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Breath Diagnostics 
Using Chromatography 
for COVID-19 and Triage 
Applications
Professor Paul Thomas from the Centre for Analytical Science at 
Loughborough University in Leicestershire, UK, discusses the role of a rapid 
breath diagnostic method for COVID-19 using gas chromatography–ion 
mobility spectrometry (GC–IMS) and the wider impact and realities of field 
breath testing and analysis through the European Toxi-Triage project.

—Interview by Lewis Botcherby

and capacity rather than provide something  
better than other test methods. The most 
powerful attributes for breath testing are 
the speed of analysis (less than one minute), 
flexibility, and the fact that breath testing 
does not encounter sampling artefacts to  
the same extent as nasal pharyngeal 
swabbing. Nasal pharyngeal swabs are 
problematic in that they are hit or miss—
often miss.

A breath sample does not rely on a hit or 
miss sample as it takes a systemic sample 

Q. Following the emergence of the 
COVID-19 pandemic your research 
focus has switched to the development 
of a breath-based diagnostic method 
(1). What benefits would a diagnostic 
method based on breath analysis have 
over the current standard of a RT-qPCR 
test? 
A: I don’t think there is a single silver bullet 
test that is perfect for every eventuality. 

In developing breath tests for COVID-19, 
we are seeking to augment capability  la
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that is representative of the whole patient. 
This is especially important when caring 
for or testing children and other vulnerable 
people.

Furthermore, the biomarker panel can 
be continuously refined and adjusted as 
the disease evolves and our understanding 
develops with it. There are other attributes 
of breath testing that go beyond a single 
positive negative result. I am exploring 
the proposition that different patterns of 
derangement across multiple systems and 
organs will manifest themselves within the 
exhaled volatalome. If this is demonstrated 
we should be able to go beyond infection 
identification and stage the severity of 
infection. Diseases are often staged to 

denote their progression and severity. It is 
a classification system that uses diagnostic 
findings to produce clusters of patients who 
require similar treatment and have similar 
expected outcomes (2).

Q. Two feasibility studies were 
performed to investigate the 
potential of breath analysis using 
gas chromatography–ion mobility 
spectrometry (GC–IMS) to diagnose 
COVID-19 (1). What did the results of 
these studies indicate? 
A: Using a Haldane breath sampler with 
a sample loop injection onto a GC–IMS 
system, we were able to identify participants 
with COVID-19 from an acutely ill cohort 

I want to honour and pay tribute to the wonderful colleagues who delivered 
our COVID-19 research during the very early stages of our current pandemic 
emergency. Please take a look at the manuscript for a more complete summary:

Dorota M. Ruszkiewicz, Daniel Sanders, Rachel O’Brien, Frederik 
Hempel, Matthew J. Reed, Ansgar C. Riepe, Kenneth Bailie, Emma 
Brodrick, Kareen Darnley, Richard Ellerkmann, Oliver Mueller, 
Angelika Skarysz, Michael Truss, Thomas Wortelmann, Simeon 
Yordanov, C.L. Paul Thomas,  Bernhard Schaaf, and Michael Eddleston, 
Diagnosis of COVID-19 by analysis of breath with gas chromatography-
ion mobility spectrometry - a feasibility study, EClinicalMedicine 29–30, 
100609 (2020). DOI: https://doi.org/10.1016/j.eclinm.2020.100609
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with respiratory disease at hospital 
emergency departments. Our AUROC was 
ca. 0.9. AUROC stands for area under the 
receiver operator characteristic. AUROC is 
a widely used measure of the reliability or 
quality of a classification test, and is a plot of 
test sensitivity vs. one minus test-specificity. 
A value of 1 is perfection, 100% true 
positive and 100% true negative.

I think that as instruments become 
ever more analytically sensitive, future 
discussions about limits of detection are 
likely to involve the receiver operator 
characteristic and AUROC values. The 
panel of biomarkers we isolated were 
consistent with multi-system derangement 
and indicated ketosis, inflammation, and 
gastrointestinal effect. 

Q. What compounds distinguished 
COVID-19 from other similar respiratory 
infections?
A: For ketosis, acetone, acetone/2-butanone 
cluster, and 2-butanone were present. For 
inflammation, ethanal, propanal, octanal, 
and heptanal. For gastrointestinal effect, 
methanol monomer and methanol dimer.

This is still very much a work in progress, 
and with GC–mass spectrometry (MS) data 
coming online all the time I’m anticipating 
refinement of our pilot panel of volatile 
organic compounds (VOCs). 

Q. What current or future research are 
you undertaking related to COVID-19 
and what are you hoping to achieve?
A: Our partnership has grown their work 
to include clinics in the tropics (Sri Lanka) 
and communities in the mountains of British 
Columbia in Canada. From tropical heat and 
humidity to the biting winter cold of the 
Canadian mountains, we have been seeking 
to verify and refine our pilot studies. The 
data from these studies are being worked on 
and we hope to share our findings as soon as 
we can.

My hope and intent is to describe a reliable 
breath test for COVID-19. Looking ahead, 
I am interested in detection of the disease 
during its latent/incubation phase when no 
symptoms are apparent.

Q. Are you aware of any other research 
involving chromatography and 
COVID-19?
A: There has been a lot of activity within  
the global breath research community 
addressing COVID-19 testing and diagnosis, 
and there is not space here to provide a 
comprehensive, systematic, and unbiased 
overview. 

However, I have been really impressed by 
the agile and effective development of sensor 
array techniques, electronic noses if you like. 
Although I don’t know what the specific 
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diminish. In fact, the reverse seems more likely; 
we need flexible and effective bio-surveillance. 

The explosion of the Delta variant across 
India was a mass casualty incident in every 
sense of the word, demonstrating how CBRN 
responses go much wider than responses 
to terrorist outrages; although there is no 
doubt that, given the ways and means, there 
are many groups prepared to use CBRN 
agents on unprotected civilians and critical 
infrastructure. Indeed, some states have 
normalized the use of CBRN, particularly 
C agents in overt and covert ways.

In mass casualty CBRN events, hospital 
casualty surge protection and hospital 
staff protection are vital to maintain health 
care services and service continuity. Agile 
technologies that are able to detect and 
identify emerging threats deliver such 
capability. Metabolomic-based approaches 
can do this for a wide range of agents. 
Separation science combined with a range 
of detector technologies is well suited to 
this role in the medium term. You cannot 
repurpose a lateral flow assay from viral 
detection to chemical exposure or radiation 
injury, but you can repurpose casualty 
screening with the right breath biomarkers.

The rate-determining step at the moment 
is building the biomarker evidence base 
and integrating the appropriate machine 
learning into a networked system so that 

European-funded project Toxi-Triage. 
Could you tell us a little bit about the 
project and what it aims to do?
A: I was the project coordinator for 
Toxi-Triage. Eighteen partners from 
seven European countries developed 
complementary technologies that were 
integrated to provide situational awareness 
at the level of an individual casualty. We 
were able to show how to combine drone, 
detector, informatics, artificial intelligence 
(AI), toxicology, and breath-testing 
techniques, and how such capabilities 
could be used to protect emergency service 
personnel and reduce mortality in mass 
casualty events. We were able to tag and 
trace every individual on-scene and provide 
a continuous update on their clinical and 
care-state along with a traceable timeline 
of everyone who had cared for them and 
where they had been treated (7).

Q. Why is accurate and rapid chemical, 
biological, radiological, and nuclear 
(CBRN) diagnosis necessary in the modern 
world and what are the challenges and 
realities in tackling these threats?
A: Where to begin? Emerging diseases 
have been a constant threat in recent times: 
HIV, SARS, MERS, Ebola, Zika, and now 
SARS-COV2. There is no evidence to suggest 
that this procession of threats will abate and 

First, read and study Ion Mobility 
Spectrometry by G.A. Eiceman, Z. Karpas, 
and Herbert H. Hill, Jr. (6).

Second, drift tube temperature, pressure, 
and water concentration are the priority for 
maintaining reproducible IMS performance. 
Ensure your quality control and statistical 
process control are monitoring these at all 
times.

Third, the ionization process lies at the 
heart of this technique. In the same way 
that separation scientists pay close attention 
to the stationary phase, you will need to 
understand the ionization properties of your 
analytes under the ionization regime you are 
using. This is particularly important if you 
have coeluting compounds or significant 
matrix artefacts that might sequester charge 
and suppress your signal.

And my fourth piece of advice would be 
to attend the International Society of Ion 
Mobility Spectrometry annual meeting. In 
my experience there is a no more efficient 
way of learning about this technique. 
Networking with a global community of 
experts, who absolutely want to see any 
newcomer to the field do well and generate 
useful data and outcomes, is a must.

Q. You have a great deal of experience 
in the field of breath testing and 
analysis and work as part of the 

molecules are that the tests are based on, 
the fact is they do appear to work and they 
are really fast (3).

