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Tips to Boost Your Trace 
Analysis Skills
Incognito recalls the words of wisdom from an “old-school” supervisor who 

mentored him on the art of effective trace analysis.

requirements for trace analysis, which I 

have kept all these years and re-discovered 

recently. These guidelines are as relevant 

now as they were then, despite all the 

advances in our science, and I share them 

with you now as a checklist against which 

you can also rate your knowledge and 

skills, to benchmark yourselves against 

the young, apparently failing, Incognito. 

Naturally, I have made some updates over 

the years to reflect modern practices 

and advances, but largely they remain 

unchanged.

Trace (organic) analysis can be 

loosely defined as the measurement of 

components within a sample at or below 

a specified concentration level (ppm 

back then, probably ppb or ppt now!) 

or for which reproducible determination 

is difficult because of the limitations of 

analytical equipment, matrix interferences, 

or the complexity of the sample.

Most trace analysis requires careful 

sample manipulation and one should 

“True trace analysis requires knowledge 

and skills which are not always present in 

your work, which often lacks the rigour 

required to produce high quality data” 

wrote my supervisor in 1993 following my 

annual performance review. He was very 

much of the old school; he could make a gas 

chromatography–mass spectrometry (GC–

MS) system sing like no one else I have ever 

worked with and was meticulous to a fault, 

often taking far longer than was necessary 

to perform analyses in order to make sure 

everything was just as it should be. He 

obviously didn’t rate me at that time!

Of course, the skills, knowledge, and 

rigour required back then are just as 

necessary now, even though modern 

columns, sample extraction techniques, 

and analytical equipment have massively 

advanced, and the detection limits possible 

now are orders of magnitude lower. One 

very good thing that came out of that 

review back then was a set of notes that 

he gave me to follow as a guide to the m
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ensure the homogeneity of the sample 

before analysis, taking care to consider 

factors such as particle size or liquid 

viscosity and the possibility for phase 

separation prior to subsampling for 

analysis. Any issues identified should 

be dealt with only after careful 

consideration of the effects of sample 

manipulation on target analyte 

concentration, such as the loss of 

volatile trace analytes during particle size 

reduction of solid samples or the partition 

coefficient of analytes in bi-phasic liquid 

samples when centrifuging or using phase 

separation methods.

Trace analysis will often require sample 

extraction to selectively isolate the target 

analytes from other matrix components 

(to remove potential interferents) and 

preconcentrate the analyte to a level at 

which instrumental determination at the 

required level of sensitivity is possible. 

The technique used for sample extraction 

should be as selective as possible with 

solid-phase extraction (SPE) using 

electrostatic interactions or mixed mode 

media being the most selective and simple 

liquid–liquid extraction the least selective. 

When using sample extraction, ensure that 

the most selective conditions are used in 

each step of the protocol, such as making 

pH adjustments to the sorbent before or 

after the washing steps of an SPE protocol 

to ensure optimum analyte retention 

or elution accordingly, or the use of pH 

adjustment or salting-out approaches 

when using liquid–liquid extraction.

The cleanliness of the environment used 

for trace analysis is of utmost important, 

especially where repeated analyses for 

the same target analyses are performed 

on an ongoing basis. Measures to ensure 

the cleanliness of the sample preparation 

and extraction areas are required as well 

as the proper cleaning of equipment, 

which can be verified using “blanks” that 

should be processed in exactly the same 

way as the sample. Airborne and surface 

contamination can be avoided through 

the proper use of fume hoods and good 

cleaning of the fume hood surfaces.

Consider the use of gloves to avoid 

sample contamination, but ensure that the 

gloves have been tested for extractables, 

and use powder-free varieties whenever 

possible. The degree of contamination 

of glassware post-cleaning needs to be 

verified and washing detergents should 

be carefully screened. Equipment such 

as needle (matrix) evaporators and SPE 

manifolds hold a high potential for 

cross-contamination and their proper 

use and suggested cleaning regimes 

should be well known and properly 
www.gerstel.comwww.gerstel.comwww.gerstel.com

... is a clean baseline
GERSTEL Thermal Desorption

£�Minimized carry-over

£�Lowest limits of determination

£�Sorbent free, non-selective trapping 

£�Reliable results – even for unknowns

 

Thousands of users in leading laboratories

worldwide rely on GERSTEL Thermal

Desorption to provide the right answers.

 

What can we do for you?

The best start...

sample blank
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the dispersion (and therefore reduced 

efficiency) associated with late elution can 

often drastically reduce the sensitivity of 

the method.

There are several strategies designed to 

optimize the instrument response in trace 

analysis including:

GC

• Splitless injection routines should be 

optimized in terms of solvent injection 

volume and splitless (purge-on) time.

• Use of pressure-pulsed injection to 

achieve higher sample volume injection.

• Use of programmed thermal vaporizing 

inlets to achieve high sample injection 

volumes and analyte preconcentration in 

the inlet.

• Use of shorter, narrow-bore GC columns 

will improve efficiency and therefore 

resolution; however, care should be taken 

not to overload these columns (they have 

very limited stationary phase available) 

as a drastic reduction in efficiency may 

occur.

• Use of selected ion monitoring detection 

in single quadrupole GC–MS systems; 

however, the judicious choice of the ions 

monitored and their relative dwell times 

within each group is required in order 

to avoid any interference effects and 

optimize sensitivity.

quantification (LOQs) to determine the 

high performance liquid chromatography 

(HPLC) and GC system cleanliness prior to 

analysis. Reject the system if suitable limits 

are not met or if there is any suggestion of 

contamination.

Certified reference standards should be 

used wherever possible to create standard 

solutions for instrument calibration 

and their validity regularly checked 

or the standards replaced. A rigorous 

programme of quality control samples 

should be employed with check standards 

interspersed through the analytical 

campaign to check for instrument response 

drift. Pass and fail criteria need to be 

established and adhered to. 

Chromatographic methods should 

be designed to achieve the maximum 

selectivity of the chosen analytes, even 

when MS detection may make spectral 

resolution possible. Insidious issues such 

as detector overload or common-ion 

interference in GC–MS or ion-suppression 

in LC–MS often cannot be identified until 

the data analysis phase and there is the 

risk that even at this later stage they are 

not properly identified. Stationary phases 

and column configurations should be 

designed to give maximum resolution 

and efficiency to aid with selectivity 

optimization, bearing in mind that 

avoid poor chromatographic peak shape 

and improve sensitivity of chromatographic 

methods.

Where analyte losses are possible during 

sample manipulation and extraction, 

suitable internal standards should be 

used, choosing deuterated variants of 

the analyte if available, where mass 

spectrometric detection is used. Internal 

standards should have similar chemical 

properties to the analytes of interest and 

their relative detector response versus 

the target analytes should be verified 

prior to any quantitative determinations. 

Solubility, LogP (D), and pKa of candidate 

internal standards should all be considered 

when assessing the suitability of internal 

standard candidates. Suitable internal 

standard concentration (ranges) should be 

verified according to the expected limits of 

detection and quantification of the target 

analytes.

Instruments should be properly 

maintained, and the most rigorous 

cleanliness applied when performing system 

maintenance, especially in GC analysis when 

changing components, such as columns, 

liners, inlet septa, and inlet seals. Wear 

gloves and use plastic tweezers, when 

required, during these operations.

Use blanks and standard solutions 

at the limits of detection (LODs) and 

implemented and gaskets and seals 

regularly replaced. When equipment 

cleaning is necessary, consider the polarity 

of the cleaning solvents against that 

of target analytes and interferents to 

provide the maximum cleaning efficiency. 

Common laboratory equipment, such as 

pipettes, filters, and funnels, should all 

be thoroughly cleaned, and the proper 

use of positive displacement pipettes 

should be adhered to at all times to avoid 

severe cross-contamination. Cleaning 

detergents should be carefully selected so 

as to minimize the risk of contamination 

and blanks carefully scrutinized for poor 

cleaning or detergent residues.

The use of high-quality solvents is 

required to avoid interference from 

contaminants and to obtain the required 

signal-to-noise (S/N) ratio for most 

instrumental analytical techniques. This 

includes any water drawn from laboratory 

water purifiers. Typically, any issues will 

be revealed in the “blank” samples used; 

however, it is important to note that the 

proper and regular servicing of water 

purification systems is necessary to avoid 

microbial growth and water that does not 

meet the required levels of resistivity and 

chemical purity.

The appropriate choice of extraction, 

elution, or re-constitution solvents can 

Incognito
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carefully checked in order to assess 

their impact on the accuracy and validity 

of peak area measurement. One should 

aim for an algorithm that successfully 

evaluates peak area at least 80% of the 

time.

Every trace analysis is associated with 

error in the determination of target 

analytes and this needs to be carefully 

assessed using the appropriate scientific 

and statistical methods to estimate and 

report the uncertainty associated with the 

quantitative result produced.

There ends the lesson in trace analysis 

from the early 1990s, with some updates 

from myself to bring things up to date. 

Whilst this is very much an overview 

of the important factors, I hope that it 

has served as a useful reminder of the 

rigour required for good trace analysis. 

