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2   Combatting Counterfeit Biopharmaceuticals Using 
Hydrophilic Interaction Chromatography

  The Column spoke to Steven Janvier, a PhD student at Sciensano 
and Ghent University and Celine Vanhee, a scientist at 
Sciensano, about their work to develop a hydrophilic interaction 
chromatography (HILIC) methodology capable of detecting 
counterfeit polar peptide drugs available on the black market.

Detecting illegal peptide drugs 
with HILIC

Counterfeit 
Biopharmaceuticals
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Combatting Counterfeit 
Biopharmaceuticals 
Using Hydrophilic 
Interaction 
Chromatography
The Column spoke to Steven Janvier, a PhD student at Sciensano and Ghent 

University (Belgium), and Celine Vanhee, a scientist at Sciensano, about 

their work to develop a hydrophilic interaction chromatography (HILIC) 

methodology capable of detecting counterfeit polar peptide drugs available 

on the black market.

—Interview by Lewis Botcherby

National Agency for Food and Drug 

Administration and Control, Dr Dora Nkem 

Akunyili, reported to have witnessed 

the death of her 21-year-old sister 

from a hyperglycaemic episode and the 

ineffectiveness of the administered insulin, 

which turned out to be fake. It stands to 

reason that Nigeria is not the only country 

in the world where the use of substandard 

Q. When did illegal peptide 

pharmaceuticals start to emerge and 

why are they an issue?

Celine Vanhee: One of the saddest 

and most famous reports of these illegal 

practices with substandard or falsified 

medicines* occurred in 1988 (1). A 

distinguished professor of pharmacology 

and former general director of Nigeria’s v
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research peptides and synthetic cognition-

enhancing peptides, are gaining popularity 

amongst the general public and were 

present in several samples that have been 

confiscated by regulatory agencies (4–7). 

As there is limited clinical and 

toxicological information on these 

products they cannot be considered safe. 

Indeed, the presence of such a peptide API 

in samples is already considered a hazard. 

There are also other potential issues 

because chemical or biological impurities 

and contaminants could be encountered 

and these confiscated products are not 

subjected to strict quality assurance 

criteria. 

These issues were well illustrated by 

our research group when a systematic 

screening of a sample set containing the 

10 most frequently encountered illegal 

peptides purchased from three popular 

online providers demonstrated that 

multiple hazards were present on the level 

of the API (varying dosages, low purity), 

unknown API-related impurities, while 

contaminants with lead and inorganic 

arsenic and pathogenic haemolytic 

bacteria were also identified (8,9). In 

addition, pathogenic microorganisms or 

their toxic constituents (endotoxins) have 

also been discovered in fake anti-cancer 

monoclonal antibodies.

or falsified lifesaving biotherapeutics 

(confined to peptides and protein drugs, 

regardless of their origin) resulted in a 

deadly outcome or a lack of treatment. 

Indeed, fake versions of the monoclonal 

anticancer drug, Avastin, which was first 

approved by the FDA in 2004, were found 

in the USA in 2012. These samples did not 

contain the desired molecule, but were 

filled with starch. Since then numerous 

alerts, describing the reintroduction of 

stolen batches of these type of drugs by 

malignant entities, have been issued by 

the WHO. However, no guarantee can be 

given to the customer about the quality 

or effectiveness of the product. There 

have been examples in the past where a 

degradation of the product took place, 

which probably occurred from improper 

storage conditions, or from tampering 

with the amount of active pharmaceutical 

ingredient (API).

As well as lifesaving drugs, unregistered, 

unlicensed, or unapproved biotherapeutics 

have been encountered more frequently, 

and by different controlling agencies, 

in the last two decades (2,3). Very 

often these types of molecules are used 

as sports performance enhancers or 

physical enhancers, such as the popular 

skin tanner, melanotan II. Furthermore, 

“magical cures”, such as anti-ageing 
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Q. This new methodology 

uses hydrophilic interaction 

chromatography (HILIC). Why was 

HILIC chosen as opposed to other 

available techniques?

Steven Janvier: HILIC was chosen 

because several reports in the literature 

showed a nice separation of multiple 

peptides with different properties on 

these type of columns, even when 

MS-compatible solvents were used 

(12,13). Other separation methods were 

incompatible at the time if no post-

column modifications were incorporated. 

For example, the removal of salts in size-

exclusion or ion-exchange. Therefore, 

surpassing the goal for a feasible and easy-

to-implement method. 

Q. What are the specific advantages 

of zwitterionic HILIC columns for this 

project?

SJ: The aspects we deemed most important 

were the chromatographic parameters 

resolution and peak symmetry and the 

longevity of the column. The zwitterionic 

HILIC column stood out because it 

separated multiple peptides with a wide 

variety of characteristics. For this reason, 

we selected the zwitterionic HILIC for 

further optimization. It stood out because 

it separated multiple peptides with a wide 

Q. In 2015 you developed a reversed-

phase liquid chromatography (LC) 

method to screen for illicit peptide 

drugs in goods seized by customs and 

legal agencies (5). How well did this 

method work in practice and were 

there any limitations? 

CV: The method is currently still being 

used by our official medicines control 

laboratory (OMCL) to screen for lower 

molecular weight (Mw) peptides (Mw 

≤ 5 kDa). The library now includes the 

retention time and spectra of almost 50 

illegal peptide drugs. Moreover, two years 

ago, a light version of our identification 

strategy was condensed into a general 

recommendation paper for the General 

European OMCL Network. However, 

with this gradient it was impossible to 

chromatographically separate higher 

molecular weight biotherapeutics, such 

as the different insulins and insulin-

like growth factors. For these type of 

molecules, different LC methods have been 

generated, published, and are currently 

used (10,11). Some very hydrophilic 

molecules such as epitalon could not 

be quantified by this methodology and 

therefore an alternative LC method, 

compatible with MS needed to be 

developed (5). 

The LCMS-9030 quadrupole time-of-flight (Q-TOF) mass spectro -
meter integrates the world’s fastest and most sensitive quadrupole
technology with TOF architecture. It delivers high resolution accu-
rate-mass detection with incredibly fast data acquisition for routine
applications.
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metabolomics
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Small footprint
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acetate, resulted in better separation and 

peak shape but only for some individual 

peptides.

Due to the dilute-and-shoot aspect and 

interest in potential (unknown) impurities 

and contaminations, the only purification 

step was the centrifugation at 20,000 × g 

for 15 min prior to injection. Therefore, we 

opted for the usage of the eluent at initial 

conditions as sample solvent to rule out 

any potential solubility or mixing effects. 

For some (polar) peptides with a Mw 

below 3 kDa, however, more satisfactory 

separation results were achieved with 

sample solvents containing a percentage of 

10–20% ethanol or isopropanol. 

With regard to the third factor—the pH 

of the eluent—since mass spectrometry 

(MS) was mandatory for the unambiguous 

identification of the different illegal 

peptides, we were limited to a pH of 

3.0. Therefore, we didn’t perform any 

experiments with a higher pH while 

higher acidities were not recommended 

with our type of zwitterionic HILIC. The 

pH of the eluent is, however, generally 

acknowledged as a variable with 

potentially a significant influence on the 

chromatographic performance, and may 

be an important tool to manipulate the 

selectivity in other types of analyses with 

zwitterionic columns.

variety of characteristics and resulted overall 

in a favourable peak shape for all peptides 

of interest. All other columns demonstrated 

chromatographical issues regarding the 

peak shape for one or multiple peptides 

from our subset, while demonstrating 

excellent chromatographic performance for 

the remaining peptides. For this reason, we 

selected the zwitterionic HILIC column for 

further optimization.

Q. Do you have any comments on 

manipulating selectivity using the 

zwitterionic HILIC columns?

SJ: It’s well documented in the literature 

that changes in eluent composition, the 

addition of additives, and differences in 

pH can significantly change selectivity and 

peak shape. These effects are however 

strongly dependent on the type of analyte 

or analytes, and are therefore case-

dependent.

In our case, we set out to design a 

dilute-and-shoot methodology to identify 

potential API(s) and screen for potential 

impurities and contaminations in these 

illegal preparations. Our method had to 

be able to handle multiple analytes with 

a variety of individual properties. In this 

context, ammonium formate resulted in 

the overall best performance, although 

other additives, such as ammonium 
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spectrometry (ICP)-MS, gas chromatography 

(GC)–MS and small molecule LC-MS2 

settings for the respective determination of 

elementals and chemical contaminants is 

mandatory. Furthermore, other techniques, 

such as sterility testing (whether or not 

combined with the identifi cation of 

microorganism by means of matrix-assisted 

laser desorption–ionization time-of-fl ight 

[MALDI-TOF] or classical DNA sequencing), 

and immunological assays for the detection 

of pyrogenic substances, are required to 

give a more comprehensive view of the 

potential dangerous substances present in 

the vial. 

Q. What advice would you give 

to chromatographers wishing to 

use this method with regards to 

reproducibility and getting the most 

out of the column? Do you have any 

advice for analysts using HILIC for the 

first time?

SJ: Reproducibility of our method using 

zwitterionic HILIC was quite good with 

the exception of the period where 

we tested multiple potential matrix 

constituents at varying concentrations 

and combinations. The online cleaning 

step resolved the issues we then 

encountered. Nonetheless, we always 

follow the minimal recommendations, 

Q. An online cleaning step was added 

to address the interference of illicit 

preparations or matrices used as 

these were having a negative effect 

on the column performance. Given 

the potential for these ingredients 

to be equally dangerous would the 

previously mentioned reversed-

phase LC method be suitable for their 

screening or would a separate method 

be required for their testing?

SJ: To elaborate on the addition of 

the online cleaning step, during the 

experimental testing to select the most 

suitable column, we used “real- life” 

falsified peptide samples and we never 

encountered any issues. However, 

issues started when we tested multiple 

potential matrix constituents at varying 

concentrations and combinations. We 

solved these issues by the incorporation of 

an online cleaning step, which presumably 

removes any matrix constituents that might 

have been retained on the column. 

CV: Most of these matrix compounds, 

such as mannitol, coelute with the solvent 

peak in reversed-phase LC or are not visible 

on LC–MS, an example of this would be 

elemental impurities. Therefore, in order 

to fully screen a sample for potential 

toxic impurities, a more holistic approach, 

including inductively coupled plasma–mass 

© 2018 Thermo Fisher Scientifi c Inc. All rights reserved.All trademarks are the property of Thermo Fisher Scientifi c and 

its subsidiaries unless otherwise specifi ed. AD65342_EN 07/18

Get confi dent at 
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monitoring (SRM), robustness, reliability, and sensitivity come together—now every user in every 

lab can obtain high-confi dence data, regardless of the matrix and molecule analyzed.
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Steven Janvier 

has an MSc in 

bioengineering 

and is currently 

a PhD student at 

Sciensano and 

Ghent University 

(Belgium),

Celine Vanhee 

has a Ph.D. in 

biochemistry and 

is a scientist at 

Sciensano.
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which is of course mandatory, and currently 

used for real-life samples. Although we 

have used these two LC methods separately, 

it would be interesting to perform two-

dimensional (2D)-LC–MS for screening 

purposes. Additionally, it would also be 

interesting to test the recently emerged 

mixed mode columns on the sample set. 

