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The LCGC Blog: 
Inexpensive, Quick, and 
Selective: Seeking the 
Holy Grail of Sample 
Extraction

Oliver Napoleon Hill (1883–1970) was an American self-help author once 
described as “the most famous conman you’ve probably never heard 
of” (1). Conman maybe, but there is a quote of his that I believe to be 
particularly true when considering sample preparation for chromatography 
techniques; “The one who tries to get something for nothing generally 
winds up getting nothing for something.”

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

specificity isn’t too good, there are some 
coelution issues, or that they are having 
problems with matrix effects in LC–MS. I refer 
you to the learned gentleman above, and add 
that to achieve quick, cheap, and good all at 
once takes a lot of work in development. Oh, 
I nearly forgot: that’s the other thing that I 
hear a lot these days, ”we don’t have a lot of 
time to get this method up and running!” 

I have many conversations with colleagues 
and customers who want to ”keep analyte 
extraction simple”, to “make sure the 
extraction method is rapid and robust”, 
to ”ensure the extraction method is 
cost‑effective, as we have so many samples to 
process”. All very noble aims.

Except, these same people will tell me 
that limits of detection aren’t looking great, 
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All this being said, depending upon your 
analytical goals, there are some techniques, 
which, when properly optimized, can 
achieve that holy grail of inexpensive, quick, 
and selective. But in order to efficiently 
develop these methods, one needs to 
know the premise on which they work 
and how to quickly optimize them. We 

begin this short series by describing the 
principles and optimization of perhaps the 
most straightforward of all the extraction 
techniques, liquid–liquid extraction (LLE).

No matter which ”version” of liquid–liquid 
extraction (LLE) method you wish to use, 
there are some fundamentals that apply, and 
perhaps principle among these is analyte 

physicochemical information. It can be shown 
that, for neutral molecules, the partition 
coefficient between water and an organic 
solvent is directly related to the analyte 
hydrogen bond acidity, hydrogen bond 
basicity, dipolarity, polarizability, and molar 
volume (2). For ionizable species, at least one 
further descriptor related to the properties 
of the ionic form is required. It is, however, 
my experience that predictive relationships 
of this kind are rarely used in practice, and a 
trial and error approach using various solvent 
combinations is typically undertaken.

Understanding Analyte 
Physico-Chemical Parameters
To achieve the best selectivity and recovery, 
one needs to ensure that partitioning of 
target analytes from one phase into the 
other is as efficient as possible, and this is 
underpinned in most cases by some simple 
physicochemical information. The following 
information is recommended: 
• LogP(D) (essential)
• pKa (essential for ionizable compounds)
• Number of hydrogen bond donors or 

acceptors (useful)
• Specific volume (inverse of density) (m3/Kg) 

(useful).

For example, this data for the molecule 
Cathinone, which is an ionogenic substance 

as shown in Figure 1:
• LogD (pH10) = 1.18
• LogD (pH2) = ‑1.86
• pKa = 7.55
• Number hydrogen bond donors 1
• Specific Volume 0.91

This information is available from a variety 
of sources and we have made extensive use 
of the following:
• Chemspider (Royal Society of Chemistry, 

UK) (http://www.chemspider.com/)
• Chemicalize (ChemAxon) (https://

chemicalize.com/)
• UFZ-LSER database (https://www.ufz.de/) 

(see also Ref. 4)
• Marvin Sketch (ChemAxon) (which also 

calculates values for analytes not in the 
previous databases) (https://chemaxon.com/
products/marvin).

So how can we use this information to 
design and optimize our LLE experiment? The 
first decision in designing any liquid extraction 
is the choice of extracting solvent, and this is 
driven by the relative hydrophobicity of the 
analyte molecule, which is reflected by its 
LogP(D) value.

As a brief reminder, the partitioning 
behaviour of an analyte between two phases 
will be reflected in LogP values (Table 1).

As can be seen from Table 1, the analyte 

The LCGC Blog
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Table 1: Analyte phase distribution for different LogP values

Analyte LogP Organic : Aqueous Ratio

10 100:1

1 10:1

0 1:1

‑1 1:10

‑10 1:100

CH3CH3

H2N H3N
+ OO

Figure 1: Dynamic equilibrium for the target analyte Cathinone.
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LogP value will indicate the degree of success 
that is likely in extracting an analyte from an 
aqueous matrix.

Analyte pH Manipulation
It is obvious from the Cathinone 
physico‑chemical data that the LogP(D) value 
will vary according to the pH of the sample 
solution, and we can use this information 
to our advantage when designing LLE 
experiments. For our Cathinone example, by 
adjusting the aqueous pH to a higher value, 
the analyte will be in the neutral form and 
therefore will be to the left of the equilibrium 
and the analyte LogD value (as the analyte is 
ionizable we used LogD rather than LogP but 
the general relationships hold) will be 1.18 
and will partition 10:1 into the organic phase, 

depending upon the organic solvent chosen.
The relationship between solution pH and 

pK is shown in Figure 2, as a reminder for the 
target pH values.

For our target Cathinone analyte, adjusting 
the sample solution pH to 9.55 or above, will 
ensure the analyte is in the neutral form, the 
LogD value will be 1.18, and therefore will be 
more successfully extracted from the aqueous 
sample into an organic solvent. This should 
demonstrate the importance of knowing 
the analyte physicochemical properties in 
designing your extraction experiment. If the 
sample solution had been at neutral or acidic 
pH the partition coefficient for the analyte 
would have been much lower and recovery 
from the sample solution into the extracting 
solvent would be accordingly very much lower.

SAMPLE COLLECTION, SEPARATION 
& STORAGE. SORTED. 

Improve the reproducibility and reliability of your 
chromatography workflow with the Microlute™ 
range of products. 
• Solid Phase Extraction
• Phospholipid Removal
• Supported Liquid Extraction
• Protein Precipitation
• Glass Vials & Evaporators

To find out more visit 
www.microplates.com/microlute

The LCGC Blog
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Acidic Species

Basic Species

pKa

pKa
+2 pH units - Analyte Charged

-2 pH units - Analyte Charged

-2 pH units - Analyte Neutral

+2 pH units - Analyte Neutral

Figure 2: Relationship between solution pH and pK.

https://www.microplates.com/microlute
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If one is unsure of analyte pKa or even 
exact analyte structure, it is always best 
practice to assess the effect of pH on solvent 
extraction efficiency with the following pH 
conditions suggested:
• pH 9 and 11 for suspected basic analytes
• pH 6 and 7.5 for suspected neutral analytes
• pH 2.5 and 4 suspected acidic analytes.

The difference in analyte recovery between 
each of the pH value pairs can sometimes 
be quite startling and these differences are 
driven by the (unknown) analyte pKa.

Back Extraction
The selectivity of the extraction experiment 
involving pH manipulation can be further 

improved using a technique known as back 
extraction. Once the target analytes are in 
the organic phase, they can be re‑extracted 
into a fresh aqueous phase whose pH has 
been manipulated to ensure the analytes 
are in the charged form and therefore most 
highly hydrophilic. For acidic target analytes, 
the second aqueous extracting solution is 
manipulated to basic pH and vice versa for 
basic analytes. In this way, specificity of the 
extraction can be improved as all neutral 
extractants will be left behind in the organic 
solvent, reducing the instances of co‑elution, 
and achieving lower matrix background 
(and hence lower detection limits). There are 
no limits to the number of back extraction 
steps that can be employed to improve 

specificity and hence the aqueous layer pH 
may again be adjusted to ensure the analyte 
is in the neutral form and extracted into a 
further organic solvent. Of course, absolute 
analyte concentration will decrease in each 
back‑extraction stage according to the 
specific recovery achieved at each stage.

Use of Salts
Recovery of more highly hydrophilic analytes 
from aqueous samples can be promoted 
through the use of salt addition to the 
sample. There are two common approaches: 
• Use of an ion‑pairing salt with opposite 

charge to the analyte, which, if the 
sample solution pH is adjusted to ensure 
the analyte is fully ionized, will pair with 
the analyte to form a neutral complex. 
This neutral complex is likely to have a 
much higher partition co‑efficient than 

the ionized analyte, and recovery into 
the organic extracting solution will be 
increased. When analytes are strongly 
acidic or basic, this tends to be the method 
of choice.