My friends and partners at Leicester 
University have undertaken a GC–MS-based 
study and are looking at the longer term as 
well. I think their recent paper is really useful 
(4).

I’m collaborating with British Columbia 
Cancer Centre—cancer patients are 
particularly vulnerable to COVID-19—and they 
are a team to watch as they are combining 
clinical- and community-based cohorts across 
different platforms, both GC–IMS and GC–
MS. They are led by Professor Renelle Myers.

Another team I am watching is led by Dr 
Amalia Berna at The Children’s Hospital of 
Philadelphia. They are using GC–MS and their 
focus is on children, which, I think, is really 
important (5).

Q. Have you any advice to separation 
scientists using IMS for the first time? 
Is IMS hyphenated to chromatography 
becoming more commonly used? If so, in 
what ways and which application areas?
A: I’ve worked with and studied IMS since the 
1980s and the last few years have been really 
wonderful with more and more applications 
for IMS being reported. I’m going to offer 
four pieces of advice to a first-time IMS user 
(see https://www.isims.info). 
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International Society of Ion Mobility 
Spectrometry, current Honorary 
Secretary to the International 
Association of Breath Research, and 
Chair of Analytical Science at 
Loughborough University.

eclinm.2020.100609

2. https://www.jefferson.edu/academics/colleges-

schools-institutes/skmc/research/research-

medical-education/disease-staging

3. A.G.W.E. Wintjens et al., Surg. Endosc. (2020)

https://doi.org/10.1007/s00464-020-08169-0

4. W. Ibrahim et al., ERJ Open Research

7, 00139-2021 (2021) https://doi.

org/10.1183/23120541.00139-2021

5. A.Z. Berna et al., medRxiv (2020) https://doi.

org/10.1101/2020.12.04.20230755

6. G.A. Eiceman, Z. Karpas, and Herbert H. Hill,

Jr., Ion Mobility Spectrometry 3rd Edition (CRC

Press, 2016).

7. www.TOXI-triage.EU

8. Publication forthcoming

Paul Thomas studied 
the detection of trace 
volatile organic 
compounds for his 
Ph.D. at the University 

of Manchester Institute of Science and 
Technology (UMIST). After a short stint 
with the Atomic Energy Authority 
Safety and Reliability Directorate, he 
was awarded the Thorn Security 
endowed lectureship at UMIST and  
has subsequently studied and 
researched the analysis of trace  
complex VOC mixtures in complex 
samples. He is a past president of the 

disease/detection algorithms are developed 
semi-autonomously as a threat emerges. 

An important health impact from pesticides 
needs addressing. Far too many young adults 
across the world take their lives by drinking 
pesticides, and knowledge of what pesticide 
and formulation would help clinicians 
improve survival rates. Our collaboration with 
Peradeniya University and the University of 
Edinburgh has shown how breath and saliva 
testing might be a useful approach (8).

Q. You mention the biomarker evidence
base as being a rate-limiting step in
the process. What are the challenges
and techniques being used, and what is
needed to address this bottleneck?
A: Breath research and analysis really need to
standardize sampling, analytical workflows,
and data pipelines. In recent years, the
research and development effort has been
really focused on exploring and defining the
optimum techniques and methods to use.
The breath research community really needs
to consolidate their approaches and start
generating digital biobanks of breath data.
Once this has been accomplished, I think we
will start to move much more rapidly.

References
1. D.M. Ruszkiewicz et al., EClinicalMedicine

29, 100609 (2020) https://doi.org/10.1016/j.

E-mail: c.l.p.thomas@lboro.ac.uk
Website: www.lboro.ac.uk/science/
research/centreforanalyticalscience/
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Jürgen Semmler Announced as New Shimadzu Europe 
Managing Director 
Shimadzu (Duisburg, Germany) has appointed Jürgen Semmler 
as the new Managing Director of its European organization 
from 1 July 2021. Previously head of Shimadzu Deutschland, 

he succeeds Jürgen Kwass, who led 
Shimadzu Europa from 2003 to the 
present and is now retiring. 

Jürgen Semmler graduated in 
chemical engineering at Essen 
University, Germany, before joining 
Shimadzu in 1987 as an HPLC service 
engineer. He gained international 
experience as a European team 

member in the development of a global software and since 1996 
as manager of the European Customer Support Centre. In 2006, 
he was appointed Managing Director of the newly founded 
Shimadzu Deutschland. Under his management, the company has 
grown from 60 to more than 150 employees, and its sales from 
€19m to over €40m. Previously independent companies were 
incorporated into the organization as technical offices under the 
overall management of Shimadzu Deutschland.

“Under Jürgen Kwass’ aegis, Shimadzu’s network was rolled out 
to every European country and set up structurally and in terms of 
staff to serve the customer needs of medium-sized companies as 
well as global players. Shimadzu’s growth is closely linked to his 
commitment and name,” said Jürgen Semmler.

For more information please visit: www.shimadzu.de

Identifying Illegal Dyes in Red 
Spices Using UHPLC–MS/MS
Researchers from the University of Barcelona in Barcelona, Spain, have developed an ultrahigh-performance liquid 
chromatography tandem mass spectrometry (UHPLC–MS/MS) method to determine eight banned dyes in turmeric, curry, 
and chili products (1).

The use of dyes to improve the aesthetic qualities of food is a common practice in food industries, however, certain 
types of dyes have been banned because they have been deemed unsafe for human consumption. Dyes such as 
Sudan I-IV, Sudan Orange, Sudan Red 7B, Para Red, and Rhodamine B have been banned in many countries because 
they have been linked to genotoxic and carcinogenic properties. However, not all countries have implemented such 
regulations and the monitoring of imported food products for such compounds is therefore of great importance, 
requiring new sensitive methods.

In this study, the feasibility of electrospray ionization (ESI), atmospheric-pressure chemical ionization (APCI), and 
atmospheric pressure photoionization (APPI) for the ionization of the dye compounds was evaluated. The tandem mass 
spectrometry (MS/MS) fragmentation of dye compounds was evaluated and used to establish fragmentation pathways and 
common fragmentation behaviours, with the most significant, characteristic, and abundant product ions being selected for 
a UHPLC–MS/MS method targeting those compounds from the spice samples.

The study identified that out of the three atmospheric pressure ionization sources APCI performed the best, with 
matrix effect (ME) values ranging from 2 to 25%. Furthermore, the proposed method performed well, providing low 
method limits of detection (MLODs) (1–48 μg kg−1), good intra-day precision (RSD % < 15%), and accurate quantitation 
(relative error % < 15%). 

Researchers went on to demonstrate the applicability of the method through the analysis of turmeric, curry, and chili 
product, with the results showing that the method was able to detect the compounds in the low μg kg−1 range.—L.B.

Reference

1. A. Arrizabalaga-Larrañaga et al., Anal. Chim. Acta 1164, 338519 (2021).
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PCB levels in the blubber exceeded 9 µg/g 
lipid wt, which is the threshold for the onset 
of physiological effects in seven of the eight 
whales, including the neonate. The continued 
existence of these banned substances in the 
ecosystem is no surprise, and they represent 
a tremendous source of risk to the population 
growth of orcas around the world as they have 
been linked to the impairment of the immune 
and reproduction systems in the species (6).

The data collected by scientists highlights 
the worrying impact contaminants are having 
on marine ecosystems, providing further 
evidence of the damage of previously legal 
substances and hinting towards the similar 
impact their replacements are having.—L.B.

References
1. C. Andvik et al., Environ. Toxicol. Chem. 40(7), 

1848–1858 (2021).

2. P.D. Jepson et al., Sci. Rep. 6, 18573 (2016).

3. J.-P. Desforges et al., Science 361, 1373–1376 (2018).

4. W.A. Gebbink et al., Chemosphere 144, 2384–2391 

(2016).

5. Y. Fujii et al., Mar. Pollut. Bull. 136, 230–242 (2018).

6. A.J. Hall et al., Environ. Pollut. 233, 407–418 (2018).

Emerging and legacy contaminants within 
the environment are a constant topic of 
research, with numerous studies investigating 
their impact on ecosystems and the animals 
that inhabit them. However, most studies 
focus on the animals that make up the base 
of the food chain, with top predators rarely 
being studied because of the difficulties 
involved in such research. As such there is 
a lack of data regarding the movement or 
presence of unregulated emerging and legacy 
contaminants in top predators. 

Research conducted in Norway aimed to 
conduct the first screening of legacy and 
emerging contaminants in multiple tissues 
of killer whales (Orcinus orca) to shed 
light on the impact of persistent chemical 
contaminants in the wild (1). The research also 
included samples that were collected from a 
neonate to investigate whether contaminants 
are being transferred from mother to child 
(maternal transfer).

