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2 Proprietary & Confidential 

Overview 

 

• Introduction to the new Thermo Scientific™ Orbitrap™ GC-MS family 

 

• Insight into the GC-MS system based on Orbitrap technology  

 

• Analytical performances and advantages of the Orbitrap technology for GC-MS 

 

• Main workflows for targeted and untargeted analyses 

 

• Most relevant analytical fields for GC-MS systems based on Orbitrap technology 

and examples of key applications 
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Orbitrap GC-MS Family 

Q Exactive GC system 

Unprecedented Depth in Analysis 

RP 120,000 (FWHM @ m/z 200) 

EI/CI; Full-scan, Timed-SIM 

 MS/MS capability 
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Redefining Routine GC-MS 

RP 60,000 (FWHM @ m/z 200) 

EI/CI; Full-scan; Timed-SIM 

Exactive GC system 

 

Orbitrap GC-MS Family 

Q Exactive GC system 

Unprecedented Depth in Analysis 

RP 120,000 (FWHM @ m/z 200) 

EI/CI; Full-scan, Timed-SIM 

 MS/MS capability 
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Insight into the Orbitrap GC-MS Systems 
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Insight into the Orbitrap GC-MS Systems 

Thermo Scientific™ 
TRACE™ 1310 GC 
system  

Unique modular 
injector and detector 
design 

Short cycle time   
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Insight into the Orbitrap GC-MS Systems 

Thermo Scientific™ ExtractaBrite™ ion source technology 

Routine grade robustness 

Patented RF lens  

Removable without breaking vacuum through VPI 

Vacuum-free column replacement through VPI   

 

TRACE 1310 GC 
system  

Unique modular 
injector and 
detector design 

Short cycle time   
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Insight into the Orbitrap GC-MS Systems 

Thermo Scientific™ ExtractaBrite™ ion source technology 

Routine grade robustness 

Patented RF lens  

Removable without breaking vacuum through VPI 

Vacuum-free column replacement through VPI   

 

Orbitrap
 
mass 

analyzer  

Incredible HRAM 
performance 

Extended 
Dynamic Range  

 

TRACE 1310 GC 
system  

Unique modular 
injector and 
detector design 

Short cycle time  
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Insight into the Orbitrap GC-MS Systems 

Sensitivity Mass Accuracy Resolving Power 

• Maximum 
selectivity 

• Fast enough for 
GC 

• In full-scan 

• High selectivity 

• High spectral 
fidelity 

 

• Excellent 
coverage in 
sample profiling 

• “Triple quad 
grade” 
quantitation in 
full-scan 

 

 

Dynamic Range 

• Every scan 

• All concentrations 

• In complex matrix 

• Across the mass 
range 

• Everyday! 

 

Up to 

120,000 at 

m/z 200 

< 1ppm ppt >6 orders 
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Fast Enough for GC-MS? 

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

1 
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15 
16 17 

60,000 RP (m/z 200)  

2.4 s peak 

Fast acquisitions 

• Important for 
accurate profiling of 
narrow GC peaks 

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

• Fast enough for 
GC! 

17 scans 
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Resolving Power: Selectivity  

False negative 

False negative 

Positive 

Detection  

High selectivity, high sensitivity and confidence in identification 

Pyrimethanil in leek at 10 μg/Kg < 5 ppm ID criteria 
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Breakthrough in GC-MS Performance 

50 pesticides at LOD level in 3 different matrices 

< 1ppm  
 

• Scan-to-scan 

• Low level in matrix 

• Over full mass range 

• Over full 
concentration range 

• No need for 
continuously 
calibrating in 
sequence 
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Breakthrough in GC-MS Performance 

Data courtesy of Hans Mol and Marc Tienstra, RIKILT 

Mass accuracy over >6 orders < 1ppm  

 

• Scan-to-scan 

• Low level in matrix 

• Over full mass range 

• Over full 
concentration  
range 

• No need for 
continuously 
calibrating in sequence 

• Hexachlorobenzene  

• 0.2 – 250,000 ng/mL 

• Orbitrap spectral fidelity  
independent of concentration 
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10 fg OFN on-column 