• Adding high‑enough concentrations 
of simple salts to saturate the aqueous 
sample solution can increase the partition 
coefficient of hydrophilic analytes and 
improve recovery into organic extraction 
solvents. Effectively the analyte solubility in 
the aqueous sample is reduced by adding, 
for example, 3–5 M sodium sulphate to the 
sample solution, driving the target analytes 
into the organic phase and improving 
recovery. There are a variety of salts that 
can be used in this way, and the required 
concentrations to achieve saturation, or 
optimum analyte recovery, need to be 
empirically determined.

The LCGC Blog
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Table 2: Polarity index values of a variety of popular organic solvents used for LLE

Solvent Polarity Index

Pentane 0.0

Heptane 0.1

Toluene 2.4

Methly t‑butyl ether (MTBE) 2.5

Chlorobenzene 2.7

Dichloromethane (DCM) 3.1

Butan‑1‑ol 3.9

Chloroform 4.1

Ethyl Acetate 4.4

Methyl ethyl ketone (MEK) 4.7

Table 3: Useful solvent mixtures for fine tuning extraction recovery in LLE

Solvent Combination Solvent Ratio (v/v)

Ethyl Acetate / MTBE 1:1

Acetone / Ethyl Acetate / MTBE 1:2:2

DCM / MTBE / Ethyl Acetate 1:2:2

DCM / Toluene / MTBE 3:4:3

MTBE / Toluene 1:3, 1:1, 3:1

Toluene / Butanol 1:3, 1:1, 3:1

Butanol MTBE 1:3, 1:1, 3:1



The Column    www.chromatographyonline.com

basic partition co‑efficient measurements. 
There are other online tools that can help 

to inform the optimum choice of solvent for 
liquid–liquid extraction and perhaps the most 
useful of these is the UFZ‑LSER database (3). 
Using the SMILES string for our Cathinone 
molecule, it was possible to calculate some 
key thermodynamic and physico‑chemical 
properties of the molecule that are then used 
to predict the partition coefficients between 
a wide variety or organic solvents (solvent 
mixtures) and water. This is a very useful 
tool to quickly identify the organic solvents 
to use in any screening experiments and, in 
this particular example, it was identified that 
chloroform is a good candidate for the liquid 
extraction of Cathinone. While the results 
from this database are less reliable when the 
analyte properties need to be calculated, 
it does contain a vast array of compounds 
with known values, and will also search the 
internet for reliable sources of the descriptors, 
again improving the reliability of the partition 
coefficient estimations.

A further cautionary note when selecting 
the extraction solvent is that one always needs 
to be mindful of which layer is the extraction 
solvent, bearing in mind that certain organic 
solvents are more dense than water and will 
therefore be the lower layer in the extraction 
vessel. Common examples of these solvents 
include (in order of increasing density):

particularly useful in the past is shown below 
in Table 3. We typically use 96‑well plates to 
screen these solvent mixtures, as this provides 
a rapid way of assessing the gross partitioning 
behaviours of a relatively large number 
of analytes, several solvents, and perhaps 
different pH or (as we shall see later), and salt 
strengths and still leaves enough wells for 
blanks, recovery standards, and so on.

Of course, the most effective solvent 
combination in terms of recovery will 
depend upon the nature of the analyte and 
interferent species that we wish to leave 
behind, and some trial and error is likely.

Advanced Methods for Extraction 
Solvent Selection
I recently came across a fascinating paper in 
which the group had investigated building a 
predictive algorithm for extraction efficiency 
based on quantitative relationships between 
the LogP(D) values of model compounds in 
a variety of solvent pairs (2). It strikes me 
that this would be a very logical and useful 
approach where one is working in a specific 
application area. A suitable set of model 
compounds can be identified. This group 
used pKa, LogD, number of hydrogen bond 
donor (HBD) groups, and the analyte specific 
volume to calculate the analyte partition 
coefficient in a variety of organic solvents 
from an equation derived from only a few 

fairly simple: try to match the polarity of your 
analyte with the polarity of the extraction 
solvent. If you cannot obtain a good polarity 
measure of the analyte (see later discussion 
for some useful tools to help with this), 
LogP(D) can be used as a surrogate, with 
lower LogP values indicating the need for a 
more polar extraction solvent and vice versa.

Of course, it is also possible to used 
”mixed” organic systems as the extraction 
solvent to further fine‑tune the selectivity 
or the recovery of the target analytes from 
the sample. Here one needs to develop an 
in‑house screening approach, using solvent 
mixtures that have proven to be successful 
in your application area. To assist with this, 
a list of the solvent systems I have found 

Extraction Solvent Choice 
Of course, the partitioning behaviour of 
our target analytes is strongly influenced 
by the choice of organic solvent into which 
we chose to extract our analyte, as the 
various solvents will also have a range of 
polarities that will influence their affinity 
for the analyte(s). For reference, some 
water‑immiscible solvents are shown in Table 
2, with their polarity index values.

For more polar analytes—and here lower 
values of LogP(D) can also act as a good 
indicator of polarity—one may need to select 
an organic solvent that has a higher polarity 
index value in order to optimize recovery of 
the analyte from the aqueous sample into 
the organic extracting solvent. The rules are 
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Table 4: Water solubility for various organic solvents popular in LLE

Solvent Water Solubility in Solvent at 20 °C (%w/w)

Pentane 0.009

Heptane 0.01

Toluene 0.033

Methly t‑butyl ether (MTBE) 1.5

Chlorobenzene 0.04

Dichloromethane (DCM) 0.24

Butan‑1‑ol 20.1

Chloroform 0.056

Ethyl Acetate 3.3

Methyl ethyl ketone (MEK) 10.0
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is pointed out above, may be a particularly 
important consideration when performing 
trace analysis. A very useful lookup resource 
for these water solubilities can be found at 
the following link: https://macro.lsu.edu/
HowTo/solvents.htm

Extraction to Sample Solvent Ratio
To ensure the highest recovery possible, the 
ratio of organic extraction solvent to aqueous 
sample should be high (or perhaps higher 
than is generally accepted as reasonable), and 
a ratio of 7:1 is considered somewhat of a 
generic optimum value. Obviously, the actual 
optimum value will depend upon the partition 
coefficient of the target analyte(s) between the 
two solvents, and extraction solvents with high 
partition coefficients may require lower ratios 
and vice versa. Interestingly, the database of 
Reference 4 has a nice tool (“Extraction Tool”) 
which allows the optimum solvent/sample ratio 
to be estimated, which can save a great deal 
of empirical optimization. The optimum value 
for thechloroform extraction of cathinone as 
described above was found to be 6:1 organic 
to aqueous using this tool, indicating that our 
generic 7:1 ratio for optimum recovery may 
indeed be a reasonable guide. 

Volatility of Extraction Solvent and 
Analyte
The volatility of the extracting solvent is a 

Chlorobenzene < Ethylene Dichloride < 
o-Dichlorobenzene < Methylene Chloride 
< Trichloroethylene < Chloroform < Carbon 
Tetrachloride

Improving Selectivity of LLE
When considering solvent selection, one must 
always be mindful of the specificity of the 
extraction, and here I specifically refer to the 
ability of technique to separate the target 
analytes from matrix components which may 
have similar chemical and physico-chemical 
properties. Where simple binary solvent 
systems are used for liquid–liquid extraction, 
the control of specificity can be restricted to 
the choice of the organic solvent, the sample 
solution pH, and perhaps the ionic strength. 
In terms of organic solvent selection, one 
important selectivity consideration is that of 
the water solubility in the organic solvent, 
and this can be particularly important when 
one is carrying out trace analysis. The relative 
solubility of water in a range of organic 
solvents is shown in Table 4.

From Table 4, it should be obvious that 
some organic solvents are able to solubilize 
a reasonable amount of water and therefore 
can be expected to be less specific than those 
solvents in which water has much lower 
solubility. Using solvents that can more readily 
solubilize water will give rise to extracts which 
contain higher levels of interferents which, as 

Pure Chromatography

Sign up today to access Restek’s  
years of chromatography knowledge at
www.restek.com/advantage

ADVANTAGE
See What It Can Do for You and Your Lab
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K. Muteki, P. Solich, and I. Leito, ACS Omega 2(11), 

7772−7776 (2017).