Orcas are considered to be sentinel species, 
providing advanced warning of risks to 
humans as they prey on animals from the 
higher trophic levels, such as seals. There are 

only a few studies to have investigated legacy 
pollutants, such as polychlorinated biphenyl 
(PCBs) (2,3), and only two to have investigated 
levels of perfluoroalkyl and polyfluoroalkyl 
substances (PFAS) (4,5)—intended to replace 
the previously banned PCBs. The forced 
reliance on opportunistic sampling from 
stranded whales limits research opportunities; 
furthermore, the data collected from such 
specimens always comes with a number of 
caveats that must be adjusted for. 

Pollutant levels are regularly higher in 
stranded animals, as demonstrated by Jepson 
et al. (2), and as PCBs are associated with 
immune suppression, individuals with higher 
PCBs are more likely to die from infectious 
diseases and thereby get stranded. PCBs 
are also lipophilic and will concentrate in 
the blubber, highlighting the importance of 
sampling multiple tissue types. Decomposition 
and the unknown cause of death are also 
prominent issues with this type of sampling.

However, with little other options, 
researchers aimed to conduct a 
thorough screening of legacy and 
emerging contaminants in stranded killer 

whales found in Norway using liquid 
chromatography coupled to tandem mass 
spectrometry (LC–MS/MS) and a sample 
preparation process using graphitized 
nonporous carbon. In particular, they 
were investigating tissue partitioning of 
contaminants and their ability to transfer 
from mother to child during pregnancy.

Researchers screened for four PFAS 
and found pentabromotoluene (PBT) and 
hexabromobenzene (HBB) at low levels in the 
blubber of all individuals. Levels of PBT and 
HBB were twice as high in the blubber than 
the muscle for each individual, confirming the 
accumulation of such chemicals in lipid-rich 
tissues. These chemicals are replacements for 
banned substances and their long-term effects 
on ecosystems have yet to be fully examined 
and understood. However, their accumulation 
in tissues in a similar manner to previously 
banned substances is a worrying find.

Data collected from the neonate found that 
perfluoroalkyl substances and total mercury 
levels were lower in the infant than adults, 
which suggested an inefficient transfer of 
those substances from mother to child.

Analysis of Environmental Contaminants 
Accumulation in Orcas Using LC–MS/MS

News
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News In Brief

The Column    www.chromatographyonline.com

• The LCGC Blog: Back to School—Solving Practical HPLC Problems with Basic Theory—I’m very
much a “big picture” type of thinker. By that, I mean unless I can understand all of the working
parts of a problem and understand how they interact, I find it difficult to decide the best approach
to figuring out how to solve the issue. Read Here>>

•  Fast GC–MS for Analyzing Antioxidants and Industrial Food Analysis Applications—LCGC
Europe spoke to Hans-Gerd Janssen from the Unilever Foods Innovation Centre in The Netherlands,
about the advantages of a novel, rapid method to analyze antioxidants that inhibit oxidation, and he
explains that the maturity of gas chromatography (GC) technology is actually an advantage to the
analyst. Read Here>>

•  Recent Developments in Open-Tubular LC Columns—David S. Bell discusses recent developments
in open-tubular liquid chromatography (OTLC), with an emphasis on advances in column technology.
Read Here>>

•  Meeting Regulatory Needs in the Characterization of Lipid Nanoparticles for RNA Delivery via
FFF-MALS—A validated FFF-MALS method aligned with technical specification ISO/TS 21362 for
the analysis of lipid-based nanoparticles (LNPs) encapsulating siRNA and mRNA is presented. Read
Here>>

•  What I Am Looking for When Hiring a Candidate: An Analytical Chemist’s Perspective—When
selecting new candidates for multifaceted analytical separation science jobs, we rarely find an exact
match. So what should we be looking for in job candidates? Read Here>>

•  Determining Wastewater Contaminants Using Earthworms and LC–QTOF-MS—Researchers
have developed a QuEChERS method with liquid chromatography–quadrupole time-of-flight mass
spectrometry (LC–QTOF-MS) to determine 50 wastewater-borne pollutants utilizing earthworms,
which were exposed to the treated wastewater. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Techcomp Announces Isotopx 
Acquisition
Techcomp Instruments Limited (“Techcomp”) 
(Livingston, UK) has announced that Techcomp 
Europe has successfully completed the 
acquisition of a majority shareholding in Isotopx 
Limited (Middlewich, Cheshire, UK). Isotopx is 
a British scientific instrument manufacturing 
company specializing in design and manufacture 
of mass spectrometers.“Techcomp and Isotopx 
complement each other very well. Isotopx have 
a very strong technical team with a worldwide 
reputation for excellence. This investment 
allows for collaboration between Isotopx and 
the technical experts in our other companies 
to bring further innovations and improvements 
across our product portfolio,” said Richard 
Finlayson, CEO Techcomp Europe. For more 
information, please 
visit: https://techcomp-instruments.com

Novasep Declares Exelixis Agreement
Novasep (Lyon, France) has announced 
the signature of a manufacturing services 
agreement with Exelixis, a commercially 
successful, oncology-focused US 
biotechnology company, for the cGMP  
clinical production of XB002, a tissue 
factor-targeting antibody-drug conjugate 
(ADC) for oncology applications. For more 
information, please visit: www.novasep.com 
or www.exelixis.com
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Tips & Tricks: A Few 
Things Chromatograms 
Can (and Can’t) Tell

The primary information resulting from a gel permeation chromatography/
size-exclusion chromatography (GPC/SEC) measurement is a chromatogram. 
Using a calibration curve, the information of the chromatogram is converted 
into a molar mass distribution from which molar mass averages can be 
calculated. However, often incorrect conclusions on molar mass and molar 
mass distribution are drawn by simply looking at the chromatograms. On 
the other hand, certain valuable information can be obtained directly from 
the chromatogram. This instalment of Tips & Tricks will deal with some 
common misinterpretations of chromatograms and will discuss information 
that might be obtained without performing a full column calibration. 

Wolfgang Radke, PSS Polymer Standards Service GmbH, Mainz, Germany 

than the pore sizes no substantial difference in 
elution volume is observed. Macromolecules 
of a size comparable to the pore size can enter 
the pores and will elute from the column at a 
retention time depending on their size to pore 
size ratio. 

The chromatogram, that is, the detector 
response of the eluting fraction as a function 
of elution volume, provides the primary 
information of GPC/SEC. Assigning a molar 
mass to a specific elution volume requires 

Gel permeation chromatography/size-exclusion 
chromatography (GPC/SEC) is the major 
chromatographic separation technique in 
macromolecular science. It allows molar masses 
and molar mass distributions of macromolecular 
samples to be determined. In GPC/SEC, a 
sample containing a mixture of macromolecules 
is separated based on their hydrodynamic sizes 
in solution using a column filled with porous 
particles. Macromolecules larger than the pores 
cannot enter, while for molecules much smaller 
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the establishment of a calibration curve using 
suitable standards or advanced detectors. The 
molar masses derived by GPC/SEC depend on 
the applied calibrant. That is why molar masses 
determined by GPC/SEC are referred to as 
relative molar masses. 

The Different Appearances of 
Chromatograms on Different Columns 
The chromatogram obtained for a particular 
sample not only contains information on the 
molar mass distribution of the sample but 
also depends on instrumental and method 
parameters, of which the pore size distribution 

of the column or column combination applied 
is the most important one. Therefore, a 
comparison of chromatograms of a particular 
sample obtained on different column sets might 
be completely misleading.

This is illustrated in Figure 1, which shows 
the chromatograms of the same mixture 
of polystyrene standards obtained on 
two different column combinations. Both 
chromatograms look totally different. The first 
chromatogram reveals a series of oligomers 
between 32.5–37.5 mL elution volume, which 
are not resolved in the second chromatogram. 
The reason for the different chromatograms is 

the different pore sizes contained in the two 
column combinations. While the second column 
combination is optimized for higher molar mass 
separations and thus provides a rather broad 
pore size distribution—from very large down 
to small pores—the first column combination 
was designed to offer mainly small pores to 
provide a good separation for low molar mass 
oligomers. The absence of very large pores for 
the first column combination results in a higher 
slope of the calibration curve at high molar 
masses, reducing the separation of the highest 
molar mass standards. This explains why the 
two highest molar mass standards elute close to 

each other, despite differing by more than one 
order in molar mass. 

Figure 1 also shows that running the same 
sample on different columns might not only 
affect peak shape but might also result in 
a different number of peaks. Due to the 
enhanced resolution for low molar masses on 
the first column combination, the last standard 
is separated into at least seven individual 
oligomers, while it appears as a single peak on 
the second column combination. 

As the slope of the calibration curve defines 
the elution range over which a given molar 
mass range is separated, peaks of similar 

(a) (b)

Figure 1: Chromatograms of a set of PSS polystyrene standards with molar masses of M
P
 = 549,000, 66,000, 9130, and 474 g/mol injected onto two different column sets. Calibration curves overlaid. 

