing how to install
and make custom enhancements to

library
« Compound classes V1.
» Pesticides, PAHSs, PCBs,Dioxins
and Furans. Flame Retardants VS
S S
ThermoFisher
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Targeted Screening using Thermo Scientific” TraceFinder” Software

Data Review - Pesticide Screen A [Screening]

Compounds

&[7] | Compound Name Mz RT P fl Flag m/z (Delta (ppm)) Isotopic Pattern Score (%) + RT (Expected) RT (Measured) Fragment 1 (Delta (ppm)) + Num Isotopes Matched
a - - - - - - e - = - = - = v s ~ fa -
12 Chlorobenzilate ° ® ° ° L] 037 100 7.86 73 045 fofg
13 Chloropropylate ° ° ° ® ° 037 100 7.89 7. 045 fofo -
-
14 Chlorothalonil ® L] ® ® L] 047 100 630 633 047 pofil -
15 Chlorpropham [] [] [] ] e 076 100 579 579 026 pofb i -
16  Chlorpyrifos-ethyl ® L ® L} L] -0.09 100 6.92 693 05 poflo
17 Chlorpyrifos-methyl ° ° ° ° ® 049 100 660 66 082 fofe
18 Cyhalothrin-s ® ® ° ° L -0.01 100 850 &g 013 pof3
19 Cypermethrin [V ° ° ° ° L] -0.01 100 950 a5 04 pof3
20 DODRE . . ] ° . 015 100 794 797 -015 Bofg o ACCU rate maSS
21 DDEpp ° ° ° ° L] 0.05 100 767 767 007 Bof8
22 DDTop ® ® ® ® . 015 100 747 7.97 015 Pof9 - -
23 DDTpp ° ° ° ° ° 021 100 825 8.23 -006 pofs C‘ 'nflrl l lat" ” l ( 2 I ’l " I I
24 Deltamethrin ° ° ® ° ° 018 100 10.30 1021} 079 pof3
25 Diazinon ° ° ° ° . -0.09 100 6.23 6.24 028 fofa =
26 Dichlorvos ° ° ° ° ° 032 100 446 448 139 Rofs I I IaSS WI n OW
27 Dieldrin ° ° ° ° ° 06 100 7.74 779 056 Bofg
< m T
romatogram w 3 x||Spectrum - I 0 i
M= [ Spectrum | @ Isotopes 100% (% of 8) | @ Fragments (20f2) | ) ISOtOpIC pal l ern
21jan_010 DDTpp NL: 1.02E7 miz: 235.01 - 235.01 (@ A sotopss , Scon#: 2218-2228 RT: 823827 AV: 10 Score: 100
F: FTMS + p Full ms [50.00-500.00] 21jan_010
RT 895 ® Multi-Isotopes F: TS + o E1 Fulllock ms (50.00-500.00)
AA: 9637217.03 @ =1: 23500758 100+ ! "
AH: 10245127.73 1
e . * Fragment ions
] 3 .
T ® =3: 237,
90| 3: 237.00463 50
.. 804 ® #4: 237.01430 o]
% o ® 5: 238,00799 i o % E 240.24
= g 5 203 - 236,34 s 6 - |
. ® #6:239.00168 274 e | il AT i 239.84 "8 | [ u ppl I l l I laSS
o o
2 B @ #7:239.01135 2 #1
£ 50 F w0
= .7 ® =8 240.00504 2
404 804
R E #3
304 60 -
20 s
10 207 #2 #5
b 5.16 8.22 E i 4 . #
O~ S e e e T T o + ~ 1 =
i 1 T
8.10 8.15 820 825 8.30 .35 235 238 237 238 240
RT(min)

Automated screening and identification

01 ThermoFisher
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Presentation Notes
TraceFinder screening browser showing positively identified pesticides (DDT-pp as an example) based on accurate mass
confirmation (±2 ppm mass window), retention time (RT), isotopic pattern (IP), fragment ions (FI). Sub-ppm mass accuracy for
both main and confirmatory ions highlighted in red boxes.



Non-targeted Screening Overview

detect and refine

» Search spectra
against spectral

» Sensitive and
selective peak
detection libraries

 High resolution  HRAM or unit
spectral mass

nvolution ; i
deconvolutio « Candidates list

* Clean spectrum generated

Process semi/fully automated as preferred

generate candidates

| ||1 |.|I||I[1| ‘ T
I ||1 ||||||[-|.‘||-

filter and identify
3 ./

v
v

LJ .MJI/!,! I!j!

