
32  On The Trail of The Lonesome Pine
 The Column spoke to Linda Schreiner and Andrea Buettner of the Fraunhofer  
 Institute for Process Engineering and Packaging IVV and the Friedrich-  
  Alexander-Universität Erlangen-Nürnberg in Germany, about their work 

investigating Scots pine for odour-active compounds using two-dimensional 
gas chromatography (2D-GC).

24 Capitalizing on the Benefits of Ion Mobility for Metabolite  
 Identification
 Nathan Anderson, Waters
  The value of IMS for the fi eld of metabolite identifi cation is discussed.

9    News
  The latest news and news in brief

12 Incognito
 Is it a Good Idea to be a Chromatographer?
 Incognito wonders if chromatographers are happy with their choice of career.

39  Training Courses and Events
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36    LC–MS Peptide Mapping: Where to Start, and What It Can Tell 
Us

 In peptide mapping, the enzymes and conditions used in digestion affect  
  not only the number of peptides liberated, but also the stability of associated 

post-translational modifi cations (PTMs).

16  Analyzing Artificial Sweeteners as Environmental 
Contaminants

  The Column spoke to Núria Fontanals, a senior researcher at the Department 
of Analytical and Organic Chemistry, Universitat Rovira i Virgili, Spain, about 
her work investigating the impact of artifi cial sweeteners as environmental 
pollutants using hydrophilic interaction chromatography (HILIC) and the 
broader role of HILIC in environmental analysis.

2 Tips & Tricks GPC/SEC: What Are the Differences   
 Between GPC, SEC, and GFC, and How Do You Get   
 Started with the Technique?
 Daniela Held, PSS Polymer Standards Service GmbH
 Are you confused by GPC, SEC, and GFC? This instalment of Tips   
 & Tricks explains more. 
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Tips & Tricks GPC/
SEC: What Are the 
Differences Between 
GPC, SEC, and GFC, 
and How Do You 
Get Started with the 
Technique?

Molar mass distributions, molar mass averages, and polydispersity can 
be determined by gel permeation chromatography (GPC), size-exclusion 
chromatography (SEC), and gel fi ltration chromatography (GFC). This makes 
this technique indispensable for all scientists in quality control (QC) and 
R&D who have to work with large molecules. However, the technical terms 
used can be quite confusing for beginners. This instalment of Tips & Tricks 
explains more.  

Daniela Held, PSS Polymer Standards Service GmbH, Mainz, Germany

column chromatographic technique 

required to determine important properties 

of macromolecules, also known as 

polymers, biopolymers, polysaccharides, 

Gel permeation chromatography (GPC), 

gel filtration chromatography (GFC), and 

size-exclusion chromatography (SEC) are 

names used to describe the same liquid S
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polyethylene and polypropylene. These 

materials are only soluble in specific 

organic solvents at high temperatures 

above 140 °C, therefore requiring special 

columns and instrumentation.

The term GFC is often used by biologists 

or scientists who have to purify or separate 

biological molecules. This generally 

requires an aqueous mobile phase 

and so the term GFC is often used for 

separations in aqueous solvents. However, 

there are separations in water that are 

also addressed as GPC, for example, for 

polyacrylic acid, a water-soluble synthetic 

polymer. 

or proteins. The separation mechanism 

behind these names is the same, 

independent of the abbreviation used. 

However, scientists with different 

backgrounds often refer to the technique 

differently.

 The term GPC is mainly used by 

chemists and scientists who work with 

synthetic polymers or plastics. Many of 

those materials are only soluble in organic 

solvents, so often the term GPC is related 

to separations in organic solvents in 

general. One special niche application is 

high-temperature GPC (HT-GPC), which 

is required for polyolefins, for example, 

Figure 1: A mixture of different sizes is injected onto the column. The larger sizes cannot 
enter as many pores as the smaller sizes and thus elute fi rst. This technique is called 
size-exclusion chromatography (SEC), also sometimes named GPC or GFC.
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used and the way the macromolecule is 

produced or obtained. 

The size separation step occurs in 

a column filled with porous particles 

(stationary phase) and is an entropic 

SEC is the name that describes the 

chromatographic process best and thus 

includes, in a way, both GPC and GFC. SEC 

implies that (large) molecules are sorted 

by their size, independent of the solvent 

Figure 2: Chromatogram obtained using one analytical SEC column (300 mm × 8 mm) 
optimized for medium molar mass range from 1000 Da to 3 Mio Da to separate a mixture 
of four different polystyrenes. The different areas in the chromatogram can be assigned to 
interstitial volume and pore volume. 
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Coupling powers
Pioneering new fields in ultra-trace analysis, the new
GCMS-TQ 8050 NX triple quadrupole couples the powers 
of a world-leading GC and a newly designed detector. 
Both provide outstanding sensitivity at femtogram and 
even sub-femtogram levels.

Superior performance of NX technologies
e.g. new flow controller and time management
for maintenance

A wide variety of optional products supports 
trace analysis
such as autosamplers and inlets 

www.shimadzu.eu /coupling-powers

Comfortable, easy change of accessories 
through the advanced, illuminated GC oven

The GCMS-TQ 8050 NX complements the Shimadzu NX 
family, coupling the Nexis GC-2030 with the quadrupole
series TQ-8050, TQ-8040 or QP-2020. Shimadzu’s NX series
provides high-end GCMS solutions for every analytical 
challenge.
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the detection options applied, and the 

software used. 

As the separation columns are the 

heart of any SEC system, these will be 

discussed first. Detection options, software 

considerations, and other major differences 

between HPLC and SEC will follow. 

Column Considerations (5)

Column selection is the most crucial 

part for successful SEC analysis, and 

although method development is generally 

considered easy (no gradients are used, 

just one solvent is applied as mobile phase) 

it is important to pay attention to the 

details. 

Just like HPLC columns, SEC columns 

are defined by their dimension (length [l] 

and internal diameter [i.d.]), the size of 

the particles in the column (given in μm 

units), and the stationary phase material. 

Typical SEC stationary phases are either 

polymer-based or silica-based. The polarity 

of the stationary phase should be similar 

to the polarity of the sample and solvent 

to ensure a pure size-based separation and 

to suppress undesired interactions. 

Compared to HPLC columns typical SEC 

columns have a larger internal diameter 

and are longer. Typical internal diameters 

are approximately 8 mm for analytical 

columns. The internal diameter range is 

techniques for measuring properties of 

synthetic and natural macromolecules. 

How To Get Started Implementing 

SEC

Dedicated SEC equipment is available as 

complete turn-key systems that include all 

the required components. 

If liquid chromatography (LC) equipment 

is available, it is sometimes possible to 

transform a high performance liquid 

chromatography (HPLC) system into a 

SEC system by changing a few important 

components. 

However, scientists should always keep 

two important points in mind:

• SEC solvents dissolve polymeric 

materials. It is important to make sure 

that all HPLC components (including 

all plastic tubing, seals, frits) are not 

attacked or dissolved by the SEC solvent. 

Please refer to the user manual to avoid 

damaging equipment.

• Polyolefins and all materials, which are 

only soluble at higher temperatures in 

specific solvents, require dedicated HT 

instruments.

If HPLC components are to be used, 

different columns are required. However, 

scientists should also carefully review the 

pump requirements, the injection system, 

driven process. The sample is dissolved in 

a solvent—which is also used as a mobile 

phase in the chromatographic process—

and is injected onto the column. Here 

larger sizes are excluded from penetrating 

the pores in the stationary phase particles 

while smaller sizes can enter and are thus 

delayed on their way through the column. 

Figure 1 illustrates this process. 

The origins of SEC can be traced back 

to 1959 when Porath and Flodin used 

commercial cross-linked polydextran gels 

to separate macromolecules in an aqueous 

medium (1). In 1964 Moore performed 

the first separations in organic solvents 

using cross-linked polystyrene stationary 

phases (2). Since then new polymer- 

and silica-based stationary phases have 

been developed to allow for optimized 

separations in medium polar solvents (3). 

High resolution and fast separations are 

achievable by using optimized particle sizes 

(4).

The analysis goals in modern SEC 

applications are very diverse and range 

from purification to quality control and 

determination of structure-property 

relationships where molar masses, 

composition, branching, or end groups are 

determined. The wide applicability and 

the fact that SEC can be easily automated 

has made SEC one of the most important 

the micro-Chip Chromatography Company

Changing the ART of analytical 
chromatography with 
μPAC™Pillar Array Columns:

These micro-Chip columns feature 
a perfectly-ordered separation bed 
of free-standing pillars ensuring:

• excellent separation power

• unprecedented reproducibility

• unrivalled robustness

Enhance the data productivity 

of your nano-LC/MS system 

for tiny, complex 

biological samples.

Discover our products 

on www.pharmafluidics.com

or meet us at 

SFEAP (October 9 - 12, Albi, France) 

or ISPPP (November 4 - 7, Berlin, Germany)
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interaction area are often small molecules 

such as additives or residuals from the 

production. They can be identified and 

quantified just as in HPLC separations. 

Detector Considerations (6)

Every SEC system requires at least one 

concentration detector. While some 

naturally occurring macromolecules 

(for example, proteins) can be detected 

using UV–vis detectors, many other 

macromolecules lack chromophores and 

are thus invisible to UV–vis and diode array 

detectors. It is good practice to review 

if the samples and calibrants to be used 

are UV–vis detectable and if the existing 

detection options are sufficient.

One advantage of SEC is that it is an 

isocratic technique and allows the use of 

the universal refractive index (RI) detector. 

This detector can detect all kinds of 

samples and is the detector of choice 

for the vast majority of all organic SEC 

separations. 

Modern SEC instruments are often 

equipped with several detectors in a 

detector train, as the combination of 

these detectors lends true value to 

SEC. Multi-detection turns SEC into a 

powerful technique for comprehensive 

characterization of macromolecules. Light 

scattering and viscosity detectors are quite 

between 2.1–4.6 mm (semi-micro SEC) 

and 20–40 mm (preparative SEC). Lengths 

vary from 150 mm (semi-micro) to 250–

300 mm (analytical) or even 600 mm for 

some older applications. As in HPLC, the 

particle size is one factor that influences 

the resolution. The smaller the particle 

size, the higher the resolution; however, 

not all particle sizes are applicable for all 

applications. 

Of utmost importance for SEC columns is 

the size of the pores in the particles (often 

given in Å units). This size determines the 

molar mass separation range. Often not 

just one SEC column is used but several 

columns are combined into a column bank 

(or a column set) to increase the molar 

mass separation range and the resolution.

The analysis time for a SEC run on 

one traditional analytical column is 

approximately 15 min assuming a typical 

flow rate of 1 mL/min. If more columns 

are used, the analysis time increases 

linearly. Figure 2 shows a typical 

chromatogram obtained for a mixture of 

four polystyrenes with different molar 

masses. It also illustrates how the different 

parts in the column contribute to the 

chromatogram. The white area assigned 

to pure size separation in the pores is the 

area where molar mass distributions can 

be determined. Molecules eluting in the 

Metabolomics studies require high
throughput and precision. The MPS
performs sample preparation and
-introduction to GC/MS or LC/MS,
generates standards, adds them to
samples and runs the calibration and
QC standards for highest accuracy.
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The system is 
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autosampler or manual injector offers. 

Volumes of 20–100 μL are typical for 

analytical SEC setups. Micro columns or 

preparative columns use smaller or higher 

volumes. 

Last but not least sample preparation 

is an issue when starting with SEC. Very 

often the sample dissolution process is 

time-consuming and scientists should be 

aware that very high molar masses can 

be fragile. Under no circumstances should 

ultrasonification be used because this can 

destroy molecules (8). 

Summary

• GPC, GFC, and SEC are names 

interchangeably used to describe the 

same liquid column chromatographic 

technique. SEC is the most descriptive 

term and should thus be preferred.

• There are major differences between 

SEC columns and HPLC columns. The 

pores in SEC columns are of utmost 

importance. To achieve sufficient 

resolution several columns are often 

combined. 

• HPLC equipment can be used. However, 

scientists need to review if the 

components can handle SEC solvents 

and if existing detectors are applicable. 

In addition, the software should be 

evaluated to ensure that calibration and 

chromatography data systems (CDS) 

often lack proper and easy-to-use SEC 

functionality. Thus, specific GPC/SEC 

software is needed to generate the results.

Other Things to Think About

As mentioned previously, SEC is an 

isocratic technique. Gradient pumps can be 

used but do not offer advantages. Isocratic 

pumps are suitable for SEC and sometimes 

even provide better performance because 

they are optimized to provide a stable flow 

rather than a stable gradient. In HPLC, 

the retention volume of a peak is used for 

identification purposes and stable flow 

is important. However, small variations 

can be tolerated. In SEC, the retention 

volume is used to calculate the molecular 

weight and the relationship is logarithmic, 

so stable flow is critical. Degassers are 

often useful accessories that hinder bubble 

formation in pumps.