Whenever undertaking any trace analysis, 

I like to bear in mind the words of 

Jim Rohn, the American entrepreneur, 

“Discipline is the bridge between goals 

and accomplishments”, and I urge you to 

ask yourself if your own trace analysis is as 

accomplished as it might be?

selected and the ion dwell times and 

collision cell pressures need to be fully 

optimized.

• Atmospheric pressure ionization sources 

should be optimized for each analysis; 

this is especially true for capillary 

(ionizing) voltage as well as nebulizing 

and drying gas flow rates.

Be aware that MS detection strategies 

are inherently more selective and 

therefore can, when properly optimized, 

deliver lower limits of detection and 

quantification. However, also bear in 

mind that several analyte-specific GC 

detectors, such as nitrogen–phosphorous 

detectors (NPD) and electron ionization (EI) 

detectors, may also deliver very high levels 

of sensitivity.

Integration algorithms should be 

developed to accurately and repeatedly 

estimate peak area on an on-going basis. 

It is unlikely that “standard” integration 

parameter combinations will be successful 

and that some optimization is likely in 

order to achieve fit-for-purpose results, 

especially in trace analysis. Integration 

events such as “sensitivity” or “threshold” 

values should be carefully considered and 

optimized to ensure that peak start and 

end points are properly evaluated and 

smoothing, or minimum peak area events 

• Use of triple-quadrupole detectors 

in GC–MS/MS; however, the careful 

selection of selective precursor and 

product ions as well as the optimization 

of ion measurement dwell times and 

the collision cell pressure should all be 

carefully optimized.

• Consider chemical ionization (CI) as 

the ionization technique for GC–MS, 

especially when dealing with halogenated 

analytes.

HPLC

• Use of short, narrow-bore HPLC columns 

with superficially porous or sub-2-μm 

particles will increase peak efficiencies 

and therefore resolution, although 

stationary phase overload should be 

avoided.

• Use of UV detectors with light pipe flow 

cell designs will appreciably improve 

signal-to-noise ratio.

• Standard diode array detectors should 

be optimized in terms of data collection 

rate as well as the use of any reference 

wavelengths; light filtering or gating 

devices should be well understood in 

order to obtain maximum efficiency.

• MS detection, particularly triple 

quadrupole detection, can vastly increase 

instrument sensitivity; however, precursor 

and product ions need to be carefully 

Contact Author: Incognito
E-mail the Editor: kate.jones@ubm.com
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Investigating Serotonin in Nuts Using UHPLC–MS/MS

Researchers from Hacettepe University, Ankara, Turkey, have developed an 

ultrahigh-performance liquid chromatography–tandem mass spectrometry 

(UHPLC–MS/MS) method to determine serotonin in raw and roasted nuts 

and nut products, including bars, chocolate, and spreads (1).

Serotonin (5-hydroxytryptamine) is a neurotransmitter, derived through 

the serotonin pathway from tryptophan, which acts in the serotonergic 

neurons of the central nervous system. It plays a large role in the regulation 

of appetite, anxiety, sleep, mood, and blood pressure with decreasing levels 

or depletion of its synthesis also being linked to diseases such as depression, 

obesity, and schizophrenia.

Serotonin is also found in the leaves, roots, fl owers, fruits, and seeds 

of many plants including nuts. As nuts have a wide and varied usage in 

human consumption, from raw to roasted, or within processed foods, their 

impact on human health has been well studied. However, there is limited 

information around the profi le of neuroactive compounds found in nuts, 

with the few studies available being limited to hazelnut and walnut varieties.

To address this shortfall researchers developed a UHPLC–MS/MS method 

that reliably analyzes serotonin in nuts and nut products, overcoming the 

complex oily matrix, which is one of the major challenges of nut analysis. 

The fi nal method uses an environmentally friendly extraction with water 

without prior defatting to reduce solvent usage. Further research is currently 

underway utilizing this method to investigate serotonin in different nut 

varieties.—L.B

Reference

1. C. Yilmaz et al., Food Chem. 272, 347–353 (2019).

Elevated Uranium 
Concentrations Found in 
Groundwater of Rio de Janeiro 
Region
Researchers from the Pontifícia Universidade Católica do Rio de Janeiro (PUC-Rio) in Rio de Janeiro, Brazil, have found 

unexpectedly high uranium concentrations in groundwater samples from the mountainous region near Rio de Janeiro City 

(1). The samples contained up to 930 μg/L of uranium, approximately 30 times higher than the World Health Organization 

(WHO) guidance level. The fi gures were a cause for concern because the area contains a large amount of tourism and 

water-related industries, such as mineral water and breweries.

Despite its radioactive nature, the main concern from elevated uranium elements derives from its chemical toxicity, rather 

than its long-term radiological toxicity (2). The main threat from elevated levels of uranium being impaired kidney function (2).

Samples originating from the Rio De Janeiro state mountainous region were analyzed at PUC-Rio’s Water Characterization 

Laboratory (LABAGUAS), including physical-chemical assays and the determination of major cations and anions by ion 

chromatography, and trace elements by inductively coupled plasma–mass spectrometry (ICP-MS). 

Researchers found elevated uranium concentrations in groundwater in seven of the 16 counties belonging to the Rio De 

Janeiro state. The wells with elevated uranium concentrations also presented high radon content, and 210Pb concentrations 

above the WHO guidance level of 0.1 Bq/L These fi ndings are particularly worrying as the drilling of deep artesian wells is 

a growing trend in the region; researchers recommend that any new wells deeper than 80 m have mandatory testing for 

uranium and 222Rn as well as further studies on existing wells.—L.B.

References

1. J.M. Godoy et al., J. Braz. Chem. Soc. 30(2), 224–233 (2019).

2. B. Smith, British Geological Survey www.bgs.ac.uk/downloads/start.cfm?id=416
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Researchers from Postnova have used asymmetrical fl ow fi eld-fl ow fractionation coupled to multi-angle light scattering (AF4-MALS) 

to successfully characterize a polydisperse cellulose nanocrystal (CNC) for size and thickness (1).

Nanocrystal research has been an area of signifi cant interest because of a growing range of applications in advanced materials, 

biomedical, environmental, optical, and semiconductor fi elds. Their attractive properties, including low thermal expansion, optical 

transparency, renewability, biodegradability, low toxicity, and low cost, lend themselves to many industrial applications, such as 

polymer reinforcing, photonic crystals, drug delivery, water treatment membranes, and biomedical devices (2). However, a thorough 

size characterization is necessary as their rheological and control processing properties can be affected by their size, shape, and 

surface area.

Current bulk characterization techniques for crystal characterization include transmission electron microscopy (TEM), atomic force 

microscopy (AFM), and dynamic light scattering (DLS), however, AF4-MALS offers a signifi cant improvement in analysis time as well 

as resolution, according to the study authors (3).

Researchers used a cellulose nanocrystal sample, isolated from softwood sulphite pulp, and analyzed it using AF4-MALS to 

measure the length and thickness of the crystals as a function of size. The results were then confi rmed using the established 

method of AFM analysis. Results indicated that AF4-MALS was successfully employed to characterize the polydisperse CNC sample 

in a relatively short analysis time of 40 min.—L.B.

References

1. S. Tadjiki, R. Reed, and T. Klein, Measurement of Length and Thickness of Cellulose Nanocrystals Using Asymmetrical Flow FFF and Multi Angle Light 

Scattering (2018).

2. T. Abitbol et al., Current Opinions in Biotechnology 39, 76–88 (2016).

3. C. Ruiz-Palomero, L.M. Soriano, and M. Valcarcel, Microchimica Acta 184(4), 1069–1076 (2017).

Characterizing Polydisperse 
Cellulose Nanocrystals Using 
AF4-MALS

Chiral Announces Arbor Acquisition

Chiral Technologies Inc. (Pennsylvania, USA) has announced 

the acquisition of Arbor Biosciences (Michigan, USA).

Founded in 2006 by University of Michigan Prof. 

Erdogan Gulari and Dr. Jean-Marie Rouillard, Arbor 

Biosciences has evolved from producing custom DNA 

microarrays to generating oligonucleotide pools using 

proprietary massively parallel DNA synthesis technology. 

“This is a very exciting time as we are moving Arbor 

Biosciences to the next level,” stated Jean-Marie Rouillard, 

CSO and co-founder at Arbor Biosciences “The additional 

investments by Chiral will help accelerate our growth and 

deliver innovative, cost-effective solutions to our clients 

in the biotechnology and life sciences markets faster than 

previously planned. It will also open up access to new 

markets.”

The company primarily produce targeted sequencing 

panels, which are complemented by their services division. 

Arbor recently expanded into synthetic biology with a 

cell-free expression system using linear DNA as a template 

for rapid protein expression.

“As we diversify our product portfolio to serve the 

needs of biopharma, Arbor Biosciences delivers the 

molecular biology foundation to fuel that growth,” said 

Joseph Barendt, President of Chiral Technologies, Inc.

Arbor Biosciences will continue to operate at its current 

location in Ann Arbor as a wholly owned subsidiary of 

Daicel Corporation and managed by Chiral Technologies, 

Inc. The entire Arbor Biosciences team will remain in place, 

including co-founders Gulari and Rouillard.

