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2-Methylisoborneol (2-MIB) and geosmin (trans-1,10-dimethyl-trans-9-decalol)  
are two well-known off-flavours that can be produced by a wide variety of 
micro-organisms (1,2). They result, for example, in the typical stale odour 
that you come across in water that has been left unattended for a while in 
an uncooled plastic bottle. They are also responsible for the cork taint off-
odour of wine (3,4). Because of their unpleasant odour and the fact that they 
are characterized by extremely low odour threshold levels, typically at the 
low ng/L level, both components are an important cause of product quality 
issues in multiple industries. Aquaculture production units and drinking water 
production facilities are particularly susceptible to significant production 
losses when either 2-MIB and/or geosmin are perceived in the final products 
they deliver. Therefore, these industries must regularly measure 2-MIB  
and geosmin concentrations to anticipate any potential quality issue well  
before product release. Unfortunately, accurate analysis of 2-MIB and 
geosmin at parts-per-trillion (ppt) concentrations—particularly in  
a monitoring scheme with reasonable time resolution—is far from 
straightforward. Obviously, sensitive and selective analytical instrumentation 
is mandatory, and because of the volatility of both components,  
gas chromatography (GC) in combination with mass spectrometry (MS) or 
MS/MS are the first choice. Moreover, a suitable enrichment technique is 

Online Solid-Phase Extraction–Gas 
Chromatography–Flame Ionization 
Detection System for Monitoring 
Contaminants at Parts-Per-Trillion 
Concentrations in Process Waters
Charlotte Lejaegere1, Joeri Vercammen2,3, Loes Verheyden1, and Johan A. Martens1, 1Centre for Surface Chemistry  

and Catalysis – Characterization and Application Team, KU Leuven, Heverlee (Leuven), Belgium, 2Interscience Expert Center (IS-X),  

Louvain-la-Neuve, Belgium, 3Industrial Catalysis and Adsorption Technology (INCAT), Ghent University, Ghent, Belgium

Online monitoring of odour and taste components that occur at parts-per-trillion (ppt) levels in industrial 
process waters requires specialized analytical hardware that is generally not compatible with the harsh 
environmental conditions in these typical industrial settings. An alternative instrumental method is 
proposed that uses dynamic extraction in combination with gas chromatography (GC) equipped with 
a simple flame ionization detector (FID) to achieve these extremely low detection limits. The extraction 
process was fully automated by means of online solid-phase extraction (SPE). The combination of online 
SPE and GC–FID was used to monitor the quality of process water contaminated with 2-methylisoborneol 
and geosmin, which are two notorious odour and taste components, in volumes up to 1 L.

KEY POINTS
• Direct coupling of online 

solid-phase extraction with solvent 
vapour exit to gas chromatography 
analysis provided concentration 
factors of 100 to 1000, allowing the 
replacement of mass spectrometry 
by flame ionization detection.

• Gas chromatography combined 
with flame ionization detection 
for trace-level monitoring

• Odour compound analysis 
equipped for inline measurement 
at production facilities
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required as well, to amplify detector 
response well above background 
noise levels. Suitable techniques in 
that respect include headspace solid-
phase microextraction (HS-SPME),  
which has been used quite 
extensively, but also stir-bar sorptive 
extraction (SBSE) (5–8). Both 
techniques are much alike and 
apply microextraction at equilibrium 
conditions. In the case of SPME, 
sampling is performed in headspace 
mode, whilst for SBSE the sampling 
device is submerged in the water 
sample and applied like a magnetic 
stir-bar, which improves mass transfer 
but complicates end-to-end process 
automation. In the SPME procedure, 
2-MIB and geosmin are promoted to 
the headspace by means of salting out, 
shaking, and incubating the sample at 
elevated temperature (40–60 °C) (7). 
Once in the headspace, components 
are trapped on the SPME fibre, which 
is coated with a small amount of a 
suitable polymeric material, such 
as carboxen/polydimethylsiloxane 
and divinylbenzene/carboxen/
polydimethylsiloxane (9,10).  
After sampling—which can take up  
to 60 min for maximal sensitivity— 
the fibre is transferred to a hot GC 
inlet where the trapped components 
are quickly desorbed and swept 
to the GC column for subsequent 
analysis. Because of the small 
amount of material, these injections 
can be performed in splitless mode 
without significant peak tailing.

To prevent accidental release 
of 2-MIB and geosmin into the 
production process, online monitoring 
at regular time intervals would be of 
great industrial benefit. Unfortunately, 
the intended production facilities, 
such as water treatment plants and 
aquaculture production, are not 
properly equipped or controlled 

(dirty, high temperature, and 
relative humidity) to adequately 
accommodate the intended GC–MS 
instrumentation in close vicinity to the 
production line. In addition, the MS 
hardware, pumps, and electronics  
are not designed to be exposed 
to these harsh conditions 24/7 via 
continuous monitoring. In addition, 
the mass spectrometer requires 
trained operators to tune, use,  
and properly maintain the device.  
From our perspective, it would make 
more sense if the MS detector was 
replaced by a more robust and far 
less complicated device, such as 
the flame ionization detector (FID). 
Unfortunately, FID is less sensitive 
than MS, necessitating another, more 
effective procedure to concentrate the 
analytes prior to analysis. Driven by  
the nature of both samples and 
analytes, solid-phase extraction (SPE) 
seems to be a reasonable candidate 
to achieve the required degree of 
preconcentration, predominately 
because it is—contrary to SPME 
and SBSE—not an equilibrium 
technique but allows exhaustive 
extraction of target analytes from 
large sample volumes. Unsurprisingly, 
both 2-MIB and geosmin have 
been extracted successfully from 
aqueous samples using SPE with 
C18 packed cartridges (11,12). 
After extraction, both analytes were 
conveniently eluted from the cartridge 
by means of a suitable organic 
solvent, such as ethyl acetate, and 
the extract analyzed by GC–MS. 
Concentration factors of 2000 are 
reported in the literature (12). 

An important factor that needs 
to be considered when applying 
SPE—particularly when compared 
with SPME and SBSE—involves the 
loss of sensitivity, as only a small 
portion of the obtained extract is 

injected, even when it is evaporated 
and/or when large-volume injection 
is applied. To compensate for this 
inherent sensitivity loss, users 
have only one option and that 
is to proportionally increase the 
volume of sample sent over the SPE 
cartridge. Unfortunately, this is not 
the most effective way of working, 
as increasing the sample volume 
requires the amount of packing 
material to be increased as well, 
to achieve exhaustive extraction 
without analyte breakthrough,  
which in turn increases the volume 
of extraction solvent for quantitative 
elution. To preserve the potential 
of SPE preconcentration, the entire 
extract needs to be transferred 
quantitatively to the GC column 
rather than only a portion, which is 
only feasible when the SPE cartridge 
is placed inline to the GC system 
during elution. Online SPE–GC is not 
an easy solution, mainly because 
of solvent incompatibility reasons 
when it is applied to process 
aqueous samples. Nonetheless, 
several attempts have been made, 
with varying success, including 
microextraction by packed sorbent 
(MEPS) and micro SPE (µSPE) 
in miniature cartridges (10,13). 
Both solutions are micro-options 
by design, very much aligned 
with common automated sample 
handling systems, and, therefore, 
direct injection of the entire elution 
solvent on the GC inlet is readily 
achievable. However, employing 
micro-scale configurations with 
minute amounts of packing 
material (only a few milligrams) 
for processing large sample 
volumes appears unsuited. 

Initial investigation of online SPE–
GC–MS for measuring pollutants 
in aqueous samples has been 
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conducted by Bulterman et al. 
(14,15). More recently, the analysis 
of mineral oil hydrocarbons (MOH) 
in food, fats, and oils has gathered 
a lot of attention, mainly because 
of the potential risk that these 
components may have on public 
health (16). As a result, several 
instrument manufacturers have 
developed hardware solutions in 
which these analyses are performed 
using online liquid chromatography 
(LC)–GC–FID (16). Here, a long 
normal-phase silica column is 
used to fractionate the mineral oil 
saturated hydrocarbons (MOSH) 
from the mineral oil aromatic 
hydrocarbons (MOAH) and transfer 
both fractions to the GC system 
using an elegant combination of 
selection and backflush valves. 
Since both fractions are eluted 
with hexane and dichloromethane, 
respectively, quantitative transfer 
of both fractions to the GC system 
(parallel column setup, injection 
volumes 400 µL each) is in fact 
relatively easy. By the same 
philosophy, we developed a similar 
setup, replacing the LC column with 
a SPE cartridge, but maintaining the 
capability to transfer the fraction 
eluting from the cartridge column 
quantitatively to the GC system. 
Measures were taken to address the 
incompatibility between the aqueous 
sampling phase and subsequent 
elution with non-aqueous 
GC-friendly solvents. In this article, 
we present our results on this new 
online SPE–GC–FID system for the 
preconcentration and analysis of 
2-MIB and geosmin in process water.

Experimental
A short, stainless-steel cartridge 
(30 × 2.1 mm × ¼ outside diameter 
[o.d.]., Restek, Interscience)  

was packed with 80 mg adsorbent 
particles (held in place with 
two metal frits) and served the 
purpose as a SPE cartridge. The 
cartridge was contained within a 
custom valve box (Interscience), 
equipped with two 6-port 2-position 
rotary valves (VICI International) 

to direct sampling, purge, and 
elution flows. Before sampling, 
the bed was preconditioned by 
rinsing with ethyl acetate (> 99%, 
Sigma Aldrich) and subsequently 
with an excess of ultrapure water 
(MilliQ, Sartorius). Analyses were 
performed with a 25 ppt 2-MIB and 

9www.chromatographyonline.com

LEJAEGERE ET AL.

http://www.tosohbioscience.com
http://www.tosohbioscience.com
mailto:info.tbg@tosoh.com


geosmin solution in 1 L ultrapure 
water prepared from a 2-MIB and 
geosmin stock solution (100 µg/
mL mix solution, Sigma Aldrich).

