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Improving 
Chromatographic Results 
for Oligonucleotides  
with Column Hardware

The COVID-19 pandemic made it very obvious: oligonucleotide-based drugs 
are gaining in importance in the treatment of a number of diseases. As a 
result, research and development and quality control laboratories require 
robust and sensitive analytical methods. Ion pair (IP) reversed-phase 
chromatography is seen as the gold standard for oligonucleotide analysis. 
This article discusses the main influences in oligonucleotide analysis 
using IP reversed-phase chromatography. In addition to suitable mobile 
and stationary phases, the column hardware also has an impact on 
the column performance. This can be eliminated by the use of bioinert 
ultrahigh-pressure liquid chromatography (UHPLC) columns.

Daniel Eßer and Ann Marie Rojahn, YMC Europe, Dinslaken, Germany

date, 17 different oligonucleotide-based 
pharmaceuticals are registered in the US 
and in the EU (3).

Robust and highly sensitive analytical 
methods are therefore required. Ion pair 
(IP) reversed-phase liquid chromatography 
(LC) remains the gold standard for the 
characterization of oligonucleotides and 
their by-products, while other modes, 
such as anion-exchange chromatography 

Oligonucleotides have grown in importance 
in medical approaches and they are 
already used to treat several diseases. In 
the context of the COVID-19 pandemic, 
messenger ribonucleic acid (mRNA)-based 
vaccines have experienced a massive boost. 
Other oligonucleotide medications are 
based on small interfering RNA (siRNA) 
or antisense oligonucleotides (ASOs) 
and target different diseases (1,2). To n
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(AEC) or hydrophilic interaction liquid 
chromatography (HILIC), are alternative 
approaches (4,5).

In order to achieve optimum  
results, several influences have to be 
considered. Not only is the selection of  
the ion-pairing reagent and the 
organic modifier essential but also their 
concentration and the corresponding 
eluent’s pH value. The column temperature 
as well as the applied gradient have a 
strong influence on the separation as well. 
Furthermore, the optimum stationary  
phase with regard to modification, pore 
size, and column hardware plays another 
major role.

The Mobile Phase
Triethylamine (TEA) is usually used in 
combination with 1,1,1,3,3,3-hexafluoro- 
2-propanol (HFIP) and methanol as organic 
modifier. This buffer system provides 
high resolution and high sensitivity in 
electrospray ionization-mass spectrometry 
(ESI-MS). 

Mixtures of four phosphodiester RNAs 
(14–21 mer, PO RNA) as well as two 
phosphorothioate RNAs (20–21 mer, PS 
RNA) were tested as part of a systematic 
evaluation of the mobile phase (6). The 
general method conditions were kept 
constant as follows: flow rate 0.42 mL/

min, UV detection at 260 nm, and injection 
volume 1 µL. The general gradient was 1% 
B/min (starting from 8% B) and general 
temperature was 65 °C, unless stated 
otherwise. A 50 × 2.1 mm, 1.9-µm bioinert 
widepore column was used.

Initially, the influence of different alkyl 
amines as ion-pairing reagents with the 
addition of HFIP of different concentrations 
was determined. Comparing TEA, 
n-butylamine (BA), dibutylamine (DBA), 
and hexylamine (HA) showed that TEA 
provided consistently good results. In some 
cases, better resolution was obtained 
using other alkylamines. A concentration 
of 15 mM DBA or HA in combination with 
400 mM HFIP gave higher resolutions 
for the PO RNAs, while for PS RNAs, 
lower amine concentrations of 2 mM 
seemed to be better suited. The ideal 
combination was ultimately dependent 
on the oligonucleotides’ nature and is 
not predictable.

In further tests, the concentration 
of TEA (1–30 mM) and therefore the 
corresponding pH (7.4–8.9) were varied 
(not shown). The HFIP concentration was 
set to 100 mM. An increase in retention 
could be seen up to a concentration of 8 
mM (pH 8.3). Above that the retention was 
reduced again, resulting in a decrease in 
resolution. The best results were obtained 
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at a pH around 8, and further evaluations 
were performed. The concentration of 
HFIP was varied to adjust the pH between 
7.8 and 8.3. High concentrations of both 
components (15 mM TEA and 400 mM 
HFIP) led to the best resolutions (Figure 1). 
In contrast to the applied UV detection, 
lower concentrations may be better suited 
for use with MS detection. 

Temperature optimization in a range of  
25–90 °C resulted in increased resolution. 
Even at 25 °C sufficient resolution was 
achieved for PO RNA. For PS RNA, a 
minimum temperature of 45 °C was 
required, while the best result was obtained 
at 65 °C (Figure 2). As the stability of the 

oligonucleotides need to be considered as 
well, the application of higher temperatures 
may not be possible.

Variation of the gradient slope between 
0.4% and 2.0% methanol/min provided  
the required resolution in all cases. 
Shallower gradients resulted in a higher 
resolution, while steeper ones allowed  
faster analysis with higher sensitivities. 

In conclusion, for both PO RNA and  
PS RNA, a good retention and  
resolution was obtained using TEA-HFIP  
at a high concentration and a pH of  
about 8. However, the type and 
concentration of the optimum 
ion-pair reagent is dependent on the 
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Figure 1: Different combinations of TEA and HFIP concentration at about pH 8 for the separation of 
a PO RNA (14, 17, 20, 21 mer) and PS RNA mixture (20, 21 mer). n.c. = not calculated
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oligonucleotides being analyzed. A column 
temperature of 60 °C is the ideal starting 
point. The gradient slope has a less 
pronounced influence but can be used for 
further optimization. 

The Stationary Phase
The analysis of oligonucleotides can be 
quite demanding on the stationary phase. 
According to the requirements of the mobile 
phase as described above, the phase needs 
to be very robust and withstand high pH 
values and temperatures. Modern stationary 
phases based on hybrid silica particles fulfil 
the criteria: they are stable at pH 1–12 and 

temperatures up to 90 °C. Their chemical 
and mechanical stability comes from the base 
particle material, organic-inorganic hybrid 
silica, in combination with a trifunctional 
bonding as well as multiple endcapping. 

C18-modified stationary phases are the 
preferred choice for the separation of 
oligonucleotides—though C8 or phenyl 
modification also provide a suitable 
selectivity for selected substances. In 
addition to the modification, the pore size 
is also an important parameter. In order 
to evaluate its influence, three C18 phases 
with different pores sizes were tested: 8 nm, 
12 nm, and 30 nm.

The widepore phase (30 nm) provided the 
shortest retention time for the separation 
of the 14–21 mer PO RNAs (not shown), 
and the best resolution was obtained 
between the 20 and 21 mer. The 12 nm 
phase offered better resolution for the 
shorter oligonucleotides, while the smallest 
pore showed neither an advantage for the 
resolution nor for the retention.

Figure 3 shows the separation of 
DNA-fragments of different lengths 
(10–120 mer) with the three different C18 
stationary phases. Larger oligonucleotides 
were able to penetrate the 30 nm pore 
and achieve an ideal interaction with 
the stationary phase. In addition, shorter 
retention times with sharper peaks were 
achieved. The C18 phase with the 12 nm pore 
size demonstrated some advantages for the 
shorter oligonucleotides (up to 30 mer). A 
smaller pore size of 8 nm was not suitable for 
the analysis of oligonucleotides. Therefore, a 
robust widepore stationary phase with 30 nm  
pore size is the best choice. 