For more information, please visit: www.chiraltech.

com or www.arborbiosci.com

News

777

Incognito2 IIInnncccoooggggnnniiitttooo News6 Cybulski9 Event Preview15 EEEvvveeennnttt PPPrrreeevvviiieeewww66 NNNeeewwwsss 99 CCCyyyybbbuuulllssskkkiii

Tips & Tricks17 TTTiiippppsss &&& TTTrrriiiccckkksss Lauber et al.22 Training & Events26 Staff28 SSStttaaaffffff2222 LLLaaauuubbbeeerrr eeettt aaalll. 2626 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsss

http://www.chromatographyonline.com
http://www.arborbiosci.com
http://www.chiraltech.com


 The Column    www.chromatographyonline.com

News In Brief
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Agilent Technologies (Santa Clara, 
California, USA) has announced that Mala 
Anand, president, Intelligent Enterprise 
Solutions and Industries has been elected 
to its board of directors. “Mala brings an 
important breadth of experience in the 
software and analytics space,” said Mike 
McMullen, Agilent’s president and CEO. 
“She is a well-respected leader who has 
been at the forefront of digital innovation 
her entire career. Her experience will be 
extremely valuable as Agilent focuses on 
the digital laboratory of the future and 
enabling our customers to do more with 
their data.” For more information, please 
visit: www.agilent.com

Falcon Analytical has announced they 
have moved to Englewood, Colorado, 
USA, to further merge with Teledyne 
Analytical Instruments following their 
acquisition in 2018. Teledyne’s Monitor 
Labs headquarters will house the company 
and all of Falcon’s products will branded 
under the same name of Falcon Series 
Gas Chromatographs. Founded in 1960, 
Teledyne Technologies has nearly 10,000 
employees, working for subsidiaries based 
primarily in the United States, the United 
Kingdom, Canada, and Western and 
Northern Europe. For more information, 
please visit: www.falconfast.net

•  The LCGC Blog: If at First You Don’t Succeed—Where Next in HPLC Method Development!—
You may be one of the many analytical scientists who look with envy at those laboratories who 
are equipped with sophisticated, automated HPLC method development systems. These systems 
are indeed very nice and can be very effi cient in narrowing down choices, however, they aren’t a 

universal panacea and one can achieve a lot with a simple, pared down approach. Read Here>>

•   Tips & Tricks GPC/SEC: What You Need to Know to Allow for Effi cient GPC/SEC 

Troubleshooting—This instalment of GPC/SEC Tips & Tricks offers advice on how to effi ciently 

identify the root cause of problems, such as dealing with a too high pressure, loss of resolution, or 

drifting baselines. Read Here>>

•    Recent Advances in Comprehensive Chromatographic Analysis of Emerging Drugs—This article 
discusses the use of emerging technologies that are complementary to established techniques, to 

signifi cantly reduce these shortcomings for both synthetic cannabinoids and synthetic cathinones. 

Read Here>>

•    Entering the Second Dimension—LCGC Europe spoke to Alina Muscalu from the Organic 
Contaminants Section at Ontario Ministry of the Environment, Conservation and Parks (MECP) 
in Toronto, Canada, about the practical advances in environmental analysis using comprehensive 
two-dimensional gas chromatography (GC×GC) for targeted and nontargeted analysis and the role 

of GC×GC in routine analysis. Read Here>>

•    Novel Flow-Confi nement Concept for LC×LC—A novel fl ow-confi nement concept designed to 

remove the performance sacrifi ce associated with current comprehensive two-dimensional liquid 

chromatography techniques has been tested by researchers. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

P
h

o
to

 C
re

d
it

: r
e
ic

h
d

e
rn

a
tu

r/
st

o
ck

.a
d

o
b

e
.c

o
m

P
h

o
to

 C
re

d
it

: j
ijo

m
a
th

a
i/

st
o

ck
.a

d
o

b
e
.c

o
m

P
h

o
to

 C
re

d
it

:d
e
o

m
is

/s
to

ck
.a

d
o

b
e
.c

o
m

News

888

Incognito2 IIInnncccoooggggnnniiitttooo News6 Cybulski9 Event Preview15 EEEvvveeennnttt PPPrrreeevvviiieeewww66 NNNeeewwwsss 99 CCCyyyybbbuuulllssskkkiii

Tips & Tricks17 TTTiiippppsss &&& TTTrrriiiccckkksss Lauber et al.22 Training & Events26 Staff28 SSStttaaaffffff2222 LLLaaauuubbbeeerrr eeettt aaalll. 2626 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsss

http://www.chromatographyonline.com
http://www.agilent.com
http://www.falconfast.net
http://www.chromatographyonline.com/lcgc-blog-if-first-you-don-t-succeed-where-next-hplc-method-development
http://files.pharmtech.com/alfresco_images/pharma/2018/12/17/d4ade29c-233d-44b7-8d06-81f0d70ec8d2/LCTC121718%20Europe%20&%20Asia.pdf
http://www.chromatographyonline.com/recent-advances-comprehensive-chromatographic-analysis-emerging-drugs-0
http://files.pharmtech.com/alfresco_images/pharma/2019/01/22/994b2eae-3ab0-4ae5-92d3-5300943b6ec7/LCGC%20Europe%20January%202019.pdf
http://files.pharmtech.com/alfresco_images/pharma/2019/01/17/fbf13c0d-0a6f-47c5-a9cc-1ef5207a9bc4/LCTC011719%20Europe%20&%20Asia.pdf
https://www.facebook.com/lcgcmagazine
https://www.linkedin.com/groups/1823130/profile
https://twitter.com/LC_GC


F
1
6

-I
S
O

1
0

0
/s

to
ck

.a
d

o
b

e
.c

o
m

Modern Sample Preparation Methods for Food 
and Environmental Laboratories

Traditional sample preparation method development can often be laborious and costly. Understanding the underlying concepts of the 

technique can help food and environmental laboratories develop methods in notoriously complex matrices, faster, more effi ciently, and 

provide better chromatography. With the presence of many unique matrices and analytes, methods such as QuEChERS, supported liquid 

extraction (SLE), or solid-phase extraction (SPE) provide the necessary adaptability for many types of extractions. With customizable methods 

to work with unique matrices and with the addition of automation, extractions can be improved to save time and provide consistent 

recoveries. 

Jenny Cybulski, Phenomenex, Torrance, California, USA 

and help of automation, laboratories can 

take traditional methods and build upon 

them for their unique analytes to produce 

semi-customized solutions.

Working with proteins, fats, sugars, 

vegetables, soil, different types of water, 

oils, and fl owers begs the question: 

Can there be a one size fi ts all sample 

preparation technique? 

Unfortunately, there is not one method 

that will work for everything, but 

understanding the contributing chemical 

factors in existing methods propels 

the analyst to be better equipped to 

select and refi ne an effective method. 

Easily implemented techniques with 

minimal method development are 

preferred, especially when they allow 

Method development can be the most 

diffi cult part of a laboratory’s function 

because of the added time, cost, and delay 

to productive workfl ows. This is made even 

more problematic because most food and 

environmental laboratories do not work 

with a single analyte or matrix. This means 

that sample preparation methods must be 

adaptable, fl exible, and help to produce 

good chromatography—the ultimate 

reason to perform sample preparation. 

With lower limits of detection and a diverse 

list of pesticides, per- and polyfl uoroalkyl 

substances (PFASs), and other residues to 

analyze, there is even more pressure for 

laboratories to produce sample preparation 

methods in a short amount of time. With 

basic sample preparation knowledge 
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Figure 1: Select the correct QuEChERS kit.

The i-Series food safety analyzers care for consumer
protection and product safety: They support the need
for fast, high-sensitivity exami nations for controlled
components such as myco toxins and synthetic antimi-
crobials contaminating the raw materials for food
products. The food safety analyzers are based on the
i-Series of integrated UHPLC systems.  

Efficient analysis of contaminants in food 
including sample preparation

High-sensitivity detection of mycotoxins and 
synthetic antimicrobials
at maximum residue levels as regulated by EU 
standards

Rapid processing of large amounts of data 
using pre-set method, batch and report files

Results and reports available immediately
as soon as each analysis is finished

www.shimadzu.eu / i-care

care
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secondary amine (PSA), and graphitized 

carbon black (GCB). In the dSPE portion 

of the protocol (for pigmented samples), 

the MgSO4 removes excess water from 

the sample, the PSA removes organic 

acids, fatty acids, sugars, and anthocyanin 

pigments, while the GCB removes pigments 

from the sample. As most QuEChERS kits 

are based on sample size, selection of the 

extraction salts and dSPE sorbent is still 

easy and quick. While traditional QuEChERS 

methods were for multiresidue clean-up, 

this approach can now be modifi ed to allow 

for the expansion from the typical analysis, 

especially with recent interest in solid and 

semi-solid environmental samples, such as 

soil and sediments, and with the analysis 

of newer and emerging analytes such as 

PFAS. With recent food safety outbreaks, 

quick methods have been developed to 

test and help mitigate contaminated food, 

such as the extraction of fi pronil, amitraz, 

and metabolites from egg albumin using 

QuEChERS and liquid chromatography with 

tandem mass spectrometry (LC–MS/MS) (1). 

With the ability to complete fast method 

development using QuEChERS, rapid 

implementation and swift results mitigate 

food safety outbreaks. 