*According to the recent WHO defi nition to 

unify the semantics on the topic.
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such as required equilibration prior 

to analysis, and incorporate a known 

standard to evaluate the repeatability and 

reproducibility between different analyses 

for the parameter’s retention time, area, 

and peak shape. We also washed the 

column frequently, sometimes with a 

100% aqueous phase with at least 20 mM 

ammonium formate, and store the column 

in the recommended storage solvent. That 

all takes time. To anyone who is used to 

working with reversed-phase LC and will 

use HILIC for the fi rst time, we would 

say that HILIC is a powerful separation 

technique but in general less stable than 

traditional C18 columns, which has to be 

taken into account. Multiple stationary 

phases, including mixed modes, are 

available that may be very interesting and 

useful because they may interact differently 

with the analyte or analytes of interest.

Q. What are you currently working on?

SJ: Currently, I’m performing a pyrogen 

detection assay on the abovementioned 

peptide drugs and I’m also finishing my 

PhD. 

Q. Anything else you would like to 

add?

CV: The screening methods described by our 

group are easy, compatible to full-screen MS, 

E-mail: Steven.Janvier@sciensano.be / Celine.Vanhee@sciensano.be
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Peak Scientifi c and MSC Partner

Peak Scientific (Inchinnan, Scotland, UK) has partnered 

with Molecular Science Corporation (MSC) to supply 

nitrogen gas generation systems on their first mobile 

laboratory aimed at rapidly expanding the cannabis testing 

and research sector. A nitrogen generator has been installed 

in the 53-ft-long advanced mobile laboratory as an on-demand 

nitrogen source for the laboratory’s mass spectrometer. This 

will enable the laboratory to offer truly mobile analytical 

testing services to licensed cannabis producers across Canada.

“We are thrilled that Molecular Science Corporation has 

chosen Peak Scientific for on-demand gas in their innovative 

mobile laboratories,” said Mark Flanagan, Marketing Director, 

Peak Scientific.

For more information, please visit: www.peakscientific.

com or https://mscience.ca

Investigating Whale Shark 
Feeding Habits Using GC–FID
Researchers from the Centro de Investigación y Estudios Avanzados de IPN, in Mérida, Mexico, have investigated the 

feeding habits of the whale shark (Rhincodon typus) in the Mexican Caribbean using gas chromatography–fl ame ionization 

detection (GC–FID) (1).

As the largest living fi sh species, whale sharks are an incredibly well known and well loved species popular with 

snorkelers and divers partly because of their gentle subdued nature and enormous size. Unfortunately, this touristic 

attention disrupts their feeding habits, and further pressures from fi sheries exacerbates the situation because their meat, 

fi ns, and oil remain in high demand. The whale shark also falls victim to bycatch, where nontargeted species are caught up 

in fi shing equipment. This has led to the species being added to the endangered species list (2).

To reverse this situation, research is needed to assist management and conservation strategies for the species. Whale 

sharks are a well-travelled species with a wide distribution around the planet, but the places where they feed are limited, 

commonly close to the coast where plankton is abundant (3). Their migration is heavily infl uenced by food availability, but 

more information is required to fully understand their feeding habits and the underlying drives of their movement to help 

with management programmes.

Previous studies performed in Mozambique, South Africa, and Australia (4–6) have suggested whale shark diets may 

include food sources from deeper regions of the ocean including the mesopelagic and bathypelagic zones. Researchers 

used fatty acid (FA) signature analysis performed using GC–FID to research the feeding habits in whale sharks found in the 

Mexican Caribbean.

Results supported the theory that whale sharks are feeding mainly on surface zooplankton in the Mexican Caribbean. 

The results were not consistent in relation to whale shark feeding habits in different aggregation sites around the world, 

which is evidence towards the adaptability of the species in different habitats and towards different prey.—L.B.
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Rum Classifi cation Using HS-SPME-GC–MS

Researchers from the University of Almeria have 

developed a method for the classifi cation of rum 

using headspace solid-phase microextraction 

coupled to gas chromatography–mass 

spectrometry (HS-SPME-GC–MS) (1).

With an unsavory past, and an unsavory 

regulatory landscape, rum, unlike its spiritual 

sibling whiskey, has a classifi cation system as 

wild as the sea farers it is so often associated 

with. Despite this regulatory confusion, the 

sugar cane spirit continues to grow in popularity. 

This invention and innovation has seen world 

consumption rates for rum reach more than 1 

billion litres per year with an expected increase of 

1.9% in volume terms moving into 2021 (2,3).

The complex creation process of rum is part 

of its appeal, requiring the addition of different 

spices and ageing times, along with delicate 

blending processes to procure its characteristic 

charm, but it is also the source of its classifi cation 

woes. Rums can be classifi ed according to the 

raw material used, the fermentation process, 

distillation process, ageing periods, type of barrel 

used, blending technique, alcohol strength, 

and additives (if any!). Because of this lack of 

clear universal legislation, loose terms relating 

to ageing periods, such as “Añejo”, “Dorado”, 

“Premium”, “Super Premium”, or “Reserve” 

are used. Unfortunately, there is often little 

justifi cation for their usage because the blending 

of rums from different ages is common and the 

age required to be displayed can vary. EU and US 

legislation insist the label refers to the youngest 

rum in the blend (4,5), whereas other countries, 

such as Canada, can refer to the oldest in the 

blend, even if the oldest rum used constitutes 

very little of the fi nal volume. Therefore, the 

development of methods that allow reliable 

characterization of rums is essential.

Researchers used a simple and automated 

HS-SPME-GC–MS method with a range of data 

analysis techniques to classify the rums based 

upon the most discriminant compounds of the 

volatile fraction. Targeted analysis found some 

chemical indicators, such as ethyl acetate or 

ethyl esters of carboxylic acid, that could be 

correlated with ageing within the same brand, 

but clear limitations when they were used across 

different brands. Untargeted analysis using 

chemometrics proved to be more effective, 

with hierarchical cluster analysis (HCA) clearly 

distinguishing rums with additives to those made 

in the traditional manner. Further classifi cation 

of traditionally distilled rums was performed 

using principal component analysis (PCA), which 

provided 40 ions as relevant chemical descriptors 

corresponding to 13 discriminant compounds. 

These were further confi rmed using a strategy 

based on the combination of retention indexes, 

NIST database matching using low-resolution 

mass spectrometry (LRMS), and HRF scores 

using high-resolution spectra obtained by 

high-resolution mass spectrometry (HRMS) 

quadrupole orbital trap.—L.B.
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Agilent Welcomes Eric Gerber

Agilent Technologies (Santa Clara, 

California, USA) has announced the 

appointment of Eric Gerber as the 

company’s new Senior Vice President of 

strategy and corporate development.

Gerber will lead the corporate 

development team in identifying, 

developing, and evaluating mergers and 

acquisitions (M&A) plans globally while 

collaborating with the businesses groups to 

help drive critical growth initiatives across 

the company.

“Eric is an accomplished leader with 

a proven track record of developing 

and executing M&A and innovation-led 

growth strategies,” said Mike McMullen, 

Agilent President and CEO. “His broad 

experience across the fi eld of scientifi c 

instrumentation, consumables, and services 

and his deep technical expertise will serve 

Agilent well as we look to expand our 

portfolio and global footprint in the next 

phase of the company’s growth journey.”

Gerber joins Agilent from Danaher 

where he served as vice president of 

business development for seven years at 

Sciex, an operating company of Danaher. 

His experience includes M&A, strategic 

planning, marketing, and disruptive 

innovation. For more information, please 

visit: www.agilent.com
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Peaks of the Month

Like us  Join us  Follow Us 

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

Injection—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>>

•   LC–MS Sensitivity: Practical Strategies to Boost Your Signal and Lower Your Noise—In this 

instalment of “Column Watch”, several strategies will be discussed to improve method sensitivity 

through the reduction of contaminants, the careful selection of LC method conditions, and the 

optimization of MS interface settings. Read Here>>

•    Modern Trends and Best Practices in Mobile-Phase Selection in Reversed-Phase 

Chromatography—This article provides an overview of the modern trends and best practices in 
mobile-phase selection for reversed-phase liquid chromatography (LC). In particular, the selection 
criteria and rationales for enhancing analytical performance and ease of preparation are discussed. 

Read Here>>

•    Enhancing PLGA Characterization with Multi-Angle Light Scattering and Differential 

Viscometry—This article demonstrates how such polymers are fully characterized, quickly and 

absolutely, using gel permeation chromatography (GPC) with multi-angle light scattering (MALS) 

and online viscometry. Read Here>>

•    Py-GC–MS Analysis of Japanese Jõmon Period Lacquerware—Analysis of red lacquerwares from 

the Japanese Jõmon Period (approximately 14,000 to 500 BC) by pyrolysis gas chromatography–

mass spectrometry (Py-GC–MS) has revealed the materials and fabrication techniques used in their 

production. Read Here>>

Falcon Analytical (Lewisburg, West Virginia, 
USA) has announced they will now be a part 
of Teledyne Technologies (Thousand Oaks, 
California, USA) and operate under the name 
Teledyne Falcon in the future. Teledyne’s user 
markets include instrumentation, aerospace 
and defence, factory automation, air and 
water quality environmental monitoring, 
electronics design and development, 
oceanographic research, deep-water oil and 
gas exploration and production, medical 
imaging, and pharmaceutical research. 
For more information, please visit: www.
falconfast.net

Thermo Fisher Scientific (Waltham, 
Massachusetts, USA) has completed the 
acquisition of the Advanced Bioprocessing 
business from Becton, Dickinson and 
Company (BD) for $477 million. The business 
will be integrated into Thermo Fisher’s 
Life Sciences Solutions segment. “We are 
pleased to complete this acquisition and 
officially welcome our new colleagues from 
BD to Thermo Fisher,” said Mark Stevenson, 
Executive VP and COO of Thermo Fisher 
Scientific. “The addition of Advanced 
Bioprocessing’s complementary cell-culture 
media products and strong technical services 
programme into our leading bioproduction 
portfolio will enable our biopharmaceutical 
customers to bring new and innovative drugs 
to market faster.” For more information, 
please visit: www.thermofisher.com
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Characterizing Protein-
Nucleic Acid Conjugates 
with Light Scattering
Nemal Gobalasingham and Sophia Kenrick, Wyatt Technology Corporation, Santa Barbara, 
California, USA

This article presents two case studies regarding the characterization 

of protein-DNA complexes using two complementary multi-angle light 

scattering (MALS) techniques, namely size-exclusion chromatography 

(SEC–MALS) to determine absolute molar mass of each component, and 

composition-gradient MALS (CG–MALS) to quantify stoichiometry and 

affi nity at binding sites in solution.

Nucleic acids present many of the same 

challenges present in traditional biotherapeutics: 

the delivery effi ciency of a biotherapeutic may 

depend on the amount of conjugation present, 

while purifi cation or formulation conditions 

may cause formation of nucleic acid duplexes 

or aggregation. In addition, the interactions 

between nucleic acids and host proteins 

may involve cooperative binding, allosteric 

modulation, or other complex phenomena. 

