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SOME COMPANY FACTS
  LECO CORPORATION 

Established in 1936 by Carl Schultz, 
the Laboratory Equipment Company 
introduced what would be the first 
rapid carbon determinator to the 
American iron and steel industry.

Today, over 80 years later, LECO  
continues to be a family-owned 
company in its third generation of 
leadership and is recognised globally 
as a leader in the development 
of high-quality elemental and 
thermal analysis equipment, mass 
spectrometers and chromatographs, 
metallography and optical 
equipment, and consumables.

Our headquarters in St. Joseph, 
Michigan, USA, is comprised of 
several facilities each dedicated  
to improving customer success, 
including state-of-the-art research  
and development centers and rugged 
manufacturing facilities. Through this 
vertical integration system, we are 
able to maintain strict control over the 
manufacturing and assembly process 
in accordance with our quality 
standards.

LECO established its first international 
office in Germany in 1967, and 
since that time has grown to include 
over 25 worldwide subsidiaries and 
distributors who are authorised to sell 
our equipment to over 75 countries 
around the Globe.
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Energy & Fuels 

While LECO has continued to be a leader in carbon/sulfur testing of coal and 
coke, it has since expanded into biofuels, biomass, oil additives, petroleum 
products. Ensuring existing sources, and analysing fuels of the future – 
LECO technology is here to validate their potential and quality.

Environment & Agriculture 

LECO instruments helps to monitor environmental impact, manage agricultural resources 
more efficiently by monitoring composition of arable soils, crop and fertilisers; 
determining optimum nutrition values for animal feed.

Food Safety 

Multi residue methods and screening all at once; food contamination; 
authenticity or traceability: LECO provides solutions with unrivalled 
performance, sensitivity, speed and robustness.

Life Science & Pharmaceutical 

Academic research and drug discovery requires the instrumentation that goes beyond 
normal expectations. Empowered by advanced LECO mass spectrometry be more 
confident in your assignments.

Metabolomics 

As the established leader in GCMS metabolomics, LECO products deliver the 
accuracy, resolving power, deconvolution, and speed to characterise the most 
complex biological systems. Our instrumentation has been validated by the 
industry's most demanding researchers.

Metallurgy & Metals 

With a global reputation for rapid, accurate analysis in iron, steel, alloys, refractory 
metals, and ores, LECO instruments have become the brand leader for these markets.

LECO’S KEY MARKETS 



 GC- AND GC×GC-TOFMS 
INSTRUMENTATION
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Figure 1: Principle of GC×GC

Figure 2: Data Conversion for Visualisation 

Comprehensive two-dimensional  
gas chromatography (GC×GC) is an  
analytical technique that has been  
around for over 25 years.

GC×GC increases separation capacity by using two 
separate columns with orthogonal selectivity connected 
in series through a modulator (Figure 1). The modulator 
rapidly traps and "injects" the effluent from the first 
dimension column onto the second dimension.

The result of a GC×GC analysis is a chromatographic 
plane (contour plot) (Figure 2), that depicts the  
separation over the nonpolar and polar columns.  
The chromatographic separation space is dramatically 
increased compared to a conventional 1D-GC.

Other benefits of GC×GC are structured two- 
dimensional chromatograms (i.e. contour plots),  
and sensitivity enhancement. Research has shown  
the advantages of GC×GC in a wide variety of 
applications (e.g. environmental, metabolomics, 
petroleum, food safety, fragrance).

The merits of GC×GC as a separation science are clear, 
but how will it benefit a routine laboratory?

BENEFITS 
OF GC×GC

   View Full Article “Benefits of Comprehensive Gas 
Chromatography (GC×GC) for Routine Laboratory” 
GCxGC_BENEFITS_WHITE_PAPER_209-281-003

https://knowledge.leco.com/component/edocman/gcxgc-benefits-white-paper-209-281-003/viewdocument/1823?Itemid=1823
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Figure 3: GC-TOFMS Setup

Figure 4: Spectral Continuity

BENEFITS  
OF TIME-OF-FLIGHT MASS SPECTROMETRY

A time-of-flight mass spectrometer (TOFMS) for gas 
chromatography (GC) (Figure 3) is the right choice for 
complex samples, targeted and non-targeted analysis and 
fast GC or GC×GC.

Time-of-flight mass spectrometry (TOF-MS) is probably the 
simplest method of mass measurement to conceptualise. 
The ion’s mass-to-charge ratio is determined via a time 
measurement (Figure).

The ability to collect a full mass range without sacrificing 
data acquisition speed or sensitivity is perfectly suited for 
non-targeted analyses. Using a non-targeted approach 
is beneficial for discovery-type work. A TOFMS spectrum 
has better spectral continuity across a peak than with a 
scanning mass analyser (Figure 4). Spectral continuity 
is important for maximising the performance of mass 
spectral deconvolution algorithms, which results also in 
higher library matches.