Tips & Tricks
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dispersity index might reveal different peak 
widths, depending on whether the calibration 
curve exhibits a steep or shallow slope in the 
region of sample elution.

Therefore, a comparison of chromatograms 
obtained on different column combinations 
can not reveal identity or similarities between 
samples!

Bimodal Chromatograms and Bimodal 
Distributions
Drawing conclusions on mono- or 
multimodality of molar mass distributions from 
chromatograms can also be dangerous.

Take a look at the chromatograms in 
Figure 2(a), obtained for four different broadly 
distributed polystyrene samples. While the 
green and blue samples exhibit nearly Gaussian 
peak shapes, the black chromatogram reveals 
a clear shoulder. The red chromatogram shows 
a strong tailing. Therefore, one might conclude 
that the black and red samples are mixtures of 
two distributions, partially separated from each 
other. This conclusion is incorrect, however. 
The observed bimodalities do not reflect 
bimodal molar mass distributions but are the 
consequence of an inappropriate mixture of 
pore sizes of the applied column combination. 

By either combining columns of different 
pore size or by mixing particles of different 
pore sizes in a single column, one needs to 
adjust the relative fractions of the different 
pores in such a way that a nearly constant 
slope of the calibration curve results (1). A 
sudden change in the slope of the calibration 
curve or a lack or overrepresentation of a 
particular pore size will generate either a too 
effective or an insufficient separation within a 
specific molar mass range. Too many pores of 
a specific size will result in elution of a specific 
molar mass range over a large elution volume 
range, leading to a low concentration. On the 

other hand, a lack of suitable pore sizes will 
result in elution of a broad molar mass range 
within a narrow elution volume, resulting in 
high local concentration. These effects are 
named porosity mismatch or dislocation. 
Unfortunately, detection of column mismatch 
or dislocation is not trivial. Only in extreme 
cases can column mismatch be identified 
from the calibration curve itself. This is due to 
the fact that mismatch or dislocation occurs 
only in a rather restricted molar mass range, 
such that the narrowly distributed molar mass 
standards applied to establish the calibration 
curve cannot pick up the “kink” of the true 

(a) (b)

Figure 2: Chromatograms of broadly distributed polystyrene standards on a column combination with (a) non-optimized pore size distribution, resulting in mismatch, and (b) on a properly 
designed column combination, rendering monomodal chromatograms for monomodal distributions.

Tips & Tricks

12

Q&A Thomas2 News7 Tips & Tricks10 Plumb and Wilson16
Incognito22 The LCGC Blog25 Training & Events28 Staff30



The Column    www.chromatographyonline.com

calibration curve. By fitting the calibration 
data with a calibration curve, the kink is even 
more blurred and will thus not be detected. 
More information on porosity mismatch 
and dislocations and how columns need to 
be combined can be found in the literature 
(1,2,3). Applying a column combination of 
appropriately adjusted pore size distributions 
will provide non-disturbed chromatograms, as 
shown in Figure 2(b).

Shoulders or additional peaks in a 
chromatogram can also be caused by high 
molar mass fractions of material approaching 
the column’s exclusion limit. 

As has been discussed in conjunction with 
Figure 1, when high molar mass fractions 
approach the column’s exclusion limit, they are 
not efficiently separated any longer. Thus, the 
concentrations of fractions of different molar 
mass elute very close to each other, piling up 
in concentration and giving the impression 
of a separate peak. This “exclusion peak” is 
an artefact and can be eliminated by using a 
(suitable) column of appropriate pore size.

A recent example from our laboratory is 
shown in Figure 3(a). A customer observed a 
bimodal distribution with two insufficiently 
resolved narrow peaks and asked for advice 

about which column combination would 
provide a better resolution of both peaks. 
Based on the molar mass information provided 
by the customer, a column combination 
was chosen that was expected to provide 
the requested separation. However, using a 
column combination on which the sample 
eluted well within the separation range 
resulted in a single peak of narrow profile 
(Figure 3[b]), rather than in two better 
separated peaks. After obtaining information 
on the calibration curve of the column applied 
by the customer, it became clear that the 
sample eluted close to the column exclusion 
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Figure 3: (a) Bimodal chromatogram of a customer sample resulting from separation on a column combination providing too low an exclusion 
limit in comparison with (b) a monomodal chromatogram obtained on a column combination with a higher molar mass exclusion limit. 
Calibration curves overlaid.
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analysis of chemically heterogeneous systems. 
Application of two concentration detectors, 
such as UV and RI, allows the composition of 
the individual components and the composition 
at each elution volume to be determined. With 
this information the molar mass for a copolymer 
can be calculated at each elution volume, 
rendering more reliable molar masses as 
calculated from a conventional calibration curve 
using only a RI detector. 

However, even without such extensive 
calibrations and calculations, information on 
chemical heterogeneity can be obtained by 
comparing the chromatograms of UV and  
RI detectors. 

limit on the customer’s column, generating the 
artefact of an exclusion peak. 

These examples show that the selection of 
the column combination significantly influences 
the appearance of the sample chromatogram. 

Therefore, one cannot conclude a molar mass 
distribution’s bimodality from a chromatogram 
without careful consideration of the column’s 
pore size distribution.

The Difference Between RI and UV 
Detector Traces
Application of UV detection in addition to 
the common refractive index (RI) detector has 
become popular in GPC/SEC for the quantitative 

Figure 4: UV- and RI-traces for a low molar mass heparin. The shape of the UV-signal differs from 
the RI-trace, indicating a change in molecular composition.
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• Differences in the UV- and RI-traces indicate 
variations of chemical composition with molar 
mass. Such variation can result from polymers 
carrying UV-active end groups or from 
chemically heterogeneous copolymers. 
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(PCE) sample are shown. PCEs, poly(methacrylic 
acid), or poly(acrylic acid)s grafted with 
poly(ethylene glycols) are commercially used as 
concrete additives. The application properties 
depend on sample molar mass and on the 
distribution of the side chains along the 
poly((meth)acrylic acid) backbone.

Without any detailed analysis, the small 
difference between the UV- and RI-traces reveal 
that the grafting process does not result in a 
chemically homogeneous product, which would 
result in superimposing detector traces. In fact, 
the higher molar mass fractions contain a higher 
weight fraction of poly(ethylene glycols). The 
details on the analysis can be found in reference 5.

Summary
• A GPC/SEC chromatogram is composed 

of information from both the molar mass 
distribution of the sample and the separation 
characteristics of the applied column or 
column combination.

• Chromatograms obtained for the same 
sample on different column combinations can 
look totally different, preventing conclusive 
results on identity or dissimilarities of samples 
being drawn.

• Multimodal chromatograms are no indication 
of multimodal molar mass distributions 
without first identifying that the separation 
range is adequate and the pore size 
distribution is dislocation-free.

in which the individual chains differ in their 
chemical composition. 

In the previous example, the UV-signal was 
due to UV-active end groups. Therefore, the 
UV detector detects the number of eluting 
molecules. In contrast, the RI-signal was 
proportional to the number of repeating units 
eluting from the column. At a given number 
of monomers (concentration, RI-signal), 
the number of end groups increases with 
decreasing molar mass, giving rise to a more 
intense UV-signal the lower (higher) the molar 
mass (elution volume).

A different example is shown in Figure 5, the 
data of which were kindly provided (5). Here the 
UV- and RI-traces for a poly(carboxylate ether) 

The chromatograms in Figure 4 show the UV- 
and RI-traces of an end group functionalized 
low molar mass heparin. Since the UV- and 
RI-traces differ from each other, the molar 
masses will vary depending on which detector 
signal is applied to calculate the molar mass. 
However, this will not be discussed in this 
instalment of Tips and Tricks in GPC/SEC and so 
we direct the reader to reference 4.

However, the pure observation of significant 
differences in the shapes of the RI- and 
UV-traces provides the information that the 
composition of the sample varies with elution 
volume. This might be due to the polymer 
either containing a UV-active end group or it 
might indicate the existence of a copolymer 

E-mail: Wradke@pss-polymer.com
Website: www.pss-polymer.com

Figure 5: UV- and RI-traces for a polycarboxylate ether (PCE). The shape of the UV-signal (red) 
differs from the RI-trace (blue), indicating a change of grafting ratio with elution volume.
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Metal-Analyte 
Interactions—An 
Unwanted Distraction

The interaction of transition metals with analytes, present at low 
concentrations in samples, has been a problem for analytical scientists 
for many years. Such unwanted interactions often result in poor peak 
shapes, loss of sensitivity, and, in some instances, truncated linear dynamic 
ranges. Whilst a number of pragmatic solutions to this problem have been 
advanced, all suffer from practical difficulties that limit their application. 
Recently a new method to deal with this problem has been developed that 
shows promise for greatly attenuating, or even eliminating, such adverse 
surface interactions with minimal effects on the routine operation of liquid 
chromatography (LC) systems.