Hence biophysical analysis of protein 

conjugate size, molar mass, composition, 

and conformation, as well as the interactions 

between components, is essential to developing 

Analysis of Protein-Nucleic Acid 

Complexes

The role of nucleic acids in biotherapeutics 

has been increasing. The emergence of cancer 

immunotherapies designed to deliver nucleic 

acids directly to immune cells is expanding 

the realm of biotherapeutics, from antibody 

and peptide conjugates to now include DNA 

and RNA. Engineered nucleic acids are often 

conjugated to receptor proteins, such as 

lectins, for the purposes of targeted delivery 

to cells and their therapeutic function will 

typically involve induction and inhibition of 

genes or mediated gene silencing (1).
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Electrophoretic mobility shift assay (EMSA), 

often referred to as gel-shift assay, is one of 

the traditional methods for characterizing 

protein-nucleic acid complexes. Because the 

rate of DNA migration is slowed, or shifted, 

stable and effi cacious therapies. Strategies 

for characterizing these properties are widely 

applicable to biopharmaceutical analysis and 

would be particularly advantageous for protein-

nucleic acid drug formats. 

Figure 1: Molar mass vs. time plot via protein conjugate analysis, where the total complex 
molar mass is represented by a blue square, the protein molar mass is represented by an 
orange circle, and the DNA molar mass is represented by a grey diamond. The molar mass 
values correspond to a protein tetramer and two double-stranded oligonucleotides. 

when bound to protein and the gel provides 

a caging-effect for stabilizing interactions, the 

technique enables the study of binding affi nity. 

Historically requiring DNA with radiolabelled 
32P, the assay can now also be performed 

with biotinylated or fl uorescently-labelled DNA 

probes, though major limitations include the 

challenges in quantitating complexes and the 

assumption that labelling does not infl uence the 

data.

Another strategy, using multi-angle light 

scattering (MALS), enables quantitative, direct 

analysis without the need for fl uorescent or 

radioactive labels that can affect results. Protein-

nucleic acid conjugate analysis with MALS has 

equal or better resolution than gel-shift assay 

and can be performed entirely in solution using 

two complementary and powerful techniques. 

The fi rst is size-exclusion chromatography 

(SEC)–MALS, the coupling of SEC with light 

scattering (LS), ultraviolet (UV), and differential 

refractive index (dRI) detectors, that can be used 

to quantify both the absolute molar mass and 

the mass fraction of the protein and nucleic 

acid. The second is composition gradient multi-

angle light scattering (CG–MALS) to quantify 

the affi nity and stoichiometry of protein-nucleic 

acid interactions.

This article presents two case studies utilizing 

SEC–MALS and CG–MALS to analyze protein-

nucleic acid complexes to demonstrate the 

compatibility of these techniques with emerging 

Gobalasingham and Kenrick
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extinction coeffi cient (ε) and refractive index 

increment (dn/dc). The fi rst case study is based 

on the work by Gupta et al. (2) employing 

a 10 mm × 300 mm, 200-μm Superdex 

GL column (GE Healthcare) with an inline 

UV detector, DAWN MALS detector (Wyatt 

Technology Corporation), and an Optilab 

differential refractive index detector (Wyatt). 

classes of biotherapeutic conjugates. These 

strategies have wide-ranging compatibility with 

biopharmaceutical drug formats.

Methods

Analysis of protein conjugates combines 

simultaneous collection of MALS, RI, and UV 

signals and uses each component’s distinct 

Figure 2: Weight-average molar mass determined from hetero-association. This data can be 
fi t to a number of models to determine the complexes that form in solution.

the micro-Chip Chromatography Company
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for tiny, complex 

biological samples.

Discover our products 

on www.pharmafluidics.com

or meet us at 

ISPPP (November 4 - 7, Berlin, Germany)

The data were analyzed using system methods 

in the ASTRA 7 software package (Wyatt). This 

includes the UV extinction coeffi cient from RI 

peak analysis to determine the UV extinction 

coeffi cient for each component (0.75 and 

13.2 g/L cm for PFV and U5, respectively) from 

the RI signal using a protein dn/dc 0.185 mL/g 

and a nucleic acid dn/dc of 0.170 mL/g. 

Subsequently the protein conjugate analysis 

was used to determine the mass fraction 

contribution of each component, termed the 

protein and the modifi er. 

The CG–MALS experiments for the second 

case study were automated using the Calypso 

composition gradient system (Wyatt) to ensure 

accurate and particle-free mixtures as reported 

by Kenrick et al. (3) Aliquots of each sample 

and buffer were pre-mixed by the instrument 

and injected into a downstream DAWN MALS 

detector (Wyatt) and a UV detector (Shimadzu) 

to determine molar mass and concentration, 

respectively. The data were analyzed using the 

Calypso software package (Wyatt) to fi nd the 

most appropriate equilibrium model and to 

determine the affi nity and stoichiometry of the 

interaction.

SEC–MALS for Absolute Molar Mass 

Determination of Complexes

SEC–MALS overcomes many of the limitations 

of traditional analytical SEC, which estimates 

molar mass entirely by peak retention time. 

Gobalasingham and Kenrick
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with MALS can conveniently determine the 

absolute molar mass regardless of elution 

behaviour. This is particularly advantageous 

for biopharmaceutical analysis where gel-shift 

assay is limited for quantifying complexes. In 

This method is vulnerable to non-ideal elution 

and errors in molar mass estimation from 

molecular conformation, density, column 

interactions, and variability of loading or 

concentration. The enhancement of SEC 

Figure 3: CG-MALS provides molar composition of Cre-IoxP complexes formed for 
the mixtures of Cre and IoxP, demonstrating the molar mass relationships for gradient 
compositions of each type of complex. While the quantifi cation of free Cre and IoxP 
monomers is also obtained, these were omitted from the graph for clarity.  
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in unfractionated or batch solutions. In 

this technique, a series of freshly made 

compositions are injected into a MALS and 

concentration detector. The MALS detector 

determines the weight-average molar mass 

of the sample at each composition, where 

the relationship of the change in molar mass 

to the composition relates to the formation 

of complexes. This case study elucidated the 

interactions of the Cre recombinase protein 

and IoxP DNA recognition site as reported by 

Kenrick et al. (3). In this study, Cre and IoxP 

were fi rst investigated using CG–MALS to 

determine the molar mass, native oligomeric 

state, and identify possible self-associations 

via gradients, where it was determined 

that neither molecule self-associates under 

experimental conditions. For analyzing two 

components, CG–MALS operates under the 

principles that if no complexes are formed, 

the molar mass will ultimately be a simple 

weight average of the two species; however, 

as complexes form, the weight-average molar 

mass increases. Stronger interactions result in 

more sustained complex formation, leading to 

sharper and more pronounced curves, whereas 

the position of the peak apex corresponds 

to the stoichiometry of the interaction. This 

relationship can be fi t by a suitable equilibrium 

model to determine the affi nity and 

stoichiometry of the interaction.

Hetero-association gradients using 13 freshly 

as well as the molar masses of each component 

are provided across the peak. 

Overall, the weight-average molar mass of 

the complex was 194 kDa, consisting of a 

protein fraction of roughly 172 kDa, which 

corresponds to four integrase proteins, and a 

DNA fraction of 22 kDa, which represents two 

double-stranded oligonucleotides per complex. 

This combination of four protein molecules 

and two DNA molecules corresponds with 

the crystal structure, confi rming that this is 

also the relevant structure in solution. This 

highlights the advantage of SEC–MALS to 

provide structural data in solution as a means 

of reconciling observations from crystal 

structures and orthogonal measurements 

(that is, small-angle X-ray scattering [SAXS] 

and small-angle neutron scattering [SANS]). 

Interestingly, the molar mass is not constant 

across the peak, which ultimately suggests 

some degree of polydispersity or on-column 

dissociation. Investigation of binding 

affi nity and stoichiometry via the second 

complementary light scattering technique will 

explore potential interactions in more detail.

Composition Gradient Multi-Angle 

Light Scattering (CG–MALS) for 

Quantifi cation of the Affi nity and 

Stoichiometry of Protein-Nucleic Acid 

Interactions

CG–MALS quantifi es equilibrium association 

addition, separation of components enables 

absolute measurements of distributions 

of molar mass and radius in a single fl uid 

pathway.

Using the concentration detectors to 

determine the mass fractions and the LS 

detector to determine the total molar mass of 

the complex, the molar mass of each constituent 

can be determined. This process is compatible 

with a wide range of conjugates and copolymers 

(4–6), but will be described in this case study 

with a protein-nucleic acid complex: the protein, 

foamy virus integrase, was bound to DNA. 

Characterization of the complex was performed 

by K. Gupta et al. (2) using SEC–MALS, with 

the goal of confi rming that the observed crystal 

structure represents true solution behaviour. 

When prototype foamy virus integrase 

(PFV-IN) was bound to U5 viral DNA, the 

intasome complex eluted as a single peak 

in the resulting chromatogram. Because 

each component was determined to have 

a different UV extinction coeffi cient at a 

280 nm wavelength and the distinct dn/dc 

values described above, the mass fraction of 

each component can be determined in the 

chromatogram. When coupled with MALS 

data, the molar mass of each constituent 

(protein and DNA) can be determined for each 

data slice. The results from the authors after 

analysis is provided in Figure 1, where the molar 

mass of the total complex (PFV-IN and U5 DNA) 
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www.wyatt.com/fi les/literature/appnotes/sec-mals-

proteins/transport-protein-sec-cgmals-poster.pdf.

6. D.J. Slotboom et al., Methods 46(2), 73–82 (2008).

Nemal Gobalasingham is an applications 

scientist at Wyatt Technology in the 

customer support and service division, 

working with customers on a diverse 

range of applications. Nemal received his 

B.S. degree in chemistry from Syracuse 

University (Syracuse, New York, USA) 

and his doctorate in chemistry from the 

University of Southern California (Los 

Angeles, California, USA), specializing in 

polymer chemistry and materials science. 

Sophia Kenrick is senior applications 

scientist at Wyatt Technology where she 

supports multiple applications for Wyatt 

instrumentation, especially in the fi eld of 

molecular recognition and biomolecular 

interactions. Sophia received a bachelor’s 

degree in chemical engineering from 

Arizona State University (Arizona, USA), 

a doctorate in chemical engineering 

from the University of California, Santa 

Barbara (USA), and has been with Wyatt 

since 2010. She is also the Dean of Light 

Scattering University.

measurements of molar mass versus time to 

help quantify association kinetics.

Conclusion

Light scattering provides uniquely 

powerful and complementary techniques 

for effective characterization of protein-

nucleic acid complexes to determine 

absolute molar mass, conjugation ratio, 

interactions, binding mechanisms, and 

stoichiometry, as well as elucidating the 

attributes of higher-order structures. These 

simple but robust techniques enable facile 

analysis of protein-nucleic acid interactions 

and can be widely applicable to other 

biomolecular complexes. 
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prepared mixtures of Cre and IoxP were used to 

quantify association affi nity and stoichiometry 

of these two molecules (3). Upon infusion into 

the MALS fl ow cell, fl ow was stopped to enable 

equilibration of the mixture for determining 

equilibrium molar mass, ultimately coming 

to equilibrium in 15 min. From the raw light 

scattering intensity and the concentration of 

each species, the resulting data were converted 

to weight-average molar mass for each data 

point. In Figure 2, the molar mass data for the 

complex is plotted, which suggests a higher 

order stoichiometry than 1:1 is present and that 

a deeper analysis is required to fully understand 

the complex stoichiometry.