Supported liquid extraction (SLE) is one 

of the most selective sample preparation 

techniques and one of the easiest to 

liquid chromatography (LC) or gas 

chromatography (GC) results. 

As mentioned previously, there is a lot 

of variation with food and environmental 

samples so a helpful place to start is 

with a technique that requires minimal 

adjustments but can adapt to a tailored 

solution for multiresidue pesticides, PFASs, 

pyrethroids, pharmaceuticals and personal 

care products (PPCPs), and mycotoxins from 

a plethora of diverse matrices. QuEChERS 

is one of the most common types of 

extraction techniques in food laboratories, 

combining extraction and clean-up steps 

in a convenient kit. To select the correct 

apparatus, it must be determined what 

type of extraction method is required, 

such as EN or AOAC methods, and then 

which dispersive SPE (dSPE) method is the 

most appropriate for the sample matrix. 

For example, if working with a pigmented 

sample, the use of AOAC 2007.01 Method 

would be an excellent starting point. With 

AOAC 2007.01, the extraction step uses 

a combination of magnesium sulphate 

(MgSO4) salts to induce phase separation 

between water content in the sample and 

an acetonitrile layer, while sodium acetate 

(NaOAc) acts as a buffer to control the pH. 

Figure 1 displays that the dSPE method 

for the AOAC 2007.01 Method includes a 

sorbent combination of MgSO4, primary/

and environmental matrices. The process 

is made even easier by incorporating 

benchtop processing or automation to 

reduce the time it takes to process large 

numbers of samples. With the proper 

tools, method development should be 

easy, painless, and lead to accurate 

for customization to achieve even better 

results. 

Techniques such as QuEChERS (Quick, 

Easy, Cheap, Effective, Rugged, Safe), 

supported liquid extraction (SLE) ,and 

solid-phase extraction (SPE) are all good 

options when working with diverse food 

Figure 2: Differences in elution solvents for ion suppression effects.
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acetate has areas of ion suppression zones 

that could negatively affect the analysis if 

analytes are eluting in this region. Not only 

does selecting the wrong elution solvent 

cause signal suppression, in this case, using 

ethyl acetate lengthens dry down times (2). 

As a result of the ease of extraction solvent 

screening, many laboratories working with 

aqueous matrices will start with SLE before 

trying SPE because it saves unnecessary 

time spent on method development and 

results in a faster two-step method that can 

be easily implemented in the laboratory. 

In certain conditions, SLE results in cleaner 

extracts with reduced ion suppression and 

matrix effects when compared to SPE. 

Sample volumes determine the proper SLE 

tube size, leading to large tubes being the 

common SLE format for common food 

develop a method on. The basics of SLE are 

the same as liquid–liquid extraction (LLE), 

but SLE adds improvements by eliminating 

emulsions, facilitating high-throughput 

workfl ows, allowing for automation, while 

ultimately providing more reliable and 

consistent results. Since SLE is a two-step 

protocol, samples are introduced in an 

aqueous or polar organic solution and then 

a nonpolar organic, immiscible solvent is 

selected for elution. Multiple solvents and 

different concentrations can be screened 

for extraction effi ciency in less than 15 min 

and then analyzed for matrix effects, ion 

suppression, and overall recovery and 

reproducibility. 

Figure 2 displays differences in the 

extraction solvent selection for samples in 

a LC–MS/MS method, showing that ethyl 

Figure 3: The matrix determines phase selectivity. 
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7.  2,3-Trans-phylloquinone (Vitamin K)
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stationary phase, which could mean that 

the phase selection is not correct, that 

the sample solvent is too strong for the 

conditioning solvents, or that the loading 

solution pH needs to be adjusted. 

• If the analytes are present in the wash 

solvents, this usually means that the wash 

solvent is too strong, or being ran at the 

incorrect pH, or that the sorbent mass is 

too low.

• If the analyte cannot be found, this may 

be because the analytes are still bonded 

to the SPE sorbent and a stronger elution 

or higher percent of organic ratio may be 

necessary to achieve accurate results. 

The answer to the above questions 

should help to determine what may have 

gone wrong, so the next step is to adjust 

the necessary wash or elution solvents and 

run the extraction again. Figure 4 shows a 

detailed account of how to determine the 

proper wash or elution solvent that works 

to remove the interferences yet leads to 

good recoveries, which sometimes may 

be a necessary step before continuing the 

method development process. For larger 

classes of analytes, such as pesticides, 

getting a method that elutes all analytes 

from the sorbent may be more diffi cult, 

and elution or wash solvents may need to 

be selected that slightly compromise the 

SPE is a cleaner and more retentive option 

that separates the stationary phases by 

broader categories of analytes, such as 

bases, neutrals, and acids, alongside three 

different mechanisms of retention. After 

selecting the proper phase, vendors offer 

starting methods to get the extraction 

underway. If running a recommended 

vendor method, keep in mind that 

pretreatment, washes, and the fl ow rate are 

small but integral steps of a SPE method 

that have a large impact on the recoveries 

and can often be overlooked. 

Laboratories often follow the 

recommended starting method correctly 

and still don’t understand why they keep 

achieving poor recoveries—a source of 

most of the frustration with SPE. If the 

fi rst couple of extractions don’t go as 

planned, evaluate the process step-by-step 

to understand where things could have 

gone wrong. Start from the beginning with 

questions such as: Is the sorbent selection 

correct? Did I use the correct fl ow rates on 

critical steps? Am I using the correct wash 

or elution solvents? The best place to start 

is to fi rst determine if the chosen sorbent is 

correct, and if it is, analyze the fractions to 

understand where the analyte is present: 

• If the analyte is coming out after loading 

the sample onto the cartridge this is a 

result of incomplete bonding to the SPE 

the characteristics of the sample matrix 

need to be determined. Figure 3 displays 

how the sample matrix funnels into a 

suggested retention mechanism for SPE, 

then the phase selection will follow based 

on analytes of choice. 

Two common types of SPE sorbents 

that exist are silica and polymeric SPE. 

Silica-based SPE sorbents are the backbone 

of traditional SPE. They offer a wide range 

of extraction possibilities that can go 

from general, such as C18 or unbonded 

silica, to analyte-specifi c extractions, 

such as activated magnesium silicate for 

the retention of polar and halogenated 

compounds, extractable petroleum 

hydrocarbons (EPH) for fractionation 

of aliphatic and aromatic hydrocarbons 

from environmental samples, or GCB for 

removing pigments or improving recovery 

when working with pesticides from water, 

fruits, and vegetables. However, polymeric 

and environmental sample matrices, such 

as coffee, tea, and water. Even nonsoluble 

matrices, such as oils, can be compatible 

with SLE if mixed with a strong organic, 

dried down, and reconstituted with 

deionized (DI) water (3).

Solid-phase extraction (SPE) is often 

considered diffi cult in terms of method 

development, but it is also the most 

customizable option because of the ability 

of the SPE sorbent to selectively bind with 

the analytes of choice, making the time 

spent on method development acceptable 

for highly selective results and recoveries. 

Understanding how to select the proper 

sorbent and the recommended starting 

methods provides the foundation to 

tailor methods for individual needs and 

analytes. In addition, many SPE vendors 

offer advanced method development tools 

on their websites to help with sorbent 

selections. To start the sorbent selection, 

Figure 4: Elution solvent determination for an SPE method.
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sample preparation step in streamlined 

optimizations. Coupled with automation, 

laboratories can increase their analyses 

and provide accurate and consistent results 

to allow for even more methods to be 

developed. 
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manifold, further improving the adaptability 

of a single unit. These small improvements 

in the handling of a sample often have a 

large impact on workfl ows, saving time and 

providing more consistent results. 

While sample preparation techniques 

may be slowly evolving, methods are not, 

and methods need to be developed based 

on diverse sample matrices and different 

analytes with chemical compatibilities. 

Techniques such as QuEChERS are 

traditionally used for multiresidue pesticide 

analysis from solid food or environmental 

samples because the dSPE clean-up step 

targets the matrix rather than needing a 

retentive clean-up that targets hundreds of 

analytes with a diverse range of chemical 

and physical properties. SLE is a great 

option for aqueous samples. It is easy to 

screen elution solvents, and with correct 

eluent the recoveries are high with low 

matrix effects. On the other hand, a 

traditional SPE clean-up will typically be the 

most effective and applicable when all of 

the analytes of interest share a common 

property, such as similar hydrophobicity 

or a shared ionic handle. Many recent 

modifi cations of these techniques have 

been utilized in less traditional scenarios, 

taking advantage of some more sensitive 

detectors and effectively considering 

the mechanistic contributors of each 

cleanliness, but result in good recovery. If 

questions remain about the process, or 

it gets to a point where it feels 

overwhelming, many SPE resources are 

out there such as webinars, whitepapers, 

videos, method development technical 

notes, and specifi c analyte technical notes 

to help ease the method development 

headaches.