The Column Hardware
The conventionally used materials for 
tubing and column hardware pose a 
special challenge for the analysis of 
oligonucleotides. Even though stainless 
steel provides mechanical resilience and 
compatibility with most solvents, eluents 
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Figure 2: Influence of column temperature on the separation of a PO RNA (14, 17, 20, 21 mer) and 
PS RNA mixture (20, 21 mer) in the range of 25–90 °C.
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passivated with strong acids or preconditioned 
with a similar sample. However, this procedure 
is time-consuming and needs to be repeated. 
Ion suppression in detection by ESI-MS 
can also be a negative consequence (10). 
Furthermore, a change of sample can lead to 
nonspecific adsorption once more (5).

The column body represents more than 
70% of the surface that the analytes 
are in contact with (10). Consequently, a 
bioinert column body and frits can offer 
an improvement in performance. Different 
bioinert concepts are available: a bioinert 
coating of the stainless steel column body 
and frits, PEEK-lined stainless steel columns 
in combination with PEEK frits, and columns 
made of titanium. A bioinert coating and 
a PEEK-lining are preferable to titanium 

such as methanol or acetonitrile can cause 
corrosion. These solvents also cause metal 
erosion, even from titanium hardware, 
and result in correspondingly low MS 
performances (7). The resulting positively 
charged surface can lead to undesired ionic 
interactions with the analytes (8). As a 
consequence of the interactions with their 
electron-rich backbone, the oligonucleotides 
can be irreversibly adsorbed. This 
nonspecific adsorption has a negative 
influence on recovery and peak shape. This 
effect is even more critical when working 
at low to neutral pH, as metals are more 
electropositive at these conditions (9).

To overcome this problem, 
ultrahigh-pressure liquid chromatography 
(UHPLC) systems and columns can be 
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Figure 3: Influence of the pore size on the separation, retention, and peak width of DNA of 
different lengths (poly dT 10–120 mer). Method parameters: eluent A) 4 mM TEA–100 mM HFIP, 
eluent B) methanol, gradient 5–20% B (0–30 min), 0.42 mL/min, 65 °C, UV at 260 nm, 1 µL 
injection, column dimensions: 50 × 2.1 mm, 3-µm.
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The analytical sensitivity was significantly 
enhanced, helping to save precious samples 
without any loss due to the higher recovery. 
Using a bioinert coated column also negated 
the need for sample preconditioning.

As the UHPLC system configuration also 
affects the sensitivity, a bioinert/metal-free 
high performance liquid chromatography 
(HPLC) system should be used. Even though 
the column offers the largest surface area in 
the flow path, oligonucleotides can interact 
with metal components beyond the column 
as well. 

because, with the latter, metal erosion can 
still occur, resulting in a contamination of the 
silica bed. The eluted titanium is able to cause 
an ionic bonding, with free remaining silanol 
groups causing adsorption of the analytes 
onto the stationary phase. This effect is 
particularly pronounced for stationary phases 
without or with insufficient endcapping (11).

Figure 4 shows the separation of the 
two PS RNAs on a standard stainless steel 
column and on a bioinert coated column. The 
bioinert column provided double the peak 
height and peak area of the standard column. 
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on pharmaceutical and analytical 
chemistry. He received his Ph.D. in 
pharmaceutical and medicinal chemistry 
at the University of Düsseldorf, 
Germany. During his postdoc at 
the Institute of Pharmaceutical and 
Medicinal Chemistry of the University 
of Düsseldorf, he established a 
nanoLC–MS system. In 2013 he joined 
YMC Europe in Dinslaken, Germany, 
as product specialist analytical 
chromatography. Since 2017, he has 
been responsible for YMC’s analytical 
(U)HPLC column portfolio as product 
manager analytical chromatography. 
Ann Marie Rojahn studied chemistry 
and biotechnology in combination 
with an apprenticeship as chemical 
laboratory assistant at the University 
of Applied Sciences in Krefeld, 
Germany. After receiving a bachelor’s 
degree, she pursued a master’s 
programme in chemistry at the 
University of Düsseldorf, Germany, 
with a focus on organic chemistry. 
Since 2019, she has worked for YMC 
Europe in Dinslaken as product 
specialist analytical chromatography.
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Conclusion
In order to achieve optimum results 
in oligonucleotide analysis, the most 
suitable mobile phase, stationary phase, 
and column hardware must be selected. 
Good resolution and retention times were 
obtained when the ion-pairing effect was 
enhanced, therefore applying high TEA 
concentrations at a pH of about 8 should 
be used. The temperature is another key 
factor. Temperatures near 60 °C are the 
first choice. However, the ideal temperature 
varies depending on the target nucleotide 
samples. A gradient slope of  
2.0–0.4% methanol/min works in most 
cases, and should be optimized in regard to 
resolution and peak height (sensitivity). 

A stationary phase with a C18 
modification and a widepore of 30 nm 
is a good choice based on the applicable 
molecular weight range and chemical 
stability. For smaller oligonucleotides, a 
standard pore size of 12 nm also works well. 
If the ideal separation is not obtained with 
these column types, a phase screening is 
generally recommended. 

Bioinert column hardware is preferable 
over standard stainless steel columns for 
oligonucleotide analysis. By using these, 
not only is the time for passivation or 
conditioning saved but also the adsorption 
of oligonucleotides is suppressed long-term. 
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Welcome to the February issue of The Column! Our cover story for this issue focuses on 

oligonucleotide analysis using ion pair reversed-phase liquid chromatography (LC), and 

the importance of the mobile phase, stationary phase, and the column hardware for 

achieving optimum results. A chromatographer is only as good as the tools he is using!

This month we interview “rising star” Varoon Singh from the National Dope Testing 

Laboratory in India, about his work in sample preparation using chromatography 

with mass spectrometry (MS), and the development of novel materials for analytical 

applications. This is our first foray into video for this feature, so keep an eye out for 

more interviews in this format in the future.

Caroline Gauchotte-Lindsay from the University of Glasgow is looking towards 

the next frontier of nontargeted analysis in gas chromatography (GC) for the 

elucidation of the mechanisms of (bio)chemical reactions in complex samples, such 

as the biodegradation of organics in water and soils or the conversion of plastics 

into oils. GC has great potential to make a real contribution to net zero and circular 

economy agendas.

The team from the Unit of Biological and Forensic Toxicology at Limoges University 

Hospital, France, have developed a probe electrospray ionization coupled to mass 

spectrometry (PESI-MS) method for ultra-rapid determination of metformin in plasma 

by isotope dilution. Metformin is used in the treatment of type 2 diabetes, with 

lactic acidosis a serious complication associated with elevated metformin plasma 

concentrations. The developed method will be helpful in a core laboratory when rapid 

diagnosis of lactic acidosis is required.

Looking towards the summer and the return of the hotly anticipated HPLC 

conference, we examine what attendees can expect at the symposium, co-chaired by 

Michael Lämmerhofer and Oliver Schmitz from 18–22 June in Düsseldorf, Germany.

Happy reading!

Mike Hennessy Jr.,  
President and CEO, MJH Life Sciences

Bruker and Biognosys 
Announce Partnership

Bruker Corporation (Billerica, Massachusetts, USA) and Biognosys AG (Schlieren, Switzerland) 
have announced a strategic partnership, in which Bruker has made a majority-ownership 
investment in Biognosys. 

Co-founder and CEO Oliver Rinner and his leadership team will continue to manage 
Biognosys as a proteomics and proteogenomics contract research organization (CRO) 
services and proteomics software company. Going forward, Biognosys’ biomarker and 
biopharma customers will be able to access additional services in the US. Biognosys mass 
spectrometry-based proteomics solutions help CRO services and proteomics software 
customers uncover connections between genome, transcriptome, and phenotype and  
explore disease biology. 