In order to obtain the appropriate fi t for the 

CG–MALS data, three distinct binding events (1:1; 

2:1, and 4:2 Cre:IoxP) were characterized. Under 

these conditions, the fi rst binding event (1:1) 

has an affi nity of 170 nM, the second binding 

event (2:1) has an affi nity of 17 nM, and the 

third binding event (4:2), the dimerization, has an 

affi nity of 400 nM. The various complexes and 

their molar composition are shown in Figure 3, 

with the free monomer excluded for clarity.

In contrast to gel shift assays, CG–

MALS enables straightforward and rapid 

measurements with excess Cre or excess IoxP to 

quantify multiple interactions and was successful 

in quantifying all three complexes that formed 

in solution. Furthermore, CG–MALS enables 

time-dependent analysis of equilibrium through 

E-mail: info@wyatt.com

Website: www.wyatt.com
www.chromacademy.com

powered by

Interactive HPLC 
Troubleshooter

• Get answers fast

• Reduce downtime

• Improve efficiency

Try it now for FREE

Gobalasingham and Kenrick

161166

Q&A Janvier and Vanhee2 QQQQ&&&AAA JJJaaannnvvviiieeerrr aaannnddd VVVaaannnhhheeeeee News8 Gobalasingham and Kenrick11 Eichman et al.18 EEEiiiccchhhmmmaaannn eeettt aaalll.88 NNNeeewwwsss 11 GGGooobbbaaalllaaasssiiinnngggghhhaaammm aaannnddd KKKeeennnrrriiiccckkk

James23 JJJaaammmeeesss The LCGC Blog28 Training & Events33 Staff35 SSStttaaaffffff22828 TTThhheee LLLCCCGGGCCC BBBllloooggggCCC 33333 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsss

http://www.chromatographyonline.com
mailto:info@wyatt.com
http://www.wyatt.com
http://www.chromacademy.com
www.wyatt.com/files/literature/appnotes/sec-mals-proteins/transport-protein-sec-cgmals-poster.pdf
http://www.chromacademy.com
https://www.wyatt.com/library/application-notes/wp3001-characterizing-protein-dna-interactions.html
www.wyatt.com/files/literature/appnotes/sec-mals-proteins/transport-protein-sec-cgmals-poster.pdf
https://www.chromacademy.com/hplc_troubleshooting.html


 The Column    www.chromatographyonline.com

GAS CHROMATOGRAPHY WITH VACUUM ULTRAVIOLET DETECTION FOR PHARMACEUTICAL ANALYSIS

LCGC: You recently used the GC-VUV method to 
measure the water content in organic solvents. What 
advantage does this new approach provide relative to 
Karl Fischer titration?
Zheng: I think VUV offers high sensitivity for water detection 

because water has a strong absorbance at 168 nanometers. 

We’re able to detect water in organic solvents down to the 

parts per million (ppm) level, which is helpful for our applica-

tion as the analyte is reactive to water. The other benefit of 

GC-VUV is the ease of use. All samples were injected from an 

autosampler and quantified using a water standard. Oven Karl 

Fischer titration also allows us to automate the analysis, but it’s 

not suitable for the analysis of water in volatile organic solvents.

LCGC: Can you describe how impurities that co-elute 
with diluents are typically handled and what you were 
able to accomplish using your VUV detector?
Zheng: For GC-FID, it is very difficult to detect a peak co-eluting 

with an overwhelmingly large diluent peak. GC-MS may not 

help as the MS detector will be saturated by huge diluent. For 

known compounds with authentic markers available, we can 

change the diluent to achieve the separation. However, there 

is no good way to handle unknown compounds. Columns 

with different selectivity may be used to separate the analytes 

from the diluent, but it can be difficult to track the peaks and 

identify appropriate conditions to achieve separation. With the 

VUV detector, we can choose a wavelength to minimize the 

signal of the solvent and detect the analyte peaks selectively. 

Alternatively, we can track peaks and make the right decisions 

to achieve the desired separation.

LCGC: How does the selectivity of VUV compare with 
other GC detectors?
Zheng: Since traditional GC detectors such as FID only provide 

two-dimensional chromatograms, selectivity is largely depen-

dent on the level of separation achieved by the GC column. 

VUV offers an additional flexibility to choose the wavelength 

to selectively detect compounds of interest. VUV data is three 

dimensional (i.e., time, absorbance and wavelength) and 

provides qualitative information that is specific to compounds.

LCGC: What advantages does GC-VUV present in iden-
tifying peaks and assessing their purity?
Zheng: With GC-FID, peak identity is confirmed by comparing 

the retention time of the peak in the sample with that in a 

standard. With the VUV detector, we can match not only the 

retention time, but also the VUV spectrum. The spectrum at 

VUV range (i.e., 120–180 nanometers) is quite distinctive, and 

has been successfully used to differentiate cis- and trans-

isomers. I believe that peak identification using a combination 

of retention time and VUV spectrum is more reliable than that 

based on retention time only.

Peak purity assessment is often used to detect if there is 

any interference in the main peak. With the VUV detector, it 

is possible to compare a spectrum at different positions of 

a peak to determine whether co-eluting peaks are present 

and to confirm the identities. The extracted spectra will vary 

if the spectra of the impurity and the main component are 

different and they are partially separated. This cannot be 

done using GC-FID analysis because there is no spectral 

information available. Peak purity assessment using LC-PDA 

is quite common. However, compared to purity assessment 

by LC-PDA, GC-VUV has the advantage of high resolving 

power inherent to gas chromatography and the distinctive 

VUV spectrum of gas analysis because they do not suffer from 

the solvation effect of solutions.

LCGC: In your opinion, which applications show the 
greatest potential for widespread adoption of GC-VUV 
within the pharmaceutical industry?
Zheng: In my experience, the major advantage of GC-VUV 

is that it provides qualitative spectral information. This can 

be used to track peaks, confirm peak identity, assess peak 

purity, or detect compounds of interest selectively. GC-VUV 

could become a useful tool for the development of methods for 

impurity profiling, stability indicating, or the analysis of complex 

reaction mixtures. The fact that GC-VUV is user-friendly and 

does not require a steep learning curve should aid its uptake 

for pharmaceutical analyses.

GC-FID is widely used for the analysis of volatile compounds 

such as residual solvents due to its excellent sensitivity and 

wide dynamic range. I don’t expect VUV to replace FID in 

this area. However, for compounds without carbon–hydrogen 

bonds, GC-VUV could be a good alternative detector for 

detecting a wide range of compounds.

VUV Analytics’ vision is to enable new science and better processes by harnessing the unique capabilities of VUV technol-

ogy. VUV Analytics manufactures universal vacuum ultraviolet (VUV) spectroscopic detectors that provide a new dimension

of chemical analysis accuracy. VUV light creates unique spectral signatures in the gas phase that result in unambiguous 

compound identification and quantitative analysis across a wide spectrum of complex applications. Unlike legacy GC detec-

tors, VUV detection delivers scalable data analysis automation with reduced analytical error and higher analytical throughput.

SPONSORED BY

Gas Chromatography with 
Vacuum Ultraviolet Detection 
for Pharmaceutical AnalysisA Q&A

Vacuum ultraviolet spectroscopy enables new 

capabilities in the analysis of volatile compounds.

F
lame ionization and thermal 

conductivity detectors for gas 

chromatography have limitations 

in the types of compounds they can 

detect and lack the qualitative spectral information. 

Vacuum ultraviolet (VUV) detectors can detect almost 

any compound except for hydrogen and some noble 

gases along with spectral information comparable to 

a photodiode array detector for liquid chromatography. 

The versatility and qualitative spectral information 

offered by GC-VUV offers potential for substantial 

improvements on conventional gas chromatography 

(GC) analysis.

LCGC: What do you see as the most significant 
challenges faced by analytical researchers in 
the pharmaceutical industry today?
Zheng: There are several challenges in pharmaceutical 

analysis. One is the regulatory requirements. Samples 

are analyzed for active pharmaceutical ingredients, 

trace level impurities, degradation products, muta-

genic impurities, metabolites, and more. The method 

has to be specific, accurate, and precise. The second 

is the sample’s complexity. There are a wide variety 

of samples, ranging from raw material, intermediate, 

and drug substance to drug product. There are also 

in-process control samples that are often reactive and 

contain a large number of impurities. The third is the 

time constraint. Analysts are often required to handle 

a large number of samples in a short period of time. 

Fast analysis and high-throughput is often essential 

for pharmaceutical analysis.

LCGC: What are the limitations of detectors 
that have been used in the past to analyze 
volatile compounds in pharmaceutical applica-
tions, and what unique capabilities does Gas 
Chromatography-Vacuum Ultraviolet (GC-VUV) 
spectroscopy offer in contrast?
Zheng: Volatile compounds are commonly analyzed 

by gas chromatography (GC) instruments equipped 

with a flame ionization detector (FID). FID is very sen-

sitive and has a wide dynamic range—about seven 

orders of magnitude. One limitation of FID is that it 

can only detect compounds with carbon–hydrogen 

bonds. A thermal conductivity detector (TCD) can 

be used to detect almost all compounds, but the 

sensitivity is much lower than FID. An electron capture 

detector (ECD) can only be used to detect haloge-

nated compounds. The other limitation is that these 

detectors do not provide qualitative spectral informa-

tion. VUV detection can be used to detect almost all 

compounds except for hydrogen and a few noble 

gases. Of course, the sensitivity is dependent on the 

compound’s structure. But, in general, the absorption 

seems to be strong in the VUV range. The biggest 

benefit is that it provides VUV spectral information, 

which is not available in common GC detectors such 

as FID, TCD, or ECD. A similar detector, the photo-

diode array detector (PDA) has become a standard 

configuration in almost all ultra-high performance 

liquid chromatography (UHPLC) systems because of 

its ease of use and the spectral information it provides. 

I think a VUV detector for GC analysis is similar to a 

PDA detector for LC analysis, and should become a 

powerful tool for GC analysis.

Jinjian Zheng 
Principal Scientist 

Merck. and Co., Inc.
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High-Flow Weak Cation 
Exchange for Charge 
Variant Analysis

Within the broad scope of analytical techniques required to characterize a 

protein, chromatographic methods have shifted towards high-fl ow analyses 

that can drop development time signifi cantly. However, fast analytical 

methods for charge heterogeneity have lagged in development because 

current column technologies are ultrahigh-pressure liquid chromatography 

(UHPLC)-incompatible. This article will demonstrate the development of 

a high-fl ow method for charge variant analysis made possible through a 

bioinert titanium column fl ow path.