An Ultimate 3000 HPG-3200BX 
binary pump (Thermo Fisher 
Scientific, Interscience) was used to 
control the flow over the packed  
SPE bed. Pump A was used to draw 
the water sample and push it over 
the SPE bed (1 L at 50 mL/min).  
After sampling, the adsorbed bed 
was dried with nitrogen (N5.0)  
and the flow paths were rinsed with 
ultrapure water and ethyl acetate 
consecutively. Finally, pump B was 

used to deliver 150 µL ethyl acetate 
over the adsorbent bed (at 300 µL/min)  
to elute the components from 
the packing bed and transfer 
the analytes quantitatively to 
the GC part of the instrument.

The outlet of the SPE cartridge 
was connected to a Trace 1300 
GC (Thermo Fisher Scientific, 
Interscience) by means of a Y-piece, 
which also served as inlet point  
for the GC carrier gas (helium,  
N5.0, supplied at 5 mL/min).  
The remaining outlet part of the 
Y-piece was connected to 15 m 
of a 0.53 mm internal diameter 

(i.d.) fused silica capillary column 
(uncoated, except for the last 3 m 
with 0.25 µm polydimethylsiloxane, 
Thermo Fisher Scientific, Interscience),  
which served as retention gap 
to capture the entire volume of 
ethyl acetate eluting from the SPE 
cartridge. To remove the excess 
ethyl acetate prior to analysis, the 
retention gap was not connected 
directly to the analytical column 
(15 m × 0.25 mm, 0.25-µm  
Rxi-5 MS Mega, Interscience),  
but indirectly by means of a T-piece 
that also included a heated  
solvent vapour exit (SVE) valve.  
Briefly, during solvent transfer— 
that is, adsorbent bed elution— 
the SVE valve was opened so that 
all the ethyl acetate vapours were 
conveniently vented away. Just 
before almost all the ethyl acetate 
was removed, the SVE valve was 
closed, thereby connecting the 
retention gap with the analytical 
column, and chromatography was 
able to start. Flow rates between 
30–50 mL/min were used to 
evaporate the solvent. The SVE 
temperature was kept at 150 °C. 
The GC oven was operated with 
a ramped temperature starting at 
55 °C for 4 min before ramping to a 
final temperature of 240 °C at  
50 °C/min. The entire unit was 
controlled by Chromeleon CDS 
(Thermo Fisher Scientific, Interscience).
Online SPE–GC Instrument:  
An online SPE–GC–FID analyzer was 
developed that consists of three 
distinct units: the pumping unit, 
the trapping unit, and the analysis 
unit. The pumping and trapping 
unit are designed to process large 
volumes of water, preconcentrate 
any dissolved analytes of interest, 
and subsequently elute the analytes 
in any GC-compatible solvent.  

(a) Sampling

(b) Sample path cleaning and drying

(c) Sample injection
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FIGURE 1: Schematic overview of flow paths and positions of six-way valves 
during (a) sampling, (b) sample path cleaning and drying, and (c) sample injection.  
Blue arrows show the flow of water (both water sample and ultrapure water). 
Orange arrows reflect backflushing of the GC inlet. Yellow arrows show the flow of 
nitrogen gas. Green arrows display the flow of the extraction solvent.
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At its heart, the instrument 
contains a small amount of an 
appropriate adsorbent that 
is recycled continuously for 
maximal uptime. The trapping 
unit contains several switching 
valves to appropriately direct 
sample, elution, and purge flows 
over the cartridge. The analysis 
unit consists of a GC–FID system. 
Analyte transfer was achieved by 
means of a setup that is similar to 
large volume on-column injection. 
Preconcentration Process  

in Pump and Trapping Unit:  

The adsorbent bed was used to 
enrich 2-MIB and geosmin from 
water. The minimal sample volume 
required was determined by the 
instrument detection limit (IDL).  
In the case of GC–FID, this implied 
that at least 0.1 to 1 ng of both 

analytes must be trapped by 
the adsorbent and quantitatively 
transferred. In the case of 2-MIB 
and geosmin, the desired detection 
limit in water was close to 1 ppt; this 
corresponded to sample volumes 
from 1 to 0.1 L (for 0.1 ng  
and 1 ng IDLs, respectively). 

The sampling process was fully 
automated by a combination of two 
6-port rotary valves and a binary  
pump with wide applicable flow rate 
range (Figure 1). The aqueous sample 
was transferred from the sampling  
bottle over the packed bed via  
the first 6-port rotary valve.  
After passing over the packing 
material, the sample was discarded to 
waste by means of the second 6-port 
rotary valve (Figure 1[a]). Several 
solvents—acetone, hexane, toluene, 
ethyl acetate—were evaluated to 

quantitatively recover 2-MIB and 
geosmin from the extraction bed,  
and ethyl acetate was selected for the 
highest recovery in minimal volume. 
To avoid pressure inconsistencies 
because of the insolubility of water 
and ethyl acetate, the packed bed 
was dry purged with a high flow of 
nitrogen to remove any residual water 
prior to administering the ethyl acetate 
(Figure 1[b]). Afterwards, both 6-port 
rotary valves changed position to 
desorb the packed bed (Figure 1[c]). 
The entire extraction volume (150 µL 
ethyl acetate) containing the 
recovered analytes was quantitatively 
transferred to the GC column. 

Results and Discussion
The required limit of detection (LOD) 
of the online SPE–GC–FID method 
was maximally 1 ppt. In an initial 
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set of experiments, the method was 
evaluated in offline mode to evaluate 
to what extent this LOD could be 
achieved with reasonable sample 
volumes. A typical chromatogram 
resulting from an offline SPE 
extraction of 2-MIB and geosmin 
from a 1 L water sample,  
spiked to a concentration of 25 ppt,  
is depicted in Figure 2. Ethyl 
acetate elution volume was 0.15 mL 
and GC injection volume was 1 µL in 
splitless mode, which corresponds 
with 0.16 ng on-column. The 
corresponding peak for 2-MIB and 
geosmin were clearly distinguished 
from the background and achieved 
a signal-to-noise ratio of 4.4 for 
2-MIB and 37.1 for geosmin.

A major benefit of online SPE 
is that the total volume of ethyl 
acetate required to recover the 
trapped components (150 µL) can 
be introduced onto the GC column, 
compared with only 1 µL when 
performing a standard splitless 
injection, giving rise to  
the sensitivity gain aimed for.  
To remove the excess of ethyl 
acetate prior to analysis, an SVE 
valve was employed in the setup, 

meaning that the SVE time is an 
important parameter that needs 
careful optimization. If the SVE valve 
is closed too soon, the amount of 
ethyl acetate transferred to the 
analytical column will be far too high, 
giving rise to column overload and 
severely disturbed chromatography. 
On the contrary, if the SVE valve is 
closed too late, there is a severe 
risk that not only all the solvent but 
also all of the analytes of interest 
will be lost. To determine the optimal 
SVE time, an offline procedure 
was applied in which variable 
volumes of ethyl acetate were 
introduced using an autosampler 
rather than using the online setup. 
The advantages of this approach 
are apparent. First, disconnecting 
the SPE module from the GC–FID 
system allowed the SVE time to 
be optimized without considering 
any flow rate restrictions imposed 
by the system. Very small sample 
volumes were difficult to generate 
using the high performance liquid 
chromatography (HPLC) pump, 
let alone be transferred to the GC 
system. Next, improper SVE settings 
did not severely impact the integrity 

of the SVE valve, nor did they result 
in system contamination. SVE time 
was determined experimentally for 
injection volumes of 10, 25, 50,  
and 100 µL. A linear correlation  
was obtained with a R² of 0.99  
between injection volume  
and SVE time, allowing the SVE  
time to be extrapolated to 150 µL,  
that is, the volume of ethyl acetate 
required for quantitative elution 
of 2-MIB and geosmin. Final SVE 
time was 1.3 min. When applied 
to real samples, the online SPE 
method exhibited repeatability 
(n = 6) of 3.13% and 3.93% relative 
standard deviation (RSD) for 
2-MIB and geosmin, respectively, 
at a concentration of 50 ppt.

By analyzing the entire fraction 
of extraction solvent, the final 
concentration of components 
transferred to the GC–FID system 
resulted in a LOD below 1 ppt. 

Conclusions
An online SPE–GC–FID analyzer 
is presented for the analysis of 
ultra-trace levels of 2-MIB and 
geosmin in water. The SPE  
unit allowed concentration factors  
of 100 to 1000 to be achieved,  
which allowed common MS technology 
to be replaced with FID. The online 
SPE–GC–FID analyzer was compatible 
with a production environment 
for online process monitoring.

Water samples were sent over a 
packed bed by means of a binary 
HPLC pump. Between sampling 
and extraction, drying and cleaning 
steps were carried out to remove 
any residual water from the bed  
and the associated tubings.  
The SVE time was optimized for 
volumes between 10 and 150 µL, 
thereby accommodating the injection 
of the complete extraction solvent.
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FIGURE 2: Chromatograph detail from 1 L ultrapure water sample containing 
25  ppt 2-methylisoborneol and 25 ppt geosmin. Extraction was performed with 
an offline SPE setup and only 1 µL of the elution solvent (150 µL ethyl acetate)  
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It was successfully confirmed 
that the concentrations of odour 
components 2-MIB and geosmin 
could be determined using a selective 
adsorbent bed when present in 
concentrations below 1 ppt. By direct  
coupling of the trapping and 
analysis units, an increase of a 
factor of 150 was established for the 
number of recovered components 
transferred to the GC–FID system.