Rinner commented, “We are pleased to partner with Bruker to leverage our unique 
synergies to enable customers to explore the depth of the proteome from early research to 
clinical development.” 

Rohan Thakur, president of the Bruker Life-Science Mass Spectrometry division, said, “We 
are delighted to partner with Biognosys to expand our CRO business in the US. We have many 
common biomarker and biopharma customers, and even more potential customers may prefer 
a proteomics CRO services expert like Biognosys for rapid, highest quality and flexible insertion 
of proteomics into their biomarker or biopharma discovery and development.”

Professor emeritus and proteomics pioneer Ruedi Aebersold added, “For over a decade, ETH 
spin-off Biognosys has translated novel proteomics methods pioneered in our research group 
into robust, high-performance workflows for large-scale basic and translational research. I am 
delighted that this new partnership between Biognosys and Bruker will further accelerate access 
to high performance proteomics. It will also provide opportunities to develop next-generation 
technology and methods to determine unexplored but functionally relevant dimensions of the 
proteome and protein interaction networks as a function of cellular state.”  

For more information, please visit www.bruker.com or www.biognosys.com   

From the CEO
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The Chromatographic Society (ChromSoc) is 
pleased to announce that the 2023 Martin 
and Silver Jubilee Medals are awarded to 
Professor Janusz Pawliszyn and Professor 
Jared L. Anderson, respectively.

2023 Martin Medal 
Winner Janusz Pawliszyn, 
University of Waterloo, 
Canada: 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 
ChromSoc confers. 

 Janusz Pawliszyn joined the University 
of Waterloo, Canada, where he became a 
professor in 1988. He received funding from 
the Natural Sciences and Engineering Research 
Council that he used to invent the solid-phase 
microextraction (SPME) technique, which “uses 
a solid coating on a sample probe to selectively 
extract chemical substances from blood, saliva, 
urine, and even plasma”. SPME has been said 
to have revolutionized many areas of sampling 
and analysis.

While Professor Pawliszyn’s name has 
become synonymous with SPME, he has 
conducted research widely in the area of 
sample preparation, his work becoming 
more topical as interest in “green chemistry” 
began to increase. His current primary focus 
is on the design of highly automated and 
integrated instrumentation for the isolation 
of analytes from complex matrices and the 
subsequent separation, identification, and 
determination of these species. The primary 
separation tools used by his group are gas 
chromatography (GC), liquid chromatography 
(LC), and capillary electrophoresis (CE) 
coupled to a variety of detections systems, 
including a range of mass spectrometry  
(MS) techniques. 

2023 Silver Jubilee Medal 
Winner Jared L. Anderson, 
Iowa State University, 
USA: The Jubilee Medal was 
created in 1982 to mark the 
25th anniversary of the 

ChromSoc, with the intention of recognizing 
up-and-coming separation scientists who 
have made major use of separation science in 
their own field or have made important 

contributions to a particular area of 
separation science.

Jared L. Anderson (Alice Hudson Professor of 
Chemistry) joined the chemistry faculty of the 
Iowa State University in August 2015. The focus 
of Anderson’s research is on a broad range 
of separation science and sample preparation 
areas. He is specifically interested in employing 
and understanding the role that ionic liquids 
(ILs) and polymeric ionic liquids (PILs) play in 
chromatographic separations and sample 
preparation, particularly microextraction-based 
techniques. 

His research interests include the application 
of magnetic ILs in nucleic acid extraction and 
preservation, the analysis of genotoxic impurities 
and residual solvents in active pharmaceutical 
ingredients, and the development of new 
stationary phases for the analysis of complex 
samples using comprehensive two-dimensional 
gas chromatography. 

He currently holds seven patents and 
has published over 180 peer-reviewed 
publications, five book chapters, and has 
co-edited a book series published by Wiley 
titled Analytical Separation Science. His Hirsch 
index (h-index) is 52.

The Chromatographic Society 2023 
Martin and Jubilee Awards

HPLC 2023 Grant Support
The EuChemS-DAC Sample Preparation 
Study Group and Network will support one 
European PhD student working in sample 
preparation research by covering their early 
registration fees for HPLC 2023, due to be 
held 18–22 June in Düsseldorf, Germany. 
To apply for this grant, applicants must: 
(i) send a copy of their submitted abstract 
and give the type of preferred presentation 
(oral or poster); 
(ii) send a detailed resume; 
(iii) include a recommendation letter from 
their supervisor.

All information must be collected and 
emailed to sampleprep@tuc.gr by 20 
March 2023. The subject line of the email 
must state: Application for HPLC2023 
student grant.

Applicants must not have received 
another grant from EuChemS-DAC Sample 
Preparation Study Group and Network 
during 2022, nor applied for another 2023 
PhD grant to the Network. 

For further information on the HPLC 
conference, programme, and venue 
please visit: https://www.hplc2023-
duesseldorf.com/  

News
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News In Brief

The Column    www.chromatographyonline.com

•  The LCGC Blog: GC×GC…Why Bother?—Comprehensive two-dimensional gas chromatography 
(GC×GC) is becoming increasingly popular, but is still not used as commonly as it could be. That 
likely means that the technique is still not widely understood. This article is intended to begin 
demystifying GC×GC by presenting a simple explanation of how it works and its major benefits.
Read Here>>

•    What Happened to My Sensitivity?—Some liquid chromatography (LC) troubleshooting topics 
never get old because there are some problems that persist in the practice of LC, even as instrument 
technology improves over time. There are many ways for things to go wrong in an LC system 
that ultimately manifests as detection sensitivity that is lower than expected. Developing a short 
list of the likely causes of these results can help streamline our troubleshooting experience when 
sensitivity-related problems occur. Read Here>>

•    A Focus on Forensic Taphonomy and Chromatography—We interviewed Maiken Ueland on her 
work in forensic taphonomy, where she uses analytical, biochemical, and spectroscopic techniques  
to conduct human post-mortem investigations. Read Here>>

•    Analytically Speaking Podcast: Analytical Science is Critical to Staying Ahead of Chemical 
Counterfeiters—In this episode, podcast host Dwight Stoll talks with Mary Ellen McNally,  
a Global Research and Development Fellow at FMC Corporation, in Newark, Delaware, USA. 
They discuss the origins of her interest in separation science and her short stay in an anti-doping 
laboratory on her way to a long and distinguished career in industry. McNally shares her perspectives 
on the challenges associated with counterfeit products in the agrochemical industry, as well as 
on the sustainability of separations methods and how we can improve the “green-ness” of these 
techniques going forward. Finally, she shares some advice for young scientists, whether they are still 
in school or early in their careers. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Astrea Bioseparations Acquires Delta 
Precision Ltd.
Astrea Bioseparations (Cambridge, UK) has 
announced the acquisition of Delta Precision 
Ltd. (Stonehouse, UK), a manufacturer of 
chromatography columns for the biotechnology 
and pharmaceutical industries. This acquisition 
will allow Astrea Bioseparations to expand its 
product offering to include a range of  
high-performance chromatography columns  
for biomanufacturing, alongside the  
company’s existing portfolio of bioprocessing  
resins, reusable columns, and prepacked  
single-use columns. 

“We are delighted to welcome the 
Delta team into the fold. The acquisition 
of Delta is another step forward in Astrea 
Bioseparations’ rapid expansion to support the 
biopharmaceutical manufacturing field,” said 
Terry Pizzie, CEO of Astrea Bioseparations. 