Robert S. Plumb1 and Ian D. Wilson2, 1Waters Corporation, Wilmslow, UK, 2Division of 
Systems Medicine, Department of Metabolism, Digestion, and Reproduction, Imperial College 
London, UK

then confronted with molecules offering a 
surprising array of problems that they have 
to solve in order to develop a sensitive and 
specific method for this new (insoluble, 
highly hydrophilic/hydrophobic/amphoteric/
high-molecular-weight [HMW]/low MW) 
compound, and then return reliable, 
quantitative data with a rapid turnround.  
The sample volumes supplied are often quite 

The wicked sense of humour that medicinal 
chemists have is never more apparent than 
when they send their favourite compounds—
having had them dosed to their in vivo model 
of choice—for bioanalysis. This is often 
because, to their surprise, these candidates 
are not as effective in vivo as they had 
expected based on their zeptomolar in vitro 
potency. The unsuspecting bioanalyst is 
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small as the adoption of microsampling, 
as part of replace-reduce-refine strategies 
for animal use, continues and this further 
complicates matters because it results in 
low absolute masses of analyte available for 
bioanalysis. If the drug candidates in such 

investigations have a tendency towards 
non-specific binding or adsorption onto the 
component parts of the LC system or column, 
then the loss of the already low concentration 
analyte is likely. These losses have clear 
and obvious adverse effects on accurate 

determination of analyte concentrations and 
consequences for the correct calculation of 
factors such as the pharmacokinetics/dynamics 
(PK/PD) of the analyte. Indeed, such effects 
may preclude the proper characterization of 
the elimination phase of candidate drugs and, 

if there are similar effects on their metabolites, 
may confound efforts to characterize other 
drug metabolism and pharmacokinetic 
(DMPK) aspects of the study.

Whilst interaction with silanols on the 
silica-based stationary phases commonly used 

Figure 1: Analysis of a human plasma extract of hydrocortisone phosphate (spiked at 5 ng/mL) using a 2.1 × 50 mm, 1.8-µm Acquity HSS T3 C
18
 column (Waters). The column was eluted with an aqueous formic 

acid (0.1%)–acetonitrile–formic acid (0.1%) gradient (5–75%) over 2.5 min at 600 µL/min. The left-hand trace is derived from the HST system, and the right-hand trace from a conventional UHPLC system (2).

Plumb and Wilson
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for LC are widely known and appreciated—
and now widely mitigated—a further, 
less common, source of analyte-specific 
adsorption can be the result of interactions 
with any transition metals present in the 

LC systems, tubing, and columns. Acting 
as Lewis acids, these metals interact with 
those analytes containing functional 
groups, such as phosphates or various 
types of amine, hydroxy, and carboxylic 

acid that can chelate metals. The outcome 
of these interactions is poor, sometimes 
unacceptable, chromatographic peak shape 
and the complete loss of the target analyte, 
particularly at low concentration. A range 

of strategies have been tried to reduce or 
eliminate such unwanted analyte-system 
interactions including buffers, additives such 
as ion-pairing (IP) or chelating reagents, 
or attempts at the removal of metals from 
the system by constructing columns using 
PEEK instead of traditional metals, such as 
stainless steel. These strategies can provide 
a measure of success but are not routine 
approaches, and whilst they are able to 
reduce analyte-metal interactions they may 
have detrimental effects on sensitivity, with 
mobile phase additives competing for mass 
spectrometry (MS) ionization. PEEK also 
has limited mechanical strength and is only 
suitable for relatively low pressure operation, 
constraining its use in ultrahigh-pressure 
liquid chromatography (UHPLC) systems. 
Whilst it is possible to line columns with 
PEEK to overcome the pressure constraints, 
there can still be problems with solvent 
compatibility (for example, DMSO) and this 
does not address the interactions with frits 
and the other metal components of the LC 
system that may come into contact with the 
analyte. Another approach to “passivating” 
the system is to perform repeated injections 
of the analytes until the signal stabilizes, 
but, whilst partially effective, this “solution” 
does leave the analyst feeling a little 
uncomfortable about the accuracy and 
robustness of the method. This leaves 
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Figure 2: Analysis of a mouse plasma extract of gefitinib (spiked at 5 ng/mL) using a 2.1 × 100 mm, 1.8-µm Acquity HSS T3 C
18
 column (Waters). The 

column was eluted with an aqueous formic acid (0.1%)–acetonitrile–formic acid (0.1%) gradient (5–95%) over 10 min at 600 µL/min. The upper trace 
is derived from the HST system, and the lower trace from a conventional UHPLC system. Reproduced with permission from Elsevier: R.S. Plumb, L.A. 
Gethings, A. King, L.G. Mullin, G. Maker, R. Trengove, and I.D. Wilson, “Hybrid organic/inorganic hybrid surface technology for increasing the 
performance of LC/MS(MS)-based drug metabolite identification studies: Application to gefitinib and metabolites in mouse plasma and urine” J. Pharm. 
Biomed. Anal. 200, 114076 Epub 2021 Apr 20 (2021).

Plumb and Wilson
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adding chelating agents to the mobile phase 
(EDTA, or picolinic acid), which is probably 
acceptable for LC–UV-based methods but, 
depending upon the concentration required, 
may cause problems for LC–MS and be a 
source of long-term contamination.

The ideal answer is to eliminate the problem 
entirely by masking the “active sites” in the LC 
system and column, thereby rendering them 
inaccessible to the analytes. A novel hybrid 
surface technology (HST) surface barrier (1) 
does just this, having been conceived and 
developed to address such problems, by 
forming an effective barrier that prevents 
the metal surfaces and analyte molecules 
from reaching each other. The concept is 
based on the use of a highly cross-linked 

surface treatment, similar to the organo-silica 
hybrid chemistries used to form silica-based 
UHPLC stationary phases. The surface that is 
formed provides an inert and resilient barrier, 
blocking access to the metal surfaces but not 
participating in the ongoing separations.

Using this strategy has a number of 
benefits, such as eliminating the need for 
mobile phase additives whilst improving 
peak shape and increasing recovery from the 
column (all of which contribute to improved 
sensitivity). It also eases method development 
for these “metalophilic” analytes as this 
becomes no more difficult than for most 
“normal” compounds. A good example of 
the improvements that can be obtained is 
seen with phosphorus-containing prodrugs, 

such as the steroids dexamethasone and 
hydrocortisone. These anti-inflammatory 
corticosteroids are widely prescribed for 
treating endocrine disorders, autoimmune, 
and allergic conditions including arthritis, 
psoriasis, lupus, and ulcerative colitis. More 
recently, dexamethasone phosphate has 
been shown to be a cheap and effective 
means of treating the respiratory symptoms 
of COVID-19 patients. In Figure 1, the 
improvement in signal response for a plasma 
extract of hydrocortisone phosphate 
(prepared by protein precipitation) on an 
HST system, operated in reversed-phase 
mode, compared to a conventional system 
is impressive (2). In the case of the HST 
method, the surface treatment was applied 

to the full range of metal surfaces that 
analytes could come into contact with (that 
is, the metal surfaces within the flow path 
of the LC system, column frits, and the walls 
of the chromatographic column). Similar 
improvements were seen for dexamethasone 
phosphate. For both of the steroid prodrugs 
it was interesting to note that at higher 
concentrations (100 ng/mL), the MS detector 
response produced was similar for both 
the HST and conventional UHPLC systems. 
However, as the analyte concentration 
was reduced a marked difference in peak 
response was observed between the two 
systems. These observations suggest that at 
low analyte (on-column) mass loadings the 
steroid phosphate was completely adsorbed 
on the metal surfaces of the conventional LC 
system but that this did not occur within the 
HST system, enabling the analyte’s detection. 
At higher analyte concentrations the same 
mass of analyte material interacted with 
the metal surfaces in the conventional LC 
system as for the low concentration sample, 
with the majority of the analyte passing to 
the mass spectrometer for detection. The 
analysis of a large batch of steroid-phosphate 
prodrug-containing plasma samples on a 
conventional LC system showed that, despite 
making greater than 100 injections of plasma 
extract to passivate the active sites, the signal 
response for the low concentration sample 
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Figure 3: (a) MS and MS spectra of a gefitinib hydroxyglucuronide metabolite obtained using the conventional LC–MS system and 
(b) hydroxy glucuronide MS and MS spectra obtained using the HST LC–MS system in urine.
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gefitinib itself, peak tailing was reduced 
by a third and peak response increased by 
approximately 70% (see Figure 2); similar 
improvements were seen for some but not 
all metabolites (3). 