4. N. Ulrich, S. Endo, T.N. Brown, N. Watanabe, G. 

Bronner, M.H. Abraham, K.‑U Goss, UFZ‑LSER 

database v 3.2.1 [Internet], Leipzig, Germany, 

Helmholtz Centre for Environmental Research‑UFZ 

(2017). Available from http://www.ufz.de/lserd 

(Accessed July 12, 2020).

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

liquid–liquid extraction experiment than one 
might realize. However, to avoid ”getting 
nothing for something”, and to drive towards 
fast, inexpensive, and selective LLE protocols, 
one really does need to put in a lot of 
method development effort. There are very 
few shortcuts, but hopefully the discussion 
above and the resources highlighted will assist 
you in this work.

Of course ”standard” liquid–liquid 
extraction is only one version of the liquid 
extraction technique. There are many variants 
available, including:
• Membrane assisted solvent extraction (MASE)
• Single drop microextraction (SDME)
• Dispersive liquid–liquid microextraction 

(DLLME / DiLLME)
• Hollow fibre liquid phase microextraction 

(HF‑LPME).

Next time I will consider the principles of 
some of these techniques as well as their 
optimization.

References
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extraction solvent that will evaporate under 
less harsh conditions.

Mixing (Agitation) Mode and 
Extraction Time
The facile process of extraction requires 
that the surface area interface between the 
two phases is maximized, which will often 
involve the mixture being agitated with 
reasonable vigour. In the modern laboratory, 
manual shake flasks have been (or should 
be!) replaced with smaller vessels that can 
be mixed on an orbital mixer or by using 
automation systems. Yet one still needs to 
optimize the vigour with which the sample is 
mixed, in order to achieve maximum analyte 
recovery in a reasonable timeframe. Of 
course, the time of extraction will also need 
to be optimized, and this will be predicated 
by the mode of mixing, affinity (partition 
coefficient) of the extracting solution for the 
analyte, and the ratio of sample‑to‑extraction 
solvent. One might consider then that there 
are enough variables here to perform an 
optimization of the extraction using Design 
of Experiments (DoE) approaches, and this 
indeed is a highly effective way to achieve the 
ultimate extraction recovery.

Conclusion
In summary, there are many more 
considerations when designing a simple 

further important consideration that goes 
alongside the selection of the optimum 
organic:aqueous ratio, primarily as the speed 
of sample preparation will usually be rate 
limited by the speed with which the organic 
solvent volume may be reduced, using 
evaporation to achieve a sample concentration 
that meets analytical limits of detection. 
More volatile extraction solvents may give 
rise to more rapid evaporation protocol steps 
and therefore reduce the overall extraction 
experiment time, but it should be stated that if 
one can avoid a solvent evaporation step, then 
this is much preferred. Solvent evaporation 
steps can introduce unwanted qualitative and 
quantitative error into the determination, and 
the careful choice of solvents with high affinity 
for the target analytes may allow lower solvent 
volumes to be used and may, perhaps, avoid 
the need for solvent evaporation.

A further, often‑overlooked consideration 
is that of analyte volatility. An ideal solvent 
should be capable of evaporation‑to‑dryness 
in a reasonably short time (10–15 min) under 
nitrogen when heated to 30–40 °C. If the 
analyte can withstand these conditions 
without loss or degradation, then recovery 
will be high. Of course, the more volatile 
the analyte under these conditions, then 
the lower the recovery of the extraction 
experiment. If recovery is low due to analyte 
volatility, one must consider an alternative 

E-mail: tony@crawfordscientific.com
Website: www.chromatographyonline.
com
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Identifying Algal Bloom Toxins 
Using LC–HRMS
Researchers from Baylor University have identified the toxins responsible for fish deaths in Prymnesium parvum algal blooms 
using liquid chromatography–high resolution mass spectrometry (LC–HRMS).

Harmful algal blooms (HABs) represent a worldwide threat affects water supplies, local economies, public health, 
and ecosystems. These blooms are capable of affecting all bodies of water from coastal waters and estuaries to inland 
freshwater bodies, with the latter continuing to increase in frequency as environmental conditions and atmospheric 
temperatures become more accommodating. Once present in an inland freshwater body, the HABs produce and release 
harmful secondary metabolites including some toxins which can be fatal for wildlife, domestic animals, and humans.

Human exposure can occur in many ways from dermal exposure during recreational swimming, ingestion of the 
water and/or of contaminated seafood, or even inhalation through aerosols leading to a wide array of potential health 
complications. Current tactics to minimize human exposure can vary greatly but if programmes do exist they routinely 
measure total biomass or species composition which may not give an accurate representation of the toxin production, and 
therefore more sophisticated surveillance systems which examine toxins are required.

Prymnesium parvum is a well-documented example of an algal bloom species with notable large-scale fish kills occurring 
as far back as 1985, with a subsequent event in 2001 receiving widespread attention. However, the toxins responsible for 
the observed effects on aquatic life have remained elusive, highlighting the difficulties in identifying novel toxins and the 
need for improved surveillance systems for algal blooms. Furthermore, the conditions which elicit the toxin production have 
also remained unknown.

To address this knowledge gap, researchers utilised a top-down approach using LC–HRMS and specialized software to 
identify and examine the conditions necessary for P. parvum toxin proliferation. The results indicated that higher salinity 
conditions promoted greater fish mortality for P. parvum and confirmed the presence of several prymnesins which were 
significantly related to the acute toxicity of P. parvum. A number of other molecules were also found in the analyzed 
cultures which showed acute toxicity with researchers suggesting future work is required to further investigate these 
potential toxins and assess their contribution to the toxicity of P. parvum algal blooms.

Furthermore, given these results, researchers believe that the production of a quick and easy prymnesin screening 
method could be useful for water quality assessors when investigating HAB threats.

References
1. R.B. Taylor et al., Sci. Total Environ. 715, 136835 (2020).

Shimadzu’s Danish Expansion
Shimadzu Corporation have opened a new branch in Greater 
Copenhagen, the country’s economic and scientific heartland, so 
that the company can directly provide support to its customers. 
The 350 square metres facility offers Shimadzu’s full range of 
analytical instrument solutions covering chromatography, mass 
spectrometry, spectroscopy, TOC (sum parameter), life sciences, 
and testing machines solutions, targeting analytical applications 
in manufacturing and consumer goods industries, the health and 
environmental sectors.

“We have chosen this location for our office as it connects in 
two directions”, explained Morten Thorslund, Sales and Service 
Manager of the Shimadzu Denmark Branch. “There is the Greater 
Copenhagen region as the country’s economic and scientific 
heartland, well-known for its chemical and pharmaceutical 
industries as well as the metal-processing sectors. And there are 
several regional centres all over Denmark, where a lot of food, 
industrial, universities, and other customers are placed. From 
this location, we can reach 
approximately 75% of our 
customers in a matter of 
minutes, and the rest within a 
few hours car ride.” 

For more information please 
visit: www.shimadzu.eu/
shimadzu-goes-danmark
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News In Brief

The Column    www.chromatographyonline.com

•  The LCGC Blog: Troubleshooting Gas Chromatography Part V – Loss of Efficiency (and 
Resolution!)—Capillary GC is renowned for being a ”high efficiency” technique, meaning that we 
typically see very narrow peaks within our chromatograms. This leads to the ability to separate many 
components in a reasonable amount of time, which is, of course, analytically advantageous.  
Read Here>>

•   Analytical Separation Methods for Therapeutic Oligonucleotides—The diverse nature of 
oligonucleotide therapeutics leads to the requirement for multiple separation methods to characterize 
quality attributes. Highly chemically-modified to improve efficacy and resilience to nucleases, they 
are challenging to analyze using a single method. This article discusses multiple chromatographic 
separation methods, and the benefits of mass spectrometry (MS). Read Here>>

•    Miniaturized Chromatography—The Next Big Idea—In any given community, on rare occasions, 
leaders converge on a big idea. The development of such an idea alters the course of the 
community, in a way that is meaningful if it is lasting. Jonathan Edelman discusses his belief that  
the collective chromatography community is currently converging on a big idea. Read Here>>

•    Optimizing the Analysis of Viral Vectors with SEC-MALS—This free e-book discusses how light 
scattering determines multiple CQAs of viral vectors such as AAVs, where multi-angle light scattering 
fits into a CMO analytical platform, and the benefits of SEC-MALS for characterizing oligonucleotides 
such as mRNA. Read Here>>

•    Influenza Virus Particle Analysis Using SEC—An analysis method for influenza virus particles 
has been developed using size-exclusion chromatography (SEC) which provides complimentary 
biopharmaceutical data for use during vaccine production and approval. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Agilent Announce Early Career Professor 
Award Winner
Agilent Technology, California, USA, have 
awarded Carl DeSelm of Washington 
University School of Medicine, Missouri, 
USA, the 2020 Agilent Early Career Professor 
Award. DeSelm’s research focuses on the 
engineering and clinical development of a 
new class of cell immunotherapy, engineering 
Antigen Presenting Cells (APC). 