Geoff Parnell, co-founder and MD at Delta 
Precision, commented, “We look forward to 
joining the Astrea Bioseparations family, further 
cementing the long-standing relationship 
between the two companies. We are confident 
that our expertise in column manufacturing 
will complement and accelerate the Astrea 
Bioseparations business and customer reach.”

For more information, please visit: 
www.astreabioseparations.com or  
www.delta-precision.co.uk

News
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“Signature” 
Analysis of Complex 
Environmental Samples 
Using Nontargeted 
Two‑Dimensional Gas 
Chromatography
Novel nontargeted analysis applications in two‑dimensional gas 
chromatography–mass spectrometry (GC×GC–MS) and GC–high‑resolution 
(HR)MS have enabled the discovery of new contaminants. Now, the next 
frontier is nontargeted analysis for the elucidation of the mechanisms of 
(bio)chemical reactions in complex samples, such as the biodegradation 
of organics in water and soils or the conversion of plastics into oils. 
GC has the potential to contribute greatly to the optimization of these 
processes and therefore make a real contribution to net zero and circular 
economy agendas.

Caroline Gauchotte‑Lindsay, University of Glasgow, Glasgow, UK

composition of complex samples; the whole 
“chemical space”, all of the chemicals present 
in a sample, are investigated. It has been 
enabled by new technologies, such as novel 
hardware developments, and a boom in data 
science. While biological applications have led 

Nontargeted analysis (NTA) is fast becoming 
an important branch of chromatography and 
mass spectrometry (MS). It is a departure 
from traditional analytical approaches where 
compounds of interest are specifically sought 
in samples. NTA takes a holistic view of the ka
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the way, environmental sciences are also central 
to the rapid expansion of this technique. 

Environmental applications have often 
pushed the boundaries of chromatography 
and mass spectrometry, and this will continue 
as their role in meeting the UN Sustainable 
Development Goals grows (1). In environmental 
sciences, NTA consists mostly of suspect and 
nontargeted screening (S&NTS). S&NTS is 
employed to look exhaustively at the data 
produced through an analytical system. 
Suspect screening is the discovery of known 

unknowns: micropollutants for which 
identification can be carried out by comparison 
with standards or by matching mass spectra 
to libraries. Nontargeted screening is the 
identification of unknown unknowns: newly 
discovered micropollutants for which putative 
identification can be attempted by structural 
analysis of a mass spectrum or using the 
accurate mass of their ions. The coupling of 
liquid chromatography (LC) with high resolution 
mass spectrometry (HRMS) initially elicited the 
rise of NTA and methodologies for S&NTS. 
Benchmarking and harmonization are now 
needed for these workflows, and community 
efforts such as the NORMAN Collaborative 
Non-target Screening Trial (2) and EPA’s 
Non-Targeted Analysis Collaborative Trial (3) 
have begun instituting common standardized 
practices. In 2018, the Benchmarking and 
Publications for Non-Targeted Analysis Working 
Group (BP4NTA) (4) was formed and includes 
scientists from across the world.

Turning to GC for Nontargeted Analysis
While LC–HRMS seems to be accepted as 
a “complex analytical strategy”, it appears 
that many users are still reluctant to embrace 
gas chromatography (GC) applications that 
produce complex data. GC coupled with 
MS via electronic ionization (EI), however, 
has been used for nontargeted work long 
before the concept of NTA was defined. 
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Figure 1: GC×GC chromatograms of processed 
water from a goal gasification experiment using 
an Agilent 7890A GC system. Ordered elution 
in GC×GC means that patterns of elution can 
help identification of compounds, especially for 
isomers and hydrocarbon series.
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EI permits compound annotation by both 
robust matching with library samples and 
structural analysis of mass spectra. Nowadays, 
two technological advances are keeping 
GC analysis relevant for NTA, GC–HRMS 
and comprehensive two-dimensional gas 
chromatography (GC×GC). GC–HRMS 
provides the resolution that GC–MS might lack 

for NTA, while GC×GC provides access to the 
highest peak capacity of all chromatographic 
techniques. The exhaustive separation through 
two columns results in a high-resolution 
structured two-dimensional chromatogram, 
where related compounds elute in clustered 
bands across the chromatographic plane 
(Figure 1). This provides an additional 

advantage for compound annotation 
because it can be deduced based on related 
annotated compounds. While GC×GC 
needs to be coupled with fast scanning mass 
spectrometers and often with time of flight 
(TOF), it has also been successfully coupled 
with high-resolution mass spectrometers; 
GC×GC–HRMS is a tool with tremendous 
potential for NTA. 

NTA with GC contributes to the net zero 
and circular economy agenda through 
applications in environmental engineering. 
These include public health, water, soil 
and air pollution, solid and water waste 
treatments, and any process intended to 
limit the damages of human activities on 
the environment. Since Jungclaus, Lopez-
Avila, and Hites first used GC–EI-MS to 
identify previously unknown organic 
contaminants in the wastewater of a specialty 
chemical manufacturing plant in 1978 (5), 
micropollutants—from pharmaceuticals 
to per- and polyfluoroalkyl substances 
(PFAS) and including persistent organic 
contaminants—have been identified and 
tracked in wastewater, drinking water, 
sewage sludge, and irrigation waters. In 
recent years, GC×GC–HRMS has enabled 
exhaustive discovery of emerging semivolatile 
contaminants, such as nonpolar halogenated 
or polyhalogenated compounds, in media 
such as electronic waste dust or wastewater.
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Figure 2: Illustration of “signature analysis”. To understand the benefit of signature analysis for 
environmental samples, we can use an analogy with handwritten signatures. This figure presents 
the evolution of the signatures of two U.S. presidents, R. Nixon and D. Trump. (a) Nixon’s signature 
appears affected by his time in office, the Watergate scandal, and his impeachment proceedings and 
resignation. (b) When, based on prior graphology knowledge, only the shape of the capital R, the loop 
on the h, and the dots on the i are analyzed, other important features are overlooked and the data 
cannot be used any further. (c) When  the “whole” of the signatures are analyzed, new markers can be 
statistically identified and transformation models established. The model statistically built based on R. 
Nixon signatures could be used to predict the possible effects of impeachment on D. Trump’s signature.
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Potential of GC×GC Nontargeted 
Analysis for Environmental Engineering
NTA, however, has potential beyond S&NTS 
for applications in environmental engineering. 
Emerging approaches show that GC×GC 
data can be used to understand how an 
environmental system changes through 
physical and (bio)chemical transformations. 
When colleagues and I set out to forensically 

analyze samples from coal tar non-aqueous 
phase liquids from former gas work sites, 
our optimized GC×GC methods, using a 
time-of-flight mass spectrometer, connected 
to a gas chromatograph equipped with a 
thermal modulator, enabled us to separate 
several thousands of peaks (6) Multivariate 
analysis showed that, although the tar was 
highly weathered, 252 of those peaks could 
be used to associate a sample with the type 
of manufacturing process that had produced 
the coal tar (7); the identity of these 252 
compounds being only relevant a posteriori 
as they could be related to the chemistry of 
the gas manufacturing process. Meanwhile, 
in a series of landmark papers, Reddy et al. 
demonstrated how the structured elution 
in GC×GC could be used to map out mass 
transfer of compounds in a marine oil spill 
sample and apportion quantitatively the 
various weathering processes (8–10). In 
later work, they showed that partial least 
squares-discrimant analysis (PLS-DA) on 
whole GC×GC chromatograms facilitated 
the identification of precursors of oxidated 
compounds in aged spills—uncovering an 
unreported chemodynamic process in oil spill 
weathering (11). When our group looked at 
the relationship between contaminants and 
microbial ecology in coal tar contaminated soils, 
we used sparse PLS-DA to identify features that 
were representative of the correlation between 

Annotation

Correlation and Integration

Data Exploration

Data Processing

Analysis

Sample Preparation

QA/QC
Capture heterogeneity of samples- subsampling theory, experimental replicates,
Monitor sample preparation reproducibility- pooled samples, surrogates
Monitor chromatographic shifts- pooled samples, internal standards,
Multivariate analysis of replicates and check samples to understand error,
Cross validate exploration results using different statistical approaches. 