Typical HPLC column compartments are 

designed for use with just a pre-column 

and a 25-cm HPLC analytical column 

and are therefore often much too small 

to accommodate SEC columns and SEC 

column sets. A spacious SEC column 

compartment is particularly required when 

using solvents with higher viscosity.

Injection volumes in SEC can be quite 

different from the options that the existing 

common additions. Hyphenation with 

spectroscopy or mass spectrometry can 

also be applied. 

Software Considerations

Scientists dealing with macromolecules 

often look for very specific information. In 

general, they need molar mass averages 

(often easier to determine) and molar mass 

distributions (7). 

SEC is a relative method and requires 

calibration. The calibration procedure in 

SEC is very different to HPLC. Calibration 

of SEC columns is based on assigning 

a retention volume to a molar mass. 

The area of the detector response peak 

is initially of secondary importance. 

This is opposite to HPLC procedures, 

which rely on calibrating and assigning 

a concentration to a detector response 

(signal intensity, peak area).

While comparisons within the same 

laboratory do not require any special 

routines in the software, the unique 

SEC calibration processes and the 

determination of the molar mass 

distribution certainly do. If results between 

different laboratories are to be compared, 

or pharmacopeias are to be followed, or 

absolute molar masses and branching 

are to be determined with proper slice 

lists and registration data, then standard 
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(contact the author to receive a free pdf copy).

6. PSS e-book 3/5: GPC/SEC Detection, 2018 

(contact the author to receive a free pdf copy).

7. D. Held, The Column 3(8), (2007).

8. G. Reinhold, The Column 7(15), 13–17 (2011).

Daniela Held studied polymer 

chemistry in Mainz, Germany, and 

works in the PSS software and 

instrument department. She is 

also responsible for education and 

customer training.

evaluation routines are present.

• Polyolefins cannot be analyzed on 

standard HPLC equipment but require 

specific HT-GPC instrumentation.
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Diagnosing Diabetes in 
Endurance Athletes Using HPLC
Researchers from the University of Verona, in Verona, Italy, have investigated the diagnosis of diabetes mellitus in endurance 

athletes using high pressure liquid chromatography (HPLC) (1).

The method by which diabetes is diagnosed is well established and the American Diabetes Association has reinforced 

the recommended parameters for diagnosis in the 2018 version of Standards of Medical Care in Diabetes. However, the 

diagnostic abilities of these tests can be infl uenced by preanalytical and biological factors. The measurement of two key 

parameters in particular, fasting plasma glucose (FPG) and random plasma glucose (RPG), has been found to be infl uenced 

by acute stress, poor glucose stability in blood tubes after collection (2), and drug interference (3). Another parameter, 

HbA1c, is more reliable, but some studies have found it, along with plasma glucose, to be infl uenced by endurance running 

(4–6). Reasons for this include: foot strike haemolysis, acute variations of plasma volume, improved oxygen release and 

deformability, and alteration of glucose availability and uptake. For these reasons the measurement of both plasma glucose 

and HbA1c may become potentially misleading when diagnosing diabetes.

To investigate this, researchers took samples from 38 healthy and trained endurance athletes at an event called “Run for 

Science” held in Verona, Italy, in April 2014 (7). The aim was to investigate the variations of plasma glucose and HbA1c up 

to 24 h after a half-marathon run. Plasma glucose was analyzed through specialized assay while HbA1c was analyzed using 

HPLC.

Results showed that the concentrations of plasma glucose is signifi cantly decreased 3 to 24 h after endurance running, 

however, unlike plasma glucose, HbA1c values were almost unchanged up to 24 h after a half-marathon run. This suggests 

that HbA1c is a more reliable parameter for diabetes diagnosis than FPG or RPG in subjects who regularly engage in 

recreational or competitive endurance activity.—L.B.
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Waters Opens Food and Water Centre in Singapore

Waters Corporation (Milford, Massachusetts, USA) has opened 

a new International Food and Water Research Centre (IFWRC) in 

Singapore to address the growing challenges of food and water 

security and safety. The centre will be led by a Scientifi c Advisory 

Panel that will identify meaningful, innovative projects by working 

with academic and industrial leaders. 

“In past decades, Singapore has become a major hub for 

food and water research that has far-reaching impacts around 

the globe. The country has long had well-established academic 

laboratories where scientists have done signifi cant work,” said 

Mike Harrington, Senior Vice President of Global Markets at 

Waters

“Based on that, along with Waters’ storied history in Singapore, 

we are thrilled to open the IFWRC, a model for scientifi c 

collaboration between industry, government, and academia 

that will ultimately drive signifi cant advances in food and water 

quality,” continued Harrington.

Important research areas such as food fraud discovery, water 

contamination research, food quality enhancement, and new 

ingredient and formulation studies will be prioritized as the 

research centre seeks to fi nd solutions to food and water supply 

challenges around the world.

Researchers will gain access to IFWRC’s state-of-the-art facilities 

outfi tted with analytical instrumentation from Waters. In addition, 

the laboratory will be staffed with scientists and researchers who 

will work closely with project owners throughout implementation.

For more information, please visit www.waters.com
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Shimadzu Celebrates 50th Anniversary

Shimadzu has 

celebrated 

50 years of 

Shimadzu in 

Europe with 

300 guests 

attending 

an event in Duisburg, Germany, to 

commemorate the anniversary. The “Magic 

Moments Night” took place at the Mercator 

Hall and featured music, show acts, dinner, 

speeches, greeting notes, and a “Walk of 

History”. The musical part of the evening was 

covered by some members of the Duisburg 

Philharmonic Orchestra. The show act 

performed by “Physikanten & Co” combined 

entertainment and science. Giant vortex rings 

fl ew 20–30 m across the hall, and in a rapid 

sequence of experiments the fascinating 

aspects of carbon dioxide were explored. For 

the “Walk of History”, Shimadzu collected 

historic advertisements, brochures, and 

photographs from exhibitions covering 50 

years of corporate history in Europe.

Shimadzu’s Japanese-based Supervisory 

and Executive Board came from Japan to 

attend the party with the European Shimadzu 

team as well as Shimadzu’s distributors and 

subsidiaries. The evening’s programme was 

hosted by Asli Sevindim, a TV journalist born 

in Duisburg.

For more information on the event please 

visit, www.shimadzu.eu/cheers-50-years

Chromatography Market Profi le: 
Process Chromatography
Process chromatography, in particular 

process gas chromatography (GC), is a 

well-established technique within the oil and 

gas, refi ning, and petrochemical industry. 

The technique is generally used in process 

plants to determine product quality and yield. 

Like most process analytical instruments, its 

primary role is to monitor conditions at critical 

points in the overall process. The investment 

for process GC instruments is typically 

justifi ed by inherently providing data that 

would lead to an increase in a product’s yield. 

There are three distinct categories of 

process GC systems. Process GC instruments 

are traditional GC instruments for rigorous 

process applications. Process GC instruments 

also include special-purpose (often 

rack-mounted) GC instruments used for 

selected applications such as monitoring 

volatile organics, or VOCs, in environmental 

monitoring and occupational safety and 

health. British thermal unit (BTU) systems 

are dedicated process GC instruments 

used to measure BTU or calorifi c value of 

natural gas. The fi nal category is process 

liquid chromatography (LC), which includes 

high-pressure liquid chromatography (HPLC) 

systems and ion chromatography (IC) 

instruments used for process analytics. 

With the trend towards digital solutions and 

the Internet of Things (IoT), plants are learning 

more about their processes and instruments 

that are increasing overall performance and 

reducing operating costs. New plants are 

installing modern process GC instruments 

that do more than just increase product’s 

yield; these instruments can also play a role 

in improving the overall plant operation by 

helping to prevent unscheduled downtimes, 

enabling remote monitoring, and providing 

system diagnostics. 

The total demand for process 

chromatographs was measured at more than 

$200 million in 2017, including instruments, 

parts and consumables, and service. Service 

continues to play a signifi cant role in the 

market and is expected to outpace instrument 

sales. North America and Europe account for 

about half of the market, fueled by robust 

demand for BTU analyzers. North American 

and (Western) European markets will be 

characterized 

by ongoing 

replacement 

and upgrade 

sales to change 

outdated units 

in the installed 

base that do not include the most current 

communication and diagnostic functions, or 

that are obsolete and no longer supported 

by the supplier. Leading suppliers of process 

chromatographs include ABB, Emerson, 

Siemens, and Yokogawa. 

Market size and growth estimates were 

adopted from TDA’s Industry Data, a 

database of technology market profi les and 

benchmarks, as well as the 2018 Instrument 

Industry Outlook report from independent 

market research fi rm Top-Down Analytics. For 

more information, contact Glenn Cudiamat, 

general manager, at +1 (888) 953 5655 or 

glenn.cudiamat@tdaresearch.com. Glenn 

is a market research expert who has been 

covering the analytical instrumentation 

industry for more than two decades.
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News In Brief

 The Column    www.chromatographyonline.com

LCGC TV Highlights

Like us  Join us  Follow Us 

•  The LCGC Blog: Improve Sensitivity and Reproducibility Using Pulsed Pressure Splitless GC 

Injection—In my previous blog, I discussed the possibility of backfl ash in splitless GC injection 

and its effect on quantitative reproducibility and carryover. While much is written in the literature 

on optimization of splitless injection conditions, little is available on the implementation and 

optimization of increased head pressure (pressure pulsed) injection, so we will concentrate on this 

aspect of injection optimization. Read Here>>

•   Safely Delivering the Best Possible Carrier and Detector Gases to Your GC System—The quality 

of a gas chromatogram depends heavily on the quality of the separation and detection gases, 

among many other factors. In this month’s instalment, “GC Connections” discusses ways in which 

chromatographers can ensure a safe working environment while delivering gases that are up to the 

requirements of the separations at hand, in the context of moving a laboratory to a new location. 

Read Here>>

•    Tips, Tricks, and Troubleshooting for Separations of Biomolecules, Part 2: Contemporary 

Separations of Proteins by Size-Exclusion Chromatography—Several new materials and columns 
have been introduced in recent years for size-exclusion separations of proteins. How do I know 

which one to choose, and which separation conditions will be the best for my protein separation? 

Read Here>>

•    Tips & Tricks GPC/SEC: UV–vis Detection—The most commonly applied detector in gel permeation 
chromatography/size-exclusion chromatography (GPC/SEC) is the differential refractive index 
detector, RI. How UV–vis detection, if applicable, adds true value to GPC/SEC applications is 

discussed in this instalment of Tips & Tricks. Read Here>>

•    Biodiesel-Diesel Blend Analysis Using UFGC—Researchers from the College of the Holy Cross 

have developed an ultrafast gas chromatography (UFGC) and chemometric method for the analysis 

of biodiesel blends. Read Here>>

Thermo Fisher Scientifi c Inc. (Waltham, 
Massachusetts, USA) has announced its intent 
to open multiple global customer solution 
centres. These centres will focus on meeting 
the demands of scientists in food, beverage, 
pharmaceutical, and biotech laboratories by 
developing critical workfl ows and integrated 
solutions that help advance chromatography 
and mass spectrometry worldwide. “Our 
network of sites will create hubs around the 
globe for scientists, collaborating organizations, 
and regulatory bodies to work together and 
develop workfl ows that will make the world 
healthier, cleaner, and safer,” said Jakob 
Gudbrand, president, chromatography and 
mass spectrometry, Thermo Fisher Scientifi c. 
For more information, please visit: www.

thermofi sher.com

The annual Sciex Microscale Separations 
Innovation Medal Award for Current and 
Breakthrough Research in the Field of Electro-
Driven Separations has been awarded to 
Aaron Wheeler of the University of Toronto. 
Wheeler’s work in microscale chemical 
analysis has led to hybrid digital/microchannel 
systems for separations and detection. The 
award comprises of a medal, a diploma, and 
$5000 prize and will be presented during 
the International Symposium on Microscale 
Separations and Bioanalysis (MSB2019). For 
more information, please visit: www.chem.

utoronto.ca/ppl/faculty_profi le.php?id=84
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Is it a Good Idea to be a 
Chromatographer?
Incognito wonders if chromatographers are happy with their choice of career.

was shell-shocked, but was I surprised? Is 

this representative? Has my very rewarding 

30+ year career, in which I’ve had four 

jobs and no unemployment or lay-offs, 

softened me to the harsh reality of what 

it’s like to start out again and work your 

way up in the analytical laboratory?