 High resolution
filtering of
candidates

v

e Putative
identifications
made
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E"]Non-targeted Screening HRF

S Y bset Acqm/z Fragint ID Theo m/z Mass Error
formulae (ppm)
Candidate 147.9477 CsCl,H,0 147.9477|| 0.20277
148.9369 CsCI[37]CIHO 148.9369| 0.2679
OC H3 149.9448 |  CsCI[37]CIH,0 149.9448/| 0.06602
Cl 151.9419 Cs[37]Cl, H,0 151.9418/| 0.72528
154.9895 C5CIH40, 154.9894/| 0.38712
—_— C8H8C| 202 155.9974 C;CIHs0, 155.9973 0.89745
157.9943 C;[37]CIH50, 157.9943/| 0.25381
Cl 159.9479 CsCloH,0 159.9477/| 0.87529
161.9446 |  Cs CI[37]CIH,0 161.9448|| 0.80213
H3CO 162.9711 C6Cl,H50 162.9712|| 0.36816
163.9745 |  C5[13]CClHsO 163.9745 0.3342
164.9682 |  C4CI[37]CIHsO 164.9682|| 0.24186
165.9716 |  CsCCI[37]CIHs0 165.9716/| 0.02832

Z (mlz *IntenSity)explained

IR {EESYolo] (< R=—TEEEEE————— e N0 0

Z (mlz *IntenSity)observed

93 ThermoFisher
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This list is subjected then to High Resolution Filtering.  
For each compound, a table of all possible subset formula is created. If any of these formulas is observed within tight mass tolerance, it is deemed explainable. 
Relative number of explainable ions gives HRF score for this compound. 

Further information:
N. W. Kwiecien, D.J. Bailey, M.J.P. Rush, A. Ulbrich, A.S. Hebert, M.S. Westphall, J.C. Coon. Accurate mass for improved metabolite identification via high-resolution GC/MS- MOB 2:30pm: Informatics: Metabolomics.



Non-targeted Screening Identification

¥ Thermo TraceFinder General GC [E=8 Eol )

Eile Tools Help Real time status | User: jason.cole e ﬁ
12 I= W & & Iv | & &= | W Open Q Exactive GC Unknowns Plugin

Q Exactive GC Unknowns Plugin

s1shjeuy

View
Sampl Peak List: (256) Peak Identification
. @- & o
Status Sample name
Component RT = Reference i i
5 Name m/z Score Matched Compound Formula CAS SI HRF Score Library
10 » | Procymidone 15751 283.01620 g |
20 7[ Triflumizole 15.825 205.99794 96 Procymidone C13CI2H11NO2 32809-16-8 855 || 97.2415 mainlib L
50 = 1-(4-Hydroxy-3-iso.. |15.947 111.04412 5-p-Chloroanilido-7-amin..  C15CIH10N30O 504 641755 mainlib
100 Cyclopropanecarbo... 16.040 123.11691 51.7 |iso-Diazepam C16CIH13N20 117506-78-2 500 |54.2919 mainlib
200 u 0,0'-DDE 16.207 246.00003 49.1 | Silane, dimethyl(2,3,6-trich.. C10CI3H1302Si 511 472114 mainlib
’T = ‘ D (Z)-18-Octadec-9-e.. 16417 81.069%6 . 48.6 |2H-13-Benzimidazol-2-on.. | BrC11H14N30 563 433503 mainlib
q m | D 45.6 | 6-Bromo-9-acetylph BrC16H110 541 36.8407 mainlib i

Normalized
Component spectrum
BP: 283.0162 @ 1.70E+00; 100
20
1.50E+007 60
40
3
5 20
1.00E+007 z
5
2 [ N | PR o SR T i \‘|H|m.. - .‘.|H TR T |\|.‘ " |‘
°
s
o -20
5
o
5.00E+006 -40
60
-80
0.00E+000 — —
15.68507 15.73507 15.78507 15.83507 -100
49.00000 97.00273 145.00546 193.00818 241.0109 289.01364
ool Library spectrum
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This list is subjected then to High Resolution Filtering.  
For each compound, a table of all possible subset formula is created. If any of these formulas is observed within tight mass tolerance, it is deemed explainable. 
Relative number of explainable ions gives HRF score for this compound. 

Further information:
N. W. Kwiecien, D.J. Bailey, M.J.P. Rush, A. Ulbrich, A.S. Hebert, M.S. Westphall, J.C. Coon. Accurate mass for improved metabolite identification via high-resolution GC/MS- MOB 2:30pm: Informatics: Metabolomics.