Challenge- Needs for standardization vs No one-size-�ts-all

Exhaustive extraction,
Increase of the number of features through derivatization for polar compounds,
Thermal desorption of pyrolysis for applications to (micro)plastics and 
organic matter.

Challenge- Understanding and de�ning extraction bias.

Optimization of the chromatography for maximal use of the 
chromatographic space,
Increase resolution and sensitivity with (multi)detection: HRMS, VUV, 
soft normalization.

Challenge- Resolution of structural isomers.

Data cleaning to maximize the number of features,
Features picking,
Data reduction (F-ratio, Regions of Interest, wavelet compression),
Further data treatment: replacing zeros, saturated peak correction, normalization.

Challenge- Replacing operator intervention by statistical approaches

Machine learning to establish relationships between features and/or samples,
Trend assignment,
Marker discovery.

Integration with other omics-high throughput sequencing, metagenomics,
lipodomics, proteomics,
Integration with QSAR or mechanistics models,
Integration with toxic assay- Effect Directed Analysis.

Features into compounds
Identi�cation by comparison to library
Componentization
HRMS for annotation with accurate mass

Challenge- Asking the right questions, using the right tool.

Figure 3: Analytical principles and challenges 
of signature analysis.
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(QSAR) or mechanistic models. Identification 
and annotation of features of relevance 
does not need to happen until this stage in 
the process. It can be done by conventional 
approaches using libraries and standard 
comparison, or, if needed, HRMS can be used. 

Through binning or tiling, features are not 
necessarily single compound, so further clean-
up of the data might need to happen to cluster 
features that are the same compound, or 
separate compounds that appear in the same 
feature. Homologous series and compounds 
with similar mass spectra can also be grouped 
together. These processes are sometimes 
referred to as componentization.

Reimagining QA/QC Procedures  
to Incorporate NTA
The departure from targeted analysis signifies 
that quality assurance/quality control (QA/
QC) procedures need to be reimagined. 
Crucially, they need to demonstrate that the 
sample preparation is reproducible across 
the chemical space, so that samples can 
be compared to each other. They need to 
monitor chromatographic shifts along the 
whole chromatogram, in both dimensions. 
Enough samples should be analyzed, or 
enough information should be available on 
reproducibility, to provide the statistical power 
necessary for data exploration. Multivariate 
analysis should be applied to check samples 

likely to be “bins” or “tiles”, a subsection of 
the chromatogram not necessarily directly 
matched to an individual compound. 
Annotating all the features in a complex 
GC×GC chromatogram might be tempting but 
is not efficient in signature analysis. Instead, 
data reduction must be carried out to only 
take forward the features or regions that 
show big variations within samples sets. Once 
the feature table is ready, machine learning 
can be employed to determine relationships 
between them. Metabolomics data pipelines 
are mostly based on the comparison of 
different “groups” (healthy vs. diseased), while 
pipelines for environmental S&NTS are aimed 
at prioritization based on intensity and/or 
chemical properties. Neither are appropriate 
for signature analysis, and novel statistical 
workflows for identification of trends in time 
or spatial series are needed. Each feature in the 
feature table should be matched to a trend and 
exemplars identified for each trend. Negative 
or positive correlations between trends can 
also be investigated. Success will depend on 
selecting the correct statistical tools based on 
well-defined research questions. For further 
mechanism elucidation, correlation analysis 
with other biological nontargeted analysis 
such as metagenomics can reveal associations 
with biological functions, or the data can be 
integrated with mathematical modelling such 
as quantitative structure-activity relationship 

targeted analysis cannot—is to define it as an 
analysis of signatures. Signature analysis aims to 
exploit fully the hardware capacity of GC×GC, 
and no assumption is made about which 
compounds will best answer the questions 
we have about a system. It requires a step 
change in most aspects of analysis compared 
to targeted analysis of complex samples 
(Figure 3). Sample preparation must be focused 
on exhaustiveness rather than specificity. 
This means using a broad range of solvents 
and phases or combining extraction fractions 
together. The reach of the extraction can also 
be increased to include more polar compounds, 
often important (bio)degradation products, 
by derivatization. Any exhaustive sample 
preparation, however, will have some inherent 
limitations—an “extraction bias”—that 
needs to be understood by the analysts. The 
analytical method must also be comprehensive 
and make maximal use of the chromatographic 
space by optimization of the column set. 
Resolution can be further augmented with 
the use of “orthogonal” detectors, specific 
detectors not based on mass spectrometry; 
vacuum ultraviolet (VUV) detectors, for 
instance, have successfully been coupled with 
GC×GC. Sensitivity and annotation can also 
be increased by using HRMS or soft ionization. 
The chromatogram must then be divided 
into “features”; these can be peaks, but for 
GC×GC NTA applications they are more 

the presence of certain classes of compounds, 
and certain types of bacteria—these could be 
considered “exemplars” or markers (12). 

The amount of information contained in 
GC×GC chromatograms coupled with the 
right mathematical or statistical methods have 
the potential to elucidate the mechanisms of 
the transformation of complex environmental 
systems and to isolate markers for these 
reactions. GC×GC is already used for 
compositional characterization of complex 
samples taken from environmental engineering 
processes including remediation of hydrocarbon 
contamination, oil production by pyrolysis of 
plastic waste, and refinery effluent treatment. 
If it was used in these systems to reveal (bio)
chemical mechanisms and their dependence on 
various parameters, real-time optimization and 
monitoring could be enabled. 

Signature Analysis for  
Environmental Samples
The chemical load of environmental samples 
changes over time and with stressors—similar 
to handwriting and, in particular, the signature 
of an individual (Figure 2). For this reason, 
for environmental sample analysis, the term 
chemical signature rather than chemical 
fingerprint should be used. It follows that 
one simple way to understand the potential 
benefits of NTA as an approach in extracting 
novel information from samples—which 
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engineering at the University of Glasgow. 
She is an analytical chemist embedded 
in an engineering department and 
develops new chromatographic and 
spectroscopic tools and sensors to support 
more performant environmental (bio)
technologies, such as contaminated land 
remediation, drinking water treatment,  
and wastewater treatment.

Sci. Technol. 1978, 12, 88–96. DOI: 10.1021/

es60137a015

6. McGregor, L. A.; Gauchotte-Lindsay, C.; Nic 

Daéid, N.; et al. Ultra Resolution Chemical 

Fingerprinting of Dense Non-Aqueous Phase 

Liquids from Manufactured Gas Plants by Reversed 

Phase Comprehensive Two-Dimensional Gas 

Chromatography. J. Chromatogr. A 2011, 1218, 

4755–4763. DOI: 10.1016/j.chroma.2011.05.045

7. McGregor, L. A.; Gauchotte-Lindsay, C.; Nic 

Daéid, N.; Thomas, R.; Kalin, R. M. Multivariate 

Statistical Methods for the Environmental 

Forensic Classification of Coal Tars from Former 

Manufactured Gas Plants. Environ. Sci. Technol. 

