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Assessment of Bed and 
Particle Integrity of 
Size-Exclusion Columns 
Packed with Sub-2-µm 
Particles
The Column spoke to Jelle De Vos from the Department of Chemical 
Engineering at the Vrije Universiteit, in Brussels, Belgium, about his work 
investigating the performance of columns packed with 1.7-μm particles at 
high-pressure conditions (ΔP

max
 = 1034 bar) and linking it to particle and 

column-bed integrity. 

Q. How did the idea of this research 
project arise and what are the aims of 
this research?
A: Back in 2016 we published a paper on the 
effects of operating pressure on selectivity 
and efficiency in aqueous size‑exclusion 
mode for the separation of intact proteins 
(1). We used kinetic plots to describe the 
possibilities of faster methods in size‑exclusion 
chromatography (SEC) mode when applying 
ultrahigh pressures, which laid the foundation 
for the work presented in the poster.

Q. What are you doing in this poster 
that is novel?
A: The poster explores the potential 
of sub‑2‑µm particulate SEC columns 
operated under ultrahigh‑pressure liquid 
chromatography (UHPLC) conditions. There 
are currently no studies that investigate 
the effects of high operating pressures 
on packing stability and particle integrity, 
and, hence, the selectivity of aqueous 
size‑exclusion columns. These are essential 
aspects when method speed‑up is envisioned.
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Jelle De Vos is at the 
Department of Chemical 
Engineering, Vrije 
Universiteit, in Brussels, 
Belgium.

Q. What were the main analytical 
challenges you had to overcome?
A: The experiments were performed using 
SEC columns packed with 3.5‑µm and 
1.7‑µm particles. These columns were 
subjected to extreme pressure stress‑tests 
and their degradation was monitored by 
separating a mixture of protein standards. 
At first, we were not able to explain the 
cause of the impaired chromatography 
when higher backpressures were applied,  
as this is usually not the case in 
reversed‑phase LC mode. Hence, following 
the stress tests, the columns were opened 
and the particles were subjected to 
physical analytical techniques (scanning 
electron microscopy, argon adsorption 
measurements, and mercury intrusion 
porosimetry). The results were verified 
using columns originating from different 
batches. All these results were combined 
to comprehensively describe the issues 
that arise at higher operating pressures 
when using columns packed with sub‑2‑µm 
particles.

Q. What were your main findings and 
why are they useful?
A: The improved mass transfer characteristics 
of sub‑2‑µm particles were demonstrated 
by a sub‑min separation of intact proteins 
by applying a flow rate of 1.8 mL/min, 
corresponding to a column pressure of 
530 bar. High pressure operation typically 
results in bed compression, which impairs 
chromatography. Improved column packing is 
essential to obtain robust high performance 
SEC separations.

Q. How are you planning to develop this 
research further?
A: This study demonstrates the potential of 
sub‑2‑µm particles in aqueous SEC, and can 
be expanded towards exploring the potential 
of even smaller particle diameters ranging 
around 1 µm.

Reference
1. J. De Vos, E.R. Kaal, R. Swart, M. Baca, Y. Vander 

Heyden, and S. Eeltink, J. Sep. Sci. 39, 689–695 

(2016).
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Agilent Announces Eczema Research 
Collaboration
Agilent Technology (Santa Clara, California, USA) has  
announced a collaboration with researchers at the 
University of Sheffield and the University of Manchester 
to investigate the risk factors surrounding atopic eczema 
(atopic dermatitis), a chronic skin condition that affects 
one in five children and one in 12 adults.

The study will follow a group of 175 babies during  
their first year of life to see how their skin matures, and 
identify which babies are most at risk of developing 
eczema. This early identification is crucial to preventing 
eczema from developing further, and could also potentially 
prevent the development of other inflammatory skin 
disorders.

“A growing body of evidence suggests a critical role  
for the skin barrier in the development and course of 
atopic eczema. A greater understanding of skin barrier 
optimization from birth, promises to identify susceptible 
individuals early on, and enable novel therapeutic options 
to improve standards of neonatal skin care and prevent 
clinical eczema development,” said Simon G. Danby, the 
lead researcher of the Skin Testing for Atopic eczema 
Risk (STAR) study and research fellow in the Sheffield 
Dermatology Research group at the University of Sheffield.

For more information, please visit: www.agilent.com

Investigating the Environmental 
Impact of Anticoccidials

Researchers have developed a new liquid chromatography tandem mass spectrometry (LC–MS/MS) method for the simultaneous 
chromatographic separation and detection of anticoccidials, which are used as an agricultural animal treatment, in environmental 
waters (1).