A very recent LCGC salary survey 

(August 2018) (2) contained some useful 

insights into trends and attitudes within 

the analytical laboratory. Some highlights 

worthy of note (n = 124):

• Job security is high with 85% of 

respondents feeling fairly or highly secure 

in their current position and fairly or 

highly optimistic about the future career 

prospects of analytical chemists.

• 71% feel that analytical chemistry careers 

offer a good work–life balance.

• 43% of respondents are planning to 

look for a new job within the next 

year, primarily because of nonmonetary 

dissatisfaction with their employer 

(24.2% of those planning to move in the 

next year), but almost as many cited a 

I read the following on a web page 

entitled “What Is It Like Being a Chemist?”: 

“Poor choice of career: My suggestion 

to anyone wanting to get into this field 

is that STAY AWAY from chemistry. I 

graduated with an M.S. in chemistry back 

in 2007 and worked in several chemical 

and pharmaceutical companies. I can tell 

you that 90% of people I worked with, 

including me, regretted going into this 

field, and I have yet to meet a person who 

likes working with chemicals. Chemistry is 

oversaturated and underpaid” (1).

Another respondent said that there were 

too many chemistry candidates available 

in the job market and many of these have 

PhDs, and that there is no job security 

in this fi eld with many big companies 

outsourcing their R&D and manufacturing 

facilities to Asia. There were also complaints 

about the number of permanent positions 

available and the short notice periods that 

staff on contracts were often given (1). 

After reading this and several of the 

other posts on this and similar pages, I  t
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on employee job satisfaction (in all 
employment areas) (3) rated the top 10 
job satisfaction factors as follows (figures 
in parentheses are % of respondents 
rating this factor as very important and % 
of respondents rating themselves as being 
very satisfied with that factor, n = 600):
1) Respectful treatment of all employees at 
all levels (65,38)
2) Overall compensation package (61,26)
3) Trust between employees and senior 
management (61,33)
4) Job security (58,36)
5) Opportunities to use your skills and 
abilities at work (56,44)
6) Feeling safe in your work environment 
(56,42)
7) Benefits overall (56,31)
8) Organization financial stability (54,33)
9) Communication between employees 
and senior management (53,32)
10) The work itself (51,41)

Much further down the list were 
topics such as training and professional 
development, opportunities for career 
advancement, recognition of achievement, 
and a feeling that you are contributing to 
the wider business, all of which I would have 
personally put much higher on the scale. 

So let’s try and tie the job satisfaction 
factors to the very bleak picture painted in 
the opening post.

monetary motivation to move (19.8%) or 
increased challenge (14.3%).

• 75% would recommend analytical 
chemistry as a career, with positive 
comments on the challenging nature of 
the science, the utility of measurement 
science, and that there is “always a job 
in the drug world”. However, there were 
several negative comments regarding 
how appreciated chromatographers felt; 
one respondent stated: “Separation 
science is viewed only as a tool and 
expertise in the field is not valued”, 
another “Qualifications and experience 
required are high with comparably poor 
return”, and another that “the reality 
is that companies rarely appreciate or 
understand the amount of work and 
effort it takes to deliver results”.

I still wasn’t particularly convinced that 
there are no worrying underlying trends 
here. Whilst comments on job security 
are conflicting, I do see commonality on 
points regarding being undervalued and 
underpaid, if I might put it so bluntly! 

Let’s take a more generic look at some 
“job satisfaction” factors and comment 
whether we feel we are well or poorly 
served as analytical chemists.

A recent (2017) survey by the Society 
for Human Resource Management 
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spanners and electronics as crucial today 

or how many need to understand the 

theory of separation techniques in order to 

properly interpret data or solve problems?

I guess I’m lucky in that I have always 

felt safe in laboratories in which I have 

worked but I wonder if this is the case for 

the majority of readers?

Factor 7, overall benefits, fits closely 

with factor 2, compensation, however, I 

do see more “soft benefits” being offered 

by employees, but do we feel that perhaps 

our friends in other industries get a better 

deal on health insurance, company cars, 

and gym membership?

Finally, to the work itself (factor 10). I’ve 

always been fascinated by chromatography 

and the wider aspects of analytical 

chemistry. I’ve always wanted to learn 

more and absorb as much as possible 

to improve my problem-solving abilities 

and usefulness. I’ve loved working with 

different types of instruments and even 

developing new approaches to analysis 

and automation to get the right results 

for my employer. Perhaps this is just a 

personality trait, but truly I’ve enjoyed 

being a chromatographer.

All of the above is just my opinion. I’m 

sure readers will have their own individual 

take on all of these job satisfaction factors. 

I’m sure that the picture is not so bleak as 

career, being an analytical chemist was 

pretty much a job for life and in many 

cases we could pick which employer’s 

job offer to accept. I know this will be 

difficult to imagine and of course will 

differ depending upon geographical 

location and other demographics, but 

it was true for me and many of my 

colleagues. Why has this changed so 

radically? Obviously the financial and 

business landscape has changed, but I 

also feel, as per the opening post, that 

there are lot more individuals fighting for 

a lot fewer jobs these days. Automation 

and industrialization would be a further 

contributing factor in this, but I’m sure 

there are other significant reasons.

I find the response on factor 5, 

opportunities to use your skills, 

fascinating. What skills do you need to 

have in the laboratory these days? An 

understanding of techniques and when 

they might be applied, an ability to 

interpret data, an ability to manipulate 

samples, mathematics, and statistics, an 

ability to use computer data systems and 

communications? I could (and may well!) 

write a whole instalment on this topic, but 

I do feel that the skill set I needed when 

I began my career is different from those 

currently entering the industry. I wonder 

how many folks rate their ability with 

In my experience the analytical 

laboratory is typically a pretty respectful 

place in which to work, with most people 

working there considering themselves as 

professionals and treat others well. Apart 

from professional disappointments and 

disagreement on scientific approaches 

(which is healthy if managed properly) 

and the usual company politics, I’ve not 

experienced a whole lot of disrespect by 

the company for its analytical staff.

I would say that compensation for 

analytical staff is, on the whole, not so 

good, and whilst I don’t have figures to 

hand, my gut feeling that remuneration 

versus education would not be in the 

upper quartile when compared to other 

professions. 

I feel points 3 and 9 go hand in hand 

and that trust and communication with 

senior management vary widely. In the 

main, I’d say that analytical chemistry is 

seen as a support function and therefore 

we are sometimes out on a limb when it 

comes to communication on strategy and 

performance.

Job security (factor 4) and organization 

financial stability (factor 8) again go hand 

in hand and for anyone working within 

big chemical and big pharma industries 

will know that these cannot be assumed. 

Thirty years ago, when I started my 
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is painted in the opening web page post. 

I also get the feeling that my own career 

has been somewhat “rosy”, but is this 

because of my enjoyment and willingness 

to learn, or have I just been lucky?

I’d really like to hear from individual 

readers on their experiences and reaction 

to this Incognito instalment to get a 

“people’s poll” by which we can measure 

the zeitgeist in the industry—so please do 

feel free to get in touch via kate.mosford@

ubm.com
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Analyzing Artificial Sweeteners as Environmental 
Contaminants
The Column spoke to Núria Fontanals, a senior researcher at the Department of Analytical and Organic Chemistry, Universitat Rovira i 

Virgili, Spain, about her work investigating the impact of artifi cial sweeteners as environmental pollutants using hydrophilic interaction 

chromatography (HILIC) and the broader role of HILIC in environmental analysis.

The outlook for high-intensity sweetener 

consumption during 2016–21 varies by 

region and by sweetener. Considering 

this, the demand for sweeteners is flat or 

declining in North America and Western 

Europe although consumption continues 

to increase in Asia, the Middle East, and 

Africa. In contrast, the consumption of 

acesulfame, sucralose, and stevia extract is 

growing in all regions.

Although controversy surrounds the use 

of sweeteners, most of them have been 

approved in many countries. However, 

some of them are restricted or even 

banned in some countries, for example, 

saccharin, cyclamate, glycyrrhizic acid, and 

NHDC (1).

After years of using artificial sweeteners, 

recent studies have documented their 

widespread occurrence in the environment 

and it is for this reason that they have 

been included in the group of emerging 

Q. When did the issue of artificial 

sweeteners as environmental 

contaminants first come to light?

A: To understand the presence of artificial 

sweeteners in the environment, we should 

first look at their uses and consumption 

historically.

Artificial sweeteners are 

high-production-volume chemicals 

because they are used globally as tabletop 

sweeteners and food additives to sweeten 

diet beverages, pharmaceuticals, and 

some personal care products, including 

toothpastes. Artificial sweeteners approved 

by the European Union (EU) for these 

purposes include acesulfame, aspartame, 

cyclamate, saccharin, sucralose, and 

neohesperidin dyhydrochalcone (NHDC). 

Sweeteners with a natural origin, such 

as stevioside and glycyrrhizic acid, have 

only been permitted in the EU since 

2011. sa
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acesulfame and sucralose—they are found 

in the receiving waters at concentration 

levels that agree with the removal 

efficiency in the treatment plant (4). The 

scenario with acesulfame is similar and it 

is worth noting that this sweetener was 

found at the highest concentration in the 

different environmental compartments 

analyzed. Nevertheless, several 

environmental studies on sweeteners 

are in agreement with respect to the 

distribution of these contaminants in the 

environment. This distribution exhibits 

different concentration values depending 

on the matrix, spatial locations, and the 

weather conditions (5).

Q. Artificial sweeteners do not 

bioaccumulate in humans. Does this 

mean these substances do not pose a 

risk to human populations?

A: As a result of their use as food 

additives, there is an ongoing discussion 

about their potential adverse health 

effects on humans. Based on the current 

literature, risk of artificial sweeteners 

to induce cancer is considered to be 

negligible (6). However, to prevent 

potential danger to humans, EU 

regulations set an upper limit on the 

concentration of artificial sweeteners in 

foods and beverages (7). Furthermore, 

the different geographical regions. Other 

sweeteners, such as aspartame, NHDC, 

neotame, and alitame, are not frequently 

detected, and when they are, the 

concentration levels are much lower (from 

low μg/L to few ng/L depending on the 

WWTP and region).

As for the elimination in the treatment 

plants, on the one hand, cyclamate and 

saccharin are usually biodegraded more 

than 90% during biological wastewater 

treatment and they are, therefore, rarely 

detected, or only at low levels in effluents 

wastewaters. On the other hand, sucralose 

and acesulfame were consistently reported 

to be persistent during conventional 

WWTPs, and they pass through WWTPs 

mainly unchanged. In this sense, the level 

of sucralose reported in effluent of the 

different geographical regions is the same 

as those found in influent (2).

In fact, acesulfame and sucralose have 

been considered as ideal wastewater 

markers to trace contamination in aquatic 

environments because of their recalcitrance 

to transformation, persistence, high water 

solubility, low adsorption capacity on 

soils, high detection frequencies, and 

the high levels of concentration found in 

wastewaters (3).

As artificial sweeteners are not 

completely eliminated—in particular, 

organic contaminants (EOCs). The need for 

accurate and reliable analytical methods 

to determine sweeteners not only in food 

samples, but also in environmental ones 

has become necessary.

Q. How do wastewater treatment 

facilities affect the flow of artificial 

sweeteners into the environment? 

A: As artificial sweeteners are rarely 

metabolized, they are mostly discharged 

through urine and faeces, passing 

unchanged through the human body and 

reaching the wastewater treatment plants 

(WWTPs) at relatively high concentrations. 

Thus, WWTPs are the main source of 

artificial sweeteners in receiving water 

bodies because most of them are not 

completely eliminated. Earlier studies (2,3) 

reported that artificial sweeteners are one 

of the most abundant detected EOCs in 

influents and effluents of WWTPs, with 

concentrations up to a thousand ng/L.

Among the different artificial sweeteners 

used as food additives, acesulfame, 

cyclamate, saccharin, and sucralose are 

recurrent in the different environmental 

compartments. Among them, a substantial 

variation in influent wastewater 

concentration (which is typically at μg/L 

levels) was noted for each treatment 

plant within the same region or among 
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whereas for solid samples it is pressurized 

liquid extraction (PLE).

In detail, for SPE, one way to remove 

organic matter and other interferences 

includes a washing step using an organic 

solvent. However, in nonselective sorbents 

(either silica- or polymeric-based) using 

the organic solvent wash, a significant 

decrease in the recovery values of the 

analytes is observed as a result of the 

disruption of the nonspecific interactions 

between the target analytes and the 

sorbent. In contrast, an aqueous cleanup 

is just able to remove salts and other 

ions (which may greatly interfere during 

hydrophilic interaction chromatography 

[HILIC] separation) in the matrix, but not 

the high organic matter content usually 

found in complex samples. A washing step 

consisting of 10 mL of water was applied 

in the SPE when artificial sweeteners 

were determined by HILIC–high-resolution 

mass spectrometry (HRMS) (10). A 

compromise is to add small percentages, 

that is, up to 10% of organic modifier 

to the aqueous solution, however, this 

strategy is detrimental to the partial 

elution (losses) of the polar compounds 

and limited effectiveness of the cleanup. 