E"]Non-targeted Screening Tap Water

Detected compounds in tap water during nitrosam)peﬁ,q_gantitation

=

File
>
EN @
r‘; | | A WMatched Compound Lib. Hit Name Fomula CAS sl Soors M+m/z E‘L
“ * Halogenated organics ‘ i e S T
[ g;f;'— Chloroiodomethane Chloroiodomethane | CCIH2| 593715 284 530323 175.888422 '—
£ - -{1-Chloroethyi)-2.6-diflucrobenzene 14{1-Chloroethyi}-... CBCIF2ZH7 87327660 5h5 0 176.019885 NF
° e . g a Ch I O ro I Od O m eth an e y d-Proline, N-(2-chloroethaxycarboryl)-, heptadecyl e... |d-Proline, N-(2-ch... | C25CIH46N04 54 0 455310987 |NF
para-Dichloroanisole o para-Dichloroa... C7CI2HEO 21151-564 535 0 175.979021 NF
tetraCh I O ro ethyl e ne ~ |epemDicoaniscis o para-Dichloroa... | CTCI2HEO 21151564 526 0 175.979021 | NF
A IS i -Proline, N-{2-chloroethaxycarboryl)-, hexadecyl es... d-Proline, N-(2ch... C24CIH44NO4 524 0 445295337 NF
}D " Phenol, 2, 4<dichloro-6-methyl- Phenol, 2 4<dichl... |C7CI2HED 1570656 522 0 175.979021 [NF _
-« Pharmaceuticals j

« e.g. Clindamycin, Felbamate T

00

Monoterpenes and phthalates 3

acquired spectrum

Caleulated NDMA
% recovery concentration Mass error
Sample d6-NDMA ng/L ppm

M 1A 107 1.1 0.7

Sl M1E 105 0.96 0.01
Active Measured m/z Area ~  Height Fragment ID Theom/z Mass emor {ppm) Fragment co
I}’T 175 838428 9099667 2382233 C(12)1 CI35)1 H2I | 175.888422  |0.034113 1 h 54 111 47 0.01
126.904160 5021647 4581949 | 126903919 | 1.899071 1
140 519617 343321 3107558 | C12)1 K2l 140519563 | 0.340620 1 MEaEB 104 473 0.01
177885483 2985112 2713366 C12)1CI371 H2I 177.885472  0.062400 1
138 904053 562221 518190 |C12)1 1 133903313 | 0564695 1 i 103 a4 a4 02
[] 50.981125 379957 0
139511896 286232 265730 |C{12)1 HI 139911744 | 1.086398 1 M '] Db gg 8‘] |:|1
174 880676 262752 252584 C(12)1CIE5) HI 174880597  0.451737 1
161872498 114110 110997 | CI35)1 1 161872772 [1.692690 1
127811377 106234 107316 HI 127911744 2865174 . |
- [l 17 AY1A47 = 20479 | CATT CIAE AL 1TRASITTT [0 7297R3 1

- ThermoFisher
SCIENTIFIC


Presenter
Presentation Notes
The results of this data processing show that the drinking water samples contain 220 additional chemicals not present in the procedural DCM solvent blank. These compounds were putatively identified using NIST library (using a forward search index threshold of 800) and a high resolution filtering score (HRF) threshold of 80. The HRF uses the accurate mass information to explain a NIST (or similar) library matched ion spectra [4]. The majority of the contaminants found in the drinking water samples are halogenated organic compounds, pharmaceuticals (ex: Clindamycin, Felbamate), monoterpenes (D-limonene) and phthalates etc. Examples of chemicals detected and identified with high confidence are shown in Figure 7. Chloroiodomethane has been previously reported in the literature as a disinfection by-product [4]. Also, tetrachloroethylene is a widely used as a dry cleaning chemical often found in private or public drinking water and it is known to adversely affect human health [5]. Both chemicals were identified with an excellent library match (SI >890), a total score >95% and a mass accuracy for the molecular ions <0.5 ppm.



® Fast and Automated Set-up

| de SPECEFUIT

v rp——— e T | o
Be QR q QBT O
Scan: #11858 uS1 TR0.70 NL:A.77E8
Type: FTMS + p B Full ms [50,00-700.00}

100

=

ce (%)

2

H
5
:
£ 0
S

20

Tuning

131.695 196,983 | 450 gag

p

alibration

» Simple status
» Automated leak checking

» Automated tuning &

calibration

» Source and lens tuning

~25s

» Mass calibration ~30 s

* Ready to go <1 min
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“ Full-scan Simplicity

e Full-scan is really simple
* No setting of RT based windows
* Build sequence and hit start

27
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= Maximum Uptime: Routine-grade Robustness

W.EW.IIIJE
1,D:I:I.III.'I:
g ExtractaBrite lon Source Design
% - » Dual independent heated zones
E ]
g » Patented RF lens protects post source
‘ lon optics
o — » Repeller designed to overcome any ion
o 500 1000 ‘II:Z:}IEHM. 2000 Z500 3000 burn

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

* No source maintenance required during study

Repeller

28 ThermoFisher
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Heat keeps parts clean
Heats all three places where ion burn form:
Ion volume
Lens stack
Ion guide
Patented RF lens protects ion guide and quads
RF lens is removed  with source cartridge without venting
RF lens kept hot to keep clean
Repeller designed to overcome ion burn once it forms



Maximum Uptime: “Never Vent”

“Never Vent” Philosophy
 Patented source plug

e GC column change
without venting

» ExtractaBrite lon Source

» Source change without
venting

e Including all areas where
lon burn can form

» Minutes to use the vacuum
probe interlock system

29
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