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In my January blog (1) I introduced the concept
of critical evaluation of chromatographic
methods as a skill that every analytical chemist
should possess. The ability to predict issues
and highlight unusual method parameters,
before ever entering the laboratory, allows
you to be alert for potential issues with
a separation, or to change the method
(where applicable) prior to initiating any
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experimentation. These detective skills, when
applied in retrospect, are also invaluable
for troubleshooting problems with the
chromatographic separation or quantitative
results.
As with any profession, there really is no
substitute for a lifetime of experience and
the “school of hard knocks” is a successful
school indeed, however, the intention with
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Figure 1: Selected barbiturate analytes from the analytical method under consideration.
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extraction method, we will consider only the
chromatographic aspects here, leaving the
evaluation of extraction methods for a future
issue.
Method: column: 5% phenyl
polydimethylsiloxane, 30 m × 0.25 mm,
0.25‑µm; carrier: hydrogen at 60 cm/s,
measured at 60 °C; oven: 60 °C, 60–150 °C
at 25 °C/min, 170–300 °C at 10 °C/min;
injection: splitless, 250 °C, 1 min purge time;
sample: 2 µL of extract (isopropyl alcohol);
detector: MS, 250 °C transfer line full scan
at m/z 40–270 flame ionization detection
(FID), 300 °C, air 450 mL/min, hydrogen
30 mL/min, helium makeup 50 mL/min;
capillary flow splitter with makeup to balance
retention times between both detectors.
So, where to start with the critical
evaluation of a GC method such as this?
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this series is to condense some of these
invaluable lessons into bite-sized articles,
which will help you to quickly gain the
ability to critically evaluate your methods
and link practical issues with methodological
“quirks”.
This time we turn our attention to a gas
chromatography (GC) method that I recently
came across that was producing less than
ideal results. I asked not to know anything
of the problems, rather that I was given the
method to study in the hope that I could
predict some of the issues and hopefully
guide the analyst to a better-performing
method.
The method, outlined below, is for the
analysis of a suite of barbiturate compounds
in an extract from physiological matrices.
While there were a number of issues with the

O
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Figure 2: Pressure and flow calculator used to assess the GC method under consideration.

I always like to know the chemistry of the
analytes, so Figure 1 shows analyte structures
for some of the target analytes in this method.
The barbiturate structures, with their
multiple aldehyde and amine groups, would
indicate that these relatively small analyte
molecules would be reasonably polar in nature.
The Log D value of barbital, for example, is
0.6 at pH 7, falling to 0.1 at pH 8. The GC
column stationary-phase choice is 5% phenyl
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polydimethylsiloxane, however, if separation
problems occur, a more polar phase such as
the 35% phenyl polydimethylsiloxane could be
considered.
The analysis of structurally related target
compounds often requires the use of longer
and narrower bore GC columns, especially
when using apolar phases, which tend to
separate on analyte volatility. Where boiling
points do not differ greatly, a stationary phase
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that can chemically discriminate between
analytes should be considered. This seems
to be the case for our analytes above. Once
in the laboratory, if we discover that there
is poor resolution between analytes, apart
from selecting a more highly polar stationary
phase as discussed above, we may need
to move to a longer (60 m) column, or to
reducing the column internal diameter to drive
the separation through improved efficiency
rather than chemical means. Of course, a
longer column will extend the analysis time,
and the use of 0.18 mm internal diameter
columns requires careful planning and reduced
extracolumn volumes within the GC system.
Because the barbiturate analytes are not highly
volatile, the relatively thin stationary phase film
should be satisfactory.
For more information on GC column phase
selection see the following links: https://www.
crawfordscientific.com/chromatographyblog/post/gc-column-selection; https://www.
chromatographyonline.com/view/lcgc-blogchromatography-technical-tips-pragmatic-gccolumn-selection-principles
Using hydrogen carrier gas with mass
spectrometry (MS) detection should always
be considered as a potential issue because of
the vacuum at the outlet of the GC column,
which can lead to very low injector head
pressure requirements. One should consider
the gas chromatograph head pressure
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requirements because very low values
may lead to irreproducible retention times,
separation variability, or even an inability for
the instrument to attain or maintain a pressure
set point. While 60 cm/s is a reasonable linear
velocity for hydrogen as a carrier gas with
the column dimensions used in the method,
due to the fact that we have a vacuum at the
column outlet (meaning the MS detector),
the head pressure associated with this linear
velocity under the method conditions is only
around 2 psi, which may be difficult for the
instrument gas pressure control systems to
deliver in a reliable fashion, even though
the quality and reliability of gas pressure or
flow control units are very high in modern
instruments.
I used a manufacturer’s pressure/flow
calculator to calculate the pressure required to
achieve the desired linear velocity of the carrier
gas under the method conditions ahead of
even venturing into the laboratory. These tools
are excellent for our critical evaluation toolkit,
and help to evaluate and anticipate problems
such as those described above. The use of
wider-bore capillary columns with low linear
velocities, the use of hydrogen as a carrier
gas, and the fact that MS detectors present
us with a vacuum at the column outlet can
all give rise to potential problems with low
carrier gas outlet pressures, all of which can be
investigated ahead of any practical work, using
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the type or pressure/flow calculator shown
in Figure 2. One further parameter worthy
of note is the outlet flow, which is shown in
Figure 2. In this case, the flow is actually split
between the mass spectrometer and a flame
ionization detector (FID) using a capillary flow
splitting device, so we cannot assume that
the full 1.1 mL/min of carrier gas reaches the
spectrometer. However, this is not always
the case and it is worthwhile to “predict”
the outlet flow coming from the analytical
column to ensure that it does not exceed the
maximum for the spectrometer in use. Even
though modern vacuum pumps can often
withstand gas flows of 2 or even 4 mL/min
of carrier gas flow (check the manufacturer’s
flow or pressure limits for your particular
instrument), it is always good practice to
check the column outlet flow rate under your
particular experimental combination of carrier
gas type, pressure, and column dimensions.
Exceeding the carrier gas flow limits will cause
a noticeable reduction in the performance of
the detector, especially in terms of the analyte
ionization characteristics (spectral appearance
or analytical sensitivity), and may even cause
the instrument to shut down. One should also
bear in mind that the use of hydrogen carrier
may require adjustments to the MS instrument
hardware and may also result in changes to
the spectra of certain analyte types. For further
information on the use of hydrogen with MS
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detectors, see the following links: https://
www.crawfordscientific.com/chromatographyblog/post/hydrogen-carrier-gas-ms-detection;
https://www.chromatographyonline.com/view/
lcgc-blog-using-hydrogen-carrier-gas-massspectrometric-detection
When using splitless injection, it is typical to
start the oven temperature program at around
20 ºC below the boiling point of the sample
solvent to ensure good thermal focusing of the
analyte at the head of the analytical column,
and therefore sharp, rather than broad or split
peaks. In this case, the solvent is isopropyl
alcohol with a boiling point of around 82 ºC
and an oven starting temperature of 60 ºC
seems appropriate; we would assume that the
earlier eluting peaks within the chromatogram
should be “sharp” from a chromatographic
perspective. This so-called “solvent-focusing”
phenomenon applies mainly to earlier eluting
species because it is assumed that the more
volatile analytes will remain associated with
the injection solvent vapour when transitioning
from the inlet onto the analytical column. If
the starting oven temperature were any higher,
the solvent containing the analyte molecules
would be unable to condense onto the inner
walls of the capillary column, which is the
basis of the solvent-focusing effect, and peak
shape broadening or deformation could occur.
It should also be noted that it is usual practice
to hold the initial oven temperature to allow
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Figure 3: Vapour volume calculator used to assess the possibility of backflash during injection.

optimum peak focusing through both thermal
and solvent effects. In this method there is
no initial hold time, and this can potentially
lead to peak shape deformation (typically
peak splitting/tailing) and issues with peak
area reproducibility. One should consider the
introduction of an isothermal period that
initially matches the purge time (see below)
and which can be empirically optimized by
extending or shortening the hold time to
overcome any peak shape issues.
There are two further important
considerations when investigating potential
issues with a new method that uses splitless
injection: the injection volume and the splitless
or purge time associated with the injection
phase. Splitless injection, as you may be
aware, is used when we need to introduce all,
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or the vast majority, of our sample onto the
GC column to obtain the required sensitivity
when analytes are present at very low
concentrations. To achieve this, during the first
part of the injection phase, the split valve is
closed and all of the sample vapour produced
in the inlet is passed to the column. After a
predefined time, the split valve is opened, and
any residual solvent/sample vapours are vented
from the inlet to avoid large or tailing solvent
peaks and rising baselines, as well as to protect
the inlet from contamination. It is important
that during the splitless phase of the analysis,
the volume of sample vapours generated does
not exceed the available volume within the
inlet (predominantly defined by the internal
volume of the inlet liner). If the inlet volume
is exceeded, a process colloquially known as