A targeted analytical method also benefits 
from acquiring a full mass range. Data 
processing methods including the Target 
Analyte Finding feature can be used for 
both qualitative analysis of sample data 
and quantitation.
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    View Full Article “Benefits of Equipping your  
Lab with a Time-of-Flight Mass Spectrometer” 
GC-TOFMS_BENEFITS_WHITE_PAPER_209-281-002

https://knowledge.leco.com/component/edocman/gc-tofms-benefits-white-paper-209-281-002/viewdocument/1822?Itemid=1822


SPECIFIC LECO GC-TOFMS 
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9  //  LECO Food 2022

Figure 5: LECO StayClean® ion source

STAY CLEAN® 
ION SOURCE STABILITY

Fouled ion sources and related issues are often time 
consuming to diagnosis and resolve. A definitive 
diagnosis can only be achieved after other preventative 
maintenance steps (inlet maintenance, column trimming, 
etc.) have been tried and tested. Once the source has 
been pinpointed as the issue, users have to clean the 
source before proceeding. 

Even routine, scheduled preventative cleaning leads 
to system downtime In less controlled environments the 
incremental contamination of an ion source may not be 
noticed until long past the point of compromised results or 
impacting the stability of the overall system. 

Worse still, tuning routines will typically compensate 
for the loss in signal by increasing various voltages, 
not the least of which is at the detector. This decreases 
the detector‘s operational life, requiring additional 
maintenance time to resolve. 

For these reasons, LECO has specifically designed the 
PEGASUS® BT systems with an ion source (Figure 5) that 
virtually eliminates the need for removal and cleaning.

    View Application Note – which provides significant evidence  
that the LECO StayClean® ion source actually stays clean. 
PEGBT_STAYCLEAN_SOURCE_STABILITY_203-821-569

https://knowledge.leco.com/component/edocman/application-note-stayclean-ion-source-pegasus-bt-569/viewdocument/1766?Itemid=1766
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Figure 6: Thermal Modulator

Figure 7: Flow Modulator

LECO MODULATOR 
PORTFOLIO 

GC×GC offers dramatic improvements over traditional 
GC for the analysis of complex mixtures. This is due to 
significantly increased chromatographic resolution. The 
modulator, considered the heart of the GC×GC system, 
is a device which injects the effluent from the primary 
column to the secondary column. There are two primary 
forms of modulators in GC×GC; thermal- and flow-based. 
These techniques are described in general terms, but with 
focus on flow modulation.

Thermal-based modulators (Figure 6) rely on a cooling 
mechanism to trap eluent from the first column, followed 
by heating to inject the eluent onto the second column 
for further separation. These modulators use of a 
cryogen such as liquid nitrogen for optimal cold-trapping 
performance.

Flow-based modulation (Figure 7) relies on either 
switching valves to inject on-column, or in some cases, 
combining valves with highly different flows to flush a 
sample loop onto the second column. Both types provide 
a GC×GC alternative that is virtually consumable-
free. The choice of which GC×GC approach is most 
appropriate depends on the application that will be 
performed on a particular system.

Stage 2
Cold Jet

Stage 2
Hot Jet

Stage 1
Hot Jet

Stage 1
Cold Jet

    View White Paper – FLUX™ GC×GC: The operation,  
use, and concepts behind a diverting flow technique 
FLUX_MODULATOR_WHITE_PAPER_209-281-004

https://knowledge.leco.com/component/edocman/flux-modulator-white-paper-209-281-004/viewdocument/1821?Itemid=1821
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FFP ®

FOLDED FLIGHT PATH ®

LECO’s patented Folded Flight Path® (FFP®) technology is 
celebrating ten years of mass spectrometry breakthroughs. 
This ingenious concept uses multi-reflecting technology 
to strip away the oversized flight tubes from traditional 
high resolution Time-of-Flight (TOF) mass spectrometers 
and packs an impressive resolving power of 25,000 into 
a surprisingly small footprint. Ultra High Resolution mode 
enables the FFP instruments to reach resolving powers of 
over 50,000 with flight paths equivalent of 40 m without 
a single increase in lab space.

The ingenious design of the Folded Flight Path is explored 
in greater detail in High Resolution Multi-Reflecting Time-
of-Flight Mass Analyser with Folded Flight Path, a paper 
written by Viatcheslav Artaev.

For an in-depth look at the history and development  
of this technology, download and read this paper.

    View White Paper: 
FOLDED_FLIGHT_PATH_FFP_WHITE_PAPER_209-281-008

https://knowledge.leco.com/component/edocman/folded-flight-path-ffp-white-paper-209-281-008/viewdocument/1924?Itemid=1924
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EFP ™
ENCODED FREQUENT PUSHING™

Duty Cycle is a critical parameter affecting the sensitivity 
of analysis by Time-of-Flight Mass Spectrometry with an 
Orthogonal Accelerator (OA-TOFMS). The Duty Cycle for 
an OA-TOFMS is defined as the ratio between the time to 
fill the acceleration region with the largest mass/charge 
ratio ions and the time-of-flight (TOF) through the mass 
analyzer of these ions: Duty Cycle = Tyy/TOF.

LECO has implemented Encoded Frequent Pushing™ 
(EFP™), a method of pulsing an orthogonal accelerator 
multiple times per transient with unique time intervals 
between each push pulse. This method is particularly 
well suited for improving the duty cycle of a TOFMS with 
FFP®, where the highly resolved opn peaks are sparsely 
populated across the TOF spectrum. The key concept is 
that within overlaid mass spectra produced by the multiple 
pushes, some overlaps are likely to occur between peaks 
of various ion species. However, if the time intervals 

between the OA pushes are unique, the overlaps will not 
be systematic! In addition, the decoding method departs 
from a traditional ‘inverse method’ used in Hadamard 
method which is responsible for creating mass spectral 
artifacts. Instead, a proposed decoding method uses 
a logical and statistical analysis of spectra overlaps to 
prevent the production of these spectral artifacts. With 
EFP, the duty cycle is improved proportionally to the 
increased pushing frequency, meaning that the continuous 
ion beam is sampled much more efficiently. For example, 
if the typical non-multiplexed operation of the GC-HRT 
mass spectrometer uses 2 kHz pushing frequency, a 
multiplexed acquisition with 20 push pulses per transient 
will increase the pushing frequency to approximately  
20 kHz, and in EFP mode the sensitivity will also grow by 
up to 10 times (Figure 2).

