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panellists from the chromatography sector
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Q. What trends do you see emerging
in GC or GC–MS?
Alessandro Baldi Talini: The major
trends for gas chromatography (GC)
and GC–mass spectrometry (GC–MS) in
laboratories right now can be found in
the features of the Industry 4.0 era, which
includes digitalization and smart and
automated technologies fuelled by data
and machine learning. In pre‑pandemic
times, interest in the benefits of smart
and automated technologies was high.
With the necessity to protect people and
also keep science and business going
during the pandemic, however, the new
normal of social distancing, working from
home (WFH), hybrid working shifts, and
labour shortages have greatly accelerated
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the adoption and implementation of
digitalization. For laboratories it has
become very important to integrate new
ways of operational efficiency. Remoteness
and connectivity of GC workflows will be
lasting trends.
Sustainability, from an environmental
and operational perspective, is another
topic that is seeing a lot of interest. For
example, given supply chain dependencies,
disruptions, and rising costs coming from
world events, the use of helium is shifting
to less costly and greener alternatives. The
use of hydrogen generators is a perfect
example of how technology can address
sustainability and market shifts. There is no
handling of gas tanks, no shipments, you
never run out of gas, and water generates
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a carrier that facilitates fast and safe
chromatography.
James Gearing: One emerging trend is
the focus on sustainability and the strive
for more efficient laboratory operations.
Instrument design and manufacturing is
taking sustainability into consideration,
from product inception to
decommissioning and disposal. Everything
from materials chosen, manufacturing
processes, and shipment are evaluated.
Many instruments now have environmental
impact scores to help enterprises make
informed decisions when it comes to
sustainability.
Another trend is the strong interest
in alternative carrier gases, particularly
switching from helium to hydrogen due
to increased helium costs and shortages.
System features also contribute to the
sustainability goals of the laboratory, for
example, gas saver and direct column
heating ovens reduce gas and power
usage. In the area of sample introduction
and sample preparation, the trend is
towards more automation, with popular
techniques such as headspace, purge and
trap, and thermal desorption. Pyrolysis
extends the range of GC, opening up
new application areas. Full sample
characterization with fast GC is driving
more class‑based analysis. New regulations
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for environmental applications, dioxins,
and genotoxic impurities are driving new
waves of adoption of GC–MS.
Hansjoerg Majer: While relaxing at
home, I like to watch the old forensic TV
series such as Medical Detectives. I am
amazed at how the new and innovative
technology “gas chromatography” is
often celebrated as solving the case. Forty
years later, some consider the technology
mature, pointing to the recently added
light inside the GC oven as the latest
innovation.
Scientists and technicians use gas
chromatography daily to solve their
challenges. For the manufacturers of
chromatography systems, the column
remains the centrepiece.
Technical expertise in chromatography
may be decreasing; however, the
complexity of the test and sample load
is increasing. Gas chromatography has
become the workhorse, and the focus
is on the robustness of the process.
Equipment and consumables are
expected to operate 24/7. Instruments
are found in high‑throughput routine
laboratories, production facilities, glove
boxes, ocean‑going research vessels, and
in space. The European Space Agency’s
Rosetta mission put columns on the Philae
lander to sample the comet surface.
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There is a clear trend towards faster
processes and miniaturization. The
combination of gas chromatography
with newer, smaller detectors, such as
ion mobility spectroscopy (IMS), makes
“handheld” systems seem possible for
complex applications such as food safety
or environmental protection.
Old and new approaches to
chromatography have taken advantage
of the rapid increase in instrument
sensitivity and acquisition speed. For
example, low‑pressure GC (LPGC)
decreases runtimes by decreasing the
elution temperature of compounds in a
vacuum—a technology that has existed for
many years but has been reinvented now.
On the other hand, new technology
such as flow-field thermal gradient GC
(FF-TG-GC) allows precise control of
the temperature and thermal gradient,
producing narrower peak widths and faster
runtimes.
Big data handling capacities will
give more complex systems like
two‑dimensional gas chromatography
(GC×GC) another chance to enter the
routine analysis area.
Massimo Santoro: While GC is still
widely used for very common applications,
it’s interesting to see its use gaining
ground to complement the information

Trends in GC

needed for challenging applications that
can’t be addressed exclusively with other
techniques. I’m referring to the increased
interest in volatile per- and polyfluoroalkyl
compounds (PFAS), where GC–MS with
sample introduction by thermal desorption
is used alongside liquid chromatography
(LC)/LC–MS for its capacity to investigate
volatile species that would simply be
missed otherwise, or when GC–MS is used
alongside spectroscopic techniques for
quantitative determination of microplastics
in water, air, and materials.
Q. What is the future of GC or GC–MS?
Alessandro Baldi Talini: The future
for GC and GC–MS lies in implementing
the Industry 4.0 blueprint by looking at:
how labs can become digitally-enabled
by being connected and allowing remote
work; how automation can be integrated
into repetitive tasks, enabling lab staff
to be more focused on data analysis and
insightful action; and how GC, GC–MS,
and chromatography data systems (CDS)
can mitigate training and adoption costs
for new technologies by considering new
“digital skills” of lab staff, driven by the
spread of digital devices.
James Gearing: The recent introductions
of smart and connected intelligent
instruments has set the path for the future.
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factorial experimental design.
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Design of experiments offers accurate retention
modelling, even with limited input data, to identify
the most robust analytical conditions.
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Benefit from automated batch creation, statistical
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Containing powerful microprocessors,
GC and GC–MS systems will continue to
be enhanced with even more advanced
algorithms and capabilities to eliminate
routine operator tasks, simplifying
diagnostics and troubleshooting, and with
software systems automating data review
with artificial intelligence (AI) and machine
learning. Analysis is being driven closer
to the sampling location with mobile,
remote, at-, or near-line applications,
especially with micro-GC. For example,
reaction gas monitoring is growing as
alternative fuel research is increasingly
funded. Instruments are becoming more
self-aware and can perform analysis in the
background and alert users of exceptions
requiring attention.
Hansjoerg Majer: Rapid on-site screening
of chemicals continues to advance with
the miniaturization of mass spectrometers
and other detectors. For example, ion
trap mass spectrometry (IT-MS) systems
measure only around 1 mm in diameter.
There are portable GC–MS systems with a
low thermal mass (LTM) column that weigh
only about 15 kg and produce similar data
to a benchtop system. Chemical sensor
technology incorporates multiple detectors
on a chip and customized polymers
coated onto a sensor platform targeting
compounds with different polarities/
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solubilities that can be analyzed from the
atmosphere in real-time.
Massimo Santoro: They have a bright
future. Most of the common emerging
contaminants are very volatile species,
for which GC and GC–MS are the ideal
choices. Additionally, technological
advances in sampling techniques,
sample introduction, and MS detection
have meant that entire workflows can
be miniaturized, reducing sample and
solvent waste, moving away from the
use of non-renewable helium as carrier
gas, and making GC and GC–MS more
environmentally friendly.
Q. What is the GC or GC–MS
application area that you see growing
the fastest?
Alessandro Baldi Talini: There is an
expansion of GC and GC–MS applications
in growing industries, in particular,
batteries and recycled polyethylene
terephthalate (PET). It will be interesting
to see the adoption of well‑established
methods, slightly modified, to
accommodate the need of these new types
of samples.
James Gearing: There is a shift in
focus towards renewable fuels and a
growing need to expand hydrocarbon
composition testing capabilities to
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better understand these molecules.
GC×GC is receiving growing attention
as a potential all‑in‑one fuel composition
analyzer with the proliferation of low
footprint non‑cryogenic flow modulation
technology. While conventional fuel
product quality focuses primarily on
physical property and performance‑based
testing, renewable molecules are being
qualified as fuel blend components initially
by composition. Synthetic paraffinic
kerosenes (SPKs) are an example of
renewable fuels that currently require
“per-batch” analysis of molecular classes
by pre-fractionation and GC–MS. GC×GC
provides the same analytical fidelity
without cumbersome sample preparation,
and the initial GC×GC consensus test
methods are targeting SPK fuels. This lays
the foundation for GC×GC to potentially
consolidate existing conventional fuels
composition testing, currently spread
between high performance liquid
chromatography (HPLC), supercritical fluid
chromatography (SFC), GC, and GC–MS,
into a single platform.
Hansjoerg Majer: In North America,
cannabis testing has expanded from
pesticides to terpene characterization.
Food fraud detection and food quality
control via fingerprinting and data
handling is an emerging topic.
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Nitrosamines have taken centre stage
globally as an impurity in medications, but
they are also found in the environment,
food, beverages, cosmetics, and cigarette
smoke; these compounds are strong
carcinogens and have garnered worldwide
attention.
Persistent organic pollutants (POPs),
which are known by many other acronyms
(persistent mobile organic compounds
[PMOC]; persistent, mobile, toxic
[PMT]), will continue to garner attention
and funding for research and future
regulation. These compounds include
legacy compounds as well as emerging
compounds of interest.
In addition, there is a clear trend
to combine methods into so-called
multi‑multi‑methods. These are screening
methods in which different component
classes are combined. Such methods place
high demands on the tuning of separation
column selectivity.
Nontarget screening is another
methodological approach that is
dependent on the newest big data
handling capacities, and will become more
popular in different areas of interest such
as environmental or food analysis.
Massimo Santoro: I would say every
application that has an impact on human
health is going to grow fast in the coming
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years. From environmental applications
looking for emerging contaminants to
food quality/food adulteration, all the way
to monitoring the air we breathe in and
out—GC–MS is the technique of choice
for early diagnostics of diseases. Most of
these applications didn’t exist 10–15 years
ago, or were not as challenging for GC–
MS in terms of sensitivity and throughput
requirements. Now every result has to
be provided in a timely manner, and
that offers another chance for GC–MS
robustness to shine.
Q. What obstacles stand in the way of
GC or GC–MS development?
Alessandro Baldi Talini: Rather than
focus on obstacles, I would refer more to
opportunities when we develop new GC
platforms. Laboratories are looking more
than ever for ease of use and predefined
workflows to minimize time to data and to
be able to easily adopt new applications.
The challenge is to be able to provide a
user experience similar to what we all
expect every day when interacting with
our mobile devices, computers, and cars.
The commoditization of GC technology
calls for intuitiveness, interactive/updated
graphics, fast data access, and easy
collaboration, making the experience
and the data the focus vs. the actual
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instrument and technology working behind
the scenes.
James Gearing: GC/GC–MS systems
serve a broad range of markets and
application areas, often with long time
frames of historical data and workflows. It
requires compelling business justification
to modify existing methods or workflows.
For example, the recurring shortages of
helium and increased costs are driving a
change towards hydrogen-based methods.
GC and GC–MS users are also facing
ever‑increasing measurement demands
because of new regulations or stricter
quality assurance/quality control (QA/
QC) product requirements. Broader use
of tandem mass spectrometry (MS/MS)
or GC×GC, along with more advanced
software processing, could help simplify
the overall workflow and deliver actionable
results.
Hansjoerg Majer: Gas chromatography is
dependent on the carrier gas. Over many
years helium has proven to be particularly
suitable, both because of its inertness in
the chromatographic system and because
of its properties in the ionization sources
of mass spectrometric detectors.
From time to time, we are reminded
that helium is not always available in
unlimited quantities. As a result, some
analytical methods have to be switched
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to other carrier gases, such as nitrogen or
hydrogen, especially when information has
to be delivered without interruption.
Nowadays, such conversions can be
accompanied by computer programs, but
they are not without risks.
The so-called “big markets” in analytics,
namely, the pharmaceutical sector with its
trend towards large biological molecules,
makes instrument providers more likely to
invest in the LC sector, so innovations in
the GC sector may not progress as fast as
they could.
Massimo Santoro: None, really. I think
there will always be a need for GC–MS
to be adopted more widely, and that’s
an excellent opportunity for developing
smaller, smarter, more integrated GC–MS
solutions.
Q. What was the biggest
accomplishment or news in 2021/2022
for GC or GC–MS?
Alessandro Baldi Talini: The most
relevant news of 2021 has been the
return of strong market demand. Although
the pandemic is still hitting some market
areas, we have seen the market going
back to 2019 levels pretty much in every
segment. With that, we have seen a
profound change in demand, with a
large focus on remote capabilities and
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for technologies that foster collaboration
across teams.
James Gearing: A new GC–MS ion source
allows the wider use of hydrogen as a
carrier gas in GC–MS applications. As I
mentioned before, we see a continued
acceleration of users adopting hydrogen
as a carrier gas. Due to hydrogen not
possessing the same inert qualities
as helium, this can pose a challenge,
especially in the high energy environment
of a GC–MS ion source. The new ion
source greatly reduces the potential
reaction between susceptible analytes and
the hydrogen carrier gas.
A big accomplishment has been
the continued development of
smart-connected technology. New
intelligent instrument features based
on chromatographic data enable more
advanced diagnostics, trending, and
troubleshooting. Remote interfaces allow
laboratory users more flexibility, resulting
in less unplanned downtime and more
efficient operations.
Hansjoerg Majer: The expansion of
both FF-TG-GC and LPGC substantially
increases sample throughput and can take
advantage of the recent advances in mass
spectrometer technology, that is, benchtop
(BT)-TOF, orbital traps).
Massimo Santoro: Thermal desorber

17
30

ChromSoc Meeting Report
Dhandapani and Tackett

systems independently certified for
the use of hydrogen carrier gas while
still maintaining compatibility with
conventional carrier gases such as
helium and nitrogen are an important
technological advancement. These can
increase productivity by as much as
40–50% compared to the use of helium.
Alessandro Baldi Talini is
Director Product Portfolio
– Gas Chromatography at
PerkinElmer, Inc.