Additional ways to save time and further 

improve results on food or environmental 

samples is to implement some type of 

automation. After a method is developed, 

automation can make it easier to get faster 

and more accurate results, especially with 

large sample sets. Liquid handling systems 

are great, but are a large investment 

that take a lot of due diligence and time 

to evaluate before purchasing. Positive 

pressure manifolds (PPM) are a suitable 

alternative to a liquid handler because they 

are less expensive but can help regulate 

the process and provide more accurate 

results from tube to tube. PPMs push the 

gas source from above, so if a tube clears 

before the others, it does not affect the 

fl ow rate of the other tubes. Meanwhile, 

vacuum manifolds cause the other wells 

to move faster if a well clears early, which 

could negatively affect results downstream. 

Some PPMs are now compatible with 

different types of tubes using a single 

E-mail: jennycy@phenomenex.com 
Website: www.phenomenex.com
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Latest Advances in the 
Analysis of Complex 
Environmental Matrices
The Royal Society of Chemistry’s Environmental Chemistry Group, Water 

Science Forum, and the Separation Science Group Joint Meeting will be 

held on Friday 22 February 2019 in the Science Suite of the Royal Society of 

Chemistry, in Burlington House, Piccadilly, London, UK.

Burlington House, London, UK, on 

Friday 22 February 2019 and highlights 

the most recent developments in 

analytical techniques. This meeting is the 

fourth in a series of biennial meetings 

started jointly by the RSC’s Environmental 

Chemistry Group and Separation Science 

Group and now joined by the Water 

Science Forum. Speakers are international 

and national experts from academia and 

industry.

The meeting will begin with a discussion 

from Leon Barron (King’s College London, 

UK) on the role of analysis and machine 

learning in ecotoxicology for aquatic 

invertebrates. The importance of the need 

for computational techniques is a major 

theme in the symposium with the keynote 

The analysis of established and newly 

developing pollutants in environmental 

matrices such as water and sediment, 

air, and biota can be highly complex 

because of the low concentrations of 

pollutant and the huge matrix effects in 

each particular sample. Developments 

continue each year in all of the steps 

involved in the analysis—sampling, 

clean-up methods, and final analysis, 

followed by mass spectrometry (MS) 

and computational data analysis of the 

vast amount of analytical information 

produced. 

The current one-day meeting Latest 

Advances in the Analysis of Complex 

Environmental Matrices is to be 

held at the Royal Society of Chemistry, 
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lecturer, Emma Schymanski (University 

of Luxemburg, Luxemburg), introducing 

environmental cheminformatics as a 

means to identify unknown chemicals and 

their effects. The talk will cover European, 

US, and worldwide community initiatives 

to help connect knowledge on chemistry 

and toxicity with environmental 

observations. Two of the presentations 

will discuss the analysis of plastics and 

pharmaceuticals, two major current 

environmental concerns, as pollutants. 

Caroline Gauchotte Lindsay (University of 

Glasgow, Glasgow, UK) will discuss 

micro- and nano-plastic pollution of 

freshwater and wastewater treatment 

systems and Alistair Boxall (University 

of York, York, UK) will review temporal 

and special variation in pharmaceutical 

concentrations in urban river systems.

Sampling is the start of any analytical 

procedure. Laura McGregor (SepSolve 

Analytical Ltd., UK) will discuss 

enhanced confidence in river quality 

monitoring necessary for EU and other 

regulations using passive sampling and 

two-dimensional gas chromatography 

(GC×GC) with time-of-flight mass 

spectrometry (TOF-MS). Gary Fones 

(University of Portsmouth, Portsmouth, 

UK ) will discuss the analysis of polar 

pollutants in river catchments by liquid 

chromatography (LC) and TOF-MS after 

passive sampling. The advantages of 

automated sample preparation and 

GC–MS for semivolatile organic 

compounds and pesticide analysis 

will be covered by John Quick (ALS 

Environmental Ltd., UK). Developments 

in atmospheric analysis will be described 

by Katie Read (University of York, York, 

UK) in her presentation covering GC×GC–

MS for remote monitoring at the Cape 

Verde Atmospheric Observatory. Ion 

chromatography (IC) will be covered 

in the final presentation of the day by 

Wai-Chi Man (Thermo Fisher Scientific, 

UK), who will discuss its use with MS 

for the measurement of problematic 

herbicides in water.

In addition to the nine presentations 

there will also be a manufacturers’ 

exhibition.

Further details can be found on: http://

www.rsc.org/events/detail/36535/

latest-advances-in-the-analysis-of-

complex-environmental-matrices

E-mail: lee.williams@sunderland.ac.uk
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EVENT OVERVIEW: 

Mycotoxins—secondary fungal metabolites that can be 

harmful for human consumption—are an area of rapidly 

growing interest for residue analysis. State-mandated testing 

requirements for mycotoxins in cannabis products have 

elevated cannabis labs to the forefront of this analytical 

frontier. While state regulations for mold, water activity, or 

mycotoxin testing on cannabis vary, these requirements 

demonstrate a common concern for protecting the health 

of cannabis consumers and patients alike. As the cannabis 

market continues to grow, mycotoxin analysis in this 

challenging matrix gains more relevance for quality conscious 

cannabusiness leaders.

Here we cover a thorough LC–MS/MS solution for the analysis 

of an expanded set of 13 mycotoxin residues in cannabis, 

hemp, and other difficult matrices. This analysis can be 

incorporated into existing residue screens and rapidly applied 

to meet changing regulatory requirements.

Key Learning Objectives

■ Demonstrate comprehensive LC–MS/MS coverage of 
13 mycotoxins, including aflatoxins B1, B2, G1, and G2, 
ochratoxins A and B, T-2 toxin, HT-2 toxin, nivalenol, 
deoxynivalenol, zearalenone, and fumonisins B1 and B2

■ Explore chromatography contributions for the expanded list, 
showing LC conditions optimized to resolve even highly polar 
analytes

■ Review a modified QuEChERS extraction sample preparation 
from cannabis flower that is harmonized with many 
multiresidue pesticide workflows

■ Understanding the role of mycotoxin testing in protecting 
consumer health across the cannabis market

Who Should Attend 

■ Laboratory scientists in cannabis testing 
or food testing labs that are interested in 
mycotoxin analysis in challenging matrices 
with real-world sample preparation techniques 
and current routine LC–MS/MS technologies

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

Expanded Mycotoxin LC–MS/MS 
Analysis in Cannabis Matrices

Presenters

Wesley Maguire 
Chromatography Technical 
Manager
Pixis Laboratories and 

Columbia Food Laboratories

Moderator

Meg L’Heureux
Editor-in-Chief
Cannabis Science  
and Technology

ON-DEMAND WEBCAST  Aired February 7, 2019 

Register for this free webcast at www.cannabissciencetech.com/cst_p/Expanded

Event Preview
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Tips & Tricks GPC/SEC: 
System Peaks or Ghost 
Peaks in GPC/SEC

Extraneous peaks, unrelated to the solute to be characterized, are quite 

common in gel permeation chromatography/size-exclusion chromatography 

(GPC/SEC), especially when refractive index (RI) detection is used. This 

instalment of Tips & Tricks explains why system or ghost peaks appear and 

how to minimize their appearance.

Daniela Held and Friedhelm Gores, PSS Polymer Standards Service GmbH, Mainz, Germany 

Identifi cation of System Peaks

In gel permeation chromatography/

size-exclusion chromatography (GPC/SEC), 

system peaks usually appear at the end 

of the chromatographic run indicating the 

transition from entropy-dominated size-based 

separation to enthalpy-dominated interaction 

chromatography. It is important to identify 

system peaks so that they can be excluded 

from data analysis. The number and intensity 

of the system peaks will increase with 

decreasing mobile phase quality. If the mobile 

phase is stored too long in the reservoir or if 

it is used in constant recycling mode, more 

and larger system peaks will appear. 

It is good practice in GPC/SEC to inject at 

least one blank sample in every sequence 

System peaks are a common phenomenon 

in liquid chromatography (LC). When an 

injection is performed, the number of 

peaks in the chromatogram is usually larger 

than the number of analytes present in the 

sample. The omnipresent, not sample-related, 

additional peaks are the so-called system 

peaks and are even observed when injecting 

pure mobile phase. 

In the literature, system peaks are 

sometimes also called ghost peaks, 

eigenpeaks, pseudo peaks, vacancy peaks, or 

similar. Although ghost peaks seems to be an 

appropriate name, the phrase system peaks 

is favourable as the peaks are actually related 

to the system and the chromatographic 

conditions applied (1). S
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to help identify the system peaks. Blanks 

consist of mobile phase that has been 

treated in the exact same way as the 

samples. Therefore if the samples are fi ltered 

into the vials, the blank should also be 

fi ltered into the vial. 

Figure 1 shows an example of GPC/SEC 

separation of polymethyl methacrylate 

(PMMA) standards of different molar mass in 

tetrahydrofuran (THF). Here the differential 

refractive index (RI) traces of two different 

standard mixtures (blue and green trace) 

are overlaid with the RI trace of the blank 

injection (red). 

This procedure allows straightforward 

identifi cation of the two positive peaks 

eluting after 31 mL elution volume as system 

peaks. As they are not sample related, they 

have to be excluded from result determination 

of the samples. This was done by setting the 

appropriate integration limits (compare red 

triangles). 

Please note that national and international 

standards often require a two-step data 

evaluation procedure for GPC/SEC with 

independent settings for baseline limits 

and integration limits (2). While the right 

baseline limit should include the system 

Figure 1: Overlay of the RI traces of two calibration solutions containing different PMMA 
molar mass standards (green, blue) with the RI trace of the blank (red). The two positive peaks 
eluting after 31 mL are system peaks, which are well separated from the MMA dimer. 