The Agilent Early Career Professor Award is 
an annual programme that recognizes—and 
supports—promising research from professors 
who, early in their careers, show outstanding 
potential for future research in areas of 
importance to the communities Agilent 
serves. More information about the Agilent 
Early Career Professor Award is available at 
www.Agilent.com

Analytica Vietnam 2021 Postponed from 
April to October
Analytica Vietnam will be postponed from 
April 2021 to the autumn and now takes 
place at the Saigon Exhibition & Convention 
Center in Ho Chi Minh City from October 7 
to 9, 2021. Against the background of the 
ongoing COVID-19 pandemic and the related 
international travel restrictions, exhibitors 
thus will have more time to plan their trade 
fair participation.
For more information please visit:  
www.analyticavietnam.com
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Quantifying Viral Vector Attributes with Light Scattering
Michelle Chen

Integrated Analytical Platforms for Viral Vectors
Interview with Peng Wang

SEC-MALS Method for Characterizing mRNA
Biophysical Attributes
Pam Wang, Rama Akula, Michelle Chen, and Kristine Legaspi

Optimizing the
Analysis of Viral
Vectors with
SEC-MALS

This custom ebook is sponsored by Wyatt Technology Corporation and presented in partnership with LCGC.

Inna/stock.adobe.com
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Extraction and Analysis 
of Contaminants in 
Water with Particulate 
Matter Using SBSE

A highly sensitive method for quantitative determination of around 100 
contaminants in surface waters with and without particulate matter is 
presented in this work. The method is based on the EU Water Framework 
Directive (EU-WFD) (2013/39/EU) requirements. The key element of the gas 
chromatography–tandem mass spectrometry (GC–MS/MS)-based method 
is stir-bar sorptive extraction (SBSE), an efficient analyte concentration 
technique for water analysis. Dichloromethane is eliminated from 
the process and the amounts of sample and solvent used are reduced 
significantly, to the benefit of both the environment and laboratory 
occupational hygiene.

Oliver Lerch and Jasmin Zboron, Gerstel GmbH & Co. KG, Mülheim an der Ruhr, Germany

pose a significant risk to, or via, the aquatic 
environment at (European, Ed.) Union 
level”. This EU Water Framework Directive 
(WFD) was extended and amended in 2008 
(2008/105/EC) (2) and in 2013 (2013/39/EU) 
(3). The EU WFD mandates that all member 
states must take measures to continually 
monitor and improve the condition and 

In 2000, the European Union (EU) Parliament 
and the Council released Directive (2000/60/
EC) that focuses on the protection and 
improvement of the quality of surface waters 
and ground water (1). The directive in its 
own words, “lays down a strategy against 
the pollution of water. That strategy involves 
the identification of priority substances that 
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quality of water bodies in their territory. 
Parameters to be monitored include a range 
of specified key chemical pollutants, the 
priority substances are listed. 

EU environmental quality standards 
(EQSs) (5) specify maximum allowable 
concentration (MAC) levels for pollutants 
in surface waters that must be adhered to 
within the foreseeable future. The directive 
states: “With the aim of achieving good 
surface water chemical status in relation 
to those substances by 22 December 2021 
by means of programmes of measures 
included in the 2015 river basin management 
plans…”. In the EQS that applies to surface 
waters, the authors differentiate between 
annual average concentration (AA‑EQS) 
and maximum allowable concentration 
(MAC‑EQS) levels specified for “inland 
surface waters”, such as rivers and lakes, 
or for “other surface waters”, listed as 
transitional, coastal and territorial waters.

A Closer Look at The Requirements 
Commission Directive 2009/90/EC (6) 
provides technical details for the chemical 
analysis and monitoring specified in the 
EU‑WFD. Minimum performance criteria for 
analytical methods are specified, such as 
limits of quantification (LOQs). Compound 
LOQs lower than 30% of the respective 
annual average EQS (AA‑EQS) values are 

required, for some compounds in the 
low‑ to sub‑nanogram range per litre. For 
example, the required LOQ for benzo[a]
pyrene is 0.051 ng/L. Reaching such 
levels requires a highly efficient analyte 
concentration technique, such as stir‑bar 
sorptive extraction (SBSE), combined with a 
highly sensitive analysis technique. In addition, 
the uncertainty of measurement must be 
lower than 50% (k=2) at the specified EQS 
concentration value. If these criteria cannot 
be met, due to a lack of suitable analysis 
methods, the EU‑WFD offers some freedom: 
Monitoring should then be performed using 
the best available method that doesn’t lead to 
excessive cost.

Environmental Impact of Laboratory 
Analysis
Traditional water analysis methods rely on 
liquid–liquid extraction (LLE) of a 1 L sample 
volume, typically in two separate steps under 
different conditions using a total of 100 mL 
ultra‑pure dichloromethane per sample. 
In order to reach the required LOQs, the 
combined extracts are then concentrated 
by a factor of 100, by evaporation to 1 mL. 
The required replicates and blanks obviously 
add to the amount of dichloromethane used 
per analysis, and thus to the environmental 
impact. The large sample volumes required 
pose logistical challenges and add cost, such 

Simplifies complexity
The new Nexis SCD-2030 Sulfur Chemilumi nescence 
Detector is the perfect choice for highly sensitive 
sulfur measurements, e.g. to protect catalysts in the 
hydrocarbon processing industry. A wealth of auto -
mation functions to simplify operation and mainte-
nance relieve the operators from complex handling 
procedures. The Nexis SCD-2030 combines latest 
technologies with an optimum design built from 
scratch. 
 
Analysis of highly complex matrices 
showing total sulfur content as well as individual 
sulfur components 
 

Easier operation and workflow 
through automated functions and guidance through 
method development  
 
Agile usability in a broad range of industries  
based on smart software applications  
 
Excellent analysis features  
such as long-term stability, reliability and reduced 
need for calibration

www.shimadzu.eu /nexis-scd-2030

Sulfur Chemiluminescence Detection Gas Chromatograph System

SCD-2030

Shimadzu_TheColumn_1120.qxp_184x211  03.09.20  14:08  Seite 1
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as for cleaning, storing, and transporting 
glassware and samples. The EU‑WFD 
affords a performance‑based freedom 
of choice. Using modern solvent‑free or 
solvent‑reduced extraction techniques 
and combining these with the increasingly 
sensitive analysis instruments enables a more 
environmentally sustainable analysis and, 
last, but not least, improved occupational 
safety for laboratory staff.

Proven Water Analysis Technique
SBSE has long been used for environmental 
water analysis and has performed well in 
round‑robin tests. In 2009, the Bavarian 

Environment Agency (LfU), Germany, 
demonstrated SBSE performance in full 
compliance with the requirements of 
the German Federal Ministry of Health’s 
Drinking Water Ordinance (TrinkwV 2001) 
(7). Furthermore, SBSE was previously 
successfully used for the determination 
of priority pollutants in surface waters 
following the EU WFD 2000/60/EU (1). 
As a result of a significant investment of 
time and resources, the SBSE method has 
recently been optimized for highly sensitive 
determination of the GC compatible 
priority pollutants listed in EU Directive 
2013/39/EU (3)—including pollutants 

adsorbed to particulate matter—using one 
comprehensive method.