The LCGC Blog
Miles and Hughes

28

8

News

Sisters in Science

32

“backflash” can occur. Backflash may lead to
deposition of analyte within the gas supply
and outlet lines leading into and out of the
inlet, ultimately risking carryover and problems
with quantitative reproducibility.
Again, I have used a helpful tool to
predict the vapour volume created under
the conditions used in our method. Figure 3
shows that the 2-mL injection under the inlet
conditions selected is dangerously close to the
total volume of the liner chosen. If issues with
carryover are encountered when implementing
the method, one might consider reducing
the injected volume, as long as sensitivity
requirements can still be met. Alternatively,
one could also consider a pressure-pulsed
injection, where the inlet pressure is
raised during the injection to constrict the
expansion of the sample vapour. This will
avoid backflashing the solvent vapour, while
retaining the 2-mL sample injection size.
For a more comprehensive treatment
of optimizing splitless injection conditions
with pressure pulsed injection, see these
links: https://www.chromatographyonline.
com/view/lcgc-blog-improve-sensitivity-andreproducibility-using-pulsed-pressure-splitlessgc-injection; https://www.crawfordscientific.
com/chromatography-blog/post/pulsedpressure-splitless-gc-inject
The purge or spiltless time corresponds to
the time at which the split vent is opened to
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release any lingering vapours and needs to
be optimized empirically. Typically, one would
begin with a shorter purge time (30 s would
be typical), and the purge time lengthened
until the peak area of analytes stabilizes. Too
short a purge time leads to analytes that have
not passed onto the column being lost from
the split line. Typically, the analyte peak area
will stabilize and remain constant, and the
purge time should be increased in 10–15 s
increments until the peak area stabilizes
and the purge time is set to the value that
corresponds to the second time increment
where peak area remains stable. The 1-min
purge time within the method seems
reasonable. However, if the solvent peak tails
or the baseline is noisy and rises dramatically
throughout the analysis, one may consider
reducing the purge time.
Without seeing a chromatogram, it is
very difficult to predict the suitability of the
temperature program gradient; however,
when analytes are very similar in chemistry
(homologs and such), the rule of thumb is
that lower ramp rates tend to work better.
The 25 ºC ramp rate at the start of the
analysis should be carefully considered if
problems with selectivity or resolution are
encountered. However, as the gradient
program in our method slows to 10 ºC per
min from 170 ºC, then I suspect that any
problematic analyte peak pairs occur from
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4 min onwards within the chromatogram,
and the rapid initial program is merely
used to reduce overall analysis time. If one
finds a need to further optimize the oven
temperature gradient, many good tips
can be found at these links: https://www.
crawfordscientific.com/chromatography-blog/
post/gc-temperature-program-development;
https://www.chromatographyonline.
com/view/lcgc-blog-heat-insights-morelogical-approach-gc-temperature-programdevelopment
In terms of the FID parameters, the absolute
values for temperature and gas-flow rates
will vary by manufacturer, though we can
highlight some general principles. It is usual
to keep the detector temperature elevated
above the final oven temperature to prevent
condensation effects. One should consider
raising the detector temperature from
300 ºC to 325 ºC or 350 ºC to prevent water
condensation in the detector, which reduces
sensitivity, and to reduce the risk of analyte
deposition within the detector body. The
gas-flow settings within the method seem
reasonable, although most methods tend to
have similar gas flow for the fuel (hydrogen)
and makeup (helium) gas flows, typically
because they have not been optimized to
obtain the best sensitivity. In our example, the
makeup flow is higher than the fuel gas flow,
but this may well be because the method has
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been optimized. If not, we should consider
reducing the makeup gas flow. Typically, the
air-to-fuel gas ratio would be around 10:1,
and in the method cited the ratio is a little
higher than this. Again, if sensitivity needs to
be improved, one might consider lowering the
airflow rate or slightly increasing the fuel gas
flow; however, these recommended settings
are somewhat manufacturer-dependant.
The MSD transfer line is a heated line
that carries the column effluent from the
oven to the ion source within the detector.
The temperature of the transfer line should
be set to avoid condensation of analytes
within the heated region, which may result
in reduced method sensitivity and carryover.
It is recommended that the transfer line
temperature should not be more than 20 ºC
below the oven temperature; therefore, in
our method, we should consider raising the
transfer line temperature to at least 280 ºC.
No further details are given regarding the
other MS parameter settings, which is an
omission in the method specification. For
brevity, we will consider critical evaluation of
MS detector settings in a future blog entry.
Who would have thought that there was
so much to discuss from a few simple GC
method settings! The skill in critical evaluation
of methods is to be prepared, and almost to
predict issues before they occur. In reality, this
method may work perfectly well in practice;
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however, undertaking this short evaluation
exercise will allow us to prepare for any
problems, and to prioritize the adjustments
we might need to make if specific issues arise.
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Agilent Announces the 2022 Darlene Solomon Award
Federica Fiorini from the Grenoble Alpes University Hospital,
France, has been awarded the 2022 Darlene Solomon Award by
Agilent Technologies (California, USA) and FeMS (Females in Mass
Spectrometry).
“I am extremely honoured and excited to be receiving such an
important award. Mass spectrometry-based metabolomics has
the enormous potential of enabling the deciphering of global
and dynamic responses to biological events. I am eager to further
contribute to this field,” said Fiorini.
The award was presented at the iSLS10–10th International
Singapore Lipid Symposium, which was held 8–10 March 2022 at
the National University of Singapore. It was created for early‑career
female scientists to promote mass spectrometry research and provide
financial support to attend various mass spectrometry conferences.
As the 2022 awardee, Fiorini will be able to travel to mass
spectrometry conferences, as well as
spend time at the state-of-the-art Agilent
Global Solutions Development Center
in Singapore, working alongside senior
Agilent scientists to gain hands-on
practical experience.
FeMS is an international community‑led
initiative to create a network of
support for women in the field of mass
spectrometry. More information and
resources can be found at https://
femalesinms.com

The Ebola virus (EBOV), the causative agent of Ebola virus disease (EVD), is a severe and often fatal illness. Zoonotic in
origin, the disease is transmitted from wild animals to humans, with numerous species acting as a disease reservoir.
Certain bat species are thought to be the primary source, and they subsequently pass the disease to other species, such as
humans, apes, monkeys, and antelopes. Importantly, the disease is also capable of human-to-human transmission. Frequent
outbreaks occur in sub-Saharan Africa, but the disease has threatened to spread to other continents, with a few notable
cases occurring in the USA in 2014 causing widespread panic. One of the major challenges of controlled Ebola is the speed
at which symptoms can manifest. The resulting hemorrhagic fever features an unpleasant medley of symptoms including
vomiting, diarrhea, rash, symptoms of impaired kidney and liver function, and in some cases internal and external bleeding,
such as oozing from the gums or bloody excrement (1). All of which results in a case fatality rate of around 50%, although
these have varied from 25% to 90% in past outbreaks.
Vaccines do exist for the disease, but unfortunately there are limited therapeutic options once the disease is caught, with
an urgent need to develop novel anti-EBOV agents. Over 50% of approved drugs are natural products or their derivatives
and mimics, highlighting the importance of plants as a source for drug discovery (2).
As such, researchers actively searched for inhibitors of the Ebola virus from over 500 medicinal plant extracts,
utilizing size‑exclusion chromatography (SEC) and high performance liquid chromatography (HPLC) alongside cell-based
assays with replication-incompetent pseudotyped viral particles to identify antiviral lead compounds (3), in a so-called
“one‑stone‑two‑birds” protocol first reported in 2011 (4). This led to the discovery of Maesa perlarius as an anti-EBOV plant
lead. Extracts from the stems of this plant showed an inhibitory effect against Ebola-virus-pseudotyped particles (EBOVpp).
Further investigation identified these as flavan-3-ol oligomers, and in particular B-type procyanidins belonging to a class
of condensed tannins. Researchers believe these molecules can be used as scaffolds for a target-oriented synthesis of
additional analogues possessing improved anti-EBOV potency.—L.B.

3. N.Y. Tsang et al., Int. J. Mol. Sci. 23, 2620 (2022). doi: https://doi.org/ 10.3390/ijms23052620
4. E. Rumschlag-Booms et al., J. Antivir. Antiretrovir. 3, 8–10 (2011).
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ChromSoc 2022 Martin and Jubilee Medal Winners
The Chromatographic Society (ChromSoc) have
announced the winners of their 2022 Martin
Medal and Jubilee Medals as Luigi Mondello,
University of Messina, Italy, Sebastiaan
Eeltink, Free University of Brussels, Belgium,
and Martin Gilar, Waters Corporation,
Massachusetts, USA, respectively.
“The Chromatographic Society is delighted
to be able to acknowledge the work of these
eminent scientists and the impact they are
having in the field of separation science!” said
Tony Edge, President of ChromSoc.
The Martin Medal is named after Professor
A.J.P. Martin who, together with Richard
Synge, received the Nobel Prize for Chemistry
in 1952 for their seminal work on partition
chromatography. The award represents the
highest honour that the Chromatographic
Society confers. The award has been
made in recognition
of Luigi Mondello’s
enormous contribution
to high‑resolution
chromatography
techniques, as well
as the development of hyphenated
and multidimensional “comprehensive”
techniques, applying them to the study of
naturally complex matrices. He is the author

9

2
22

of over 500 publications and the editor/
co‑editor of many prominent chromatography
books. His work in the organization of
chromatographic symposia is also notable,
with the International Symposium on Capillary
Chromatography (ISCC) being inextricably
linked to his name. He has also been involved
with numerous other symposia including
many in South America. Indeed, Mondello’s
commitment to sharing his scientific
knowledge has led to him amassing a total
of 841 conference presentations, and guiding
many students and collaborators towards
positions of seniority within the field.
Luigi Mondello was proud to be awarded
the Martin Medal and told LCGC Europe:
“I feel immense pleasure and pride to
get this honour from the prestigious The
Chromatographic Society. The seminal work
conducted by Professor Martin has profoundly
inspired my work since the early stages
of my career, and this award represents a
mark of acknowledgement bestowed for
my efforts in the field of high-resolution
and multidimensional chromatography. This
achievement will further motivate my future
work and is also a chance to preface my feelings
of gratitude to those who supported me
through this journey.”
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The Jubilee Medal was created in 1982
to mark the 25th anniversary of The
Chromatographic Society, with the intention
of recognizing up-and-coming separation
scientists who have made major use of
separation science in their own field or
important contributions to a particular area of
separations science. This year the society has
decided to announce two winners.
Sebastiaan Eeltink
was awarded the medal
in recognition of his ability
to apply his theoretical
knowledge to the design
and manufacture of highly
novel technology. His laboratory focuses on
the design, development, and application of
modern analytics for high-resolution profiling
of biomolecules, which has led to three patent
applications for spatial three‑dimensional liquid
chromatography and more than 100 scientific
publications on which he is first or senior author.
Upon receiving the award Eeltink praised
his colleagues stating: “This award is in fact
a recognition for teamwork driven by many
postdocs and PhD students working in my team
since 2010.”
Martin Gilar was awarded the medal in
recognition of his ability to drive cutting‑edge
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research in the field of
separation science. The
award committee further
recognized his passion
for supporting the next
generation of scientists,
noting that he can often be seen at conferences
running tutorials, or, most recently, being
actively involved in the organization of events,
such as the recent HPLC 2018 Symposia held
in Washington, D.C, USA. Gilar is a scientific
fellow of the separations R&D group within
Waters Corporation, where he has worked
for the past 23 years. Over this time, he has
published hundreds of papers in a wide variety
of separation science fields, which has led to
him being attributed to 30 patents.
“It is an honour to receive the Jubilee
Medal from the Chromatographic Society and
become part of the community of distinguished
researchers who have received this award.
For me, chromatography has always been an
exciting science and I get as much fun out of
solving separation problems as I do in solving
brain teasers, riddles, and other logic puzzles,”
said Gilar.
LCGC would like to congratulate Luigi,
Sebastiaan, and Martin on receiving these
awards.
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Lipodomic Analysis Using UHPSFC–MS
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Known since the 1980s, supercritical ﬂuid
chromatography (SFC) uses a supercritical ﬂuid
as the mobile phase. The physicochemical
properties of the supercritical fluids lead to
low back pressures, allowing the use of high
ﬂow rates and good solubility properties
when used as the mobile phase. However,
SFC has struggled over the years to gain
acceptance because of instrumental issues in
the early stages of its development. However,
modern ultrahigh-performance supercritical
ﬂuid chromatography (UHPSFC) systems now
offer stable and reproducible results and the
researchers believe the technique can be
utilized effectively across the ‘omics fields.
“The reproducibility was a problem in the
past for SFC, and for me, this is the main
aspect why now SFC can reach the level
where the full potential of this methodology
can be explored and used by researchers
worldwide,” said Michal Holčapeck.
“The advantages of UHPSFC–MS over
ultrahigh‑pressure liquid chromatography
(UHPLC)–MS are based on the
physicochemical properties of the supercritical
fluid or eventual subcritical fluid, which is
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often the case in real operating conditions.
The polarity of supercritical carbon dioxide as
the most prevailing SFC solvent is comparable
to that of hexane and, therefore, the method
is perfectly suited for all nonpolar molecules.
This results in an outstanding sensitivity for
nonpolar molecules. The speed of analysis
is a highly appreciated feature, especially for
high-throughput analysis. The van Deemter
curves for UHPSFC and UHPLC clearly explain
why we can increase the flow rate without
loss of performance and with reduced risk of
system overpressure. Moreover, there is still
space for improvement when the pressure
limit of current systems is increased. In some
cases, UHPSFC offers different selectivities,
which may be an example of ultrafast
chiral separations of some pharmaceutical
compounds.”
For those considering using UHPSFC–MS,
the researchers believe the methodological
switch from UHPLC–MS is not too difﬁcult,
as both techniques are very similar, plus the
potential benefits, especially for nonpolar lipid
classes as well as polar phospholipids and
sphingolipids, are well worth consideration.
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“I think that the methodology itself is ready
to be immediately adopted by the wider
research community,” continued Holčapeck.
The robustness and high-throughput of
UHPSFC–MS potentially makes it ideal for
routine clinical laboratories with thousands of
samples; despite its past difficulties, SFC could
be worth a second consideration.—L.B.