In future perspectives, other 
odour components, contaminants, 
and pollutants will be analyzed 
with online SPE–GC–FID with 
selective adsorbents.
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Essentials of LC Troubleshooting,  
Part 5: What Happened 
to My Sensitivity?
Dwight R. Stoll, LC Troubleshooting Editor

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.

Writing this “LC Troubleshooting” 
column and thinking about topics 
each month is interesting in the 
sense that there are some topics 
that just never get old. Whereas in 
the chromatography research world 
certain topics or ideas become 
obsolete as they are displaced 
by newer and better ideas, in the 
troubleshooting world there are 
certain topics that have remained 
relevant since the very first 
troubleshooting article appeared in 
this magazine (LC Magazine at  
that time) in 1983 (1). Over the last 
few years, I’ve focused several  

“LC Troubleshooting” instalments on 
contemporary trends (for example, 
the relatively recent advances in 
our understanding of the effects 
of pressure on retention [2]) in 
liquid chromatography (LC) that 
are affecting the way we approach 
our interpretation of LC results, 
and approach troubleshooting with 
modern LC instruments. With this 
month’s instalment, I am continuing 
a series I started in January 2022 

(3) that is focused on some of 
the “bread and butter” topics 
of LC troubleshooting—those 
elements that are essential for any 
troubleshooter, no matter the vintage 
of the system we are working 
with. The topics at the heart of this 
series are highly related to LCGC’s 
well‑known LC Troubleshooting 
wall chart (4) that hangs in many 
laboratories. For the fifth instalment 
in this series, I have chosen to focus 
on problems related to detection 
sensitivity in LC separations. As with 
all of the “essential” troubleshooting 
topics, problems with sensitivity 
have been discussed in  

“LC Troubleshooting” articles in 
the past (5); however, both the 
causes of and solutions to these 
problems have evolved over time. 
The causes of low sensitivity can 
have many origins, some of which 
depend on the type of detector 
being used. Discussing some of the 
most commonly observed causes 
will empower users to spot these 
problems when they occur and 

get a start on the troubleshooting 
effort by narrowing the possibilities 
to investigate and the range of 
possible solutions. I hope  
LC users young and old find 
some useful tips and reminders 
related to this important topic.

Everything is Possible
More often than ever, I find myself 
responding to troubleshooting 
questions with “everything is 
possible”, which might seem like 
an easy out when considering 
observations that are hard to 
explain, but I find that this response 
is appropriate more often than not. 
With so many possible causes of 
poor detection sensitivity,  
it is important to keep an open mind 
when considering what might be 
the problem. Even aspects of LC 
systems and methods that  
are normally well controlled  
(for example, surfaces exposed  
to the mobile phase) can change;  
therefore, it is important to 
consider a wide range of 
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potential causes of low or different sensitivity, even 
if most of them are normally not a concern.

What Is to Be Expected?
A critical step in any troubleshooting exercise— 
but one that I think is underappreciated—is recognizing 
that there is a problem to be solved. Recognizing that 
there is a problem usually amounts to recognizing 
that what is happening with the instrument is 
different from what is expected to happen, and our 
expectations are formed from theories, empirical 
knowledge, and experience (6). What constitutes 

“normal” sensitivity depends strongly on the type of 
detector in use, the molecules we are trying to detect, 
and the conditions of the experiment. However, there 
are some trends that we can expect, even if real 
experiments don’t perfectly align with these ideals.

First, though, a few words about the definition of 
sensitivity are in order. In the context of chromatography, 
the International Union of Pure and Applied Chemistry 
(IUPAC) defines detector sensitivity as “the signal output 
per unit concentration or unit mass of a substance in 
the mobile phase entering the detector” (7). In other 
words, it is the slope of a plot of detector signal as a 
function of the concentration of the injected analyte (or 
mass). In practice, most people talk about the signal 
part without speaking explicitly about the concentration 
part. In the rest of this column, I use the term sensitivity 
in this way, which is focused on the detector signal.

Now, back to our expectations. In the 
best‑case scenario, we can expect:
• that the signal observed for a particular analyte on a 

particular instrument should be consistent from one 
sample to the next, and across days of operation, and

• that the signal observed for a particular analyte 
should be similar on different instruments, in 
different laboratories, provided the specifications 
of the different instruments are similar.

Of course, there are many possible reasons why 
these expectations may not be met. The following 
discussion is focused on some common reasons, most 
of which are also highlighted on the LCGC wall chart.

Physical Effects on Sensitivity
Changes in Column Efficiency: The chromatographic 
efficiency, or plate number (N), of the column in use 
affects detection sensitivity. Equation 1 shows the 

relationship between the analyte concentration at 
the detector (Cdet) and the peak width as measured 
by the peak standard deviation in volume units (σv), 
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FIGURE 1: Illustration of the effect of decreasing column 
efficiency on apparent sensitivity.
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in the case of a Gaussian peak. 
Here, m is the mass of analyte 
injected; t is the time at any 
point in the chromatogram; tr is 
the retention time of the peak, 
and σt is the standard deviation 
of the peak in time units.

Cdet =             • exp [            ](t–tr)
2

2σ2
t

–m
2� • σv

[1]

N = (      )tr

σt

2
[2]

Cdet ∞   N [3]

Because the plate number and 
peak width are inversely related, 
as shown in equation 2, analyte 
concentration at the detector is 
proportional to the square root of the 
plate number (equation 3). Figure 1 
shows a series of hypothetical 
chromatograms where only the 
plate number is varied; all other 
major variables, including retention 
time, flow rate, injection volume, 
and column dimensions, are held 
constant, which is relevant to a 
situation where the plate number for 
a brand‑new column is 10,000,  
but slowly decreases over time 
because of column ageing. At the point 
where the plate number has decreased 
by a factor of four, the peak height has 
decreased by a factor of two.  
This effect is relevant for both isocratic 
and gradient elution separations.  
In this case, the apparent decrease 
in sensitivity has nothing to do with 
the detector. Rather, it is because of 
a decrease in column performance.
Changes in Column Diameter: 
Column diameter can also affect 
the observed detection sensitivity 
because—when all other variables 
are held constant—the volume of 
mobile phase that the analyte is 
eluted in increases as the column 
diameter is increased. This volume, 

which is proportional to σv, is inversely  
related to the detected analyte 
concentration, as shown in 
equation 1. A decrease in detection 
sensitivity as a result of an increase 
in column diameter could appear 
as an unintended consequence 
of making a change in the column 
used for other reasons. For example, 
increasing the column diameter 
from 2.1 mm to 4.6 mm generally 
makes the method less susceptible 
to peak broadening because of 
extracolumn effects (8), which is 
a good example of why we need 
to consider methods holistically 
when making changes: Many 
variables in the chromatographic 
process are interconnected.

Chemical Causes of 
Decreased Sensitivity
Unfortunately, some analytes 
adsorb strongly (that is, they stick) 
to materials and surfaces used 
in LC systems. The mechanisms 
behind this stickiness are analyte 
dependent and too complex to 
discuss in detail here. However, 
this issue has gained significant 
attention in the research community 
and from instrument manufacturers 
in recent years because of 
increasing interest in the analysis 
of biomolecules, including 
nucleotides and proteins, and 
we (9–11) and others (12) have 
written about it in some detail.

The way I talk about this issue 
with my students is to say that the 
instrument likes to “eat” certain 
types of molecules under certain 
conditions, which is particularly 
problematic whenever a new 
instrument component is used in the 
flow path between the injector and 
detector. This is true for connecting 
capillaries, filters, columns, and even  

detector flow cells. A more technical 
description is that the first molecules 
injected into the system after 
installing a new component  
(or even used components that have 
not seen a particular molecule type 
for a while—for example, a column 
that has been used for protein 
separations is suddenly repurposed 
for oligonucleotide separations) 
adsorb to the material and then 
desorb very slowly (over minutes 
or hours), such that they are not 
observed at the detector as an 
eluted peak. Eventually, if enough  
of the sticky analyte is injected,  
all of the available adsorption sites 
in the flow path will be saturated 
with the bound analyte, and 
subsequent injections of the analyte 
will actually make it all of the way 
to the detector and be observed 
as an eluted peak. This process of 
saturating the adsorption sites with 
the analyte by sacrificing some initial 
sample injections before doing any 
separations that are important is 
sometimes referred to as “priming” 
the system (13). For example, in the  
protein and peptide separation area, 
it is common to prime a new column 
by repeatedly injecting a low‑cost 
protein sample (such as bovine serum 
albumin [BSA]) until the peak area 
stabilizes, which is an indicator that 
adsorption sites have been saturated, 
and the fraction of the analyte that 
makes it through the system to the 
detector becomes more consistent.  
Clearly, one of the biggest 
mistakes the analyst could make 
here would be to use data from 
the first injections for quantitative 
purposes. Doing so would result in 
an underestimation of the quantity 
of the analyte in the sample 
because some of the analyte would 
have been stuck in the system 
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and not accounted for at the 
detector—sometimes seriously so.

As discussed above, the growing 
importance of biomolecule  
analysis in recent years (that is,  
peptides, proteins, and nucleotides) 
has led to more detailed studies 
of the adsorption issue, and some 
instrument manufacturers have 
introduced new columns and 
instrumentation with surfaces 
that are intended to mitigate 
strong adsorption effects 
under chromatographically 
relevant conditions.

