
Cover Story

Features

Regulars

9 The Benefits of Multi-angle Light Scattering for   
 Size-Exclusion Chromatography
  Stepan Podzimek, Wyatt Technology Europe
 Analytical size-exclusion chromatography (SEC) often suffers from several  
 limitations. This article shows how some of these limitations can be partly  
 (or even completely) resolved by a multi-angle light scattering (MALS) detector  
 for the determination of molar mass distributions of synthetic and natural polymers.

20 The LCGC Blog 
 Environmental and Social Governance in the Hydrocarbon  
 Processing Industry is an Opportunity for Industrial–  
 Academic Partnerships
 Kevin Schug, Department of Chemistry and Biochemistry, The University of  
 Texas (UT) at Arlington 
 Kevin A. Schug suggests that now is the time to fast-track industry–  
 academic partnerships for greater sustainability.

14 How Long Should My GC Column Last?
 Tony Taylor, CHROMacademy and Crawford Scientific
 What is the life ecpectancy of a GC columm?

8  News
 The latest research news and news in brief.

23  Training Courses and Events

25  Staff

2   Determination of Microplastic Mass Content 
by Thermal Extraction Desorption Gas 
Chromatography–Mass Spectrometry

 Yosri Wiesner1, Korinna Altmann1, and Ulrike Braun2, 1The Federal   
 Institute for Materials Research and Testing (BAM), Germany,  
 2The German Environment Agency (UBA), Germany
 A novel analysis technique has been developed for the    
 determination of microplastics (MPs) in complex environmental   
 samples using thermal extraction desorption gas     
 chromatography-mass spectrometry (TED-GC–MS).

Mass content analysis using TED-GC–MS

Measuring Microplastics

9 March 2021  Volume 17  Issue 3

Optimizing LCs
During a Pandemic
Agilent’s latest eBook offers a 
selection of application notes, 
user testimonials, and educational 
content to help analytical labs in the 
pharma and biopharma industry, 
like yours, meet current challenges.

Download your free eBook:

chromatographyonline.com/pandemic-challenges

Presented by:

Sponsored by:

https://www.chromatographyonline.com/pandemic-challenges
https://www.chromatographyonline.com/


Cover Story

Features

Regulars

9 The Benefits of Multi-angle Light Scattering for   
 Size-Exclusion Chromatography
  Stepan Podzimek, Wyatt Technology Europe
 Analytical size-exclusion chromatography (SEC) often suffers from several  
 limitations. This article shows how some of these limitations can be partly  
 (or even completely) resolved by a multi-angle light scattering (MALS) detector  
 for the determination of molar mass distributions of synthetic and natural polymers.

20 The LCGC Blog 
 Environmental and Social Governance in the  
 Hydrocarbon Processing Industry is an Opportunity for   
 Industrial– Academic Partnerships
 Kevin Schug, Department of Chemistry and Biochemistry, The University of  
 Texas (UT) at Arlington 
 Kevin A. Schug suggests that now is the time to fast-track  
 industry–academic partnerships for greater sustainability.

14 How Long Should My GC Column Last?
 Tony Taylor, CHROMacademy and Crawford Scientific
 What is the life expectancy of a GC column?

8  News
 The latest research news and news in brief.

23  Training Courses and Events

25  Staff

2   Determination of Microplastic Mass Content 
by Thermal Extraction Desorption Gas 
Chromatography–Mass Spectrometry

 Yosri Wiesner1, Korinna Altmann1, and Ulrike Braun2, 1The Federal   
 Institute for Materials Research and Testing (BAM), Germany,  
 2The German Environment Agency (UBA)
 A novel analysis technique has been developed for the    
 determination of microplastics (MPs) in complex environmental   
 samples using thermal extraction desorption gas     
 chromatography–mass spectrometry (TED-GC–MS).

Mass content analysis using TED-GC–MS

Measuring Microplastics

9 March 2021  Volume 17  Issue 3

https://www.chromatographyonline.com/


Determination of 
Microplastic Mass 
Content by Thermal 
Extraction Desorption 
Gas Chromatography–
Mass Spectrometry

The scientific and practical challenge of detecting microplastics (MPs) in 
the environment in a targeted and rapid manner is solved by innovative 
coupling of thermogravimetric analysis with mass spectrometric methods. 
Fast identification and quantitative determination of most thermoplastic 
polymers and elastomers is possible by using thermal extraction desorption 
gas chromatography–mass spectrometry (TED-GC–MS).

Yosri Wiesner1, Korinna Altmann1, and Ulrike Braun2, 1The Federal Institute for Materials 
Research and Testing (BAM), Berlin, Germany, 2The German Environment Agency (UBA), Berlin, 
Germany

were defined as plastic particles with a 
diameter of 1–1,000 µm in the largest 
dimension (ISO/TR 21960) (1). One of the 
main sources of such particles entering 

The occurrence of microplastics (MPs) in 
the environment and in food products has 
been given much attention in academia 
and in public media for several years. MPs cr
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the environment is improper disposal 
(“littering”) of macroplastics, such as plastic 
bottles, bags, or cups. Exposure parameters 
such as UV light, temperature, mechanical 
impact, and time lead to ageing and later 
to fragmentation of the macroplastics into 
MP particles. The most relevant polymers 
in terms of the amount of MPs introduced 
through littering are polyethylene (PE), 
polypropylene (PP), polystyrene (PS), 
polyethylene terephthalate (PET), polyamide 
6 (PA), and acrylates. Another important 
entry pathway is the abrasion of automobile 
tyres. The impact of MPs on ecosystems and 

on human health is still unknown, but the 
fact that MPs are already ubiquitous tells us 
that improved monitoring and identification 
of entry pathways is needed, along with 
the development of efficient avoidance 
strategies.

For this, a rapid and robust analysis 
technique capable of detecting and 
quantifying the relevant types of plastics in 
various media is indispensable, in addition 
to a representative and meaningful sampling 
strategy (2,3). The analytical challenge is 
shaped by three main underlying facts:
• The concentration of MPs is usually low 

(a)
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Figure 1: Schematic illustration of the operation mode of the TED-GC–MS.
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and they cover a wide range of particle 
dimensions (size, mass, form) in samples 
that can contain large amounts of natural 
organic or inorganic particles.

• Different environmental compartments, 
such as air, water, and solid matrices, differ 
widely in terms of their MP content and 
sample homogeneity.

• The chemical composition of MPs can be 
very similar to natural polymers, leading to 
false negative/positive analysis results. 
Existing analytical techniques for the 

detection of MP particles in samples are 
often time consuming in terms of the 
required sample preparation and/or offer 
often the number of particles and not the 

amount or mass. Such techniques may not 
adequately address the practical needs for 
monitoring work.

The Federal Institute for Materials 
Research and Testing (BAM) has developed 
a new analysis technique, thermal extraction 
desorption gas chromatography–mass 
spectrometry (TED-GC–MS), which 
performs MP determination even in 
complex environmental samples (4–6). 
TED-GC–MS identifies and quantifies MP 
mass content in environmental samples up 
to 100 mg through the determination of 
polymer-specific decomposition products, 
independent of the natural organic and 
inorganic matrix. If a homogeneous sample 

of this size is available, no additional 
time-consuming preparation steps are 
usually necessary. The method is optimized 
to analyze large series of samples and is 

applicable for different matrices. TED-GC–
MS was developed into an analytical 
solution in collaboration with scientists from 
Gerstel.
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Figure 2: Sample chromatogram of a TED-GC–MS measurement (TIC) and the position of the 
selected markers and their mass traces (m/z).