EVENT OVERVIEW: 

Per- and poly-fluoroalkyl substances (PFAS) are a group of manmade 

pollutants that pose an emerging risk to the water sector, challenging 

established practices such as water reuse and environmental 

discharges. They are omnipresent in water, air, food, wildlife, and 

humans, are resistant to typical environmental degradation processes, 

and can have negative impacts on exposed organisms. Most PFAS 

are recalcitrant through conventional water treatment processes 

and, therefore, wastewater effluents can contain PFAS that have 

originated from domestic and industrial sources. Understanding the 

environmental sources of PFAS is of high importance across the globe 

with new regulations and guidelines being implemented. Further, the 

production and identification of new PFAS requires a robust method 

to measure both legacy and emerging PFAS in the environment and 

extremely low levels to provide baseline monitoring data for further 

regulatory evaluation and water treatment practices. In this webcast 

the following topics will be covered: an overview of analytical 

techniques for measuring >50 legacy and emerging PFAS in liquid 

and solid matrices, mass flux through wastewater treatment plants, 

estimation of environmental discharges from wastewater effluent and 

biosolids, and a discussion of environmental impact.

Key Learning Objectives

■ An overview of the analytical methodology for measuring legacy & 
emerging PFAS in aqueous and solids matrices

■ Mass flux, fate and behavior of PFAS through wastewater treatment 
plants

■ Estimation of environmental impacts of wastewater effluent 
discharges

Who Should Attend 

■ Environmental labs, lab managers, 
chemists, lab staff, urban planners, 
governmental labs, environmental 
engineers

For questions contact Kristen Moore at 

kristen.moore@ubm.com

PFAS in Water 

Treatment Plants

Analysis, Sources, Fate, and Environmental Impact

Presenter

Dr. Bradley Clarke 

Senior Lecturer in 

Environmental Science

RMIT University 

(Melbourne, Australia) 

Moderator

Laura Bush 

Editorial Director 

LCGC

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

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

Sponsored by  Presented by

ON-DEMAND WEBCAST  Aired January 24, 2019
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peaks (to ensure the signal properly 

returning to the baseline), the integration 

limits are required to exclude any system 

peaks. The number average molar mass 

(Mn) and the polydispersity index (PDI) will 

be particularly strongly infl uenced by these 

settings (3). 

Please note that the above analysis also 

reveals two negative system peaks not 

shown in Figure 1. Negative peaks are 

quite common, especially when applying RI 

detection (4). The identifi cation process is the 

same, irrespective of the peaks being positive, 

negative, or a mixture of both.

Figure 2 shows the chromatogram of a 

separation of a polycarbonate in THF overlaid 

with the chromatogram of the blank. The 

unique system peak pattern of this setup 

comprises two small positive peaks and a 

larger and a smaller negative peak. 

Origin of System Peaks

The origin of system peaks is sometimes hard 

to understand. However, it has to be kept 

in mind that even in isocratic GPC/SEC the 

mobile phases are multicomponent because 

they may contain contaminants or could be 

spiked with additives such as antioxidants. 

Dissolved air or additives, buffers, or 

salts, added to allow for interaction-free 

separation, enhance the complexity of the 

overall system. 

Generally, system peaks are explained by a 

loss of equilibrium. When a mobile phase is 

passing through a chromatography column, 

an equilibrium between mobile phase and 

stationary phase is reached. Anything that 

will infl uence the mobile phase composition, 

and thus disturb the equilibrium, will result 

in system peaks. The injection of a sample 

solution certainly qualifi es as a disturbance of 

the equilibrium conditions. 

The newly introduced sample components 

will move through the column with velocities 

different to the equilibrium velocity. 

Relaxation to new equilibrium conditions 

will occur and system peaks will appear. 

Re-equilibration also includes the process of 

preferential solvation of sample components 

with one or more mobile phase components. 

Thus the areas of system peaks can be a 

strong function of the analytes themselves 

(1). This is one reason why the use of system 

peaks as internal fl ow markers requires a very 

sound method validation and is generally not 

recommended (5). 

Figure 3: Overlay of a blank injection (green trace) in an aqueous separation using a 
phosphate buffer (0.07 M) and additional sodium chloride (0.5 M) with two additional 
injections: an additive solution prepared using solvent taken from the mobile phase reservoir 
(blue trace) and a polymer solution already obtained as aqueous solution (red trace).    

Figure 2: Overlay of the raw data of a polycarbonate sample and the corresponding blank 
run both measured in THF. The unique pattern of the negative and positive system peaks 
(light blue rectangle) appears at the end of the entropy-dominated size separation range of 
the column. 

Tips & Tricks
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It is good practice in GPC/SEC to prepare 

the injection solutions with mobile phase 

freshly taken from the mobile phase reservoir. 

This ensures that solvent and mobile phase 

have comparable compositions of mobile 

phase components. Thus the redistribution of 

mobile phase components on the stationary 

phase is less pronounced, resulting in lower 

peak areas for system peaks. 

Figure 3 shows an example of an aqueous 

separation. The mobile phase is a phosphate 

buffer with sodium chloride added (0.07 M 

Na2HPO4, 0.5 M NaCl). When injecting 

the blank, two small negative peaks were 

detected by the RI detector (green trace). 

Samples to be characterized were a polymer 

and an additive. While the additive sample 

was prepared using solvent taken from the 

mobile phase reservoir, the polymer sample 

was already dissolved in water. Therefore the 

blue RI trace of the additive solution shows 

comparable signal areas for the system 

peaks. However, the injection of the polymer 

solution generates huge negative system 

peaks because of the lack of the correct 

concentration of mobile phase components 

in the sample solvent (salt/buffer). Preferential 

solvation and re-distribution of the mobile 

phase components at the stationary phase 

are responsible for this. While molar mass 

determination for the polymer peak is possible, 

determination of the amount of additive is 

prevented by the coelution of the additive 

with the negative system peak. Thus further 

method optimization is required. Reduction 

of the injection volume and optimization of 

sample preparation are the fi rst steps to be 

considered for method optimization. 

Detailed Investigation of System 

Peaks 

In the vast majority of applications, system 

peaks do not have a negative impact. Once 

the system peaks are identifi ed, the analysis 

goals can still be reached, as long as the 

system peaks do not coelute with the sample 

components of interest. System peaks are 

sometimes even used to obtain valuable 

information including, for example, the void 

volume of columns (6). Newly appearing or 

missing system peaks are a hint for a change 

in the chromatographic system that might be 

worth investigating. 

To minimize system peaks or to get a better 

understanding of the chromatographic system 

it can be a good idea to identify which peak 

originates from the different mobile phase 

components. A practical approach to this is 

to prepare the mobile phase components as 

separate samples and to analyze these in the 

www.chromacademy.com

powered by

Interactive HPLC 
Troubleshooter

• Get answers fast

• Reduce downtime

• Improve efficiency

Try it now for FREE

Figure 4: Overlay of RI traces of a blank (green) and solutions spiked with an additional 
amount of mobile phase components (blue: sample with additional NaCl, black: sample 
with additional Na2HPO4). This allows the nature of the two negative system peaks to be 
identifi ed. 
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• Sample preparation with solvent taken from 

the mobile phase reservoir allows system 

peaks to be minimized.

• A low injection volume allows system peaks 

to be minimized. 
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GPC/SEC system. Thus, injections are done 

where the mobile phase is spiked with the 

single components. 

Figure 4 shows an overlay of the RI traces 

of the blank injection also shown in Figure 3 

(green) with the RI traces of an injection with 

Na2HPO4 added (black) and an injection 

with NaCl added (blue). While the black 

curve immediately shows that the second 

negative peak can be assigned to 

the phosphate component, the blue trace 

alone would not allow identifi cation of 

the NaCl peak. Most probably, as the 

concentration of sodium chloride is already 

quite high, the addition of more salt also 

infl uences the equilibrium distribution of 

the phosphate component. The results in 

Figure 4 were confi rmed using different 

injection volumes and a UV detector as an 

additional detector.

Summary

• Positive and negative system peaks are 

a common phenomenon in LC. In GPC/

SEC they appear at the end of the 

chromatographic run.

• System peaks are explained by a loss 

of equilibrium and relaxation to a new 

equilibrium.

• The area of system peaks can be a strong 

function of the analytes; thus system peaks 

should not be used as internal fl ow markers.

E-mail: DHeld@pss-polymer.com
Website: www.pss-polymer.com

Native Mode 
Mass Spectrometry 
Analysis 

For questions contact Kristen Moore

at Kristen.Moore@ubm.com

Native mode mass spectrometry (MS) analysis is an exciting 

development for the characterization of proteins where analysis 

is undertaken in non-denaturing solvents. Parameters such as 

pH, ionic strength, and ionization conditions are controlled to 

maintain the native folded state of the protein in solution and 

subsequently in the gas phase. This approach has emerged  

as an important technique to study non-covalent protein 

interactions including protein-protein interactions and protein-

ligand interactions.