In fact, a 5 mL washing solution based 

on 10% methanol in water provided the 

best compromise between washing of 

renio revealed no toxic effects. However, 

some other studies found that sucralose 

alters the behavioural response of Daphnia 

magna and Gammarus spp., which needs 

to be taken into account because they are 

modifications of the normal behaviour (9).

Consequently, continuous discharge 

and simultaneously chronic exposure 

to artificial sweeteners and their 

transformation products and other EOCs 

may increasingly pose a risk to aquatic 

ecosystems (2). Furthermore, it should 

be considered the risk associated to the 

contribution in the toxicity of each of 

the different contaminants in the same 

environmental compartment; but the 

information in this regard is very limited, 

which is a recurrent pending issue in risk 

assessment.

Q. The nature of environmental 

analysis means that target analytes 

are often contained within complex 

matrices. What methods did you use 

to clean up your samples? What advice 

could you offer to other researchers 

who are likely to encounter the same 

issues?

A: The clean-up strategy is linked to the 

extraction techniques used. One of the 

extraction techniques more used for liquid 

samples is solid-phase extraction (SPE), 

it has established an acceptable daily 

intake between 5 mg/kg and 50 mg/

kg of body weight per day. These levels 

(5–50 mg/kg) are far from the measured 

concentrations (ranging up to μg/L levels) 

of some artificial sweeteners in surface 

water, groundwater, and drinking water. 

Therefore, with the levels found in the 

environment, the potential adverse health 

effects in humans can be considered 

negligible.

Q. What impact do artificial 

sweeteners have on the ecosystem?

A: So far, there is little information 

reported on the toxicity of artificial 

sweeteners to aquatic organisms and 

human health at environmentally relevant 

concentrations (8). Most of these studies 

have focused on sucralose and they 

conclude that this sweetener does not 

alter the survival, growth, or reproduction 

of aquatic organisms at levels above 

those measured is surface waters. They 

also highlight that this compound may 

not cause toxicity to aquatic organisms 

at concentrations lower than 1000 mg/L 

(8), with this value being higher than the 

concentrations reported in the aquatic 

environment. Toxicity studies of sucralose 

on Lemna gibba, Daphnia magna, 

Pseudokirchneriella subcapitata, and Danio 
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a result of the complexity of the solid 

environmental samples, more than one 

clean-up step is usually required and 

different clean-up strategies are combined 

(12).

To summarize, the strategy to clean up 

the matrix should be considered in terms 

of cleaning (reducing the matrix effect), 

but also in maintaining the recovery of the 

target compounds.

Q. Do you have any advice to 

chromatographers starting out using 

HILIC in environmental analysis? Do 

you think there are any reservations 

or misconceptions about switching 

to methods using HILIC stationary 

phases?

A: Before starting to work with HILIC I had 

heard that the rule of thumb of HILIC was 

that the elution order for the same group 

of analytes is opposite to the one achieved 

by reversed-phase LC. However, this is not 

true. It is true that the elution strength 

is opposite to that of reversed-phase LC 

because normally, the separation started 

with a high organic content (up to 98%) 

and this percentage is decreasing as 

the chromatographic run progresses. 

However, it should be noted that during 

HILIC separation there are several 

interaction mechanisms involved because 

interferences and elution of the analytes 

when the artificial sweeteners were 

determined by SPE/reversed-phase liquid 

chromatography (LC)–MS/MS (5).

When the target analytes are ionizable, 

using mixed-mode ion-exchange sorbents 

of the opposite charges of the target 

compounds is a suitable option because 

during the cleanup based on organic 

solvent the target analytes still remain 

ionically retained (11).

In the case of solid samples extracted 

using PLE, one of the most straightforward 

strategies includes in-cell and on-cell PLE 

cleanup. In the in-cell cleanup, a sorbent 

(typically, alumina, silica, and florisil, 

among others) is placed in the extraction 

cell with the sample instead of inert 

material to retain interfering substances. In 

the case of on-cell cleanup, a solvent with 

complementary properties to the one used 

in the extraction is passed through the 

sample before the extraction itself.

Another strategy is to load the extract 

from PLE to SPE using similar sorbents 

to the ones described to clean up 

liquid samples. This usually involves the 

complete or partial evaporation of the 

PLE extract, which is much more tedious 

and time-consuming. In spite of this, 

this is currently the most commonly 

used clean-up strategy. Furthermore, as 
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time of 25 min, whereas the total analysis 

time for the reversed-phase LC method 

was 15 min with only a couple of minutes 

of equilibration time.

Apart from this, because HILIC delivers 

multimodal interactions, the optimization 

of the separation for a certain group 

of compounds might take longer than 

the optimization of the same group 

of compounds in reversed-phase LC. 

Moreover, if the optimization is not 

performed carefully it may end in failure. 

For example, in the study where the 

reversed-phase LC method was selected to 

separate the group of artificial sweeteners, 

the HILIC approach was preliminarily 

evaluated, which in this case was not able 

to successfully separate them (5).

One of the greatest advantages in the 

HILIC method developed for the artificial 

sweeteners over the reversed-phase LC 

method was the possibility of directly 

injecting the organic extract obtained from 

SPE into the HILIC–HRMS system (10). In 

both methods, the SPE ended with 5 mL 

of methanolic extract. This extract was 

directly injected in the LC instrument with 

the HILIC column because the separation 

started with 98% of acetonitrile. In 

contrast, the extract was evaporated to 

dryness and reconstituted with 2 mL (for 

surface waters) and 5 mL (for sewage 

stationary phase to obtain reproducible 

retention times. Thus, this should be kept 

in mind when optimizing any HILIC-based 

method. Strategies to improve this 

limitation or the use of stationary phases 

addressing this issue should be explored in 

the future (13).

Q. In 2015 your research group 

published two papers on the 

determination of artificial sweeteners 

in aquatic environments. One used 

HILIC–HRMS while the other used 

reversed-phase LC–MS/MS. What are 

the advantages and limitations of each 

method?

A: The general advantages and limitations 

as commented above are all mainlly 

translated to this particular comparison of 

the reversed-phase LC- (5) and HILIC- (10) 

based methods to determine a group of 

sweeteners from complex environmental 

samples.

The chromatographic separation using 

HILIC was achieved within a short elution 

time (about 8 min) (10) compared with the 

elution time (11 min) in reversed-phase LC 

(5). Nevertheless, one should also account 

for the equilibration time needed in HILIC 

to obtain reproducible separations. Thus, 

in the HILIC method the column was 

equilibrated for 8 min with a total analysis 

it usually displays models of multimodal 

interactions. Thus, before starting with 

the chromatographic separation, one 

should carefully devise the structure of the 

compounds to be separated as well as the 

feasible interaction points between the 

stationary phase and the compound.

The characteristics of stationary 

phase, including the types such as bare 

silica, amino, diol, or zwitterionic, and 

the parameters of the mobile phase, 

such as the proportion of organic–

aqueous solvent, pH, and the type and 

concentration of additive salts highly 

affect the retention and selectivity of 

the HILIC separation. These parameters 

should be carefully considered during the 

optimization of the HILIC performance. 

Moreover, their influence must always be 

assessed experimentally for any particular 

separation using either univariate or 

multivariate analysis.

Another issue that one should consider 

is when the HILIC column is connected to 

the mass spectrometer detector because 

of the variances during the ionization of 

the compounds. Therefore, I advise the 

HILIC user to re-optimize the analytical 

conditions if they have to analyze complex 

samples. 

One limitation found in HILIC is the long 

times required for the equilibration of the 
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field. In summary, as most of the EOCs 

have polar properties, HILIC has proven to 

be an excellent alternative to determine 

several EOCs whose polar properties 

caused problems in retention, separation, 

and detection when using conventional 

reversed-phase LC methods. Furthermore, 

the advances in HILIC might anticipate 

its continuing and further application in 

future studies in the environmental field.

As one of the advantages of HILIC is 

the possibility to directly inject organic 

extracts, another possible field is to 

analyze those polar compounds that are 

lost during evaporation, and that the 

injection of them in pure organic solvent in 

reversed-phase LC appears in the form of 

distorted peaks. 

Q. What is your group focusing on at 

the moment?

A: The research group has a transversal 

research line based on the development 

of analytical methods to determine trace 

levels compounds (mostly contaminants) 

in different environmental samples to 

figure out the contamination. For solid 

samples, PLE and QuEChERS are typically 

used, whereas for liquid samples SPE is 

mainly used. In addition, novel materials 

with high capacity or selective properties 

are developed, evaluated, and exploited in 

waters) of aqueous-based solution in the 

reversed-phase LC method because the 

separation started with 5% of acetonitrile 

(5). The elimination of the evaporation 

step highly simplified the sample treatment 

procedure.

Regarding the matrix effect, the values in 

the form of ion suppression in all instances 

obtained in the reversed-phase LC–MS/MS 

method ranged from -6 to -72 (5), whereas 

the values in the HILIC–HRMS method 

were lower (ranging from -9 to -42) (10). 

Nevertheless, these matrix effect values 

cannot be strictly compared because the 

source of the samples was different and 

the instruments, as well as its ionization 

source configuration, were not the same.

As for the limits of detection achieved 

in both methods, they are of low ng/L. 

Again, this comparison is not pertinent 

because of the different detectors used in 

the two methods.

Q. Are there any other areas of 

environmental analysis where you 

think HILIC could be useful?

A: Last year we published a review 

(13) on the determination of EOCs in 

environmental samples using HILIC with 

a mass spectrometry detector. In this 

review, there is a summary of the most 

relevant and sorted applications in this 
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different sorptive extraction techniques. 

The sample treatment step is followed by a 

separation technique (gas chromatography 

[GC], reversed-phase LC, HILIC, or capillary 

electrophoresis [CE]) connected to mass 

spectrometer detectors (QqQ and orbitrap 

as analyzers) to enhance the selectivity and 

the sensitivity of the method.

These methods allow the determination 

of EOCs, including drugs, sweeteners, 

high-production-volume chemicals, musks, 

and plastic additives, among others, 

at trace levels from samples such as 

surface and sewage water, sludge, biota, 

biological fluids, or air. Additionally, from 

the occurrence of these EOCs, the risk 

assessment in humans is being evaluated.
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EVENT OVERVIEW: 

Direct mass spectrometry (DMS) eliminates chromatography and 

therefore accelerates sample throughput compared to conventional 

methods used for volatile organic compound (VOC) analysis. Selected 

ion flow tube mass spectrometry (SIFT-MS) is a leading DMS technique, 

providing rapid switching of chemical ionization agents to maximize 

selectivity and breadth of analysis.

This webcast is the second in a three-part series on enhanced envi-

ronmental monitoring using SIFT-MS. This event focuses on the gains 

obtained from adopting automated DMS in environmental testing 

laboratories, which include reduced sample prep and higher sample 

throughput. Five case studies will be presented:

■ Water headspace analysis

■ Soil analysis

■ Formaldehyde analysis from sample bags

■ Canister analysis

■ Landfill and biogas analysis

Who Should Attend 

■ Laboratory Managers / Directors / Supervisors

■ Analytical Chemists

■ Gas chromatography and GC-MS users

■ LC users analyzing small molecules, including formaldehyde

ENHANCED ENVIRONMENTAL 
MONITORING SERIES | PART 2  

Five High-Throughput Lab 
Applications of Direct MS

LIVE WEBCAST Wednesday, Nov. 7, 2018 at 11am EST | 8am PST | 4pm GMT | 5pm CET

Sign up for the Entire Series: www.chromatographyonline.com/lcgc_p/directms_series

For questions contact Kristen Moore at 

kristen.moore@ubm.comcom

www.chromatographyonline.com/

lcgc_p/directms_series

Register for the  
whole series:

All attendees will receive a FREE executive summary of the webcast!

Key Learning Objectives

■ Observe the throughput gains achievable 
with SIFT-MS for diverse matrices: air, soil, 
and water

■ Learn how readily methods are validated 
for direct MS
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in different analytical methods in 

order to enhance the sensitivity and 

selectivity in the determination of 

challenging compounds in complex 

samples. Moreover, she has extensive 

experience in the development of 

sample treatment procedures 

followed by liquid chromatography 

with tandem mass spectrometry and 

high resolution mass spectrometry 

methods for environmental and food 

analysis. From this research career 

has emerged one patent, six book 

chapters, 70 peer-reviewed papers, 

and more than 60 communications in 

conferences.

the supervision of Francesc Borrull 

and Rosa M. Marcé, following two 

postdoctoral periods. The first one 

in the Department of Analytical 

Chemistry in the University of Lund 

(Sweden) with J.A. Jonsson; and, 

then in the polymer research group 

in the University of Strathclyde 

(Glasgow, UK) with David C. 