These compounds are used to control coccidiosis and other protozoan infections in agricultural animals, such as broiler 
chickens, and up to 95% of anticoccidials are excreted from post-treatment animals. These excreted drugs tend to be 
unmetabolized and remain in their parent drug form (2,3). This high percentage may be related to the nature of the issue 
farmers are addressing. As poultry have a high susceptibility to coccidiosis and because many poultry farms keep their animals 
in very closed spaces, the possibility for mass infection outbreaks is very high. The damage to the animal occurs during the 
asymptomatic phase causing intestinal lesions and diarrhoea, resulting in poor weight gain and poor feed conversion, and has a 
financial impact because the bird’s short lifespan decreases recovery time (4). It is therefore necessary to administer anticoccidials 
before an infection has a chance to occur. These compounds are also found in poultry manure and slurry. Anticoccidials can 
concentrate in the soil, make their way into surface waters, and leach into groundwater supplies, which leads to resistance 
issues caused by long-term exposure to low levels, and a myriad of potential eco-toxicological risks, including risk to aquatic and 
terrestrial organisms.

Although there has been a significant amount of work performed to develop detection methods for anticoccidials, most 
of these focus on food matrices. Researchers set out to develop a comprehensive chromatographic separation and detection 
method for the highly polar and basic anticoccidials, which historically required separation on alternative column chemistries. 
Researchers also wanted to include anticoccidials used outside of the EU to allow for a wider application of the technique. The 
resulting method used LC–MS/MS for the simultaneous separation and detection of 31 anticoccidial drugs in one single injection. 
Researchers also developed and optimized a sample extraction procedure based on solid-phase extraction (SPE), which was 
capable of extracting anticoccidial residues from raw, unfiltered environmental water samples at ppq to ppt levels.—L.B.

References

1. D. Mooney et al., J. Chroma. A https://doi.org/10.1016/j.chroma.2020.460857
2. N. Broekaert et al., Anal, Bioanal. Chem. 401, 3335–3344 (2011).
3. European Food Safety Authority (EFSA), J. EFSA 1–45 (2004).
4. M. O’Keefe, A review of Coccidiostat Residues in Poultry, SafeFood, Cork, Ireland, 2003.
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News In Brief

The Column    www.chromatographyonline.com

•  The LCGC Blog: Citizen Science and Anecdotal Claims of Groundwater Contamination—There 
was a pretty significant fight to get this recent paper into the scientific literature. But, after five 
reviewers opining and four submitted revisions later, the result was a very unique piece of work 
characterizing anecdotal claims of groundwater contamination in shale energy basins across the 
United States. Read Here>>

•   Sample Preparation Goes Subzero: Ice Concentration Linked with Extractive Stirrer (ICECLES)—A 
new technique, ice concentration linked with extractive stirrer (ICECLES), provides highly efficient 
isolation of trace compounds from aqueous samples. ICECLES combines freeze concentration with 
stir-bar sorptive extraction into a seamless analytical extraction methodology. This article describes 
how to perform this relatively simple technique, and discusses its advantages and limitations. Read 
Here>>

•    Tackling Top-Down Protein Analysis—Kevin Schug discusses the advantages of using mobile 
phases with different pH values in the first and second dimension when using comprehensive 
two-dimensional liquid chromatography (2D-LC) methods for top-down protein analysis. Read 
Here>>

•    Techniques for Optimizing Glycan Analysis—Assessing the glycosylation of biotherapeutics is vital 
to ensure the safety and efficacy of the end product. This e-book explores a variety of methods for 
improving this important part of protein characterization. Read Here>>

•    Internationally Developed Seafood Safety Protocol for Toxin Analogues—Food safety scientists 
have validated a new method to detect neurotoxins in seafood products using UHPLC–HILIC–MS/MS. 
Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Analytik Jena AG Celebrates 30  
Years 
Analytik Jena AG (Jena, Germany) is celebrating 
30 years of innovation at Analytica 2020. 
There will be presentations highlighting the 
applications and research work that the  
company is involved with, and insights into  
the company’s technology. Visitors will be also 
able to view new measuring systems for elemental 
analysis and spectrometry. For more information, 
please visit: www.analytik-jena.com

Novel Method of Virus Purification 
Commercialized
BIA Separations (Ajdovščina, Slovenia) and 
the University of Zagreb (Croatia) have 
signed a license agreement to commercialize 
a novel elution method for virus and viral 
vector purification using immunoaffinity 
chromatography. The method allows the 
preservation of the integrity, infectivity, 
and potency of viruses. One of the major 
disadvantages of immunoaffinity chromatography 
is the partial degradation of viral particles 
because of the low pH conditions required for 
the elution. This new technology overcomes this 
by using a concentrated solution of specifically 
selected amino acids and their salts, maintaining 
a neutral pH (6.0–8.0), which results in the 
highly effective elution of intact and functional 
viruses for gene therapy applications. For more 
information, please visit: www.biaseparations.
com/en/featured/viruses
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Highlights of SFC 2019

A review of the 13th International Symposium on Packed Column SFC and 
SFE Techniques (SFC 2019), which was held in Philadelphia, Pennsylvania, 
USA, on 29 September–1 October 2019.

Eric Seest, Eli Lilly and Co., Lilly Corporate Center, Indianapolis, Indiana, USA

that included 23 oral presentations, 30 
poster presentations, and three vendor 
workshops.