Chad Eichman, Brian Rivera, and Christina Malinao, Phenomenex, Torrance, California, 

USA

antibody (mAb) is extensive and uses a 

variety of analytical techniques including 

high performance liquid chromatography 

(HPLC), capillary isoelectric focusing 

(cIEF), circular dichroism (CD), and mass 

spectrometry (MS). Because of the variation 

with each mAb, quick assessment of the 

batch is a critical need. Many analytical 

techniques have made technological 

advances in recent years to speed up analysis 

time, and as an example, ultrahigh-pressure 

liquid chromatography (UHPLC) has 

As pressure increases for biopharmaceutical 

companies to reduce their drug development 

timelines, more rapid and robust methods 

to produce biotherapeutics are required. 

Unlike small molecule therapeutics, 

each recombinant generation of protein 

therapeutics creates the added complexity 

of post-translational modifi cations (PTMs). 

These PTMs include differing glycosylation 

patterns, oxidized and deamidated species, 

as well as fragmentation, among others. 

The full characterization of a monoclonal  n
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Methods

Sodium phosphate monobasic, sodium 

phosphate dibasic, and 2-(N-morpholino)

ethanesulfonic acid (MES) hydrate were 

purchased from Sigma Aldrich. Sodium 

chloride was purchased from VWR. Sodium 

hydroxide was purchased from Fisher 

Scientifi c. Trastuzumab and rituximab 

were purchased from Myoderm. A 

50 mm × 4.6 mm, 6-μm bioZen WCX 

column (Phenomenex) was used for all ion 

exchange separations. All samples were 

analyzed on an Agilent 1260 HPLC with a 

chilled autosampler and variable wavelength 

detector set at 280 nm; data were collected 

using ChemStation software (Agilent). The 

facilitated the decrease in data acquisition 

time. However, one area that has lagged 

in chromatography development is cation 

exchange chromatography (CEX) for 

charge variant analysis. Polyether ether 

ketone (PEEK) is the most common column 

hardware for CEX, however, variations in 

column inner diameter and low pressure 

limitations render it incapable of consistent 

UHPLC applications. Recent advances in 

column hardware to incorporate a titanium 

fl ow path have circumvented the limitations 

of rapid charge variant assessment by CEX. 

This study demonstrates a high fl ow solution 

for weak cation exchange chromatography 

(WCX) using a bioinert titanium column. 

Figure 1: Reduction in analysis time using high fl ow rates on a 6-μm WCX column.
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areas of development, such as clone 

selection and process analytical technology, 

a more rapid analysis of charge variants is 

desirable because of high sample counts 

and real-time monitoring requirements. 

Further, accurate charge heterogeneity 

determination of the intact protein is 

ideal because it avoids a reduction step. 

The nature of protein charge variants 

means that a bioinert column fl ow path 

is necessary as a traditional stainless 

steel column will adsorb charged species 

and thus alter the results of the analysis. 

Therefore, PEEK columns are benefi cial 

because of their biocompatibility. The 

drawbacks of PEEK columns are the 

mobile phases for ion exchange separation 

chromatography were 20-mM MES pH 5.9 

and 20 mM MES 300 mM NaCl pH 5.9.

Results and Discussion

Charge heterogeneity in monoclonal 

antibodies resulting from PTMs is a critical 

quality attribute that must be assessed 

throughout the drug development process. 

One of the more common methods to 

assess charge variants in mAbs is with cIEF, 

but there are limitations with robustness, 

cost, and broad utility. HPLC solutions for 

charge heterogeneity are preferred and are 

often used for fractionation and collection 

during full characterization. During other 

Figure 2: High fl ow rates for trastuzumab charge variant analysis on a 6-μm WCX column.
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reduced from 12 min to 6 min with minimal 

impact on the quantitative assessment of 

variants. Figure 2 demonstrates the same 

increase in analysis time of trastuzumab 

charge heterogeneity with minimal impact 

on acidic and basic variants. At both 1 mL/

min and 3 mL/min, 19% acidic and 11% 

basic variants were observed for both fl ow 

rates. Flow rates higher than 3 mL/min 

began to erode the acidic and basic variant 

results. 

The pressure increases at high fl ow rates 

can limit the standard PEEK hardware in ion 

exchange analysis. Using bioinert titanium 

columns minimized this pressure restriction. 

For example, the above analyses performed 

at 1 mL/min reached a back pressure of 

1160 psi, whereas the 3 mL/min runs gave 

3530 psi back pressure. While experiments 

at 5 mL/min started to decrease acidic and 

basic variant detection, a back pressure of 

6130 psi with no impact on column integrity 

was observed. While not technically within 

the pressure window of UHPLC columns, 

the titanium-infused stainless steel columns 

provide a signifi cant pressure threshold 

increase compared to PEEK columns. 

Conclusion

The rapid assessment of protein charge 

variants has advantages in many analytical 

areas in biotherapeutic development. While 

pressure limitations and column variability 

from the inherent variance in column inner 

diameter. Titanium-infused stainless steel 

is another method to make a bioinert fl ow 

path and is suitable for bioinert LC systems 

because it allows high fl ow options while 

still maintaining biocompatibility for charge 

variant analysis. 

Rapid assessment of charge variants 

on an intact protein requires suffi cient 

separation of acidic and basic variants 

from the main, neutral peak. To speed up 

the analysis, a 50 mm column length is 

preferable if separation is still attainable. 

For example, at 1 mL/min fl ow rate, the 

separation of rituximab provided 17% 

acidic and 10% basic variants (Figure 1). 

Increasing the fl ow to 3 mL/min gave 15% 

acidic and 12% basic variants. With weak 

cation exchange, the particle surface is 

typically a polycarboxylate that can bind 

to protein variants through electrostatic 

charge interactions. A main reason the 

resolution of acidic and basic variants is not 

changed at a higher fl ow rate is because 

the polycarboxylate surface allows for a 

bind and elute type mechanism, which is 

less dependent on fl ow rate and more so 

on the charge density of the protein as well 

as interacting area between the protein and 

stationary phase (1). Of course, the main 

overall advantage is that the analysis time is 

Determination of Pharmaceutical Compounds 
and Their Transformation Products  
in the Aquatic Environment with LC–MS

For questions contact 

Kristen Moore at  

Kristen.Moore@ubm.com

Among the vast array of contaminants of anthropogenic origin reaching our water supplies, 
pharmaceutically active compounds (PhACs) have one of the largest input into the 
environment. Studies have shown that some pharmaceuticals are not completely degraded 
during conventional wastewater treatment and therefore are discharged into receiving 
river waters, lakes, and seas which may be used as raw sources for drinking water 
production. These contaminants can also be uptaken by the aquatic organisms including 
ƒUJ�KPVGPFGF�HQT�JWOCP�EQPUWORVKQP��

This webcast will describe several analytical methods based on liquid chromatography 
coupled to mass spectrometry (LC–MS) for the study of the source and fate of pharmaceutical 
contaminants along wastewater treatment and in the aquatic environment. With this 
purpose, different environmental compartments (wastewater, freshwater, and marine 
YCVGT��CU�YGNN�CU�UGFKOGPVU�CPF�DKQVC��PGGF�VQ�DG�KPXGUVKICVGF�YKVJ�CRRTQRTKCVG�URGEKƒE�
methodologies. Target methodologies for multiple-class human and veterinary 
pharmaceutical residues will be presented. Special attention will be paid to those 
methodologies aimed at the determination of transformation products of pharmaceutical 
contaminants. Transformation products of contaminants can be generated during 
wastewater treatment but also in the natural water environment due to degradation 
processes (including photo and biodegradation) and might pose a similar or higher risk 
than the parent compounds. Examples of targeted, suspect, and non-targeted screening 
analytical strategies for the determination of these compounds will also be presented.

KEY LEARNING OBJECTIVES
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water and aquatic environment
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contaminants
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determination of these compounds
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water analysis
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All attendees will receive a free executive summary of the webcast!
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E-mail: chade@phenomenex.com

Website: www.phenomenex.com/bioZen

Biopharmaceutical Market Manager. His 

current role is focused on supporting 

the development of analytical solutions 

for biologics analysis.

Brian Rivera received his B.S. in 

genetics from the University of 

California, Davis (USA). He then went 

into the biotechnology industry, 

mainly performing analytical 

method development for protein 

characterization. Brian joined 

Phenomenex as Technical Specialist, 

then moved into product management, 

focusing on the development of LC 

columns for separation of biologics and 

other large molecules. 

Christina Malinao received her B.S. in 

neuroscience and biology from the 

University of California, Riverside (USA). 

She spent some time at Schering Plough 

performing biomarker characterization, 

and several years at Agensys 

performing antibody and antibody–

drug conjugate characterization. She 

joined Phenomenex as a scientist in 

their PhenoLogix laboratory and works 

on developing methods for LC and 

sample preparation products.

the movement of the industry towards 

modern UHPLC chromatographic techniques 

has progressed in analytical development, 

ion exchange chromatography has been 

slow to follow because of the requirement of 

bioinert column hardware. Titanium-based 

columns can withstand higher pressures 

than traditional PEEK columns, and thus 

higher fl ow rates are attainable. As a result 

of the bind-elute mechanism of cation 

exchange chromatography, the fl ow rate can 

be increased to 3 mL/min on short 50-mm 

columns with minimal impact on the results 

of charge heterogeneity. These combined 

factors demonstrate titanium-based columns 

are suitable for analytical scientists seeking 

rapid charge variant analysis.
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Chad Eichman received his B.S. in 

chemistry from the University of 

Wisconsin-Madison (USA) and his 

Ph.D. in organic chemistry from 

The Ohio State University (USA). 

After a postdoctoral appointment at 

Northwestern University (USA) and 

an assistant professorship at Loyola 

University Chicago (USA), Chad joined 

Phenomenex, Inc. as the Global 

Expanding the Limits of Single-shot Proteomics  
 Using Micro Pillar Array Columns and  
 Data-Independent Acquisition (DIA) Methods  

For questions  

contact Kristen Moore at 

Kristen.Moore@ubm.com

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

Reversed-phase liquid chromatography is the most commonly used separation method for single-

shot proteomics. Nanoflow-chromatography has emerged as a preferred chromatography method 

for increased sensitivity and separation, making it possible to achieve a higher number of 

KFGPVKƒECVKQPU�YKVJ�NKVVNG�COQWPVU�QH�UCORNG�OCVGTKCN��

Micro-chip-based pillar array chromatography columns are a novel form of nanoflow-separation 

EQNWOPU��YJKEJ�DTKPI�UKIPKƒECPV�DGPGƒVU�HQT�VJG�TGUGCTEJGT��+P�EQPVTCUV�VQ�EQPXGPVKQPCN�.%�EQNWOPU�
that contain randomly packed beads as their stationary phase, micro-chip-based pillar array 

chromatography columns have a separation bed of perfectly ordered and freestanding pillars 

obtained by lithographic etching of a silicon wafer. The orderly flow pattern of the mobile phase 

through these micro-chip pillar array columns adds very little dispersion to the overall separation, 

resulting in better peak resolution, sharper elution peaks, and increased sensitivity. The 

freestanding nature of the pillars also leads to much lower back pressure buildup and makes it 

possible to operate longer columns at moderate system pressures.