James Gearing is
Associate Vice President,
Marketing Gas Phase
Separations Division at
Agilent Technologies, Inc.
Hansjoerg Majer is
Senior Business
Development Manager
Europe at Restek.

Massimo Santoro is
Director of Business
Development for
Schauenburg Analytics and
Markes International.
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Miniaturized Nano-HPLC–ESIIMS System for Water Analysis
Analytically Speaking, the new podcast from LCGC and
Spectroscopy, will address important issues in separation science
and analytical spectroscopy. Topics covered will include new
analytical techniques, methods, and approaches; the latest trends;
advances in instrument and software technology; practical solutions
for specific applications; recent papers in the scientific literature and
their applicability; challenges and solutions for data analysis and
interpretation; analytical chemistry theory and fundamentals (from
advanced research to tutorials and troubleshooting); and more.
The regular hosts will be Dwight Stoll, a professor of chemistry
at Gustavus Adolphus College in St. Peter, Minnesota, USA, and
Jerry Workman, a spectroscopist, noted author, and currently the
senior technical editor of Spectroscopy and LCGC. Dwight covers
separation science and Jerry addresses spectroscopy related topics.
For more information, please visit:
www.chromatographyonline.com

Peak Scientific Wins Company of The Year Award
The Peak Scientific (Inchinnan, Scotland, UK) team attended
the Scottish Engineering Awards to collect the main accolade
of the night: Company of the Year. The Scottish Engineering
Awards were launched nearly 30 years ago to celebrate the best
home-grown Scottish talent and to shine a spotlight on inspiring
individuals and exceptional organizations that have displayed
the highest level of excellence within the engineering and
manufacturing sectors.
For more information, please visit: www.peakscientific.com
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New Podcast for Analytical Chemists

Miniaturized LC systems offer the analyst the scope to use less organic solvent and consume less energy. As the demand
for green chemistry techniques and methods continues to grow there is demand for smaller and more portable liquid
chromatography (LC) analytical instruments. Ion mobility spectrometry (IMS) does not require a vacuum to separate the
generated ions and this makes smaller analytical instruments an achievable goal (1). Gas chromatography (GC) has been
successfully combined with IMS for portable applications (2–3).
Consequently, a portable LC–IMS system would be a useful tool in environmental analysis, and German researchers are
developing a portable miniaturized nano-high performance liquid chromatography–electrospray ionization-ion mobility
spectrometer (HPLC–ESI-IMS) system to potentially analyze pollutants in water (1).
The system splitlessly combines a modern nano-LC system with a self-constructed ESI-MS unit and also integrates online
enrichment using solid-phase extraction (SPE) to improve sensitivity for a mixture of six analytes prepared in a test mixture
containing chlortoluron, isoputuron, pyrimethanil, mepanipyrim, cyprodinil, and carbemazipine.
The researchers also assessed ethanol as an organic solvent for the mobile phase and found that better ionization was
achieved compared with acetonitrile for the analytes selected. The researchers concluded that a 2D separation based on LC
and IMS offers a useful approach to analyze complex mixtures. An orthogonality value of 0.53 and an effective 2D peak
capacity of 174 were reported. The team concluded that this prototype could possibly be developed into a device that could
be used at sites of accidents or disasters with water pollution to provide rapid, on-site analysis.
The AGREE tool was used by the rearchers to assess the “greenness” of this method. The new
analytical procedure achieved a value of 0.73 in a system where 1.00 corresponds
to the “ideal” green system. For the previous method using a standard LC–mass
spectrometry (MS) system and acetonitrile as the mobile phase a lower
rating of 0.47 was calculated.

3. P.E. Leary, B.W. Kammerath, and J.F.
Reffner, Portable Spectroscopy and
Spectrometry 367–389 (2021).
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Waters and BioInfra Collaboration
Waters Corporation has announced a
collaboration with BioInfra, a contract
research organization (CRO) company for the
pharmaceutical and clinical fields, to jointly
establish the ASEAN Academy for Bioanalysis
(Seoul, South Korea). The academy provides
scientists with practical expertise to design
and perform a variety of bioanalytical
methods that are essential for the drug
discovery and development process. “Our
vision is that the training provided at the
ASEAN Academy will help grow generic drug
manufacturing in the region, and in turn, help
provide lower cost prescription drug options
for the people of Southeast Asia,” said David
Curtin, Waters Vice President of Asia Pacific.
www.waters.com

NIBIRT Recognized for Diversity
NIBRT (Dublin, Ireland) has been awarded
the Investors in Diversity Bronze accreditation
from the Irish Centre for Diversity in
recognition of the company’s commitment
to a diverse and equal workplace. Investors in
Diversity Bronze affirms that the organization
has built a strong foundation to embed
diversity and inclusion across the operation,
and is equipped for the journey of becoming
more equitable and inclusive.
https://irishcentrefordiversity.ie/
investors-in-diversity/
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Knauer Celebrates 60 Glorious Years
The Berlin-based manufacturer of high-tech
laboratory measuring instruments, Knauer,
celebrated the company’s 60th anniversary
in July with a party under the motto:
“Science with Passion”. For this occasion,
the company invited about 100 guests from
science, politics, and business to celebrate
the long‑standing business success, including
Maren Schellenberg, District Mayor for
Steglitz/Zehlendorf from the Green Party.
After an introductory welcome by
Managing Director Alexandra Knauer, Tino
Schopf (SPD), State Secretary for Energy and
Operations at the Berlin Senate Department
for Economics, Energy and Operations, paid
tribute to the company’s anniversary: “For
decades, Knauer has been an integral and
important part of Berlin as a location for
business and innovation. When equipment
for encapsulating mRNA was urgently needed
in the course of vaccine production against
the Corona virus, Knauer developed and
manufactured it in record time in collaboration
with a pharmaceutical company. An impressive
achievement with which the company has
made a major contribution in the fight
against the pandemic. I am very pleased to
join in celebrating the 60th anniversary of
this outstanding Berlin-based family business.
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For the future, I wish continued
success to the company and its 170
employees and look forward to the
coming innovative developments
and Knauer products from Berlin
for the world.”
Under the provocative headline
“Sustainability is Not A Trend”,
the Head of the Quality and
Laboratory Department at Knauer,
Kate Monks, presented how
significant the topic is for the
family business.
The winner of the “Herbert Knauer Science
Award 2022” was also announced by
Roswitha Knauer, who founded the company
in 1962 with her husband, Herbert Knauer.
In addition to a trophy, the winning entry will
also receive a voucher for scientific equipment
from Knauer worth 20,000 Euros.
The winner was Markus Matz, a
28-year‑old doctoral candidate working
at the Institute of Chemical Technology
and Polymer Chemistry (ITCP) at the
Karlsruhe Institute of Technology (KIT). His
award‑winning project deals with nuclear
magnetic resonance (NMR) as a detection
method for liquid chromatography, which
reveals highly detailed information about
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the separated molecules. His innovation
significantly improves the resolution of the
benchtop NMR instrument used and is a step
in the direction of making NMR detection
more tangible for standard laboratories.
Guests and presenters were able to
exchange ideas in a relaxed atmosphere over
a delicious buffet while heavy rain showers
raged outside. A round of house tours in
several groups, organized with clockwork
precision, provided an opportunity to see
how Knauer manufactures its equipment
in Berlin.
The day concluded with a “Happy
Afternoon Garden Party”, with food,
cocktails, and music all available. A successful
conclusion to celebrate the first 60 years!
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Analysis of
Ethylene Oxide and
2-Chloroethanol in Food
Products: Challenges
and Solutions
Tatiana Cucu, Frank David, and Christophe Devos, Research Institute for Chromatography,
Kortrijk, Belgium
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Ethylene oxide (ETO) and its metabolite 2-chloroethanol (2-CE) represent
a new emerging food safety issue, with significant product recalls and
more than 800 notifications on the EU RAFSS portal. Determination of
these contaminants is presented based on the EURL Single Residue Method
(SRM) involving QuEChERS (quick, easy, cheap, effective, rugged, and safe)
extraction and gas chromatography–tandem mass spectrometry (GC–MS/
MS) analysis. Increased robustness and productivity were achieved by
automated replacement of the GC inlet liner to prevent accumulation of
nonvolatile material from the QuEChERS extracts and by integration of
precolumn backflushing. ETO and 2-CE were determined at low µg/kg
range in QuEChERS extracts of sesame seeds and the spice curcuma.
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Ethylene oxide (EtO) is a disinfectant
that was initially allowed for use in food
based on its proven capacity to protect
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against fungi, viruses, and bacteria.
However, it has been banned in the
EU as a pesticide since 1991 due to its
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Figure 1: Chromatograms of EtO (MRM transition 44->29) at the 5 ng/mL level and 2-CE (MRM
transition 80->44) at the 1 ng/mL level.
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classification as a category 1 carcinogen
by the International Agency Research of
Cancer (IARC) (1). Due to its effectiveness
as fumigant, it is currently still in use for
container fumigation in some countries.
In September 2020, Belgium added a
notification on the EU Rapid Alert System
for Food and Feed (RASFF) concerning EtO
residues in sesame seeds originating from
India. The detected levels substantially
exceeded the maximum residue level
(MRL) of 0.05 mg/kg for sesame seeds
set by Regulation (EU) 2015/8681 (2).
The discovery of so many cases of illegal
fumigation of sesame seeds with EtO
triggered a wave of demand for the
analysis of EtO in food, which ultimately
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caused numerous withdrawals and recalls
of both conventional and organic products
in many EU member states. In addition,
the EU Commission issued Regulation
(EU) 2020/1540, which required 50% of
sesame shipments originating from India
to be tested for ethylene oxide (3). Even
though the focus was initially on sesame
and products thereof imported from India,
it was rapidly seen that EtO is a relevant
issue for other food categories as well. By
June 2022, over 850 notifications related
to the occurrence of EtO, mostly in seeds
and spices, have been registered on the
RASFF portal. In 2015, the EU-MRLs for
spices were lowered to 0.1 mg/kg. At the
same time, the MRLs for nuts, oil fruits,
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Figure 2: Calibration curves for EtO (left) and 2-CE (right).
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and oil seeds were set at 0.05 mg/kg (2).
To enforce these regulations, accurate
analysis methods for these contaminants
in food are essential, and the demand for
robust methods that are able to deliver
high sample throughput with minimal
instrumental downtime is high.