Day two began with a lifetime 
achievement award presentation to Larry 
T. Taylor (Professor Emeritus, Virginia Tech 
University, USA) by Ray McClain (GCG 
board president; Merck, USA) for his 
sustained and outstanding contributions to 
the GCG as well as his many contributions 
advancing the science of SFC, SFE, and SF 
processing during a career that spanned 
more than 40 years. J. David Pinkston 
(GCG board; Archer Daniels Midland 
Co., USA) then gave a lecture entitled 
“Footsteps of a Giant—Intellectual Travels 
with Larry T. Taylor”, which highlighted 
many of Larry’s accomplishments over 
his esteemed career. These include 40 
years as a professor, >400 publications 
including three books, book chapters, 
patents, and reports, and organization of 
20 major supercritical fluids conferences. 

The 13th International Symposium on 
Packed Column SFC and Techniques 
(SFC 2019), which alternates between 
the United States, Europe, and Asia, 
was held in Philadelphia, Pennsylvania, 
USA, on 29 September–1 October 
2019. The symposium is dedicated to 
bringing scientists together to discuss 
the latest advances in supercritical fluid 
chromatography (SFC), supercritical fluid 
extraction (SFE), and related technologies. 
It is organized annually by the Green 
Chemistry Group (GCG) (see https://
www.greenchemistrygroup.org/ for 
more information) and more than 120 
people were in attendance. In addition, 
14 vendors participated in the exhibition. 
The three‑day programme began with a 
short course on the first day regarding the 
theory of SFC and SFE, instrumentation 
and method development in analytical and 
preparative SFC, as well as applications 
thereof. This was followed by two days 
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His research career has spanned various 
chemistry fields such as electrochemistry, 
material science, polymer science, and 
separation science with the latter including 
extraction, gas chromatography (GC), 
high performance liquid chromatography 
(HPLC), and SFC. David then provided  
more detailed highlights of Larry’s 
contributions in these areas as well as 
describing how Larry impacted the lives of 
many of his students and colleagues along 
with other people outside of his work in 
chemistry.

Erik Regalado (Merck, USA) kicked off 
the first oral presentation session with 
a talk entitled “SFC‑PDA‑ESIMS as a 
Framework for Impurity Fate Mapping 
in the Development and Manufacture of 
Drug Substances”. He gave an overview 
of various SFC approaches provided by 
Merck and then described the use of 
SFC to resolve a complex mixture using a 
chiral column and EtOH–CO

2
 mobile phase 

where reversed‑phase LC failed to do so. 
Combining SFC with photodiode array 
(PDA) and electrospray ionization‑mass 
spectrometry (ESI‑MS) allowed this 
approach to be used for downstream 
production monitoring (1). 

Bill Farrell (Pfizer, USA) gave a talk 
entitled “Active Flow Technology Improves 
Peak Efficiency in SFC”. He introduced the 

topic active flow technology (AFT)‑SFC 
and research performed with AFT in HPLC 
and now SFC. By modifying the internal 
column geometry as well as components, 
such as the end frits, and then studying 
the various performance attributes, he and 
his collaborators were able to demonstrate 
improved SFC column efficiency, peak 
shape, and resolution.

Kevin Thurbide (University of Calgary, 
Alberta Canada) presented “New 
Approaches to SFC Separations Using 
Water as a Stationary Phase”. This  
involves using a GC capillary column 
internally coated with water to take 
advantage of the immiscibility of 
carbon dioxide with water to act as the 
mobile phase. The separation of various 
analytes can be tuned via temperature 
and pressure. Variables such as carbon 
dioxide flow as well as gradient control via 
dehydration and rehydration of the column 
can be used for additional control of 
selectivity. The pH of the water stationary 
phase can be modified and chiral selectors 
can also be introduced for chiral resolution 
of isomers.

Blair Berger (University of Texas at 
Arlington, USA) discussed the application 
of on‑line SFE–SFC–MS to the analysis 
of drugs of abuse from human hair. The 
samples were put directly into various 

www.gerstel.comwww.gerstel.comwww.gerstel.com

... is a clean baseline
GERSTEL Thermal Desorption

➔ Minimized carry-over
➔ Lowest limits of determination
➔ Sorbent free, non-selective trapping 
➔ Reliable results – even for unknowns
 
Thousands of users in leading laboratories
worldwide rely on GERSTEL Thermal
Desorption to provide the right answers.
 
What can we do for you?

The best start...

sample blank

SFC Event Review

7

Q&A De Vos2 News4 SFC Event Review6 Weber11
The LCGC Blog15 Training & Events18 Staff20

http://www.gerstel.com


The Column    www.chromatographyonline.com

of various oligosaccharides and monitored 
via mass spectrometry. A mixture of 
nucleotides was also resolved with this 
approach while ammonium hydroxide was 
included in the modifier mixture. Proteins 
were also evaluated and conformational 
changes were observed for most structures 
tested.

Martin Enmark (Karlstad University, 
Sweden) described a strategy for  
improving SFC method transfer and 
scaleup. An isocratic plot approach that 
shows how the molar concentration of 
co‑solvent varies with the mass fraction 
and density of the fluid was described  
and shown to help predict analyte 
retention change. Another strategy to 
match retention was also introduced 
where retention time shifts due to pressure 
drop changes can be compensated for  
by adjusting the fluid composition. A rule 
of thumb was devised that simply requires 
measuring the relative retention factor 
shift and then changing the co‑solvent 
mass fraction appropriately.