Low Sensitivity When Using  
Spectroscopic (UV Absorbance  
and Fluorescence) Detectors 
No Chromophore: Although 
ultraviolet–visible (UV–vis) 
absorbance detectors are the 
most commonly used type of 
detector for LC, they do not provide 
enough detection sensitivity to 
be universally useful for all types 
of analytes. An analyst who has 
successfully used UV–vis detection 
for many applications involving 
analytes containing aromatic 
functional groups may be surprised 
at the apparent loss of sensitivity 
of the system when switching to 
develop a method for a different 
type of molecule. However, if the 
new group of molecules does not 
have a chromophore (that is, part 
of a molecule that absorbs light; 
in the case of UV detection, these 
are usually functional groups 
that contain pi electrons) that 
absorbs strongly, then very little UV 
absorption signal will be observed, 
even at high analyte concentrations. 
A classic example of this process 
is the analysis of sugars. Simple 
sugars do not have any pi electrons 
and are weak absorbers of UV light 

above 200 nm where most LC work 
is done. The sensitivity is so poor 
that other detector types are almost 
always used for sugar analysis.
Data Acquisition Rate Too Low: 
Occasionally, an apparent loss 
of sensitivity is because of the 
inadvertent use of a data acquisition 
rate that is too low and causes 
severe broadening (and thus  
also a severe decrease in  
apparent peak height) of peaks. 
If the spacing between data points 
registered by the data system is 
on the order of the peak width, it is 
possible to nearly entirely miss  
the peak apex. Default methods  
supplied by instrument 
manufacturers sometimes specify a 
data acquisition rate that is rather 
low by default. Users developing 
very fast separations with peak 
widths less than 1 s should be 
especially careful when choosing an 
appropriate data acquisition rate.

Loss of Sensitivity 
When Using  Mass 
Spectrometric Detectors
Suppression of Ionization:  
Mass spectrometers are powerful, 
yet complex instruments, and 
there are many ways for things to 
go wrong that ultimately manifest 
as a loss of signal relative to 
expectations. Two common 
problems that actually have nothing 
to do with the inner workings 
of the instrument are ionization 
suppression and adduct formation. 
In the case of electrospray ionization 
(ESI), which is the most commonly 
used ionization method when 
coupling LC and mass spectrometry 
(MS), analytes and other molecules 
present in the shrinking droplets 
produced by the ionization source 
compete for a fixed amount of 

available charge in the droplet. 
Molecules with higher affinities 
for cations (for example, amines 
readily associate with protons; esters 
and similar functional groups can 
associate strongly with ammonium 
ions) present in the droplets will 
associate with the cations more 
readily than molecules with lower 
affinities (like hydrocarbons), 
thus producing the ions that are 
eventually separated by the mass 
analyzer and detected to produce 
the observed signal. If two samples 
that contain identical concentrations 
of a target analyte contain different 
concentrations of other molecules 
(that is, the sample matrix),  
very different signals may be observed 
for the target analyte if some of the 
matrix molecules compete with the 
analyte for available charge, and 
thus “suppress” the ionization of 
the target analyte. This ionization 
suppression is most often because of 
sample matrix components. However, 
in my laboratory, we have also 
observed several instances where 
mobile‑phase impurities have caused 
significant ionization suppression 
and loss of MS signal. When the 
problem is because of sample matrix 
components, improving the LC 
separation can reduce the degree 
of ionization suppression (14).
Adduct Formation: Although it is 
most common in the use of ESI–MS 
to detect analytes in their protonated 
forms (for example, association of a 
proton with an amine or an alcohol 
to produce a positively charged 
cation), it is also possible, and 
sometimes even advantageous, 
to detect analytes associated with 
other cations, including ammonium, 
sodium, and potassium ions.  
When carefully controlled, detection 
of these adducts can provide 
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sensitivity enhancements (15); 
however, in many cases, the non‑proton 
adducts are viewed as a nuisance; 
in the worst case, they can lead to a 
significant apparent loss of sensitivity. 
For example, consider the detection 
of the molecule benzophenone 
(C13H10O). The monoisotopic mass 
of the neutral molecule is 182.07 
Da. When the molecule associates 
with a proton to produce a +1 ion 
during the electrospray process, the 
monoisotopic mass‑to‑charge (m/z) 
ratio of the ion is 183.08. However, if 
the same molecule associates with a 
sodium ion to also produce a +1 ion, 
the observed m/z ratio will be 205.06. 
Obviously, if a method is developed 
such that only the signal for the 183.08 
is recorded (for example, an extracted 
ion chromatogram [EIC] for the [M + H+] 
ion) but the target analyte enters the MS 
as the sodiated adduct with an m/z of 
205.06, it will not be “detected”,  
and its concentration would inaccurately 
be estimated at a value that is too low. 
You might ask, “Where do these 
sodium ions come from to produce 
these adducts given that I don’t have 
sodium ions in my mobile phase?” 
Unfortunately, many reagents contain 
impurities including sodium, potassium, 
and ammonium salts, and glass bottles 
in common use for mobile‑phase 
containers also leach these cations 
slowly over time. These effects can be 
minimized by choosing appropriate 
reagents and switching to plastic 
containers, along with using specific 
mobile‑phase additives (16), but analysts 
should at least be aware that adduct 
formation like this is a distinct possibility 
and can suddenly and unexpectedly 
lead to apparently low sensitivity.

Summary
In this fifth instalment on essential 
topics in LC troubleshooting,  

I discussed some potential causes 
of apparent losses in detection 
sensitivity. These problems can  
have physical origins, chemical 
origins, or both, and they can 
manifest differently depending on 
the type of detector being used.  
As with other essential 
troubleshooting topics, effectively 
troubleshooting sensitivity problems 
starts with a clear expectation of 
what the typical detector response 
looks like for a given target 
analyte with a given detector, 
operating under a particular set 
of conditions. Understanding the 
details associated with the potential 
causes of sensitivity loss discussed 
here provides a good place to start 
troubleshooting, but it does not 
capture all possibilities. Readers 
interested in learning about a 
deeper list of causes and solutions 
for problems related to detector 
baselines are referred to the LCGC 
Troubleshooting Guide wall chart.
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Does High Polarity Mean High 
Retention on Stationary Phases 
in Gas Chromatography?
Nicholas H. Snow and Hetal Rana, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

Stationary phase chemistry, polarity, and selectivity have been of ongoing interest since the inception of gas 
chromatography (GC) in the 1950s. In the early days when most analyses were performed on packed columns,  
there were hundreds of stationary phase materials available. Today, with modern capillary columns, most GC  
analyses are performed with a few stationary phases, with a wide array of choices for specialty applications. 
Stationary phases are often classified using the broad term polarity, with polar stationary phases recommended  
for separating polar analytes and nonpolar stationary phases recommended for nonpolar analytes.  
In this instalment, we examine the idea of stationary phase polarity. We examine the assumptions inherent 
in the most popular stationary phase polarity evaluating systems—McReynolds constants and the 
polarity scale. We see that high polarity does not always mean greater retention or higher selectivity. 

Nonpolar, moderately polar, and polar 
are probably the most used modifiers 
when describing stationary phases in 
gas chromatography (GC). We have 
all heard about stationary phases, 
such as polydimethylsiloxane (PDMS), 
being called nonpolar, cyano-modified 
PDMS being called moderately polar, 
and polyethylene glycol (PEG) being 
called polar. We also all remember the 
definitions of polar molecules and polar 
bonds from undergraduate chemistry, 
so we think about electronegativity 
differences and the presence of 
heteroatoms in the structure as a sign  
of a more polar compound. Translated to 
GC, we then use the old maxim  

“like dissolves like” to think about which 
stationary phase to choose to retain 
a given analyte or set of analytes. 
The stationary phase that seems to 
have a structure most similar to the 
analytes or the stationary phase that is 
on-hand is often the eventual choice. 

Whenever I am told that a 
compound is polar, I ask a simple 
question—compared to what? As we 
are in winter here in the eastern United 
States, I am reminded of a common 
and often fun social situation— 
talking about the weather. Depending 
on who you talk with, a nice January 
day in New York City, with an average 
temperature of 39 °F or 4 °C, may be 
either hot or cold, depending on who 
is discussing it. My friend from Florida 
might think it is cold, whereas my other 
friend from Vermont might think it is 
warm. So which is it? Polarity must 
be thought of in a similar fashion in 
that the word by itself is meaningless 
without a standard for comparison. 

In GC, there are two common 
measures for providing this 
comparison, both of which we 
discussed in an earlier column (1). 
These are Rohrschneider-McReynolds 
constants, developed in the 1960s 

and a polarity scale developed by 
Mondello in 2011 (2–4). As discussed 
in the previous column, note that 
the Mondello polarity scale is based 
on a sum of McReynolds constants, 
so both measures have the same 
basis. Both methods can easily lead 
to the common assumption that 
higher numbers for the constants 
provide greater retention and greater 
selectivity for compounds that have 
a similar structure to the test probes. 

To examine this assumption, 
consider three stationary phases 
(PDMS, PEG, and an ionic liquid, 
SLB-IL-100) whose structures 
are shown in Figure 1. A quick 
examination of the structures shown in 
Figure 1 shows a different chemistry 
for each stationary phase. We can 
expect that PDMS retains analytes 
by dispersive interactions, indicating 
strong retention for analytes containing 
high hydrocarbon content. PEG,  
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with a high hydroxy content, indicates 
strong retention of analytes capable of 
hydrogen bonding. Finally, SLB-IL-100, 

a molten salt, has complex retention 
properties, but because it is a salt, 
we can expect that it will not strongly 

retain hydrocarbons. Although a long 
hydrocarbon chain is seen in the 
structure, it seems likely that this chain, 
being flexible, bends to a conformation 
that exposes more of the polar and 
ionic character of the structure. 

Table 1 shows McReynolds 
constants and the sum of the 
constants for the three stationary 
phases seen in Figure 1. The constants  
and the total are much higher for 
the PEG and ionic liquid stationary 
phases than for PDMS. Details on 
how the McReynolds constants are 
determined using Kovats retention 
indexes and how the sum of the 
McReynolds constants are used 
to determine polarity numbers are 
provided in a previous column (1).