Experimental
Both EtO and 2-CE may occur in food
samples. The 2-CE metabolite, however,
predominates, mainly because it is less
volatile than EtO. As a result, simultaneous
determination of both analytes in a single
method is recommended. In addition, a
dedicated method for quantification of
EtO and 2-CE is preferred, rather than
integrating the analytes into an existing
multiresidue pesticides method.
Various methods for the analysis of
EtO, or the sum of EtO and 2-CE, have
been published. Some of these methods
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are based on the conversion of 2-CE
to EtO under alkaline conditions—an
approach that was later optimized and
used as an official standard method in
Germany (4). Other methods are based on
the conversion of the EtO to 2-CE under
acidic conditions, followed by extraction
of 2-CE with ethyl acetate and analysis by
gas chromatography–mass spectrometry
(GC–MS). However, these methods are
time‑consuming, labour-intensive, and
require the use of large quantities of
harmful solvents. Sample preparation
is essential in the analysis of EtO and
2-CE. Therefore, in December 2020, EU
Reference Laboratories for Residues of
Pesticides recommended a single-residue
method for the analysis of EtO and 2-CE
in sesame seeds that uses QuEChERS
(quick, easy, cheap, effective, rugged,
and safe) extraction followed by GC–MS/
MS analysis (5). The QuEChERS-based GC
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method as applied in this study involved
three steps:
1. Extraction (2–5 g sample) using
an organic solvent and salt-assisted
partitioning;
2. Sample clean-up with adsorbent
materials (dispersive sorbents); and
3. GC–MS/MS analysis using a dedicated
30 m × 0.20 mm, 1.12 µm HP-VOC
column (Agilent Technologies).
The analysis system consisted of a
multipurpose sampler MPS with automated
liner exchange (ALEX) option fitted to a
cooled injection system (CIS 4) PTV-type
inlet (all from Gerstel), mounted on a GC
7890/7010B triple quadrupole GC–MS/MS
system with high-efficiency source (HES)
and with capillary flow technology (CFT)
option for precolumn backflushing (all
from Agilent Technologies).
Optimal injection conditions are needed
to ensure a good peak shape for EtO.
The PTV‑type GC inlet was used to
perform cold split injection of samples,
and a well‑controlled evaporation process
allowed for reproducible and accurate
injection and therefore optimal results for
the target analytes.

INSTRUMENTATION –
SOFTWARE – EXPERTISE
Enabling GC chemists to
maximise every analysis

Thermal desorption

Sampling
technologies

Sample extraction
& enrichment

Data mining
& chemometrics

GC×GC
separation

Time-of-flight
mass spectrometry

Results and Discussion
Figure 1 shows the chromatograms for
EtO at 5 ng/mL level (equivalent to 25 µg/
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Figure 3: Chromatographic profile of the curcuma extract analyzed in scan mode without
backflushing (upper trace) and with backflushing (lower trace).

Table 1: Recovery and relative standard deviation (RSD) of EtO and 2-CE in sesame and
curcuma samples spiked at different levels
Recovery EtO (%)
Matrix

Sesame

Curcuma

kg sample level) and 2-CE at 1 ng/mL level
(equivalent to 5 µg/kg sample level), which
are well below the EU-MRL levels for
spices and sesame seeds.
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Acetaldehyde is often present in food
products, particularly in those that are
fatty. Because acetaldehyde and EtO have
very similar mass spectra and retention
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Spike Level

Average

RSD, %
(n = 3)

Average

RSD, %
(n = 3)

0.05 mg/kg

100.1

9.1

97.9

6.3

0.2 mg/kg

84.5

7.6

92.5

8.4

0.5 mg/kg

92.0

6.9

88.8

2.7

0.05 mg/kg

100.6

16.4

106.2

4.4

0.2 mg/kg

94.5

8.5

105.8

9.9

0.5 mg/kg

92.5

5.2

94.4

4.3

indices, there are essentially no multiple
reaction monitoring (MRM) transitions
available to select for EtO if it coelutes
with acetaldehyde. Therefore, it is essential
to prevent their coelution during analysis.
On the selected column, acetaldehyde
eluted just before EtO and baseline
separation was achieved.
EtO was quantified using calibration
curves ranging from 5 to 100 ng/mL, and
2-CE was quantified using calibration
curves ranging from 0.84 to 84 ng/mL
using EtO-d4 and 2-CE d4 as internal
standards, respectively. The R 2 value
was greater than 0.99 for both target
compounds (Figure 2), indicating
excellent linearity.
Food and feed matrices are extremely
complex and contain many interfering
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compounds that can lead to ion
suppression effects, coelution, and
severe contamination of the analytical
instrumentation from injector to detector.
To determine the chromatographic
stability of the method, extracts of
sesame seed and curcuma spiked with EtO
and 2-CE were injected repeatedly from
the same vial into the same liner. Activity
in the liner caused about 40% reduction
in peak area of 2-CE after several
repeated injections, and peak distortion
occurred after injection of extracts
containing interfering compounds, such
as present in curcuma. This distortion
demonstrated that injection of relatively
dirty QuEChERS extracts was likely to
negatively impact analysis accuracy.
The GC liner was exchanged after a
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Table 2: Amounts of EtO and 2-CE detected in commercial samples
EtO

2-CE

Sum EtO and 2-CE*

µg/kg

µg/kg

µg/kg

Sesame, 1

n/d

224.7

122.9

Sesame, 2

n/d

75.7

41.4

Sesame, reference material

n/d

4581#

2505

Curcuma, 1

n/d

199.7

109.2

Curcuma, 2

n/d

12.7

6.9

Garlic powder

n/d

9.2

5.0

Ginger powder

n/d

27.7

15.2

Spice mixture

n/d

31.2

17.1

Herb mixture

n/d

29.2

16.0

Mustard

n/d

2610

1430

Lecithin

n/d

1030

566.5

Tomato powder

n/d

35

19.3

Bay leaf

n/d

7.0

3.9

Matrix

W I T H L U M A ™ F R O M V U V A N A LY T I C S

Trace Analysis Has Never Been Easier

*Sum EtO and 2-CE = conc EtO + (concentration 2-CE in sample × 0.55) (conversion factor based on conversion of molecular
weights: 44/80 = 0.55) #-4660 µg/kg (27.3% CV) #: certified value : 4660 µg/kg (27.3%CV)

user‑defined number of injections to
limit the amount of nonvolatile material
accumulating in the liner.
To further prevent high-boiling point
compounds from reaching the analytical
column and contaminating the MS ion
source, a precolumn backflushing option
was used. Figure 3 shows the full-scan
analysis of a curcuma extract performed
without backflushing, demonstrating the
complexity of the injected food samples.
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Without precolumn backflushing, the
injected matrix material inevitably reaches
the analytical column and ultimately
the MS ion source. When starting the
precolumn backflush immediately after
the transfer of the target analytes to the
analytical column, only very small amounts
of sample matrix gained access to the
column, allowing for the analysis of more
samples before maintenance was required
compared to a conventional setup.
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The method was validated by performing
recovery experiments in triplicate at
three different concentrations: 0.05,
0.2, and 0.5 mg/kg sample, respectively.
The recovery was in the range of 84.5
to 100.6% for EtO, and 88.8 to 106.2%
for 2-CE in blank sesame and curcuma
samples (Table 1).
Finally, representative food samples
collected in a local supermarket were
analyzed using the developed method
(Table 2). None of the samples tested
positive for EtO, probably because the
samples—some of which had even been
thermally treated—were collected in shops.
However, in border control programmes for
example, under the correct sampling and
storage conditions, it can not be excluded
that significant amounts of EtO would be
detected. All samples tested positive for
2-CE, some at levels above the MRL values
for these commodities.

Cucu et al.

has the advantages of high sensitivity,
selectivity, accuracy, and sample throughput
due to reduced downtime for inlet
maintenance, analytical column exchange,
and MS ion source cleaning.
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QuEChERS method and GC–MS/MS (December
2020).

Tatiana Cucu received her Ph.D. degree
in the field of food safety and food
quality in 2011 at the University of
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analytical methods for the analysis of
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2015, she joined the Research Institute
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fluid chromatography (SFC), GC–
mass spectroscopy (GC–MS), high
performance liquid chromatography
(HPLC), liquid chromatography–
mass spectroscopy (LC–MS),
multidimensional chromatography (GC–
GC, GC×GC, LC–GC), miniaturization,
and automation of sample preparation.
Christophe Devos received his Ph.D.
degree in analytical chemistry in
2007 from the University of Ghent.
He then joined the RIC group in 2005,
where he was initially involved in
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the development and automation of
novel sample preparation methods
for gas chromatographic analysis.
He presently occupies the position
of Senior Scientist/Project Manager
within the RIC Technologies group,
developing and supporting new
analytical solutions and important
market applications.
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ChromSoc Meeting
Report: Challenges in
Small Molecule Analysis
in the Pharmaceutical
Industry: Part 1
Christina Jayne Vanhinsbergh, The Chromatographic Society

The first part of a review of the recent Chromatographic Society (ChromSoc)
spring symposium meeting focusing on small molecule analysis
Day One (19 May 2022)