+P�C�LQKPV�TGUGCTEJ�EQNNCDQTCVKQP��2JCTOC(NWKFKEU�CPF�$KQIPQU[U�GZVGPFGF�VJG�YGNN�RTQXGP�
combination of nanoflow-columns and single-shot proteomics to the data-independent acquisition 


&+#��OGVJQFQNQI[�HQT�FGGR�UKPING�UJQV�RTQVGQOG�CPCN[UKU�

+P�VJKU�YGDECUV��&T��,GHH�1R�FG�$GGEM��VJG�CRRNKECVKQP�FGXGNQROGPV�OCPCIGT�QH�2JCTOC(NWKFKEU��YKNN�
GZRNCKP�URGEKƒE�HGCVWTGU�QH�VJG�OKETQ�EJKR�DCUGF�RKNNCT�CTTC[�EJTQOCVQITCRJ[�CPF�&T��,CP�/WPVGN��C�
UGPKQT�UEKGPVKUV�CV�$KQIPQU[U�#)��YKNN�TGRQTV�QP�VJG�NCVGUV�CRRNKECVKQP�QH�2JCTOC(NWKFKEUŨ�PCPQHNQY�
EQNWOPU�KP�EQODKPCVKQP�YKVJ�VJG�&+#�OGVJQFQNQI[�
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Looking for Carcinogenic Nitrosamine 
Compounds in Beer

Carcinogen-containing compounds can develop through some manufacturing processes, such as in the malting process for beer. It is critical to analyze the 

nitrosamine content in any consumed products as well as monitor the fi nal product. Thermal energy analysis (TEA) is able to quickly identify and analyze 

N-Nitro, N-nitroso, and nitrogen-containing compounds. This article describes the importance of monitoring these compounds.

Andrew James, Ellutia Chromatography Solutions, Ely, Cambridgeshire, UK

chemical reactions, and can be a byproduct 

from the manufacture of pesticides, the 

making of rubber tyres, or fi sh processing 

(4). Animal studies have shown that NDMA 

can be toxic and cause tumours in the liver, 

kidney, and respiratory tract. It can also be 

potentially harmful to humans in certain 

quantities. Exposure to high levels can cause 

liver damage and is a probable human 

carcinogen, according to the US Department 

of Health and Human Services (5).

The same compound is detected and 

analyzed across other markets, including in 

the brewing industry. NDMA was discovered 

in beer in the 1970s. The Maltster’s 

Association of Great Britain (MAGB) members 

have implemented a voluntary code to 

monitor and report on levels in malt, as 

well as developing best practices to reduce 

A common blood pressure control drug was 

recently recalled in many countries because 

it contains a chemical that poses a potential 

cancer risk (1). 

The US Food and Drug Administration 

recall later expanded to other drugs that 

contained valsartan (2). Valsartan is used as a 

component in a family of drugs used to treat 

heart failure and high blood pressure. During 

tests of valsartan’s active pharmaceutical 

ingredient (API), those from an external 

supplier contained an impurity, namely 

N-Nitrosodimethylamine (NDMA). NDMA 

is an organic chemical that is in a family of 

potent carcinogens (3). 

NDMA has previously been used to make 

liquid rocket fuel, softeners, and lubricants, 

among other products. NDMA can also be 

unintentionally produced through certain 
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remain within the extract and still be present 

in the fi nal brewed product. Techniques 

were recently developed to minimize the 

formation of nitrosamines. However, low 

levels of these carcinogenic compounds 

still remain. Therefore, all malt used in the 

brewing process needs to be analyzed for 

its nitrosamine content. It is important to 

monitor the fi nal product as well as the malt, 

to help regulate the exposure of nitrosamines 

from the consumed liquid.

Application Example 

Method: A 200 Series Gas Chromatograph 

the formation of the compounds during 

kilning. Malts are regularly tested by malting 

companies for NDMA formation, and the 

MAGB collates their members’ thousands of 

test results over the years to demonstrate due 

diligence action (6).

Detecting NDMA in Malt and Beer

During the malting process, barley is forced 

to germinate, after which the grain is dried 

in kilns. This process freezes the sugar and 

fl avour compounds for the brewing process. 

During the kiln drying process, nitrosamines 

may be formed in the grain, which could 

Figure 1: Blue: 100 ppb eight-component mix, green: 100 ppb NDPA (internal standard) spiked 
malt sample, and red: unspiked malt sample.
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temperature: 45 °C/hold 1 min; temperature 

ramp 1: 20 °C min; column temperature 

1: 130 °C/0 min hold time; temperature ramp 

2: 200 °C (10 °C/min); column temperature: 

230 °C/1 min hold time.

TEA Conditions: Pyrolyzer temp: 500 °C; 

interface temp: 250 °C; sensitivity: 250; pump 

type: Edwards nXDS10i.

Sample Preparation: Malt samples were 

extracted in duplicate. Each replicate had 50 g 

of malt ground up and 100-mL deionized 

water added. The extract was fi ltered through 

(Ellutia), with an 800 series TEA (Ellutia) 

was used for the analysis The conditions for 

testing and sample preparation are described 

here.

GC Conditions: Injector temperature: 

250 °C; liner type: focus liner with wool; 

carrier gas type: helium; carrier gas control 

method: constant fl ow; splitless time: 0.8 min; 

column fl ow: 1.0 mL/ min; injection volume: 

1 μL; column: 30 m × 0.25 mm, 0.25-μm EL 

WAX (Ellutia). 

Column Temperature Program: Initial 

Figure 2: Red: 100 ppb eight-component mix standard, green: 100 ppb NDPA (internal 
standard) spiked lager sample, and blue: unspiked lager sample. Peak 1: NDMA, peak 4: NDPA, 
and peak 5: NDBA.

Sponsored by Presented by

EVENT OVERVIEW 

Polybrominated flame retardants, in particular polybrominated 

diphenyl ethers (PBDEs), are persistent organic compounds that are 

found in the environment and in the food chain. Biomonitoring data 

show that PBDE concentrations have increased in recent years—in 

humans and wildlife. Humans are exposed to PBDEs mainly through 

ingestion of contaminated food and breathing contaminated air. 

Since PBDEs are potentially linked to a wide range of adverse health 

effects in humans such as endocrine disruption, neurodevelopmental 

toxicity, and cancer, there is increasing public health concern about 

these compounds. The webinar will discuss the use of an advanced 

electron ionization (AEI) triple-quadrupole GC–MS technique for the 

routine analysis of PBDEs. It will also discuss the challenges that labo-

ratories face in terms of selectivity and sensitivity in complex sample 

matrices, sample throughput, and reducing the cost per sample. 

Further information will be provided on the following topics:

■ Ultratrace quantification of PBDEs in food and feed (at low ppt levels) 
levels using a new AEI source with triple quadrupole GC-MS

■ Rapid sample throughput with full separation of 27 native PBDEs in 
<11 minutes

■ Robust determination of PBDEs in complex matrices using electron 
ionization rather than soft ionization techniques such as negative 
chemical ionization

Who Should Attend 

■ Laboratory managers, mass spectrometry analysts, chemists, 
researchers, experimental chemists, students

Key Learning Objectives

■ Learn about advanced electron ionization triple 
quadrupole GC-MS and how it can be used 
to selectively analyze PBDEs in food and feed 
confidently at low ppt levels in routine analyses

■ Learn how advanced electron ionization allows 
for robust detection and quantification of 
PBDEs in complex food matrices with reduced 
instrument downtime

■ Learn how to automate data processing and 
reporting using a chromatography data system 
with isotope dilution quantification for PBDE 
analysis 

For questions contact Kristen Moore at 

kristen.moore@ubm.com

Presenters

Sean Panton
Analytical Chemist,  
Organic Environmental 
Contaminants Team
FERA Science, Ltd.

Aaron Lamb
Senior Mass Spectrometry 
Applications Specialist,
Chromatography and Mass 
Spectrometry Division 
Thermo Fisher Scientific

Moderator

Alasdair Matheson
Editor-in-Chief
LCGC Europe

Register for this free webcast at www.chromatographyonline.com/lcgc_p/PBDE

Fast, Sensitive, 
and Robust PBDE 
Analysis in Food
ON-DEMAND WEBCAST  Aired October 23, 2018
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steps. The unspiked sample showed no peaks 

within the retention times of any of the 

nitrosamines in this standard mix. As such, this 

malt sample showed no observable response 

for NDMA or any other nitrosamines.

Beer

A 25-mL measure of lager was sonicated 

for 10 min to remove any dissolved gases. 

Ten mL was transferred to a centrifugal tube, 

3 g of sodium chloride was added, followed 

by 1 mL of DCM, and the solution was 

shaken for 5 min. The sample was then left to 

separate out for 15 min. The DCM layer was 

pipetted into a new vial and 1 g of sodium 

sulphate was added to capture any remaining 

aqueous solution. A 1-μL injection of the 

DCM solution was directly analyzed.

NDMA detection limits show that <1 ppb 

NDMA was visible. For the malt sample, 

the results would be declared as none 

detected <1 ppb, the beer would also 

be declared as <1 ppb NDMA, however, 

there was a response found for NDBA 

(n-nitrosobutylamine) of 67 ppb, highlighting 

the importance of looking for more 

nitrosamines than just NDMA (see Figure 2).

Conclusions

Following the US FDA’s alert for the voluntary 

recall of several drug products containing the 

active ingredient valsartan during the summer 

a grade 1 fi lter paper and 1 mL of 10 ppm 

NDPA (n-nitroso di propylamine) internal 

standard was added to one extract (this 

generates a 100 ppb NDPA spiked sample). 

The samples were then made up to 100 mL 

with deionized water volumetrically.

To a vial, 10 mL of extract, 3 g of sodium 

chloride, and 10 mL of dichloromethane 

(DCM) were added and shaken for 5 min. The 

layers were then left to separate for 15 min. 

The lower layer containing DCM was pipetted 

out into a clean vessel. A 10-mL measure 

of DCM was added to the extract and the 

liquid–liquid extraction step was repeated. 

After this step, the DCM (fi nal volume 

approximately 20 mL) was dried using 1 g of 

sodium sulphate and then pre-concentrated 

to 1 mL under a nitrogen fl ow of 

approximately 1 L/min. A 1-μL injection of the 

concentrated DCM was directly analyzed.

The identity of the internal standard was 

confi rmed against the eight-component 

nitrosamine mix standard. This confi rmed 

that the NDPA internal standard used has the 

same retention time as the NDPA contained 

within the standard (Figure 1).

The peak areas for the spiked sample 

compared with the standard for NDPA showed 

good correlation, indicating a good recovery 

of the internal standard, and indicated very 

limited losses of any potential nitrosamines 

from within the sample during the preparation 

Sponsored by Presented by

EVENT OVERVIEW: 

Jinjian Zheng, Principal Scientist at Merck & Co., Inc., will discuss 

the use of gas chromatography with vacuum ultraviolet detection 

(GC-VUV) in the pharmaceutical industry.  