Table 1: Overview of polymers, their specific decomposition product markers, and their mass 
traces, as well as corresponding LODs

Polymer Polymer marker Mass traces (m/z) LOD/µg

Polyethylene (PE) Alcadiene (C
11
-C

16
) 81, 55, 95, 109 2.2

Polypropylene (PP) Tetramethylundec-10-ene 111, 69, 154, 210 0.14

Polystyrene (PS) 2,4-Diphenyl-1-butene 91, 130, 104, 208 0.08

Styrene-butadiene  
rubber (SBR)

Cyclohexenylbenzene 104, 158, 129, 115 0.06

Polyethylene  
terephthalate (PET)

Ethyl benzoate 105, 77, 122, 150 0.24

Acrylates Methylmethacrylate 69, 100, 41, 59 0.12

Polyamide 6 (PA 6) Caprolactam 113, 85, 55, 67 0.24

Wiesner et al.
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Experimental 
Thermal extraction is performed in a 
thermobalance (TGA2, Mettler/Toledo, 
Giessen, Germany) (Figure 1a). For this 
purpose, a few milligrams to over 100 
milligrams of a sample are weighed into 
a 150-μL alumina crucible. The exact 
weight required depends on the sample 
type. The crucible is heated from 25 °C 
to 600 °C under constant nitrogen 
flow at a heating rate of 10 K/min. The 
thermobalance gas outlet is connected 
to a thermal desorption unit (TDU 2, 
Gerstel, Mülheim an der Ruhr, Germany) 
(Figure 1c) using a coupling device 
(Figure 1b). In the TDU, the solid phase 
adsorber made of polydimethylsiloxane 

(Sorb-Star, IMT Innovative Messtechnik 
GmbH, Vohenstrau, Germany) is located 
inside the replaceable TDU tube and is 
used to trap and concentrate the polymer 
decomposition products (Figure 1d). The 
coupling device is operated at a constant 
temperature of 240 °C, the TDU at 40 °C. 
The TDU tube with the solid phase adsorber 
(loaded with the decomposition products) 
is then automatically transferred by a robot 
(MultiPurpose Sampler MPS, Gerstel) into 
another thermal desorption unit (TDU 2, 
Gerstel) connected to a GC–MS system 
(Figure 1e). Here, the decomposition 
products are thermally desorbed (50–
200 °C, heating rate of 40 K/min, 5 min 
200 °C isothermal, splitless mode) and 

transported with a constant helium gas 
flow to a cooled injection system (CIS 
4, Gerstel). They are cryo-focused in the 
CIS 4 at −100 °C and re-released using a 
temperature program up to 270 °C (−100 
to 270 °C, heating rate of 12 K/s). The 
remobilized products are separated in a gas 
chromatograph (7890, Agilent, Palo Alto, 
California, USA; chromatographic column: 
HP-5 ms, 40–300 °C, heating rate of 5 K/
min, 4 min 300 °C isothermal, 1 mL/min 
He flow, Agilent) and detected by a mass 
spectrometer (5973N, Agilent) with the 
scan mode in the range of m/z 35−350 
(GC−MS-interface: 300 °C; MS: ion source, 
230 °C; quadrupole, 150 °C; electron 
ionization at 70 eV).

TED-GC–MS is characterized by low 
limits of detection (LODs) and limits of 
quantification (LOQs) for the different 
polymers (Table 1) (7). The listed polymers 
are the most commonly used for plastic 
products such as bottles, bags and 
textile materials, to name a few. Styrene 
butadiene rubber is used on a large scale 
in automobile tyres and can be used as 
marker for tyre abrasion (5).

Identification and Quantification 
Identification and quantification of the 
decomposition products formed during 
pyrolysis was performed (4). These 
were decomposition products (polymer 
markers) specific to the respective 
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Figure 3: Examples of TED-GC–MS determinations of MP mass content in different samples.
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content in air, water and soil samples. 
 In Figure 3, the results of TED-GC–MS 

measurements of an indoor dust sample, 
a water sample obtained by fractional 
filtration of surface water, a compost 
sample, and a bottled water sample are 
shown. The samples differ in the identified 
polymers as well as in their relative content.

In the dust sample, a high proportion 
of PET and lower proportions of PE 
and PA were observed. PET and PA are 
components of textile materials and are a 
possible source of MP in in-house dust. 

The water filtrate was obtained by 
fractional filtration. The fractionated 
suspended matter was analyzed separately. 
The resulting polymer mass fractions were 
added afterwards. PE, PET, PP, and PS were 
detected and quantified with a total mass 
content of ~ 50 µg/mg. These polymers 
are the most widely used in applications of 
plastics.

A similar polymer type distribution was 
found in the compost sample. PE, PP, and 
PS were identified with a polymer mass 
content of 1.87 µg/mg. The sample was 
analyzed without performing concentration 
steps. However, it was found that for such 
samples a homogenization is necessary to 
achieve a representative result in individual 
measurements.

The bottled water sample posed a 

the MP mass content of the sample is 
calculated.

Good results were obtained in tests 
to investigate the recovery rates. For 
this purpose, model matrices of natural 
organics and inorganics were mixed with 
a defined amount of plastics. Polystyrene, 
as an example, achieved a value of 98.8%. 
In order to carry out an assessment of 
the measurements, a five-fold deuterated 
polystyrene (all aromatic hydrogen atoms 
substituted by deuterium) was used as an 
internal standard. A blank measurement is 
taken between each sample measurement 
to record carry-over and device influences. 
The complete measurement of a sample 
takes only ~ 2 hours, a short time 
considering the sample mass and the depth 
of information.

In some very specific cases, false–positive 
signals of the matrix influenced the 
detection of polymer markers. For example, 
long chain fatty acids in wastewater 
samples or in samples with high content of 
biota overlaid the marker of PE. Additional 
fat extraction steps are then needed or a 
case-by-case evaluation of the various PE 
marker components C

11
 up to C

16
.

Practical Applications 
The TED-GC–MS method enables the 
determination of microplastics mass 

polymers. Table 1 shows some examples 
of specific decomposition products of the 
corresponding polymers.

Figure 2 shows an example of a TED-GC–
MS chromatogram. The different polymer 
markers are separated chromatographically 
and elute at different retention times.

Polymer quantification using TED-GC–
MS provides good analytical robustness 
because a separate quantification can be 
performed for each marker.