A Detailed Look at SBSE
The extraction medium used in SBSE is a 
glass‑coated magnetic stir‑bar mounted with 
a substantial sorbent layer. The sorbents 
used are either polydimethylsiloxane (PDMS) 
or a combination of ethylene glycol (EG) and 
PDMS that covers a wider polarity range. 
The extraction principle of SBSE, like that 
of liquid–liquid extraction (LLE), relies on 
partitioning, reaching equilibrium between 
the aqueous sample and the sorbent phase. 
In the work described here, PDMS‑coated 
stir‑bars were used. Analyte extraction and 
concentration takes place while the sample is 
stirred. Subsequently, the stir‑bar is removed 
from the sample, quickly dried, placed in a 
glass liner for thermal desorption, and the 
liner placed in a sealed sample tray position 
on the autosampler, awaiting automated 
sequential batch processing in combination 
with a thermal desorber. Following thermal 
desorption, analytes are focused in a gas 
chromatography (GC) inlet and subsequently 
transferred to the GC column in split or 
splitless mode using programmable heating. 
This approach ensures that extracted 
analytes can be transferred up to 100% 
to the column for extreme sensitivity. The 
PDMS‑coated stir‑bar is well suited for 

non‑polar to medium polarity compounds 
while the stir‑bar  coated with PDMS 
and ethylene is mainly used for polar 
compounds that form hydrogen bonds as 
proton donor, for example phenols, alcohols 
and organic acids.

Simple and Efficient Water Analysis
In this work, SBSE was our method of 
choice for the GC‑compatible compounds 
listed in the EU‑WFD. In addition to 
reaching the prescribed LOQs, we 
also wanted to perform quantitative 
determination of compounds adsorbed 
on particulate matter, as demanded by 
the EU‑WFD, including polyaromatic 
hydrocarbons (PAHs). The overall analysis 
requires a special approach: At first, we 
added an internal standard to individual 
100 mL samples, which is a large enough 
volume to generate meaningful results. 
We performed classical SBSE with PDMS 
sorbent for five hours to extract free 
organic compounds. The stir‑bar was then 
removed, an organic modifier added to the 
sample along with a second PDMS stir‑bar, 
and the sample extracted at elevated 
temperature overnight. Using this approach, 
compounds adsorbed on particulate 
matter were successfully released and 
extracted and the two stir‑bars thermally 
desorbed together for combined GC–MS/
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Figure 1: Sequential SBSE extraction workflow employed for analysis of surface water samples.
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MS determination of the extracted analytes. 
Up to 15 samples are extracted in parallel 
on each heated stir plate; the number of 
stir plates thus determines the sample 
extraction throughput.

Experimental
For sample extraction 1 cm /1 mm (length / 
phase thickness) conditioned PDMS coated 
stir‑bars (Gerstel Twister) were used. Samples 
were filled into individual 100‑mL vials and 

a stir‑bar and 30 µL of internal standard 
added to each vial before sealing it with a 
crimp cap. A heated stirring plate (Gerstel) 
was utilized for the extraction at 1000 rpm 
for 5 h. The stir‑bar was removed, rinsed in 
high performance liquid chromatography 
(HPLC)‑grade water, dried in a flow of 
nitrogen and placed in a sealed thermal 
desorption tube for storage. An organic 
modifier and a second stir‑bar were added 
to the sample before extracting it a second 
time at 1000 rpm and elevated temperature 
over a 17 h period. The second stir‑bar 
was then added to the first in the same 
sealed desorption tube on the autosampler 
tray (MultiPurpose Sampler MPS robotic, 

Gerstel). The MPS sequentially transferred 
the tubes with the stir‑bars to the thermal 
desorber (TDU 2, Gerstel). Analytes were 
thermally desorbed and transferred to the 
GC–MS/MS system (7890 GC / 7010 triple 
quadrupole MS, both Agilent Technologies) 
for determination in multiple reaction 
monitoring (MRM) mode. The water used for 
calibration should be as similar as possible 
to the water of the real samples, very clean 
groundwater, tap water, or mineral water 
were found to be suitable for calibration 
whereas groundwater gave the best results 
regarding trueness of analysis values. 
Samples to be analyzed should have a pH 
between 5.5 and 7; if necessary, the pH 
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Figure 2(a): Chromatogram of p,p´‑DDT at a concentration of 0.068 ng/L spiked in river water.
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Figure 2(b): Chromatogram of dichlorvos at a concentration of 0.12 ng/L, spiked in river water.
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Figure 3: Quantification of particle‑adsorbed analytes shown for a certified reference sediment 
(WEPAL SETOC 745, channel sludge) at a concentration of 100 mg particles per litre water sample. 
Comparison between the theoretical analysis values calculated from the certificate and the 
experimental analysis values. Error bars represent standard deviations.
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limits of quantitation for surface water 
following the EU guidelines are listed. For 
dichlorvos: 0.18 ng/L; using SBSE, we reached 
0.073 ng/L. For benzo(a)pyrene: 0.051 ng/L; 
using SBSE, we reached 0.033 ng/L. For 
pentachlorobenzene: LOQ of 2.1 ng/L; with 
SBSE, we lowered it to 0.075 ng/L (see Table 
1). Comparable results were achieved for 
around 100 other contaminants relevant 
for surface water analysis. Relative standard 
deviations (RSDs) near the respective limits 
of quantitation were between 2–10% for 
the vast majority of compounds with a 
median of 6.9%. Trueness was between 
90–110% in most cases. Real‑world water 
samples, such as river‑, ground‑, tap‑, mineral 

value can be adjusted. Additional details are 
available in a separate publication (4).

Successful Determination of Water 
Contaminants
The newly developed SBSE–GC–MS/MS 
method presented here is both efficient and 
highly sensitive. We were able to determine 
the GC‑compatible compounds listed in the 
EU‑WFD at the levels specified—or even well 
below—with three exceptions: cypermethrin, 
heptachlor, and heptachlor epoxide. Those 
three are also notoriously hard to determine 
at the required levels down to sub‑pg/L 
using conventional techniques.

In the following, a few examples of required 

Table 1: Limits of quantitation, determined according to DIN 32645, reflecting the results for 
precision and accuracy. In case the water samples were free from—or had only very little—
contamination with individual analytes, the limits of quantitation were determined in the matrix 
surface water. Continued on the right.

Analyte                    Limit of
Quantitation 

(ng/L)

  Analyte                        Limit of
                             Quantitation
                                        (ng/L)

 Analyte                     Limit of
                          Quantitation
                                     (ng/L)

Acenaphthene                          1.00 alpha‑Endosulfan                        0.070 PCB 81                                 0.039

Acenaphthylene                        0.10 beta‑Endosulfan                           0.059 PCB 105                                 0.043

Aclonilen                                 0.56 Endosulfan sulfate                        0.052 PCB 114                                  0.036

Alachlor                                  0.42 Endrin                                         0.043 PCB 118                                  0.012

Aldrin                                    0.066 Endrin ketone                              0.052 PCB 123                                 0.037

Ametryn                                0.069 Ethofumesat                                0.073 PCB 126                                 0.050

Anthracene                            0.061 Fenitrothion                                 0.024 PCB 156                                 0.046

Atrazine                                   0.18 Fenpropimorph                              0.13 PCB 157                                 0.047

Benz[a]anthrace                      0.076 Fluoranthene                                 1.00 PCB 167                                 0.044

Benzo[a]pyrene                       0.033 Fluorene                                       0.45 PCB 169                                 0.054

Benzo[b]fluoranthene              0.078 Heptachlor                                  0.052 PCB 189                                 0.054

Benzo[g,h,i]perylene                0.049 Heptachlorepoxide                       0.052 Pendimethalin                         0.094

Benzo[k]fluoranthene              0.081 Hexachlorobenzene                       0.10 Pentachlorobenzene                 0.075

Bifenox                                    0.47 Hexachlorobutadiene                  0.043 Pentachlorophenol                    3.00

Biphenyl                                  9.00 alpha‑Hexachlorocyclohexane      0.052 Phenanthrene                           2.50

Bis(2‑ethylhexyl)phthalate (DEHP)  134 beta‑Hexachlorocyclohexane          0.13 Picolinafen                                0.26