Scanrail/stock.adobe.com

Session 1: Small Molecule Analysis—
Pharmaceuticals: The Application
of HTS to Finding New Drugs: The
Chromatographic Society (ChromSoc) Spring
symposium began with a welcome address
from Tony Edge (current president), who
introduced our partners LCGC Europe, who
were filming the event and interviewing
attendees/speakers. After a short welcome,
Tony introduced keynote presenter Tim
Underwood from GlaxoSmithKline (GSK).
Tim’s presentation “Challenging Existing
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Screening Strategies” highlighted the
importance of continuous optimization of
small molecule screening approaches. As
speed of synthesis is a high priority driver
in the pharmaceutical industry, analysts are
continually shouldering the demands of
small molecule purification. Tim discussed
that chromatographic screening approaches
help to reduce process turnaround times and
enable efficient scale-up to purification. In
respect to chiral separations, Tim highlighted
that 5–6 years ago, 32 chiral separations
could be performed in a 72-h period using
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a combination of normal-phase and polar
organic screens. As demand has increased,
GSK has updated their instruments and
columns to achieve faster separation times
and increase the amount of chiral separations
performed. With these updates and the
exploitation of further selectivity by including
a supercritical fluid chromatography (SFC)
system within their instrumentation, 93
separations could be performed in a 2-h
window. Implementation of secondary
screening (for example, using aqueous
reversed-phase conditions) increased this
number to 422 in 50 h, which is a 1200%
improvement in chiral recognition systems.
Tim also discussed achiral screening
approaches and how GSK have optimized
achiral screening using the same approach as
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chiral. His take home message was that SFC
and high performance liquid chromatography
(HPLC) enable an orthogonal screening
approach and the most comprehensive
strategy for small molecules.
Lewis Couchman from Analytical Services
International (ASI) was next to present. His
talk “Turning your LC–MS ‘Up to Eleven’:
Progress in Ultra-Rapid Bioanalysis by LC–MS”
began with re-emphasizing Tim Underwood’s
point on continuous optimization for faster
results. ASI must get results back to clinicians
quickly to facilitate rapid clinical treatment
decisions. Lewis has effectively ditched the
chromatographic column to perform flow
injection mass spectrometry (MS) in under
60 s. The issues Lewis experiences when
analyzing biological samples are matrix
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effects, which can become rate limiting. To
overcome this, Lewis and his colleagues reintroduced a 5 mm column and high flow
rate to perform high resolution LC–MS within
21 s. The result of this approach is decreased
matrix effects and minimal delay volume by
attaching the LC column straight onto the MS
source. Lewis also presented an interesting
case study of rapid dissolution profile testing
on 25 years’ worth of ecstasy tablets to
profile historical dose changes. Rapid LC–MS
analysis enabled 1200 samples to be analyzed
per night. His take-home message was that
high-resolution instrumentation coupled with
pushing the separation speed to as fast as
you can (turning it up to 11) assists in rapid
analytical turnarounds.
The next presentation was “Automating
Analytical Data Batch-Processing in Drug
Discovery with MGears” by Sylvain Demanze
from AstraZeneca. Sylvain highlighted the
fact that laboratories are fast acquiring a
range of robotics to perform high-throughput
experiments. The high-throughput
instruments generate a large volume of data
and the associated software may not process
that data according to the needs of a screen.
A level of “in-house” manual processing may
be required, which is challenging if you have
many data sets to process. MGears is a plugin
of Mnova software that allows the user
to set up automated analytical workflows.
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Sylvain has been using the software to
perform proactive system suitability testing of
instruments, reaction screening experiments,
and large-scale solvent screening for
solubilization of product impurities.
To conclude the morning’s sessions,
Richard Blankley from Agilent presented
“High‑Throughput Mass Spectrometry
Analysis of Synthetic Oligonucleotides—A
Comparison of Data from Fast LC and
RapidFire Methods”. Richard presented
Agilent’s RapidFire 400 high throughput
system for microfluidic solid-phase extraction
coupled with MS screening. The instrument
can hold 140,000 samples and analytical
run times are between 3–15 s. Richard
showed that the data are comparable with
fast LC–MS, reproducible, and quantitative
and this was demonstrated by case reports
on pharmaceutical metabolomic studies and
nitrosamine analysis.
After this, the vendors exhibited over lunch.
Representatives from VWR International,
Buchi UK, Crawford Scientific, Fortis
Technologies, Avantor, Agilent, Elga Veolia,
ATG, and LCGC Europe were networking with
delegates and presenting the latest products
and technologies available for small molecule
analysis or purification.
Session 2: Small Molecule Analysis—
Pharmaceuticals: The Analysis of
Impurities: Lewis Jones from Sensient Flavors
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kicked off session 2 with his presentation
“Eating Ice Cream and Chemical Analysis—
The Joy of Working With Vanilla”. He
highlighted that his company wants to
bring joy to people through their work and
brought vanilla ice cream for the delegates
to eat while he presented. He introduced
the physiochemical processes surrounding
taste and aroma and the chemicals that
are involved in our perception of aroma.
Vanilla originates from South America, but
is primarily grown in Madagascar. The beans
are hand pollinated by the farmers, which
results in the high expense of vanilla. Vanilla
is extracted from these beans through solvent
extraction processes (via ethanol, water,
and carbon dioxide). This creates a range of
different flavours for food or perfume uses at
a range of concentrations. The main quality
marker in the flavour is vanillin, which is
analyzed using HPLC; however, his company
analyze numerous flavour compounds
using gas chromatography–flame ionization
detection (GC–FID) and HPLC–diode array
detection (DAD) for quality control (QC)
of their products. Lewis demonstrated the
“sensomics” approach to quality, which
focuses on identifying compounds associated
with aroma, followed by their quantitation.
Discrimination testing is performed to validate
the compounds in a product by a “napping
method”, which is a descriptive approach
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to assess samples. This approach enables
discrimination between species of vanilla
beans and different extraction processes.
The next presentation was “Method
Development Strategies for Nitrosamine
Analysis” by Brian Montgomery from Avantor.
Brian highlighted that nitrosamines are
formed between amines and nitrate salts and
can potentially form within many different
products (food, plastics, pharmaceuticals,
cosmetics, and environmental products).
These small compounds are genotoxic
and potentially carcinogenic, which
creates a requirement to characterize their
presence within different products. In
2021, the FDA released control guidelines
regarding nitrosamines after trace levels of
nitrosodimethylamine were found in the
pharmaceutical Valsartan in 2018. LC–UV–
MS is a sensitive approach for nitrosamine
analysis, and Brian presented methods for
Valsartan. Chemicalize.org was used to
calculate physicochemical properties for a
modelling approach to optimize the method.
A reversed-phase LC quantitative multiple
reaction monitoring (MRM) MS experiment
was used with stable isotope internal
standards to identify nitrosamines within
samples with <3% CV. Brian stipulated that
a critical element to optimizing the method
is choosing the right internal standard and
MRM transitions for each analyte.
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The final presentation was by Andrew
Feilden from Hall Analytical, who presented
“Extractables and Leachables: The What,
The Why, The How”. Andrew began
with introducing the concept of safe
pharmaceutical products that have not
been altered by extractable or leachable
compounds from the product container, or
that contain any toxic compounds extracted
or leached from the container. A range
of tests are performed to analyze volatile,
semivolatile, nonvolatile, and elemental
compounds, including GC headspace analysis,
GC–MS, LC–UV, LC–MS, LC–charged aerosol
detection (CAD), and inductively coupled
plasma–mass spectrometry (ICP-MS).
Techniques need to be sensitive enough or
coupled with concentration approaches to
identify extractable or leachable compounds
present at low levels. Identification of
the compounds is key, so there is a high
dependence on using multiple methods
to characterize the cohort of extractables
and leachables present within the drug
formulation.
Session 3: Small Molecule Analysis—
Pharmaceuticals: Quality by Design:
John Dean from Northumbria University
was the keynote speaker for the final
session of day one, presenting “Designing
an Exogeneous Volatile Organic Compound
for Biomedical Analysis”. He described a
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project he has collaborated within for the
past decade with Biomerieux—developing
alternatives to bacterial culture analysis
of biosamples within hospitals. One way
of identifying specific bacteria is via the
enzymatic generation of volatile organic
compounds (VOCs) that can be identified
by GC–MS analysis. John described the
quality‑by-design (QbD) approach to
developing a pathway to exogeneous VOC
generation, identifying the considerations
for endogenous enzymes present within
specific bacteria, the enzyme substrate, and
influences on detection and extraction of the
analytes. He presented a case study where
C. difficile was identified by adding 3-fluoro4-hydroxyphenylacetic acid substrate to the
culture sample to enzymatically react with
p-hydroxyphenylacetate decarboxylase within
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the bacteria and produce VOC 2-fluoro-4methylphenol. This was sequentially analyzed
using optimized GC–MS to identify the
bacteria within the samples. John highlighted
that some bacteria, such as salmonella,
will naturally emit hydrogen sulfide that
can be analyzed using static headspace
multi-capillary column GC-ion mobility
spectrometry.
The final presentation of the day was
“Development of Oligonucleotide Impurity
Methods within an AQbD Framework” by
Chris Gripton from GlaxoSmithKline. Chris
described an analytical target profile approach
to optimizing ion-pair reversed-phase
chromatography assays for oligonucleotide
therapeutics. These molecules are highly
chemically modified and this leads to a large
range of oligonucleotide impurities from
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synthesis or degradation pathways. The current
assay methods employ LC–UV–MS analysis
and Chris described how GSK are developing
simpler methods for oligonucleotides. He
highlighted that along with the analytical
target profile, in silico LC method development
tools are used for method optimization. The
amine and counterion choice (or combinations
thereof) is critical for chromatographic and
mass spectrometry performance and to avoid
on-column degradation of the oligonucleotide
therapeutic. A design of experiments (DoE)
approach was applied to method parameters
such as source settings, temperature, and
flow rate to optimize accuracy, selectivity,
and sensitivity. Chris demonstrated that
optimization of methods for oligonucleotides
creates simpler, complementary approaches
to assay impurities or active pharmaceutical
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ingredients (APIs) by LC–UV or LC–MS, and an
analytical quality-by-design (AQbD) framework
is a key tool in focusing on development
strategy.
The evening was concluded with a
barbeque within the racecourse and evening
networking among the vendors, delegates,
and speakers.
Part 2 of this ChromSoc meeting report
will be published in a future issue of The
Column.
Christina Jayne Vanhinsbergh is with The
Chromatographic Society.
E-mail: enquiries@chromsoc.com
Website: www.chromsoc.com
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Tips & Tricks: Column
Order in GPC/SEC
Wolfgang Radke, PSS Polymer Standards Service GmbH, Mainz, Germany

To provide a large molar mass separation range in gel permeation
chromatography/size-exclusion chromatography (GPC/SEC), columns of
different pore sizes are frequently combined. This raises the question of
whether column order influences resolution. This instalment of Tips & Tricks
will discuss the effect of column order on separation efficiency.

Larisa/stock.adobe.com

Gel permeation chromatography/size-exclusion
chromatography (GPC/SEC) separates
macromolecules based on their hydrodynamic
volume. The mechanism of GPC/SEC
involves diffusion-driven distribution of the
macromolecules between the flowing eluent
and the stagnant eluent in the pores of the
column’s packing material. Macromolecules
smaller than the pore size can enter the pores,
while for large molecules the pores are too
small to allow for penetration. Consequently,
large molecules elute sooner than smaller ones.
If the sizes of the macromolecules exceed
the size of the pores, all molecules elute at
the same elution volume. The exclusion limit is
reached. Similarly, for molecules much smaller
than the pores, separation efficiency is low.
The best resolution therefore is achieved if the
macromolecules are of a similar size to the pores.
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As a rule of thumb, a column filled with
particles of a uniform pore size provides a
separation range of approximately two orders in
molar mass (1,2). If the molar mass distribution
of the sample covers a larger molar mass range,
the packing of the columns applied must
provide a range of different pore sizes. This can
be realized by using either columns filled with
mixtures of particles with different pore sizes
(mixed bed or linear columns), or by coupling
several columns—each having a different
average pore size (column combination, column
bank). The advantages and disadvantages
of the two different approaches have been
discussed previously (3).
When combining columns of different pore
sizes certain questions arise, such as which
column should be installed closest to the
injector or the closest to the detector?
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Figure 1: Effect of column order on polystyrene calibration curve. PSS 5 µ SDV columns with
nominal pore sizes of 103, 105, and 106 Å. Column order: 103, 105, 106 (blue), 106, 105, 103 (red).

Figure 2: Effect of column order on the resolution of four polystyrene standards with molar masses
of MP = 2.52 × 106, 277000, 34800, and 3470 g/mol. PSS 5 µ SDV columns with nominal pore
sizes of 103, 105, and 106 Å. Column order: 103, 105, 106 (blue), 106, 105, 103 (red).
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To investigate this question, a set of
styrene‑divinylbenzene-based columns with
pores sizes of 103, 105, and 106 Å was applied.
To avoid changes of dead volume when
changing the column order, an eight-port
two-position valve was installed, allowing
the positions of the first and last column to
be exchanged without disassembling and
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reassembling the column bank. However,
flow direction for all columns was maintained.
Mixtures of polystyrene standards were
injected in THF at a flow rate of 1 mL/min.
Detection was performed using UV at 254 nm.
An injection volume of 20 µL and a total
concentration of 3.5 g/L was chosen.
Figure 1 shows the calibration curves for
polystyrene standards obtained for two
different arrangements of the same columns.
Obviously, the calibration curves superimpose
nicely. Only for the very high molar masses does
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The Effect of Variation of Column
Order on Polystyrene Calibration
Curve and Elution Volume of
Polystyrene Standards

18

a weak deviation appear to be visible. Thus, the
column order had only a weak impact on the
calibration curve, if at all.

Effect of Variation of Column Order on
Resolution of Polystyrene Standards
A closer look was given to the individual
chromatograms. Figure 2 and Figure 3 show
the chromatograms for two sets of polystyrene
standards obtained using different column
orders. In both cases very similar separations
were achieved. Only the highest molar mass
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standards revealed a weak shift to lower elution
volumes when the columns were installed
in order of decreasing pore size. The effect
decreased with diminishing molar mass.
As the elution volume difference between the
high and low molar mass standards increased
when installing the large pore size columns first,
the resolution was enhanced compared to the
inverse column order.
The fact that the high molar mass samples
eluted slightly earlier than those of lower molar
mass when the largest pore size column was
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Figure 3: Effect of column order on the resolution of four polystyrene standards with molar masses
of MP = 1.24 × 106, 130000, 19700, and 1306 g/mol. PSS 5 µ SDV columns with nominal pore
sizes of 103, 105, and 106 Å. Column order: 103, 105, 106 (blue), 106, 105, 103 (red).
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placed first might be attributed to column
overloading, resulting in a too high local
concentration.
When the first column was of a small pore
size, molecules exceeding the first column’s
exclusion limit were not separated from each
other and all eluted together from the first
column. They were therefore introduced
onto the second column at a rather high
concentration.
In contrast, if the large pore size column
was placed first, the high molar mass species
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were rapidly separated from each other and
their concentration was quickly reduced. Thus,
the high molar mass components entered the
second and all following columns at relatively
low concentration. Because the large pores
of the first column were less effective for the
separation of the low molar mass species, those
entered the second column at comparably high
concentrations.
However, the injection of high molar mass
macromolecules at high polymer concentrations
is known to result in a slightly retarded elution
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(4), while the retention volume of low molar
mass macromolecules is less affected by
concentration. Therefore, it is understandable
that a change in column order affects the
elution of the high molar masses more strongly
and has a negligible effect on the lower molar
mass molecules.
However, it should be stressed that the effect
of column order on retention volume is low in
general, and only becomes more pronounced
when approaching the column combinations’
exclusion limit.
The above observations might suggest
installation of the large pore size column close to
the injector and the small pore size column at the
end of the column bank. However, larger pore
size columns are usually less pressure‑resistant.
For this reason, it is recommended to install
the columns in order of increasing pore size.
Only when analyzing very high molar masses
should column order be changed. As very large
macromolecules are prone to flow‑induced chain
elongation and degradation, such analysis should
be run at lower flow rates anyway (4), reducing
the risk associated with high back pressure on
column stability.