Kovats retention indexes and 
McReynolds constants are determined 
isothermally, so the temperature 
also has a major impact on the 
result and must be known. Figure 2 
shows a chromatogram of four of 
the test probes used for determining 
McReynolds constants plus the 
necessary alkanes on a PDMS 
stationary phase, simulated using 
ProEZ GC online software (5).  
To calculate the McReynolds constant 
for an analyte, such as benzene  
(peak 2) in the chromatogram,  
the adjusted retention times of hexane 
(peak 1), benzene, and heptane  
(peak 5) must be known. The actual 
Kovats retention index for benzene in 
this chromatogram is 655, indicating  
that it elutes about halfway between 
hexane (600) and heptane (700).  
The McReynolds constant for 
benzene would then be determined 
by subtracting the Kovats retention 
index for benzene on squalene from 
the Kovats retention index on PDMS. 

Benzene is an aromatic hydrocarbon 
that undergoes both dispersive 
and pi–pi interactions. McReynolds 
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FIGURE 1: Structures of nonpolar, polar, and very polar stationary phases.  
(a) poly‑dimethylsiloxane, PDMS (nonpolar), (b) polyethylene glycol, PEG (polar),  
(c) SLB‑IL‑100 (very polar).

TABLE 1: McReynolds constants for three stationary phases

Probe Name Interactions PDMS PEG
SLB-
IL-100

X’ Benzene Pi–pi interactions for aromatics and olefins 16 334 602

Y’ Ethanol Proton donor and acceptor 55 509 853

Z’ 2-pentanone Proton acceptors 44 375 884

U’ Nitropropane Dipole–dipole interactions 65 601 1017

S’ Pyridine Strong proton acceptor 42 505 1081

Total 222 2324 4437
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FIGURE 2: Pro EZGC chromatogram modeller for McReynolds probes and alkanes  
on PDMS. Column: PDMS, 30.00 m × 0.25 mm, 0.25‑µm, carrier gas: helium,  
constant flow @ 2.03 mL/min, average velocity: 41.37 cm/s, outlet pressure:  
14.70 psi, oven temperature: 40 °C. Sample: 1) hexane (C6), 2) benzene,  
3) 1‑butanol, 4) 2‑pentanone, 5) heptane (C7), 6) pyridine, and 7) octane (C8).
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constants are determined by the 
difference between the Kovats 
retention indexes measured on the 
stationary phase of interest and on a 
classical nonpolar stationary phase, 
squalene, which is the liver oil from 
sharks. One challenge when working 
with McReynolds constants today 
is the availability of columns made 
using squalene, which were popular 
in packed columns but not used 
in capillary columns. Our nonpolar 
stationary phase in this discussion, 
PDMS, is considered the most 
nonpolar stationary phase in GC today. 

Looking more closely at the 
constants for benzene shown in 
Table 1, we see that the constants 
are much higher for PEG and 
SLB-IL-100, implying that the more 
polar stationary phases should 
retain benzene much more strongly. 
However, this is not the case. 

Table 2 shows the retention factors, 
McReynolds constants, Kovats 
retention indexes, and polarity 
numbers for benzene on the three 
stationary phases. The retention 
factors were determined at 60 °C.  
With the thin film columns used,  
we see that the retention factors are 
low, indicating that retention is not 
strong. We quickly make a couple 
of interesting observations. First, 
benzene is more strongly retained,  
as seen by the higher retention factor 
on PDMS, the least polar column 
than on SLB-IL-100. This observation 
may not be too surprising as PDMS 

primarily exhibits dispersion forces 
that are prevalent in benzene 
while SLB-IL-100 does not. 

If benzene is less retained on 
SLB-IL-100, then why are the 
McReynolds constants so much 
higher? Looking at the Kovats retention 
index data in Table 2, we see that 
the hydrocarbons that are used as 
standards in the calculation must shift to 
much lower retention factors themselves 
as the stationary phase becomes more 
polar, whereas the retention factor of 
benzene remains roughly the same  
or decreases. On PDMS, benzene  
elutes between hexane and heptane.  
On PEG, it elutes between nonane and 
decane. On SLB-IL-100, it elutes after 
undecane. In short, the n-alkanes have 
shifted to a much shorter retention, 
but retention of the analyte remains 
approximately the same. If this is the 
case, is it appropriate to then state 
that the stationary phase is more polar, 
retentive of the analyte, or has higher 
selectivity for similar analytes?

Does Polar Mean Retentive?
Does a high polarity, indicated either 
by large McReynolds constants or 
by a high polarity number, always 
indicate that a stationary phase will 
be retentive, giving long retention 
times? From the benzene example, 
a high polarity number or a high 
McReynolds constant does not 
always mean long retention times 
or high retention. Although the 
constants are a convenient and 

often illustrative example, we must 
consider how they are generated 
and whether the constants change 
because of a shift in retention of the 
analyte or of the n-alkane standards. 

Does Polar Mean Selective?
Does a high polarity number or a high 
McReynolds constant mean that a 
column will also be highly selective? 
Because the polarity number scale is 
derived from a combination of several 
McReynolds constants, it is not  
useful in determining selectivity.  
It is just an overall measure of polarity, 
and because it considers several 
intermolecular interactions, it cannot be 
used to determine the effectiveness of 
the stationary phase to separate based 
on any one of them. A high McReynolds 
constant can be used as an indicator 
of selectivity for compounds that 
exhibit similar properties as the test 
probe, but this should be used with 
caution. If the high McReynolds 
constant results from a shift in alkane 
retention, rather than analyte retention, 
then the stationary phase might not 
exhibit the expected selectivity. 

What About the Use 
of n-Alkanes?
The use of n-alkanes as standards in 
the Kovats retention index calculation 
and by extension for the McReynolds 
constants and the polarity scale 
presents an interesting problem. 
Alkane retention provides a measure 
of dispersive interactions that are 
major components of retention 
in both gas chromatography and 
reversed-phase high performance 
liquid chromatography (HPLC). 
Because n-alkanes themselves 
exhibit high dispersive interactions, 
using them as standards effectively 
subtracts dispersive interactions 
out of the discussion of retention. 

TABLE 2: Retention data for benzene at 60 °C on three stationary phases

Stationary 
Phase

Polarity 
Number

Kovats 
Retention Index

McReynolds 
Constant

Retention 
Factor (k)

PDMS 5 654.9 16 0.426

PEG 52 954 334 0.718

SLB-IL100 100 1114.1 602 0.323
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Dispersive interactions, also called 
London dispersion forces, are by 
far the most seen intermolecular 
interaction in GC. We remember from 
undergraduate general chemistry that 
they occur in nonpolar molecules or 
in the nonpolar portion of larger or 
polar molecules. They occur because 
electron clouds are rarely evenly 
distributed around the molecule, 
generating momentary dipoles.  
This is especially evident in aliphatic 
hydrocarbons, which contain only 
nonpolar carbon–hydrogen bonds, 
arranged in a tetrahedral orientation. 
As the hydrocarbon chains get longer, 
dispersive interactions between 
molecules of the hydrocarbon increase, 
generating an increased boiling 
point. Similarly, increased dispersive 
interactions between analyte 
molecules and the stationary phase 
lead to longer retention times in GC 

Looking at n-alkanes with our 
three stationary phases, we easily 
see that n-alkanes will be more 
strongly retained on PDMS than 
PEG than SLB-IL-100 because of 
the strongest dispersion forces 
being with PDMS, followed by PEG, 
and very little dispersion force with 
SLB-IL-100. In the case of SLB-IL-100, 
the stationary phase repels alkanes 
so strongly that undecane, with a 
normal boiling point of 384 °C, has 
a retention factor of approximately 
0.3, with 70% of the undecane 
molecules in the vapour phase at 
60 °C, indicating very little retention. 

What is the Solution?
The first solution to this problem 
is to consider the actual structure 
of the analytes and the expected 
intermolecular interactions 
qualitatively and carefully with the 
stationary phase, rather than simply 
looking at the McReynolds constant 

related to that interaction. Stronger 
retention can still be expected from 
stationary phases that exhibit similar 
intermolecular interactions, such as 
dispersion, pi–pi, or hydrogen bonding 
of the analytes. If a more rigorous 
analysis is needed, thermodynamic 
retention indexes, which are based 
on classical thermodynamics of 
separations and form the basis for 
chromatography modelling software, 
can be used, but these can also be 
tedious (5,6). To date, there is still 
no systematic way to fully predict 
separation power of a given stationary 
phase other than experimentation 
and classical method development. 

Conclusions
Polarity and polar are common and 
easily misunderstood terms used 
to describe stationary phases in 
GC. When polar is used to describe 
a stationary phase or a solvent, the 
question, “compared to what?” must 
be asked. PEG would be considered 
more polar compared to PDMS but less 
polar when compared to SLB-IL-100. 
The common measures of stationary 
phase polarity, McReynolds constants 
and the polarity scale, are not always 
accurate predictors of retentiveness 
or selectivity because of the use of 
n-alkanes as retention time standards. 
A truly systematic and easy-to-use 
means for predicting retentiveness 
and selectivity based on stationary 
phase chemistry remains elusive. 
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Class is Back in Session: 
More Questions on Your 
Extraction Knowledge
Douglas E. Raynie, Sample Preparation Perspectives Editor

In our September instalment of “Sample Preparation Perspectives”, we shared sample exam questions 
from our graduate Chromatography and Separations course as a refresher of some fundamental 
principles and to give readers the opportunity to test their knowledge. We’ve dusted off our files and 
found additional questions for this month’s column. These questions tend to focus on dealing with 
octanol-water partition coefficients, as well as more practical applications of sample preparation.

Question 1: Experimental 

measurements of Kow are not 

necessarily straightforward. 