Reference
1.

D. Wolrab et al., Trends Anal. Chem. 149,
116546 (2022). doi: https://doi.org/10.1016/j.
trac.2022.116546
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The analysis of lipids in biological
systems, also known as lipidomics, is an
incredibly diverse area of research, with
wide-reaching consequences, from the
understanding of cell signalling to unravelling
the complexities of diseases, such as
cancer or neurodegenerative disorders.
Chromatography plays a key role in lipidomic
analysis, with three main approaches
emerging in the form of separation coupled
to mass spectrometry (MS), direct infusion
of the sample to MS (shotgun), and
desorption ionization techniques coupled to
MS. The separation prior to MS is generally
performed using either gas chromatography
(GC) or liquid chromatography (LC), but
both techniques have their limitations and
strengths. In the case of GC, the necessity
of derivatization, and in LC the characteristic
polarity ranges depending on the separation
mode. However, researchers from the
University of Pardubice, in Pardubice, Czech
Republic, believe a third technique, which
combines the advantages of GC and LC,
is worth consideration and have recently
published a paper making the case (1).

18
HPLC 2022 Preview

Tips & Tricks

36

Rising Star

The Column

www.chromatographyonline.com

News

Peaks of the Month
•

News In Brief

The LCGC Blog: She Separates—The Female Voices of Separation Science—This time of year
tends to serve as a reminder that while women may be entering more degrees and careers in science
than ever before, there is still a need to advocate for gender parity in many sectors. Read Here>>

martinjanecek/stock.adobe.com

• 	Rising Stars of Separation Science: Victor U. Weiss—The Column interviewed Victor U. Weiss,
Assistant Professor at TU Wien, about his focus on the analysis and electrophoretic separation of
nanoparticles from organic, inorganic, and biological sources, and the concept behind nES GEMMA.
Read Here>>
• 	Supercritical Fluid Chromatography for Chiral Analysis, Part 1: Theoretical Background—
With the substantial developments carried out over the past years in instrumentation, columns,
and detector hyphenation, the interest in chiral supercritical fluid chromatography (SFC) has been
steadily growing in various fields. In the first part of this review article, the theoretical advantages,
technological developments, and common practices in chiral SFC are discussed. Read Here>>
• 	But Why Doesn’t It Get Better? Kinetic Plots for Liquid Chromatography, Part 2: Making and
Interpreting the Plots—A kinetic plot is a powerful tool, but how do you construct one—from
either experimental data or data from other sources? We explain. Read Here>>

Pasko Maksim/stock.adobe.com

rudall30/stock.adobe.com

• 	PFAS Analytical Challenges: Regulations and Methods Unravelled—How to successfully identify
and measure PFAS and adapt to the evolving regulatory requirements for a wide variety of sample
matrices using LC–MS/MS Read Here>>
• 	Portable GC Coffee Analysis—Researchers have performed a volatile organic compound (VOC)
analysis of coffee beans using person-portable gas chromatography–toroidal ion-trap mass
spectrometry (ppGC–TMS), and then compared it to a benchtop GC system. Read Here>>
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Toxys BV Announces US Expansion
Toxys BV (Oegstgeest, the Netherlands) has
announced the opening of a sales office in
New York (New York, USA), and a production
facility in Gaithersburg (Maryland, USA), to
accelerate the company’s growth. With these
new facilities, Toxys will be able to better
serve its clients in North America and make
the Toxys assays readily available. The opening
of an office and production facility in the
US supports the company’s growth strategy
to become a global supplier of mechanistic
in vitro chemical safety assays. These assays
provide animal-free safety testing of novel
medicines, chemicals, and consumer products.
“The decision to expand our presence into
the United States was a logical step in our
business growth strategy,” said Giel Hendriks,
Toxys Inc. President. For more information,
please visit: www.toxys.com

Veraxa Biotech Appoints New CTO
Lars Hufnagel has been appointed Chief
Technical Officer (CTO) of Veraxa Biotech
(Heidelberg, Germany). Hufnagel joins
Veraxa from Bruker Corporation, where
he served as CTO for the company’s
fluorescence microscopy business, and
General Manager of the Luxendo business
unit. “I am looking forward to working with
a highly talented team to help achieve our
mission of transforming the field of antibody
therapeutics and engineering,” said Hufnagel.
For more information, please visit:
https://veraxa.com/
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Application of a
Risk‑Based Approach
to the Migration of
Validated Test Methods
Douglas Turk1, Uttam Ghosh1, and Stephanie Harden2, 1Eurofins BPT, Toronto, Canada,
2
Waters Corporation, Milford, Massachusetts, USA

The adoption of a risk-based approach to the migration of validated
methods in a regulated laboratory is a proactive way of ensuring the
actions and control strategy needed for a successful migration to new
analytical platforms are in place. Completing this level of due diligence
ensures confidence in the performance and equivalency of the new
instrumentation by predicting method performance and identifying control
strategies, if necessary. For contract research organizations (CROs), this
approach to method migration also helps demonstrate to clients that their
validated methods will run as intended on new technology platforms,
without any need for revalidation.

Pixel-Shot/stock.adobe.com

To mitigate the risks posed by an ageing
installed base, laboratories often look
to new technology that offers improved
performance, reduced downtime, and lower
service costs, while faithfully replicating
existing validated assays. Consideration of
current and forthcoming regulatory guidelines
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and compliance requirements as well as
vendor support are key considerations when
evaluating both hardware and software.
Pharmaceutical and biopharmaceutical
businesses are now adopting quality by
design (QbD) principles to help manage
analytical methods throughout their
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Figure 1: Simplified fishbone diagram showing the variables included in the risk assessment (1).
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maintenance and the timely upgrade of
ageing assets are important aspects of this
modern approach. Many contract research
organizations (CROs) have an ongoing
replacement strategy and budget accordingly
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to update ageing analytical instrumentation
at short notice because of declining
performance and increasing maintenance
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The new HIC-ESP ion chromatograph features the same low carry-over and
excellent injection precision characteristics of Shimadzu HPLCs to ensure
highly reliable results in quantitative ion analysis. The newly developed, lowvolume anion suppressor minimizes band spreading to achieve the highest
sensitivity, providing stable functionality even over long periods of use, while
the system’s small footprint offers more efficient use of laboratory bench
space.
High sensitivity, reliability and robustness
through use of the new patent-pending ICDS-40A anion suppressor
Outstanding performance in a compact design
with optimized solvent delivery, low carry-over and fast injection speeds
Seamless integration with LabSolutions software platform
simplifies analysis settings, data processing/review and reporting while
ensuring data integrity

HIC-ESP Ion Chromatograph

www.shimadzu.eu /small-packages

12
HTC-17 Preview

Turk et al.

34

18
HPLC 2022 Preview

Tips & Tricks

36

Rising Star

The Column

www.chromatographyonline.com

Turk et al.

Figure 2: An example of a risk assessment outcome for the movement of a method from an ageing HPLC to a Waters Arc HPLC for a
gradient method (1).
Potential Variables

Potential to Impact
Retention Time

Precision

Resolution

Sensitivity

Tailing

Dimensions and material of the tubing
Injector to column
Column to detector
Flow cell tubing
Extra volume @ 4 σ

Colour
Indication

Risk Level
High - the difference
will impact results
Medium - the
difference may
impact results
Low - the difference
will not impact results

Approach

No impact to chromatography as long as flow rate is kept to 5 mL/min or below;
however, Arc HPLC is not suitable for analytical procedures requiring a flow rate
greater than 5 mL/min.
Flow operating range
Typical use will be between 0.1 mL/min and 3.0 mL/min, which is within the
operating range of both instruments. The Arc HPLC offers lower flow capability,
which is a positive risk.
Mixer
Minimum sample
requirement
Injection accuracy

Injection precision
Injection mechanism
Aspiration solvent
Maximum operating
range (pressure)

Could impact precision and sensitivity, however, the analytical procedures that will
run on the Arc HPLC system scenario do not typically require low sample volumes.
Both instruments report values within the normal operating range required by
the analytical procedures for which it will be used. The Arc HPLC offers improved
precision and accuracy, therefore difference is considered a positive risk.
Typically, HPLC analytical procedures have injection volumes between 10 and 50 μL.
The Arc HPLC offers improved precision over this range by using a 100 μL syringe,
therefore considered a positive risk.
Carryover may impact precisions and sensitivity. A separate line/purge solvent
reduces potential for carryover. This is an improved performance feature of the Arc
HPLC. Difference considered a positive risk.
No impact to chromatography; improved performance feature of the Arc HPLC,
difference is considered a positive risk.

Where necessary or beneficial, CROs will
work closely with clients to demonstrate that
their established methods will run as intended
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on newer technology platforms, without any
need for revalidation. Updated platforms can
allow both the laboratory and the customer
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to keep pace with changing regulatory
compliance demands, and improved
instrument performance and up time will help

12
HTC-17 Preview

Turk et al.

34

ensure deadlines are met and costs are kept
to a minimum.
We recently conducted an evaluation to
assess the potential impact of upgrading
an ageing high performance liquid
chromatography (HPLC) fleet on business
continuity and to determine whether existing
test methods could be migrated seamlessly,
and equivalency demonstrated.