To quantify the polymers, the peak areas 
of the respective markers are integrated 
and a mass content is determined using 
various calibration methods. Methods 
typical for chromatography are used for 
the calibration and can vary depending 
on the issue: external calibration, 
standard addition, response factors. 
External calibration is performed using a 
representative matrix that is free of plastics 
and adding different MP mass contents to 
create a calibration series based on which 
mass content in the sample is calculated. 
In standard addition, a defined amount 
of polymer is added to a sample during 
the second measurement. The MP mass 
content is obtained by the detected peak 
area difference. The mass content by 
response factors is calculated by measuring 
a defined amount of the pure polymers. 
By using the ratio of peak area to mass, 
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fibre surfaces, and the first national 
microplastics project in 2016. Her 
work includes the establishment and 
further development of TED-GC–MS 
for thermal analysis of microplastics 
in environmental samples, as well as 
the development of realistic polymer 
reference materials for microplastics 
analysis.
Ulrike Braun is Head of the Waste 
Water Analysis, Monitoring Methods 
unit, at the the German Environment 
Agency (Umweltbundesamt — 
UBA), Berlin, Germany, as of 2021. 
Previously, Ulrike worked as a 
scientist at BAM for almost 20 years. 
She completed her doctorate in 2004 
at the Free University of Berlin on the 
topic of flame-retardant polymers and 
has since worked on polymer-specific 
projects. In 2015, Ulrike developed 
the TED-GC–MS technique as a rapid 
screening method for the analysis 
of microplastics. She has worked on 
numerous national and international 
projects and is heavily involved in 
the standardization of microplastics 
analysis at an international level.

Jekel, M. Albrecht, M. Gehde, and U. Braun, 

Environ. Sci. Technol. Lett. 5(10), 608–613 

(2018).

6. C. Goedecke, D. Dittmann, P. Eisentraut, Y. 

Wiesner, B. Schartel, P. Klack, and U. Braun, J. 

Anal. Appl. Pyrolysis 152, 104961 (2020).

7. M. Kittner, P. Eisentraut, D. Dittmann, and U. 

Braun, “Decomposability versus detectability: 

First validation of TED-GC/MS for microplastic 

detection in different environmental matrices” 

(2021) (Paper Status: UNPUBLISHED).

Yosri Wiesner started at The Federal 
Institute for Materials Research 
and Testing (Bundesanstalt für 
Materialforschung und -prüfung — 
BAM), Berlin, Germany, in 2018 as a 
doctoral student after receiving his 
master’s degree in geological sciences 
at the Free University of Berlin. 
His tasks include the qualitative 
and quantitative determination 
of microplastics in water samples 
by TED-GC–MS with the aim of 
identifying degradation mechanisms.
Korinna Altmann works as scientist in 
the department of polymer analytics, 
BAM. Korinna completed her doctoral 
thesis in 2015 at the Free University 
of Berlin on a joint project with 
BAM in the field of polymer surfaces 
before joining a project on glass 

standard, performing blank runs, and 
determining recovery rates. Depending 
on the sample type, only minimal sample 
preparation is necessary. TED-GC–MS 
can be used for samples from different 
environmental sources. 

TED-GC–MS determines mass content 
and does not offer information about 
particle size, which is of relevance for the 
risk assessment. However, this can be 
overcome by developing smart sampling 
strategies or by sample preparation, for 
example fractionated filtration. Our work 
has demonstrated that TED-GC–MS is 
suitable for environmental monitoring. 
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(2019).

5. P. Eisentraut, E. Dümichen, A.S. Ruhl, M. 

challenge. Bottled water is relatively free 
of solid components, which minimizes 
coelution of the polymer markers. 
However, the polymer mass content was 
very low at <0.09 µg/L. A special mini-filter 
crucible with a mesh size of 5 µm was 
used (3). The filter crucibles enabled us to 
prepare filtrates directly without incurring 
losses by transferring sample material while 
also reducing the risk of contaminations.

Conclusions 
Over years of gathering experience with 
the TED-GC–MS method and performing 
analyses of more than 1,000 samples from 
a wide range of sources, our conclusions 
are quite clear: The analysis of MPs is not 
only a question of detection, it requires a 
meaningful sampling process adapted to 
the requirements of the detection system 
and the sample type. This has required 
interdisciplinary knowledge transfer 
between experts in environmental sciences, 
polymer sciences, and analytical sciences. 

A wide range of samples can be analyzed 
by TED-GC–MS. Further, TED-GC–MS 
allows the identification and quantification 
of the most common types of polymers, 
including polymers of tyre-abrasion 
material. The method is fast, rugged, and 
allows implementation of quality control 
measures such as adding an internal 

E-mail: yosri.wiesner@bam.de
Website: www.bam.de & www.uba.de
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ASMS Postponed
After extended discussions, the ASMS Board has decided 
to postpone the 2021 annual conference from June to late 
October. This difficult decision was made to provide the best 
possible opportunity to gather face-to-face in 2021. While the 
2020 virtual meeting (Reboot) was a success on several fronts, 
the organizers recognized that many of the critical elements of 
the traditional annual conference were less effective in a virtual 
format, notably poster sessions and exhibits. 

The organizers are optimistic that the postponed meeting 
will take place in person at the Pennsylvania Convention 
Center, Philadelphia, USA, and will mark a return to the annual 
conference that scientists expect and enjoy. The 2022 annual 
conference and beyond will remain in the traditional June 
timeframe.

The new dates for the 69th ASMS Conference on Mass 
Spectrometry and Allied Topics are October 31 – November 
4, 2021. The short courses are October 30–31, 2021. Abstract 
submission will open on May 1.

For more information, please visit: www.asms.org

Rapid CZE Method for Foot-
and-Mouth Disease Vaccines
Researchers from the Chinese Academy of Sciences, Beijing, PR China, have developed a simple and rapid capillary 
zone electrophoresis (CZE) method for online separation and quantification of foot-and-mouth disease virus (FMDV) 
antigens in monovalent and bivalent FMDV vaccines.

The ability of viruses to mutate leads to many variations of already known diseases. These variations—
known as serotypes—can be resistant to treatments developed for other iterations of the disease. This lack 
of cross-protection between these serotypes led to the development of bivalent or multivalent vaccines which 
bring together several serotypes of antigen in one treatment to offer a broad range of protection. However, the 
quality control (QC) of such vaccines by manufacturers and regulatory agencies is highly challenging, requiring the 
detection of multiple antigens. Additionally, time and monetary factors have to be considered and, as such, a single 
rapid detection method would be ideal.

Using FMDV as an example, researchers developed a CZE online method for separation and quantification of virus 
antigens of different serotypes in amultivalent vaccines. Two serotypes A and O of FMDV were purified and used 
for CZE method development and validation. 

The developed CZE method was successfully applied for analyses of commercial monovalent and bivalent 
FMDV vaccines, and the results were compared with the a recently-developed high performance size-exclusion 
chromatography method (HPSEC). 

Compared with HPSEC, CZE was able to separate and quantify the 146S of different serotypes within 12 min, 
which indicates the advantages of this approach as a rapid and simple method for the quality control of bivalent 
FMDV vaccines. HPSEC was also not capable of differentiating the various serotypes of FMDV, which all have a 
similar diameter of about 28 nm. 

 The CZE method also has potential for the analysis of other multivalent FMDV vaccines throughout the 
production process, according to the researchers.

The successful application of CZE in FMDV vaccines quantification indicated it can be further extended to the 
quality control of other multivalent virus and VLPs vaccines. For CZE application, suitable background electrolytes 
(BGE) need to be carefully selected to increase the detection reliability.