Abhijit Tarafder (Amgen USA) described 
a model‑based estimation approach 
for preparative SFC injection volumes 
versus the more traditional experimental 
increasing volume approach that can 
be time‑consuming. An Excel‑based 
spreadsheet was used to make the 

extraction vessels and extracted under 
static and dynamic conditions. Extracted 
components were introduced to the 
analytical SFC column followed by  
elution and detection thereof. The 
optimized extraction, separation, and 
detection of 17 known drugs could be 
accomplished in 30 min with the  
optimized SFE step utilizing about 80%  
of that time. A. Paige Wicker (also from 
the University of Texas at Arlington) 
described a similar SFE–SFC–MS approach 
to the extraction and analysis of 
polyaromatic hydrocarbons (PAHs) from 
various types of soils. A 32‑min assay 
that resolved 16 different compounds 
was presented. Gioacchino Luca Losacco 
(University of Geneva, Switzerland) then 
described the application of SFC–MS/MS  
to anti‑doping analysis of prohibited  
drugs in urine as an alternative to  
LC–MS/MS. 

Raffeal Bennett (Merck, USA) gave a 
presentation discussing the application 
of SFC to biomolecules analysis and 
purification. An enhanced fluidity liquid 
chromatography (EFLC) approach was used 
to extend the modifier range (including 
the addition of water to the methanol) 
beyond the more typical SFC approach 
(for example, 5–50% methanol in CO

2
). 

This was then applied to the separation 
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(including SFC) are relied upon heavily to 
generate the end products. He described 
the use of solubility parameter theory 
(SPT) and activity coefficients to determine 
processing conditions and product 
formulation. He also mentioned the 
importance of physiochemical data  
for modelling and scaleup of these 
processes.

Susan Olesik (The Ohio State University, 
USA) described the use of EFLC for  
disease diagnostics in her laboratory. 
Significant improvements in both 
chromatographic resolution and MS 
detection were observed by using an EFLC 
approach combined with hydrophobic 
interaction chromatography (HIC) assay 
conditions for the separation of a protein 
mixture (2). Gilles Goetz (Pfizer, USA) 
and Romulo Romero (AstraZeneca, USA) 
described the use of SFC to ascertain 
exposed polar surface area (EPSA) for 
enabling drug design at their respective 
pharmaceutical companies. This 
measurement is used to help predict the 
membrane permeability of molecules in a 
rapid fashion.

Matthew Przybyceil (ES Industries, 
USA) discussed the development of new 
SFC stationary phases for the separation 
of natural products and, in particular, 
cannabinoids. Quentin Gros (University of 

calculations. Pierre Billemont (UCB Pharma, 
Belgium) gave a presentation showing the 
preparative chromatography capabilities 
of their centralized purification group. 
Milligram‑ to kilogram‑scale separations 
with both LC and SFC modes were 
discussed, with SFC being used for most of 
this work now. 

Robert Campbell (Dow Chemical, USA) 
presented the application of SFC to the 
analysis of synthetic sebum oil. Terry 
Berger (SFC Solutions Inc., USA) described 
ongoing issues with the overall efficiency 
of newer ultrahigh‑pressure (UHP)SFC 
instrumentation and columns and his 
studies with modified designs to lower 
the dispersion effects thereof. Tony Yan 
(Pfizer, USA) showed the use of SFC–high 
resolution (HR)MS for stability testing and 
clinical release for very low concentration 
(ng/mL) samples in plasma. The application 
of this approach to chiral inversion case 
studies was described.

Day three began with a keynote 
presentation from Jerry King (CFS, 
USA) entitled “Critical Fluid Extraction 
and Chromatography—Application to 
Cannabis/Hemp Processing”. He gave an 
overview of the present state of processes 
and the optimization as applied in this 
industry. Extraction techniques (including 
SFE) and chromatographic approaches 

Pure Chromatography

Sign up today to access Restek’s  
years of chromatography knowledge at
www.restek.com/advantage

ADVANTAGE
See What It Can Do for You and Your Lab

SFC Event Review

9

Q&A De Vos2 News4 SFC Event Review6 Weber11
The LCGC Blog15 Training & Events18 Staff20

http://www.restek.com/advantage


The Column    www.chromatographyonline.com

of applications described during the 
three‑day event. We are looking forward 
to the next SFC conference instalment, 
which is being planned for Prague, Czech 
Republic, from 19–22 October 2020 (see 
https://greenchemistrygroup.org/ for 
details)!

References
1. E.L. Regalado et al., Journal of 

Chromatography B 1080, 42–49 (2018).

2. Y. Wang and S.V. Olesik, Anal. Chem. 91, 

935–942 (2019).

Eric Seest is a member of the Green 
Chemistry Group board of directors, 
which is a volunteer group of dedicated 
academics, industrial scientists, and 
leaders from sponsor organizations. 
The GCG mission is to advance 
the use of SFC and SFE and build 
maximum interaction within this 
growing community by hosting annual 
international conferences. He is also a 
senior research scientist and analytical 
chemist in Discovery Chemistry at Eli Lilly 
involved with analytical and preparative 
chromatography support and research.