Summary
• Varying the column order in GPC/SEC
influences the shape of the calibration
curves only marginally at otherwise
identical conditions.
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• For high molar mass molecules, the resolution
is slightly improved if large pore size columns
are followed by columns of smaller pore size.
• However, columns should preferably be
installed in order of increasing pore sizes
because of stability arguments.
• Only when analyzing very high molar mass
samples should the column order be reversed.
As a further precaution for samples of high
molar mass, the analysis should be performed
at lower flow rates and low concentrations.
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The 33rd International Symposium on Chromatography (ISC 2022) will be
held from 18–22 September 2022 in Budapest. Read on to find out what
attendees can look forward to.

Luciano Mortula-LGM/stock.adobe.com

The 33rd International Symposium on
Chromatography (ISC 2022) will be held
from 18–22 September 2022 in Budapest,
Hungary. The International Symposium
on Chromatography (ISC) represents the
oldest conference series on separation
science. ISC symposia have been organized
since 1956 in each even year. ISC is
one of the premier meetings series of
chromatography and separation science
and covers a broad range of techniques
and applications.
ISC 2022 is going to be the first
significant live event in Europe since 2019
and will cover all fields of chromatography
and separation science.
The major focus of the symposium will
be on the impact of chromatography and
separation science to meet the needs of
the pharmaceutical, environmental, food,
and health industry, as well as science and
medicine. The symposium programme will
reflect these themes and highlight new
challenges and emerging opportunities for
the science and marketing of separation and
detection systems and methods.
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As an integral part of the scientific
programme of lectures and poster sessions,
an international exhibition and vendor
seminars on instrumentation and services
for chromatography, separation science,
and mass spectrometry will be organized.
ISC 2022 will provide the perfect forum for
attendees from academia, industry, and
government research institutions to meet for
scientific exchange and networking.
The symposium programme reflects
all aspects of separation science and
aims to highlight new challenges and
emerging opportunities in the field. The
scientific programme is set to be wide
ranging and diverse with topics including:
new technologies, instrumentations, and
separation media for gas chromatography
(GC), high performance liquid
chromatography (HPLC), supercritical fluid
chromatography (SFC), and electrodriven
separations; mass spectrometry hyphenation
and applications; pharmaceuticals;
biopharmaceutical and biologics; foods,
natural products, health, security;
chemometrics, quality by design, data
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processing; all modes of chromatography
and electrodriven separation techniques;
miniaturized and lab-on-chip systems;
clinical, biomedical, and toxicological analysis
and diagnosis; process chromatography
and process analytical technology;
multidimensional and hyphenated techniques;
sample handling and trace analysis; ‘omics;
complementary and emerging techniques;
3D-printing of separation systems.
During the symposium, prominent
separation scientists will be honoured.
The Halász Medal Award, the Csaba
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Horváth Memorial Award, the Ervin sz.
Kováts Award for Young Scientists of the
Hungarian Society for Separation Sciences,
and the Martin and Jubilee Medals of the
Chromatographic Society will be presented
during the ISC 2022 Symposium. The Joseph
Huber Name Lecture Award of the Austrian
Society of Analytical Chemistry will also be
presented at the award ceremony.
The social programme of the ISC 2022
Budapest Symposium will include opening
and closing receptions, symposium dinner,
and various optional activities.
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Budapest, the capital of Hungary, is an
economic, financial, and cultural centre with
two million inhabitants. The city, which is
beautifully situated on botxh sides of the
Danube River, has a history dating back over
2000 years. The venue—Budapest Congress
Centre—is equipped with a complete
range of conference facilities and is easily
reached by public transport. It is situated
in a pleasant and peaceful chestnut park
and directly connected to Novotel Budapest
City. This is a place where meetings can
be organized in a dynamic and modern
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environment. The centre is fully equipped
with the latest audio‑visual, stage-, light-, and
air‑conditioning technologies.
For more information, please visit the
symposium website at isc2022.hu. For further
details contact Attila Varga, Symposium
Manager, e-mail: diamond@diamondcongress.hu.
Attila Felinger, Symposium Chair
E-mail: diamond@diamond-congress.hu
Website: www.isc2022.hu
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Rising Stars of
Separation Science:
Natalia Manousi
This month we interview Natalia Manousi, from the Laboratory of
Analytical Chemistry at the Department of Chemistry of the Aristotle
University of Thessaloniki in Thessaloniki, Greece, about her work
in the development and application of novel sample preparation
techniques, and the difficulties involved in developing green sample
preparation techniques.
—Interview by Kate Jones

Designec/stock.adobe.com

Q. When did you first encounter
chromatography?
A: I first encountered chromatography during
my B.Sc. diploma thesis. During this, we
aimed to develop a direct ultrahigh-pressure
liquid chromatography–diode array detection
(UHPLC–DAD) method for the determination
of antipsychotics and antidepressant drugs
in different biological fluids. Since then, I
have continued to apply chromatographic
techniques in the development of analytical
methods for the determination of a wide
range of organic compounds in biological,
food, and environmental samples. In the
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meantime, I have also expanded my research
interests in the determination of inorganic
species—including nutrient and toxic
metals, as well as rare earth elements using
spectroscopic techniques.
Q. Can you tell us more about your
Ph.D. thesis?
A: My Ph.D. thesis was about the
development of green sample preparation
techniques based on novel materials for the
determination of environmental pollutants
in food and environmental samples. I
worked on it in the Laboratory of Analytical
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Natalia Manousi defended her Ph.D. thesis in 2022 in the Laboratory
of Analytical Chemistry at the Department of Chemistry of the
Aristotle University of Thessaloniki in Thessaloniki, Greece. She
received her B.Sc. in chemistry (2015) from the Aristotle University of
Thessaloniki and her M.Sc. in analytical chemistry and quality control
(2017) from the National and Kapodistrian University of Athens
supported by the Onassis Foundation Scholarship. She performed
her M.Sc. thesis in the Institute of Chemistry at University of Graz (Austria) under the
framework of the Go Styria research scholarship. She started her Ph.D. in 2018 under
the supervision of George Zachariadis and her research work was supported by the
Hellenic Foundation for Research and Innovation (HFRI). Her Ph.D. topic was on the
development of green sample preparation techniques based on novel materials for
the determination of environmental pollutants in food and in environmental samples.
During her Ph.D., she worked in the Department of Analytical Chemistry at the
Faculty of Chemistry in University Complutense University of Madrid (Spain) in the
research group of Yolanda Madrid, supported by an Utrecht Network Young
Researchers Grant, and in the Institute of Chemical Technologies and Analytics at
Vienna University of Technology (Austria) in the research group of Erwin Rosenberg,
supported by an Erasmus + Studies Grant. She was included in the Next Great
Impossible Project organized by Sigma-Aldrich and the Female Talent Project
organized by the European Central Bank. She has been a member of the organizing
and scientific committee of more than 10 scientific conferences, and she has authored
over 55 peer-reviewed contributions including articles and book chapters.

Chemistry in the School of Chemistry of
Aristotle University of Thessaloniki (AUTH)
in Greece, under the supervision of George
Zachariadis. During my Ph.D. thesis, I have
worked with different modern sample
preparation techniques, including fabric
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phase sorptive extraction (FPSE), capsule
phase microextraction (CPME), magnet
integrated fabric phase sorptive extraction
(MI-FPSE), dispersive solid-phase extraction
(d-SPE), and magnetic solid-phase extraction
(MSPE). Polycyclic aromatic hydrocarbons

10
26

Cucu et al.
Rising Stars

(PAHs) and pesticides, as well as inorganic
pollutants, were the main target analytes
that we aimed to determine in a variety
of food and environmental samples.
Moreover, I worked on the evaluation of the
applicability of novel extraction materials
(that is, sol-gel sorbents, graphene oxide
derivatives) to improve extraction efficiency
and selectivity. The main goal was to find
more sustainable alternatives to conventional
sample preparation techniques, while also
maintaining the fundamental advantages of
well-established techniques.
Q. What chromatographic techniques
have you worked with?
A: During my academic and professional
career as an analytical chemist, I have worked
with high performance liquid chromatography
(HPLC–UV, HPLC–DAD, HPLC–fluorescence
detection [FLD], HPLC–evaporative light
scattering detection [ELSD], HPLC–mass
spectrometry [MS]) and gas chromatography
(GC–flame ionization detection [FID], GC–
electron capture detector [ECD], GC–MS). I
enjoy working with both chromatographic
techniques; I cannot say that I prefer working
with one over the other.
Q. Your primary research focus is the
development and application of novel
sample preparation techniques—what
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specifically attracted you to this area
of research?
A: Sample preparation is undoubtedly one of
the most polluting steps during the analytical
procedure. The development and application
of more sustainable sample preparation
techniques is therefore an important step
towards compliance with the principles of
green analytical chemistry (GAC) (1). Currently,
there is a plethora of novel microextraction
and miniaturized-based extraction techniques
(solid‑phase microextraction [SPME],
liquid‑phase microextraction [LPME], FPSE,
CPME, MSPE, d-SPE), as well as a wide range of
novel extraction materials (carbon nanotubes,
graphene oxide, molecularly imprinted
polymers, metal-organic frameworks, covalent
organic frameworks), with advanced efficiency
towards the extraction of the target analytes.
Thus, the evaluation of different combinations
of extraction techniques and extraction
sorbents and the development of novel
protocols is a highly interesting scientific field
being investigated.
Q. Can you talk a little about the difficulty
of developing green sample preparation
techniques?
A: Although there is currently a great effort
involved in the development of green sample
preparation techniques from a plethora of
research groups worldwide, their application
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in “real-life” experiments is currently limited
and not a lot of them find wide acceptance
from the scientific community. A possible
explanation of this phenomenon is that
although we try to meet the green aspects
that emerge from GAC, the analytical
characteristics and the practical considerations
of these methods are sometimes neglected. A
holistic view that considers the green character
of a method along with practicability issues
(cost and speed) and its analytical efficiency
(sensitivity, accuracy, and precision) was
recently introduced and described as white
analytical chemistry (WAC) (2). Therefore, the
great challenge towards the development
of novel sample preparation techniques is
to meet the terms of WAC and to provide
a compromise between its individual
components.
Q. You have recently published a paper
applying a novel magnetic graphene
oxide nanocomposite modified with
polyaniline (Fe3O4@GO-PANI) for the
extraction of polycyclic aromatic
hydrocarbons (PAHs) and nitrated
polycyclic aromatic hydrocarbons
(N-PAHs) (3). Could you tell us more about
this research project?
A: PAHs and N-PAHs are harmful chemical
compounds that are associated with
carcinogenic, mutagenic, and teratogenic
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activity. Therefore, the determination of
these compounds in environmental matrices
at low concentrations is of high importance.
Among the different extraction and
preconcentration techniques, MSPE is an
interesting alternative to conventional sample
preparation approaches because it exhibits
handling simplicity and reduced organic solvent
consumption. In MSPE, a magnetic sorbent
is directly added to the sample, and it can
be easily removed with the assistance of an
external magnetic field. Currently, there is an
ongoing trend in analytical chemistry towards
the development of novel extraction materials
with increased efficiency and selectivity. In
the aforementioned work, we developed a
magnetic graphene oxide nanocomposite
modified with polyaniline (PANI) in
collaboration with the group of Eleni Deliyanni.
PANI contains a good deal of π-conjugated
structures, increasing the adsorption efficiency
of graphene oxide. The proposed sorbent was
characterized and used for the extraction of
the target analytes from water samples prior
to their determination by GC–MS. The method
showed good performance characteristics and
it was successfully employed for the analysis of
river, mineral, and tap water samples (3).
Q. Why is this research important and
what advantages could it offer over
existing techniques?
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A: In this research it was confirmed that MSPE,
a miniaturized form of solid-phase extraction,
can be a powerful alternative to conventional
sample preparation approaches for the
extraction of PAHs. Miniaturized extraction
approaches are associated with multiple
benefits, including “greenness” and ease in
handling. Moreover, it was clearly proved that
the utilization of advanced sorbents can result
in analytical techniques with good figures of
merit (that is, accuracy, precision, linearity,
sensitivity, and selectivity). These materials
can be easily synthesized in any laboratory.
Thus, we consider this as an encouraging step
towards the synthesis and application of novel
extraction materials in sample preparation.
Q. Are there any challenges involved with
using this sorbent? Could it be used for
any other applications?
A: Due to the two-dimensional plane
structure of graphene oxide and the
π-stacking property of graphene oxide
nanosheets, this material exhibits high
sorption capacity, and it is considered to
be an excellent sorbent for solid-phase
extraction. The preparation of magnetic
nanocomposites combines the benefits of
the extraction efficiency of graphene oxide
and the ease of separation of magnetic
materials. Moreover, the functionalization
with polymeric materials can result in a
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composite material with good dispersibility
and can prevent the potential aggregation
of graphene nanosheets. The applicability
of Fe3O4@GO-PANI could be potentially
expanded for the adsorption of a wide range
of organic molecules (drugs, environmental
pollutants, endocrine-disrupting compounds).
At the same time, this material could serve
as a powerful adsorbent for environmental
remediation, and it could be used for the
removal of organic and inorganic pollutants.
Q. Another of your recent papers
discusses capsule phase microextraction
(CPME) and its first employment in the
extraction of four PAHs from water
samples prior to GC–MS analysis (4).
What is CPME? What is novel about this
research and what advantages does it
offer the analyst?
A: CPME is a recently introduced
microextraction technique developed by
Abuzar Kabir and Kenneth G. Furton from
Florida International University. This sample
preparation technique utilizes in situ prepared
monolithic sol-gel sorbents encapsulated
in porous polypropylene microextraction
capsules (5).
In the aforementioned work, microextraction
capsules containing sol-gel poly(caprolactone)poly(dimethylsiloxane)-poly(caprolactone)
(PCAP-PDMS-PCAP) sorbent were employed
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for the extraction of naphthalene, fluorene,
phenanthrene, and pyrene from water
samples prior to their determination by
GC–MS. Good performance characteristics
and sorbent reusability were demonstrated,
and the proposed protocol was successfully
implemented for the analysis of tap water,
mineral water, and lake water samples (4).
CPME enjoys the enormous advantages of
the sol-gel synthesis process that assure very
high thermal, solvent, and chemical stability of
the sorptive phase, as well as unprecedented
batch-to-batch reproducibility. Due to the
inherent porosity of the CPME capsules, this
technique can be employed for the direct
analysis of samples that contain particulates,
debris, and insoluble matrix interferents,
without any requirement for sample filtration.
Moreover, back-extraction can take place
in specially designed low volume vials, thus
eliminating the need for evaporation and
reconstitution of the sample in lower volumes.
CPME can overcome the need for error-prone
steps during sample preparation, increasing
the speed and the sample throughput. At
the same time, low quantities of organic
solvents are consumed in accordance with the
principles of GAC.
Q. What projects are you working
on next?
A: I will certainly continue working on