Chlordane, cis                        0.052 gamma‑Hexachlorocyclohexane    0.052 Prometon                                  0.18

Chlordane, trans                     0.026 delta‑Hexachlorocyclohexane        0.052 Prometryn                                 0.13

Chlorfenvinphos                     0.084 Indeno[1,2,3‑cd]pyrene                0.044 Propazine                                0.057

Chlorpyrifos‑Ethyl                   0.024 Isodrin                                          0.16 Propiconazol                              0.14

Chrysene                               0.027 Methoxychlor                              0.083 Propyzamide                              0.35

Cybutryn (Irgarol 1051)            0.030 Metolachlor                                 0.064 Pyrene                                       0.45

Cypermethrin (Isomerenmix)       0.12 Naphthalene                                 5.00 Quinoxyfen                              0.087

p,p´‑DDD                               0.020 Nonylphenol                                 8.80 Simazine                                    1.90

p,p´‑DDE                                0.017 Octylphenol                                  0.46 Terbutryn                                   0.10

Table 1: Limits of quantitation, determined according to DIN 32645, reflecting the results for 
precision and accuracy. In case the water samples were free from—or had only very little—
contamination with individual analytes, the limits of quantitation were determined in the matrix 
surface water. *Note: Indirect determination via breakdown product. Continued from the left. 

Analyte                    Limit of
Quantitation

(ng/L)

  Analyte                        Limit of
                             Quantitation
                                        (ng/L)

 Analyte                     Limit of
                          Quantitation
                                     (ng/L)

o,p´‑DDT                                0.052 Oxadiazon                                    0.082 Triallate                                    0.084

p,p´‑DDT                                0.067 PBDE 28                                       0.018 Tributyl phosphate                      9.70

Dibenz[a,h]anthracene             0.073 PBDE 47                                       0.015 1,2,3‑Trichlorobenzene                0.95

Dichlobenil                               2.10 PBDE 99                                       0.050 1,2,4‑Trichlorobenzene                1.20

Dichlorvos                              0.073 PBDE 100                                     0.011 1,3,5‑Trichlorobenzene                0.18

Dicofol*                                   0.15 PBDE 153                                     0.032 Triclosan                                   1.40

Dieldrin                                 0.034 PBDE 154                                     0.020 Trifluralin                                   0.19

Diflufenican                              0.16 PBDE 183                                       0.13  Tris(2‑chloroisopropyl)‑   
 phosphate (TCPP)                     29.002,6‑Di‑tert.‑butyl‑4‑methylphenol 5.90 PCB 77                                        0.041
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E-mail: Oliver_Lerch@Gerstel.de
Website: www.gerstel.com

7. German Federal Ministry of Health Drinking 

Water Ordinance (TrinkwV). https://www.

bundesgesundheitsministerium.de/english‑version/
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8. http://www.wepal.nl/website/download_files/

consensus/SETOC/SETOC745.pdf (Accessed 

October 2020)

Oliver Lerch works as Senior Application 
Scientist in the Analytical Services 
Department at Gerstel. After receiving his 
Ph.D. from the Ruhr University Bochum, 
Germany, in 2003, he worked at the 
Max-Planck-Institute of Molecular Plant 
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on determining priority contaminants 
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on GC/MS sample preparation and 
application development.

(Accessed October 2020).
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August 2013 amending Directives 2000/60/EC 
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Belgium, 2013). https://eur‑lex.europa.eu/eli/

dir/2013/39/oj (Accessed October 2020).

4. O. Lerch, J. Zboron, K. Brady, and J.‑L. Aybar, 

“Highly Sensitive Determination of Contaminants 

in Surface Water in the Context of the EU Water 

Framework Directive using Stir Bar Sorptive 

Extraction (SBSE) and GC‑MS/MS”, Gerstel 

Application Note 196 (Mulheim an der Ruhr, 

Germany).

5. European Union, Directive 2008/105/EC of 

the European Parliament and of the Council of 

16 December 2008 on environmental quality 

standards in the field of water policy, amending and 

subsequently repealing Council Directives 82/176/

EEC, 83/513/EEC, 84/156/EEC, 84/491/EEC, 86/280/

EEC and amending Directive 2000/60/EC of the 

European Parliament and of the Council. Document 

32008L0105, OJ L 348, 24.12.2008, 84–97.
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the Council, technical specifications for chemical 

analysis and monitoring of water status (Text with 

EEA relevance). Document 32009L0090, OJ L 201, 
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highly sensitive triple quadrupole mass 
spectrometer (TQMS) provides extremely 
low LOQs, reaching the sub‑ng/L range. A 
further bonus of using the SBSE technique 
is that the entire method requires only a 
very small amount of solvent. Many solvents 
are toxic, hazardous, and harmful to the 
environment. Therefore, a reduction in 
the amount used would seem particularly 
meaningful and fitting in order to reach 
environmentally sustainable environmental 
analysis and to provide best possible 
occupational hygiene for laboratory staff.
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2008). https://eur‑lex.europa.eu/eli/dir/2008/105/oj 

water, and effluents from sewage treatment 
plants, were analyzed without any issues. 
For none of the analytes, a major co‑elution 
was found on the quantifier ion transition 
and each analyte had at least one qualifier 
ion transition without co‑elution. The 
extractability and quantifiability of analytes 
adsorbed on particulate matter was tested 
and confirmed using a certified reference 
sediment (WEPAL SETOC 745) (8), results for 
selected compounds are shown in Figure 3. 
Some certified analysis results were available 
for PAHs and a few chlorinated compounds.

Assessing SBSE
SBSE is simple to perform and highly 
efficient, resulting in high sensitivity, not 
only in the case described here, in which we 
successfully determined priority pollutants 
listed in the EU‑WFD. The high sensitivity is 
mainly due to the large volume of the SBSE 
sorbent phase, in this case 63 µL, which 
guarantees a high extraction efficiency and 
recovery, obviously important when doing 
trace analysis. When the SBSE sorbent 
phase is thermally desorbed, the analytes 
extracted from the sample are transferred 
quantitatively to the GC, whereas when 
performing liquid extraction and injection, 
only a small aliquot is injected. SBSE 
performed on a 100 mL water sample 
coupled with thermal desorption and a 
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Environmental Analysis 
with Integrated Ion 
Chromatography, 
Titration, and Direct 
Measurement

Environmental analysis generally involves more than one measurement 
technique to capture the full story behind a water sample. Determining the 
conductivity, pH, alkalinity, and ionic balance can take a significant amount 
of time for an analyst, especially managing different systems, software, 
and data management tools. This article describes the benefits of a system 
that hyphenates ion chromatography, titration, and direct measurement. 

Alyson Lanciki1 and Jennifer Lüber2, 1Scientific Editor, Metrohm AG, Herisau, Switzerland, 2Jr. 
Product Specialist Titration/TitrIC, Metrohm AG, Herisau, Switzerland

There is a serious need in water quality 
laboratories for cost‑effective and fast 
instruments and methods that can deal with 
the increasingly complex array of harmful 
substances, the increasing throughput of 
samples, and the decreasing detection limits 
set by various norms and standards.

Whether working in the field of 

Water, the source and basis of all life, is 
the one thing that we all depend upon. It 
is essential for metabolism and is our most 
important foodstuff. Monitoring the water 
quality is vital to society and any technical 
solution to do so should be easy to use, 
reliable, and of course, both sensitive and 
highly accurate to deliver the best data. 
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environmental analysis, life sciences, or 
the food and beverage industry, analysts 
monitoring various water quality parameters 
know that a single technique cannot be 
used to measure everything necessary to 
form an in‑depth analysis of the sample. 
Measuring several variables such as 
conductivity, temperature, pH, hardness, 
anions, and cations on separate instruments 
is usually the norm. This piecemeal 
workflow requires significant time and 
manual labour, not only for the analyses, 

but also for reporting purposes.
Combining measuring techniques 

such as titration, direct measurement, 
and ion chromatography (IC) in a single 
hyphenated system allows faster, more 
reliable, fully automated analysis of key 
water quality parameters. These include 
all the variables mentioned above, as well 
as the determination of the ion balance 
(an estimate of the analysis accuracy): 
uncomplicated comprehensive water 
analysis from one system.