These improvements in LC performance 
produced by the HST system for the 
quantitative analysis of pharmaceuticals 
in biofluids were not limited to peak 
shape and intensity but were also evident 
in the enhanced quality MS and MS/MS 
data obtained for structural elucidation 
of metabolites. So, in the case of the 
gefitinib metabolites detected in pooled 
mouse urine, a comparison of conventional 
vs. HST UHPLC systems highlighted a 
clear improvement in both the intensity 
of the MS data obtained and the quality 
of spectra. This advantage is clearly 
illustrated in Figure 3, which shows the 
MS and MS/MS data generated on a 
hydroxyglucuronide metabolite of gefitinib. 
From the low energy MS spectra it is clear 
that the precursor ion m/z 639.196 is 
obvious in the HST data but absent from 
the spectrum from the conventional  
UHPLC–MS analysis. In the high collision 
energy data, the diagnostic fragment ion 
at m/z 463.152 is easily observed and 
interpreted as opposed to the conventional 
UHPLC data where this ion is not detected 
and the spectrum also contains many 

for the low concentration standards/quality 
controls (QCs) but also for those of medium 
concentration, thus simplifying method 
development and improving performance (2). 

As outlined above, the interaction of many 
analytes containing phosphates, various 
types of amines, hydroxy, and carboxylic 
acid groups with transition metals in LC 
systems has been previously reported. Thus, 
any improvements in materials science that 
mitigate these Lewis acid-base interactions 
would show a benefit in the analysis of 
phosphate-containing analytes, such as the 
steroid prodrugs illustrated here. Whilst 
the majority of candidate pharmaceuticals 
do not contain these active groups, many 
still exhibit peak tailing, which requires the 
addition of buffers to the mobile phase to 
improve the chromatographic peak shape. 
One such compound is the EGFR inhibitor 
gefitinib, a drug employed for treating 
certain breast, lung, and other cancers. For 
conventional reversed-phase LC, ammonium 
acetate has to be used in the eluent to 
obtain suitably symmetrical peaks. Although 
the molecule is not an obvious metal 
chelator, a comparison of HST and standard 
UHPLC systems for the analysis of gefitinib 
and metabolites in mouse urine and extracts 
of plasma obtained after a 50 mg/kg oral 
dose demonstrated clear improvements 
in both peak shape and intensity. For 

achieved, was not achieved to any significant 
level. The derived statistical data from 
the HST system, produced during assay 
validation, showed a reduced %CV not only 

(5 ng/mL) never approached that obtained 
with the HST system. This demonstrates 
that the aim of system passivation, which 
would allow parity in performance to be 
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Figure 4: Comparison of the peak response (n = 3) for dexamethasone phosphate in human plasma 
using a reversed-phase LC–MS/MS method. The separation was performed on a 2.1 × 50 mm, 1.8 µm 
Acquity Premier HSS T3 column (Waters) and eluted with a linear gradient 5–95% acetonitrile (0.1% 
formic acid)–aqueous formic acid (0.1%) over 3 min at a flow rate of 0.3 mL/min. Dexamethasone 
phosphate was monitored in positive ion mode using the MRM transition m/z 473.3 → 435.1 (2).
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30 years, most recently as a Senior 
Principal Scientist in the Department of 
Drug Metabolism and Pharmacokinetics 
at the AstraZeneca Research site at 
Alderley Park (Macclesfield, UK). He 
moved to Imperial College London 
in 2012 to a personal Chair in Drug 
Metabolism and Molecular Toxicology, 
where he is now a visiting Professor. 
Research interests are the development 
and application of advanced analytical 
techniques (especially those linked to 
high resolution and/or high-throughput 
separation methods) to problems 
in drug metabolism, toxicology, 
and metabonomics, resulting in 570 
publications. He is an Editor of the 
Journal of Chromatography (B) and 
the recipient of a number of awards in 
chromatography and analysis, such as 
the Chromatographic Societies’ Martin 
Medal and the Knox Medal of the Royal 
Society of Chemistry Separation Science 
Group. He was recently awarded an 
Honorary Doctorate from the University 
of Thessaloniki and was made an 
Honorary Fellow of the Metabolomics 
Society.
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Pharm. Biomed. Anal. 200, 114076 (2021).

Robert Plumb is the Director of Omics 
and Small Molecule Pharma in the 
Waters Scientific Operations Division 
in Milford, Massachusetts, USA. He is 
responsible for the development of 
new approaches to DMPK, proteomics, 
and metabolomics. Prior to his current 
position, he was at GlaxoSmithKline 
for 15 years in the areas of bioanalysis, 
drug metabolism, and metabolic 
profiling. He has published over 100 
papers on the subject of HPLC–MS and 
NMR for bioanalysis, metabolomics, 
and metabolite identification. He 
is an Adjunct Professor at Murdoch 
University and a Fellow of the Royal 
Society of Chemistry. In 2014 he was 
awarded Highly Cited Researcher by 
Thompson Reuters. 
Ian Wilson has worked in the 
areas of bioanalysis, metabolic 
phenotyping, and drug metabolism in 
the pharmaceutical industry for over 

related variances in performance. This is 
illustrated in Figure 4 where the accuracy 
of the HST LC–MS/MS system is shown for 
method transfer between three separate 
systems at the lower limit of quantification 
(LLOQ), limit of quantification (LOQ), mid-
range QC (MQC), and high QC (HQC) for 
dexamethasone phosphate. As can be seen 
from these data, the analysis of the samples 
for all of the concentrations examined was 
consistent across the three systems over 
three separate occasions. 

Conclusion
The HST method described here provides 
a convenient and readily implemented 
solution to many of the problems associated 
with analytes that can interact with metals 
in conventional LC systems and columns. 
These results did not require the use of 
mobile phase additives that might otherwise 
adversely affect MS performance and did 
not require system passivation (saving  
both time and costly reagents). In addition, 
the benefits of the HST are achieved  
without detriment to analytes that are not 
prone to metal-sensitive adsorption in the 
first place.

References
1. M. DeLano, T.H. Walter, M.A. Lauber, M. Gilar, 

M.C. Jung, J.M. Nguyen, C. Boissel, A. Patel, 

fragment peaks, unrelated to the drug 
metabolite, arising from the incomplete 
resolution of the target metabolite from 
endogenous contaminants in the  
samples/matrix.

Successful bioanalysis has certain 
non-negotiable requirements. A method 
must provide sufficient sensitivity and 
linear dynamic range to determine the 
pharmacokinetic elimination phase. The LC 
efficiency has to resolve the analytes  
of interest from interferences (endogenous 
or drug-related) to provide specificity. 
Critically, it must be sufficiently robust  
and reproducible to allow routine acquisition 
of data from large batches of samples. 

Method migration and transfer between 
instruments and laboratories should 
ideally also be straightforward. However, 
instrument-to-instrument variability 
often makes this process both tedious 
and labour-intensive, with problems that 
frequently manifest themselves including 
differences in analyte retention, peak 
shape, and limits of detection. Some of 
these can be laid at the door of analyte 
adsorption onto the different components 
of the LC system (for example, different 
lengths/volumes of connection tubing or 
differences in the materials employed). 
The inert surface barrier technology of the 
HST helps to eliminate these adsorption-

E-mail: i.wilson@imperial.ac.uk
Website: https://www.imperial.ac.uk/
people/i.wilson
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Computer-Assisted 
Down-Skilling
Is it time to get back to the fundamentals of analytical chemistry? Incognito 
thinks the time is nigh.

any implied paranoia regarding computer 
technology. However, I do feel that it’s 
worthwhile to highlight some observations 
regarding our, perhaps unwitting, reliance 
on in silico tools and their potential effects 
on the basic understanding and skills 
that I believe are necessary for any good 
analytical chemist.

Let’s start with molecular drawing 
programs. Whilst these are literally 
game changing in terms of speed and 
efficiency of data presentation and 
report production, I wonder how many 
times structures are loaded using these 
programs without much attention to the 
“chemistry” of the molecules. When I can 
use a freeware program that allows me 
to search for say, aspirin, as a text string 
and the structure magically appears, this 
is not like having to draw the structure 
by hand, which, in a psychological sense, 
creates a bond (no pun intended) between 
the person drawing it and the structure 

It’s true that the power of computers 
has changed the working lives of 
everyone within the developed world, 
and has allowed the analytical chemistry 
community to advance beyond anything 
that might have been imagined, even 
in the latter years of the last century. 
However, I do have an unease about the 
insidious ways in which our use—some 
might say reliance—upon in silico tools 
may also be affecting the skills of the 
analytical chemistry community.