Breakthrough in GC-MS Performance 

PPT sensitivity 

• Low fg on-column 
detection limits 

• “triple quad grade” 
quantitation 

Extended linear range 

• > 6 Orders linear 
range 

Excellent precision  

Highest selectivity  
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High Sensitivity  

IDL ppb IDL ppb 

SRM Full scan 

150 pesticides in mixed vegetable matrix 

Triple quadrupole level sensitivity possible with a non-target Full Scan acquisition  
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Breakthrough in GC-MS Performance 

Easy set-up 

• Familiar Q Exactive 
environment 

• Simple status 

• Automated leak checking 

• Automated tuning & 
calibration 

• Source and lens tuning ~25 s  

• Mass calibration ~30 s 

• Ready to go < 1 min 

 

Autotune 
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Analytical Workflows Overview 

Non- targeted full scan acquisition 

Targeted 

quantitation 
 

“the things you 

expect” 

 

Targeted 

screening 
 

“the things you  

may suspect” 

 

Non-targeted 

screening 

 
“the things you 

don’t expect” 

 
i.e. Commonly used 

pesticides for a 

particular commodity 

 

i.e. Unusual, banned or 

alternate pesticides for 

particular commodity  

 

i.e. Other contaminants or 

compounds, could be 

known or unknown 

 

Known unknown ID 

Unknown unknown ID 
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Thermo Scientific™ TraceFinder™ Software: Targeted Screening  

• Example for  p,p’-DDT 

• Identification based on 
accurate mass (mass 
error < 2 ppm) 

• Confirmation through 
isotopic pattern and 
detection of fragment 
ions 

• Sub-ppm mass 
accuracy for both main 
and confirmatory ions 
(red boxes) 
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TraceFinder Non-targeted Screening Overview  

• Sensitive and 
selective peak 
detection 

• High resolution 
spectral 
deconvolution 

• Clean spectrum 

 

• Search spectra against 
spectral libraries 

• HRAM o low resolution  
spectral libraries (NIST, 
Wiley…) 

• Candidates list generated 

 

• High resolution filtering 
of candidates 

• Putative identifications 
made 

 

 

 Automatic compound identification 
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Peaks list in the sample (S/N>30:1) 

Quickly Isolate the Peaks of Interest 

Heat map indicates with 

color the peaks intensity, 

highlighting the main 

differences between the  

runs 

Peaks list can be sorted by fold difference compared with a reference sample 

or blank, to highlight the differential peaks 
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Identify the Compound – Searching NIST 14 

Combined SI and HRF values give an overall score (%) to quickly and confidently 

identify the compound. Eliminates other hits that would be valid if only SI is used 

26 hits from NIST are sorted based on: 

• Spectral matching 

• High resolution filtering (HRF) score 

 HRF: is the % of ions that can be explained by the elements in the proposed compound 
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Non-targeted Screening – Unknown Compounds Identification 

 

…. Remove the ionization source or 

switch to CI source in 2 minutes without 

breaking vacuum  

In case of low score no clear match with libraries …   
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Non-targeted Screening – Unknown Compounds Identification 



24 

Non-targeted Screening – Unknown Compounds Identification 
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Non-targeted Screening – Unknown Compounds Identification 

HCD Fragmentation Cell  

• Sub ppm mass accuracy for greater confidence in the identification of fragments 
to support proposed formula 

• Thermo Scientific™ Compound Discoverer™ software for structural 
interpretation  
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Key Application Areas 

Pesticide screening 

General contaminant 
screening 

Targeted contaminant 
analysis 

Food profiling 

Adulteration, authenticity & 
origin 

NIAS : Extractables & 
leachables 

 

 

 

Food & Beverage 

Untargeted metabolomics 

Targeted metabolomics 

Metabolism studies 

 

 

 

 