KEY LEARNING OBJECTIVES

�� EĕƐ�ëŕ�ĶŕƐſşĎƖĈƐĶşŕ�Ɛş�ŕëƐĶưĕ�ŔëƆƆ�ƆżĕĈƐſşŔĕƐſƷ�ëŕëōƷƆĶƆ� 

of proteins

�� Lĕëſ�ĈëƆĕ�ƆƐƖĎĶĕƆ�şĪ�ĎĶſĕĈƐōƷ�şćƆĕſưĕĎ�ŕşŕȒĈşưëōĕŕƐ�żſşƐĕĶŕȒ

protein and protein-ligand interactions

�� dĕëſŕ�ćĕƆƐ�żſëĈƐĶĈĕƆ�Īşſ�īĕƐƐĶŕī�ƐĲĕ�ŔşƆƐ�şƖƐ�şĪ�ƷşƖſ�ŕëƐĶưĕ�

mass spectrometry analysis

WHO SHOULD ATTEND: 

�� �ĈĶĕŕƐĶƆƐƆ�ëŕĎ�ŔëƆƆ�ƆżĕĈƐſşŔĕƐſĶƆƐƆ�ĶŕưşōưĕĎ�Ķŕ�żſşƐĕĶŕ�

biopharmaceutical or biologics research and development.

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

LIVE WEBCAST

Wednesday, February 27, 2019 

11am EST | 8am PST | 4pm GMT | 5pm CET

Presented by

Sponsored by

PRESENTERS

Esme Candish

Application Scientist

SCIEX

MODERATOR

Rita Peters

Editorial Director

BioPharm International
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Innovations in 
Ion-Exchange 
Chromatography for 
mAb Variant Analysis

A surge in the development and commercialization of monoclonal antibody 

(mAb)-based therapeutics has driven the requirement for accurate and 

reproducible analytical methods for protein characterization. Monoclonal 

antibodies are popular biologic drug candidates, but are susceptible to 

a myriad of modifi cations during manufacture and complex degradation 

pathways during purifi cation and storage, often leading to distinct charge 

variants that require characterization and quantifi cation. Ion-exchange 

liquid chromatography (IEX) is a well-accepted and widely used 

technique to separate various mAb charge variant species for the sake of 

characterization and profi ling. With the most recent advances in analytical 

technologies, IEX can be used to help ensure the selection of stable and 

effi cacious mAb drug candidates, from discovery through manufacturing.

Matthew Lauber, Bill Warren, Qi Wang, and Hua Yang, Waters Corporation, Milford, 

Massachusetts, USA

that have provided longstanding popular 

treatments for many life-threatening and 

chronic diseases for decades. They have a 

number of possible functional domains 

within the molecule, including binding 

specifi city by the antigen-binding fragment 

Biopharmaceuticals, or biotherapeutics, 

represent an extremely successful, yet 

complicated class of drug products. 

Monoclonal antibodies (mAbs) have proved 

to be the most exploitable modality. mAbs 

are highly complex biological macromolecules 

222222

Incognito2 IIInnncccoooggggnnniiitttooo News6 Cybulski9 Event Preview15 EEEvvveeennnttt PPPrrreeevvviiieeewww66 NNNeeewwwsss 99 CCCyyyybbbuuulllssskkkiii

Tips & Tricks17 TTTiiippppsss &&& TTTrrriiiccckkksss Lauber et al.22 Training & Events26 Staff28 SSStttaaaffffff2222 LLLaaauuubbbeeerrr eeettt aaalll. 2626 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsss



 The Column    www.chromatographyonline.com

(Fab) region. mAbs also have size and 
charge variants, and are susceptible to 
modi� cations such as glycosylation and 
disul� de bond formation, generating a 
unique pro� le. They may also be subject 
to subsequent chemical modi� cations, 
such as oxidation and deamidation, during 
puri� cation and storage. 

mAbs as Biotherapeutics
Regulatory bodies, such as the World Health 
Organization (WHO) and International 
Conference on Harmonization (ICH), 
outline the techniques recommended for 
biotherapeutic protein characterization. These 
include physicochemical characterization, 
biological characterization, immunochemical 

characterization, and the determination of 
product- and process-related impurities.  

The guidelines state the analysis 
of charged variants as a regulatory 
requirement for biotherapeutic proteins, 
and give the recommended standards for 
the evaluation of biologics (1,2,3). The 
guidelines recommend the physicochemical 
characterization of mAb primary structure 
and the use of liquid chromatography (LC), 
including size-exclusion chromatography 
(SEC), reversed-phase chromatography, 
ion-exchange chromatography (IEX), and 
af� nity chromatography. Other technologies 
such as capillary electrophoresis (CE) and 
capillary isoelectric focusing (cIEF) are also 
suggested.

Charge variants are often considered 
a critical quality attribute (CQA) in 
biopharmaceutical development, requiring 
variant-by-variant characterization of mAbs 
to ensure their safety and ef� cacy as 
biotherapeutics (4). Depending on the speci� c 
conditions of manufacturing or the innate 
properties of a mAb (such as pI), charge 
variant pro� les can contain both acidic (lower 
isoelectric point species) or basic variants 
(higher isoelectric point species). 

Because additional charge variation may 
occur during mAb process development 
and formulation, charge variant analysis 
is deployed across the biopharmaceutical 

pipeline, from discovery through to 
manufacturing and quality control (QC). Fast 
and accurate charge variant analysis can 
therefore speed up the development of drug 
candidates. 

Charge Variant Analysis Methods
LC offers a robust, high-resolution approach 
and is widely used in biopharmaceutical 
analysis. IEX is a commonly used modality of 
LC, which separates molecules based on the 
difference in the ionic groups on the protein 
surface. Cationic exchangers bind positively 
charged entities, while anionic exchangers 
bind negatively charged entities. IEX can vary 
in strength depending on the pH range within 
which it can sustain its charge, in� uencing 
the range and type of binding that can be 
achieved.

CE and cIEF are complementary popular 
analytical techniques for charge variant 
characterization—their appeal primarily 
being their speed of analysis and ease of 
method development. A key advantage of IEX 
chromatography over CE and cIEF is the ability 
to collect separated species for additional 
analytical techniques that might give insights 
into structure-function relationships and 
tests to con� rm biological signi� cance of the 
charge variant. For instance, an IEX fraction 
can be collected and used in a ligand binding/
surface plasmon resonance (SPR) study to 

Figure 1: Separation of the mAb charge variant standard on a 4.6 × 50 mm, 3-μm 
BioResolve SCX mAb column showing resolution of various mAb charge variant species. 
Separation was performed on an Acquity UPLC H-Class System at 30 ˚C and at 1.44 mL/min 
using a 24-min linear gradient from pH 5 to 10.2.

Lauber et al.
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arising from minor compositional or structural 

differences that exist amongst protein-

based drugs. Consequently, advances in 

instrumentation, as well as informatics 

and method development software, have 

signifi cantly shortened the time needed to 

execute gradients of increasing pH, increasing 

ionic strength, or simultaneous increases in 

both pH and ionic strength. Coupled with 

IEX columns specifi cally tested to deliver 

reproducible mAb charge variant separations, 

some of these method development 

capabilities can be effectively used to increase 

the productivity of protein charge variant 

analyses with resulting improved workfl ow 

effi ciencies. 
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to help ensure batch-to-batch consistency 

and column-to-column performance for use 

in validated methods. Combining advanced 

column technology with optimized pH 

buffer concentrates and mAb charge variant 

standards, as well as biocompatible LC 

systems, enables successful deployments of 

mAb characterization and methods, from 

discovery through to manufacturing. The 

ability to select pH, salt, or pH–salt gradients 

on columns with extended column life, 

without sacrifi cing separation performance, is 

now possible with IEX.

The Future of Charge Variant Analysis

Getting a new drug through regulatory 

approval can be a strenuous pursuit. In all 

cases, it is benefi cial to have analytical assays 

that reliably produce accurate results. 

With IEX, there is the opportunity to achieve 

desired high quality and reproducible data 

for mAb charge variant profi ling. Advanced 

column technology, combined with HPLC 

and UHPLC, enables reliable identifi cation 

and quantifi cation of mAb charge variants 

throughout the biopharmaceutical industry, 

from discovery, to development, through to 

QC and the manufacturing process. 

Method development for the LC-based 

determination of biotherapeutic protein charge 

heterogeneity can be a time-consuming 

process because of selectivity challenges 

analysis cycles can also be accomplished for 

many samples when using pH gradients, 

as documented by the ability to reduce 

analysis time from approximately 90 down to 

5–20 min (8).

The elution order of mAb variants for the 

two gradient types is often the same or 

very similar, yet pH gradients can be used to 

quickly obtain results without relying on prior 

knowledge about the sample and without 

having to test multiple mobile phases. An 

additional benefi t of pH-based gradients 

is its facilitation of method transfer among 

different types of laboratories.

Innovations in IEX

A number of recent advances in 

chromatography have enhanced the ability 

to more routinely obtain high resolution 

mAb charge variant separations using easier 

to implement methods as part of modern 

biopharmaceutical development workfl ows. 

Using IEX columns across high performance 

liquid chromatography (HPLC) and 

ultrahigh-performance liquid chromatography 

(UHPLC) is a great benefi t, eliminating the 

need to change columns and redevelop 

methods, and generating comparable 

high-resolution mAb variant separations across 

systems.