The ProfilerF Total Fluorine Analyzer is a new 
and unique analytical tool that helps:

 − �Quantify�all�fluorine,�both�organic�fluorine�
and�inorganic�fluoride�in�solution

 − �Define�the�total�impact�of�PFAS� 
contamination�on�the�environment

 − �Ensure�product�consistency�&�process�efficiency

For more information, visit 
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TWO UNIQUE CONFIGURATIONS:

ProfilerF Solids
Measure�total�fluorine�content�accurately�in�soil,�
plastics�and�foams.�

ProfilerF Wastewater
Measure�total�organic�fluorine�content�in� 
wastewater�samples.

The Only Way to Quantify Total Fluorine Content
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Figure 1: Illustration of the complete analysis workflow, allowing the simultaneous measurement of 
several key water quality parameters in a fraction of the usual time.

https://profilerf.metrohmusa.com/
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IC, Titration, and Direct Measurement 
for the Analysis of Water
IC is one of the preferred technologies 
used for water analysis because it is ideal 
for the separation and quantification 
of ionic substances, even in complex 
matrices. While calibration with known 
standards is a must for this technique, the 
advent of smart software and automated 
sample preparation has made this task 
incredibly simple and results in excellent 
correlation values. IC is also mentioned 
in many international norms for water 
quality (for example, United States 
Environmental Protection Agency [EPA], 

ASTM International, Deutsches Institut für 
Normung [DIN], and so on), making it an 
excellent choice for laboratories working in 
this sector.

Titration is one of the most used 
methods for analysis in almost any industry 
for the measurement of hundreds of 
compounds. Titration is an absolute and 
robust chemical method—straightforward 
with no need for calibration, and is also 
stipulated in many standards, including 
ASTM and the International Organization 
for Standardization (ISO), for example. The 
sheer variety of measurement options, 
as well as the ability to use masking 

agents for interfering components, allows 
analysis of an array of substances with 
large concentration ranges. With titration, 
it is not only the ionic species that are 
measured, which broadens the amount of 
water quality variables that can be assessed 
beyond IC alone.

Direct measurement, which includes 
basic parameters such as temperature and 
conductivity, cannot be understated. These 
variables should always be monitored to 
obtain the most accurate results from the 
other techniques. Without this information, 
the error propagation from other 
measurements can become quite substantial.

Benefits of Integrated Analysis
The complete range of ions typically 
present in water can now be determined 
automatically with comprehensive, 
hyphenated water analysis instruments. 
The specific combination of titration, direct 
measurement, and IC in one system allows 
for thorough investigation of the water 
quality. Separately, these techniques require 
significant laboratory space and analyst time 
for sample preparation and measurement. 
Utilization of autosamplers and automated 
sample preparation steps can improve 
the workflow, however data must still be 
compiled from different sources. 

Lanciki and Lüber
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Figure 2: Chromatogram of multiple anions and cations present in well water, measured on the 
described hyphenated analysis system. All results for peaks 1–8 are found in Table 1.
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Figure 3: The alkalinity titration, along with several other measurements, is performed concurrently 
with the IC analysis for a more complete overview of water quality.
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The additional benefit of a hyphenated 
analysis system is that results from all three 
methods are collected in a single database 
and edited in a shared report. A common 
chromatographic analysis software is 
used to operate the system, making it 
even easier for adoption in the laboratory 
without the need for further user training. 
Data traceability, especially for laboratories 
with rigorous auditing requirements, is now 
possible for the entire workflow—from 
the chemical batch and separation column 
information to the results themselves.

Extended Measurement Possibilities
The following parameters and others 
can be automatically monitored in 
this comprehensive analytical system 

for general water analysis: pH value; 
temperature; conductivity; p and m value 
(alkalinity); hardness (calcium/magnesium); 
cations (for example, lithium, sodium, 
ammonium, calcium, and so on); anions 
(such as fluoride, chloride, bromide, 
nitrite, nitrate, phosphate, and so on); 
and ionic balance. Physical parameters 
such as turbidity and colour index can 
also be integrated at any time. With 
this combination of techniques, sum 
parameters including the conductivity as 
well as the ionic balance can be reported, 
adding another level of integrity to the 
results. For example, electrical conductivity 
provides valuable information regarding 
the salt content of a water sample. The 
total ionic balance of a water sample 

can assess the accuracy of the other 
techniques from which the individual 
values are generated. If this balance is 
significantly non‑zero (that is, above 10%), 
this would indicate an imbalance between 
total anions and cations represented in the 
measurements, and an investigation into 
the reasoning is required.

Experimental
IC Analysis: Analysis of the major anions 
and cations was performed on a 930 
Compact IC Flex instrument (Metrohm) 
with conductivity detection using a 
Metrosep A Supp 17 ‑ 150/4.0 separation 
column for anions (Metrohm) and a 
Metrosep C4 - 50/4.0 separation column 
for cations (Metrohm).Both the cation 
and the anion eluents were prepared 
from chemicals supplied by Sigma Aldrich. 
Ultrapure water (resistivity >18 MΩ·cm 
[25 °C], type I grade) was supplied by Elga. 
Anion suppressor regenerant solution was 
prepared from 96% sulfuric acid (Merck) 
and ultrapure water (Elga). All cation and 
anion standards for IC were made using 
the TraceCert range (Sigma Aldrich) and 
ultrapure water (Elga).
Direct Measurements: Both the direct 
conductivity measurements and the 
sample temperature were taken using a 
856 Conductivity Module (Metrohm) with 

Novel Approaches  
for the Extraction  
and Analysis of  
Difficult to  
Analyze 
Compounds

by:

EXPLORE NOW
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Table 1: Multiple parameters measured in well water (Figures 2 and 3) by the comprehensive 
analysis system, combining IC, titration, and direct measurement in one.

Ion chromatography Titration/Calculation

1 Fluoride 0.080 mg/L Conductivity 537.8 µS/cm

2 Chloride 1.918 mg/L Temperature 25.4 °C

3 Nitrate 27.719 mg/L pH value 7.68

4 Sulfate 4.216 mg/L m‑value 5.317 mmol/L

5 Sodium 2.498 mg/L p‑value 0.0 mmol/L

6 Potassium 0.413 mg/L Total hardness 2.924 mmol/L

7 Calcium 80.773 mg/L Sum anions 0.59 mEq/L

8 Magnesium 22.091 mg/L Sum cations 5.97 mEq/L

Ion difference 0.07 mEq/L Ion balance 0.55%

https://ad.doubleclick.net/ddm/clk/476908200;282992214;k


relevant electrodes. All pH measurements 
were performed with a digital electrode 
(dAquatrode) (Metrohm) combined with a 
temperature sensor (Pt1000) (Metrohm). The 
conductivity standard and pH buffers used 
in this study were sourced from Metrohm.
Titration Measurements: All 
potentiometric titrations were performed 
using an Omnis Advanced Titrator 
(Metrohm) and a Sample Robot (Metrohm). 
Hydrochloric acid (0.1 mol/L) titrant was 
bought directly from Merck, while the 
tris(hydroxymethyl)‑aminomethane (TRIS) 
used for the titer determination (>99.7%) 
came from Sigma Aldrich.
Analysis Software: For all 
measurements, MagIC Net 3.3 Professional 
chromatographic software (Metrohm) was 
used as a master to control the Omnis 
software (Metrohm), which operates in the 
background for other tasks.

Results and Discussion
Analysis of the anions and cations using 
IC takes approximately 26 min (Figure 2), 
although this duration can be optimized 
by adjusting several variables. During 
this time, the other parameters are 
automatically measured on the same 
sample, under the same conditions (Figure 
1, Figure 3, Table 1).
The results from the anion and cation 

determination (Table 1) lie within the 
Swiss regulation for drinking water (1) 
with good reproducibility. The s(rel) of 
the results is under 1.956% (n = 6) except 
for fluoride. Here, the high s(rel) is most 
probably caused by the small area counts 
of fluoride, where all integration variation 
has a significant effect on the final 
result. The absolute standard deviation 
is only 0.003 mg/L, which is completely 
acceptable.