Sherrington and Peter A.G. Cormack. 

In 2007, she reincorporated in the 

same research group at URV, where 

in collaboration with the Strathclyde 

research group, she leads a research 

line devoted to the development 

of novel materials to be applied 

E-mail:  nuria.fontanals@urv.cat
Website:  http://rodi.urv.es/~gcroma/wordpress/?lang=en

Sponsored by Presented by

EVENT OVERVIEW: 

When paired with the PLC purification systems, centrifugal 

partition chromatography (CPC) systems provide an entirely 

automated purification solution, capable of purifying 

compounds from natural product crude extracts. CPC is 

a liquid-liquid purification technique that uses two non-

miscible liquid phases rather than a solid stationary support 

to prompt separation of analytes in a sample. Over the course 

of this webcast, I will touch on the key concepts of CPC that 

you should consider when determining the appropriate 

parameters to meet your purification goals.

■ General Principles of how CPC Works

■ Solvent System Determination — Partition Tests via 

“Shake Flask” Method

■ Steps of a CPC Purification Run

■ Effects of CPC Parameters on Separation

Who Should Attend 

■ Lab Managers and analytical scientists

Key Learning Objectives

■ Basic concepts of CPC

■ Steps to determine an ideal CPC solvent 

system

■ How to optimize a CPC method

For questions contact Ethan Castillo at 

ethan.castillo@ubm.com

Presenter

Lauren Pahnke

Application Specialist 

Gilson, Inc.

Moderator

Laura Bush 

Editorial Director 

LCGC

Natural Product Purification 

by Centrifugal Partition 

Chromatography (CPC)

All attendees will receive a free executive summary of the webcast!

ON-DEMAND WEBCAST  Aired October 15, 2018

Register for this free webcast at www.chromatographyonline.com/lcgc_p/natural
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Capitalizing on 
the Benefits of Ion 
Mobility for Metabolite 
Identification 

The goal of metabolite identification groups is to de-risk compounds 
moving into development by ensuring they have favourable metabolic 
profiles before clinical trials are initiated. Liquid chromatography–
mass spectrometry (LC–MS) is a well-established technology for 
this purpose, as a result of its ability to selectively and accurately 
distinguish drugs and their metabolites. Ion mobility spectrometry 
(IMS) can add another critical dimension of separation by improving 
spectral clarity and generating collision cross section (CCS) values 
to track metabolites across multiple analysis conditions. Modern 
software platforms have now evolved to solidify the value of IMS for 
the field of metabolite identification.

Nathan Anderson, Waters, Milford, Massachusetts, USA

drug submitted for FDA approval, and the 

agency’s subsequent refusal to consider the 

application, illustrates the risk of incomplete 

characterization of clinically relevant 

metabolites (1). Additional technologies, 

Metabolite identifi cation plays a crucial role 

in drug development, leading to a constant 

need to evaluate new technologies that can 

improve data quality or increase effi ciencies. 

The recent example of a multiple sclerosis O
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Challenges in Extracting 
Perfluorinated Compounds 
in Drinking and Wastewaters 

For questions contact Kristen Moore at Kristen.Moore@ubm.com

3HU�XRULQDWHG�FRPSRXQGV��3)&V��DUH�D�JURXS�RI�FRPSRXQGV�WKDW�DUH�
KLJKO\�UHVLVWDQW�WR�GHJUDGDWLRQ��HYHQ�ZKHQ�PHWDEROL]HG�RU�H[SRVHG�WR�
KDUVK�HQYLURQPHQWDO�FRQGLWLRQV��7KHLU�SHUVLVWHQFH�DOORZV�WKHP�WR�
DFFXPXODWH�LQ�ZDWHU�VRXUFHV��SDUWLFXODUO\�WKRVH�XVHG�IRU�FRQVXPSWLRQ��
2QH�RI�WKH�ELJJHVW�FKDOOHQJHV�ZKHQ�H[WUDFWLQJ�WKHVH�FRPSRXQGV�LV�
PLQLPL]LQJ�LQWHUIHUHQFHV�DQG�RSSRUWXQLWLHV�IRU�FRQWDPLQDWLRQ�GXULQJ�
VDPSOH�SUHSDUDWLRQ�DQG�DQDO\VLV��$V�3)&�FRPSRXQGV�DUH�KLJKO\�VWDEOH�
DQG�QRQ�UHDFWLYH��WKH\�KDYH�EHFRPH�FRPPRQO\�XVHG�PDWHULDOV�IRU�
HTXLSPHQW�SDUWV�DQG�ODERUDWRU\�VXSSOLHV��

-RLQ�WKLV�ZHEFDVW�WR�

̽� 5HYLHZ�(3$�0HWKRG�����ZLWK�HPSKDVLV�RQ�KRZ�WR�GHPRQVWUDWH�ODFN�RI�
V\VWHP�FRQWDPLQDWLRQ�DQG�VDPSOH�WR�VDPSOH�FDUU\RYHU

̽� 6HH�GDWD�IRU�WKH�H[WUDFWLRQ�RI�XS�WR����3)&�FRPSRXQGV�RQ�DQ�
DXWRPDWHG�VROLG�SKDVH�H[WUDFWLRQ�V\VWHP�LQ�PXOWLSOH�ZDWHU�PDWULFHV

̽� ,QYHVWLJDWH�FKDOOHQJHV�ZLWK�DQDO\WH�UHFRYHULHV�ZKHQ�H[WUDFWLQJ�3)&�
FRPSRXQGV��IROORZLQJ�(3$�0HWKRG����

KEY LEARNING OBJECTIVES

̽� 6HH�DQ�RYHUYLHZ�RI�(3$�0HWKRG�����ZLWK�D�VXPPDU\�RI�SRWHQWLDO�SLWIDOOV

̽� 5HYLHZ�FRPSDUDWLYH�GDWD�IRU�WKH�H[WUDFWLRQ�RI����DQG����3)&�FRPSRXQGV�
ZLWK�UHIHUHQFH�WR�(3$�0HWKRG�����IRU�JXLGDQFH�

̽� 'LVFRYHU�WRROV�IRU�RYHUFRPLQJ�WKH�FKDOOHQJHV�DVVRFLDWHG�ZLWK�
FRQWDPLQDWLRQ�DQG�LQFRQVLVWHQW�DQDO\WH�UHFRYHULHV

LIVE WEBCAST
Thursday, October 25, 2018 at 11am EDT | 8am PDT | 4pm BST | 5pm CEST

Register for free at http://www.chromatographyonline.com/lcgc_p/extracting  
Can’t make the live webcast? Register now and view it on-demand after the air date.
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WHO SHOULD ATTEND

̽� /DERUDWRU\�0DQDJHUV

̽� &KHPLVWV
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̽� 4XDOLW\�$VVXUDQFH�3HUVRQQHO

to determine what overall biotransformations 

have occurred and what the structures look 

like over many samples or studies.

A variety of LC–MS instrumentation can 

be used for metabolite identifi cation (4), 

including tandem quadrupole, quadrupole 

time-of-fl ight (QTOF), and orbital trap. 

Correspondingly, different acquisition 

methods are also employed, such as 

data-dependent and data-independent 

acquisition (DDA and DIA, respectively). 

DDA methods, such as MS2, typically 

involve generating an inclusion list of 

likely metabolites a priori so that as many 

metabolites as possible are identifi ed 

and collected with useful fragmentation 

information. DDA reduces processing time 

and fi le size, while providing good, quality 

spectra for expected molecules. The 

potential downside is missing unexpected 

metabolites that are not part of the 

inclusion list, a critical risk in metabolite 

identifi cation (5). DIA methods, such as 

full scan or MSE, solve this problem by 

generating information on all components for 

all product ions. This reduces the potential 

for missed metabolites, but can also be 

time-consuming because of the amount of 

data produced (6). MSE rapidly alternates 

between full scan low collision and high 

collision energies, allowing both precursor 

(drug and metabolite) and product ion high 

such as ion mobility spectrometry (IMS), 

continue to gain attention in efforts to avoid 

complications and answer critical questions 

earlier in the process. 

The metabolite identifi cation challenges 

that technologies such as IMS can address 

depend on the drug development stage. 

Discovery laboratories need to identify key 

major metabolites and metabolic profi les 

for potentially hundreds of compounds in 

a short time frame. Preclinical development 

groups will need to more thoroughly 

characterize fewer numbers of compounds 

over a longer period of time, with effi cient 

processes in place to meet the higher 

standard for reporting (2). In addition, 

technical methods developed for traditional 

therapies, such as small molecules, might not 

necessarily translate to newer biotherapeutic 

development (3). However, the biggest 

challenge might be balancing the workfl ow 

with the quality of the acquired data. 

LC–MS Technologies and Ion Mobility in 

Metabolite Identifi cation

Liquid chromatography–mass spectrometry 

(LC–MS) helps to address these challenges 

by separating compounds in mixtures using 

two dimensions, namely retention time (RT) 

and mass-to-charge ratio (m/z). Careful and 

reproducible analytical measurement of both 

properties usually allows the DMPK scientist 
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CESI-MSMS: Quantitation of Highly Polar 
Pesticides Beyond the Limitations of LC-MSMS 

For questions contact Kristen Moore at Kristen.Moore@ubm.com

Register for free at http://www.chromatographyonline.com/lcgc_p/limitations
Can’t make the live webcast? Register now and view it on-demand after the air date.

Concerns about the health effects caused by biogenic and anthropogenic 

interferents, along with the large amounts of pesticides that are used 

each year, are driving the need to better quantitate residues of highly 

polar pesticides. 

Unfortunately, analysis with LC-MSMS can suffer from matrix suppression, 

poor retention time stability, and limited by the lack of polar counterpart 

to the reversed phase multi-residue screens capable of testing for 

hundreds of compounds.

In this webcast, you will see how CESI-MSMS has been highly effective 

for the analysis of charged pesticides including glyphosate, AMPA, 

glufosinate, fosetyl-Al, phosphonic and phosphoric acids, ethephon, 

paraquat, diquat, mepiquat, and chlormequat in tree nut matrices, all 

within a single run (vs 3 runs on different columns with LC-MSMS).   

KEY LEARNING OBJECTIVES

̽� 'LVFRYHU�KRZ�&(6,�06�06�KDV�EHHQ�KLJKO\�HIIHFWLYH�IRU�WKH�DQDO\VLV� 

of charged pesticides all within a single run (vs 3 runs on different 

FROXPQV�ZLWK�/&�06�06����

̽� /HDUQ�KRZ�WKH�XOWUD�ORZ��RZ�UDWHV�DVVRFLDWHG�ZLWK�&(6,�JUHDWO\� 

reduce matrix suppression to achieve high linear response over  

2+ orders of magnitude. 

WHO SHOULD ATTEND

̽� /DE�VFLHQWLVWV�RU�PDQDJHUV�ZRUNLQJ�RQ�GL�FXOW�/&�EDVHG�VHSDUDWLRQV

̽� 7KRVH�LQWHUHVWHG�LQ�SRODU�SHVWLFLGH�DQDO\VLV�XWLOL]LQJ�DQ�RUWKRJRQDO�

WHFKQLTXH�WR�/&�06

LIVE WEBCAST
EUROPE: Wednesday, October 17, 2018 at 3pm BST | 4pm CEST

US: Wednesday, October 17, 2018 at 2pm EDT | 1pm CDT | 11am PDT

ASIA PACIFIC: Thursday, October 18, 2018 at 11am CST | 12pm JST | 1pm AEST
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Figure 1: Low and high energy spectra for the dihydroxylated glucuronide metabolite of 
buspirone showing precursors and fragment ions with the same RT: (a) without ion mobility 
and (b) with ion mobility. (c) Tracking of the hydroxylated glucuronide metabolite of nefazodone 
using its CCS value across different chromatographic acquisition times, 5, 10, and 15 min. 
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EVENT OVERVIEW: 

Direct mass spectrometry (DMS) utilizing soft chemical ionization 

provides continuous sample analysis with high sensitivity and selectiv-

ity. Selected ion flow tube mass spectrometry (SIFT-MS), in particular, 

is unique among DMS techniques in that it provides rapid switching 

of the chemical ionization agents. SIFT-MS provides class-leading 

selectivity coupled with comprehensive detection of volatile organic 

compounds and inorganic gases.