Describe how you would go about 

measuring the Kow for a solute.

Kow, or the octanol-water partition 
coefficient, is widely used to 
describe the distribution of solutes 
in biochemical, environmental,  
and analytical systems between 
nonpolar (lipophilic) and aqueous 
phases. It is defined as Kow = [S]oct/[S]aq,  
though it is not simply the ratio of 
the solubility of the solute (S) in the 
octanol and water phases. One must 
consider all equilibria occurring in 
the system, including the mutual 
solubility of the two solvents. Prior 
to making the determination of Kow, 
the octanol and water phases must 
be brought into contact with each 
other, thoroughly mixed to obtain 
saturation of each solvent in the 
other, and allowed to separate into 
two separate phases in equilibrium. 
The solute of interest should then be 
added until saturation is reached, 
and equilibrium between the octanol 

and water phases is achieved. 
Mixing can help obtain equilibrium 
more quickly. Solute concentration 
in each phase can be measured 
via chromatography, spectroscopy, 
or other suitable means. Specific 
procedures for measuring Kow can be 
found in the methods of a number of 
regulatory and trade organizations.

Question 2: One common method 

for the extraction of fat from 

food samples is to use hexane. 

If you attempt to extract fat 

from foods using hexane in a 

microwave-assisted extractor, 

what will happen? Why?

Only materials with a dipole moment 
will absorb microwave radiation.  
As an overly generalized statement, 
a material’s dipole will align with 
the electromagnetic radiation and 
oscillate with the frequency of  
the radiation. The resulting 
molecular vibrations release energy,  
which serves to heat the 
surrounding material. Hence, 
hexane, which is nonpolar, will not 

absorb microwave radiation. In this 
case, any microwave absorption, 
and subsequent heating, will occur 
because of any residual water in 
the food. If one wishes to perform 
microwave-assisted extraction  
(MAE) with nonpolar solvents,  
there are a couple general ways this 
can be done. Addition of a polar 
solvent to the extracting solvents 
can be used. However, considering 
the “like dissolves like” principle, 
convenient systems combining polar 
and nonpolar solvent are somewhat 
difficult to obtain. Most modern, 
commercial microwave-assisted 
extraction systems have an available 

“susceptor”, which will absorb the 
microwave irradiation and pass along 
the resulting heat via convection.

Question 3: Lipids samples, such 

as triglycerides, are generally 

hydrolyzed with an acid, then 

esterified to form fatty acid methyl 

esters (FAME) prior to analysis for 

total fats—as seen in equation  

1 below. The FAME are readily 
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analyzed by gas chromatography–

flame ionization detection (GC–FID). 

For example, this method is used 

for compliance with the Nutritional 

Labelling and Education Act, 

specifically in the food content 

labels we see in the United States.

RO

OR

OR

OH

OH

HO
Catalyst

+ 3 CH3OH + 3 FAME

[1]

Sucrose esters (see equation 

2 below) are approved as fat 

substitutes when the R group is 

a fatty acid. Based on the chain 

length and saturation of the fatty 

acids used and the degree of 

esterification, the resulting sucrose 

ester will mimic a traditional lipid 

in terms of solubility properties, 

melting point, viscosity, and 

surface tension, among other traits.

RO
RO

RO

RO

OR

OR

OR

OR

O

OO

[2]

Now, consider the situation of 

a food product that contains 

naturally occurring triglycerides, 

but is also processed with the 

sucrose ester. If acid hydrolysis 

and FAME analysis is used in 

the determination of lipids, the 

R groups in the sucrose ester 

would also be acid hydrolyzed, 

so the presence of the sucrose 

ester would give an artificially 

high value (such as a false 

positive) for the determination 

of triglycerides (analyzed as 

FAME). Suggest an extraction 

method with suitable selectivity 

to determine triglycerides in the 

presence of the sucrose ester.

This question can evaluate both 
an understanding of extraction 
selectivity and creative application 
of chemical knowledge. Because the  

properties of the sucrose ester  
are similar to traditional lipids,  
we cannot perform an extraction 
based on differential solubility. 
Perhaps the most common answer to 
this question is to perform some type 
of extraction which gets the FAME 
(and lipids) into the solution phase,  
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followed by solid-phase extraction 
(SPE). This is certainly a promising 
method and should work, though 
finding the appropriate combination 
of solvents and stationary phases 
is likely to take a great deal of 
research. Some students will 
suggest exclusion phases to 
perform the requisite separation 
of triglyceride from sucrose ester. 
Other forms of solvent extraction,  
such as pressurized solvent 
extraction (PSE), with the sorbent 
material added to the extraction 
vessel, may expedite the extraction, 
though the added effect of 
the heat may make obtaining 
suitable selectivity challenging. 

The next most promising method 
would be supercritical fluid 
extraction (SFE). By manipulation 
of the applied temperature and 
pressure, one should reasonably 
expect to separate various 

classes of lipids, including the 
sucrose esters, from each other. 

The method developed by the 
industrial creator of the sucrose ester 
(1) relies on the traditional method, 
with the exception that the hydrolysis 
step is performed with lipase. These 
enzymes offer selectivity, as they 
look for the three-carbon glycerol 
backbone of mono-, di-, and 
triglycerides, and will not recognize 
the sugar backbone of the sucrose 
ester (the same principle by which 
the sucrose esters are “fat free”). 

To one trained in biochemistry  
or food science, this approach  
may seem straightforward.  
However, to many analysts,  
this approach requires some critical 
understanding of the chemistry of 
the system being studied, as well 
as out of the box thinking since 
this type of approach is not found 
in traditional analytical training.

Question 4: The Environmental 

Protection Agency (EPA) 

method 625 (2) is used for the 

determination of bases, neutrals, 

and acids in drinking water and 

wastewater via liquid–liquid 

extraction (LLE) of 1000 mL of 

sample. An SPE alternative (3) 

has been developed that uses 

100 mL of sample, significantly 

less solvent, and gives better 

analyte recovery. Table 1 provides 

a method results summary for 

spiked synthetic wastewater. 

Discuss the advantages and 

disadvantages of SPE compared 

with LLE for this extraction.

For this question, we can assume 
that the student has not reviewed 
the application note with the new 
method or the EPA method,  
though this assumption may 
be incorrect for a take-home or 
similar exam. Based strictly on the 
information presented in the table 
(and devoid of other potentially 
relevant information), evaluation of 
the sample size indicates that the 
disk format of SPE must have been 
used. SPE cartridges are typically 
used of sample sizes smaller than 
tens of millilitres. Compared with 
LLE using samples of similar size 
(1000 mL), the SPE disk approach is 
approximately 1.3–1.7 times faster, 
and uses approximately 45% less 
solvent. With less solvent use,  
there is an associated green 
advantage of less waste, lower 
flammability hazard, and less use of 
potentially toxic solvents. Also, less 
solvent means lower cost and faster 
solvent evaporation steps. SPE does 
not deal with emulsion formation 
problems. Standard deviations are 
not shown, so we cannot comment 
on the reproducibility of the  
methods shown. Whether LLE  
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FIGURE 1: Recovery for solutes in function of the octanol-water partitioning coefficient Kow 
for SPME (10-mL sample, 100-μm polydimethyl-siloxane fibre) and for stir-bar sorptive 
extraction (10-mL sample, 10 mm × 0.5 mm polydi-methylsiloxane-coated stir bar) (4).

TABLE 1: Method results summary: spiked synthetic wastewater (3)

Method

Bases and 
Neutrals, 

Ave. 
Recovery 

(%)

Acids, Ave. 
Recovery 

(%)

Pesticides, 
Ave. 

Recovery 
(%)

Volume of 
Solvent 

Eluent (mL)

Time for 
Extraction, 
Dry Conc. 

(h)

SPE-100 mL 80.0 89.2 88.6 80 1.5

SPE-1000 mL 56.8 76.7 61.2 200 3.0

LLE-1000 mL 69.2 69.2 70.9 360 4–5

*: LLE time for extraction, dry and concentration estimated
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or SPE is superior in terms of 
analyte recovery from one-litre 
samples is unclear. The recoveries 
shown, lower than the recoveries 
with SPE of a 100-mL sample,  
may be because of the difficulties of 
handling one-litre samples. However, 
closer inspection reveals that the 
recovery may be related to analyte 
acidity, so use of a mixed-mode 
SPE phase, perhaps by combining 
two or more disks, may improve the 
recovery via SPE. Use of 100-mL 
samples with SPE demonstrates 
several interesting features.  
First, the recoveries are consistently 
higher across all analyte types, 
indicating that perhaps the sorbent 
loading of the disks is more 
appropriate for the smaller samples. 
Another consideration is that,  
with the 100-mL samples and SPE,  
the ratio of solvent eluent volume  
to sample amount (0.8) is much  
larger than with the 1000-mL 
samples (0.2 for SPE and 0.36 for 
LLE). This increase in the relative 
amount of solvent used may explain 
the further reduction in extraction 
time and increased recoveries.

Question 5: Figure 1 (4) shows 

that, everything else being 

equal, stir-bar sorptive extraction 

(SBSE) can extract more solute 

(of equal Kow) than solid-phase 

microextraction (SPME), and 

that solutes with a Kow too low 

to be quantitatively extracted 

with SPME may be effectively 

extracted with the SBSE 

method. Explain why this is.

The stir bars used for SBSE have a 
much larger surface area than the 
fibres used in SPME. Consequently, 
they contain on the order of 50–250 
times more extracting phase 
(sorbent).  

With such an advantage in terms 
of phase ratio, SBSE is expected 
to separate various classes of 
solute with lower Kow and greater 
amounts of solutes with similar Kow. 