Flame ionization and thermal conductivity detectors for gas chro-

matography have limitations in the types of compounds they can 

detect and lack the qualitative spectral information. VUV detec-

tors can detect almost any compound except for hydrogen and 

some noble gases along with spectral information comparable to a 

photodiode array detector for liquid chromatography. The versatil-

ity and qualitative spectral information offered by GC-VUV offers 

potential for substantial improvements on conventional gas chro-

matography (GC) analysis. The adoption of GC-VUV in the phar-

maceutical industry will be led by its uses in the development of 

methods for impurity profiling, stability indicating, or the analysis 

of complex reaction mixtures. 

Key Learning Objectives

■ An overview of traditional and current methods to address the 
many challenges in pharmaceutical analysis

■ Limitations of traditional methods including GC-FID, TCD and 
ECD in comparison to the industry disrupter GC-VUV

■ The advantages that GC-VUV presents in identifying peaks and 
assessing their purity

Who Should Attend 

■ Lab Directors

■ Lab Managers

■ Lab Scientists

■ R&D

■ Pharmaceutical Process Scientists

■ QA/QC Analysts

■ All industries including: Life Science, 
Pharmaceuticals and Specialty 
Chemicals

For questions contact Kristen Moore at 

kristen.moore@ubm.com
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Register for this free webcast at www.chromatographyonline.com/lcgc_p/ultraviolet

Gas Chromatography with 

Vacuum Ultraviolet Detection  

for Pharmaceutical Analysis
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4. Jen Christensen, 2018. CNN - FDA joins 22 

countries’ recall of common heart drug. (Internet) 

https://edition.cnn.com/2018/07/13/health/

valsartan-recall-fda-bn/index.html

5. Environmental Protection Agency, 2017 - 

Technical Fact Sheet –N-Nitroso-dimethylamine 

(NDMA) November. https://www.epa.gov/sites/

production/fi les/2017-10/documents/ndma_fact_

sheet_update_9-15-17_508.pdf
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Andrew James is Marketing Director 

at Ellutia. Andrew has worked at 

Ellutia for over 20 years and has been 

involved with many aspects of the 

business from product development 

to strategic planning. Consequently, 

he has developed an extensive wealth 

of knowledge and experience in the 

chromatography industry. Andrew 

has been in charge of the company’s 

marketing for the last eight years, 

working to continually grow both the 

Ellutia brand and company as a whole.

of 2018, the NDMA impurity was brought to 

light and found to have been in the recalled 

products. This article has described the 

similarities that occur in the brewing industry 

with the same impurity, when, during the 

kilning of germinated barley, in the course of 

a malting operation, nitrosamines are formed 

and, ultimately, end up in the beer, whisky, 

and vinegar obtained from such malt. 

There are, however, measures in place to 

test for this in the brewing industry, but not 

in the pharmaceutical industry. The recent 

valsartan issue shows that nitrosamine testing 

should be part of certain pharma products 

safety tests. Therefore, it is important to 

test for this impurity and install this as an 

automatic part of the process. 
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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!
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The LCGC Blog: Solve Carryover Problems in Gas 
Chromatography

In this instalment of the LCGC Blog, solutions for carryover problem in gas chromatography (GC) are considered.

Tony Taylor, Crawford Scientifi c, Strathaven, Scotland, and CHROMacademy

from several injections ago. I will explain this 

more fully subsequently.

In summary, carryover in this context is 

related to the instrument rather than solvent 

contamination.

However, while the contamination may 

not arise from the sample solvent injected, 

the nature of the solvents used within the 

system are intrinsically linked to the majority 

of carryover problems in gas chromatography 

(GC). So, why is this and what can be done 

about it?

To help with the visualization of the 

concepts discussed below, Figure 1 is a 

schematic of a typical split–splitless inlet with 

the various gas fl ows noted.

Injection Volume Related Carryover

In split–splitless injection, the injected 

liquid expands rapidly to form a gas plasma 

containing our analytes, hopefully also in 

the gas phase. The space within the inlet, 

Let’s fi rst properly defi ne carryover in the 

context that I’d like to discuss here. An 

injection is made and a chromatogram 

obtained. On injecting a “blank” as the next 

injection, one or more of the components of 

the previous injection appear in the “blank” 

chromatogram.

This defi nition needs further clarifi cation:

1. Blank injection can be a pure solvent (or 

solvent mixture), or, if contamination of the 

solvent(s) is suspected, then the “blank” may 

be an injection of air (for example, a 0 mL 

injection).

2. While the “blank” may contain 

components of the previous injection, 

depending upon the solvent used, one may 

observe carryover from several injections 

previously. Here, I refer to the often puzzling 

issue where several injections are made 

without evidence of carryover then “out of 

the blue” a component will appear in the 

chromatogram that was present in a sample 
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sample volume injected all infl uence the 

volume of gas created from the injected 

sample. If the volume of gas created by the 

sample exceeds the available volume within 

the liner, gas may overfl ow from the liner 

and will typically end up in the septum purge 

and carrier gas lines (yes, overfl owing sample 

vapour may overcome the forward pressure 

of the inlet gas supply and fl ow back up 

the carrier gas inlet lines). As these lines are 

typically unheated, higher boiling and more 

polar sample components may condense and 

“coat” the lines. Any subsequent overloaded 

injection (typically known as “backfl ash”) may 

then fl ow through the unheated lines and 

re-solubilize the condensed components. As 

the inlet pressure equalizes, or as the split line 

is opened in the case of splitless injection, 

then this re-dissolved component is drawn 

back into the inlet and may ultimately enter 

the column, therefore causing carryover.

One should note that this may not occur 

every time a backfl ash injection is made, 

and in some cases the polarity of the sample 

vapour relative to the condensed contaminant 

will determine how well the contaminant 

is re-dissolved, and therefore whether it is 

seen within the subsequent chromatogram. 

This can lead to the situation in which the 

contaminant may not become obvious until 

several injections later, if the solubility of the 

contaminant is not high in the intermediate 

into which this expansion occurs, is primarily 

dependent upon the internal volume of the 

inlet liner used, and the available volume 

may vary signifi cantly depending upon the 

design of the liner used. Most manufacturers 

will publish the internal volume of their 

various liner styles or this information will 

be available through one of the many online 

vapour volume calculators: CHROMacademy 

Calculator (1), Agilent GC Calculator (2), and 

Restek Backfl ash Calculator (3). 

The inlet pressure (determined by the total 

fl ow into the inlet), inlet temperature, and 

Figure 1: Schematic of a typical split–
splitless inlet. 
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EVENT OVERVIEW: 

Do you worry about having so many results to review, with so little time 

available for each result, and how you can ever be confident that you will 

detect any data integrity issues? Do you wish there were a more reliable 

and efficient way to identify suspect data?

Regulatory agencies are stressing the need to manage and reduce risks to 

data integrity. Data integrity risks are managed based on a combination of:

■ How badly would the GxP data be impacted by this issue?

■ Can this issue happen and how often?

■ Will you detect the issue?

Regulators have recognized that using an automated exception reporting 

tool to improve detection of data integrity issues reduces risk at no cost to 

laboratory efficiency.

In this webcast, Waters’ subject matter experts will share knowledge and 

techniques including:

■ Expectations from regulators on effective detection of data integrity issues,

■ The compliant use of exception reporting tools to improve such detection, 
and

■ A detailed example of how to implement exception reporting within a 
Chromatography Data System (CDS)

Key Learning Objectives: 

■ Appreciating the importance of evaluating “can this result be trusted?” 
before approving regulated data

■ Learning how to leverage and manage automated tools to identify “high-
risk results” showing warning signs of potential data integrity issues

■ Understanding the role of the human reviewer in determining if the high-
risk results are evidence of data manipulation or valid scientific actions to 
resolve poor separation and integration

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

Leveraging Exception 

Reporting to Optimize 

Chromatography Data Review

Presenters

Gary Cameron 

Director for Informatics 

Sales and Marketing

Waters Corporation 

Charlie Wakeham

Regional CSV Consultant

Waters Corporation

Moderator

Laura Bush 

Editorial Director 

LCGC

Register for this free webcast at www.chromatographyonline.com/lcgc_p/data_review

LIVE WEBCAST: 
Wednesday, November 21, 2018 at 7:30am IST | 10am CST | 11am JST
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prior to injection, whereas choice 1 will 

not lead to any reduction in analytical 

sensitivity.

The calculators mentioned above can all 

be used to assess the likelihood of backfl ash 

within the inlet and therefore will help to 

mitigate the issue.

Contamination of the Split Line

You may have noted that the split line on 

your gas chromatography instrument is also 

unheated. So whatever issues occur with the 

deposition of components into the carrier and 

septum purge lines may also occur within the 

split line. However, most inlet designs have a 

split line lower within the inlet than the split 

line (Figure 1), and the sample gas typically 

follows a more tortuous path through the 

liner prior to passing out of the split line. 

This being said, it is perfectly possible for 

less volatile sample components to condense 

within the split line and the charcoal trap, 

which is also included in the split line on 

most instrument designs. If the concentration 

of this contamination is high or builds up 

over a period of time, it is possible for 

carryover to occur in a very similar fashion 

to the backfl ash injection. This can be 

confi rmed, and indeed mitigated, by “steam 

cleaning the split line” with several large 

volume injections (typically 5 mL) of water 

at very high split fl ows. If the contamination 

injections. So, a polar contaminant may not 

appear in backfl ashed injections of, say, 

hexane, but may then become apparent 

when a backfl ashed injection of methanol 

is made several injections later. Not only is 

the problem of backfl ash rather insidious, 

it can also be very confusing because the 

appearance of the carryover may appear to 

be random and not apparent in the injections 

immediately following.

As splitless injections have inherently 

lower total gas pressure in the inlet (only the 

carrier fl ow is passing through the liner) and 

as the residence time of the sample solvent 

within the inlet is higher, splitless injection is 

considered to have a higher risk in terms of 

injection backfl ash and inlet contamination.

In order to overcome backfl ash issues there 

are three choices:

1. Use pressure pulsed injection—in which 

the inlet pressure (total fl ow into the inlet) is 

increased during the injection phase and then 

reset to the desired pressure (and column 

fl ow) post injection. In splitless injection the 

pressure pulse time is usually matched to the 

splitless time.

2. Reduce the amount injected

3. Use a small split to increase the inlet 

pressure during injection

Obviously choices 2 and 3 need to be 

evaluated against any loss in sensitivity unless 

the sample concentration can be increased 

Environmental and Agricultural Applications  
of CESI-MS:  Overcoming the Challenges of 
Quantifying Highly Polar Amines

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

Highly polar natural products and environmental toxicants, such 

DV�DPLQHV��DUH�VXEMHFW�WR�1�QLWURVDWLRQ��D�VWUXFWXUDO�PRGL	FDWLRQ�

that is not chromatographically distinct, at least with conventional 

approaches, and often is spectrometrically masked, such as 

during electron-impact ionization.

In this webcast, Dr. Spencer Walse of the USDA illustrates how 

&(6,̰06�06�KDV�UHYROXWLRQL]HG�WKH�VSHFWURPHWULF�TXDQWL	FDWLRQ�

of amines, formerly prone to matrix suppression and 

chromatographic complications associated with reversed-phase 

and ion-exchange techniques.   