Some columns are now specifi cally 

QC-tested with a mAb charge variant standard 

determine if binding to the therapeutic target 

is preserved (5). 

By comparison, it is not possible to 

collect adequate amounts of CE or cIEF 

separated species. Moreover, recent reports 

demonstrate that IEX chromatography using 

volatile eluents can be coupled to mass 

spectrometers for online MS detection (6) 

or used in a multidimensional separation for 

deeper characterization of a mAb (7). This 

is not as easily facilitated with CE or with 

cIEF which frequently use MS-incompatible 

electrolytes. Consequently, some consider 

IEX as being the “gold standard” for charge 

variant analysis.

Elution Gradients

In IEX chromatography, elution is performed 

using either a salt- or pH-based gradient, 

which elutes the bound protein by disrupting 

the electrostatic interactions between 

the protein and the stationary phase. The 

biopharmaceutical industry requires a 

precise approach for charge variant analysis, 

and while traditional salt-based gradients 

have been employed, signifi cant method 

development is required to get optimal 

resolution of charge variants contained 

in different mAb samples. In the past 

decade, pH-based gradients have gained 

popularity, primarily for their more generic 

applicability across different mAbs. Reduced 
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reagents and LC-based separation for 
biomolecules. She received her Ph.D. 
degree in chemistry from Brandeis 
University and postdoctoral training 
at Boston University. She has over 14 
years of experience in LC–MS analysis 
of biomolecules, including glycans, 
peptides, and intact proteins.
Bill Warren has been at Waters for 32 
years and is currently a Principal Product 
Manager involved in the development 
and commercialization of innovative 
reagents and chromatography-based 
technologies for the separation and 
analysis of proteins and synthetic DNA/
RNA.
Hua Yang is a Principal Scientist at Waters 
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years. Hua has undertaken cutting-edge 
research in making advanced materials 
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preparation, but in more recent years, 
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Waters Scienti� c Operations to develop 
applications for biomolecule separations 
including ion-exchange chromatography. 
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Matthew Lauber is a Consulting 
Scientist within Chemistry R&D at 
Waters, where he leads an evaluation 
team that focuses on developing new 
products and methods for the analysis of 
biomolecules. From his graduate studies 
in proteomics at Indiana University, 
he has been applying his expertise in 
protein chemistry and LC–MS-based 
characterization methods towards 
the development and application of 
state-of-the-art reagents and separation 
chemistries.
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R&D at Waters. She joined Waters in 
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E-mail: BioResolveManager@waters.com
Website: www.waters.com/BioResolve

EVENT OVERVIEW: 
Increasingly, data integrity is becoming a common focus area in all 
regulated laboratories, such as pharmaceutical, food, and contract 
sample analytical laboratories. This focus is driving renewed attention 
on the fact that software must be validated for its intended use and 
computer software validation requirements. 

In this webcast, we will provide companies operating in regulated envi-
ronments insights into computer system validation (CSV). Specifically, 
we will cover the following:

n	 What is computer system validation (CSV)
n	 Why it is important to perform CSV
n	 What you need to know about the regulations that need to be 

followed, including:
 • Data Integrity
 • 21 CFR Part 11 (Electronic Records and Signatures)
 • GAMP5 - V Model Documents and Deliverables

Key Learning Objectives
n	 What is computer system validation (CSV)?
n	 Why is CSV important in the regulated environment?
n	 What regulations govern computer system validation? 
n	 GAMP5 V model documents and deliverables.

Who Should Attend
Industries: Regulated Industries with 
primary focus on Pharmaceuticals
Roles: 
n	 Technicians/Scientists
n	 Laboratory Managers
n	 Quality Assurance (QA) Managers
n	 Information Technology (IT) Managers

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

Presenter
Jim Willis
Global Compliance 
Program Manager
Agilent Technologies, 
Inc.

Michael Korbel
Senior Compliance 
Consultant 
Agilent Technologies, 
Inc.  

Moderator
Laura Bush 
Editorial Director 
LCGC

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

Sponsored by  Presented by

The Importance of  
Computer System Validation  
for Regulated Systems 

EUROPE: 
Tuesday, February 26, 2019 
2pm GMT | 3pm CET

NORTH AMERICA:
 Tuesday February 26, 2019
2pm EST | 1pm CST | 11am PST

ASIA PACIFIC: 
On-Demand
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Training Courses
GC

The Theory of GC

Website: www.chromacademy.

com/gc-training.html

Practical Essentials of GC and 

GC–MS

29 April–1 May 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/PE-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

Method Development for the 

Separation of Therapeutic 

Proteins (Biopolymers)

6–7 May 2019

Molnár-Institute, Berlin, 

Germany

Website: http://molnar-institute.

com/fileadmin/user_upload/

Training/SeminarRegistrationForm.

pdf

Fundamental LC–MS

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

mass-spec-training.html

HPLC Troubleshooter

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

hplc_troubleshooting.html

HPLC Method Development

Onsite training

Website: www.crawfordscientific.

com/training-consultancy/hplc-

training/hplc-method-development

SAMPLE PREPARATION

Overview of Solid-Phase 

Extraction

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

sample-prep-training.html

Hands-on Sample Preparation for 

GC and GC–MS

18–22 March 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/hands-on-sample-

preparation

MISCELLANEOUS

Basic Lab Skill Training

Website: www.chromacademy.com/

basic-lab-skills-training.html

Introduction to IR Spectroscopy

Website: www.chromacademy.com/

infrared-training.html

DryLab4 Masterclass for 

UHPLC Method Development

8–10 April 2019

Molnár-Institute, Berlin, 

Germany

Website: http://molnar-institute.

com/fileadmin/user_upload/Training/

SeminarRegistrationForm.pdf

Please send your event and training 
course information to Kate Jones 
kate.jones@ubm.com
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Achieving PEEK-like Performance on Stainless Steel  

HPLC Components with Bio-Inert CVD Coatings

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

Dr. Jesse Bischof, SilcoTek’s in-house HPLC expert, will show you 

how SilcoTek’s Dursan® coating creates a bio-inert, durable, and 

reliable surface for liquid chromatography applications involving 

challenging compounds and chelating agents. Jesse presents on the 

ŕĕĕĎ�Īşſ�ëŕ�ĶŕĕſƐ�ǕşƱ�żëƐĲ�Ķŕ�L�d!��ĶƆƆƖĕƆ�ƱĶƐĲ�ƆƐëĶŕōĕƆƆ�ƆƐĕĕō�ëŕĎ�

PEEK, and how a bio-inert surface coating can drastically reduce 

variation in analytical results such as improved peak shape and no 

loss of peaks — especially at trace levels.

KEY LEARNING OBJECTIVES

The attendee will learn:

�� ÉĲĕŕ�ëŕĎ�ƱĲƷ�ëŕ�ĶŕĕſƐ�ǕşƱ�żëƐĲ�ĶƆ�ĈſĶƐĶĈëō�Ķŕ�L�d!�ëżżōĶĈëƐĶşŕƆ

�� LşƱ�ë�ćĶşȒĶŕĕſƐ�ƆƖſĪëĈĕ�ĈşëƐĶŕī�şŕ�ƆƐëĶŕōĕƆƆ�ƆƐĕĕō�Ĉëŕ�ĕŕëćōĕ�Ŕşſĕ�

reliable and consistent results 

�� LşƱ�ƐĲĕ�żĕſĪşſŔëŕĈĕ�şĪ�'ƖſƆëŕȒĈşëƐĕĎ�ƆƐëĶŕōĕƆƆȒƆƐĕĕō�ĈşŔżëſĕƆ�Ɛş�

PEEK and other surface options in HPLC systems

WHO SHOULD ATTEND: 

�� dĶžƖĶĎ�ĈĲſşŔëƐşīſëżĲĕſƆ

�� �ŕƷşŕĕ�ĶŕƐĕſĕƆƐĕĎ�Ķŕ�ōĕëſŕĶŕī�Ŕşſĕ�ëćşƖƐ�ĶŕĕſƐ�ĈşëƐĶŕī�ƆşōƖƐĶşŕƆ�Īşſ�

any application.

Register for free at http://www.chromatographyonline.com/lcgc_p/achieving

Can’t make the live webcast? Register now and view it on-demand after the air date.

LIVE WEBCAST
Thursday, February 28, 2019 at 11am EST | 8am PST | 4pm GMT | 5pm CET

Presented by

PRESENTERS

MODERATOR

Kaylynn  

Chiarello-Ebner

Managing Editor, 
Special Projects

LCGC

Jesse Bischof, 

Ph.D.

Researcher

SilcoTek Corporation

Sponsored by

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/

12–17 May 2019

43rd International Symposium on Capillary Chromatography (ISCC) and the 

16th GC×GC Symposium

Fort Worth, Texas, USA

E-mail: info@isccgcxgc.com

Website: www.isccgcxgc.com

16–20 June 2019

48th International Symposium on High Performance Liquid Phase Separations 

and Related Techniques (HPLC 2019)

Milano-Bicocca University, Milan, Italy

E-mail: hplc2019@effetti.it

Website: www.hplc2019-milan.org
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