Figure 1: (A) Duty Cycle estimation in the MR-TOFMS; (B) Encoded Frequent 
Pulsing diagram; (C) concept of EFP multiplexing.

Figure 2: Illustration of the EFP workflow: single spectra are acquired (left top) 
and summed into the multiplexed mass spectrum (right), which is then decoded 
in real time into the de-multiplexed mass spectrum (left bottom).

    View White Paper: 
ENCODED_FREQUENT_PUSHING_WHITE_PAPER_209-281-006

https://knowledge.leco.com/component/edocman/encoded-frequent-pushing-white-paper-209-281-006/viewdocument/1824?Itemid=1824
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LECO MULTI-MODE SOURCE ™ 
IONIZATION SOURCE FOR GAS  
CHROMATOGRAPHY MASS SPECTROMETRY
The innovative Multi-Mode Source™ (MMS™) takes all 
of the advantages of the three most common ionization 
modes – Electron Ionization (EI), Positive Chemical 
Ionization (PCI), and Negative Chemical Ionization  
(NCI/ECNI) – and combines them into one easy-to-use 
source. No more hardware switching, no more alignment 
issues: with the MMS, changing ionization modes is as 
easy as a click of a button.

The new MMS has great mass accuracy and high 
resolution on pseudo-molecular ions, which complements 
the traditional Electron Ionization Source (HR-EI) to 
provide the comprehensive characterization of unknowns. 
By not touching the hardware, peaks stay aligned 
between the ionization modes. Each of the three modes is 
avaible for GC-MS and GC×GC-MS analyses on both the 
PEGASUS® GC-HRT+ and the Pegasus GC-HRT+ 4D.

Don’t limit yourself to just one approach. Ask about the 
new MMS to see what you’ve been missing!

    View Application Note: 
PEG_GC-HRT_MULTI-MODE_SOURCE_MMS_203-821-630

https://eu.leco.com/images/SepSci-Application-Library/PEG_GC-HRT_MULTI-MODE_SOURCE_MMS_203-821-630.pdf
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LECO ChromaTOF ® 
SOFTWARE

LECO‘s ChromaTOF software is uniquely designed to  
process and analyse the large amounts of data that are  
acquired with our time-of-flight instruments.  
ChromaTOF offers seamless control of both the instrument  
and its accessories, as well as an intuitive interface with  
highly integrated data processing. 

ChromaTOF is the first mass spectrometry  
data system to fully accommodate  
multidimensional chromatographic  
data (GC×GC).

Benefits of LECO ChromaTOF 

 • Single software platform 

 • Automatic tuning within user-defined  
Quality Control methods

 • Intuitive Acquisition Method Setup

 • Automated Peak Find using Non-Target  
Deconvolution and Library Search

 • Target Analyte Finding and Quantification

 • Semi-Quantitative Analysis for the reporting  
of non-calibrated compounds

 • Reference Compare tools for sample comparison

 • GC×GC enhanced graphics and optimisation  
tools (Classifications, Filters)

 • Automatically export data to PDF, CSV,  
ANDI MS, NETCDF, or Raw file formats
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LECO ChromaTOF ® TILE
ANALYTICAL SOFTWARE

The volume of GC×GC data can quickly become 
overwhelming. Multiple tables of thousands of analytes 
can require months of data mining at a pixel level to 
find the minute differences between data sets, and even 
those results are plagued with false positives from normal 
chromatographic variation.

ChromaTOF Tile is an enabling 
technology that has reduced our peak 
picking time from 10 days to 10 minutes. 
We are now comparing groups of 
peak-rich samples from complex studies 
that would have previously required 
complicated, custom-built solutions.

Benefits of LECO ChromaTOF Tile 

 • ChromaTOF Tile is a separate, stand-alone product 
to be used in conjunction with ChromaTOF brand 
software

 • All of the tables and plots throughout the interface  
are exportable for more efficient reporting and to  
allow you to do more with your data

 • Clean library-searchable spectra is generated from  
the tiling process

 • Areas of the tiles are used to approximately quantify 
trends across the samples
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SPECTRAL ANALYSIS TOOLS (SAT)
OPTION FOR PEGASUS® GC-HRT+ 

Harness the power of accurate mass and high 
resolution mass spectrometry with SAT. This 
innovative toolkit, paired with ChromaTOF  
brand software, is designed to streamline 
identification and relative quantitation of 
heteroatomics species in either GC or  
GC×GC data sets.

Particularly useful in Petroleomics and Environ-
mental workflows, SAT provides extensive 
functionality built on top of standard mass  
defect plots, as well as new van Krevelen and 
Degree of Unsaturation (RDBE versus C#) plots.