Risk assessment is a key element of QbD.
A risk-based approach to the migration
of validated methods can help measure
the potential impact of differences in
instrumentation and software on the
performance of the method. This helps
companies to make an informed decision
when investing in new analytical technology
based on the potential cost and time savings
provided by technological advances and new
software functionality.
The complexity of the risk assessment
depends upon the type and extent of
differences between instruments and the
level of necessary adjustments or controls
required to mitigate any potential risk.
The process starts prior to the purchase of
new technology, with a risk assessment of
how instrument differences could impact
validated procedures, followed by the
creation of testing strategies to determine
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Figure 3: Comparison of chromatographic data for the analysis of an API and its impurities,
demonstrating effective method migration from an ageing HPLC system to a Waters Arc
HPLC system.
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Even if the eventual results support the
equivalence of the two instruments without
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the need for the implementation of control
strategies, completing this level of due
diligence upfront ensures confidence in the
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performance and equivalency of the new
instrumentation.
When properly designed and applied,
risk‑based analysis for the migration of legacy
methods in a regulatory environment can
help users:
• Understand considerations to make when
purchasing or upgrading assets;
• Focus on the relevant performance or
technical aspects of the instrument
specifications;
• Predict the impact of a new instrument on
the analytical procedure performance;
• Proactively prevent issues due to instrument
differences by making allowable instrument
adjustments to align the differences;
• Demonstrate instrument suitability.

Experimental
The phases of the project included:
1. Installation of the new HPLC system, plus
running instrument suitability and other
necessary tests to ensure the system was in
operable condition.
2. Comparison of the specifications of the
current system vs. the new HPLC system.
3. Development of risk assessments and
control strategies for a specified method (see
Figure 1 for the variables included in the risk
assessment).
4. Demonstration of instrument performance
comparability.
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5. Confirmation that the new instrument’s
performance was equivalent and did not
contribute to method migration failures, with
added controls as determined in the risk
assessment.
The first step of the project was to
compare the specifications of the existing
and the new/upgraded instrument to uncover
differences that could potentially contribute
to inconsistent performance of the analytical
procedure once migrated. Next, a thorough
risk assessment was conducted to specify
each potential variable and to estimate the
level of risk (Figure 2). Based on the potential
size of the impact and risk level, and using
the knowledge gathered, control strategies
could be established.
To demonstrate instrument suitability, the
testing process duplicated the conditions
using the same software (Empower,
Waters) for both instruments: the legacy
HPLC system from another vendor and
the Arc HPLC system (Waters). Evaluating
the instruments under identical conditions
reduced the risk of variables influencing the
testing results. For the comparative testing,
the existing equipment and the new HPLC
system were run with the same column, the
same injections, the same mobile phase,
and the same prep for both instruments.
The testing was performed side-by-side and
back-to-back on the same day to prevent
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issues with mobile phase differences,
sample stability, or column performance.
The instrument comparison targeted a 1%
difference in the relative standard deviation
(RSD) and 3% difference in the absolute
retention times.
The control/adjustment strategy was as
follows:
• Ensure the analytical methods intended to
be moved to the new HPLC have flow rates
and injection volumes within the operating
ranges of both instruments and do not
require low injection volumes;
• Accommodate any differences in tubing at
the time of instrument installation;
• Accommodate any minor physical
adjustments required for mixing
inconsistencies at the time of installation.

Results
The experimental results demonstrated
that the new HPLC instrumentation could
directly replicate existing LC methods
without compromising data quality (Figure 3).
Significantly, the data also confirmed that no
changes to the original method parameters
would be required. The results of this
risk‑based approach can be used to document
the performance and equivalency of the
new instrumentation (1). CROs can also use
these results to demonstrate to clients and
regulatory agencies that validated methods
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Liquid Handler LH 2.1 –
Expand your Purification
• Combine sample injection and fraction
collection
• Scalable injection range up to 60 ml
• Purify from milligrams to several grams
• Flexible arrangement of samples and
fractions via teaching option
• Reinject collected fractions
• Perform in high-throughput peptide and
oligonucleotide workflows

Hall A2
Stand 303
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think LC | think KNAUER
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will run as intended on the new technology
platforms, without any need for revalidation.

Conclusion
As long as the analytical procedures targeted
to be moved to a new instrument comply
with the recommended control strategies
identified through the risk assessment, the
new HPLC instrumentation could directly
replicate existing LC methods without
compromising data quality, as demonstrated
by the investigation (1).
The risk-based approach to instrument
replacement described here can be applied
across different models and vendors, with
the complexity increasing when different
chromatography data systems are used or
performance grades of instrumentation vary.
Even if the LC platforms are very comparable
and the replacement is straightforward,
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without the need for control strategies, this
approach provides confidence in the asset
replacement, and analysts will benefit from
the improved repeatability and consistency
of results offered by more modern HPLC
technology.
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Analytical Procedure Failures When Upgrading or
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Tips & Tricks: Trouble
Analyzing PEGs?
Wolfgang Radke and Heidi Berg, PSS Polymer Standards Service GmbH, Mainz, Germany

The determination of molar mass and molar mass distributions of
polyethylene glycols (PEGs) by size-exclusion chromatography (SEC) is
sometimes complicated by experimental artefacts. This instalment of Tips
& Tricks will discuss experimental details that need to be considered when
analyzing PEGs.

Zerbor/stock.adobe.com

Polyethylene glycols (PEGs) and derivatives
have widespread use as raw materials
in polymeric products and in medical
applications. Therefore, a need exists
to characterize their molar masses
and molar mass distributions. Gel
permeation chromatography/size‑exclusion
chromatography (GPC/SEC) is the most
important chromatographic separation
technique for macromolecules and
polymers, and is also applied in PEG
characterization. Although the structure
of PEGs is simple, GPC/SEC analysis can
sometimes create problems if certain
experimental aspects are not considered
well enough. Problems may arise from
sample preparation and from improper
selection and treatment of the columns.
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Low molar mass PEGs can be dissolved in
a variety of solvents, such as chloroform,
tetrahydrofuran (THF), dimethyl acetamide
(DMAc), methanol, or water. Though PEGs
are soluble in principle in THF, DMAc, and
other solvents, even low molar masses
sometimes dissolve very slowly at room
temperature, and a dissolution even
overnight is sometimes not successful.
However, upon mild heating, the PEGs
usually dissolve quickly. For higher molar
mass PEGs and poly(ethylene oxides)
(PEOs), water is the preferred solvent.

Organic GPC/SEC of PEGs in THF as
Mobile Phase
THF is among the most widely applied
eluents in GPC/SEC, as it allows a large
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Figure 1: Sets of PSS PEG standards run in THF on styrene–divinylbenzene phases from two
different manufacturers.

Figure 2: Polystyrene (red) and PEG (blue) calibration curves obtained on styrene–divinylbenzene
columns from two different manufacturers in pure THF, without TFA conditioning.
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variety of different polymers to be
dissolved. When using THF as an eluent,
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stationary phases based on styrene–
divinylbenzene are often chosen. However,
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with respect to PEGs, chromatographers
often observe distorted peak shapes and
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non-repeatable chromatograms when
using THF on such columns.
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Figure 3: Polystyrene (red) and PEG calibration curve (blue) on a styrene–divinylbenzene-based PSS
column after conditioning using 5% TFA in THF. For comparison, the polystyrene calibration in pure
THF prior to conditioning is provided in black.

Figure 4: Effect of column conditioning on the chromatogram of a set of PSS PEG standards run in
THF on a styrene–divinylbenzene -based PSS column before (red) and after (blue) conditioning with
5% TFA.
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Figure 1 presents chromatograms of
PEG standards obtained on styrene–
divinylbenzene-based columns from two
different manufacturers using pure THF as
the eluent. In both cases distorted peaks
shapes are observed, particularly for the very
high and very low molar masses. However,
odd peak shapes are not observed when
injecting polystyrene standards under the
same conditions. Thus, the columns are
generally in good condition and suitable for
high performance separations. Therefore,
the distorted peak shapes do not result from
damaged columns.
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The unusual elution behaviour can
also be identified by comparing the
PEG and polystyrene calibration curves
in Figure 2. For both columns, the PEG
calibration curve becomes very steep at
higher molar masses, which could be
misinterpreted as the column’s exclusion
limit.
Such interpretation would be incorrect,
however, as evidenced by the fact that
high molar mass polystyrenes elute
significantly before the highest PEG
standards. The unusual elution behaviour
of the PEGs might be a consequence of
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undesired interaction with the stationary
phase and occurs on columns from
different suppliers.
Upon conditioning one column using
5% trifluoro acetic acid (TFA) in THF and
reequilibrating the column to pure THF,
the PEGs and polystyrene standards are
reinjected. While there is only a marginal
effect on the polystyrene calibration (see
Figure 3), the shape of the PEG calibration
differs significantly from those obtained
without TFA conditioning.

12
HTC-17 Preview

Turk et al.

34

8.8

9.0
9.2
Elution Volume (mL)

9.4

9.6

9.8

10.0

10.2

10.4

10.6

10.8

11.0

11.2

11.4

Not only is the calibration curve
significantly altered by conditioning the
column, the peak shapes of PEGs are also
improved significantly, as seen in Figure 4.
Thus, preconditioning styrene–
divinylbenzene-based columns using
5% TFA in THF may allow reliable PEG
chromatograms to be obtained.

Aqueous GPC/SEC of PEGs in Water
as Mobile Phase
The use of THF as eluent for PEG analysis
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Figure 5: PEG standards with peak molar masses run in water with 200 mg/L NaN3 on a PSS
Suprema column combination. Peak molar masses: MP = 329 (red), 599 (blue), 1530 (pink),
5800 (green), and 25300 (black) g/mol.
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Summary
• Styrene–divinylbenzene-based columns
applied for PEG analysis in THF often
require preconditioning to obtain suitable
and reliable peak shapes.
• Preconditioning using TFA seems
to be a suitable means for styrene–
divinylbenzene-based columns.
• Modern column materials allow
comparable oligomer resolution for PEGs
in aqueous GPC/SEC to be obtained,
similar to what can be achieved using
THF as eluent.
• Often observed slow or incomplete
dissolution can be overcome by mild
heating.
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instead of water, which is far more
environmentally friendly and has lower
health risks, is most probably due to the
earlier development and availability of
high-resolution packings for organic
GPC/SEC applications compared with
aqueous GPC/SEC. Columns for aqueous
GPC/SEC with small particle sizes, such
as 5 µm or even 3 µm, have only been
available in recent years.
Oligomer resolution of PEGs can
now be achieved using modern aqueous
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GPC/SEC packings, as shown in Figure 5.
The PEG oligomers are well separated
in water with a small amount of salt. In
addition, high molar mass PEGs dissolve
in water more easily than in THF.
Therefore, if very different molar masses
need to be separated or compared, it
is advantageous to apply water. Finally,
the cost of eluent, the safety, and
environmental arguments also advocate
for preferring water as the GPC/SEC
eluent.
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Wolfgang Radke studied polymer
chemistry in Mainz (Germany) and
Amherst (Massachusetts, USA)
and is head of the PSS application
development department. He is also
responsible for instrument evaluation
and for customized trainings.
Heidi Berg is a trained chemical
laboratory technician and has been
working in PSS’s contract analysis
department on GPC/SEC since 2003.
E-mail: WRadke@pss-polymer.com
Website: www.pss-polymer.com
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How Tube-Based
Thermal Desorption
Can be Used to Monitor
Chemical Warfare
Agents at Ultratrace
Levels
Laura Miles and Elinor Hughes, Markes International, Bridgend, UK