Orleans, France) showed the application  
of linear solvation energy relationships 
(LSER) towards the characterization of 
some newer column chemistries. Daniel 
Hengst (Eurofins, USA) gave a great talk 
that demonstrated the power of  
SFE–SFC–MS as applied to fat‑soluble 
vitamin testing, reducing sample 
turnaround times from several hours 
each to less than 20 min cycle time each. 
Lucie Novakova (Charles University, Czech 
Republic) outlined the application of  
SFC–MS/MS to the analysis of 
cannabinoids along with SFE for their 
extraction from various cannabis products. 
Takeshi Bamba (Kyushi University, Japan) 
followed with a presentation showing the 
use of SFC–MS for the profiling of assorted 
polar metabolites. 

The final talk of the conference was 
given by Victor Abrahamsson (Cal. Tech., 
USA) describing the potential use of SFE 
and SFC for the analysis of aqueous and 
solid materials for astrobiological studies 
and ongoing efforts to build a prototype 
SFE–SFC–MS system for use in space. 
The possible use of SF–CO

2
 technologies 

seem boundless given the breadth 
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An Alternative to 
Classical SPME: SPME 
Arrow for the Analysis 
of Flavour Profiles

SPME Arrow offers higher adsorption capacity and higher mechanical 
robustness than traditional solid-phase microextraction (SPME). Traditional 
SPME also has a small linearity range. In this article, an SPME Arrow fibre 
and classical SPME fibre were tested for the analysis of flavour profiles for 
different types of beverages.

Waldemar Weber, Shimadzu Europa GmbH, Duisburg, Germany

Solid-phase microextraction (SPME) is one 
of the most important sample extraction 
techniques in routine analysis (1–3). 
However, the fibres used are also known 
for being susceptible to mechanical stress 
and offer a small linearity range due to 
the limited sorption phase (1,4). The new 
SPME Arrow offers bigger adsorption 
capacity and higher mechanical 
robustness (Figure 1) and is therefore a 
very promising alternative to overcome 
these issues (5). 

The novel solid-phase microextraction 
was evaluated by several R&D groups 
in cooperation with CTC Analytics, 
who owns the patent on this technique 
(5). Typical application fields of SPME 
Arrow are identical to SPME, and the 
traditional SPME sorbents such as 
polydimethylsiloxane (PDMS), acrylate, 
and carbon WR were adapted to the 
Arrow to allow for use in the majority  
of classical SPME applications, such  
as volatile organic compounds (VOCs)  
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extraction temperature: 40 °C; stirring 
speed 1600 rpm; desorption time: 2 min; 
desorption temperature: 240 °C.
Analytical conditions GC: Column oven 
temperature: 40 °C (2.5 min)  (20 °C/
min)  240 °C (5 min); flow control 
mode: linear velocity (40 cm/s); carrier 
gas: helium.
Analytical conditions MS: Transfer line: 
200 °C; ion source: 200 °C; emission 
current: 150 µA; ionization mode: EI, 
70 eV; loop time: 0.30 s; acquisition 
mode: scan (50–400 amu).

A sufficient mass transfer during 
immersion was ensured by use of 
constant vial shaking with the HeatEx 
stirrer (CTC Analytics AG). As all  

Figure 1: SPME fibre and SPME Arrow in comparison (active phase red).

6495C TRIPLE 
QUADRUPOLE 

LC/MS
The highest per formance LC/TQ avai lable 
with Agilent ’s third generation iFunnel design, 
ideally suited for peptide quantitation as well 
as multiresidue applications that require ppt 
sensitivity. The combination of utmost sensitivity, 
extended mass range, and ease of maintenance 
with VacShield technology, and the power and 
flexibility of MassHunter, makes this the system 

of choice for demanding applications.

Agilent Technologies, Inc.
Santa Clara, CA.

www.agilent.com/chem/6495C

LCTC0719 Agilent 1-Col Ad pr2f.indd   1 2019-08-02   8:03 AM

and polycyclic aromatic hydrocarbons 
(PAHs) in water and soil analysis. 

The present study shows SPME  
Arrow and classical SPME fibre coated 
with carbon WR in the analysis of  
flavour profiles for different types 
of beverages.

Experimental
Sample Preparation: A series of 
18 mL measurements of raw beverages 
(caffeinated retail lemonade and 
home-made apple juice) were filled into a 
20-mL vial without further preparation or 
dilution.
Sample Extraction: Sample extraction 
with a Shimadzu AOC-6000 autosampler 

was done fully automatically using SPME 
Arrow and SPME fibres, respectively. 
Immersion was performed using the 
following parameters.
Gas Chromatography–Mass Spectrometry 
(GC–MS) Analytical Conditions:
System configuration: GC–MS: GCMS  
QP 2020 NX (Shimadzu); injector:  
SPL2010 for Arrow (CTC Analytics AG); 
column: 20 m × 0.18 mm, 0.18-μm 
(Shimadzu). 
Analytical conditions AOC-6000: 
Injection mode: Split 1:10 to 1:200; 
injector temperature: 240 °C; fibre 
type: SPME Arrow/SPME; adsorption 
material: carbon WR; pre-incubation 
time: 5 min; extraction time: 30 min; 

Weber

12

Q&A De Vos2 News4 SFC Event Review6 Weber11
The LCGC Blog15 Training & Events18 Staff20

http://www.agilent.com/chem/6495c


The Column    www.chromatographyonline.com

were introduced after immersion into  
a split injector for desorption. Identical  
GC–MS parameters were applied with 
both types of SPME for a real comparison 
of sampling technique.