KEY LEARNING OBJECTIVES

̽� 8QGHUVWDQG�WKH�FKDOOHQJHV�RI�TXDQWLI\LQJ�DPLQHV�

̽� /HDUQ�KRZ�WR�VXFFHVVIXOO\�TXDQWLI\�KLJKO\�SRODU�QDWXUDO�SURGXFWV�

and environmental toxicants

̽� 'LVFRYHU�KRZ�RUWKRJRQDO�VHSDUDWLRQ�WHFKQRORJLHV�OLNH�&(6,� 

can help you see what you’ve been missing from other 

chromatographic techniques

WHO SHOULD ATTEND

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

separations

̽� 7KRVH�LQWHUHVWHG�LQ�IRRG��SHVWLFLGH��DQG�HQYLURQPHQWDO�DQDO\VLV�

XWLOL]LQJ�DQ�RUWKRJRQDO�WHFKQLTXH�WR�/&̰06
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cleaned. Liners should be regularly replaced 

and should be changed as a matter of 

priority when carryover problems are being 

investigated.

Carryover from the underside of the 

septum can also occur if the septum purge 

fl ow is not suffi cient. This gas fl ow is 

designed to fl ush away septum outgassing 

products and to avoid sample deposition 

on the underside of the septum. Many 

instrument designs have automated control 

of septum purge fl ow and so this variable 

is rarely considered or the fl ow manually 

measured. Septum purge fl ow should be 

manually measured as part of preventative 

maintenance routines.

Contamination of Autosampler 

Components

Finally, the syringe and wash solvents should 

be considered in any investigation into 

carryover. Contamination may be carried on 

the inside and outside surfaces of the syringe 

needle and this can be somewhat mitigated 

by using rapid plunger depression and very 

short residence times for the syringe needle 

within the inlet. Most manufacturers ensure 

that this is built into the autosampler routine, 

however if your instrument provides the 

option for “slow” or “fast” injection, be sure 

to choose the fast injection option, especially 

with splitless injection.

is nonpolar, then ethyl acetate can also be 

injected in a similar fashion until the carryover 

is eliminated.

Contamination of Inlet Components

Inlet components such as the liner may 

become “active” over time, as a result of 

exposure of silanol groups on the quartz 

glass from which the liner is made or from 

any quartz wool packing within the liner or 

from active metal sites on the inner metal 

surfaces of the inlet body. This is typically 

associated with peak tailing phenomena 

for polar analytes because of unwanted 

secondary interactions between the 

analyte and the active inlet site. However, 

if this interaction is strong, sample 

components may be irreversibly adsorbed 

until the following injection. However, 

again, if the solvent used for the next 

injection does not readily dissolve the 

contaminant, the carryover may not occur 

until an injection of a solvent of the same 

polarity is made.

To avoid these issues, ensure that 

deactivated liners are used, avoid the 

use of glass wool and packing materials 

within the liner if possible (check the 

impact on analytical sensitivity and 

reproducibility and discrimination effects 

before moving to a liner with no packing), 

and ensure that the inlet body is regularly 

EVENT OVERVIEW: 

The growth of bio–therapeutics has occurred mainly due to 
the greater success rates within the clinical trials phase of drug 
development.  This means that more drugs are being brought 
to market.  Due to their complex nature, bio-therapeutics have 
a propensity to change structure which can have a detrimental 
effect on the efficacy of the drug.  As a consequence, peptide 
mapping is mandated at all stages of the drug development 
pipeline to ensure integrity.  The sample preparation stage of 
this process is complex, laborious, subject to error anddifficult 
to automate.  This webcast details how new technologies can 

deliver peptide mapping which is:

■ Fast

■ Easy for untrained operators

■ Reproducible and transferable

■ Easy to automate

Key Learning Objectives: 

■ The challenges faced in peptide mapping and sample 
preparation

■ How new technologies overcome issues with peptide 
mapping

■ How new automated technologies compare to existing 
practices

Who Should Attend: 

■ Bio-pharmaceutical/pharmaceutical 
companies R&D and QC, CRO/CMO’s 
tasked with delivering peptide mapping or 
peptide quantitation applications

For questions contact Kristen Moore at kristen.moore@ubm.com
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Further, the syringe wash solvents 

should be matched to the polarity of the 

potentially contaminating analytes. While 

most users match the wash solvent with 

the sample solvent, one needs to carefully 

consider the solubility–polarity of the 

components involved in carryover when 

selecting the wash solvent. Further ensure 

that waste solvent bottles and the bottle 

tops are kept clean and regularly emptied. 

When the autosampler offers more than 

one wash solvent, one should experiment 

with the wash solvent routine to minimize 

carryover—use of one solvent post injection 

and one solvent pre injection, or the use of 

both solvents in turn both before and after 

injection, and so on.

The number of sample washes and 

syringe primes prior to injection can also 

be optimized to reduce carryover to the 

minimum levels. I have known methods that 

will be carryover free only after fi ve sample 

washes and fi ve sample primes prior to 

injection.

Hopefully you will now have a more 

thorough understanding of the potential 

sources for carryover that are instrument 

related and that some or all of this advice 

will help you to overcome issues with 

quantitative reproducibility or contaminants 

in qualitative analysis.

E-mail: tony@crawfordscientific.com

Website: www.chromatographyonline.com
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EVENT OVERVIEW: 

In this webcast, we will discuss how to achieve efficient and 

high-throughput separations of proteins. In particular, recent 

work has shown that optimizing superficially porous particle 

technology can enhance the characterization of protein thera-

peutics such as mAbs and ADCs. Coupled with a unique mobile 

phase additive that grants benefits such as increased resolu-

tion, sensitivity, and protein recovery, new methods for protein 

reversed-phase separations can be developed and utilized.

Key Learning Objectives: 

■ How optimizing column technology can enhance protein 

reversed-phase liquid chromatography

■ Optimizing methods for mAb and ADC subunit 

characterization

■ Improving resolution and throughput of protein separations

■ Balancing resolution and MS sensitivity for protein analyses

Who Should Attend 

■ Biopharmaceutical method development scientists or 

analysts performing reversed-phase protein separations

■ Scientists interested in mAb and ADC characterization

■ Analysts struggling to find a balance between obtaining 

resolution and recovery while minimizing artifacts and facili-

tating MS detection
For questions contact Kristen Moore at 
kristen.moore@ubm.com

Addressing the Analytical  

Challenges of Reversed-Phase 

Characterization of Protein Therapeutics

Presenters

Jacquelynn Smith, M.S. 

Analytical Chemist

Pfizer Corporation 

Jennifer Nguyen, M.S.

Senior Scientist

Waters Corporation

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/addressing

ON-DEMAND WEBCAST   Aired November 9, 2018

The LCGC Blog
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Training Courses
GC
The Theory of GC
Website: www.chromacademy.
com/gc-training.html

Absolute Basics of GC and 
GC–MS
28 January 2019
The Open University, 
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/AB-GC

Advanced GC
30 April 2019
Chicago, Illinois, USA
Website: www.axionlabs.com/
courses/advanced-gc/

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

The Open University, 
Milton Keynes, UK
Website: www.anthias.
co.uk/training-courses/basics-
metabolomics

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

An Introduction to LC Method 
Translations
20 November 2018
Cardiff, UK
Website: www.hichrom.com

Hands-On Complete HPLC and 
LC–MS
25 February–1 March 2019
Thermo Scientific, 
Runcorn, UK
Website: www.anthias.co.uk/
training-courses/hands-on-complete-
LC-LCMS

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

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

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

Absolute Basics of Chemometrics
31 January 2019
The Open University, 
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/basics-chemometrics 

Absolute Basics of Metabolomics
1 February 2019

Please send your event and training 
course information to Kate Jones 
kate.jones@ubm.com

http://www.chromatographyonline.com
mailto:kate.jones@ubm.com
http://www.chromacademy.com/gc-training.html
www.anthias.co.uk/training-courses/AB-GC
www.axionlabs.com/courses/advanced-gc/
www.chromacademy.com/hplc-training.html
www.chromacademy.com/mass-spec-training.html
www.chromacademy.com/hplc_troubleshooting.html
www.hichrom.com
www.anthias.co.uk/training-courses/hands-on-complete-LC-LCMS
www.chromacademy.com/sample-prep-training.html
www.chromacademy.com/basic-lab-skills-training.html
www.chromacademy.com/infrared-training.html
www.anthias.co.uk/training-courses/basics-chemometrics
www.anthias.co.uk/training-courses/basics-metabolomics
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Event overview
Growing concern about contaminants leaching into food from 

food packaging is gaining the attention from global food safety 

agencies to establish clear guidelines to control chemicals 

migration from food contact materials (FCMs) into foodstuffs. 

In particular, phthalates, which are widely used as plasticizers 

to increase the flexibility of plastics used in food packaging, 

can migrate into food products and pose a risk to consumer 

health because of their endocrine-disrupting effects. Sensitive 

and robust methods for the analysis of phthalates in various 

food matrices are clearly needed to protect the end consumer 

from food adulteration and contamination. One of the major 

challenges for laboratories that will be required to test for 

phthalates in food commodities is the analysis of fatty matrix 

samples such as cooking oils.

This webcast will provide an insight on how gas chromatog-

raphy–mass spectrometry (GC-MS) can deliver more sensitive, 

selective, and robust phthalate testing workflows, responding 

to routine testing lab requirements.

Who Should Attend 

■ Food testing chemists interested in the analytical capability 

of the latest GC-MS technology for a robust and sensitive 

phthalate analysis in food

Key Learning Objectives

■ Learn about a full testing workflow for 

phthalates quantitation at low levels in fatty 

food 

■ Discover the innovative technologies behind 

a new GC-MS single quadrupole system 

designed to deliver an extended sensitivity and 

robustness toward complex food matrices

■ Learn about a new smart tuning tool that 

enables faster and consistent results for a longer 

time period

For questions contact Kristen Moore at 

kristen.moore@ubm.com

Presenter

Daniela Cavagnino

Product Marketing 

Manager GC/GC-MS

Thermo Fisher Scientific

Moderator

Kaylynn Chiarello-Ebner, 

Managing Editor, Special 

Projects, UBM

Ease Routine Analysis of Phthalates  

in Vegetable Oil with Enhanced 

Sensitivity and Robustness from Single 

Quadrupole GC-MS Advanced EI source

LIVE WEBCAST:  Tuesday, December 4, 2018 at 11am EST | 8am PST | 4pm GMT | 5pm CET

Register for this free webcast at www.chromatographyonline.com/lcgc_p/routine

Event News
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

10–13 March 2019

DGMS 2019

University of Rostock, Germany

E-mail: ralf.zimmermann@unii-rostock.de

Website: www.dgms.eu

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.chromatographyonline.com/lcgc_p/routine
mailto:kristen.moore@ubm.com
mailto:adrian.clarke@novartis.com
http://www.chromsoc.com/events/
mailto:info@scm-9.nl
http://www.scm-9.nl
mailto:ralf.zimmermann@unii-rostock.de
http://www.dgms.eu
mailto:info@pittcon.org
http://www.pittcon.org/pittcon-2019/
http://www.chromatographyonline.com/lcgc_p/routine
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