Let me start by saying that I do not 
consider myself a luddite or indeed a 
naysayer when it comes to computerized 
systems or tools. In the arc of my own 
career, I’ve seen the introduction of 
computers into the laboratory and the 
huge developments realized through their 
use. I’m not going to argue here that 
we should revert to some pre-silico dark 
age in which our scientific capabilities 
and productivity are regressed due to 
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itself. The act of drawing the structure, 
either literally or digitally, gives me a 
sense of the form and composition of the 
molecule. This may seem very small beer 
but from my own experience, I know that 
I understand less about structures I import 
rather than those I’m forced to draw, 
either digitally or literally.

Some of these drawing programs 
also allow the prediction of analyte 
physicochemical properties, Log P, 
Log D, pK

a
, and the like. Again, for a 

chromatographer these predictions can 
save a lot of searching time and can 
be highly informative when developing 
chromatographic separations. However, 
there are often a number of variables that 
need to be defined to make the prediction 
more accurate. Indeed, the accuracy of 
the predictions are driven by the training 
or reference datasets available to develop 
the algorithms on which the predictions 
are made. All too often I see predicted 
values used without proper setting of 
the controlling variables that guide the 
prediction process or values are taken 
verbatim and without knowledge of the 
inherent error, often to the detriment of 
the chromatographic method development 
process. I get that the alternatives to 
prediction are not appealing and to have 
to search endlessly for literature reference 

values or carry out the determinations 
empirically can be time-consuming 
and sometimes futile. But we seem 
to sleepwalk into believing that what 
the computer tells us must be correct, 
somehow without the ability to question 
or assess the possible inaccuracies of 
computed values. It would be great to 
see analysts “calibrating” the accuracy 
of predicted values by comparing to 
literature values from trusted sources and 
investigating the source of any variation 
between results. That level of scientific 
curiosity and the quest for rigour seems 
to be diminishing, and the accessibility 
of such computed data doesn’t help to 
explain the derivation of the data or its 
meaning in terms of separation science. 
Perhaps we simply don’t do a good 
enough job of educating younger  
scientists on the possibility that the 
computer-generated data of this type  
may simply be approximate and the 
magnitude of any such errors needs to  
be taken into account.

Computer data systems (CDSs) are 
another area of computing technology 
that I believe to be rich in the propensity 
for down-skilling. Again, the merits of the 
CDS system are undoubted and it would 
be impossible to dispense with them, but 
there is so much that goes unexplained 

within the “black box” that ultimately 
dispenses the “answer” to our analyses. 
I come from a world of “standardized” 
chart paper, where peaks were cut out 
by hand (yes, literally using scissors) and 
weighed in order to derive the relative 
“response” of analyte and internal 
standard or calibrant. There will be few 
readers who remember this and it may 
seem unbelievable to most, but that’s 
how we used to do quantitative analysis 
prior to the invention of the computing 
integrator. How many of us understand 
the principles of the integration 
algorithms of modern CDS systems, or 
even change the integration parameters 
to better model the “baselines” used 
when integrating a chromatographic 
peak to determine its area? When 
was the last time you optimized these 
parameters to improve quantitative 
accuracy by improving the modelling 
of the computed baseline? Or to cope 
with highly convoluted chromatograms 
where a perpendicular must be dropped, 
valley to valley events are required, or the 
baseline skimmed? I for one would not 
be able to mathematically check that the 
integral function had returned an accurate 
estimate of the peak area. One could 
argue that it is not important to be able 
to do this, but I do think it’s important to 

know at least something of the process 
used to ultimately generate the peak area, 
the user defined variables that can affect 
the result, and the associated error with 
that measurement.

I’ve written about this several 
times previously within the Incognito 
column, but how many of us really truly 
understand how the final “answer” 
is computed within the CDS system? 
Could you reproduce the value by 
calculating from first principles? How is 
the calibration line derived? Is it equally 
weighted? What is the treatment of the 
intercept? Are standard purities taken 
into account? How are the standard and 
sample dilutions taken into account? All 
very pertinent questions that need to be 
considered to compute the value using 
graph paper and the correct equation to 
define the calculation. Again, is all of this 
important? Well, yes it is, especially if the 
“answer” derived via the CDS is incorrect 
or accepted verbatim without any 
consideration of the associated error. In 
my early career, all equations were derived 
from first principles, calibration done by 
hand using graph paper, and the results 
calculated manually with the help of a 
calculator. I can say that I can spot errors 
in the way that CDS systems have been 
configured to calculate a final “result” 

Incognito
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more easily than my younger counterparts 
and that’s not because I’m smarter than 
them, simply that the experience gained 
in my early career has taught me to work 
methodically and forensically through the 
calculation and the input variables to find 
the errors. That’s very rarely taught within 
industry these days, as far as I can tell.

We have been recruiting for structural 
elucidation analytical staff lately, 
seeking candidates who can use mass 
spectrometric (MS) data to find the 
structures of unknown analytes not 
contained in commercially available or 
in-house MS libraries. In almost every 
interview, we have been asked what 
high-resolution MS instruments we use and 
what software we use for the task. It has 
been almost impossible to find candidates 
who can take a gas chromatography 
(GC)–MS or liquid chromatography 
(LC)–MS spectrum—alongside some 
“hints” of the types of analyte we believe 
might be related to the unknown—and 
chromatographic data to work from first 
principles and a solid knowledge of organic 
chemistry and MS ionization processes to 
figure out the structure of the unknown. 
Again, given that high-resolution MS data 
in combination with the very powerful 
software packages can suggest empirical 
formulae, mine possible structural 

features of the analyte, and in some cases 
suggest analyte structures from spectral 
fragmentation patterns, why on earth 
should I be concerned about this? Well, 
you may consider my rage against these 
particular machines to be futile, but I’m  
the one who sees the suggested structures 
of unknown analytes and believe me, 
context and a wider perspective is 
everything. If the candidates had some 
knowledge of basic organic chemistry, 
chromatographic science, and the 
ionization processes in play in LC–MS and 
GC–MS analysis, and if they had used 
the supplementary information about the 
types of materials being analyzed, they 
would not have come up with some of 
the suggested structures that we have 
been presented with. I must pause here 
and say that by far the best candidates 
we see for these roles are those who 
have a good understanding of synthetic 
organic chemistry. So, the questions I 
might pose are, “Does our high-resolution 
MS capabilities and highly capable but 
very expensive software down-skill the 
analytical chemist of today? Do we provide 
the training and learning necessary to 
give the underpinning knowledge and 
skills to understand the software structure 
suggestions and to look with a critical 
eye on the validity, or otherwise, of the 

predicted structure? Are basic skills in 
structural elucidation being eroded to 
the point at which we cannot properly 
question the computer predictions and 
suggest alternatives?”

Readers must decide for themselves 
if I’m just an old-timer yearning for the 
good old days and whether the examples 
cited above resonate with their own 
experiences of the trends within our 
industry. From my perspective, I do value 
the capabilities and advances that in 
silico tools have brought to the analytical 
armoury and would never wish to regress 
from the very fortunate position in which 
we find ourselves. My beef is that we 
have stopped teaching the fundamentals, 
stopped helping analytical chemists to 
properly understand how and why the 
computations are being made, and, most 
importantly, we have robbed them of the 
ability to critically evaluate results and 
accurately assess and communicate error. 
The answer to this is to address these latter 
points in undergraduate, postgraduate, and 
industrial education and training but, like 
any good self-help situation, we first must 
admit that we have a problem!

Contact Author: Incognito
Contact the Editor: kjones@
mjhlifesciences.com
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The LCGC Blog: To Prep 
or Not to Prep? That is 
the Question…

Understanding the fundamentals of extraction methodologies is critical and 
can enable chromatographers to find smart solutions to tackle separations 
of complex samples.

Emanuela Gionfriddo, Department of Chemistry and Biochemistry, The University of Toledo, 
Ohio, USA

In the realm of separation methods, 
analytical extraction and sample preparation 
can be considered the “Cinderella” 
subfield—it is often overlooked and its 
attributes and value are unrecognized. 
Everyone needs to prepare and extract 
their samples prior to introduction into 
separation or detection systems, however, a 
lesser number of users fully understands the 
fundamental concepts and the fascinating 
interplay of chemistry, physics, engineering, 
and material science that govern analytical 
extraction processes.

After starting my independent academic 
career and being responsible for mentoring 
graduate and undergraduate students, the 
words of my post-doctoral advisor, Professor 

Separation science is an intriguing 
and challenging (yes, let’s admit it) 
interdisciplinary field. Many of our daily 
rituals depend on effective chemical 
separations. This includes our much-needed 
morning coffee or tea!

Among the separation science 
subdisciplines, chromatography has 
surely played a dominant role in enabling 
separations of complex mixtures by 
exquisitely coupling fundamental knowledge 
with technological advancement. In my 
opinion, one of the major strengths of 
chromatography is the solid, fundamental 
understanding that many research groups in 
the world have tirelessly worked on building 
for the scientific community.
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Janusz Pawliszyn, still resonate loudly in 
my mind: “You need to understand the 
fundamentals!” This was the common 
refrain we heard at every group meeting 
at the University of Waterloo. I must admit 
that now, the same words often come up 
during my group meetings at the University 
of Toledo.