Chemical warfare agents (CWAs) and their respective simulants
were analyzed using standard tubes and depot area air monitoring
systems (DAAMS) tubes. The tubes were desorbed using standard- or
DAAMS‑configured automated thermal desorbers, respectively, and
analysis was performed using gas chromatography–mass spectrometry
(GC–MS) or GC–MS–flame photometric detection (FPD). Two recent TD
innovations were evaluated—enhanced internal standard addition and
multi-tube trap stacking—for monitoring CWAs at ultratrace levels.
Aha-Soft/stock.adobe.com

Many chemical warfare agents (CWAs) are
volatile or semivolatile organic compounds
(VOCs/SVOCs) compatible with gas
chromatography (GC) analysis; for example
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the nerve agents VX, sarin (GB), cyclosarin
(GF), soman (GD), and Russian VX (R-VX),
the blister agent mustard gas, and the
tear gases chlorobenzylidenemalononitrile
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Figure 1: Top: Merged extracted ion chromatogram (EIC) of the high (100 ng) level standard.
Bottom: A close-up view of the EIC results obtained for each target analyte at 100 ng illustrating
peak shape.
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safety of site personnel; remediation and
decontamination; continuous monitoring
of critical government buildings; mobile
laboratories that can be deployed in the
event of a chemical incident; or in defence
research, such as testing the efficacy of
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(CS) and chloropicrin (PS). Trace-level
monitoring of CWAs is required for many
military and civilian scenarios, for example,
when monitoring agent storage facilities
and neighbouring locations; monitoring
agent destruction facilities to ensure the
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Table 1: Simulants and their respective CWAs, carryover data, reproducibility (% relative
standard deviation), limits of quantitation (LOQ), and limits of detection (LOD)
Simulant

Respective CWA Carryover (%)

LOD (ng)

Dimethyl
methylphosphonate
(DMMP)

Sarin (GB)

0.7

3.21

0.207

0.062

Triethyl phosphate
(TEP)

Tabun (GA)

1.5

2.97

0.159

0.048

Methyl salicylate

Mustard gas (HD)

1.1

2.72

0.066

0.020

2-Chloroethyl phenyl
sulfide (2-CEPS)

Mustard gas (HD)

1.5

4.04

0.068

0.020

VX

0.4

5.02

0.147

0.044

Malathion

equipment assigned to protect soldiers on
the battlefield.
The extreme toxicity of CWAs means that
simulants are generally used during research
to minimize the risk to scientists. The
simulants used in this study (Table 1) behave
like their respective agents during GC
analysis. Many CWAs and their simulants are
sticky and/or reactive species that present a
significant analytical challenge, especially at
sub-nanogram and picogram levels.
Both online systems (generating
semi‑continuous near real-time
measurement) and offline laboratory‑based

24

%RSD 5 ng/µL
LOQ (ng)
(n = 10)

2
22

installations may be deployed in conventional
or mobile laboratories. The most widely
used sampling options include pumped
monitoring onto sorbent tubes and
round‑the-clock online air monitoring and
analysis.

Experimental
Standards: The simulants used in the first
phase of the study were selected following
the recommendations of Bartelt-Hunt
et al. (1) (Table 1). A stock solution was
produced using high-purity standards of the
compounds at 100 ng/µL in methanol. The
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stock solution was diluted in methanol as
required to produce lower-level standards.
Aliquots of 1 µL of the standard solutions
were then introduced onto the sampling end
of preconditioned sorbent tubes in a flow
of carrier gas using a calibration solution
loading rig. The solvent was allowed to
purge off the tube before the standards
were sealed for analysis.
Experimental Conditions: Thermal
desorption (TD): Instrument: Unity–Ultra‑xr
(standard- and DAAMS-configured; Markes
International); tubes: inert-coated stainless
steel, DAAMS 4.5” × 6 mm outside
diameter (o.d.), quartz wool/tenax TA (part
no. C2-VBXX-7011; Markes International),
and standard 3.5-inch × 6.4 mm o.d.
tubes (part no. C1-CAXX-5003; Markes
International); flow path: 200 °C; dry purge:
1 min at 50 mL/min; tube desorption:
300 °C (8 min) at 50 mL/min, splitless;
sample flow: 50 mL/min; internal standard
addition: to tube; trap purge: 1.0 min
at 50 mL/min; focusing trap: “Chemical
weapons” trap (part no. U-T10CW-2S;
Markes International); focusing trap low:
20 °C; focusing trap high: 300 °C (3 min);
trap heat rate: max; outlet split: splitless or
9 mL/min for re-collection tests; GC column:
30 m × 0.25 mm, 0.25-μm BPX5 (Trajan
Scientific and Medical); carrier gas: helium;
column flow: 2 mL/min, constant flow;
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oven: 40 °C, 20 °C/min to 300 °C (4 min);
MS source: 250 °C; transfer line: 310 °C;
quadrupole: 200 °C; scan range: m/z 35–
350.

Results and Discussion
Excellent peak shape was achieved
for all compounds, even for dimethyl
methylphosphonate (DMMP), which
frequently exhibited tailing during capillary
GC analysis (Figure 1) (2).
Linearities: Calibrations were performed
over eight levels between 100 pg and
100 ng using 1-µL injections of the standard
solutions. Note that while low ng and pg
levels are more representative of the levels
collected during air monitoring, 100-ng
levels were seen in some important chamber
tests. The linearities for all five compounds
were excellent across this extended dynamic
range, with R2 ≥ 0.9991.
Carryover: Carryover in the tube and system
was assessed by loading tubes with a 100‑ng
standard and desorbing them twice. A
maximum carryover of 1.5% was achieved,
even at these extremely high levels (Table 1).
Reproducibility: Reproducibility was tested
at low and high concentrations to verify
method parameters. The relative standard
deviation (%) can be seen in Table 1 for
5 ng/µL. Values for all compounds at all
levels were around or below 5%.
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Figure 2: TIC (top) of a 10-ng mixed agent standard on a tube with interferences from the
atmospheric sample. Trace 2 shows the merged EIC for target compounds. Trace 3 shows mustard
gas (HD) in the S channel of the FPD, and Trace 4 (bottom) shows the P channel for the remaining
agents (sarin, soman, tabun, VX, and Russian VX). Analysis was performed using TD–GC–MS/dFPD
with a 70:30 split to the MS.
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Internal Standard: Internal standards
reduce analytical uncertainty by identifying
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variability between injections that may
otherwise have gone unnoticed, for example,
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variable detector response. Gas‑phase internal
standards can be introduced automatically
to the sampling end of sorbent tubes at
two different stages: pre-loading sorbent
tubes prior to transport and sampling, and
immediately before tube desorption.
Deuterated compounds are commonly
used as internal standards. In this study,
the sorbent tubes were pre-loaded with
benzene-d6 before introducing the simulant
standards. During real-world field studies,
some sampling discrepancies and anything
that compromises tube seals during storage
and transport (before and after tube
sampling) will impact the level of pre-loaded
internal standard. This will then be observed
by a deviation in internal standard levels
for the affected sample tube. Likewise, if
the pre-loaded internal standard value in
a tube matches others in the batch while
levels of all other analytes on that tube are
significantly lower than other samples in the
batch, this might indicate pump failure and
the collection of smaller than expected air
volumes during sampling.
The addition of an internal standard during
automated TD serves as a quality control
check of the system itself. Toluene-d8 was
used in this study. Results were plotted over
time to verify the system’s performance, to
show any outliers, and to check detector
response and peak shape. Reproducibility

12
HTC-17 Preview

Turk et al.

34

in this study was found to be 1.1% for
toluene-d8. Both pre-sampling and analytical
internal standards can be used in the
same study provided that different internal
standard compounds are selected for each.
A test was carried out on four tube
replicates of the 100-ng/µL standard
containing both internal standards. The
resulting chromatograms showed a peak
at 1.9 min for benzene-d6 and a peak at
2.4 min for toluene-d8. In one chromatogram,
the benzene-d6 peak was missing and the
early‑eluting target compounds (between
2.5 and 4 min) were lower than expected.
However, the presence of toluene-d8 at
expected levels showed that the system was
working correctly. A close‑up comparison
of the failed standard with a successful
standard showed this more clearly. The
most likely reason is breakthrough (loss of
volatiles), probably caused by passing too
large a volume of air through the tube during
sampling or standard loading. If this had
happened during field sampling without a
pre-loaded internal standard, erroneously low
results could have been reported for the more
volatile compounds.

Improving Detection Limits—Reaching
Trace Levels More Easily
The very high toxicity of chemical agents
means detection was required at extremely
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Figure 4: Left: Analysis of an air sample with an FPD P channel showing sarin, soman, tabun, VX,
and Russian VX at the 10-pg level on the tube. Right: Inset image showing a close-up of VX and
Russian VX identified.
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Figure 3: Overlay of FPD P channel for VX and Russian VX, respectively, showing the original 10-ng
desorption (black) and subsequent re-desorption (red). Carryover was very low, producing no visible
peaks even with a higher sensitivity setting.
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low levels, necessitating the concentration
of large volumes of air using pumped
sorbent tubes before analysis. Calculations
were performed to determine the limit
of quantitation (LOQ, calculated using
a signal‑to-noise ratio of 10) and limit
of detection (LOD, calculated by using a
signal‑to-noise ratio of three) from the
linearity data (Table 1).
Some TD systems offer users the option
to “stack” the desorptions of two or more
samples on the same focusing trap. This
is useful where air volumes are limited by
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sampling time or analyte breakthrough, and
it requires multiple samples to be collected in
parallel at the monitoring location.
To test the efficacy of trap stacking, a
trace‑level standard was produced (0.005 ng/
µL) and four clean and conditioned sorbent
tubes were spiked with 1 µL each. One of
the tubes was analyzed using the regular
analytical method and the remaining
three tubes were analyzed by stacking the
desorbed vapour from all three tubes onto
the focusing trap before trap desorption
under normal conditions. 2-Chloroethyl
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phenyl sulfide (2-CEPS) was detected in
both chromatograms at a good resolution
and peak shape at 7 min. However, DMMP
exhibited a poor response and was difficult
to see in the single-tube analysis. A much
clearer peak was generated when three
tubes were desorbed onto the focusing trap
before analysis, allowing all compounds,
including DMMP, to be detected. Anything
that robustly enhances sensitivity is invaluable
for CWA monitoring applications, particularly
around agent destruction (de-mil) facilities
where the safety of site personnel is at stake.
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Using Re-Collection to Validate
Analyte Recovery through the TD
Flow Path Under Method Conditions
Most of the work was carried out splitless to
maximize sensitivity, but the thermal desorber
also enabled the quantitative re-collection
of split flows onto a conditioned sorbent
tube. This is an invaluable feature of TD that
enables repeat analysis and validation of
analyte recovery through the sample flow
path. For these experiments, a split flow of
9 mL/min was applied during trap desorption,
with all other parameters remaining the same.
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The resulting chromatograms showed a
matching profile for both results, with peaks
in the re-collected sample at levels predicted
from the split ratio, indicating excellent
recovery across the target analyte range.
When CWA applications can be run with a
small split, re-collection also allows archiving
of critical samples for further analysis by the
same or different methods. It also allows
samples to re-collected and shipped to
secondary laboratories for verification.