However, this advantage of 
greater amount of solute extraction 
comes at a price. Both the sorption 
and desorption steps in SBSE are 
significantly slower than in SPME, 
though automation may help address 
the sorption and desorption steps. 
Although other practitioners may 
disagree, I contend that SPME is 
preferred when gas chromatography 
(GC) is the subsequent analysis step, 
and SBSE is preferred when liquid 
chromatography (LC) is used  
(though either approach can be used 
for any type of chromatography).  
However, as a result of this bias,  
it is important to remember that, with 
biological samples, macromolecules 
such as sugars and proteins may 
need to be washed from the sorbent 
phase in SBSE, while this is less 
likely the case in SPME. Both SPME 
and SBSE are non-exhaustive 
equilibrium-based extractions, 
meaning that calibrations must 
be determined during the method 
development phase to determine 
the extraction duration to achieve 
equilibrium. Finally, it should be 
noted that newer configurations of 
SPME, such as the SPME-Arrow, 
have increased sorbent amounts, 
though still less than found in SBSE.

Question 6: Consider an ionic 

compound, MX, composed of the 

cation M+ and the anion X-, which 

dissociates in water. Write the 

equilibrium equation for each 

equilibria in an extraction system.

Consider an organic extracting 
phase (org) and an aqueous 
sample phase (aq). The equilibria 
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between each species in each 
phase must be considered:

1. org →←  aq
2. MX(aq) 

→←  MX(org)

3. MX(aq) 
→←  M+

(aq) + X–
(aq)

4. MX(org) 
→←  M+

(org) + X–
(org)

5. M+
(aq) 

→←  M+
(org)

6. X–
(aq) 

→←  X–
(org)

Depending on the dissociation 
constant of MX(aq) and the sizes of 
the relevant equilibria constants,  
it is likely that only equilibria 2 and 
3, and perhaps 1, will be important 
in an analytical extraction. For some  
polyatomic systems such as the 
bicarbonate-carbonate system, 
all dissociations (H2CO3 

→←  HCO3- 
→←  CO3

2-) must be considered.

Conclusion
I hope these exam questions 
over the past couple of columns 
have been fun and educational. 
I enjoyed putting them together. 
Now, with our next instalment, we’ll 
return to more focused treatments 
of specific sample preparation 
techniques and applications.
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Q. Why is there an incentive 

to predict the ecotoxicity of 

unidentified chemicals in water?

Anneli Kruve: Most water 
samples are very complex and 
contain thousands of chemicals. 
Identification of all of these 
chemicals is very complicated 
and time-consuming, or even 
impossible. As a result, only 
1–20% of the features detected 
from water samples with liquid 
chromatography–high-resolution 
mass spectrometry (LC–HRMS) 
are actually identified. These 
identified chemicals explain only 
a small fraction of the toxicity of 
these samples. To close the gap in 
toxicity evaluation, we need to pay 
attention to the features that are not 
identified. Predicting toxicity based 
on tandem mass spectrometry 
(MS2)spectra helps to pinpoint 
features with higher toxicity, as well  
as evaluate the mixture toxicity 
of the sample. The most toxic 
feature can then be prioritized for 
further identification, and could 
later help to design environmental 
remediation strategies.

Q. What techniques are currently 

used to assess ecotoxicity and 

what are the disadvantages 

of these techniques?

Pilleriin Peets: One way to learn 
about a sample’s toxicity is to 
do in vivo or in vitro toxicity tests 
on the whole water sample or 
fractioned sample, also called 
effect-directed analysis. These 
approaches are time-consuming, 
expensive, and do not pinpoint 
the chemicals contributing to the 
toxicity. In addition, when using 
lethality evaluation for organisms 
such as fish, ethical questions arise. 

An alternative possibility is to try 
to identify the individual features 
detected in the sample and then 
find the experimental toxicity 
information for these chemicals 
(if available) from databases, 
such as CompTox (1). If this is 
not possible, one could also use 
in silico predictions, read-across, 
or quantitative structure-activity 
relationship (QSAR) methods to 
predict toxicity (2). The problem 
is that these methods rely on the 
correct structural identification 
of the detected features. 

Q. Your team developed a 

technique combining nontargeted 

screening using LC–MS and 

Machine Learning and Nontargeted 
Liquid Chromatography–Mass 
Spectrometry to Assess Ecotoxicity
Anneli Kruve and Pilleriin Peets from Stockholm University in Sweden, discuss their latest research in machine 
learning and nontargeted liquid chromatography–mass spectrometry (LC–MS) to assess ecotoxicity.

Interview by Alasdair Matheson, Editor-in-Chief, LCGC Europe
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from the University 
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continued as a postdoctoral  

fellow at Stockholm University.  
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for five years at the Estonian 

Environmental Research Centre as 

an analytical chemist. At Stockholm 

University her research includes 

developing machine learning-based 

models for predicting ecotoxicity 

from mass spectrometric data.
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machine learning (3). Why did 

you think this approach would 

be successful and what benefits 

does it offer the analyst?

AK: First, the toxicity predictions 
have up until now been limited to 
only a small fraction of features 
structurally identified in LC–HRMS 
analysis. Obviously, an approach is 
also needed to estimate the toxicity 
for the chemicals left unidentified. 

Second, the empirical analytical 
properties of the chemicals 
and their toxic effects are all 
interconnected by the structure of 
these chemicals. So the idea was 
to avoid the structure in the middle 
and go directly from empirical 
analytical data to the adverse 
effect predictions. This idea was 
supported by two key pieces of 
information: (i) functional groups of 
chemicals, called structural alerts, 
are already related to the toxicity of 
the chemical, and (ii) the fragments 
and neutral losses in a MS2 
spectrum are directly related to the 
functional groups of the chemicals. 
Our idea interlinks these two 
approaches to predict ecotoxicity. 
This approach offers the benefit 
that the ecotoxicity can also be 
predicted for the unidentified 
features in LC–HRMS.

Q. What were the main challenges 

you encountered when 

developing this method and 

how did you overcome them?

PP: One of the main challenges 
in machine learning for toxicity 
predictions is the lack of 
high-quality experimental LC50 

values that are comparable with 
each other. In addition, despite many  
databases for mass spectrometry 
data, a relatively small number 
of MS2 data is publicly available, 

and an even smaller number has 
toxicity data available. Although 
both CompTox (for toxicity) (1) 
and MassBank (for MS2 data) 
(4)databases contain tens of 
thousands of measurements,  
the overlap of the MS2 data and fish 
LC50 values is less than 300 unique 
chemicals—clearly insufficient for 
training machine learning models. 
Additionally, we trained our model 
on structural fingerprints calculated 
from structure, using a simplified 
molecular-input line-entry system 
(SMILES) (5). To overcome these 
roadblocks, we combined the  
LC50 values for three fish— 
fathead minnow, bluegill, and 
rainbow trout—with correlated 
endpoint values. In addition,  
we trained our model on structural 
fingerprints calculated from 
SMILES, instead of MS2 data.  
These strategies increased the 
dataset to 800 individual chemicals 
and allowed training predictive 
machine learning models.  
The chemicals that had MS2 data 
available were used for validation 
of the approach and the structural 
fingerprints were predicted by 
SIRIUS+CSI:FingerID software (6,7).

Q. What are the limitations 

of this approach and are 

you planning to continue to 

develop this research?

AK: One of the limitations is that 
MS2Tox only predicts ecotoxicity 
as fish LC50 values. We are 
interested in expanding towards 
other human-relevant endpoints. 
In addition, we are exploring 
other possibilities to extract 
toxicity-relevant information from 
the empirical analytical data.

The toxicity alone is insufficient to 
evaluate the risk possessed by the 

chemical. We also need  
information about the exposure—
that is, the concentration— 
to these chemicals. We will soon 
be launching an extension to 
MS2Tox that will also allow the 
concentration of unidentified 
chemicals to be estimated.

Q. Can you elaborate on 

the machine learning 

method you used?

PP: We predicted the LC50 values 
for fish, water fleas, and algae, 
which is a continuous parameter. 
We therefore tested and optimized 
the parameters for several 
regression algorithms. Several 
of the tested algorithms yielded 
models that performed equally well. 
The final model that is available in 
the R-package MS2Tox is based  
on a gradient-boosting algorithm.  
This algorithm is quite similar  
to the well-known random  
forest regression, but the  
individual regression trees have 
only a small learning power 
and are built in a stepwise 
manner on top of each other. 

Q. Could this approach be 

useful in other areas of 

environmental screening?

AK: Yes, there is good reason to 
believe that empirical analytical 
data contain a lot of information 
about the biological activity, 
persistence, and exposure of the 
detected chemicals. We foresee  
that in the next 10 years 
empirical analytical information 
will be increasingly used in 
environmental modelling. 

In addition, MS2Tox can be 
used in different environmental 
applications. In this paper (3),  
we investigated water samples,  
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but they can also work for soil 
samples, biota, food, or even 
human biofluids if human 
exposomics is of interest. 

Q. Is it possible to use

nontargeted screening in

environmental analysis

on a routine basis?

A: Nontargeted analysis is
becoming more and more used in
routine monitoring. In the Norman
Network organized “NTS workshop
on analytical techniques and
implementation” in Odense, Denmark,
in November 2022, the possibility
of using nontarget screening for
regulatory purposes was extensively
discussed, and regulators from
several EU countries were involved.
In some EU countries, the
regulators are already using
nontargeted screening on its
own for routine monitoring or in
parallel to targeted analysis.
The analysis part of nontargeted
screening is fairly well-established
and routinely applicable.
What needs more attention
is the usage of the data.

Q. Anything else you

would like to add?

PP: The current version of MS2Tox
is available as an R package
for everyone to use and test
(8). We are very happy about
the feedback and happy to
improve the package further.
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Shimadzu Europa GmbH, Duisburg, Germany.