Reference
1. Y. Song et al., J. Chromatogr. A. 1637, 461834 (2021).
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The Benefits of 
Multi‑angle Light 
Scattering for 
Size‑Exclusion 
Chromatography

Size‑exclusion chromatography (SEC) is the most frequently used 
chromatographic technique for the characterization of natural and 
synthetic polymers. However, conventional SEC, which uses a single 
concentration‑sensitive detector, may suffer from limitations and 
drawbacks that lead to incorrect or even mystifying information about the 
investigated polymer samples. The addition of a multi‑angle light scattering 
(MALS) photometer can reveal undesirable separation results in SEC, and 
determine molar mass correctly despite these effects. MALS also provides 
vital information about macromolecular topology and size in dilute 
solution. The enhancement of SEC analysis by MALS is demonstrated with 
several practical examples.

Stepan Podzimek, Wyatt Technology Europe, Dernbach, Germany

and molar mass averages of polymer 
samples of both natural and synthetic 
origin. Indeed, other classical techniques, 
such as solubility‑based fractionation, 

It has often been stated that size‑exclusion 
chromatography (SEC) is the most 
frequently used technique for the 
determination of molar mass distributions 
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ultracentrifugation, membrane and 
vapour phase osmometry, classical light 
scattering of unfractionated samples, and 
conventional viscometry, play a marginal 
role in routine polymer characterization. 
The popularity of SEC has benefitted from 
technological development in other liquid 
chromatography techniques, and is driven 
by its relative simplicity, short analysis time, 
low sample demand and good repeatability. 
However, analytical SEC often suffers from 
several limitations that are overlooked or 
even knowingly ignored. These limitations 
result in erroneous and sometimes 

confusing results that can further lead 
to incorrect scientific or technological 
conclusions. An excellent critical review of 
the drawbacks and pitfalls of the method 
was given in reference (1). The purpose 
of this paper is to show how some of 
these undesirable SEC phenomena can be 
not only revealed, but also partly or even 
completely resolved by a multi‑angle light 
scattering (MALS) detector.

The fundamentals of MALS and its 
combination with SEC are found in 
the literature (1,2). The MALS detector, 
connected to an SEC chromatographic 
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Figure 1: Plots of molar mass versus elution volume, overlaid on RI chromatograms, for linear (blue) 
and star‑branched (red) PBMA. ‘Polystyrene‑equivalent’ M
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MALS M
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 = 363,000 g/mol and 1,284,000 g/mol for linear and branched sample, respectively.
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system, directly measures the molar 
mass and the root‑mean‑square (RMS) 
radius (also called radius of gyration, 
R

g
) of polymer molecules eluting from 

SEC columns. Molar mass is determined 
from the intensity of scattered light at 
zero scattering angle along with the 
concentration; intensity at zero angle is 
obtained by the extrapolation to zero of 
intensities measured at several different 
angles, and concentration is typically 
measured with a differential refractometer 
(RI detector) in‑line with the MALS 
detector. RMS radius is calculated from the 

slope of angular variation of the scattered 
light intensity. 

Readings are taken at regular time 
intervals or “slices”, typically one second. 
In an efficient SEC separation, it is 
generally assumed that each slice contains 
molecules of identical molar mass, or at 
least of very narrow dispersity. The molar 
masses and concentrations obtained 
at consecutive slices are used for the 
calculation of molar mass distribution 
and molar mass averages. In contrast to 
conventional SEC, where the molar mass 
is always relative to calibration standards, 

molar mass values obtained by MALS are 
absolute, that is, based on the theoretical, 
first‑principles relation between the molar 
mass, the intensity of scattered light, 
and the concentration. Hence SEC–MALS 
analysis is completely independent of 
elution volume. In addition to molar mass 
distributions, the structural arrangement 
of polymer coils can be estimated from the 
log−log relation between the RMS radius 
and molar mass. If a linear counterpart 
of the same chemical composition 
is available, SEC–MALS data enable 
calculation of the number of branch units 

in randomly branched polymers, or the 
number of arms in star branched polymers.

With this introduction, we now proceed 
to review some common examples that 
illustrate the pitfalls of conventional SEC and 
how they are overcome with SEC‑MALS.

Experimental 
The results presented in this paper were 
acquired with a DAWN MALS photometer 
and an Optilab RI detector and processed 
with Astra 7 software, all from Wyatt 
Technology. The SEC system consisted of 
an Agilent 1260 Infinity II high performance 
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Figure 3: Plot of molar mass versus elution volume, overlaid with RI chromatogram, for a 
hyperbranched poly(ester amide) showing strong interactions with SEC stationary phase.
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liquid chromatography (HPLC) instrument 
with two PLgel Mixed‑C 300 × 7.5 mm 
columns. The mobile phase was either 
tetrahydrofuran at a flow rate of 1 mL/min 
or dimethyl sulfoxide (DMSO) with 0.2% 
lithium bromide (LiBr) at a flow rate of 0.5 
mL/min. The samples were prepared in the 
mobile phase at a concentration of ≈ 2.5 – 
5 mg/mL, filtered with 0.45 μm filters and 
injected in the volume of 100 μL.

Results and Discussion
A vivid example of how confusing the 
column calibration‑based molar mass 

distribution can be is shown in Figure 
1, which depicts plots of molar mass 
vs. elution volume for two samples of 
poly(butyl methacrylate) (PBMA)—one 
linear and one star‑shaped with multiple 
arms. Even if the calibration had been 
appropriate for PBMA, conventional 
SEC would have yielded a completely 
false molar mass distribution of the 
star‑branched sample, without any 
indication of the error or evidence of 
its branched topology. MALS not only 
provides a true molar mass distribution, 
but SEC–MALS data can be further 

analyzed to calculate the number of arms 
as a function of molar mass (Figure 2). 

Non‑ideal elution can cause significant 
error in conventional SEC. Figure 3 depicts 
the plot of molar mass against elution 
volume overlaid on the RI chromatogram 

of a hyperbranched poly(ester‑amide). In 
contrast to conventional SEC theory and 
the molar mass plots shown in Figure 1, 
here the molar mass does not decrease 
evenly across the entire chromatogram, 
or even monotonically. With increasing 
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to continue to spread in analytical 
laboratories.
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species such as aggregates or highly 
branched macromolecules is one of the 
key advantages of MALS detection. In this 
particular case MALS not only provides 
correct molar masses of the two samples, 
but also shows their markedly different 
molecular topology in the high molar mass 
region—the macromolecules of the red 
sample being markedly more compact, 
that is, most likely more branched.

Conclusions
The addition of a MALS detector and the 
transition to elution‑independent analysis 
makes SEC an absolute method for the 
determination of molar mass distributions 
of synthetic and natural polymers. In 
addition, it enables unbiased evaluation 
of SEC performance by revealing 
non‑ideal SEC separation. Even in the 
case of poorly separated samples, SEC–
MALS provides correct weight‑average 
molar mass results. The presence of 
ultrahigh‑molar‑mass species can be 
detected with extremely high sensitivity 
that is unmatchable by traditional RI 
detection. SEC–MALS analysis further 
provides information about the structure 
of polymer chains and avoids the false 
conclusions that might be drawn from 
conventional SEC analysis. The blessings 
of MALS for polymer analysis are sure 

of a sample of polyurethane. The 
chromatograms reveal a systematic shift 
of the chromatograms towards higher 
elution volumes. Consequentially, the 
“polystyrene‑equivalent” molar masses, 
determined from conventional SEC using 
polystyrene standards for calibration, 
decrease with successive injections from 
286,000 g/mol to 187,000 g/mol. MALS 
does not depend on elution volume for 
the molar mass determination, with the 
results that M

w
 values of all four injections 

are essentially identical. It is worth noting 
that this type of drift in elution behaviour 
is quite common for various polyurethanes 
and has been observed for other polymers 
as well.