Kendrick’s scaled Mass Defect Plot of Crude Oil Sample 
with heteroatomic species classified by colour  
(see legend, note‘ indicates odd electron ion).

    View Poster: 
PETROLEOMICS_HRT-GC-TOFMS_CK_ASMS17_LPSS-225

https://eu.leco.com/images/miscpdf/PETROLEOMICS_HRT-GC-TOFMS_CK_ASMS17_LPSS-225.pdf


 SEPARATION SCIENCE
PRODUCT PORTFOLIO
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SEPARATION SCIENCE 
PRODUCTS

PEGASUS® BT GC-TOFMS

 •  Industry-leading sensitivity 
helps you find and quantify an 
unlimited number of analytes, 
while proprietary deconvolution 
algorithms yield clean, high  
quality spectra

 •  A complete historical record of all 
components for each sample is 
retained for future data mining

 •  The tried-and-tested reliability and 
durability of our Pegasus brand in 
a convenient benchtop unit

PEGASUS® BT 4D GC×GC-TOFMS 

 •  Enhanced sensitivity by coupling 
our benchtop Pegasus BT with our 
high performance GC×GC thermal 
modulation system

 •  Ability to interrogate challenging 
samples where the best sensitivity  
is needed

 •  Unique and powerful ChromaTOF ® 
brand software simplifies 
quantitation and analyte 
identification with features such 
as Non Target Deconvolution® 
(NTD ®), Target Analyte Find, 
library searches, and more

 •  StayClean® ion source eliminates 
the need for source cleaning

QuadJet™ SD

 • Enhanced separating power  
for complex sample analysis

 • Easy-to-use ChromaTOF®-based 
software provides acquisition 
processing and reporting 
functionality within a single 
package

 • Classification software feature 
simplifies component identification

 • Available Cryogen-free modulator 
eliminates the need for LN2 
dewars 

 View Product Overview SepSci

http://eu.leco.com/images/Brochures/Product_Overview_SepSci_EN_web.pdf
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SEPARATION SCIENCE 
PRODUCTS

PEGASUS® GC-HRT+ GC-TOFMS

 •  The highest performance TOF mass spectrometer  
for the GCMS market

 •  Folded Flight Path® (FFP ®) technology allows users to 
achieve resolutions of up to 50,000

 •  Employs ChromaTOF® software with automated  
High Resolution Deconvolution® (HRD ®) and formula 
generation for seamless identification of unknowns,  
plus compatibility with standard GCMS libraries

 •  Spectral Analysis Toolkit harnesses the power of Mass 
Defect, Van Krevlen, and RDBE plots to take your 
unknown analysis to a new level

 •  1 ppm mass accuracy identifies unique molecular 
formula

 •  Encoded Frequent Pushing® (EFP ®) contributes to  
increased sensitivity, expanded dynamic range,  
and much more

PEGASUS® GC-HRT+ 4D GC×GC-TOFMS 

 •  Combining the highest performance GC×GC and TOF 
on the market gives users an unprecedented ability to 
interrogate complex sample

 •  Find more analytes than ever before and identify  
components with the ultimate confidence

 •  With mass accuracies of 1 ppm and peak capacities 
at least two times greater than anywhere else in the 
marketplace

 •  The industry‘s most established GC×GC systems; 
thermal modulation with liquid nitrogen or cryogen- 
free versions

 •  Chemical Ionisation source (HR-CI) provides the 
same mass accuracy and high resolution on pseudo-
molecular ions which complements the traditional 
Electron Ionisation source (HR-EI) to provide 
comprehensive characterisation of unknowns

 •  Integrated software platform acquires data, controls all 
hardware, and analyses and reports results with a  
high level of automation; tailored to get the most out  
of HR data

 View Product Overview SepSci

http://eu.leco.com/images/Brochures/Product_Overview_SepSci_EN_web.pdf
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DETERMINATION OF PESTICIDES IN 
TOMATO BY GC×GC-TOFMS 
WITH PEGASUS ® BT 4D

Key Words
 # Pesticides

 # Food

 # GC×GC

 # TOFMS

 # Qualitative and 
Quantitative 
Analysis

The tomato is one of the most consumed 
crops, globally. It`s annual production is 
currently around 130 million tons. The top 
5 largest tomato producing countries are: 
China, EU, India, USA, and Turkey. They 
account for 70 % of global production.

Most freshly harvested tomatoes are 
immediately processed into products such 
as juice, puree and paste, ketchup/sauce 
or canned whole. The presence of pesticide 
residues in such products can cause a number 
of adverse health effects. Therefore, the 
identification and quantitation of pesticides in 
tomatoes is an important task for food control 
authorities. A GC×GC-TOFMS workflow, 
including a traditional QuEChERS extraction 

step, was developed for the detection and 
quantitation of targeted pesticides in peeled 
tomatoes. GC×GC technology significantly 
increases the separation efficiency, and 
ultimately allows a better separation of the 
target and non-target analytes from the 
matrix interferences. This, in combination 
with LECO's Pegasus BT 4D sensitivity, fast 
acquisition and deconvolution benefits, 
allowed the measurement of all the pesticides 
investigated, at required limits of detections to 
be performed easily and accurately.