Understanding the fundamentals of 
extraction methodologies is in fact critical 
for research and development in academia 
as well as in industrial settings, and can 
enable chromatographers to find smart 
solutions to tackle the complex composition 
of different types of samples.

To achieve this understanding, it is 
important to focus not only on the number 
of applications that a certain extraction 
methodology can accomplish but also 
on what drives the performance of that 
methodology in terms of extraction 
efficiency, selectivity, and compatibility 
to separation and detection platforms. 
Concepts of mass transfer, analyte and 
extraction phase interactions, adsorption 
isotherms, matrix effects, and matrix 
compatibility must be very well studied 
and understood, to properly tune 
extraction methods to diverse samples and 
analytical needs.

In this context, educators play a 
critical role in raising awareness about 

the science behind analytical extraction 
methodologies. More efforts should be 
made to include this topic in analytical 
chemistry curricula both at the graduate 
and undergraduate levels. On the other 
hand, a challenge for educators is to 
find textbooks that specifically focus on 
analytical sample preparation, rather than 
relying on more generic textbooks that 
only describe a few of these techniques 
in the last few paragraphs of chapters on 
chromatographic techniques. To the best 
of my knowledge, only a few textbooks 
provide a comprehensive overview of 
extraction techniques from an analytical 
perspective (1–3). As my contribution to the 
cause, I was able to redesign my “CHEM 
8310 Advanced Analytical Chemistry” 
course to provide a detailed description 
of analytical sample preparation and 
extraction methods suitable to small 
molecules, macromolecules, and inorganic 
species. It was rewarding to notice how 
the attendance for this course expanded 
from chemistry and biochemistry students 
to pharmacy and chemical engineering 
students as well.

The lack of understanding of the role 
of sample preparation goes beyond the 
educational aspect, however. When I 
interact with peers, a question that often 
comes up is, “Why would I spend time 

on sample prep when I can just use an 
advanced separation system or the powerful 
high-res mass spectrometer?” That is a legit 
question for sure, and different points of 
view make science interesting.

My take is this: Why wouldn’t you 
spend some time on your sample prep to 
avoid garbage in, garbage out effects and 
repetitive maintenance on your system after 
injecting dirty samples? Why wouldn’t you 
want to get a clean chromatogram when 
you can? Lucky you, if you have access to 
very sophisticated instrumentation or to a 
very talented instrument repair person, but 
not every laboratory can.

We all too often see analytical sample 
preparation tools sold as a “kit” to extract 
specific analytes from defined samples and 
aimed to simplify the analyst’s work. While 
this approach works very conveniently for 
routine analysis, it has given the wrong 
impression over the years that all sample 
prep researchers do are easy and repetitive 
protocols such as passing a sample through 
a solid-phase extraction (SPE) cartridge or 
immersing a solid-phase microextraction 
(SPME) fibre in a liquid.

The potential of extraction methodologies 
goes beyond the traditional misconceptions. 
Simply optimizing and validating analytical 
methods is not all that scientists devoted to 
sample prep should and can do.

Today’s scientific community has 
access to a very diverse “sample prep 
toolbox” that includes exhaustive and 
non-exhaustive techniques, micro-scale 
approaches, and more. Let’s make the 
effort not to limit sample prep research 
to the analysis of n analytes in n+1 
samples, and utilize what every sample 
prep technique has to offer to study more 
in-depth biological phenomena, chemical 
and physical transformations, and phase 
distribution, to mention a few applications.

I also want to emphasize here that 
strategizing the proper extraction 
approach can facilitate complex 
chromatographic separations as well. In 
fact, I strongly agree with my colleague 
Flavio A. Frachina when he mentions that 
coupling the proper extraction method 
with chromatographic separation platforms 
is “the most powerful analytical alliance” 
in modern separation science (4).

I would like to conclude by saying that it 
is important to acknowledge that no sample 
preparation or extraction technique is a 
panacea. Therefore, to know what’s best for 
your specific analytical needs,“You need to 
understand the fundamentals!”
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Training Courses

Please send your event and training 
course information to Kate Jones 
kjones@mjhlifesciences.com

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

Practical Essentials of Gas 
Chromatography and GC–MS 
Introduction 
29 September 2021 
Online—virtual classroom 
Website: www.anthias.co.uk/training-
courses/cgc01-introduction-gas-
chromatography-and-gc-ms

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/
coping-with-covid-19-remaining-
productive-and-safe-in-the-analytical-
laboratory

Introduction to Infrared (IR) 
Spectroscopy 
Online webcast from 
CHROMacademy
Website: www.chromacademy.
com/channels/infrared/principles/
introduction-to-infrared-spectroscopy

Applied Maintenance and 
Troubleshooting for GC and GC–MS 
8 October 2021 
Online—virtual classroom 
Website: www.anthias.co.uk/training-
courses/GCGCMS-TM

HPLC/LC–MS 
HPLC Fundamentals
Onsite training
Website: www.crawfordscientific.com/
training-consultancy/hplc-training/hplc-
fundamentals

HPLC Troubleshooter
Website: www.chromacademy.
com/channels/hplc-training-courses/
troubleshooting/hplc-troubleshooter

Fundamental LC–MS 
Website: www.chromacademy.com/
channels/lc-ms/principles/fundamentals-
of-lc-ms-video-training-course

LC–MS Introduction 
Onsite training 

Website: www.chromacademy.
com/channels/lc-ms/principles/lc-ms-
introduction

SAMPLE PREPARATION
Fundamentals of Solid-Phase 
Extraction (SPE) Mechanisms 
Online training
Website: www.chromacademy.com/
channels/sample-preparation/technique/
fundamentals-of-spe-mechanisms

Practical Essentials of Solid-Phase 
Microextraction (SPME) 
19 August 2021 
Online—virtual classroom
Website: www.anthias.co.uk/training-
courses/practical-essentials-of-solid-
phase-micro-extraction

Practical Essentials of Thermal 
Desorption (TD) 
20 August 2021 
Online—virtual classroom
Website: www.anthias.co.uk/training-
courses/practical-essentials-of-thermal-
desorption

https://www.chromacademy.com/channels/gc-training-courses/principles/gc-introduction
https://www.chromacademy.com/channels/gc-training-courses/troubleshooting/gc-troubleshooter
https://www.crawfordscientific.com/training-consultancy/gc-training/gc-fundamentals
https://www.anthias.co.uk/training-courses/cgc01-introduction-gas-chromatography-and-gc-ms
https://www.anthias.co.uk/training-courses/GCGCMS-TM
https://www.crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
https://www.chromacademy.com/channels/hplc-training-courses/troubleshooting/hplc-troubleshooter
https://www.chromacademy.com/channels/lc-ms/principles/fundamentals-of-lc-ms-video-training-course
https://www.chromacademy.com/channels/lc-ms/principles/lc-ms-introduction
https://www.chromacademy.com/channels/lc-ms/principles/lc-ms-introduction
https://www.chromacademy.com/channels/sample-preparation/technique/fundamentals-of-spe-mechanisms
https://www.chromacademy.com/channels/basic-lab-skills/technique/coping-with-covid-19-remaining-productive-and-safe-in-the-analytical-laboratory
https://www.chromacademy.com/channels/infrared/principles/introduction-to-infrared-spectroscopy
https://www.anthias.co.uk/training-courses/practical-essentials-of-solid-phase-micro-extraction
https://www.anthias.co.uk/training-courses/practical-essentials-of-thermal-desorption
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Event News
4–7 October 2021 
International Conference on Non-Target Screening 2021 (ICNTS21)

Online/Erding, Germany

E-mail: education@afin-ts.de
Website: https://afin-ts.de/icnts-21

5–7 October 2021 
Forum Labo

Paris Expo - Porte de Versailles, Paris, France

E-mail: infos@forumlabo.com

Website: www.forumlabo.com/paris/en-gb.html

2–5 November 2021
The 10th International Symposium on Recent Advances in Food Analysis (RAFA 2021)

Clarion Congress Hotel, Prague, Czech Republic

E-mail: RAFA2021@vscht.cz

Website: www.rafa2021.eu

26–28 January 2022
The 17th International Symposium on Hyphenated Techniques in Chromatography and Separation Technology (HTC-17)

Het Pand Conference Center, Ghent, Belgium

E-mail: htc17@kuleuven.be

Website: https://htc-17.com/

11–14 October 2022
The 18th International Symposium on Preparative and Industrial Chromatography and Allied Techniques (SPICA 2022)

Lisbon, Portugal

E-mail: secretariat@LDOrganisation.lu

Website: www.spica2022.org/
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