Results
Sensitivity: Figure 2 shows improved 
extraction efficiency for nearly all flavour 
compounds in the retail lemonade with 
SPME Arrow. Some were only detectable 

samples contained significant amounts  
of sugar, fibres were washed for 
0.1 min in ultrapure water directly after 
adsorption.
Sample Measurement: Sample 
measurement was performed using 
a GCMS-QP2020 NX high-end single 
quadrupole mass spectrometer  
(Shimadzu) equipped with the AOC-6000 
(Shimadzu) for automatic sample 
introduction. SPME Arrow or SPME fibres 

Table 1: % relative standard devaiation (RSD) of some identified compounds

Retention Time (min) Name % RSD

4.28 Limonene 8.9

5.17 Hexyl acetate 9.2

5.64 Heptenal 6.1

6.45 Octenal 2.1

9.95 Isoeugenol 2.1

10.19 Octanonic acid 5.8

10.38 Eugenol 2.5

11.19 Decanonic acid 8.2

Conclusion
Both techniques were effective at 
identifying VOCs. The SPME Arrow 
method was more sensitive for method 
recovery as well as for some additional 
compounds not found by SPME. However, 
this sensitivity means that the SPME 
Arrow method is more susceptible to 
column bleed as well as phthalates from 
septum bleed. As a result of increased 
sensitivity, the SPME Arrow can be used 
for applications where low detection 
limits are necessary, but it could also be 
used for applications with long sample 
preparation periods. The increased size 
of the stationary phase would allow the 
Arrow fibre to produce the same sensitivity 
as a traditional fibre in less time.

with SPME Arrow. Measurements 
were done at high split ratio (1:200) to 
prevent detector saturation for highly 
concentrated compounds.

Figure 3 shows differences in sensitivity 
for vanillin in the retail lemonade 
measured at split ratio 1:10. An increase 
of signal-to-noise (S/N) from 40:1 in 
classical SPME to 130:1 in SPME Arrow is 
evident.
Reproducibility: A home-made apple 
juice was used for investigation of 
reproducibility. Figure 4 shows four 
consecutive runs using SPME Arrow. A 
very good stability of the flavour profiles 
is evident. Some representative % relative 
standard deviation (RSD) values are 
summarized in Table 1.
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Figure 2: Flavour profile of the retail lemonade with SPME Arrow (black) and SPME (purple).
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4. H. Bagheri, H. Piri-Moghadam, and M. Naderi, 

TrAC Trends Anal. Chem. 34, 126–139 (2012).

5. A. Kremser, M.A. Jochmann, and T.C. Schmidt, 

Analytical and Bioanalytical Chemistry 408, 

943–952 (2016).

Waldemar Weber began his study as 
a chemist in 2005 at the University of 
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Figure 4: Flavour profile in consecutive runs of home-made apple juice.
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Figure 3: SPME Arrow (left) and classical SPME (right) of vanillin in the retail lemonade.
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The LCGC Blog: The 
Exposome: Is It Too Vast 
to Tackle?

In this instalment of the LCGC Blog, Kevin Schug asks if the exposome can 
be overcome.

Kevin A. Schug, Department of Chemistry and Biochemistry, The University of Texas (UT) at 
Arlington, Arlington, Texas, USA

I run into scientists all the time who have 
never heard the term exposome. Most are not 
intimately connected in the analytical world; 
these days, analytical scientists seemingly 
expect “ome” and “omics” to be tacked onto 
pretty much anything. But “omics” is certainly 
more than a fad, and most in the business 
can connect with common concepts like 
proteomics, metabolomics, lipidomics, and 
genomics. 

The exposome is a different beast, and it 
is decidedly a beast. It refers to everything, 
from birth, to what a person has been 
exposed to, including both chemical and 
biological constituents. Exposure could be 
environmental, occupational, or habitual. 
It includes the air we breathe and the 
food we eat. It even seeks to incorporate 

knowledge of genetic predispositions of 
severity of responses to different exposures. 
This could be something like an allergy, or 
it could also refer to someone who was 
exposed to a fungus that made them more 
susceptible to the deleterious effects of 
some inhaled chemical. There is no shortage 
of hypotheticals that could be imagined; 
exposomics could actually subsume virtually 
all of the other “omics” concepts.

There are so many pieces to the puzzle, 
could we ever hope to create a complete 
picture? Perhaps it is a good guiding concept 
for designing research—more on that in a 
moment. The problem is that we are likely not 
yet in possession of all of the puzzle pieces. 
And even when you have a large number of 
pieces, how do you put them all together? I 
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am not sure what that puzzle box cover even 
looks like.