An example of the enhanced resolving power of the GC×GC technology, which highlights the chromatographic separation on the "y" axis of the 
contour plot. 
Instrument: LECO PEGASUS® BT 4D

   View Application Note: 
PEGBT4D_PESTICIDES_TOMATO_203-821-619

https://knowledge.leco.com/component/edocman/application-note-pesticides-in-tomato-619/viewdocument/1869?Itemid=1869
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DETERMINING TERPENE PROFILES OF 
CANNABIS STRAINS USING
GC AND GC×GC WITH HIGH 
PERFORMANCE TOFMS

Key Words
 # GC×GC

 # PEGASUS® BT 4D

 # Cannabis

 # GC-TOFMS

 # High Matrix

Cannabis is a complex mixture of compounds 
(>500) including cannabinoids, terpenes, 
terpenoids, non-cannabinoid phenols, 
nitrogenous compounds, flavonoids, and 
contaminants such as residual solvents and 
pesticides. It is the total composition of 
cannabis that is important in determining its 
potency and medicinal effectiveness. This 
“entourage effect” is a synergistic relationship 
that exists between terpenes, cannabinoids, 
and potentially other cannabis components. 
Identification of cannabis components is 
critical for the “chemical categorization” 
of different cannabis strains. GC-TOFMS 
and GC×GC-TOFMS were used to analyze 
terpenes from different strains of cannabis 

GC×GC-TOFMS analysis resulted in a >4x 
increase in peaks detected and >50 % 
increase in terpenes identified over those 
found with single dimension GC-MS. This 
additional information was a direct result 
of coupling enhanced multi-dimensional 
chromatography with high performance 
TOFMS. Robust characterisation was 
achieved through spectral similarity searches 
of large, well-established databases, with 
the enhanced GC×GC separation and high 
quality deconvoluted mass spectral data 
therefore providing increased confidence in 
these determinations. 

A) GC-TOFMS TIC for indica terpenes; B) Extracted ion expansion showing coelution in 1D GC-MS; C) Spectrum derived from 1D GC-MS coelution; 
D) GCxGC-TOFMS contour plot; E) Expansion showing GC×GC separated sesquiterpenes dendrasaline and β-calacorene which coeluted in 1D 
GC-TOFMS; F,G) Clean spectra for chromatographically separated β-calacorene and dendrasaline
Instrument: LECO PEGASUS® BT 4D

   View Application Note: 
PEGBT4D_CANNABIS_TERPENE_PROFILES_203-821-558

https://knowledge.leco.com/component/edocman/application-note-cannabis-terpene-profiles-peg-bt-4d-558/viewdocument/1749?Itemid=1749
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CORRELATION OF CHEMICAL AND 
SENSORY DATA TO TRACK AGING
OF AN AMERICAN IPA BEER  
AT DIFFERENT STORAGE  
TEMPERATURE

Key Words
 # Beer

 # Shelf-Stability

 # Aroma Profile

 # Sensory Analysis

 # HS-SPME

 # GC-TOFMS

 # Deconvolution

 # PCA

Shelf stability and how products change with 
age and storage condition is an important 
topic to both manufacturers and consumers. 
Understanding changes in the aroma profile 
over time can help to understand the shelf life 
of that product and possibly how it can be 
extended. 

Gas chromatography coupled to time-of-flight 
mass spectrometry (GC-TOFMS) is well-suited 
for investigating shelf stability applications 
because it provides non-targeted aroma 
profile characterisation. Sensory analysis is 
also common for shelf-stability and general 
product quality applications. These are 
complementary analytical techniques and 
using them together is beneficial.

The sensory analysis provided overall 
freshness and quality scores for each sample, 
while the non-targeted GC-MS analysis 
provided comprehensive aroma profile 
chemical data. 

These data were mined for specific analytes 
of interest and were also reviewed to discover 
inherent trends and differences in the aroma 
profile that correlated with the sensory 
analysis results.

Overlaid chromatograms from all samples are shown. A plot showing the correlation of th sensory scores with the PC1 scores from the chemical  
analysis shows good agreement. The heat map highlights peak areas of analytes that correlate with sensory score. 
Instrument: LECO PEGASUS® BT

   View Application Note: 
PEGBT_BEER_AGING_203-821-590

https://knowledge.leco.com/component/edocman/application-note-beer-aging-pegasus-bt-590/viewdocument/1793?Itemid=1793
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The Total ion chromatogram (TIC) for a celery sample is shown. One example of coelution is highlighted. 

Instrument: LECO PEGASUS® BT

DISCOVERING THE SCENT OF CELERY 
HS-SPME, GC-TOFMS, AND RETENTION 
INDICES FOR THE CHARACTERISATION  
OF VOLATILES

Determining and identifying individual 
analytes within a complex sample can 
provide important characterisation 
information for better understanding of a 
sample, product, or process. This type of 
exploratory analysis is readily accomplished 
with GC-TOFMS, as it provides non-targeted 
data with every acquisition. 

The PEGASUS® BT adds to the 
chromatographic separation by taking 
advantage of the full mass range data 
with mathematical deconvolution to further 
separate chromatographic coelutions.

The ChromaTOF® software contains tools to 
help streamline data analysis. For example, 
retention index methods can be created 
to calculate and compare retention index 
information for each peak in the table to 
support or improve library identifications. 

A celery sample was analysed with HS-SPME 
coupled to GC-TOFMS. The resulting data are 
reviewed, with retention index information 
providing valuable support to analyte 
identifications.