MALS is exquisitely sensitive to 
molecules with high molar mass. Figure 
5 compares the SEC and SEC‑MALS 
measurements of two polysaccharides. 
Based solely on the RI chromatograms, 
one would evaluate the blue sample as 
having higher molar mass. However, 
the high MALS signal intensity during 
early elution of the red sample, and the 
corresponding molar mass plots, disclose 
the presence of high‑molar‑mass fractions. 
With a response that is proportional 
to the product of molar mass and 
concentration, the ability to detect even 
trace amounts of ultra‑high‑molar‑mass 

elution volume, we initially observe a 
decline and then a minimum, followed 
by increasing molar mass at the end of 
chromatogram in the nominal “low molar 
mass” region. This behaviour reveals 
strong interactions between the eluting 
macromolecules and SEC stationary phase. 
In addition to enthalpic interactions, 
mechanical anchoring of the arms in the 
pores of SEC packing likely contributes 
to the delayed elution of the sample. In 
such cases of strong non‑SEC separation 
mechanisms, conventional SEC cannot in 
principle provide any molar mass results, 
not even relative to the column calibration 
established by calibration standards. 
However, since light scattering from a 
polydisperse, unfractionated sample yields 
the weight‑average molar mass (M

w
), 

the value of M
w
 averaged by SEC–MALS 

analysis across the chromatogram can 
still be assumed correct, despite poor 
separation. The only assumption required 
is 100% mass recovery of the sample 
from the SEC columns, which is easily 
checked by comparing the injected mass 
with the total eluted mass calculated from 
the RI signal.

Conventional SEC analysis is dependent 
on repeatable chromatography. Figure 
4 overlays four RI chromatograms 
recorded by consecutive injections 

E-mail: stepan.podzimek@wyatt.eu
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How Long Should My 
GC Column Last?

The question, which is often asked of our technical support and 
applications chemists, is one to which I often reply, in the words of John F 
Kennedy, “Ask not what your column can for you, ask what you can do for 
your column.” OK, JFK substituted “column” for “country” in his version of 
the quotation, but as you will see, it’s a very relevant premise!

Tony Taylor, CHROMacademy and Crawford Scientific, Strathaven, Scotland, UK

with siloxane bridges and silanol species, 
and the preparation of this surface prior 
to stationary‑phase coating is critical. The 
siloxane species (Si‑O‑Si) are strained and can 
easily adsorb water from the atmosphere or 
from reagents used in column preparation. 
This needs to be very carefully controlled. 
Controlling the amount, and crucially the 
“type”, of surface hydroxyl features (‑OH) 
from either silanol (Si‑OH) or adsorbed water 
is critical in determining the level of chemical 
activity, bleed, and stability of the resulting 
bonded GC column. Therefore, decades of 
development have gone into optimizing the 
pre‑treatment and deactivation steps that 
manufacturers employ prior to the application 
of the stationary phase. As mentioned above, 
the quality of reagents and the exclusion of 

Before we get on to answering the question 
in the title for which I will tell you there is 
no single correct answer, we should take 
a look at the anatomy of a column and its 
manufacture.

As most readers will probably know, the 
column “walls” are made from silica tubing, 
typically coated in a strengthening outer 
coat (outside wall only) of polyimide, which 
ensures the silica doesn’t break upon flexing. 
The inner wall of the silica tubing is coated 
with the stationary phase, which in most 
cases will be a cross‑linked polymer, and 
sometimes this will be chemically attached 
(bonded) to the inner wall of the silica tubing. 
A typical gas chromatography (GC) column 
cross section is shown in Figure 1.

The silica tubing surface is populated 
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water and other impurities such as residual 
metal ions, are vitally important when 
pre‑treating and deactivating the bare silica 
inner surface. Surface treatments such as 
leaching, acid washing, and the application 
of the deactivation reagent to block 
surface silanol species are typically different 
between manufacturers and will ultimately 
dictate the quality of the column, especially 
with respect to the peak shape obtained 
from polar and ionogenic analytes. The 
nature of the deactivation agent will also 
differ depending upon the stationary 
phase chemistry (primarily the polarity of 
the stationary phase to be applied) and is 
designed to be more “wettable” to the 
stationary‑phase chemistry.

Most modern stationary phases 
are manufactured via a static coating 

method whereby a mixture of oligomers 
and polymeric initiators of the desired 
stationary‑phase polymer are filled into the 
column in solution under an oxygen‑free 
environment. The type and concentration 
of the oligomers in solution dictate the 
ultimate stationary‑phase chemistry and 
film thickness. The inlet end of the column 
is then sealed, and a vacuum is applied to 
the outlet end, while the column is held 
at a constant temperature. This causes the 
solvent to evaporate from outlet to inlet 
at a controlled rate which deposits the 
oligomeric species in a homogenous film 
along the whole column length. The column 
can then be heated, or catalysts introduced, 
which causes the deposited oligomeric 
species to polymerize in the presence of the 
initiators forming a polymeric film of uniform 

Stationary phase

Fused silica

Polyimide coating

Figure 1: Typical cross section of a wall coated open tubular (WCOT) capillary GC column.
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thickness on the inner wall of the column. 
Using this method, the polymer crosslinks 
not only to itself but with surface species on 
the silica inner wall. These columns are said 
to be “immobilized”, and are more stable, 
showing inherently lower levels of stationary‑
phase bleed. It should be noted that the 
polymerization process can also be initiated in 
solution prior to the solvent evaporation step, 
however, these stationary phases are non‑
immobilized (or “coated”) and therefore show 
lower inherent stability.

Any residual oligomers can then be solvent 
rinsed from the column and the residual 
rinsing solvent is removed from the column 
by slowly heating the column in an inert 
atmosphere.

The specific reagents, conditions, and 
methods used are closely guarded secrets of 
manufacturers, and very little is published in 
the literature or in patents about the specific 
reagents and methods used.

Symptoms of Column “Death“
So now that we know a little more about 
the column manufacturing process, let’s look 
at what happens at the end of a column’s 
lifetime, specifically by defining what might 
constitute column “death”.

From an analytical perspective, the results 
obtained from analyses or system‑suitability 
tests will probably show loss of efficiency 

(peak broadening), loss of resolution, or a 
subtle change in selectivity, a degradation 
in peak shape (fronting, tailing, or peak 
splitting), or an inability to distinguish low 
analyte concentrations from noise or bleed 
(loss of analytical sensitivity). Of course, 
these symptoms may be combined, and 
at some point, we will need to consider 
replacing the column. No matter how much 
we trim the front of the column, we just 
can’t achieve acceptable chromatography or 
quantitative specification requirements.