Judging whether we can assess human 
exposures to different environmental 
contaminants, I cannot help but think of 
some of the topics that are so prominent 
today. For many of these, we do not even 
have sufficient analytical capabilities to 
provide comprehensive exposure assessments.

Per- and polyfluoroalkyl substances (PFAS) 
have received no shortage of attention in 
the past couple of years (1). This class of 
compound represents thousands of different 
variants of size and functionality that have 
been used as flame retardant additives and 
as other industrial additives and surfactants. 
Recent evidence suggests that many are 
carcinogenic or have endocrine-disrupting 
properties. The main problem is that we 
do not have adequate chemical standards 
available to aptly identify and determine 
all PFAS constituents to which we might 
come into contact. I have heard firsthand 
of the difficulty for commercial laboratories 
to handle such analyses—the time and 
complexity PFAS analysis includes makes 
it a difficult area to make money. Such 
determinations also require exceptional 
analytical sensitivity, since PFAS can be 
present and persist at very low levels.

Mineral oil saturated hydrocarbons and 
mineral oil aromatic hydrocarbons (MOSH/

MOAH) are another class of compounds 
that have been the focus of food scientists. 
MOSH/MOAH include residual mixtures 
of hydrocarbons of varying sizes that can 
be transmitted to ingested food based on 
contact with other materials. For example, 
MOSH/MOAH may be deposited on 
packaging material through its preparation; 
when the materials are used, food becomes 
contaminated. While the saturated 
hydrocarbons are not considered particularly 
unhealthy, the aromatic compounds are 
believed to be carcinogenic. As such, it 
is desirable to determine the aromatic 
content. The difficulty is that the dangerous 
aromatic mineral oil hydrocarbons often 
exist in the presence of a much higher 
amount of saturates. It has been shown that 
multidimensional separations (2), and even 
detection systems with special capabilities, 
such as vacuum ultraviolet spectroscopy 
(3), are needed to well speciate these 
potential exposure compounds. The more 
complicated the instrumentation needed, 
the less accessible it will be for routine 
determinations; this could ultimately limit the 
ability to collect sufficient exposure data.

Microplastics in the environment is another 
hot topic (4). In this case, we know that 
microplastics exist as vehicles for food and 
beverage contamination. Plastic is ubiquitous 
in the environment and eventually it is 

degraded and ground down into micrometre 
size particles, to which a myriad of different 
chemical compounds can be adsorbed and 
transported through the environment. At this 
point, it is not even clear what is the best way 
to collect microplastic particles for analysis 
from the environment, much less decide 
what adsorbed chemicals are of the most 
concern for exposure to organisms. PFAS are 
certainly one of the adsorbed compound 
classes of interest; thus, we arrive at the same 
problem of identification and quantification 
of a widely variable analyte set, most of for 
which no standards exist to aid analytical 
determinations.

Some huge industrial processes have, as 
to now, still not been fully characterized in 
terms of their potential environmental and 
health impacts. My research group has spent 
considerable effort working to characterize 
the potential impact of unconventional 
oil and gas extraction, which includes the 
process of hydraulic fracturing (5–7). Our 
research has shown that there can be 
deleterious consequences to groundwater, 
air, and soil quality, but these are mainly 
episodic and not necessarily systemic. Still, 
our group is one of a small handful focused 
on such efforts. These efforts are limited  
by funding. We have yet to see a viable 
federal grant programme aimed at 
supporting the generation of a better 
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Kevin A. Schug is Full Professor and 
Shimadzu Distinguished Professor of 
Analytical Chemistry in the Department 
of Chemistry and Biochemistry 
at The University of Texas (UT) at 
Arlington. He joined the faculty at UT 
Arlington in 2005 after completing 
a Ph.D. in chemistry at Virginia Tech 
under the direction of Harold M. 
McNair and a postdoctoral fellowship 
at the University of Vienna under 
Wolfgang Lindner. Research in the 
Schug group spans fundamental and 
applied areas of separation science 
and mass spectrometry. Schug was 
named the LCGC Emerging Leader 
in Chromatography in 2009 and the 
2012 American Chemical Society 
Division of Analytical Chemistry Young 
Investigator in Separation Science. He 
is a fellow of both the U.T. Arlington 
and U.T. System‑Wide Academies of 
Distinguished Teachers.

so. I just think it will take a long time to 
realize models that are broadly useful and 
beneficial to society.
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Now, looking past the sheer vastness of the 
exposome, and how difficult it might be to 
glean meaningful connections, perhaps there 
is also opportunity to consider. For example, 
if you were designing a study, either human 
health or more environmentally focused, 
you might design your study differently if 
you knew that your data were going to 
be inputted into some larger exposomics 
model? Such a model would most certainly 
utilize some kind of artificial intelligence or 
machine learning to detect correlations and 
make predictions. It would also provide a 
framework for the most efficient design 
of experiments, to maximize information 
generated from as limited number of samples 
as possible. Additionally, quality control and, 
to some extent, methodology would likely be 
normalized to be consistent among different 
studies. 