Key Words
 # GC-TOFMS

 # GC-MS

 # PEGASUS® BT

 # HS-SPME

 # Celery

 # Retention Index

   View Application Note: 
PEGBT_CELERY_SCENT_203-821-536

https://knowledge.leco.com/component/edocman/application-note-celery-scent-pegasus-bt-536/viewdocument/1691?Itemid=1691
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ANALYSIS OF FATS  
IN FOOD PRODUCTS 
WITH GC-TOFMS

Reporting the fat content of food on 
packaging material is required for many 
products. For this reason, the ability to detect 
and distinguish different types of fats is 
important. 

Official methods for the detection of fats 
(total, saturated and unsaturated) uses  
GC paired with FID. As part of this method, 
the distinction of some cis and trans isomers 
is also accomplished, which is desirable 
information is trans related to the ban on 
fats. In this work GC with TOFMS was used 

for fatty acids extracted from a variety of 
butter, margarine, and shortening samples. 
Applications that typically use FID can benefit 
from switching to MS, as demonstrated here. 

Chromatographically coeluting analytes 
can sometimes be distinguished with 
deconvolution of the MS data, and analytes 
that are not present in the standard can be 
tentatively identified through searching of 
spectral databases.

TIC chromatograms for the standard and each of the screened samples. The cis and trans fatty acids are highlighted here  
with XIC 264.25 shown.

Instrument: LECO PEGASUS® BT
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FAST PESTICIDE RESIDUE ANALYSIS IN 
FOOD WITH A BENCHTOP GC-TOFMS: 
PEGASUS ® BT

Sample throughput including data processing 
is an important factor to consider when 
performing routine analyses.In this application 
note we used the speed and power of TOFMS 
to shorten the runtime of a standard pesticide 
residue analysis by using a 15 m column 
instead of a standard 30 m column without 
loss of analytical performance. 

One objective was to maximise throughput 
without introducing a significant number of 
additional chromatographic coelutions not 
separable by deconvolution. The goal was for 
the same number of spiked pesticides to be 
detected under both analytical methods.

LECO‘s proprietary deconvolution algorithm, 
embodied as NonTarget Deconvolution™, 
was leveraged to maintain exceptional peak 
fidelity of the qualitative analysis, while the 
Target Analyte Find feature was utilised for 
robust quantitation and to establish method 
detection limits for organonitrogen pesticides 
spiked in QuEChERS strawberry extracts.

Analytical ion chromatograms (AIC) of a fortified strawberry QuEChERS extract; (A) for analytes reported using Peak Find  
(non-target), and (B) analytes reported using Target Analyte Find. 

Instrument: LECO PEGASUS® BT
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QUANTITATION AND NON- 
TARGET DETECTION OF PESTICIDES  
IN SPINACH EXTRACT WITH  
PEGASUS ® BT 4D

Matrix deleteriously affecting quantitation 
accuracy of pesticides in food commodities 
has been well documented and understood. 

While significant improvements have been 
made in sample extraction strategies, cleanup 
of complex matrices continues to be an issue,  
especially as limits of detection (LOD) are 
decreased by various regulatory entities

Combined with the sensitivity available with 
LECO‘s Pegasus BT 4D, the ability to achieve 
required limits of detection, while minimising 

matrix interferences to allow successful 
quantitation and effective identification 
of non-targeted pesticides, has been 
demonstrated.

The GC×GC results easily met and exceeded 
the SANTE 2017 requirements.

Section of Contour Plot of the spinach QuEChERS extract spiked with pesticides at 20 ng/g

Instrument: LECO PEGASUS® BT 4D
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GC, GC×GC, AND TOFMS 
FOR CHARACTERISATION AND  
ROAST LEVEL DIFFERENTIATION  
OF COFFEE

Coffee is one of the most consumed 
beverages in the world and the industry 
around it is an important part of the global 
economy. As expected with commodities, 
taste and flavor variation in coffee relate to 
differences in the variety and geographical 
origin of the beans, storage and processing 
conditions, roasting conditions, and brewing 
methods.

An understanding of these differences 
can be helpful for quality control, process 
optimisation, and also for providing 
information on flavors and characteristics that 
direct consumers to their preferred styles.

Non-targeted chemical analysis techniques 
like GC-MS and headspace solid phase 
micro-extraction (HS-SPME) are used 
to evaluate the aroma profile. GC×GC 
increases peak capacity and enhances S/N 
compared to GC, and also creates structured 
chromatograms. 

These additional analytical capabilities were 
explored and led to the detection of more 
analytes and an improved understanding of 
these complex samples

GC×GC chromatograms for coffee from medium and dark roasted coffee beans from Costa Rica are shown.  
Representative analytes that are present at different levels are shown.

Instrument: LECO PEGASUS® BT 4D
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DIFFERENTIATION OF HONEY  
AROMA PROFILES WITH  
FLUX™ GC×GC-TOFMS

The aroma profile is the collection of volatile 
and semi-volatile analytes associated with 
an individual sample. In food and beverage 
applications, the aroma profile can be 
particularly interesting because many of 
the volatile and semi-volatile analytes are 
important contributors to the overall odor  
and flavor. 

Gas chromatography (GC) is a useful tool 
for these types of chemical analyses as 
volatile and semi-volatile analytes are readily 
separated. For complex samples, however, 
the wide range of analytes contributing to  
the aroma profile can be difficult to  
separate with GC alone. 