Metabolomics 

Fine and specialties 
characterization 

Flavors & fragrances 

Process impurity 
analysis 

Agrochemical 
metabolism 

Product profiling 

Product authenticity 

Petroleomics 

 

 

 

Industrial 

Contaminant screening 

Environmental fate studies 

Disinfection by-products 
characterization 

Emerging compounds 
research 

 

 

 

 

Environmental 

Impurity analysis 

Extractables & leachables 

 

 

 

 

 

Pharmaceutical 

Anti- doping 

Designer substances 

Forensic toxicology 

 

 

 

 

 

Clinical & Toxicology 
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Pesticides Analysis in Food 

https://tools.thermofisher.com/content/sfs/brochures/AN-10449-GC-MS-Orbitrap-Pesticides-Baby-Food-AN10449-EN.pdf
https://tools.thermofisher.com/content/sfs/brochures/AN-10448-GC-MS-Orbitrap-Pesticides-AN10448-EN.pdf
https://tools.thermofisher.com/content/sfs/brochures/AN-10509-GC-MS-Pescitides-SANTE-11945-2015-AN10509-EN.pdf
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Pesticides Analysis in Baby Food 

• Quantitative performance of the Q Exactive GC system for compound 

quantification was tested for all 132 pesticides 

• Matrix-match calibration curve 0.5–100 ng/g (or 1.0–200 ng/g) 

• System sensitivity, linearity, and peak area reproducibility were evaluated  

• Additionally, mass accuracy of the target pesticides was assessed across 

the concentration levels 

https://tools.thermofisher.com/content/sfs/brochures/AN-10449-GC-MS-Orbitrap-Pesticides-Baby-Food-AN10449-EN.pdf
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Pesticides Analysis in Baby Food - Sensitivity 

All pesticides were detected in the lowest calibration matrix-

matched standard 0.5 (or 1.0) ng/g 

Terbuthylazine at 0.5 ng/g 



30 

• IDL determined on 10 repeated injections of 5 ng/g matrix-matched standard, using the 

Student’s-t critical values at 99% confidence 

• Average % RSD for absolute peak area reproducibility is 6% (n=10) at 5 pg injected on column 

• Q Exactive GC sensitivity is comparable to that of the Thermo Scientific™ TSQ™ 8000 Evo 

triple quadrupole GC-MS, with 91% of pesticides having an IDL < 2 ng/g 

 

Pesticides Analysis in Baby Food – Estimated IDL and RSD% 

Percentage of 

pesticides and 

corresponding IDL 

interval (on total of 132 

target compounds) 

22% 

47% 

22% 

9% 

QExactive GC 

<0.5 0.5-1.0 1.0-2.0 2.0-4.0 

16% 

49% 

33% 

2% 

TSQ 8000 EVO 

<0.5 0.5-1.0 1.0-2.0 2.0-4.0 
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Pesticides Analysis in Baby Food - Accurate Mass 

Accurate mass measurements (average of n = 10) for the pesticides 

indentified in the baby food sample at 5 (or 10) ng/g level 

Average 0.4 ppm   
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Pesticides Analysis in Baby Food - Linearity 

Prothiofos  

Benalaxyl  

• Linearity assesses for 3x repeat injections per calibration point for range of 0.5–100 

ng/g (or 1-200 ng/g) 

• In all cases the coefficient of determination (R2) was >0.99 with an average value of 

R2 = 0.997 and with residual values from the regression line of <25% 
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Drugs of Abuse in Biological Matrix 

• Objective: Analyze the 

acetylated urine samples 

using a non target full 

scan experiment 

• Screen the samples 

against a spectral library 

https://tools.thermofisher.com/content/sfs/brochures/AN-10495-GC-MS-Drugs-Urine-AN10495-EN.pdf
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Drugs of Abuse in Biological Matrix - Wide Dynamic Range 

In screening for drugs in urine the compounds of interest can be present at 

both very high and ultra trace concentrations. 
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Untargeted Metabolomics Application 

• Objective: Detect biomarkers for time of death in a rat model 

 