This webcast is the first in a three-part series on enhanced environmen-

tal monitoring using SIFT-MS. Here, we focus on continuous monitor-

ing applications for industry using a variety of case studies, including:

■ Fenceline monitoring

■ Real-time stack gas analysis

■ Odor characterization at the source

■ Continuous odor monitoring

Key Learning Objectives

■ Learn the fundamentals of the selected ion flow tube mass 
spectrometry (SIFT-MS) analytical technique, including its ability to 
sensitively detect diverse odorants

■ Understand how SIFT-MS compares with traditional odor 
measurement techniques – both instrument and human

■ Through case studies, discover how SIFT-MS can provide enhanced 
odor analysis, from profiling odor sources to fenceline monitoring

Who Should Attend 

ENHANCED ENVIRONMENTAL 

MONITORING SERIES | PART 1  
Six Fenceline and Odor 
Applications of Direct MS

LIVE WEBCAST Monday, October 22, 2018 at 11am EDT| 8am PDT| 4pm BST| 5pm CEST

Sign up for the Entire Series: www.chromatographyonline.com/lcgc_p/directms_series

For questions contact Kristen Moore at 

kristen.moore@ubm.comcom

■ Environmental engineers and 
scientists

■ Process engineers

■ Analytical chemists

■ Odor specialists

■ Sensory scientists

■ Laboratory Managers / 
Directors / Supervisors

■ QA/QC managers and 
scientists

www.chromatographyonline.com/

lcgc_p/directms_series

Register for the  
whole series:

All attendees will receive a FREE executive summary of the webcast!

In addition, the data can be stored and 

re-interrogated at a later time point or used 

to compare across experiments.

IMS improves data quality and adds another 

dimension of separation for the identifi cation 

and structural elucidation of metabolites, 

as shown in Figure 1 (11). Spectral clarity 

is improved by using DT to align retention 

time data and fi lter out nonpertinent ions, 

which is especially important when looking 

for metabolite fragment ions in biological 

matrices of preclinical toxicity models (12). 

In addition, the precise CCS value, which is 

matrix and ion-concentration independent, 

can be used to track isomeric metabolites 

across chromatographic conditions and 

resolve coeluting compounds throughout 

the entire drug development life cycle 

(13). A single compound will spend years 

progressing through development, being 

tested in increasingly more complex biological 

systems, and resulting in more detailed 

data sets. This ability to more confi dently 

detect, characterize, and track metabolites 

across time and geographies without 

worrying about varying chromatographic 

conditions greatly eases the burden of the 

biotransformation scientist.

IMS adds value for the biotransformation 

scientist, no matter the drug development 

stage. In discovery, the key biotransformation 

pathways of a compound must be 

resolution accurate mass measurements to be 

obtained. 

IMS has now evolved to afford an added 

dimension of separation to metabolite 

identifi cation, based on an ion’s size and 

shape, along with an accurate mass-to-charge 

ratio, as it passes through a gas such as 

nitrogen. This property can be used to 

generate a collision cross section (CCS) value, 

correlated to its drift time (DT), that describes 

the ion’s overall size (infl uenced by structure, 

charge, conformation, and interaction with 

the gas) (7). When combined with MSE, this 

acquisition method generates high defi nition 

MSE (HDMSE) data. The development of 

IMS is decades-old, but its availability in 

combination with commercialized LC–MS 

instruments has led to increased interest 

in its relevance for a range of applications, 

including metabolite identifi cation (8,9). 

Ion mobility supported on commercial 

LC–MS platforms now includes traveling 

wave ion mobility (TWIMS), drift tube ion 

mobility (DTIMS), and trapped ion mobility 

(TIMS), all of which generate CCS values 

that can be stored in customized libraries. 

Differential ion mobility (DMS) and high fi eld 

asymmetric waveform ion mobility (FAIMS) 

improve selectivity; however, they do not 

generate CCS values. Each of the ion mobility 

techniques generates quality data, but DIA 

ensures that no metabolites are missed (10). 
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The measurement of dioxins and dioxin-like compounds in food and 

feed (ingredients) is an important task within the EU food safety policy. 

It has been heavily documented and described in detail in official 

EU Regulation documents for the last 20 years. Such measurements 

require the best available gas chromatography–mass spectrometry 

(GC-MS) technology in terms of sensitivity and specificity. Both gold 

standard sector MS and triple quadrupole MS analyzers, performing in 

isotope dilution (ID) mode, are used as confirmatory tools for precise 

and accurate measurements under the EU legislation. The required 

sensitivity is achieved by performing in selected ion monitoring (SIM) 

or selected reaction monitoring (SRM), limiting the measurements 

to the specific target analytes for which EU maximum levels were 

established. Comprehensive two-dimensional GC coupled with time-

of-flight MS (GC×GC–TOF-MS), acquiring all masses within a defined 

mass range, has been used for dioxin measurement in the past but was 

suffering from limited sensitivity at the high femtogram level, despite 

the zone compression effect of the modulator. In this talk, we discuss 

the use of a new generation of GC×GC–TOF-MS systems for targeted 

and non-targeted measurements of dioxins in food and feed samples.

Who Should Attend

■ Food and environmental analysts and regulators, particularly those 

working in or concerned about the analysis of dioxins in food and 

feed

Key Learning Objectives

■ The challenges of the analysis of dioxins 

in food and feed

■ How different analytical techniques  

— particularly GC with triple-

quadrupole MS, sector MS, or TOF-MS 

detection — can be used for the analysis 

of dioxins, including a discussion of 

limits of detection

■ How GC×GC–TOF-MS can be used for 

femtogram-level detection of dioxins in 

food and feed

For questions contact Kristen Moore at 

kristen.moore@ubm.com

GC×GC–TOF-MS in  
Food and Feed Control 
Going Beyond Dioxin Measurements

Presenters

Jean-François (Jef) 

Focant
Head of the Chemistry 
Department
University of Liège, 
Belgium

Moderator

Laura Bush 
Editorial Director 
LCGC

All attendees will receive a free executive summary of the webcast!

Register for this free webcast at : www.chromatographyonline.com/lcgc_p/measurements
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LIVE WEBCAST: Friday, October 26, 2018 at 11am EDT | 8am PDT | 4pm BST | 5pm CEST

Figure 2: (a) Extracted ion chromatograms of identifi ed catabolites for the somatostatin 
peptide analogue at 30 min, 60 min, and 240 min of incubation, highlighting the loss of 
substrate and appearance of catabolite at 10.60 min. (b) Proposed structure of the catabolite 
peptide-895 (6-10), with cleavage of the cyclic moiety of the peptide. A degree of the 
confi dence in peptide identifi cation is shown by the number of matches vs. mismatches using 
the ion mobility fragmentation data, in this case 23 vs. 0.
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In discovery, the algorithms used to make 

metabolic predictions must be suited to 

high throughput, multicompound, batch 

processing. In order to de-risk a candidate 

compound in a lead optimization program, 

that information must be fed back into the 

process in an effi cient manner for the next 

round of compound design. In development, 

throughput needs decrease, but compliance, 

audit trails, and fi t-for-purpose reporting 

become increasingly important. 

Molecule type is also a consideration when 

choosing the appropriate software platform. 

Compared to traditional small molecule 

development, metabolite identifi cation 

software for peptides must address a larger 

number of potential cleavages, have more 

predictable rules than for small molecules, 

and must be able to handle both linear and 

cyclic forms (15). Software programs that 

characterize clearance and metabolic fate 

of these biotherapeutics are quickly being 

developed with improved functionality.

Many software programs for metabolite 

identifi cation are exclusively for use with 

specifi c vendor instrumentation, integrating 

their technology or acquisition method 

into the overall workfl ow (16). Third party 

software, on the other hand, is intentionally 

agile and vendor agnostic so that it can be 

used as a common platform in laboratories 

that might have a variety of equipment 

understood, and chemical groups that are 

liable or have potential for toxicity must be 

replaced. If this is not done accurately, it is 

very diffi cult to determine if a metabolite 

originated from or via a reactive intermediate 

pathway and this can lead to costly reanalysis. 

As the compound moves into preclinical 

development, the concern is with comparing 

metabolites formed across species in order 

to choose or validate a model toxicity species 

that can represent human metabolism. Better 

spectral clarity through IMS greatly improves 

the scientist’s ability to precisely identify and 

elucidate all metabolite structures throughout 

drug development. In addition, the ability 

to track or assign the metabolite with more 

confi dence across different matrices and 

species using both mass and CCS as a drug 

moves towards defi nitive human studies is 

critical. 

The Importance of Software for Ion 

Mobility Data Interpretation

LC–MS in combination with IMS generates 

high-quality data that directly impacts the 

confi dence of later conclusions; however, 

software is needed to easily manage, analyze, 

and store these complex data sets effi ciently. 

Fortunately, several solutions have been 

developed that incorporate IMS into software 

packages at each stage of development and 

across molecule types (14).

Sponsored by

A Useful Method Development 
Strategy for Larger Protein 
Variant RPLC Separations

For questions contact  
Kristen Moore at  

Kristen.Moore@ubm.com

Register for free at http://www.chromatographyonline.com/lcgc_p/protein
Can’t make the live webcast? Register now and view it on-demand after the air date.

The number of biotherapeutic drugs including mAbs, and their related 
products such as antibody-drug conjugates (ADCs), has been growing rapidly, 
particularly so in the last decade. The development and commercialization of 
WKHVH�FRPSOH[�HQWLWLHV�LV�D�FRPSOLFDWHG�SURFHVV��DQG�UHTXLUHV�D�VLJQL�FDQW�
amount of effort and capability—especially in column chromatographic 
separations. This has created a need for chromatographers to separate large 
(> 50,000 MW) and complex proteins, such as monoclonal antibodies (mAbs), 
and their variants via UHPLC/HPLC. 

We will discuss how to approach your method development strategy by 
adjusting different parameters of your separation to ensure that you are 
seeing all of the variants of your complex proteins. These parameters include: 
SRUH�VL]H��ERQGHG�SKDVH�FKHPLVWU\��PRELOH�SKDVH�PRGL�HUV��PRELOH�SKDVH�
additives, and column temperature. Systematic selection and adjustment of 
these variables leads to improved resolution of highly similar protein variants. 
Examples of this approach include high resolution intact protein LC/MS 
DQDO\VLV�RI�GL�FXOW�,J*�PL[WXUHV��VXFK�DV�WKH�FRPSOH[�PL[WXUHV�RI�ORZHU�
abundance free sulfhydryl variants present in therapeutic mAbs.

Join us as we discuss the resolution of these challenging molecules, and as 
ZH�RXWOLQH�D�VWUDWHJ\�WR�GH�QH�YDULDQW�SURWHLQ�LVRIRUPV�LQ�WKHUDSHXWLF�P$EV�

KEY LEARNING OBJECTIVES

̽� 'HYHORS�D�VWUDWHJ\�IRU�ELRWKHUDSHXWLF�PHWKRG�GHYHORSPHQW�IRU�ODUJH�
complex proteins (> 50,000 MW)

̽� /HDUQ�KRZ�WR�XWLOL]H�ODUJHU�SRUH�VL]HV�WR�LPSURYH�WKH�H�FLHQF\�DQG�
robustness of your large complex protein separations 

̽� 5HYLHZ�VHYHUDO�H[DPSOHV�LQ�ZKLFK�VHYHUDO�GLIIHUHQW�VHSDUDWLRQ�SDUDPHWHUV�
were used to improve protein separations

WHO SHOULD ATTEND

̽� 0HWKRG�GHYHORSHUV�IRU�8+3/&�83/&�DQG�+3/&�PHWKRGV�IRU�ELRPROHFXOHV�
in pharmaceutical, chemical, clinical, environmental, agrichemical, 
university and governmental laboratories

̽� /&�&KURPDWRJUDSKHUV�ORRNLQJ�WR�VHSDUDWH�PRQRFORQDO�DQWLERGLHV��P$EV��
(>50,000 MW)
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time frame, at the appropriate phase of the 

drug discovery and development process. 

IMS delivers this capability by adding another 

separation dimension that increases confi dence 

in identifi cation and structural elucidation, 

distinguishes coeluting metabolites, and 

tracks metabolites across different matrices 

and chromatographic conditions using CCS 

values. When combined with the effective 

software, ion mobility can improve effi ciencies 

and workfl ows to deliver real value to the 

metabolite identifi cation laboratory.
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EVENT OVERVIEW: 

High-throughput glycan screening and identification has 

typically been a bottleneck in clone selection and cell 

culture optimization. However, obtaining N-glycosylation 

data early on significantly increases your chances of select-

ing the right clones or cell culture conditions.

In this webcast, we will discuss the repeatability of a high-

throughput glycan screening technology that will allow 

you to make better decisions in real time.