29

2
24

Trends in GC
ISC 2022 Preview

Rising Stars

developing novel sample preparation protocols
that meet the terms of GAC and WAC in the
research group of my Ph.D. supervisor and
in collaboration with other research groups.
Currently, we are focused on developing
microextraction protocols for compounds of
bioanalytical interest in collaboration with the
research group of Constantinos Zacharis in the
Laboratory of Pharmaceutical Analysis at the
School of Pharmacy of AUTH. Moreover, my
future steps also include the development of
online automated sample preparation protocols
aimed at reducing human intervention during
sample analysis. Thus, in collaboration with
Aristidis Anthemidis’ group in the Laboratory
of Analytical Chemistry at the Department
of Chemistry of AUTH, we have started to
work on coupling novel extraction materials
with online automated techniques for the
monitoring of environmental pollutants in
food, environmental, and biological samples.
Another future project that we aim to
investigate is the evaluation of novel sample
preparation techniques for untargeted analysis
to explore the volatile metabolome of complex
food samples for authenticity studies in a
collaboration with Natasa Kalogiouri.
Q. What are the emerging trends in
sample preparation?
A: Emerging trends in sample preparation
revolve around the development of sustainable
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and environmentally friendly techniques.
Greening sample preparation is an important
step towards the elimination of organic
solvent consumption and waste generation.
At the same time, it is important to promote
automation that could result in operational
simplicity, enhanced sample throughput,
reduction of errors, and reduced operator
exposure to hazardous reagents.

Zacharis, and Natasa Kalogiouri for our
ongoing collaboration.
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I would also like to thank my Ph.D
supervisor George Zachariadis for all his
support, and also Erwin Rosenberg from
Vienna University of Technology and Yolanda
Madrid from Complutense University of
Madrid for giving me the opportunity to work
in their groups during my Ph.D. thesis. Finally,
I would like to thank Aristidis Anthemidis,
Eleni Deliyanni, Abuzar Kabir, Constantinos
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G.A. Zachariadis, J. Chrom. A 1645(46), 462104
(2021).
4. N. Manousi, A. Kabir, K.G. Furton, E. Rosenberg,
and G.A. Zachariadis, Microchem. J. 166(6),
106210 (2021).
5. A.F. Kabir and K.G. Furton, U.S. patent
2017/0023452A1, 26 January 2017.

Rising Stars of Separation Science
The Column will be running a
series of interviews in 2022,
featuring the next generation of
separation scientists. If you would
like to nominate a “rising star”
for consideration, please send
the name of the candidate and
why they deserve recognition to
Alasdair Matheson, Editor‑in‑Chief,
LCGC Europe and The Column at
amatheson@mjhlifesciences.com
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Top 10 Considerations
for Persistent Organic
Pollutants Analysis by
Gas Chromatography
Ramkumar Dhandapani and Bryan Tackett, Phenomenex, Torrance,
California, USA

Persistent organic pollutants (POPs) analysis by gas chromatography
(GC) presents multiple challenges including critical pair resolution,
temperature stability, reproducibility, and sensitivity issues, to mention
a few. This article expands beyond the basic POPs analysis by GC to
provide the top 10 aspects that need to be considered to obtain reliable
chromatographic results.

Maximlacrimart/stock.adobe.com

Persistent organic pollutants (POPs) are toxic
chemicals that adversely affect human health
and the environment around the world. Most
POPs generated in a single geographic location
travel by wind and/or water to affect wildlife,
human, and aquatic life far from where they
are used and released. They persist in the
environment for long periods of time due to
the inherent stability in their structure, and
accumulate in species and then are passed
through the food chain. There is therefore a
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need to monitor these contaminants both in
environmental and food samples. To address
this global concern, the United States joined 90
other countries and the European community
to sign a groundbreaking United Nations treaty
in Stockholm, Sweden, in May 2001. Under the
treaty, known as the Stockholm Convention,
countries agreed to reduce or eliminate the
production, use, and/or release of 12 key
POPs. The “Dirty Dozen” includes some that
are intentionally produced chemicals (aldrin,
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Figure 2: Comparison of stationary phase selectivity for PAH analysis.

Figure 1: Factors affecting resolution.
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1. Stationary Phase Selectivity for
Resolution Improvement
Resolution improvement in chromatography
can be influenced by three different factors:
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efficiency term, selectivity term, and retention
term, as shown in Figure 1. Out of these three
terms, selectivity is the most influential term to
bring drastic improvement in resolution, which is
presented in the following two examples. In the
first example, polycyclic aromatic hydrocarbons
(PAHs), a class of POPs that has multiple critical
pairs (2), were analyzed on three different
stationary phase selectivities that were designed
for PAH analysis (Figure 2). The chromatogram
demonstrates that, even though all three
columns are of the exact same length and
inner diameter, the change in stationary phase
selectivity can bring in enhanced resolution.
Hence optimal selectivity is the key to resolution
improvement. In addition, stationary phase
selectivity that can recognize small differences
in the analyte can bring in shorter run times in
addition to resolution improvement (3).
Figure 3 represents another example proving
selectivity is most influential for resolution
improvements for GC analysis. In dioxin analysis
by GC–high-resolution mass spectrometry
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13. 5-Methylchrysene
14. Benzo[b]fluoranthene
15. Benzo[k]fluoranthene
16. Benzo[j]fluoranthene
17. Benzo[a]pyrene
18. Indeno[1,2,3-cd]pyrene
19. Dibenz[a,h]anthracene
20. Benzo[g,h,i]perylene
21. Dibenzo[a,l]pyrene
22. Dibenzo[a,e]pyrene
23. Dibenzo[a,i]pyrene
24. Dibenzo[a,h]pyrene
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chlordane, dichlorodiphenyl trichloroethane
[DDT], dieldrin, endrin, heptachlor, mirex,
toxaphene), some that are unintentionally
produced contaminants like polychlorinated
dibenzo-p-dioxins(dioxins) and polychlorinated
dibenzofurans (furans), and a few compounds
that may be intentionally or unintentionally
produced, including hexachlorobenzene
and polychlorinated biphenyls (PCBs) (1).
Aside from these, there are several emerging
contaminants that get added to the list
periodically. The compounds are often also
organized by instrumentation or technique
used for analysis and are classified into POPs
that are analyzed by gas chromatography (GC)
or liquid chromatography (LC). In this article,
we will explore various aspects that need to be
considered for GC POPs analysis.

Sample:
1. Naphthalene
2. Acenaphthylene
3. Acenaphthene
4. Fluorene
5. Phenanthrene
6. Anthracene
7. Flouranthene
8. Pyrene
9. Benzo[c]fluorene
10. Benz[a]anthracene
11. Cyclopenta[c,d]pyrene
12. Chrysene

1.5
1.0
0.5
0
Time (min)

Comparative separations may not be representative of all applications.

(HRMS), special attention is given to 2,3,7,8TCDD separation from the rest of the isomers
(4). Compared to a 5% phenyl arylene-based
stationary phase, a dioxin-specific stationary
phase with higher percentage phenyl provides
better resolution. In fact, this enhancement in
resolution of critical pairs would exceed the
25% valley separation method requirement
from EPA‑1613 for TCDD isomers (5).

2. Group Selective
While analyte-specific resolution and
selectivity are the most important, as a mass
spectrometry user minimal change in columns
between analysis is preferred to reduce
downtime. Many times it is not efficient to run
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a single sample on several different columns
with different selectivities to resolve different
groups of analyte types. Being able to separate
and analyze many different analyte classes on
a single method/column allows for a reduction
in downtime, as well as provide the ability to
have a high‑throughput method for processing
more samples in a given period. Figure 4
shows a representative chromatogram of a
PAH-specific GC column with a highly selective
stationary phase being able to recognize subtle
differences in aromatic structures that resolves
three different class of compounds, PAHs,
PCBs, and terphenyls, in a single run method.
Hence, choosing the correct, highly selective
column can save resources and time for
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Figure 3: Impact of stationary phase selectivity on tetra dioxin separation.

Dioxin Specific GC Selectivity

Figure 4: PAH, PCB, and Terphenyl in one method.
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separation methods involving several different
analyte classes.

3. Peak Shape Enhancement
Gas chromatography follows the “like resolves
like” principle. This essentially means that polar
analytes have better resolution and peak shape
when a polar stationary phase is used and that
same idea is also true of nonpolar analytes.
Proper peak focusing and wetting of stationary
phase prevent overload and asymmetric peaks.
As an example, Figure 5 shows the analysis of
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nitrogen and phosphorous pesticides run on
two columns with identical dimensions, but one
is a low polar 5% phenyl arlene column and
the other is a midpolar, multiresidue analysis
column. Bromacil, a polar analyte represented
by peak 7, had poor peak shape when analyzed
on the 5% phenyl arlene column due to polarity
mismatch. When analyzed on the midpolar
multiresidue column, symmetric peak shapes
were produced for polar analyte bromacil, in
addition to getting good peak shape for all
other analytes. Many times in POPs analysis
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analysts deal with an expansive list of analytes,
including polar and nonpolar components. So,
choosing a moderate polar column gives the
flexibility to achieve symmetric peak shape for
both nonpolar and high polar compounds. In
addition, in POPs analysis, it is also important to
utilize a deactivated fused silica column to help
enhance peak shape. This conceals active spots
in the column that may be otherwise present
in the stationary phase. Premium deactivation
results in reducing analyte breakdown, which is
important for thermally labile POPs such as DDT,
endrin, and mirex (6).