Analysis of Chemical Warfare Agents
The method was also evaluated using live
agents and the system was connected to a
GC–MS/dual flame photometric detection
(FPD) instrument configured for both
sulfur (S) and phosphorus (P) modes for
simultaneous full characterization of agents,
with variable splits for higher sensitivity
to specified detectors. A mixed 10-ng
standard of live agents was spiked onto an
inert‑coated sorbent tube that had been
used to sample air. The results are shown in
Figure 2.
The total ion chromatogram (TIC) shows
significant interferences and illustrates the
difficulty in identifying trace chemical warfare
agents in real samples. The merged extracted
ion profiles (EIC masses 86, 99, 106, 114,
127, and 133 m/z) identified multiple agents,
including sarin (4.9 min), soman (8.4 min),
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tabun (9.76 min), mustard gas (10.71 min),
VX (18.8 min), and Russian VX (19.05 min).
Results from the FPD detector in S mode
show a much higher response than MS for
mustard gas. Similarly, using the FPD in P
mode showed a much higher response than
MS for the other five agents.
Although 10 ng is a relatively high level
for the analysis of CWAs, subsequent
re‑desorption of the same sorbent tube
showed no carryover for all compounds
except VX, which is notoriously sticky.
However, carryover for VX was below 0.25%,
even with 70% of the sample sent to the dual
FPD for higher sensitivity (Figure 3).
Real-world air monitoring of agents
requires detection at picogram levels to
protect the public and military personnel.
Analysis of a 10-pg standard of live
agent showed no response for the target
compounds using the mass spectrometer in
full scan, but there was a good response and
peak shape with the FPD channels, as shown
in Figure 4.
VX and Russian VX can be seen in the
inset and show an excellent response and
peak shape for a 10-pg standard. The
analysis was again performed splitless on
the TD system, but did include capillary
flow splitting technology to divide the
sample between the mass spectrometer and
flame photometric detector, meaning only
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~6 pg of each analyte reached the selective
detector for measurement.

Conclusions
This study has demonstrated the analysis
of live chemical warfare agents and simulants
at trace and higher levels. The inert flow
path in the TD system was compatible
with sticky compounds, such as malathion
and VX, and with highly reactive and toxic
compounds, such as Russian VX and mustard
gas, without degradation or losses. The value
of advanced techniques such as trap stacking
has also been demonstrated, enabling trace
toxic compounds to be detected at picogram
levels even when using a split method.
Furthermore, the advantages of enhanced
internal standard addition options, allowing
better quality control of both sampling
and analytical procedures, have also been
demonstrated.
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The Sisters in Science:
Separating Stereotypes
The Column interviewed Lotte Schreuders, Noor Abdulhussain, and Mimi
Den Uijl, the “Sisters in Science”, about their path to separation science, their
current research, challenging common stereotypes associated with studying
chemistry, and their mission to put women front and centre in science.
—Interview by Kate Jones

Paulista/stock.adobe.com

Q. Where did the idea for the “Sisters
in Science” group originate?
Lotte Schreuders: We actually started this
account to show what it’s like to be a
scientist to friends and family. Instagram
was the preferred platform because it is
popular and easy to maintain while doing
our jobs. Little did we know we would
gain so much attention! In the process
we realized the amount of passion
we have to make a difference. When
we started the platform, we quickly
started to receive attention from several
journalists. During these interviews, we
realized that one of the core reasons
we started Sisters in Science was the
presence of some pertinent stereotypes
around chemists. Why do people think
chemistry is only for boys, merely for
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geniuses, or that it’s incomprehensible?
Why do they think that it’s dangerous?
Why do they think that we’re all making
drugs? Or that our field has no influence
on our daily life? These stereotypes
played a big role in our lives and made
us question our own choices to go into
chemistry too. We think many people
are influenced by these ideas—that they
don’t belong in the field—which is such a
shame—especially given the fact that we
need so many more chemists.
Fast forward to one year later and we’re
proud to have established a platform where
we break stereotypes, help students in all
sorts of ways, and show that we are just
normal people. We also show people in
the chemistry field that there is a place for
everyone here.
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At our Instagram page,
@SistersinScience_NL, we show our
scientific work, make relatable videos,
create tips and tricks posts, and explain
typical academic terms, such as the impact
factor. We want to make academia, science,
and specifically chemistry more accessible,
and most importantly stimulate young
scientists-to-be. We strongly believe in
the importance of role models for young
people—if you can see it, you can be it.
Q. What kind of reception have you
received for your group?
Mimi Den Uijl: One year of
SistsersinScience_NL has given us a lot of
positive feedback and support. Looking
back, we did not expect this. We were
actually scared about the feedback from
our colleagues, friends, and family. Not
just because we were putting ourselves
out there, but we were also challenging
some difficult subjects, such as diversity
and inclusion in science, the absence
of role models, and the stereotypes we
have been confronted with. The amount
of positive feedback, however, was
mind‑blowing. We were interviewed about
our initiative multiple times, did a live
session with a Dutch politician, invited to
be plenary speakers, invited to present at
the official opening of the academic year
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of the University of Amsterdam, asked
to appear on a Dutch television show
as scientists, and even made it to live
television very recently. This feedback has
been very important for us to know that
we were heading down the right path.
Closer to home, we have also received a
lot of recognition and support from our
own university (University of Amsterdam)
and our research group, which is very
welcome, since we still do this alongside
our academic careers. If it couldn’t get
any better, we also received the Diversity
Initiative Award of the Dutch Research
Council (NWO), which showed that we’re
making an impact.
Last, but definitely not least, we are
slowly starting to recognize our own
success and impact. It wasn’t that easy to
start something like this next to our starter
jobs, and we never realized when we
started out that it would grow to such a
platform. We are very excited for what’s
to come.
Q. What is your research focus?
MDU: I’m focused on two-dimensional
liquid chromatography (2D-LC) with
light-reaction modulation. In this project,
called the TooCOLD project (Toolbox for
studying the Chemistry Of Light-induced
Degradation), we developed a light cell that
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we are currently implementing in a 2D‑LC
setup. We can analyze many different
kinds of samples from many fields, such as
food science, cultural heritage, and water
purification, which makes every sample
a new story. I do this research under the
supervision of Maarten van Bommel, Peter
Schoenmakers, and Bob Pirok.
LS: Actually, I don’t really have a research
focus. I was hired as a lecturer for the
MSc chemistry, track analytical sciences.
More specifically, to improve the quality
of the education within this programme.
I have a huge passion for education and
am happy to pursue this in my daily work.
I’m currently exploring the field of science
education, and I’m part of the STEM-CPD@
EUni project, together with colleagues
Natasa Brouwer, Stefania Grecea, Jocelyne
Vreede, and Bob Pirok. This project focuses
on the professionalization of lecturers in
higher education. Every step closer to an
aligned, high-quality education system is
a win!
Noor Abdulhussain: My Ph.D. project
was part of a larger project, the STAMP
project (Separation Technology for A
Million Peaks), which is funded under
the Horizon 2020 Excellent-Science
programme of the European Research
Council. The main aim of this project is to
achieve spatial three-dimensional (3D)-LC
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separation, which can offer a solution to
achieve peak capacities in the order of a
million. The separations are envisaged in
a three-dimensional separation device. A
novel way to produce efficient separation
devices can be established using
3D-printing technologies. My research
focus was to test the functionality and
performance within these devices printed
by different 3D-printers. I have focused
on different aspects of these devices, such
as 3D-printed materials or fabrication of
stationary phases in these devices.
Q. How were you encouraged to
get into STEM, and in particular
chromatography?
MDU: This is a hard question for me. I
was so stuck in the stereotypes about
STEM that I was sure that it wasn’t for
me. I liked to talk, for example, which is
something I could not see in the chemistry
field. I decided to go for an interdisciplinary
bachelor at the University of Amsterdam,
where I later acknowledged my talent
for chemistry when I majored in it. I only
later realized that analytical chemistry is
one of the only types of chemistry that
always revolves around one or more
real‑life applications. I found that with all
the problems we were solving, we were
actually making the world a better place.
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During my masters in Amsterdam, I met
Peter Schoenmakers, who guided me into
chromatography. He was the one who put
me forward for the position I currently
have. Having him as a mentor has been a
fantastic ride: he creates a free environment
for his students to develop and pursue
where they are at their best.
LS: I had an amazing high school teacher.
She showed me that chemistry was also
(to quote myself at 17 years old) “for
normal people”. In addition to that, I was
very good at the subject in high school.
However, when I started studying, I actually
struggled a lot. I failed my classes and
barely made the cut to stay in the bachelor
programme. The choice of analytical
chemistry was based on the choice of my
friends (one being Mimi) and realizing that
all my projects and electives had been
focused on analytical chemistry subjects!
Oh, and I love puzzling!
NA: My choice for chemistry was pretty
obvious. During high school, I used to
like chemistry a lot and I enjoyed the
experiments that we had to do, so I
decided to study it for my bachelors.
During my bachelor study, I was selected to
participate in the Analytical Science Talent
Programme (ASTP), which launched me into
separation science. This was also one of the
reasons why I decided to study chemistry
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during my master’s study. Like Mimi, Peter
Schoenmakers also guided me in the
world of chromatography and I had the
opportunity to do my Ph.D. degree under
his supervision.
Q. You have recently won the NWO
Diversity Initiative Award—what are
your plans for the prize money?
NA: We are very honoured and proud
to receive the award. It’s amazing to
receive acknowledgement outside of our
university. With the prize money, we want
to professionalize ourselves and our platform
by, for example, investing in a professional
website. More importantly, we want to
reach out even more to our target audience.
Although we have broad reach and a large
audience that follows us, we have learned
that we do not really reach high school
students enough through our current
platforms (Instagram, TikTok). These young
people are overwhelmed by the amount of
information available on these platforms
and we feel like that it is difficult to get
our message across. Therefore, we want to
use our prize to reach these students. We
cannot start early enough to excite them for
a career in chemistry and show that these
stereotypes are not set in stone. We are
thinking of reaching them by, for example,
offering workshops at high schools.
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Q. In your opinion, what changes, if
any, are needed to encourage more
women to study separation science in
the future?
MDU: First of all, these changes are
needed. We don’t think women should be
particularly encouraged to study separation
science, but chemistry in general. We
think that these stereotypes are currently
preventing a very diverse group of people
from going into chemistry. We hope that
chemists realize that they can all contribute
to achieve this. We believe that soft skills,
such as communication, teamwork, and
leadership are under-valued in academia—
we should know better by now! Women in
chemistry: show yourself!
Q. Which women in science do you
consider as your role models?
MDU: Woah, this is difficult. I must say,
with every step in my career I doubted
the next step, and I think this is mainly
because of the lack of role models. As I
approach the end of my Ph.D., the same
questions are still going through my head,
“Do I belong here?” “Will this place make
me happy if I can’t be me?” “Is it ok to
just be me?” I look to my fellow Sisters
for confirmation, so you could say they
are my role models. Next to that, I receive
a lot of support from my mentor, Peter
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Schoenmakers, and my friend, Bob Pirok.
So maybe they are my role models? This
question has kept me busy the last year
and sometimes I feel that I am my own role
model.
LS: A while ago, I asked my friend and
co‑worker who his role models were and he
pointed at us, Mimi, Noor, and myself. I was
surprised and asked why—I mean, he’s in a
higher position, older, and a very established
scientist—he said: “Role models are not by
definition more experienced, higher in the
hierarchy, or older. They are the people that
motivate, inspire, and ignite you.”
So, in the classical sense, I do not have
a role model. However, with this newly
found description, I’m proud to say I have
so many—my fierce Sisters, Mimi and Noor,
being two very important ones.
NA: Personally, I don’t have many role
models in science, but within my network
I consider my friend, Sinéad Currivan, as
a mentor. She is a lecturer and principal
investigator at Technological University
Dublin. I truly admire her work ethic and
her career achievements. She has supported
me so much in my research and in my
personal life, and has given me a lot of
advice regarding career choices.
Another woman outside my network
that has inspired me is Rana Dajani,
an associate professor of biology and
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biotechnology. In her book Five Scarves:
Doing the Impossible, she explores how our
conceptions of success and gender equality
relate to each other. The tone of the book
reaches out to women to advocate a deep
structural change to uplift each other in
the field of science. She made me think
that we don’t need role models, instead we
need each other to uplift and support. That
is exactly what I want to achieve with the
Sisters in Science Instagram.
Q. Do you have any other plans to
evolve the Sisters in Science projects?
LS: Yes, we do. Right now, we are
developing workshops for a younger
audience. We hope to reach this group
at schools and at science festivals. We
also collaborate with several parties to
spread the word about stereotypes and
science, for example, with Sciex on the
Extraordinary Grace campaign and the
national (Dutch) event of the VHTO, Girl’s
Day—a day where girls between the ages
of 10 and 15 are encouraged to visit science
events in the Netherlands. We want to
increase such collaborations to spread the
word that if you can see it, you can be it!
Finally, in collaboration with the University
of Amsterdam, we plan to create vlogs
(video blogs) to show the process of Ph.D.
promotion in the Netherlands. Make sure
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you stay tuned to the YouTube channel of
SisterinScience_NL!
Lotte Schreuders
obtained her joint
degree (UvA/VU)
bachelors’ in chemistry
in 2017. In hindsight,
she realized that all her
projects were focused on analytical
chemistry, making the decision about
the track for her MSc chemistry a lot
easier. In 2018, she started working at
a tutoring institute (OVER ‘t IJ
Huiswerkbegeleiding, Amsterdam)
alongside her studies. It was here that
she realized the impact of education
and that she could help to make a
difference. The passion for education
kept growing and made her doubt a
scientific career. She finished her M.Sc.
degree in 2020 and one month later
started her employment at the same
MSc track for educational development
at the University of Amsterdam, where
she focuses on improving and
maintaining quality within the
programme. One example is the
development of interactive, fun, and
easy to implement online teaching
methods. She is passionate to
contribute to more equity in education
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and believes role models are an
essential part here.
Noor Abdulhussain
obtained her M.Sc.
degree in 2017 from the
University of Amsterdam.
After that, she started a
Ph.D. within ERC STAMP
(Separation Technology for A Million
Peaks) project at the University of
Amsterdam. In 2019, she was decorated
with the best poster award at HPLC2019
(Milan, Italy), and was invited to give a
lecture at the Emerging Separations
Technologies symposium
(Chromatographic Society, London, UK). In
2019, LCGC Europe identified her as one
of the “Rising Stars in Chromatography”.
While her current work mainly focuses on
functionality assessments of 3D-printed
devices for application to
multidimensional separations, she remains
involved in studying fundamental
separation mechanisms, including
hydrodynamic chromatography and
size‑exclusion chromatography. In January
2021, she founded the SistersinScience_NL
Instagram platform, together with two of
her colleagues, to show a glimpse of her
work on social media and debunk
stereotypes of chemists and other
scientists.
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Mimi Den Uijl was born
and raised in
Amsterdam, where she
studied natural and
social sciences
(Beta‑Gamma) at the
University of Amsterdam. She later
majored in chemistry and finished her
bachelors with a project in
environmental chemistry, where her
interest was sparked in analytical
chemistry. She chose to follow the
masters in analytical chemistry at the
University of Amsterdam and Free
University Amsterdam, where she did
her research project in gas
chromatography–mass spectrometry
(GC–MS) with a supersonic molecular
beam interface. After this project, she
began a Ph.D. in two-dimensional
liquid chromatography with
photoreaction modulation in the
TooCOLD project (Toolbox for studying
the Chemistry Of Light-induced
Degradation), where she works under
the supervision of Peter
Schoenmakers, Maarten van Bommel,
and Bob Pirok.
Instagram: @SistersinScience_NL
E-mail: sistersinsciencenl@gmail.com
Website: www.sistersinscience.nl
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HTC-17 Preview
Deirdre Cabooter, University of Leuven, Leuven, Belgium