Surely, people are already thinking 
along these lines, and some exposomics 
initiatives are already underway. I am still 
an outsider looking in, but it is an attractive 
umbrella under which both health and 
environmental research could be directed. 
Solving significant methodological and 
logistical challenges, making these methods 
widely available and affordable, and close 
interfacing between analytical chemists and 
data scientists will be key to some success. Is 
it too vast of an undertaking? I don’t think 

understanding of the exposure risk from 
unconventional oil and gas extraction. 
Instead, we have piecemeal studies, which 
ultimately may be ignored or not considered 
comprehensive enough to draw general 
conclusions (8). It can be a frustrating area in 
which to work, but studies on this scale will 
be needed to fully characterize an exposome 
to individuals living in and around such 
industrial activities.

The examples go on and on. I have three 
boys who play sports every season. Much 
of that is on newly installed (and also, older) 
turf fields. These turf fields use ground-up 
old tyres as filler for the surface material. 
The floor inside our back door always has 
this stuff around as the boys take off their 
cleats. More importantly, there have been 
reports of the potential for soccer goalies, 
who are constantly diving to the ground in 
this material, to develop cancer as a result 
of repeated exposure to this material. Seems 
like a no-brainer to me; from a commercial 
stance, it is a great way to use old tyres, 
but creating the potential for people to 
inhale small particles of rubber laced with 
polyaromatic hydrocarbons and who knows 
what else is not smart. By the way, older 
fields are likely to be worse than newer 
fields, since time, play, and weathering will 
cause the creation of more smaller particles, 
which are more dangerous inhalants.

E-mail: kschug@uta.edu
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Training Courses
GC
The Theory of GC
Website: www.chromacademy.
com/gc-training.html

GC Troubleshooting and 
Maintenance
Onsite training
Website: www.crawfordscientific.
com/training-consultancy/
gc-training/gc-troubleshooting-and-
maintenance

Complete GC & GC–MS
27 April–1 May 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
content/5-day-complete-gc-gc-ms

The GC & GC–MS Clinic
30 April–1 May 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
content/2-day-gc-gc-ms-clinic-1

Hands-On Pyrolysis
20 March 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/hands-on-pyrolysis

HPLC/LC–MS
The Theory of HPLC
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
hplc-training.html

Fundamental LC–MS
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
mass-spec-training.html

HPLC Troubleshooter
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
hplc_troubleshooting.html

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

The HPLC & LC–MS Clinic
14–15 May 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/LC-clinic

SAMPLE PREPARATION
Overview of Solid-Phase 
Extraction 
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
sample-prep-training.html

MISCELLANEOUS
Basic Lab Skill  
Training
Website: www.chromacademy.com/
basic-lab-skills-training.html

Introduction to IR  
Spectroscopy
Website: www.chromacademy.com/
infrared-training.html

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

mailto:kjones@mjhlifesciences.com
http://www.chromacademy.com/gc-training.html
http://www.crawfordscientific.com/training-consultancy/gc-training/gc-troubleshooting-and-maintenance
http://www.anthias.co.uk/content/5-day-complete-gc-gc-ms
http://www.anthias.co.uk/content/2-day-gc-gc-ms-clinic-1
http://www.chromacademy.com/hplc-training.html
http://www.chromacademy.com/mass-spec-training.html
http://www.chromacademy.com/hplc_troubleshooting.html
http://www.crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
http://www.anthias.co.uk/training-courses/LC-clinic
http://www.chromacademy.com/sample-prep-training.html
http://www.chromacademy.com/basic-lab-skills-training.html
http://www.chromacademy.com/infrared-training.html
http://www.anthias.co.uk/training-courses/hands-on-pyrolysis
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Event News
24–29 May 2020
44th International Symposium on Capillary Chromatography and 17th GC×GC Symposium

Congress Centre, Riva del Garda, Italy

E-mail: meeting@rivafc.it

Website: http://iscc44.chromaleont.it

20–25 June 2020
50th International Symposium on High Performance Liquid Phase Separations 

and Related Techniques (HPLC 2020)

San Diego, California, USA

E-mail: janet@barrconferences.com

Website: www.hplc2020-usa.org

29 June–2 July 2020
26th International Symposium on Separation Sciences (ISSS 2020) and the 25th 

International Symposium for High-Performance Thin-Layer Chromatography (HPTLC 

2020) 

Grand Hotel Union, Ljubljana, Slovenia

E-mail: info@isss2020.si and info@hptlc2020.si

Website: https://isss2020.si/ and https://hptlc2020.si/

21–25 September 2020
33rd International Symposium on Chromatography (ISC 2020)

Budapest, Hungary

E-mail: elesetele@diamond-congress.com

Website: www.isc2020.hu

http://www.chromaleont.it/iscc
mailto:meeting@rivafc.it
http://iscc44.chromaleont.it/slider.html
mailto:janet@barrconferences.com
http://www.hplc2020-usa.org
mailto:info@isss2020.si
mailto:info@hptlc2020.si
https://isss2020.si/
https://hptlc2020.si/
mailto:elesetele@diamond-congress.com
http://www.isc2020.hu
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