So why do we get to this position, 
how do we decide to place a “do not 
resuscitate” order on the column, and what 
can be done to extend column lifetime 
under our typical operating environment? 
Well, as heralded earlier, there is really no 
single correct response, and the column 
lifetime will ultimately depend on a number 
of factors including the type of GC column 
used, the application, the GC method, and 
your treatment of the column during its 
lifetime. When I’m teaching a GC class, it’s 
usually at this point that I say, while a lot 
of what I’m about to write can be seen as 
“someone else’s issue to deal with”, and 
the cost of a new column won’t be coming 
from your salary, we should also bear in 
mind that not being able to get on with 
work because the column you just installed 
is a “dud” can be infuriating.

Loss of Stationary Phase
Perhaps the biggest issue facing even the best 
columns on the market is loss of stationary 
phase, which happens on an on‑going basis. 
Our job is to make sure that the rate of 
loss is as low as we can make it and for the 
bleed to be consistent. In the case of the 
polysiloxane‑based phases, the presence of 
oxygen catalyzes the cleavage of backbone 
siloxane units that were formed during the 
stationary‑phase polymerization process 
described above, via a “back biting” reaction 

as shown in Figure 2. While this reaction is 
catalyzed at higher temperature, it also occurs 
at room temperature.

The cyclic siloxanes formed are volatile, 
and elute from the column as bleed, which 
manifests itself as a rising baseline—and 
never as discrete peaks on the baseline.

A classic stationary‑phase profile with 
increasing temperature is shown in Figure 3.

On standing, the stationary phase will 
become oxidized and will bleed. Obviously 
one way to protect columns in storage is to 

Polydimethylsiloxane polymer

m/z = 207 m/z = 281 m/z = 355

Figure 2: Reaction scheme for formation of cyclic polysiloxane bleed products from a dimethyl 
polysiloxane immobilized GC stationary phase.
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cap them—column caps are recommended as 
opposed to septa! One should also note that 
the reaction in Figure 1 is also catalyzed by 
ultraviolet (UV) light, which is why it’s a good 
idea to keep your capillary GC columns boxed 
between outings.

Temperature
On column installation, it’s important to get 
rid of the bleed products formed during 
storage to ensure the lowest levels of 
baseline noise and baseline displacement 
during temperature programming. This is 
typically achieved using column conditioning, 
where the column temperature is elevated 

slightly above the required upper working 
temperature and left there for a period of 
time to drive off the volatile bleed products. 
It’s very important not to just install the 
GC column, whack the oven up to the 
isothermal or gradient temperature maximum 
stated by the manufacturer, and leave it 
overnight. You are literally throwing precious 
stationary‑phase out into the detector! 
And yes, you should be aware of the upper 
temperature limits for your columns and stick 
to them. The gradient temperature maximum 
(usually the higher of the two figures quoted 
on the column box or hanger tag) should 
not be used for more than a few minutes 

at a time. For more specific information on 
column conditioning and how to do it, see 
reference 1.

Oxygen and Filters
You will have noticed that the words 

oxygen and oxidation were used several times 
in the preceding discussion, generally because 
oxygen is the biggest GC stationary‑phase 
killer of all, and we need to ensure that we 
expose the column to the lowest amounts 
of oxygen possible on an ongoing basis. Yes 
folks, that means we need to pay attention 
to our friends the gas filters that are fitted 
(hopefully!) to the gas line between the 
carrier source and our instrument. One of 
those traps, typically containing a metal 
catalyst, is there to remove oxygen, and the 
best of them typically achieve O

2
 levels below 

1 ppb within the flowing carrier gas stream. 
You need to ensure, on an ongoing basis, 
that the trap is not exhausted, and that’s 
why I recommend the use of an indicating 
trap typically containing a copper oxide 
indicator which turns from green to grey as 
the oxygen levels exiting the trap become 
too high. This is YOUR responsibility. Don’t 
leave changing gas traps to someone else, 
otherwise the answer to the titular question 
will be, “longer than they do now, because 
you don’t look after them properly!” Figure 4 
shows a “combination” gas filter that reduces 

Examples of column bleed

DB-624 30M X .53mm I.D, 3.0µm
24 pA/260ºC 

DB-1 30M X .32mm I.D, .25µm
12 pA/320ºC 
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Figure 3: Typical capillary GC stationary phase bleed profile for two different polysiloxane‑based 
stationary phases (Figure reproduced with permission, Agilent Technologies, Santa Clara, CA, USA).
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sample dilution (if sensitivity requirements 
allow), or with adjustment using volatile 
buffers (solid buffers should be avoided at all 
costs), again with the caveat that one needs 
to consider any chemical interactions with the 
analytes of interest. The more the sample pH 
deviates from the required operating range, 
the quicker the column bleed will become 
intolerable, and the column will be unusable.

There are many applications which require 
the analyte to be derivatized to impart 
volatility or reduce analyte polarity, and any 
excess derivatizing reagent will potentially 
damage the stationary phase within the 
column. The degree of damage will depend 
upon the type of derivatizing reagent 
used, which are (in order of most to least 
damaging): perfluoro acid anhydride acylation 
reagents > silylating reagents (especially for 
PEG based columns) > acylation reagents > 
perfluoroacylimidazoles. Wherever possible, 
the derivatized sample should be evaporated 
to dryness to remove as much of the volatile 
derivatizing reagent as possible prior to 
reconstitution in a suitable solvent.

Guard Your Column
Of course, many of us associate the 
“cleanliness” of our samples with the 
expected column lifetime, and the nature 
of the sample matrix as one of primary 
factors in causing column damage. While 

to this phenomenon (they are polyethyele 
glycol [PEG] based), and the more water 
that is adsorbed, the more irreproducible 
they will become in terms of both retention 
and selectivity. It should be said that most 
manufacturers have developed wax phases 
that are more water compatible.

Moisture traps are also typically fitted to 
the GC carrier gas line, and typically contain 
molecular sieve or other adsorbent materials. 
Just like the oxygen trap, these should be 
changed once exhausted, and modern 
traps will have an indicator which changes 
colour (check the colours with the trap 
manufacturer literature).

To ensure gas traps (and columns) last as 
long as possible, you should regularly check 
the leak‑tight nature of the carrier gas supply 
lines (using a pressure drop test) and ensure 
the GC column fittings at the injector and 
detector are leak free every time the column 
is changed, and from time‑to‑time when 
columns are left in the instrument over 
extended periods.

Sample Preparation
The nature of our sample, analytes, 
and sample solvents is another major 
consideration when evaluating expected 
column lifetime. The sample pH should, 
ideally, fall within the range 5–9. This can be 
estimated with pH papers and corrected with 

of course get a replacement trap into that 
gas line as quickly as possible if you discover 
that it’s exhausted. As a minimum, gas filter 
checking should be part of your routine 
maintenance schedule, but it can also be 
included in method or instrument standard 
operating procedures (SOPs) as part of the 
acquisition set‑up sections.

Combining these last two points together, 
extended exposure of the stationary phase to 
high levels of oxygen at high temperature is 
the GC column equivalent of a rock and roll 
lifestyle: they will die young!

Water Exposure
I often get asked about the influence of water 
on GC stationary phases, both as an impurity 
in the carrier gas, and as a solvent for 
injection. There is so much information out in 
the ether about this subject, I’ll just make a 
quick summary of the main points here.