4. Fast Analysis and High Throughput
Many traditional methods for POPs analysis are
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Sample:
1. PCB 31
2. PCB 28
3. PCB-52
4. PCB 101
5. PCB 153
6. PCB118
7. Benzo[c]fluorene
8. PCB138
9. PCB180
10. Benz[a]anthracene
11. Cyclopenta[c,d]pyrene
12. Chrysene
13. Trichlorotriphenyl
14. 5-Methylchrysene
15. Tetrachloroterphenyl
16. Benzo[b]fluoranthene
17. Benzo[k]fluoranthene
18. Benzo[j]fluoranthene
19. Benzo[e]pyrene
20. Benzo[a]pyrene
21. Pentachloroterphenyl
22. Indeno[1,2,3-cd]pyrene
23. Dibenzo[a,h]anthracene
24. Benzo[g,h,i]perylene
25. Dibenzo[a,l]pyrene
26. Dibenzo[a,e]pyrene
27. Dibenzo[a,i]pyrene
28. Dibenzo[a,h]pyrene

very inefficient and time-consuming. There is a
need for method development that will allow for
an increase in the number of samples analyzed
in a shorter amount of time. One way to address
this need is by decreasing the inner diameter
(i.d.) of a GC column. By decreasing the inner
diameter, there is faster mass transfer, which
results in higher efficiency. This means that a
shorter length column can be used and a faster,
yet still accurate, analysis will occur. Figure 6
shows a PAH analysis. On a 30 m × 0.25 mm,
0.2‑µm column, the run time for separation of
all analytes was about 40 min. By decreasing the
column inner diameter from 0.25 to 0.10 mm
and length from 30 m to 10 mm, the run time
was decreased, but resolution of peaks was
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Figure 6: Fast PAH analysis with optimal dimension.
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Figure 5: Peak shape and polarity match for nitrogen and phosphorous pesticides.
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maintained. This was achieved because the
phase-volume ratio of the column stayed the
same between the different sized columns.
The caveat of decreasing column length and
inner diameter is that the sample amount that
can be loaded also decreases, which can affect
resolution and separation of analytes. The user
will have to strike a balance between column
capacity (loadability) and run time to find the
right methodology that will provide fast analysis,
reliable results, and desired resolution.

5. Detector Selectivity and Sensitivity
Traditionally, POPs, like pesticides, were
analyzed with a dual column system and an
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electron capture detector (ECD). For example,
chlorinated pesticides would be run with
a guard column Y splitter running to two
separate GC columns and detectors. These two
columns would have different selectivity so that
all analytes would be resolved and detected
with the ECD. Despite the column selectivity,
there is still uncertainty with the possibility of
matrix coelution and authentic quantitation.
In addition, this solution doesn’t allow for
low limits of detection. Modern methods use
high‑end mass spectrometry with MS/MS
capability or HRMS for authentic detection
and low-level quantification of POPS including
pesticides, PAHs, and PCBs. By utilizing spectral
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resolution in addition to chromatographic
resolution, this helps to improve the quality
of the analysis and to achieve separation of a
wide range of POPs, using a single column for
trace-level detection of analytes.

6. Peak Focusing Effect and Column
Protection for Dioxin Testing
A common extraction mode for POPs testing
involves liquid–liquid extraction (LLE) followed
by preconcentration of the extract. This
technique lacks selectivity for the analytes and
can bring in matrix contaminants. While there
is a requirement for low-level detection and
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sensitivity, it is common to see large volume
injection in dioxin and other POPs analysis.
Due to the extraction and preconcentration,
semivolatile matrix can also enter and settle
on to the GC column head. A guard column
prevents nonvolatile contaminants from entering
the analytical column, prevents excessive
trimming of analytical column, extends GC
column lifetime, improves peak focusing of early
eluters by acting as a retention gap, and the
seamless union of guard and analytical column
provides a leak-free connection. Thus, a GC
guard column helps improve the lifetime of
the analytical column and improves separation
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Figure 7: GC column with integrated guard.

Dhandapani and Tackett

Figure 9: Effect of column maximum
temperature limit on POPs analysis.

phase is preferred in most applications and, in
this case, a column that undergoes extensive
cross-linkage of the stationary phase to provide
low bleed and mass spec compatibility facilitates
a seamless dioxin separation. In addition, MS
compatibility ensures low baseline noise and
eventually increases signal-to-noise ratio to
improve sensitivity.

8. Temperature Stability
Figure 8: Cross section of a WCOT
GC column.

in dioxin analysis. Since the guard portion is a
deactivated fused silica tubing without stationary
phase, it provides minimal retention time change
compared to the analytical column (Figure 7).

7. Mass Spec Compatibility
Modern POPs testing involves high resolution
GC separation followed by MS, HRMS, or MS/
MS. In GC mass spec methods, the transfer‑line
is often kept at an elevated temperature
constantly to avoid reverse condensation of
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vapours. It is therefore essential to have a GC
column that is mass spec-compatible. Figure 8
represents the cross section of a GC column
where the innermost layer stationary phase
needs to have adequate cross-linkage and
proper surface deactivation of the middle layer
in order to get lower bleed. A method-specific
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A GC column’s temperature stability decides
the maximum temperature that can be set
in a GC method. As shown in Figure 9,
temperature stability can play a crucial role in
POPs analysis. The top chromatogram shows
dioxin analysis with high-boiling hexafurans
eluting on a dioxin-specific column with
290 °C as the maximum temperature. Since
the hexafurans are late eluters, they suffer
from diffusion due to their slow elution at
290 °C. By using a dioxin-specific GC column
that can withstand 320/340 °C, the peaks are
sharper, the late eluters are well separated with
better sensitivity, and the analytes elute faster
thereby providing shorter analysis time. It is
therefore equally important to choose the right
selectivity and a column with high temperature
limits to get better sensitivity, resolution, and a
short run time.

9. Reproducibility and Robust Analysis
Column-to-column reproducibility is extremely
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important for POPs analysis separation.
EPA methods such as 1633 (4) have specific
resolution requirements for critical pairs.
Represented in Table 1 is the reproducibility
of dioxin isomers on a dioxin‑specific column.
The low percentage relative standard deviation
(RSD) for relative retention time signifies minimal
variability from column to column. As noticed, it
is very important to consider a stationary phase
that is specially tailored for dioxin testing. A
generic phase such as a 5% phenyl phase may
be optimized for polarity; they are tested with
generic probe analytes, so there is no guarantee
that the critical resolution would be met every
time. On the other hand, method-specific GC
columns for PAH, PCB, and pesticide analysis
are tailored to meet and exceed method
requirements.

10. Reliable Quality
Users rely on quality columns to produce the
best results from their analysis. In most cases,
shortcuts may be adopted by batch testing
these columns. This gives an assumption that all
columns in that batch are reliable if the columns
in the test round pass inspection. However,
for critical analysis like POPs, it is important to
consider a column that is ready to use right
out of the box. Therefore, choose a reliable
GC column that provides assurance on testing
individual columns with subjective evidence on
the certificate of analysis.
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Table 1: Reproducible retention of dioxins
Relative Retention Time (RRT)

Compound

% RSD

Column 1

Column 2

Column 3

2,3,7,8-TCDF

1.000

1.000

1.000

-

1,2,3,7,8-PeCDF

1.098

1.097

1.097

0.05%

2,3,4,7,8-PeCDF

1.127

1.127

1.128

0.05%

1,2,3,4,7,8-HxCDF

1.220

1.223

1.223

0.14%

1,2,3,6,7,8-HxCDF

1.225

1.227

1.228

0.12%

2,3,4,6,7,8-HxCDF

1.248

1.249

1.248

0.05%

1,2,3,7,8,9-HxCDF

1.280

1.277

1.277

0.14%

1,2,3,4,6,7,8-HpCDF

1.321

1.319

1.319

0.09%

1,2,3,4,7,8,9-HpCDF

1.382

1.381

1.318

0.04%

OCDF

1.482

1.485

1.485

0.12%

Conclusion

persistent-organic-pollutants-global-issue-global-

ymous&SortMethod=h%7C-&MaximumDocu-

POPs GC analysis is critical to monitoring the
quality of environmental and food samples
across the world. With evolving standards and
a focus on POPs, it has become a vital part of
regulation testing. When selecting a GC column
or method requirements, it is important to
consider the various aspects discussed above
and weigh up the options to produce the most
accurate results. The parameters for the analyses
outlined display an optimal selection for a robust
and reproducible analysis by GC, all requiring a
high‑quality GC column to accomplish it.
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Ramkumar Dhandapani has been in the
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degree in analytical chemistry from
Seton Hall University, New Jersey, USA,
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multidimensional gas chromatography,
and tandem mass spec techniques. He
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regulatory compliant methods in the
pharmaceutical, food, and environmental
industries, as well as incorporated method
improvement and troubleshooting
across a range of GC techniques. He
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Chromatography at Phenomenex, USA.
In addition to managing the GC product
line, he presents on innovations in GC at
various chromatography conferences.
Bryan Tackett earned a bachelor’s degree
in biochemistry and genetics from Texas
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doctoral degree in translational biology
and molecular medicine from Baylor
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The LCGC Blog: Critical
Evaluation of Analytical
Methods: Liquid
Chromatography with
Mass Spectrometric
Detection
Tony Taylor, Arch Sciences Group and CHROMacademy

We continue our “Critical Evaluation” series with a consideration of liquid
chromatography (LC) methods that use mass spectrometric detection.

chakisatelier/stock.adobe.com

I’ll concentrate on the detector settings that
are typically provided in literature or method
specifications for the mass spectrometric
detector, to discern what we might learn
about potential pitfalls before entering
the laboratory.
From the outset, I will state that critical
evaluation of liquid chromatography–mass
spectrometry (LC–MS) detector settings
is perhaps the most difficult of all the
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extra‑laboratory detective skills to master.
This is primarily due to the differences
between instrument design, the different
nomenclature used by the various
manufacturers for the variables associated
with the source and analyzer components as
well as the recommended values and ranges
for the voltages, voltage offsets, gas flows,
pressures, and temperatures. Perhaps this is
why we, as a community of practitioners,
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Table 1: MRM parameters
Analyte

Q1 (m/z)

Q3 (m/z)

Fragmentor (V)

Collision Energy (V)

THC

315.2

193.1
123.1

136
136

21
23

THC-d3

318.2

196.1

132

25

THC-COOH

345.2

327.2
299.1

128
128

13
17

THC-COOH-d9

354.2

336.2

136

13

THC-OH

331.2

313.2
193.1

120
120

13
29

THC-OH-d3

334.3

316.2

115

9

tend to assume that many of the variables
associated with our mass spectrometry
(MS) detectors for liquid chromatography
are “lock and leave”, that is, we set or
optimize them once and then assume that
these are applicable for all other applications.
The notable exception here would be the
capillary (sprayer) voltage, which tends to
be considered as the universal variable for
optimization in API interfaces. However, I
would argue that the differences between
instrument designs and variables is an even
bigger reason to be critical when adopting
methods from scientific literature or
instrument manufacturers application
notes, especially when the instrument
used in the literature method differs from
your own.
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It’s outside the scope of this short blog to
delve into the theory of atmospheric pressure
ionization (API) mass spectrometry, but for the
interested reader, a short form description of
the relevant processes involved in electrospray
mass spectrometry can be found here:
https://www.chromatographyonline.com/view/
lcgc-blog-underutilized-methods-optimizing-lcms-sensitivity
For all instruments, the following processes
are critical to ionization and ion sampling
within electrospray LC–MS:
• Impart a charge to analyte molecule—
typically through pH adjustment of the
eluent or via induced charging or charge
transfer in the electric field at the tip of the
capillary (sprayer)
• Accumulating an excess of positive or
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negative charge (depending upon detection
mode) into a droplet at the tip of the
capillary (sprayer)
• Increasing the charge (and hence the
repulsive forces) at the surface of the
sprayed droplet by solvent evaporation to
induce droplet jet fission and achieve further
charge density accumulation within the
offspring droplet
• Liberating the charged analyte into the gas
phase (several mechanisms are proposed)
• Preferential sampling of the charged
gas‑phase analytes into the vacuum region
of the mass spectrometer.
Within the mass analyzer, further
important processes common to all mass
analyzing devices include:
• Declustering or fragmenting the analyte
prior to the (first) mass analyzing device
• Filtering gas-phase ions based on their
mass‑to-charge ratio
• Fragmenting ions from the first mass
analyzing device (for MS/MS instruments)
by accelerating the ions through a potential
difference within a cell containing a
collision gas at a given pressure or flow
and temperature.
The values for the variables given within
LC–MS method specifications will all be
associated with one or another of the
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processes highlighted above, and I will attempt
to highlight which variable matches which
process as we move through the remainder of
this blog.
So, to the method for our current study,
which is for a multi-laboratory study of
Δ9‑tetrahydrocannabinol and its metabolites in
whole blood extracts (1).