In these instances GC×GC can be very useful, 
adding a second column via a modulating 
device. The role of the modulator is to inject 
effluent from the primary column into the 
secondary column at frequent intervals 
throughout the primary separation, effectively 
separating the analytes in both dimensions. 

In this work, a robust and easy to use 
GC×GC system that incorporates a flow-
based modulator is paired with a time-of-flight 
mass spectrometer (TOFMS) for honey aroma 
profiling.
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Three honey varieties (clover, blueberry, and orange blossom) were analysed by GC×GC-TOFMS and compared.

Instrument: LECO PEGASUS® BT 4D
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UTILISING THE  
PEGASUS ® GC-HRT 4D FOR  
IMPROVED YEAST METABOLITE  
CHARACTERISATION

Yeast has been used since ancient times  
for fermentation and production of wine.  
In modern times, the S. cerevisiae 2strain 
is the preferred cell workhorse for the 
production of bioethanol. Yeast also 
continues to serve as a model for systems 
biology and is being studied as a potential 
“cellular factory” for production of additional 
sustainable chemicals. 

In order for this bioengineering to become 
realised, the metabolism of yeast must be 
clearly understood. The biggest bottleneck 
in metabolomics research and engineering 
is characterisation of the diverse classes of 
compounds found in living systems.

In this study, we explored the utilisation of 
GC-HRT and GC×GC-HRT for molecular 
profiling of yeast. Combining the strengths 
of GC×GC (increased peak capacity, 
chromatographic resolution, and the ability  
to provide cleaner spectra) with high 
resolution and accurate mass capabilities,  
the Pegasus GC-HRT 4D allows researchers  
to take their metabolomics discovery 
workflows to the next level.

GC-HRT Peak True Mass Spectrum and AIC (A, B) vs. GC×GC-HRT Mass Spectrum and Surface Plot (C, D) for Characterisation  
of 2-Deoxyerthropentonic Acid (4TMS)

Instrument: LECO PEGASUS® HRT 4D
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Characterisation of food products, including 
differential analysis, is important in the food 
industry for quality control, brand awareness, 
and authentication of materials and products. 
GC coupled with high resolution TOFMS 
isolates individual analytes within complex 
matrices through both chromatographic 
and mass spectral resolution and provides 
confident analyte identifications with industry-
leading mass accuracy. 

These analytical tools were employed for a 
nontargeted volatile analysis of aroma and 
flavor analytes in representative extra-virgin 
and light olive oil samples from a single 
manufacturer.

Automated Peak Finding and sample 
comparison tools, such as “Reference”,  
within the ChromaTOF- HRT software 
provide rapid sample characterisations and 
differentiation to help researchers reliably 
determine what else is in their sample and  
if it should be there.

These analysis tools were used to confidently 
identify differences between the samples 
which are important in differentiating oil 
varieties and in determining the source of 
unanticipated analytes in the samples.

Key Words
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DIFFERENTIAL ANALYSIS  
OF OLIVE OILS WITH  
PEGASUS ® GC-HRT  
AND ChromaTOF -HRT ® 
REFERENCE FEATURE

Representative TIC chromatograms are overlaid for extra-virgin olive oil (orange trace) and light olive oil (green trace) from  
the same manufacturer. Many analyte differences are apparent and ChromaTOF‘s Reference feature was utilised to determine  
analytes unique to each sample with automated processing

Instrument: LECO PEGASUS® HRT 4D
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UNAMBIGUOUS 
PESTICIDE IDENTIFICATION 
IN CIGARETTE TOBACCO

Tobacco is a complex matrix that can be 
challenging analytically, often requiring 
rigorous sample preparation before 
instrumental analysis which can be prone 
to false positives and false negatives. High 
resolution mass spectrometry (HRMS) is 
necessary to separate ions that have the 
same nominal mass from one another to 
ensure that only diagnostic (or characteristic) 
ions are assigned to any given analyte, thus 
minimising the risk of false positives and 
false. These accurate mass measurements 
are a requisite for accurate chemical 
formula determination and for detecting 
analytes in complex matrices so as to 
avoid isobaric interferences or to separate 

coeluting analytes. The current objective 
was to confidently identify pesticide residues 
in cigarette tobacco with limited sample 
cleanup. 

QuEChERS sample preparation was 
followed by gas chromatography high 
resolution time-of-flight mass spectrometry 
on a LECO PEGASUS® GC-HRT. The user 
can confidently identify compounds in this 
challenging matrix, while maintaining the 
ability to screen for other components such as 
additives and natural ingredients in tobacco.

The pesticides cyanasine and metolachlor have isobaricly convoluted masses at a 2:1 ratio that could only be resolved  
with a mass resolution greater than 40,000.

Instrument: LECO PEGASUS® HRT 4D
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ANALYSIS OF POLY-CHLORINATED BIPHENYLS 
(PCBS) IN FISH OIL SUPPLEMENTS  
BY GAS CHROMATOGRAPHY WITH  
HIGH PERFORMANCE-TIME-OF-FLIGHT  
MASS SPECTROMETRY

The American Heart Association recommends 
eating two servings of fish per week, 
specifically fish with high fat content such as 
tuna and salmon.(1) This recommendation 
stems from the fact that they contain relatively 
high quantities of omega fatty acids. 

Instead of eating fish, many people take fish 
oil supplements. But there are major concerns 
over the accumulation of fat-soluble, persistent 
organic pollutants (POPs) in the oil.