Most bonded phases have nothing to fear 
with regards to water exposure. The bonding 
process renders the phase less susceptible to 
water damage. Coated phases are a different 
matter, and water should be avoided with 
these phases as it will significantly shorten 
the column lifetime. It should be noted, 
however, that any active sites within the 
phase can lead to water absorption, which 
can lead to some degree of irreproducibility 
in retention. Wax phases are more susceptible 

levels of oxygen, moisture, and hydrocarbon, 
but the important point to note is that a 
quick glance at the gas filters will tell you 
whether the oxygen filter tell‑tale is green 
(good) or grey (bad). Come on folks, check 
your traps. It’s really not that difficult, and 

Chemical 
absorbent

Moisture
Indicator

Surface
adsorbent

Surface
adsorbent

Oxygen
Indicator

Figure 4: A typical “combination” gas filter, 
with the green “oxygen” indicator clearly 
marked.
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carrier gases. There are no tables of expected 
column lifetimes, because lifetime depends on 
how we treat the column, and not what our 
columns can do for us, but for what we can 
do for our columns!

Reference
1. https://www.chromatographyonline.com/view/

gc‑column‑conditioning‑stop‑wasting‑time‑and‑

money

Tony Taylor is Group Technical Director 
of Crawford Scientific Group and 
CHROMacademy. His background is 
in pharmaceutical R&D and polymer 
chemistry, but he has spent the past 20 
years in training and consulting, working 
with Crawford Scientific Group clients to 
ensure they attain the very best analytical 
science possible. He has trained and 
consulted with thousands of analytical 
chemists globally and is passionate 
about professional development in 
separation science. His current research 
interests include HPLC column selectivity 
codification, advanced automated sample 
preparation, and LC–MS and GC–MS for 
materials characterization.

dealing with extremely volatile analytes, the 
effects of stationary‑phase loss will be less 
pronounced simply because there is more 
phase present. Thicker films also “mask” the 
effects of active groups on the silica surface, 
and therefore a lot of phase loss will need 
to occur prior to seeing effects such as peak 
broadening, tailing, and a loss of sensitivity 
at lower analyte concentrations. The trick 
with thicker film columns is to condition 
them properly and use the guidelines in the 
link in reference 1.

Signs of Ageing
It’s important to have a reference point for 
making the decision on whether a column 
has reached the end of its useful lifetime. 
This may take the form of system‑suitability 
specification for a particular method, reference 
chromatogram from when the new column 
was installed and working well, and so on. 
Once the column begins to show signs of 
ageing, remember that good column cutting, 
leak free column installation, and trimming of 
the column are ways to temporarily stave off 
the need for column replacement.

So, as I said right at the start, the expected 
column lifetime will depend on how careful 
you are about storing, installing, conditioning, 
and protecting it by paying attention to the 
sample preparation, use of guard columns, 
and the use of oxygen and moisture‑free 

guard columns are available that can be 
coated in the desired stationary phase, 
uncoated but deactivated, or built into the 
analytical column, in which case no column 
connection is necessary, but the guard has 
a finite lifetime as it is an uncoated region 
of the column prior to the coated and 
immobilized phase. If sensitivity requirements 
allow, we could consider applying a higher 
split ratio when introducing the sample. And 
if splitless injection is used, the judicious 
use of a glass wool plug will also help to 
protect the column from less volatile matrix 
components. All of these measures will help 
to prolong column lifetime.

Column Dimensions and Stationary 
Phase
It is very important for us to note that GC 
column dimensions and the chemical nature 
of the stationary phase are primary factors 
in dictating expected column lifetime. The 
more polar the stationary phase, the more 
the column will bleed and perhaps the 
shorter we can expect the column lifetime 
to be. Remember that PEG and Wax phases 
are the most polar and therefore likely to 
last for the least amount of time. Thicker 
stationary‑phase films will inherently 
bleed more, and one might suspect that 
they will last a shorter time, however this 
isn’t necessarily the case. Unless we are 

this is undoubtedly an important factor 
is assessing expected column longevity, 
aside from what has been discussed above, 
there is much that can be done to avoid 
column damage, including the usual steps, 
such as more thorough or more highly 
selective sample preparation that will help to 
isolate the analytes of interest from matrix 
components. As most column damage due 
to fouling by involatile matrix components 
occurs in the first few metres of the column, 
it is always worthwhile considering the use 
of a guard column, which can be changed 
once chromatography deteriorates, as 
an alternative to continuous trimming of 
the analytical column which will result in 
slightly lowered efficiency and the possible 
movement of analyte retention times outside 
the identification windows set for them 
within the data system. Interestingly, as the 
stationary‑phase film is disrupted through 
chemical degradation, it will migrate down 
the column and pool into a “bubble” of very 
thick phase a little way down the column. 
This will cause severe peak broadening and 
an apparent loss of efficiency, and it is also 
the reason that such seemingly miraculous 
recoveries can be made by column trimming. 
It is also the reason why iterative trimming 
of short lengths of column (10–20 cm) from 
the inlet side can suddenly result in a huge 
performance recovery. Many variations of 

E-mail: tonyxtaylor@hotmail.co.uk
Website: www.chromacademy.com
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The LCGC Blog: An 
Opportunity for 
Industrial–Academic 
Partnerships

In April 2020, on the heels of the pandemic shutdown, the price of crude oil 
fell to a negative value for the first time ever. The shutdown hit many oil 
and gas companies hard. But while companies lick their wounds and decide 
their next moves, an important concept called environmental and social 
corporate governance (ESG) has come into greater focus.

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

In April 2020, on the heels of the 
pandemic shutdown, the price of crude oil 
fell to a negative value for the first time 
ever. The pandemic sent ripples through 
an oil and gas industry, which had more 
ebbed than waned in the United States 
over the past 10–15 years, primarily due 
to major successes in extracting oil and 
gas from low permeability unconventional 
shale resources, using technologies 

like hydraulic fracturing and horizontal 
drilling. But the 2020 shutdown hit many 
oil and gas companies hard. In some 
cases, major players in some shale plays 
have essentially withdrawn all of their 
development interests. Other companies 
have been left with insufficient means to 
service the debts they had accrued during 
the better times. Going forward, there 
is a generally positive sentiment about 
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the importance of oil and gas extraction 
to our collective energy economy, but 
the downturn has created significant 
introspection across the industry.

While companies lick their wounds and 
decide their next moves, an important 
concept called environmental and social 
corporate governance (ESG) has come 
greater into focus. The hydrocarbon 
extraction and processing industry as a 
whole has certainly come under increasing 
scrutiny for its potential environmental 
implications (especially, greenhouse gas 
emissions) in the past several years. The 
truth of the matter is that some companies 
are more progressive and responsible 
with their actions towards documenting, 
limiting, and mitigating deleterious 
environmental and social impacts than 
others. Even if the fine details about 
how it is regulated have not been fully 
formulated, ESG promises to involve some 
overall metric to rank the environmental 
and social responsibility efforts and actions 
of companies. Favourable metrics will be 
necessary to attract investment dollars in 
the industry going forward.