The 17th International Symposium on Hyphenated Techniques in
Chromatography and Separation Technology (HTC-17) will be held in person
from 18 to 20 May 2022, at The Aula in Ghent, Belgium. HTC-17 will be
organized under the auspices of the Royal Flemish Chemical Society (KVCV)
and the Separation Science Group of the Royal Society of Chemistry (SSG
RSC).

TTstudio/stock.adobe.com

The HTC conference has been the premier
platform for state-of-the-art developments
in separation technologies and hyphenated
techniques for more than 30 years. The
conference will encompasses two parallel
sessions consisting of plenary lectures,
keynote lectures, tutorials, and oral
presentations. Poster presentations will
be held during coffee and lunch breaks.
The symposium will also host an attractive
technical exhibition where vendors will
present their newest instruments and
developments, topped with technical
seminars.
We will cover fundamental and
practical aspects of liquid phase (LC)
and gas chromatography (GC), including
multidimensional LC, multidimensional GC,
supercritical fluid chromatography (SFC),
LC–mass spectrometry (MS), and GC–MS.
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The programme will include topics such
as three‑dimensional separations,
automated sample preparation,
ion‑mobility and native mass spectrometry,
emerging detectors and separation
modes, method development and
artificial intelligence, column technology
and stationary‑phase developments,
system design and optimization,
miniaturization and chip technology,
and data mining and curation. We will
also address bottlenecks and describe
trends and new technologies for a wide
range of applications, including (bio-)
pharmaceuticals, macromolecules, medical
diagnostics and clinical applications,
forensic analysis and doping control, food
analysis and safety, environmental analysis,
energy, green approaches, high-throughput
analysis, -omics (lipidomics, metabolomics,
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proteomics), and biomarker discovery, as
well as modern industrial applications and
natural products.
As always, we will ensure abundant
networking opportunities during the
conference, with an informal beer tasting
event organized during a nocturnal poster
exhibition, a conference dinner in the
beautiful PoortAckere monastery, and lots
of dissemination activities.
A number of awards will be presented
at HTC‑17. The HTC/LCGC Innovation
Award, sponsored by LCGC Europe, will be
offered to a researcher with less than 15
years’ experience after obtaining his or her
Ph.D. for “a pioneering contribution to the
field of separation sciences by introducing
new methodologies, new instrumentation,

HTC-17 Preview

or new techniques in the field, with a
strong focus on applicability”. The most
innovative oral contribution presented
during the conference will receive the
HTC‑Award. The most innovative poster
contributions will receive the HTC‑Poster
Award. We will also organize a YouTube
contest for young scientists that will
be sponsored by Elsevier’s Journal of
Chromatography A and Journal of
Chromatography Open, a new open
access journal.
Participants can register on the website
until 10 May 2022: www.htc-17.com.
After a challenging time where meeting
and networking have been severely
restricted, we very much look forward to
seeing you in Ghent!

For more information and registration, visit the HTC-17 webpage at:
https://htc-17.com/
E-mail: htc17@kuleuven.be
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HPLC 2022 Event
Preview
Frantisek Svec, Faculty of Pharmacy, Charles University, Prague, Czech Republic

The 50th International Symposium on High Performance Liquid Phase
Separations and Related Techniques (HPLC 2022) returns to the USA on
18-23 June 2022. The chair of the symposium offers an overview of what
chromatographers can look forward to.

SeanPavonePhoto/stock.adobe.com

After three “lost” years, the feast of
chromatography returns in 2022. Mark
your calendars! The next HPLC symposium
will be held 18–23 June 2022 in the
Town and Country Hotel and Exhibit
Center in San Diego, California, USA. The
upcoming 50th sequel of this symposium
series will enable “in-person” mingling
of participants and leaders in separation
science from a diverse range of industries,
government laboratories, universities, and
research institutes.
The HPLC symposia are the longest
running, largest, and most recognized
international chromatographic conference
series in the world. The symposium covers
all aspects of separations and analyses
carried out in liquid phase, including
the variety of approaches typical of
chromatography and electrophoresis.
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The goal of HPLC 2022 is to bring
together scientists at all professional levels
involved with all aspects of liquid‑phase
separations, from fundamental research to
practice, to provide a dynamic programme
with cutting-edge presentations and
engaging scientific sessions, and to
offer wide opportunities for training,
networking, and informal discussion.
Scientists and researchers will present the
latest trends and issues in areas such as
column technology, three-dimensional
(3D)-printing, two‑dimensional
liquid chromatography (2D-LC),
capillary LC, micro- and nanofluidics,
sample preparation, theory of the
chromatographic separation processes,
mass spectrometry (MS) detection,
and a myriad of other topics related to
liquid‑phase separations and analyses.
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The extensive programme will
also demonstrate novel solutions
to important problems in medicine,
biology, pharmaceutical, biotechnology,
food industries, the environment,
manufacturing, and agriculture, as well
as industrial research and development.
The conference programme is guided
by advances and emerging trends
in separations technology and their
impact on science, industry, and
society. The symposium will feature
plenary, keynote, and contributed talks,
practical and educational short courses,
tutorials that will provide outstanding
opportunities for newcomers to obtain
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a solid foundation in the field and for
veterans to update their knowledge,
and technical workshops, all presented
by the leaders in the field. We will give
an extended opportunity to young
scientists to share their results in oral
presentations, and we also expect a
large number of posters to be displayed.
Their quality will be evaluated in the best
poster competition that will recognize
outstanding contributions to science
and innovative breakthrough research.
Meanwhile, the major exposition will
showcase new product launches,
innovative products, and the latest and
greatest in instrumentation, software,
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tools, accessories, and consumables; it
will also provide opportunities to discuss
challenges and solutions with experts in
the booths.
However, our symposium is not just
about talks, posters, and exhibitions. It
will also provide a friendly, welcoming
environment that fosters dialogue and
interpersonal communications, as well as
face-to-face encounters in the symposium
and exhibition halls. The informal
meetings and rich social programme will
continue to be an integral part in keeping
with conference tradition and we will
provide a multitude of opportunities
for that.
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And last but not least: San Diego
features charming neighbourhoods and
communities, including downtown’s
historic Gaslamp Quarter or Coronado.
This city is also renowned for its idyllic
climate, long beaches, and a dazzling
array of world-famous attractions such
as the San Diego Zoo, SeaWorld, and
Legoland.
The conference organizers look forward
to seeing you in San Diego at the HPLC
2022 symposium.
E-mail: janet@barrconferences.com
Website: https://hplc2022.org
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Rising Stars of
Separation Science:
Andrea Hochegger
The Column spoke to Andrea Hochegger, a postdoctoral researcher at
the Institute of Analytical Chemistry and Food Chemistry at the Graz
University of Technology in Austria, about her work analyzing mineral
oil hydrocarbons (MOHs), and the importance of packaging to reduce the
migration of MOH into foods.
—Interview by Kate Jones