HPLC Parameters
Column: Bi-phenyl (100 × 2.1 mm)
Mobile phase A: 0.1% formic acid (aq)
Mobile phase B: 0.1% formic acid in acetonitrile
Eluent flow rate: 0.6 mL/min
Gradient (%B): 55% for 3.5 min, ballistic ramp
to 80% B and hold for 2 min

MS Parameters
Mode: Positive electrospray ionization, dynamic
multiple-reaction monitoring
Gas temperature: 320 °C
Gas flow: 10 L/min (nitrogen)
Nebulizer: 30 psi (nitrogen)
Sheath gas temperature: 320 °C
Sheath gas flow: 12 L/min (nitrogen)
Capillary voltage: 3500 V
Cell accelerator voltage: 4 V
The MRM parameters can be seen in
Table 1.
So, I will start by saying that this is a
literature method and a particularly good
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one in that it contains all of the information
necessary to reproduce the method on a
similar instrument or to make important
decisions when transferring the method to a
different manufacturer’s instrument. I should
also add that I’ve not used this method in
anger, so make no claims as to the validity
or appropriateness of the settings for this
particular application.
All of this being said, let’s take a look at the
various settings and see what information the
method might yield prior to us donning our
laboratory PPE and getting hands-on with
our instrument.
This is an electrospray API method (we’ll
look at other ionization modes in a later
blog), and as such we need to ensure that
the eluent flow into the MS interface is
appropriate and does not interfere with
droplet formation processes at the tip of
the capillary (sprayer). If the droplets do not
have time to form and accumulate charge
prior to being dispelled from the tip then
the instrument response will be poor or
non-existent. In modern instruments, where
nebulizing gas is used to help constrain the
droplet growth at the capillary tip in order
to accumulate charged analyte, “usual”
eluent flow rates range from around 0.4
to 1.0 mL/min and anything outside of this
range should be carefully considered and the
manufacturer’s literature consulted. It may be
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that nebulizing gas flow rates can be adjusted
to help with higher- or lower-eluent flows,
but one needs be prepared to make changes
as necessary. At 0.6 mL/min the eluent flow
rate in our method seems to be appropriate.
As I’ve mentioned, the nebulizer gas
pressure is used to control the flow of gas
around the sprayer capillary and helps to
ensure proper droplet formation at the
capillary tip, which is essential for good
sensitivity. The name of this variable and the
appropriate setting and range varies between
manufacturer and instrument design, and it’s
good practice to check instrument manuals to
assess if the setting is to the very high or low
end of the range and assess the validity of the
setting. As noted above, it may be necessary
to use more extreme values of nebulizer gas
flow to cope with very high or very low eluent
flow rates. From personal experience, when
performing design of experiment (DoE)‑based
source optimization, the nebulizer gas flow
rate doesn’t typically feature as a highly
significant variable, and therefore this could be
seen as a secondary variable when assessing
the suitability of a method.
The capillary voltage is widely regarded
as a (if not “the”) primary variable in
affecting the efficiency and sensitivity of
the electrospray process. If one considers
the API interface as an electrochemical cell
that is completed in the gas phase, the
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voltage applied to this circuit controls several
crucial processes, not least of which is the
charge separation that occurs at the capillary
(sprayer) tip. The processes are highly analyteand eluent‑dependent and therefore the
voltage applied to the capillary is of crucial
importance. The effective capillary voltage
range for a particular instrument may be
wider than one might appreciate and, even
if the instrument is producing a signal, it
may be far from optimal, and may also
produce unstable or erratic results. Where
possible, it is always recommended that the
applied voltage to the API is optimized for
each application. From experience, I know
that 3500 V seems an appropriate value
for the instrument cited in the application;
however, I would urge readers to be ready
to optimize the applied voltage setting
with each application and to take the view
that this variable is not a one-size-fits-all
parameter. In DoE experiments, this variable is
very often identified as being significant, but
this is not always the case and it isn’t always
the most significant variable. One needs to
consider the capillary (sprayer) voltage “in the
round” with the other interface parameters
and one should not attempt to optimize the
experiment using this variable alone.
Drying gas temperature and flow (gas
temperature and gas flow in the method
conditions above) are used to control the
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desolvation of the electrospray droplets
as they pass through the ion source. The
desolvation process is crucial in accumulating
surface charge density that leads to droplet
jet fission and ultimately to the release of
gas-phase analyte ions into the ion source.
The droplet desolvation rate is controlled
directly by the drying gas flow rate and
temperature, as is the position within the inlet
where the analyte ions are liberated into the
gas phase. Gas-phase ion liberation needs to
occur as close to the sampling “sweet spot”
as possible within the interface so that the
applied voltage and vacuum can direct the
charged analyte ions into the sampling orifice
of the mass analyzing device. Unsurprisingly
then, drying gas temperature and flow are
often significant variables when optimizing
interface variables in electrospray ionization
experiments. Again, one needs to be aware
of the allowable range for these variables and
assess where in the range the variables in the
method under consideration are set. If the
instrument used in the literature method is
not the same as yours, then an understanding
of where the variables are in the allowable
range of the instrument used will help to
guide the setup of your own instrument.
The instrument used in the literature
method uses sheath gas to form a
temperature gradient concentrically around
the capillary and within the ion source. This
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is purported to “focus” the sprayed droplets,
aid droplet desolvation, and focus analyte
ions into the “sweet spot” of gas-phase ion
sampling within the ion source. In this case,
sheath gas temperature and flow are likely
to take precedent over the drying gas as
primary source optimization parameters. It’s
also worth noting that other manufacturers
have similar adaptations and improvements to
the original electrospray source designs, and
each of these needs to be considered when
assessing literature methods.
The fragmentor voltage controls the
potential difference applied to the first vacuum
region post ion source, which is under only
partial vacuum due to the sampling orifice
being open to atmospheric pressure in the
ion source. Higher potential differences are
used to accelerate analyte ions through this
region to further desolvate analyte ions via
collisions with the background air molecules
and improve the ion filtering and selection
process. At higher potential differences,
and therefore rates of acceleration, analyte
fragmentation can be induced, which can be
a positive or a negative depending upon the
type of spectral experiment being undertaken.
In multiple reaction monitoring (MRM)
experiments, specific precursor and product
ions are selected by the first and second mass
analyzer to increase specificity and sensitivity of
the analysis. One needs to take care that the

39

2
24

Trends in GC
ISC 2022 Preview

The LCGC Blog

fragmentor voltage is set correctly to ensure
that the precursor ion selected for the first
analyzer is either correctly generated or is not
destroyed in the first vacuum region. When
the instrument used in the literature method
is similar to yours, provided that the method
states the required fragmentor voltages, then
instrument setup should be straightforward.
However, if the instrument is different to yours,
then one needs to ensure that the fragmentor
(or equivalent) voltages are appropriate
to ensure the optimum production (or
preservation) of the precursor ion.
The collision cell voltage controls the
acceleration of the precursor ion through this
cell, which is placed between the first and
second mass analyzers. Although in the high
vacuum region of the instrument, the cell is
filled with a collision gas (typically helium or
argon), and accelerating ions through the
gas will cause them to fragment through
collision with the background gas, similar to
the processes discussed in the fragmentor
region. The higher the gas pressure (density)
and the higher the collision cell voltage, the
greater the degree of analyte fragmentation.
Again, one needs to optimize the collision cell
voltage in order to optimize the production
of the analyte product ion and hence the
sensitivity of the system. The collision cell
energy (voltage) is analyte-specific and
should be optimized for each analyte and
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application in the same way as described for
the fragmentor voltage.
Several instruments provide a
software‑driven optimization routine in
which the fragmentor and collision energy
voltages can be optimized either on an
analyte‑by‑analyte basis or by taking into
account the “universal” response where
standards of all analytes are not available. This
point is important as, with all of the actions
described above, one may need to assess the
response of many target analytes, in which
case a general optimum response may need to
be considered, rather than having the luxury
of optimizing one or two target analytes for
which pure standards are available for infusion
or injection via the LC system.
In the short space allowed here, I’ve tried to
highlight some of the thinking processes one
might adopt when considering the use of a
method obtained outside our own laboratory
or organization. Hopefully, I have managed
to highlight that a working knowledge of the
instrument and principles of operation is very
important in being able to do this effectively.
Knowing the parameter ranges for each of
the variables highlighted above is crucial to
evaluate the method, and sometimes this
also requires us to know something of the
instrument on which the original method
was developed, to assess if the variable in
question is at the higher or lower end of the
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range. I should also point out that we have
only considered the major variables here.
There will be many more associated with the
tuning of the analyzing devices, for example,
that I have not considered because they will
be highly instrument-specific. What I know to
be the empirical truth is that one needs to pay
careful attention to the optimization of all of
the ion source and mass analyzer parameters
mentioned to successfully transfer a method
into one’s own laboratory. While we are not
all skilled in or have access to DoE approaches,
simple evaluation of the literature method
against the settings used for other methods
in our laboratory can help enormously with
intercepting problems before entering the
laboratory and troubleshooting them if and
when they occur!
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Training & Events

Training Courses
GC
GC Introduction
Website: www.chromacademy.
com/channels/gc-training-courses/
principles/gc-introduction
GC Troubleshooter
Website: www.chromacademy.
com/channels/gc-training-courses/
troubleshooting/gc-troubleshooter
Operating and Understanding GC
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-fundamentals
GC Headspace
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-headspace
Hands-On Complete GC and
GC–MS
26–30 September 2022
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The Open University, Milton Keynes,
UK
Website: www.anthias.co.uk/trainingcourses/complete-handson-GC-GCMS
HPLC/LC–MS
Understanding HPLC
Website: www.crawfordscientific.com/
training-consultancy/hplc-training/hplcfundamentals
HPLC Troubleshooter
Website: www.chromacademy.
com/channels/hplc-training-courses/
troubleshooting/hplc-troubleshooter
Fundamentals of LC–MS
Website: www.chromacademy.com/
channels/lc-ms/principles/fundamentalsof-lc-ms-video-training-course
LC–MS Introduction
Onsite training
Website: www.chromacademy.
com/channels/lc-ms/principles/lc-msintroduction
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Hands-On Complete HPLC and
LC–MS
14–18 November 2022
Providion Ltd, Oldham, UK
Website: www.anthias.co.uk/trainingcourses/hands-on-complete-LC-LCMS

3–6 October 2022
Online—virtual
Website: https://
mournetrainingservices.com/methodvalidation-biopharma-course/

SAMPLE PREPARATION
Fundamentals of Solid-Phase
Extraction (SPE) Mechanisms
Online training
Website: www.chromacademy.com/
channels/sample-preparation/technique/
fundamentals-of-spe-mechanisms
MISCELLANEOUS
Introduction to Infrared (IR)
Spectroscopy
Online webcast from CHROMacademy
Website: www.chromacademy.
com/channels/infrared/principles/
introduction-to-infrared-spectroscopy
Validation, Verification, and
Transfer of Methods for
Biopharmaceutical Analysis
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Please send your event and training
course information to Kate Jones
kjones@mjhlifesciences.com
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Training & Events

Event News
22–26 August 2022
ACHEMA 2022
Frankfurt, Germany
E-mail: exhibition@dechema.de
Website: www.achema.de

6–9 September 2022
The 10th International Symposium on Recent Advances in Food Analysis (RAFA 2022)
Prague, Czech Republic
E-mail: RAFA2022@vscht.cz
Website: www.rafa2022.eu

13–15 September 2022
Summer School: Automation and Miniaturization in Sample Preparation
Charles University, Faculty of Pharmacy, Hradec Králové, Czech Republic
E-mail: sampleprep22@faf.cuni.cz
Website: www.faf.cuni.cz/SamplePrep2022/

18–22 September 2022
The 33rd International Symposium on Chromatography (ISC 2022)
Budapest, Hungary
Website: https://isc2022.hu
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