EAF4 System
Postnova’s simultaneous electrical and asymmetrical flow field-flow fractionation 
(EAF4) system is designed to enhance separation and characterization of 
biopharmaceutical, environmental, and nanomaterials. In an EAF2000 system, 
electrical and cross-flow fields are applied simultaneously, enabling separations 
by particle size and particle charge based on electrophoretic mobility to 
characterize complex proteins, antibodies, and viruses, as well as environmental 
and charged nanoparticles or polymers.

www.postnova.com
Postnova Analytics GmbH,  
Landberg, Germany.

Bioinert (U)HPLC Columns
YMC-Accura Triart (U)HPLC columns are characterized 
by a bioinert surface coating for challenging 
substances. According to the company, they provide 
excellent peak shapes, secure recovery, and prevent 
carryover without any sample preconditioning. They are 
reportedly ideal for highly sensitive LC–MS analyses. Eight different stationary 
phases are available.

https://ymc.eu/d/brDnU   
YMC Europe GmbH, Dinslaken, Germany.

Polymeric HILIC Columns
iHILIC-Fusion(P) and iHILIC-(P) 
Classic are two lines of polymeric 
HILIC columns with different 
surface chemistries. They provide 
complementary selectivity,  
ultra-low column bleeding,  
and excellent durability at basic 
conditions. According to  
the company, the columns are 
particularly suitable for LC–
MS-based analysis of polar and 
hydrophilic compounds.

www.hilicon.com
Hilicon AB, 
Umeå, Sweden.

Chromatography  
Data System
Knauer’s Azura HPLC line is 
supported by Chromeleon CDS. 
According to the company, one 
can work with familiar software 
and benefit from advanced 
Knauer instruments for HPLC 
applications. Azura HPLC 
covers a wide working range 
from UHPLC to preparative 
applications. Different pumps, 
detectors, autosamplers, and 
column thermostats offer flexibility. 

www.knauer.net/chromeleon 
Knauer Wissenschaftliche Geräte 
GmbH, Berlin, Germany.
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Headspace Sampler
The 2t sampler is the first manual system for static headspace 
that allows the quantitative application of this technique in a 
simple and economical manner, according to the company. 
The product meets all CE requirements. The sampler is 
suitable for applications such as volatiles in pharmaceuticals, 
flavour analysis in food and cosmetic products, alcohol and 
other toxic compounds in blood, and many more.

https://www.teknokroma.es/head-space/inyector-manual/ 
Teknokroma Analítica S.A., Barcelona, Spain.

SEC Columns for Biotherapeutics
TSKgel UP-SW3000-LS UHPLC columns analyze 
monoclonal antibodies and biotherapeutics by size-
exclusion chromatography with high resolution. The key feature of this column is 
its noise suppression in downstream detection methods such as light scattering 
and MS. According to the company, this not only facilitates and accelerates their 
addition but also improves analysis performance.

https://www.separations.eu.tosohbioscience.com/solutions/hplc-products/size-
exclusion/aqueous-size-exclusion-gfc/tskgel-up-sw3000-ls
Tosoh Bioscience GmbH, Griesheim, Germany.

Multi-Angle Static Light Scattering
The SLD2020 MALLS is a 20-angle static light 
scattering detector for the measurement of absolute 
molecular weight, size, and conformation of 
macromolecules in solution. It can be integrated  
into any GPC/SEC or FFF system.

https://www.pss-polymer.com 
PSS Polymer Standards Service GmbH, 
Mainz, Germany.

Thermal Desorption
Unity-xr is an analytical thermal desorption instrument that 
provides exceptional performance for VOCs/SVOCs collected 
onto 3½-inch sorbent tubes, while offering unmatched 
upgrade flexibility for tube, canister, and online automation, 
according to the company. The instrument is reportedly 
perfect for laboratories with low throughput requirements,  
or for analysts needing a versatile thermal desorber.

https://bit.ly/3PsNsOF
Markes International Ltd, Bridgend, UK.

Solid-Phase Extraction
Microlute CP is a range of 96-well 
solid-phase extraction microplates 
and cartridges from Porvair 
Sciences that take solid-phase 
extraction (SPE) to a new level 
of performance by enhancing 
the reproducibility of analyte 
extraction and recovery from  
your biological, environmental,  
and chemical samples,  
according to the company. 

www.microplates.
com/?s=microlute+CP
Porvair Sciences Ltd,
Wrexham, UK.

Nitrogen Generator
The VICI DBS HP Tower  
Nitrogen Generator produces 
a 24/7 on-demand supply of 
high-purity nitrogen with flow  
rates from 500 to 4000 mL/min, 
purity up to 99.999% and less 
than 0.1 ppm, and THC pressure 
up to 5 bar. The generator can be 
placed close to the instrument, 
which eliminates the need for  
long gas lines from external  
cylinder supplies.

www.vici-dbs.com
VICI AG International,  
Schenkon, Switzerland.

33www.chromatographyonline.com

PRODUCTS

www.microplates.com/?s=microlute+CP
https://www.pss-polymer.com
https://bit.ly/3PsNsOF
https://www.teknokroma.es/es/productos/preparacion-de-muestras/head-space/inyector-manual/
https://www.separations.eu.tosohbioscience.com
https://www.vici-dbs.com


1–3 FEBRUARY 2023
SCM-10
Amsterdam, Netherlands
E: info@scm-10.nl
W: https://scm-10.nl

15–17 FEBRUARY 2023
The 3rd Australian Symposium  
on Advances in Separation  
Science (ASASS 2023)
Hobart, Tasmania
E: vipul.gupta@3dmade.com.au 
W: www.asass2023.org 

18–22 MARCH 2023
Pittcon 2023
Philadelphia, Pennsylvania, USA
E: info@pittcon.org
W: http://pittcon.org

11–14 APRIL 2023 
ANAKON 2023
Vienna, Austria
E: office@anakon2023.at 
W: www.anakon2023.at

19–21 APRIL 2023
Analytica Vietnam
Ho Chi Minh City, Vietnam
E: analyticavietnam@messe-muenchen.de 
W: www.analyticavietnam.com/en/ 

24–26 APRIL 2023
34th International Symposium 
on Polymer Analysis and 
Characterization (ISPAC 2023)
Stellenbosch, South Africa
E: contact@ispac-conferences.org 
W: https://ispac-conferences.org 

21–24 MAY 2023
8th International Conference on 
Polyolefin Characterization (ICPC)
Valencia, Spain
E: Raquel.ubeda@icpc-conference.org 
W: www.icpc-conference.org

17–22 SEPTEMBER 2023
6th International Mass  
Spectrometry School
Cagliaria, Sardinia (Italy)
E: gianluca.giorgi@unisi.it 
W: www.spettrometriadimassa.it/
imss2023/#hero

Please send any upcoming event 
information to Kate Jones at  
kjones@mjhlifesciences.com

HPLC 2023
The 51st International Symposium on High Performance 

Liquid Phase Separations and Related Techniques 

(HPLC 2023) will be held at the Congress Center 

Düsseldorf (CCD) in Germany, from 18–22 June 2023. 
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 
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 
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, 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 Congress 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. 

For further information please visit the website at: www.hplc2023.com
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Pittcon is a catalyst of scientific advancement for you, your research, your career, 

your organization, and together, our world. Our aim is to provide you with unparalleled 

access to the latest advances in laboratory science, to the instrumentation enhancing 

your work, and to an international assembly of scientists experimenting, discovering, 

and innovating throughout the foremost areas of research. 

Pittcon’s Conference elements are organized into eight distinct tracks. 
The following is a sampling of the over 1,000 Technical Program 
presentations to which you have access when you attend Pittcon:   

Industry & Manufacturing
How Optical and Atomic Spectroscopy is 
Enabling the New Lithium Economy

Sustainable Construction Materials: Accelerating 
Analytical Methods, Models, and Means of 
Manufacturing to Reduce Carbon Footprint 
and Embodied Energy 

Nanotechnology & Materials Science
Nanotechnology Tools for Improving Medical 
Diagnostics and Therapeutics

Harnessing Chemistry at Electrified Interfaces 
for Advances in Chemical Analysis and Sensing 

Pharmaceutical
Application of Automation and Machine 
Learning for Analytical Sciences: Challenges in 
Pharmaceutical Research and Development

Increasing Efficiency in Pharmaceutical 
Analysis by Using Enhanced Automation 
Techniques to Characterize Preclinical and 
Clinical Drug Candidates

Bioanalytics & Life Sciences
Advancing Glycobiology Through Mass 
Spectrometry

Rare RNA States: Charged Bases and Tautomers

Cannabis & Psychedelics
Analytical Methods for Cannabis 
Characterization

Vaping: A Closer Look Behind the Smoke Screen 

Energy & Environmental
Advanced Analytical Techniques for the Study 
of Energy Storage Materials

Sensing and Analytical Technologies for 
Emerging Environmental Contaminants 

Food Science & Agriculture
Global Challenges in Chemical Analysis for 
Food Safety

Non-Targeted and Suspect Screening Analyses 
Using High-Resolution Mass Spectrometry for 
the Identification of Unknowns: Toward More 
Reliable, Reproducible, and Understandable 
Methods and Results

Forensics & Toxicology
Crossroads of Forensic Science and 
Cultural Heritage

Innovations and Trends in Forensic Examination 
of Seized Drugs and Forensic Toxicology Visit: pittcon.org/register

http://www.pittcon.org/register


Positive Pressure 
for Reproducible 
Extractions
The ASPEC® Positive Pressure Manifold, 
combined with ASPEC SPE Cartridges, uses 
positive pressure to improve reproducibility 
and recovery for solid phase extraction 
(SPE) applications, including clinical, 
forensic, and food or beverage testing.

• Reproducible extractions
• Parallel processing
• Easy-to-use and set up

http://www.gilson.com
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