2012, 46, 3744–3752. DOI: 10.1021/es203708w

8. Arey, J. S.; Nelson, R. K.; Xu, L.; Reddy, C. M. 

Using Comprehensive Two-Dimensional Gas 

Chromatography Retention Indices To Estimate 

Environmental Partitioning Properties for a Complete 

Set of Diesel Fuel Hydrocarbons. Anal. Chem. 2005, 

77, 7172–7182. DOI: 10.1021/ac051051n

9. Arey, J. S.; Nelson, R. K.; Reddy, C. M. Disentangling 

Oil Weathering Using GC×GC. 1. Chromatogram 

Analysis. Environ. Sci. Technol. 2007, 41, 5738–

5746. DOI: 10.1021/es070005x

10. Arey, J. S.; Nelson, R. K.; Plata, D. L.; Reddy, C. M. 

Disentangling Oil Weathering Using GC×GC. 2. 

Mass Transfer Calculations. Environ. Sci. Technol. 

2007, 41, 5747–5755. DOI: 10.1021/es070006p

11. Aeppli, C.; Carmichael, C. A.; Nelson, R. K.; et al. Oil 

Weathering After the Deepwater Horizon Disaster 

Led to the Formation of Oxygenated Residues. 

to understand better the mechanisms of 
drinking water treatment (13). In a field 
where GC is usually used by non-specialists 
as a “black box” for targeted analysis, 
the complexity of the approach remains a 
major limitation for the democratization of 
the method. In recent years, vendors have 
worked closely with environmental analytical 
chemists to develop both hardware and 
software solutions for S&NTS. 

Collaboration must continue between 
environmental engineers, analytical chemists, 
and vendors to develop robust workflows 
along the adjacent fields of metabolomics 
and S&NTS, and to pursue the effort of 
standardization by participating in BP4NTA and 
specialist meetings such as GC meets NTS (14).

References
1.  UN Sustainable Development Goals: https://sdgs.

un.org/goals

2.  Norman Network. https://www.norman-network.

net 

3. Ulrich, E. M.; Sobus, J. R.; Grulke, C. M.; et al. EPA’s 

Non-targeted Analysis Collaborative Trial (ENTACT): 

Genesis, Design, and Initial Findings. Analytical and 

Bioanalytical Chemistry 2019, 411, 853–866. DOI: 

10.1007/s00216-018-1435-6

4.  BP4NTA. https://nontargetedanalysis.org

5. Jungclaus, G.; Avila, V.; Hites, R. Organic 

Compounds in an Industrial Wastewater: A Case 

Study of their Environmental Impact. Environ. 

(of pooled samples, for instance) and 
experimental and technical replicates to 
investigate experimental and processing 
error and batch effects. To reduce type 1, 
when a feature is incorrectly identified as an 
individual compound, and type 2, when a 
compound of significance is not picked up by 
the workflow for errors in data exploration, 
several machine learning methods should be 
used to test the hypothesis. 

Signature analysis with GC×GC–MS 
has tremendous potential for accelerating 
the optimization of engineering processes 
involving complex samples and is thus 
particularly suited to environmental engineering 
applications. Coupling with HRMS and VUV 
promises to further unlock this potential. 
Rapid development in pyrolysis and thermal 
desorption as sample preparation for GC 
extends the field to the analysis of compounds 
such as organic matter and (micro)plastics. 

Conclusion
The possible applications in environmental 
engineering are broad: wastewater 
treatment, contaminated land, marine 
pollution, drinking water treatment. Our 
group is currently developing very novel 
methods to characterize the organics 
adsorbed onto the surface of activated 
carbon from biofilters; thermal desorption 
coupled with GC×GC–MS is enabling us 

E-mail: caroline.gauchotte‑lindsay@
glasgow.ac.uk
Website: www.gla.ac.uk/schools/
engineering/staff/carolinegauchotte‑
lindsay/#
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Rising Stars of Separation 
Science: Varoon Singh
This month we interview Varoon Singh from the National Dope Testing 
Laboratory in India, about his work in sample preparation using 
chromatography with mass spectrometry (MS), and the development  
of novel materials for analytical applications.

—Interview by Kate Jones

To view our interview with our February Rising Star, Varoon Singh, please CLICK HERE.
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Papers Mentioned in Video
1. Rickert, D. A.; Singh, V.; Thirukumaran, M.; 

et al. Comprehensive Analysis of Multiresidue 

Pesticides from Process Water Obtained from 

Wastewater Treatment Facilities Using Solid-Phase 

Microextraction. Environ. Sci. Technol. 2020, 54, 

15789–15799. DOI: 10.1021/acs.est.0c04875

2. Singh, V.; Purohit, A. K.; Chinthakindi, S.; et al. 

Analysis of Chemical Warfare Agents in Organic 

Liquid Samples with Magnetic Dispersive Solid 

Phase Extraction and Gas Chromatography Mass 

Spectrometry for Verification of the Chemical 

Weapons Convention. Journal of Chromatography 

A 2016, 1448, 32–41. DOI: 10.1016/j.

chroma.2016.04.058

3. Chen, L.; Singh, V.; Rickert, D.; Khaled, A.; Pawliszyn, 

J. High Throughput Determination of Free Biogenic 

Monoamines and Their Metabolites in Urine Using 

Thin-Film Solid Phase Microextraction. Talanta 2021, 

232, 122438.  DOI: 10.1016/j.talanta.2021.122438

Varoon Singh holds a Ph.D. in chemical science (analytical chemistry) 

from Bharathiar University, Coimbatore, Tamilnadu, India. He received 

his B.Sc. in chemistry (2009) and M.Sc. in organic chemistry (2011) from 

the University of Pune. As a doctoral student, he worked under the 

supervision of Devendra Kumar Dubey, an outstanding scientist and 

former director of the Defence Research and Development 

Establishment in Gwalior, India. His thesis focused on the development 

of functionalized magnetic spheres for the extraction and enrichment of chemical weapons 

convention-related chemicals, and their identification through gas chromatography–mass 

spectrometry and was supported by a research fellowship from the Defence Research and 

Development Organization. After completing his Ph.D., he worked as a postdoctoral fellow 

at the University of Waterloo in Canada, from 2017 to 2020. 

During his tenure at the university he developed SPME coatings and applications in the 

environmental, food, and bioanalysis fields alongside Janusz Pawliszyn. In 2020–2021, 

he moved to Ghent University and worked on the development of devices for new-born 

screening using rapid evaporative ionization mass spectrometry with Lynn Vanhaecke. In 

2022, he accepted a position as a senior scientist at the University of Vienna, where he 

conducted research with Gunda Koellensperger on the development of tools for single-cell 

analysis and their application in lipidomics. From January 2023, he accepted a scientist-B 

position at the National Dope Testing Laboratory in New Delhi. Throughout his career, he 

has made numerous contributions to the scientific community. He has authored more than 

30 peer-reviewed publications and invented four patentable methods for the processing of 

analytical samples. His Ph.D. work was included in the Recommended Operating Procedures 

from the Organization for the Prohibition of Chemical Weapons for the analysis of chemical 

warfare agents. It was also highlighted by scientific news outlets. His research interests 

include sample preparation, material development, method development, 3D-printing, and 

instrumentation, with a focus on environmental and bioanalytical applications of coatings in 

various formats for off-site and on-site analysis.