Key Learning Objectives

■ Accelerate clone selection and cell culture optimization 

workflows

■ Discover how you can reproducibly screen N-glycans

■ Learn how to automatically identify core N-glycans 

associated with your samples

Who Should Attend 

■ Bioprocessing laboratory managers 

and scientists at biopharmaceutical 

companies and contract research labs 

performing clone selection and cell 

culture optimization

■ LC and CE users looking for increased 

screening capabilities
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Using Liquid Chromatography 
with QTOF High Resolution Mass  
Spectrometry to Identify Emerging  
Contaminants in Urban Waters

LIVE WEBCAST
EUROPE: Thursday, October 18, 2018 at 4pm BST | 5pm CEST
NORTH AMERICA: Thursday, October 18, 2018 at 2pm EDT | 1pm CDT | 11am PDT

Join Edward Kolodziej as he shares his research and application  
of LC–QTOF-HRMS in the analysis of urban stormwater.  
His research efforts focus on the identification of emerging organic 
contaminants in urban stormwater and receiving waters, especially 
those impacted by roadway runoff, as well as the evaluation  
of potential sources of observed contaminants. You will learn  
more about his analytical approaches including workflow, key 
instrumentation, and data anlaysis to help identify prospective 
toxicants and high-priority contaminants in urban waters.
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of emerging contaminants in water.
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similarity and prioritize identification efforts.
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receiving waters.
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lab staff, urban planners, governmental laboratory staff,  
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On The Trail of The 
Lonesome Pine

—Interview by Kate Mosford

The Column spoke to Linda Schreiner and Andrea Buettner of the 
Fraunhofer Institute for Process Engineering and Packaging IVV and the 
Friedrich-Alexander-Universität Erlangen-Nürnberg in Germany, about 
their work investigating Scots pine for odour-active compounds using 
two-dimensional gas chromatography (2D-GC).

Q. What analytical challenges did you 

encounter and how did you overcome 

them? 

Linda Schreiner: A particular analytical 

challenge was the high amounts of resin 

acids and terpenoic substances present 

in the wood samples. Many of them are 

not odour-active themselves but covered 

the interesting odour-active regions of the 

chromatograms. Using two-dimensional 

gas chromatography (2D-GC) helped us 

to separate those substances from the 

odorants we wanted to target. 

Nevertheless, it is still a major challenge 

to obtain sufficient mass spectrometric 

data that allows the chemical nature of 

the respective compound of interest to be 

predicted. Moreover, many substances, 

Q. Why did you decide to investigate 

Scots pine (Pinus sylvestris L.) for 

odour-active compounds? 

Andrea Buettner: We wanted to find 

out what odour-active compounds are 

present in untreated wood samples, 

including Scots Pine (1). Scots pine is a very 

common tree in German forests and it is 

often used in the production of furniture 

or flooring. Consequently, its odour is in 

contact with humans because they are 

regularly exposed to it, especially in indoor 

environments.

We also wanted to investigate 

cedar, which is commonly used for the 

production of pencils and oak wood. Oak 

wood is widely used for barrels in wine 

and whiskey ageing. v
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influence the characteristic smell of wood, 

and how these processes can be optimized 

in order to achieve pleasant and balancing 

effects of wood smell on humans. 

Q. Of the five compounds that were 

not identified, are there any plans to 

investigate these in the future? 

AB: There were two odours with 

androstenone-like smells. These are very 

interesting because androstenone has 

been reported to not only be odorous 

but also act as a pheromone in the 

animal kingdom; specifically, boar taint is 

associated with androstenone, and this 

substance also plays a role in pig-mating 

behaviour. Substances that might be 

structurally related to this compound 

but of a plant origin are scientifically 

interesting but are yet to be resolved. We 

will work on further resolving odorants 

that currently remain unknown, and we 

have several plans to utilize other analytical 

means to clarify the nature of such 

compounds.

Q. Could you offer advice to 

anyone who is thinking of using 

two-dimensional gas chromatography 

in their analytical work? 

LS: In the context of odour research, using 

advanced separation techniques such as 

especially terpenoid or sesquiterpenoid 

substances, are characterized by very 

similar fragmentation patterns in the mass 

spectrometer. It was therefore necessary 

to perform quite challenging detective 

analytics; combining analytical information 

such as the specific retention index during 

chromatography, the characteristic smell, 

and the MS data helped to reveal the 

nature of unknown compounds. However, 

in some cases it was necessary to support 

this by tedious synthetic chemistry, 

synthesizing numerous molecules to 

finally confirm the chemical identity of 

the unknown odorant. That is part of the 

charm of sensory analytics—being an 

investigator and separating and identifying 

even the smallest traces of an odorant. 

Q. What are the next steps to be taken 

with these results? 

LS: Now that we know the main odorants 

responsible for the smell of Scots pine 

wood, we will perform analyses to 

quantify these compounds and thereby 

gain a clearer picture of the overall 

odorant composition of the wood. 

In addition, we are interested in the 

physiological effects that those wood 

odours may have on humans. With regard 

to technological processes, we want to 

find out how processing steps might 

Sponsored by Presented by

If you had the opportunity to talk to the next generation of analytical 

chemists at your work place, could you honestly say that you had prac-

ticed sustainable analytical chemistry methods on a daily basis? Could 

you say that you implemented practices that minimized harm to the 

environment? If the answer is yes, congratulations! You are functioning 

better than most of us. If the answer is no, join us for this webcast to 

learn what you can do.

This talk will provide information on practices that each of us can think 

about on a daily basis to enhance our sustainability practices. For 

example, analytical separations methods using liquid chromatography 

often require large amount of organic solvents, which require disposal. 

Sustainable separation methods, in contrast, use minimal amounts 

of organic or hazardous solvents. Minimal use of solvents requires 

the separation methods that are highly selective for the analytes of 

interests and also highly efficient. Also, the stationary phases used in 

separations should be made of materials that either can used for an 

extended period of time or that are biodegradable. 

This talk will discuss the relative sustainability of various separation 

methods and present optimal practices.

Who Should Attend

■ Analytical separation scientists—whether working with fundamen-

tals or applied techniques—who wish to reduce the environmental 

impact of their work

■ Analytical scientists interested in learning about green chemistry 

approaches

Key Learning Objectives

■ Key considerations for implementing 

green chemistry approaches in analyti-

cal separation science

■ How different techniques measure up in 

terms of environmental friendliness

■ Which column types are the most in line 

with green chemistry concepts

For questions contact Kristen Moore at 

kristen.moore@ubm.com

Sustainable Analytical 
Separation Science

Presenters

Susan Olesik
Professor and Chair 
of the Department 
of Chemistry and 
Biochemistry
Ohio State University 

Moderator

Laura Bush 
Editorial Director 
LCGC

Register for this free webcast at www.chromatographyonline.com/lcgc_p/separation
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aroma of all manner of foods with the 

aim of optimizing recipes or processes to 

improve food flavours. In our group we 

transferred this method and optimized 

it for non-food matrices and started 

investigating diverse products such as 

wood samples, glues, and paints, as 

well as plastic materials, such as 

children’s toys, plastic waste, and 

recycled materials. We have found that 

many products are not only heavily 

contaminated with odorous substances, 

but that these compounds are of a 

diverse chemical nature that arises from 

manifold formation pathways or sources 

of origin. Moreover, we learned that 

particularly unpleasant or intense smells 

often indicate potential hazards. In 

mass-produced or discount products, we 

often find an abundance of odorous and 

often physiologically critical substances, 

such as alkylated naphthalenes. In some 

cases, we have discovered molecules 

that have not even been reported before 

(2,3)! That means that we not only find 

novel and odorous substances, but our 

research also aims at raising awareness 

of smells in the modern world that often 

go unnoticed, not because they are not 

recognizable but because people believe 

that modern products simply need to 

smell like that and typically never question 

two-dimensional gas chromatography is a 

must. In complex sample matrices such as 

wood or polymers, often ultratrace amounts 

of highly potent odorants cause very intense 

smells, yet these are often concealed by 

large amounts of non-smelling substances. 

Therefore, performing a separation on two 

GC columns is essential to be able to identify 

the odorant. Of course, working with 

two-dimensional systems is more complex 

than working with one-dimensional systems, 

but it pays off in the long run. Our research 

group not only focuses on investigating 

smells, but also on educating students. In 

this respect, we train students in the course 

of their curriculum to become acquainted 

with methods that are of use for resolving 

complex mixtures of diverse chemical 

structures and trace compounds. Moreover, 

we offer training services to partners 

from other research organizations and the 

industry. In several cases, we also developed 

custom-made sensory analysis toolkits for 

our partners and perform on-site training, 

thereby optimizing our partner’s systems or 

setting up methodologies that are required 

by our partners. 

Q. What other materials could this 

method be used to investigate? 

AB: The method was originally developed 

for food aroma analysis to investigate the 

Challenges and Solutions for 
Sugar Analysis in Human Food, 
Animal Feed, and Pet Food

Carbohydrates are an important component of the diet for both humans and animals. Given the 
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Sponsored by

Presented by

PRESENTERS

Jeff Horst  
Laboratory Production 
/CPCIGT�
#ITK�-KPI�+PE

/1&'4#614

Laura Bush
'FKVQTKCN�&KTGEVQT
LCGC

Dr. Hari Narayanan  
2TQFWEV�/CTMGVKPI�
/CPCIGT�
/GVTQJO�75#�+PE

For questions contact Kristen Moore at Kristen.Moore@ubm.com

Q&A: Schreiner and Buettner

343344

Anderson24 AAAnnndddeeerrrsssooonnn

Q&A Schreiner and Buettner32 QQQQ&&&AAA SSSccchhhrrreeeiiinnneeerrr aaannnddd BBBuuueeettttttnnneeerrr Staff41 SSStttaaaffffffThe Essentials36 TTThhheee EEEsssssseeennntttiiiaaalllsss Training & Events39 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsss

Tips & Tricks2 TTTiiippppsss &&& TTTrrriiiccckkksss News9 Incognito12 Q&A Fontanals16 QQQQ&&&AAA FFFooonnntttaaannnaaalllsss99 NNNeeewwwsss 122 IIInnncccoooggggnnniiitttooo

http://www.chromatographyonline.com
http://www.chromatographyonline.com/lcgc_p/sugar
mailto:Kristen.Moore@ubm.com
http://www.chromatographyonline.com/lcgc_p/sugar


 The Column    www.chromatographyonline.com

Linda Schreiner studied food chemistry 

at Friedrich-Alexander-Universität 

Erlangen- Nürnberg (FAU), Germany. 

She is currently undertaking a Ph.D. 

at the Fraunhofer Institute for Process 

Engineering and Packaging IVV and FAU, 

Germany, on the topic of wood odour.

Andrea Buettner studied food chemistry 

and completed a Ph.D. in the fi eld 

of aroma research. She is currently a 

professor at FAU and holds the Chair of 

Aroma and Smell Research, as well as 

being Deputy Director of Fraunhofer IVV 

and Head of the Department of Sensory 

Analytics at Fraunhofer IVV. In addition, 

she is co-initiator and co-director of 

the Campus of the Senses, which is a 

joint initiative of Fraunhofer IVV and 

the Fraunhofer Institute for Integrated 

Circuits IIS, with the FAU as the academic 

partner.

whether such products might contain 

hazardous compounds. In Germany, at 

least, consumers believe that everything 

is well controlled with regard to potential 

risks. However, the reality is that this is 

not the case and we lack the respective 

information on what might be present 

in the abundance of products available 

on the market. Accordingly, we are 

interested in examining everything that 

smells and especially those smells where 

the causative substances have not yet been 

identified. 
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EVENT OVERVIEW: 

Capillary electrophoresis SDS (CE-SDS) is an industry standard for 

fragment analysis of monoclonal antibodies and other novel large 

biologics. Analysts at MedImmune use this technique because it 

shows greater resolution and sensitivity over previous platform 

methodologies, such as chip-based CE. However, CE-SDS migration 

time drift through long sequences may complicate data analysis in 

Chromatography Data Software (CDS). 

In this webcast, we will report a method modification that eliminates 

migration time drift and maintains assay reproducibility, linearity 

and accuracy. This greatly simplifies analysis of data exported to 

Chromatography Data Software (CDS). 