• Rat thigh muscle tissue sections were sampled form eight rats post 

mortem at increasing times of decomposition  

 

https://tools.thermofisher.com/content/sfs/brochures/AN-10457-GC-MS-Orbitrap-Untargeted-Metabolomics-AN10457-EN.pdf
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Untargeted Metabolomics - Workflow 

  Sample preparation  

  GC-MS acquisition 

  Deconvolution and ID  

  Multivariate analysis 

  Data interpretation  
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Untargeted Metabolomics - Discovery Phase 
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Untargeted Metabolomics - Data Interpretation 
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Untargeted Metabolomics - Identification Phase 
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Targeted and Non-targeted Screening in Tap Water 

•  Detection and accurate mass identification of emerging iodinated DBPs in chlorinated and  

 chloraminated water samples 

•  Data were acquired in Full Scan (EI) and processed in Trace Finder Software for spectral deconvolution 

 and compound identification using NIST Library and High-Resolution Filtering (HRF) of the candidates  

• >2500 peaks were found in the chloraminated water extract  

• An exact mass filter was used to isolate only the compounds containing iodine (m/z 126.90392) 

• For emerging contaminants not having a match in the MS Libraries, the EI spectra were interrogated with 

a pre-determined set of elements, and PCI was used to confirm the accurate mass of the molecular ion 

• The consistent sub-ppm mass accuracy measurements delivered unumbiguous determination of the 

elemental composition and subsequent structural elucidation of unknown chemicals  

https://tools.thermofisher.com/content/sfs/brochures/AN-10490-GC-MS-Disinfection-Byproducts-Water-AN10490-EN.pdf
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Targeted and Non-targeted Screening in Tap Water 

Iodo-DBPs identified and confirmed in disinfected NL NOM Waters   
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Targeted and Non-targeted Screening in Tap Water 

N-Nitrosodimethylamine in tap water   

• Full Scan acquisition and quantitation of nitrosamine  

• Halogenated organics 
• e.g. chloroiodomethane, tetrachloroethylene 

• Pharmaceuticals  
• e.g. Clindamycin, Felbamate  

• Monoterpenes and phthalates 

• Identification of additional classes of 

contaminants by deconvolution, NIST Library 

matching and HRF score  
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Pharmaceutical Applications 

https://tools.thermofisher.com/content/sfs/brochures/AN-10488-GC-MS-Leachable-Impurities-Pharma-Closure-AN10488-EN.pdf
https://tools.thermofisher.com/content/sfs/brochures/AN-10494-GC-MS-Impurity-Profiling-Pharma-Starting-Material-AN10494-EN.pdf
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Leachable Impurities in Four O-ring Samples 

Sub 1 ppm mass 

accuracy 

+ 

Excellent sensitivity 

=  

Confident identification 

 

 

 

Resolving power 

+ 

Dynamic range 

=  

Eliminate interferences 

and increase confidence in 

complex matrix 
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Conclusion  

•  Thermo Scientific Q Exactive and Exactive GC systems are easy-to-use, dedicated HRAM 

GC-MS platforms that provides highly sensitive, routine grade performance in both 

targeted and untargeted screening experiments. 

• The quantitative performances are matching the Triple Quad MS/MS sensitivity in Full Scan 

acquisition, with consistent NIST searchable spectra over a wide concentration range. 

•  Thanks to the superior resolving power, accurate mass measurements and extended 

linear dynamic range, the Orbtrap GC-MS systems provide a greater confidence in the 

discovery, identification and quantification of compounds for the ultimate sample analysis 

workflow. 
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Do you have additional questions or do you want to talk 

to an expert from Thermo Fisher Scientific? 

 

Please send an E-Mail to 

analyze.eu@thermofisher.com 

and we will get back to you. 

 

Find out more about our Q Exactive GC Orbitrap GC-MS and 

GC-MS/MS systems on: 

 

http://info1.thermoscientific.com/OrbitrapGCMS  

mailto:analyze.eu@thermofisher.com
http://info1.thermoscientific.com/OrbitrapGCMS