The Column    www.chromatographyonline.com

RISING STARS OF  
SEPARATION SCIENCE
LCGC’s sister digital publication, The Column, 

will be running a series of interviews in 2023, 

featuring the next generation of separation 

scientists. Information for nominating a “rising 

star” can be found here: bit.ly/3UFaS61. Any questions about the 

submission process should be directed to Kate Jones, managing 

editor of The Column, at kjones@mjhlifesciences.com
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Probe Electrospray 
Ionization-Mass 
Spectrometry and Isotope 
Dilution Approaches for  
Ultrafast Measurement  
of Metformin

Metformin (MtF) is a first-line treatment used for type 2 diabetes for which 
lactic acidosis (LA) is a serious and frequent complication induced by or 
associated with elevated MtF plasma concentrations. In this study, a probe 
electrospray ionization coupled to mass spectrometry (PESI-MS) method for 
ultra-rapid determination of MtF in plasma by isotope dilution was developed, 
with no sample preparation or calibration curve building. Satisfactory results 
of accuracy and precision (min–max: -16.4–15.8% and 1.0–17.2%) were 
obtained. In a representative group of patients, almost identical results were 
obtained when comparing liquid chromatography–diode array detection  
(LC–DAD) and LC–tandem mass spectrometry (MS/MS) to PESI-MS (r2 > 0.99).

Pauline Griffeuille, Sylvain Dulaurent, and Franck Saint-Marcoux, Unit of Biological 
and Forensic Toxicology, Department of Pharmacology and Toxicology, Limoges University 
Hospital, France

is not an expected toxic effect of 
metformin, lactic acidosis (LA) is of great 
concern in overdosed patients. Metformin 

Metformin (MtF) is an oral 
antihyperglycaemic agent widely used for 
type 2 diabetes (1). Although hypoglycemia B
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is excreted unchanged in urine and could 
accumulate in the case of acute kidney 
injury. A metformin plasma concentration 
> 9.9 mg/L is strongly associated with 
the presence of LA (threshold value with 
a specificity of 92.6%) (2). Consequently, 
metformin accumulation must be 
rapidly identified in patients admitted to 
emergency or intensive care units. The 
confirmation of an elevated metformin 
plasma concentration is essential to help 
clinicians establish the diagnosis of LA  
and to initiate an adequate treatment.  
The evolution of LA depends on the  
early initiation of renal replacement  
therapy (RRT).

What is PESI?
Probe electrospray ionization (PESI) 
can be seen as a miniaturization of 
electrospray (ESI), where the capillary 

of the nanoelectrospray converges on a 
solid needle with a tip of several hundred 
nanometres. This probe is coupled directly 
to a mass spectrometer (MS) without the 
need for chromatographic separation, 
allowing ultrafast analysis with minimal 
sample preparation. The principles of PESI 
have been extensively detailed by Hiraoka 
et al. (3), but it can be seen as follows: 
a probe needle repeatedly moves down 
(“dives” into the sample) and moves up 
(to the position when ionization occurs), 
and consequently the compounds are 
periodically ionized and their resultant 
ions are pushed into the tandem mass 
spectrometry (MS/MS) system. PESI-MS has 
already been successfully applied to the 
analysis of biological samples (4,5).

A PESI/MS-MS Method Dedicated  
to the Measurement of Metformin:  

An Original Approach with  
Isotope Dilution Protocol
The principle of the method can be 
summarized as follows: A 10 µL measure 
of plasma was mixed with 1000 µL of 
a 10 mM 1:1 (v/v) ethanol–ammonium 
formate buffer (see Figure 1). Next, a 
solution of deuterated internal standard of 
MtF (MtF-D6) at 5 mg/L was added. Finally, 
10 µL of this mixture was spiked on the 
dedicated plastic sample plate and placed 
into the PESI ion source (Shimadzu).

A Shimadzu 8060 triple quadrupole  
mass spectrometer was used in positive 
ionization mode. The vertical movement  
of the needle was repeated with a frequency 
of 3.1 Hz (184/min) for a run-time of 
0.31 min. 

MtF and MtF-D6 were detected with 
multiple reaction monitoring (MRM). 
The selected transitions were m/z 130.15 
> 71.10 for quantitation, and m/z 130.15 
> 60.05 as qualifier ion for metformin. The 
transitions were m/z 135.95 > 77.15 and 
m/z 135.95 > 60.05 for MtF-D6.

To apply an isotope dilution  
protocol, the main MS parameters  
were optimized to obtain the same  
intensity for the m/z 130.15 > 71.10 (MtF) 
and m/z 135.95 > 77.15 (MtF-D6) 
transitions. According to the isotope 
dilution principle, each concentration 
level was determined using the ratio 
between the peak area of MtF and MtF-D6 
multiplied by its concentration, which was 
fixed at 5 mg/L.

10µL MtF-D6 at 5 mg/L

1000µL solvant

10µL sample
PESI

Sample preparation
Chromatographic

separation

MS acquisition

0.31 min

Metformin plasma
concentration

[Metformin] =
Metformin area ×[5mg/L]

IS area

Figure 1: Principles of the method.
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Figure 2: Extracted ion count for metformin. Example of a plasma sample spiked at 5 mg/L. 
Signal considered for quantitation corresponds to the sum of all peaks area acquired in the 
0–0.31 min interval.

Griffeuille et al.

21

Eßer and Rojahn2 News9 Gauchotte-Lindsay12 Rising Stars18
Griffeuille et al.20 HPLC 2023 Event Preview24 Training and Events 26 Staff28

http://www.chromatographyonline.com


The Column    www.chromatographyonline.com

Five concentration levels (0.5, 2.5, 5, 
10, and 50 mg/L) were considered for the 
validation of the method. The inter-day 
precision (coefficient of variation, CV) 
and accuracy (bias) were determined for 
each concentration level using the isotope 
dilution approach. The intra-day precision 
and accuracy were assessed for each level 
(n = 6 for the same day). The method’s 
validation parameters are summarized  
in Table 1.

Results
A typical extracted ion count for Mtf 
is presented in Figure 2. Concerning 
the matrix effects, we observed an 
average enhancement of 57% between 
the metformin signal obtained in the 
six different plasma samples and those 
obtained in the purified water samples. 

However, this matrix effect was fully 
corrected by the internal standard  
(bias of 1% between plasma and water 
after correction).

A study exploring the specificity with a 
solution of 52 potential co-medications 
reported satisfactory results. The ratio 
between the peak areas measured in the 
blank and the peak areas in the lower 
limit of quantitation (LLOQ) samples were 
systematically less than 5% for metformin 
(from 2.5 to 4.7%) and metformin-D6 (from 
0.13 to 1.67%). 

The concentrations of metformin were 
measured with PESI-MS and two other 
analytical methods (liquid chromatography 
[LC]–MS/MS or LC–diode array detection 
[DAD]) in 29 patients, from which samples 
were obtained from the routine activity. 
Figure 3 reports the regression analyses 

between PESI-MS and these two methods. 
In this representative group of patients 
(55% with a concentration <5 mg/L, 38% 
with a concentration >5 mg/L, and 7% 
not detected), excellent agreements were 
observed either with LC–DAD (r2 = 0.99; 
n = 11) or LC–MS/MS (r2 = 0.99; n = 16). 

Discussion and Perspectives
When combined with an isotope dilution 
protocol that requires no calibration curve 
building, the PESI-MS approach offered the 
best possibility to design specific, sensitive, 
accurate, and ultra-fast solutions. This study 
presents a method that allows an accurate 
determination of metformin in about 30 s, 
and will be helpful in a core laboratory 
when rapid diagnosis of LA is needed. In 
a clinical emergency setting, we propose 
analyzing a metformin control quality 
sample spiked at 5 mg/L together with the 

patient sample. When taking into account 
all the manual steps (dilution and spiking 
of the sample on the plate), it is estimated 
that less than 5 min are needed to measure 
metformin in a patient. 