In this study, the advantages of using LECO’s 
PEGASUS® GC-HRT to analyse complex 
matrices such as fish oil are highlighted. 

The resolving power and sensitivity of 
the high resolution time of flight mass 
spectrometer with Folded Flight Path™ (FFP™) 
technology are critical for targeting specific 
analysis of trace components in complex 
mixtures. 

The instrument minimises background 
contamination and calibration problems 
typically associated with PCB congener 
analysis.

Fish Oil +10 ng/g PCB Standard – TIC (A), XIC at Unit Resolution (B), XIC at R = 25,000 (C).

Instrument: LECO PEGASUS® HRT
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DETERMINING MOSH/MOAH  
WITH GC×GC-TOFMS

Food contamination with mineral oil 
hydrocarbons such as mineral oil saturated 
hydrocarbons (MOSH) and mineral oil 
aromatic hydrocarbons (MOAH) has been 
a growing concern since 2012, when the 
European Food Safety Authority flagged them 
as a potential health concern. With respect 
to the analytical methods, two choices have 
been proposed so far for the quantification 
of these substances: 1) an off-line method 
consisting of a solid phase extraction-SPE-, 
followed by a GC-FID analysis and 2) the 
most popular, on-line LC-GC-FID method 
However, depending on the matrix, both 
methods sometimes result in inaccuracies 
and provide challenges from a qualitative/
quantitative point of view, due to the lack 
of an associated confirmatory method 
(i.e. GC-MS, GC×GC-MS).In this respect, 
LECO’s PEGASUS ® BT 4D GC×GC-TOFMS 
system can help to unveil the complexity 

of contaminated food samples, providing 
superior chroma tographic resolution and 
identification capabilities. In fact, as 
also suggested by the EFSA opinion, the 
GC×GC-MS technology needs to be used 
as a confirmatory tool in case of uncertain 
results.In addition to the increased separation 
power and identification confidence, LECO  
ChromaTOF’s “Classifications” feature 
can be routinely applied to quickly gather 
information from the samples about the 
presence of a specific chemical class such 
as hopanes or steranes, or the recently 
emphasized 3-7 rings from MOAH. This 
note describes a GC×GC-TOFMS workflow 
to separate and identify the MOSH/MOAH 
fractions from the biogenic substances 
normally occurring in a spice sample,  
namely Cumin.

Figure 1: GC×GC Surface Plot of a contaminated food sample 
Figure 2: GC×GC-TOFMS contour plot from the VGO sample + the MOSH/MOAH internal standards (VGO-IS)

Instrument:  LECO PEGASUS® BT 4D
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TRUST YOUR RESULTS IN MINERAL OIL 
ANALYSIS IMPROVED CONFIDENCE 
WITH SUPERIOR QUALITATIVE AND 
QUANTITATIVE INFORMATION
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Mineral Oil Hydrocarbons (MOH) have 
become a hot topic in several fields such as 
food, packaging, and cosmetics. Several 
large scandals have emerged over the past 
few years on MOH contamination; the most 
recent was in October 2019, when MOH 
contamination was found in infant formula. 
Therefore, the demands for a reliable and 
robust workflow for the identification and 
quantification of MOH is urgent. In fact, 
official control laboratories, commercial 
laboratories, private industries, and non-
governmental organizations are all seeking 
harmonization of the methodologies and 
protocols employed for analysis of these 
contaminants.

MOH are unquestionably sourced from 
different types of petroleum fractions which 
are named according to specific use cases: 
paraffinum liquidum, paraffin, petrolatum, 
mineral oil, paraffin oil, and ozokerite, to 
name a few. The uptake for the consumer 
may come from different sources. For 
instance, they can be used as additives in 
food, laxatives or lubricants in medicine, 
emollient in consumer products, or printing 
inks and packaging materials for food contact 
materials.

Comparison of quantitative data obtained by LC-GC-FID and LC-GCxGC-TOFMS/FID. The graphs show a general agreement
between the two methods.
Instrument: LECO PEGASUS® BT 4D
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NUTMEG ESSENTIAL OIL: SENSORY  
DIRECTED ANALYSIS OF GC-MS
DATA VIA OLFACTORY DETECTION
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Characterization of food, flavor, or fragrance 
samples often includes the objective 
of identifying the individual chemical 
components of a sample and then linking 
these features to their aroma or sensory 
impact. Gas chromatography (GC) coupled 
to mass spectrometry (MS) and an olfactory 
detection port is a powerful analytical 
platform that is well-suited to meet these 
analytical objectives. Each component 
of the instrument plays an important and 
complementary role in separating, identifying, 
and determining the sensory impact of the 
individual analytes within these complex food, 
flavor, and fragrance samples. The individual 
components are separated primarily by GC, 

but MS (in particular, time-of-flight (TOF)-
MS) detection adds to the chromatographic 
resolution with deconvolution capabilities 
that can often mathematically resolve 
instances of chromatographic coelutions. The 
identifications of these individual analytes can 
then be determined by matching the observed 
spectral patterns to mass spectral library 
databases. 

One of the distinct nutmeg aroma notes from the GC-O data corresponded to a coelution in the GC-MS data. Deconvolution effectively determined 
the individual analytes and the aroma descriptors can be sorted between the three features.
Instrument: LECO PEGASUS® BT
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