It is worth mentioning that, while 
ESG is discussed very prominently in 
the hydrocarbon processing industry 
(HPI), it is a concept that is permeating 
corporate America, as a whole. A closer 

look would likely find that virtually all 
major corporations now have some 
executive sustainability officer who is 
focused on reducing waste and improving 
environmental and social sustainability.

While our research has primarily been 
involved with assessing the potential 
environmental impacts of upstream 
oil and gas production from shale, 
inevitably we also became involved in 
the midstream logistics of handling 
the product, and more importantly the 
wastewater byproducts. In most shale 
plays, the volume of water byproduct 
(so-called, produced water) far exceeds 
the volume of hydrocarbons extracted 
from an oil and gas well. We have 
worked with small and large companies 
to assess the effectiveness of different 
produced water treatment technologies—
the goal being to recycle or reuse the 
treated water, rather than to simply 
dispose of it underground, where it has 
been shown to cause unwanted seismic 
activity. The success of these technologies 
will ultimately be driven by their cost, 
throughput, performance, and robustness.

Our analytical chemistry research has 
been largely driven by industrial support. 
We have had the opportunity to discuss 
the problems with industry leaders in 
upstream and midstream HPI, and to help 

www.chromacademy.com

powered by 

CHROMacademy is the 
world’s largest eLearning 

website for analytical 
scientists, containing 
1000’s of interactive 

eLearning topics.
 

Lite members have 
access to less than 5% 

of our content.  
Premier members get 

so much more!

We have 1000’s of 
eLearning topics

SPEMSGCHPLC IR

More about Premier membership: 

Glen Murry:   +1  732.346.3056 
e-mail:  GMurry@mmhgroup.com

Peter Romillo:   +1  732.346.3074 
 e-mail:  PRomillo@mmhgroup.com
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develop and improve solutions, through 
our ability to speciate complex mixtures.

That said, going forward, downstream 
HPI is likely a bigger opportunity for 
industrial–academic partnerships. 
Downstream HPI deals with turning raw 
products into those that can be used by 
the consumer, including fuels, plastics, 
and other feedstocks. A prominent way a 
company can improve their ESG is to reduce 
reliance on virgin feedstocks and instead, 
to recycle used products. For example, an 
abundance of used plastic products can be 
broken back down into their constituent 
monomers and used anew.

This concept screams for more 
development in chemical measurements 
and analysis. As researchers develop 
new catalysts, which can be used to 
selectively decompose plastics, those 
catalysts need to be characterized (for 
example, pore structure, porosity, chemical 
make-up). The next level of complexity 
comes from the wide range of different 
plastics desired to be processed. Plastics 
are essentially reduced into a range 
of pyrolysis oils. Imagine the varying 
heteroatom content present both in the 
plastic feedstock and the finished pyrolysis 
oil. Different heteroatoms can have 
particularly deleterious effects on catalyst 
performance. Depending on the desired 

use of the recycled feedstock, not only the 
heteroatom content, but also the olefin 
and aromatic content of the product oils 
are desired to be determined.

The downstream HPI market, especially 
that associated with plastics recycling 
and driven heavily by a desire for 
improved ESG, is expected to double 
in the next 30 years. In many cases, 
the standard chromatography–mass 
spectrometry research tools available from 
manufacturers will not have sufficient 
capabilities for adequate characterization 
of recycled hydrocarbon feedstocks. 
This is a major opportunity for academia 
to re-engage in the HPI, through the 
development of novel hardware and 
software solutions. Gas chromatography 
literally got its start in HPI. Instead, 
now think multi-dimensional separation 
and detection systems implemented for 
routine process monitoring. It is no small 
challenge, but it is one modern analytical 
chemists are ready to address. On the flip 
side, HPI companies are looking for an 
edge and will certainly have significant 
budgets associated with establishing 
themselves as a responsible leader in the 
industry through ESG.

The time should be right for the 
developing of more industry–academic 
partnerships in HPI, and the driving force 

E-mail: kschug@uta.edu
Website: www.chromatographyonline.
com

is to achieve overall greater sustainability. 
This feels like it could be a “win” all 
around for everyone and the environment.

Kevin A. Schug is a Full Professor 
and Shimadzu Distinguished 
Professor of Analytical Chemistry 
in the Department of Chemistry & 
Biochemistry at The University of 
Texas (UT) at Arlington, USA. He 
joined the faculty at UT Arlington 
in 2005 after completing a Ph.D. in 
Chemistry at Virginia Tech, USA, 
under the direction of Prof. Harold M. 
McNair and a post-doctoral fellowship 
at the University of Vienna under Prof. 
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.
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Training Courses

Please send your event and training 
course information to Lily Atkins 
LAtkins@mjhlifesciences.com

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

Applied Interpretation of GC–MS 
Mass Spectra
24 March 2021
On-line (20 hours over 5 days) 
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/interpretation-mass-
spectra-gcms

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

Absolute Basics of Chemometrics 
22 March 2021 
On-line (total of 6.5 hours) and 
on-demand 
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/basics-chemometrics

Applied Fourier-transform 
InfraRed spectroscopy (FT-IR) 
12 April 2021 
On-line (total of 6.5 hours) and 
on-demand 
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/applied-ftir

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

Applied Method Migration from 
HPLC to UHPLC (UPLC) 
24 March 2021 
On-line (6.5 hours over 2 days) 
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/training-
courses/1-day-applied-method-
migration-hplc-uhplc

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

Practical Essentials of Sample 
Preparation 
29 March – 23 April 2021 
On-line (total of 26 hours) 
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/training-
courses/practical-essentials-sample-
preparation

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

https://chromacademy.com/gc-training.html
https://www.crawfordscientific.com/training-consultancy/gc-training/gc-troubleshooting-and-maintenance
https://www.anthias.co.uk/training-courses/interpretation-mass-spectra-gcms
https://www.chromacademy.com/hplc-training.html
https://www.chromacademy.com/mass-spec-training.html
https://www.chromacademy.com/hplc_troubleshooting.html
https://www.crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
https://www.anthias.co.uk/training-courses/1-day-applied-method-migration-hplc-uhplc
https://www.chromacademy.com/sample-prep-training.html
https://www.anthias.co.uk/training-courses/practical-essentials-sample-preparation
https://www.chromacademy.com/basic-lab-skills-training.html
https://www.chromacademy.com/infrared-training.html
https://www.anthias.co.uk/training-courses/basics-chemometrics
https://www.anthias.co.uk/training-courses/applied-ftir
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Event News
29 June–2 July 2021
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/

22–27 August 2021 
EuroAnalysis 2021, Hybrid Symposium
Linnaeus Building, Nijmegen, Netherlands
E-mail: euroanalysis2021.secretariat@ru.nl

Website: http://www.euroanalysis2021.nl

5–7 October 2021 
Forum Labo
Paris Expo Porte de Versailles, Paris, France
E-mail: infos@forumlabo.com

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

12–15 October 2021
The 18th International Symposium on Preparative and Industrial Chromatography and Allied Techniques (SPICA 2021)

Lisbon, Portugal

E-mail: secretariat@LDOrganisation.lu

Website: https://www.spica2021.org

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

Clarion Congress Hotel, Prague, Czech Republic

E-mail: RAFA2021@vscht.cz

Website: http://www.rafa2021.eu
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