Who Should Attend

■ Scientists working in characterization and quality control of 
monoclonal antibodies and other novel large biologics 

■ R&D and analytical development directors, laboratory 
managers, and scientists at biopharmaceutical companies and 
contract research labs 

■ Academics working in collaboration with the biopharmaceutical 
Industry

Key Learning Objectives

■ Learn how to maximize CE-SDS 
migration time reproducibility 

■ See how this improves data quality 
under reducing and non-reducing 
conditions

■ Understand how this simplifies data 
analysis in Chromatography Data 
Software

For questions contact Kristen Moore at 

kristen.moore@ubm.com

Stable Migration Time in Capillary 

Electrophoresis SDS (CE-SDS) 

to Simplify Data Analysis in 

Chromatography Data Software

Presenters
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LC–MS Peptide 
Mapping: Where to 
Start, and What It Can 
Tell Us
In peptide mapping, the enzymes and conditions used in digestion affect 

not only the number of peptides liberated, but also the stability of 

associated post-translational modifi cations (PTMs).

the conditions employed (pH, temperature, 

and storage time) not only affect the 

overall number of peptides liberated, but 

also the stability of associated PTMs, and 

can even introduce protein modifications 

of their own. 

Broadly speaking, the digestion process 

can be broken down into three discrete 

and separate steps: reduction, alkylation, 

and digestion.

Reduction is commonly accomplished 

with an acid-labile surfactant that acts 

to remove the higher order structure of 

the protein, and exposes internal disulfi de 

bonds ready for reduction by dithiothreitol 

(DTT), a small-molecule redox reagent. 

The pH is maintained at physiological 

To identify or fully characterize a protein 

biopharmaceutical, it must be broken 

down into smaller segments or peptides. 

This process requires proteolytic enzymes 

to digest the protein into peptides, and 

is referred to as bottom-up proteomics. 

A large amount of information can be 

acquired from biopharmaceutical analysis, 

including specific post-translational 

modifications (PTMs) and the protein 

glycoprofile (the degree and type of 

glycosylation). However, PTMs can only 

be isolated to specific amino acid residues 

when assessed at the peptide level. 

Great care and consideration is therefore 

required during the digestion process, 

because the proteolytic enzymes used and L
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Mobile-phase A:  0.05% trifluoroacetic 

acid

Mobile-phase B:  0.05% trifluoroacetic 

acid in acetonitrile

Flow rate:    300 μL/min

Gradient:   0–2 min: 1% B, 2–35  

   min: 1–45% B

Column temp.:   60 °C

UV:     214 and 280 nm

Long (250 mm) but narrow (2.1 mm) 

high performance liquid chromatography 

(HPLC) columns, packed with either 

sub-2-μm FPPs or modern sub-3-μm SPPs 

bonded with C18 alkyl chain ligands as 

the stationary phase, are used to generate 

sufficient peak capacity to separate the 

large number of peptides created. Typically 

larger pore sizes (100–300 Å) are used to 

avoid peak broadening.

Gradients start with very high aqueous, 

sometimes as high as 100%, and the 

organic is then ramped up to mid 

concentrations, typically around 50%, over 

approximately 30 min. Care is needed to 

optimize the gradient slope (ramp time) to 

optimize the separation, and one should 

note that elution order (selectivity) can be 

greatly affected by small changes in the 

gradient ramp rate.

Standard mobile phases are 0.05– 0.1% 

trifluoroacetic acid in aqueous solution 

as the polar (A) solvent, and 0.05–0.1% 

levels throughout the process and buffers 

are used to ensure that the pH levels are 

appropriate. To prevent reformation of 

disulfi de bridges across the thiol groups 

of the cysteine (C) residues, the protein is 

then incubated with an alkylating agent 

such as 2-iodoacetamide (IAA), once again 

at physiological pH. The fi nal stage is the 

addition of a proteolytic agent (trypsin, for 

example), which is capable of site-specifi c 

protein digestion. Trypsin cleaves proteins 

at the C-terminal side of both lysine (Lys/K) 

and arginine (Arg/R) residues, unless either 

is proceeded by a proline (such as KP or RP). 

For this reason, all resultant peptides, apart 

from the C-terminal peptide, terminate in 

either a lysine or arginine residue. Additional 

and alternative proteolytic enzymes that 

produce other specifi c cleavage sites are 

available and routinely used.

Typical ultrahigh-pressure liquid 

chromatography (UHPLC)–UV conditions 

for the separation of the peptides created 

by digestion follow:

Instrument: UHPLC

Column:  250 mm × 2.1 mm,  

   <2-μm dp fully porous  

   particles (FPPs) or   

   <3-μm dp superficially  

   porous particles (SPPs),  

   C18

Sponsored by Presented by

EVENT OVERVIEW: 

Glycosylation is considered to be one of the most important 

product quality attributes (PQAs) of many biologics. It is also 

one of the most challenging PQAs to match when developing 

biosimilar molecules. Current analytical methods can be slow and 

require considerable data processing, delaying the development 

of these molecules. Therefore, methods are needed to rapidly 

process samples to get an immediate and comprehensive glycan 

identification.

In this webcast, you will learn how a new approach using capillary-

gel-electrophoresis with laser induced fluorescence (CGE-LIF) 

resolves glycans on Fc fusion proteins and mAbs and how it 

compares to the traditional HILIC approach.

Who Should Attend

■ Scientists in the biopharmaceutical industry, biomedical 
research, government or academia, involved in glycosylation 
analysis as part of biopharma drug development or proteomics 
research

■ R&D and analytical development directors, laboratory 
managers, and scientists at biopharmaceutical companies and 
contract research labs 

■ Academics working in carbohydrate and glyco-proteomics 
research

Key Learning Objectives

■ See how to rapidly resolve with  
CGE-LIF what you may be missing 
with UHPLC-FL

■ Discover how CGE-LIF identifies 
additional glycans not resolved by 
HILIC

■ Learn how CGE-LIF offers significant 
time savings, with analysis 5 times 
faster than HILIC

For questions contact Kristen Moore at 

kristen.moore@ubm.com

Fc Fusion and  
mAb Glycan Analysis: 
How does CE compare with HILIC?

Presenter

Ákos Szekrényes
Bioanalytical 
Development Group 
Leader and Analytical 
Development Specialist
Mabxience, Spain

Moderator

Laura Bush 
Editorial Director 
LCGC

Register for this free webcast at www.chromatographyonline.com/lcgc_p/fusion 
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volumetric flow rates to maintain a suitable 

linear velocity.

Elevated temperatures are common, 

with 60 °C often favoured to improve 

mass transfer kinetics and maintain 

good peak efficiency (sharper peaks). In 

routine production and QC environments, 

two detection wavelengths (214 and 

280 nm) are typically monitored to give 

good sensitivity for the various peptide 

subunits.

trifluoroacetic acid in acetonitrile as 

the organic (B) solvent, with trifluoroacetic 

acid acting to reduce pH to afford good 

ionization of the peptide, suppress 

stationary-phase silanol ionization to 

give good peak shape, and afford 

retention of the peptides via ion pairing. 

One should note that lower concentrations 

or alternative reagents may be required 

if mass spectrometric detection is 

required.

The flow rate very much depends on 

the internal diameter of the column, but 

volumetric flow rates of 200–300 μL/

min for 2.1-mm i.d. columns are the 

norm. Wider columns will require higher 

More Online:

www.CHROMacademy.com/Essentials 

Laboratory Water  
Preparation — Optimized

For questions contact Kristen Moore at Kristen.Moore@ubm.com

Register for free at http://www.chromatographyonline.com/lcgc_p/optimized
Can’t make the live webcast? Register now and view it on-demand after the air date.

Impurities are found in all drinking water can have a negative 

LQ�XHQFH�RQ�\RXU�VFLHQWL�F�DQDO\VHV��,Q�WKLV�ZHEFDVW��\RX�ZLOO�OHDUQ�

DERXW�WKH�VRXUFHV�RI�ZDWHU�LPSXULWLHV�DQG�KRZ�WR�RSWLPL]H�ZDWHU�

SXULW\�WR�WKH�VWDQGDUG�QHHGHG�IRU�VSHFL�F�DSSOLFDWLRQV��:H�ZLOO�

GHPRQVWUDWH�KRZ�WR�VDYH�UHVRXUFHV�E\�SURYLGLQJ�D�WKHRUHWLFDO�DQG�

SUDFWLFDO�XQGHUVWDQGLQJ�RI�KRZ�WR�ZRUN�PRVW�H�FLHQWO\�ZLWK�\RXU�ODE�

ZDWHU�V\VWHP��'XULQJ�WKLV�ZHEFDVW��\RX�ZLOO�OHDUQ�DERXW�

̽� )HHG�ZDWHU�LPSXULWLHV�DQG�FXUUHQW�ODERUDWRU\�VWDQGDUGV�

̽� %HVW�PHWKRG�WR�UHPRYH�HQGR[LQV�LQ�FHOO�FXOWXUH�DSSOLFDWLRQV�

̽� +RZ�WR�UHGXFH�UXQQLQJ�FRVWV�ZLWKRXW�FRPSURPLVLQJ�ZDWHU�TXDOLW\��

KEY LEARNING OBJECTIVES
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Nadia Brandes
Product Manager
Sartorius
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Kate Mosford
Managing Editor
LCGC Europe
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All attendees will receive a free executive summary of the webcast!
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Training Courses
GC

The Theory of GC

Website: www.chromacademy.

com/gc-training.html

GC Troubleshooting and 

Maintenance

7 November 2018

Thermo Scientific, 

Runcorn, UK

Website: www.crawfordscientific.

com/training-consultancy/

gc-training/gc-troubleshooting-and-

maintenance 

Hands-On Complete GC & GC–

MS

12 November 2018

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/complete-

handson-GC-GCMS

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

Separation of Biopolymers

29–30 October 2018

Victor’s Residenz-Hotel, Berlin, 

Germany

Website: www.molnar-institute.

com

Absolute Basics of 

Chemometrics

31 January 2019

TBC

Website: www.anthias.

co.uk/training-courses/basics-

chemometrics

HPLC/LC–MS

The Theory of HPLC

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

hplc-training.html

Fundamental LC–MS

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

mass-spec-training.html

HPLC Troubleshooter

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

hplc_troubleshooting.html

Advanced HPLC

6 November 2018

Chicago, Illinois, USA

Website: www.axionlabs.com/

courses/advanced-hplc//

LC Troubleshooting and 

Maintenance

7 November 2018

Thermo Scientific, 

Runcorn, UK

Website: www.crawfordscientific.

com/training-consultancy/

hplc-training/practical-hplc-

troubleshooting-and-maintenance

An Introduction to LC Method 

Translations

20 November 2018

Cardiff, UK

Website: www.hichrom.com

SAMPLE PREPARATION

Overview of Solid-Phase 

Extraction

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

sample-prep-training.html

Please send your event and training 
course information to Kate Mosford 
kate.mosford@ubm.com
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http://www.crawfordscientific.com/training-consultancy/hplc-training/practical-hplc-troubleshooting-and-maintenance
http://www.hichrom.com
http://www.chromacademy.com/sample-prep-training.html
http://www.chromacademy.com/basic-lab-skills-training.html
http://www.chromacademy.com/infrared-training.html
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http://www.anthias.co.uk/training-courses/basics-chemometrics
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Agilent Technologies is offering five years complimentary access to 

CHROMacademy for all university students and staff.

CHROMacademy is an intuitive, comprehensive e-learning and trouble-

shooting platform with more than 3,000 pages of content for HPLC, 

GC, sample preparation, and hyphenated techniques. No other online 

resource offers separation scientists more live streaming events, a 

knowledge base, practical solutions, and new technologies in one easy 

to navigate website.

Get your free five year membership worth US $1,995* by submitting the 

form at www.chromacademy.com/agilent.

* Five years free access to CHROMacademy only available to customers affiliated with an academic    

   or research institution, conditions apply. A valid university e-mail address if required.

© Agilent Technologies, Inc. 2017

 FREE
CHROMACADEMY 
MEMBERSHIP

Event News
4–7 November 2018

The 38th International Symposium on the Purification of Proteins, Peptides, 

and Polynucleotides (ISPPP 2018) 

Berlin, Germany

Website: www.isppp2018.net

27 November 2018

Advances in Clinical and Forensic Analysis 2018

RSC Burlington House, London, UK

E-mail: adrian.clarke@novartis.com

Website: www.chromsoc.com/events/

31 January–1 February 2019

SCM-9

Rhone Congress Centre, Amsterdam, The Netherlands

E-mail: info@scm-9.nl

Website: www.scm-9.nl

17–21 March 2019

Pittcon 2019

Pennsylvania Convention Center, Philadelphia, Pennsylvania, USA

E-mail: info@pittcon.org

Website: www.pittcon.org/pittcon-2019/

http://www.chromatographyonline.com
http://www.chromacademy.com/agilent
http://www.isppp2018.net
mailto:adrian.clarke@novartis.com
http://www.chromsoc.com/events/
mailto:info@scm-9.nl
http://www.scm-9.nl
mailto:info@pittcon.org
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