With this PESI-MS approach, there is 
no sample extraction and no column 
separation process. No particular skill in  
LC–MS is needed, as the operator simply 
dilutes the plasma in an ethanol–formate 
buffer, adds the IS solution, and then sets 
the sample plate into the PESI source. It 
is also not necessary to dedicate a MS 
system to the PESI technology. In fact, 
the PESI source can be installed and 
removed in front of the MS system and is 
interchangeable with a classical ESI source 
without shutting down the system.

There are on-going studies to develop 
similar approaches for an ultra-fast 
measurement of other classes of drugs 
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Figure 3: Passing and Bablok regression analysis for metformin concentrations measured by 
PESI-MS/MS and either (a) LC–DAD or (b) LC–MS/MS.

Table 1: Validation parameters of the method

Concentrations (mg/L)
Inter-Day Intra-Day

CV (%) Bias (%) CV (%) Bias (%)

0.5 14,01 -1,94 1.60 -0.98

2.5 14,56 -0,42 1.11 -8.93

5 17,12 -12,13 1.11 15.88

10 17,24 13,86 1.01 6.06

50 15,42 4,53 1.35 -16.42

Griffeuille et al.
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useful in a core lab (for example, 
benzodiazepines, antiepileptics, and  
illicit drugs).
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HPLC 2023 Event Preview
The 51st International Symposium on High Performance Liquid Phase 
Separations and Related Techniques (HPLC 2023) will be held at the 
Conference Center Düsseldorf (CCD) in Germany, from 18–22 June 2023. 
Read on to find out what the organizers have in store for attendees. 

lectures, and keynote presentations by 
leading international scientists in these fields. 
However, the majority of the programme will 
be compiled from submitted abstracts.

Several giants in the field have already 
confirmed their contributions to HPLC 
2023 and will shed light on the newest 
instrumentation as well as the present 
and future ability to cope with molecular 
phenomics, the comprehensive measurement 
of molecular systems. Some lectures will 
explain how to skilfully hyphenate separation 
sciences with MS for multimodal analysis. At 
HPLC 2023, delegates will be able to enjoy the 
journey through the chromatographic universe, 
reaching out to innovative and revolutionary 
column technologies. Miniaturized analysis 
formats using high density droplet arrays 
for high‑throughput and single‑cell analysis 
will guide us into the future. New advanced 
analytical technologies that can deal with the 
challenges of next‑generation pharmaceutical 
characterization, allowing the high structural 
complexity of protein therapeutics to be 

From the first HPLC conference in 1973, 
the HPLC Symposium Series has established 
itself as the world’s largest conference on 
liquid chromatography (LC) and other liquid 
phase separation techniques. With more 
than 1200 attendees in the European edition 
of the HPLC conference series, HPLC 2023 
presents a unique opportunity to contact 
leaders in chromatography and mass 
spectrometry (MS). The rich programme 
covers all aspects of separation science 
in liquid phases and supercritical fluids, 
including ion mobility spectrometry (IMS) 
and advanced detection technologies, 
especially MS. The conference focus ranges 
from fundamentals of chromatography and 
theory, new separation materials and column 
technologies, to innovations in the field of 
microfluidics. Recent developments in various 
applications will be covered, ranging from 
the (bio)pharmaceutical, chemical, and food 
industries to environmental, clinical, forensic 
analysis, and bioanalysis. The symposium will 
feature short courses and tutorials, plenary 
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resolved, and even looking into biopolymer 
folding and interactions using ion mobility mass 
spectrometry, will be discussed. An industrial 
plenary will address the question of whether 
the digital transformation of the analytical 
laboratory is a big bang or just evolution?

Another focus will be industrial analytics. Two 
sessions will be offered specifically for analytical 
issues from the chemical and pharmaceutical 
industries, both led by two industrial researchers. 
For the younger generation, HPLC 2023 will 
offer a wealth of short courses and tutorials 
by the leading scientists in the field. There are 

several unique opportunities to meet and discuss 
with the experts of separation science and 
related fields.

As a conference venue, the Convention 
Center Düsseldorf offers several advantages. It 
is centrally located in Europe in one of the most 
densely populated regions of Germany, and has 
excellent transport links. 

Düsseldorf is a vibrant city and is known 
for its modern architecture and Rhenish 
tradition. Guests are spoilt for choice between 
attractions such as the Old Town, the historic 
part of the city, the Königsallee (a noble 

shopping mile), the Rhine promenade, or the 
architecturally and gastronomically attractive 
MedienHafen (MediaHarbor).

The event is organized by Michael 
Lämmerhofer (University of Tübingen) and 
Oliver J. Schmitz (University of Duisburg‑Essen) 
under the auspices of the German Chemical 
Society (GDCh) and the AK Separation Science 
working group. 

Michael Lämmerhofer, 
Professor at the University of 
Tübingen, Germany

Oliver S. Schmitz, Full 
Professor at the University of 
Duisburg‑Essen, Germany

E-mail: michael.laemmerhofer@uni-
tuebingen.de /  
oliver.schmitz@chemie-ude.de

Website: www.hplc2023.com
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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 

Operating and Understanding GC 
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-fundamentals  

GC Headspace 
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-headspace 

Absolute Basics of GC and  
GC–MS 
2 June 2023 

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

Online training 
Website: www.anthias.co.uk/
content/1-day-absolute-basics-gc-gc-
ms-0

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

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

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

LC–MS Introduction 
Onsite training 
Website: www.chromacademy.

com/channels/lc-ms/principles/lc-ms-
introduction 

How to Develop HPLC Methods 
21–22 September 2023 
Online—virtual 
Website: https://
mournetrainingservices.com/develop-
hplc-course/ 

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

Hands-On Solid-Phase 
Microextraction 
17 March 2023 
The Open University, Milton Keynes, 
UK 
Website: www.anthias.co.uk/training-
courses/hands-on-SPME 

http://www.chromatographyonline.com
mailto:kjones@mjhlifesciences.com
https://mournetrainingservices.com/develop-hplc-course/
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/operating-and-understanding-gc
https://www.crawfordscientific.com/training-consultancy/gc-training/gc-headspace
https://www.anthias.co.uk/content/1-day-absolute-basics-gc-gc-ms-0
https://www.anthias.co.uk/content/1-day-absolute-basics-gc-gc-ms-0
https://www.crawfordscientific.com/training-consultancy/hplc-courses/understanding-hplc
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
http://www.anthias.co.uk/training-courses/hands-on-SPME
https://www.chromacademy.com/channels/spectroscopy-training-courses/principles/introduction-to-infrared-spectroscopy/
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Event News
18–22 March 2023

Pittcon 2023

Pennsylvania Convention Center, Philadelphia, Pennsylvania, USA

Email: info@pittcon.org

Website: https://pittcon.org

11–14 April 2023

ANAKON 2023

Vienna, Austria

Email: office@anakon2023.at

Website: www.anakon2023.at

21–24 May 2023

8th International Conference on Polyolefin Characterization (ICPC)

Valencia, Spain

Email: Raquel.ubeda@icpc-conference.org

Website: www.icpc-conference.org

18–22 June 2023

HPLC 2023

Düsseldorf, Germany

Email: michael.laemmerhofer@uni-tuebingen.de / oliver.schmitz@uni-due.de

Website: www.hplc2023.com

http://www.chromatographyonline.com
mailto:info@pittcon.org
https://pittcon.org
mailto:office@anakon2023.at
http://www.anakon2023.at
mailto:Raquel.ubeda@icpc-conference.org
http://www.icpc-conference.org
mailto:michael.laemmerhofer@uni-tuebingen.de
mailto:oliver.schmitz@uni-due.de
http://www.hplc2023.com
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