Designec/stock.adobe.com

Q. When did you first encounter
chromatography and what attracted
you to the subject?
A: I first encountered chromatography
very early in my chemistry study, during
a summer internship in a food safety
laboratory. I was asked to integrate
some new analytes into an existing high
performance liquid chromatography
(HPLC) method and was fascinated by
the task. I really enjoyed “playing” with
the different parameters and seeing
the influence on the chromatography,
and then finally applying my developed
method onto real samples. That was
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when I decided to focus on analytical
chemistry and food chemistry for my
future career.
Q. What chromatographic techniques
have you worked with?
A: I did my master’s degree and my
PhD at the Institute of Analytical
Chemistry and Food Chemistry under
the supervision of Professor Leitner
at the University of Technology Graz.
The group mainly focuses on gas
chromatography (GC)-based techniques
with different detection systems,
and I tried to get my hands on as
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Rising Star

Andrea Hochegger graduated in chemistry from Graz University of
Technology (TU Graz), Austria, in 2017. She did her PhD in the field of
analytical chemistry, focusing on packaging-related food safety aspects
and analytical contributions to the characterization of food and food
contact materials. Her main research interests include the analysis of
MOH and the characterization of biopolymers to be used as a functional
barrier on cellulose-based packaging materials to reduce the migration
of MOH into food. For this work she was awarded with the Leslie S. Ettre Award at the
ISCC and GC×GC symposium in Riva del Garda in 2018, with an Advancement Award for
Young Scientists of the Austrian Chemical Society in 2021, and with the Young Analytical
Scientists Award of the Austrian Society of Analytical Chemistry, also in 2021. She finished
her PhD in 2020 and now works as a postdoctoral researcher at the Institute of Analytical
Chemistry and Food Chemistry at the TU Graz.

many instruments as possible. For
example, I worked with conventional
one-dimensional GC systems with
flame ionization detection (FID),
flame photometric detection (FPD), or
nitrogen–phosphorus detector (NPD),
and quadrupole mass spectrometer
(qMS and MS/MS). I also worked with
two‑dimensional comprehensive GC
systems: a GC×GC-qMS and a GC×GC–
time-of-flight (TOF). During my PhD,
I also started working on the topic of
mineral oil hydrocarbons (MOHs), where
the state-of-the art analysis is done
using an online-coupled HPLC–GC–FID
system.
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Q. Can you tell us more about
your PhD thesis and the work you
published related to this (1)?
A: During my PhD, I worked with
cellulose‑based packaging materials—
mainly recycled paper and board. The
problem with the recycling of materials
for food contact is that during the
recycling process contaminations are
not removed but instead are enriched
in the final product, from where they
then can be transferred into the packed
food. The only fast and practical way
to prevent this migration seems to be
the application of functional barriers in
the packaging. Recently applied barriers
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include polyethylene (PE), polypropylene
(PP), aluminium, or multilayer materials.
The problem is that recycling of most of
the resulting packaging is—if possible—
really difficult. The aim of my thesis was
therefore to evaluate different bio-based
or biodegradable polymers for their
barrier properties.
I started by using the different
conventional GC methods and GC×GC—
as mentioned earlier—to comprehensively
characterize recycled paper and board
samples, including the analysis of mineral
oil hydrocarbons content, migration of
mineral oil hydrocarbons, overall and specific
migration, and permeation of odour-active
substances. Afterwards, the barrier materials
were applied and I did the analysis again.
I developed a method that allowed me to
determine the migration and permeation
parameters fast and easily in one single
experimental setup, not only for paper and
board but also for a wide range of other
packaging materials. The work I published
related to that describes the developed
method and the application on to functional
barriers made of the biopolymer chitosan
acetate and conventionally applied polymer
films such as PE or PP, and compares the
barrier properties, showing that the
chitosan acetate can work perfectly as a
barrier material.
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Q. You are currently focused on the
analysis of MOHs, and your latest
paper on mineral oil hydrocarbon risk
assessment talks about knowledge
gaps in analytical methods (2). Why
is MOH analysis important and what
knowledge gaps do you think exist?
A: Discussion about mineral oil residues
in food began in the early 1990s,
but it was only in 2008 that the
public became aware of this, mainly
because high concentrations were
found in sunflower oil. Mineral oil
hydrocarbons are divided into two
groups: saturated (MOSH) and aromatic
(MOAH) mineral oil hydrocarbons. The
MOSH fraction is known to accumulate
in the human organism, resulting in
negative impacts on the respective
tissue. The MOAH fraction contains
potentially mutagenic and carcinogenic
substances. So, the presence in food of
both is a concern for human health and
should be avoided.
Since then, a lot has been done in
terms of reducing contamination levels
and analytical detection. Back then we
talked of several grams of mineral oil
per kilogram of food, today we deal
with a few milligrams. This—of course—
increases the analytical challenge. Highly
specific methods, adapted to the complex
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matrix “food”, are necessary to meet the
requirements. We are lacking a common
sense of the best practice and therefore
standardized and validated methods for
different food types.
Q. Can you comment further on
the potential of mutagenic and
carcinogenic substances being
present in MOAHs.
A: Probably the main statement to say
about MOAHs is that they may contain
potential mutagenic and carcinogenic
substances. According to the scientific
opinion of the European Food Safety
Authority (EFSA, 2012), the three- to
seven-ring MOAH may form carcinogenic
DNA adducts. Therefore, those may
be the actual substances of interest.
Analytical methods should be applied
to identify the presence of those
substances routinely.
Q. What cutting-edge analytical
techniques are being used in MOAH
analysis?
A: The problem with state-of-the art
analysis using online-coupled HPLC–GC–
FID is that MOSH and MOAH are only
determined as a sum parameter, without
any further information about what is
actually present (2,3). Two-dimensional
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comprehensive GC×GC is therefore a
key method to provide the information
needed. It allows for a detailed
characterization of the substances and
substance classes present. Attempts have
been taken to develop an LC–GC×GC
system with MS and FID detector,
allowing on the one hand identification
of the present substance classes, and
on the other hand quantification (4).
The missing information is then which
substances are the ones responsible for
the carcinogenic character and in what
amount are they present in the food?
In my current work, I try to answer
this question.
Q. How do you see MOH analysis
developing in the future?
A: Very important in terms of sample
preparation is the possibility of
automation, for example, automated
aluminium oxide clean-up for the MOSH
fraction, or automated epoxidation for
MOAH, which would save a lot of time
and resources in routine analysis. On
the other hand, the GC×GC method
should be routinely applied when MOAH
is detected to provide the needed
information on present substance
classes for risk assessment and hazard
characterization.
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Q. Can the problems associated with
MOH analysis be solved?
A: I believe if all involved stakeholders,
from the food producer, the analyzing
laboratories, the toxicologist, right up to
the different authorities, work together,
giving their individual input and finding a
common purpose, we will finally be able
to solve the “challenge” of mineral oil
residues in food.
The use of GC×GC-based techniques
is and will continue to be a driving
analytical technique to solve the
challenge. Furthermore, we have seen a
huge attempt to bring GC×GC to routine
analysis in recent years, including lots of
developments for easier data evaluation
(5). Therefore, I strongly believe that it is
possible to use it in routine analysis, and
once it is implemented there, we will be
able to use it to its full potential. There
are already a lot of different methods
and applications published (6), including
petrochemical, environmental, or food
and fragrance samples, and there will be
many more.
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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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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

GC Fundamentals
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-fundamentals
HPLC/LC–MS
HPLC Fundamentals
Onsite training
Website: www.crawfordscientific.
com/training-consultancy/hplctraining/hplc-fundamentals
HPLC Troubleshooter
Website: www.chromacademy.
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com/channels/hplc-training-courses/
troubleshooting/hplc-troubleshooter
Fundamental 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
How to Run HPLC Methods
21 April 2022
Online—virtual
Website: https://mournetrainingservices.
com/introduction-to-hplc-methods
Absolute Basics of HPLC and LC–MS
23 May 2022
Online—virtual
Website: www.anthias.co.uk/trainingcourses/AB-LC
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SAMPLE PREPARATION
Fundamentals of Solid-Phase
Extraction (SPE) Mechanisms
Online training
Website: www.chromacademy.com/
channels/sample-preparation/technique/
fundamentals-of-spe-mechanisms

Validation, Verification & Transfer
of Methods for Pharmaceutical
Analysis
6–9 June 2022
Online—virtual
Website: https://
mournetrainingservices.com/methodvalidation-pharma-course

MISCELLANEOUS
Coping With COVID-19:
Remaining Productive and
Safe in the Analytical Laboratory
Online webcast from
CHROMacademy
Website: www.chromacademy.com/
channels/basic-lab-skills/technique/copingwith-covid-19-remaining-productive-andsafe-in-the-analytical-laboratory
Introduction to Infrared (IR)
Spectroscopy
Online webcast from
CHROMacademy
Website: www.chromacademy.com/
channels/infrared/principles/introductionto-infrared-spectroscopy
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Please send your event and training
course information to Kate Jones
kjones@mjhlifesciences.com
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Event News
18–20 May 2022
The 17th International Symposium on Hyphenated Techniques in Chromatography and Separation Technology (HTC-17)
Ghent University - Aula, Ghent, Belgium
E-mail: htc17@kuleuven.be
Website: https://htc-17.com/

29 May–2 June 2022
The 19th International GC×GC Symposium
Virtual event
E-mail: gcxgcuab@ualberta.ca
Website: https://www.gcxgc-symposium.com

21–24 June 2022
Analytica 2022
Messe München, Munich, Germany
E-mail: info@analytica.de
Website: www.analytica.de/en/

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