The value of 0.55% for the calculated 
ion balance in this example is well within 
expectations for a properly calibrated 
system (Table 1). This demonstrates the 
accuracy of the water analysis. An ideal 
value would be equal to zero, however, in 
reality this is almost never possible for a 
variety of reasons.

The integration of titration and IC in 
a single analytical system also allows 
users to check reported values for the 
same parameters (for example, calcium 
and magnesium) from different methods 
on the same sample at the same time. 
The ability to compare data from the 
same sample under such conditions 
gives analysts confidence in their results, 
without spending any unecessary 
additional time.

Analysts also have the choice of 
combining different possibilities such 

as the comprehensive analysis, only IC, 
only conductivity, or only titration of the 
sample, depending on their requirements.

Summary
Combining multiple analysis techniques 
in a single hyphenated system leads to 
reliable water quality results and more 
time to spend on other essential duties. 
Results are gathered in a common 
database and printed in a single report, 
reducing the need to compile data from 
several sources and software. Complete 
water quality analysis is made easier with 
the elimination of time‑consuming manual 
tasks such as sample preparation, dilution, 
calibration, and eluent preparation.

Performing these measurements and 
calculations on separate instruments takes 
hours longer than with an automated, 
integrated system.

Reference
1. “Verordnung des EDI über Trinkwasser sowie 

Wasser in öffentlich zugänglichen Bädern 

und Duschanlagen” (Ordinance of the EDI on 

drinking water and water in publicly accessible 

bathrooms and shower facilities) (817.022.11, 

Stand vom 1. Mai 2018).  
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Advances in Gas 
Chromatography  
for Optimal Dioxin  
GC Separation

Dioxin separation is complex because of the presence of multiple positional 
isomers and dioxin-like chemical structures. In order to meet and exceed 
modern method requirements, it is essential to take advantage of advances 
in gas chromatography (GC) to achieve fast analysis, high selectivity and 
resolution, a single run method, peak focusing aspects, mass spectrometry 
(MS) compatibility, and column-to-column reproducibility.

Ramkumar Dhandapani, Rola Elabaji and Richard Jack, Phenomenex, Torrance, California, USA

are continuously monitored in food as well. 
The Environmental Protection Agency (EPA) 
has several methods that can be used for 
monitoring dioxins, including EPA-1613 and 
EPA-8290. According to these methods, 
a mass spectrometry (MS)-compatible 
5% phenyl gas chromatography (GC) 
column is used for the analysis by gas 
chromatography high-resolution mass 
spectrometry (GC–HRMS) as the primary 
column for testing, and if the samples show 
presence of 2,3,7,8-Tetrachlorodibenzofuran 

Dioxins are persistent organic pollutants 
(POPs), generated primarily from industrial 
exhaust, that can remain stable in the 
atmosphere for a long time. The presence 
of chlorine atoms in these molecules 
stabilizes their structure and makes them 
persistent. According to the World Health 
Organization (WHO), dioxins can cause 
reproductive and developmental problems, 
damage the immune system, interfere with 
hormones, and also cause cancer (1). In 
addition to environmental samples, dioxins 
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(2,3,7,8-TCDF), it recommends a 
50%-cyanopropylphenyl-dimethylpolysiloxane 
column as a confirmation column to resolve 
the TCDF isomers from toxic 2,3,7,8-TCDF. 
There is a need for a single column solution 
to provide optimal separation of tetra dioxins 
and furans. This article focuses on advances in 
gas chromatography for optimal separation of 
toxic dioxins and furans away from less toxic 
isomers. The importance of various aspects of 
dioxin separation including column selectivity, 
optimizing column dimensions, critical 
pair separation, peak focusing effect, fast 
analysis, MS compatibility and reproducibility 
will be explored.

Source of Dioxins
Dioxins are highly stable chemical structures 
that are stabilized by the presence of 

electron-withdrawing atoms like halogens 
at different positions in an aromatic ring. 
Once the dioxin molecules are produced, 
they remain persistent in the environment 
for a long time. Forest fires and volcanic 
eruptions are a natural source of dioxins. 
Other derived sources include bleaches 
used in paper manufacturing, large-scale 
combustion and incineration processes, 
automobile and industrial exhaust emissions. 
The half-life of dioxins in the human body 
is estimated to be seven to 11 years, while 
in the environment they can have a half-life 
of 15–25 years. Dioxins are lipid/fat-soluble, 
hence they enter and accumulate in an 
animal’s fat tissue. The higher the animal is in 
the food chain, the higher the concentration 
of dioxins. In addition to dioxins, there 
are closely-resembling structures, such as 

halogen-substituted furans, polychlorinated 
bphenyls (PCBs), and poly brominated 
diphenyl ethers (PBDEs), that are all part 
of POPs community. Among the dioxin 
congeners, 2,3,7,8-Tetrachlorodibenzo-
p-dioxin (2,3,7,8-TCDD) and 
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-
TCDF) are considered toxic isomers and there 
is a necessity for unique column selectivity to 
resolve these compounds from other isomers. 

Regulations Governing Dioxin Testing
Dioxins first emerge as environmental
contamination, and proceed their way into 
the food chain. As a result of the persistent 
nature and long half-life of these chemical 
compounds, they remain stable in human 
and animal tissue, causing adverse health 
effects. In fact, they are classified as a known 
human carcinogen (2). As stated, in animal 
tissue, they primarily accumulate in fat tissue 
because they are readily-soluble in fat. In 
fish tissue, they are primarily concentrated in 
the liver—the main source of fat and oil. As 
a result of the hazardous nature of dioxins, 
there is an increasing demand to test food 
and environmental samples—such as water, 
soil, air, poultry, egg, fish and milk—for 
dioxin and dioxin-like compounds. EPA-1613, 
EPA-8290, EPA Method-23, EU regulations 
589/2014 and 709/2014 are just some of 
the common regulations for dioxin testing. 
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Figure 1: Cross-section of a capillary wall coated open tubular GC Column.
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Additionally, there is increased testing of 
fish oil capsules for safe levels of dioxin 
compounds in omega-3 and omega-6 
supplements. In most regulations, the level 
of dioxins observed in drinking water and 
in food, are generally in the lower parts 
per quadrillion (ppq), otherwise denoted 
as picograms per litre (pg/L). The testing 
regulations, method of quantification, and 
instrumentation are all evolving and there is 
a need for better GC column selectivity to 
meet and exceed the regulatory demand.

Dioxin Testing by Gas Chromatography
Dioxins fall under the semi-
volatile category of analytes. Gas 

chromatogtaphy–mass spectrometry 
(GC–MS), with various modifications, has 
proven to be the best analytical approach 
for dioxin testing. Earliest dioxin testing 
started with packed GC columns with 
electron-capture detector (ECD). This 
testing methodology is archived presently 
as a result of method sensitivity, selectivity, 
and detection limit requirements. Later, 
GC–MS and modified MS platforms started 
becoming the go-to instrumentation for 
dioxin testing. High resolution GC coupled 
with high resolution mass spectrometry 
(HRGC–HRMS) serves as the gold standard 
for dioxin testing to identify the dioxin 
compounds using the accurate mass (4). 

Alternate methodologies to enhance 
sensitivity use a milder ionization source 
like atmospheric pressure chemical/
non-chemical ionization (APCI), low 
impact ionization to reduce fragmentation 
in the MS source. This would result in 
molecular ions unlike the traditional harsh 
electron ionization (EI) technique. Further, 
parent-to-daughter ion transitions are 
monitored in the MS/MS mode using 
fast detectors to authentically identify 
and quantify lower levels of dioxins. 
Irrespective of the instrumentation 
used, there is a necessity for better 
chromatographic resolution, faster method 
optimization, and accurate quantification.

High Resolution Gas Chromatography 
(HRGC) for Dioxin Testing
A combination of column length, 
inner diameter, and stationary phase 
film makes GC separation a high-
resolution separation. Figure 1 shows the 
cross-section of a capillary wall coated 
open tubular column, with three essential 
layers. The outer polyimide coating is 
responsible for providing flexibility to the 
GC column, the mid-fused silica provides 
an inert platform for the stationary phase, 
and the inner most layer, stationary phase 
provides the required separation. Each 
layer is extremely important in gaining 
efficient separation. HRGC refers to high 
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resolution gas chromatographic separation 
that is brought by a 60 m column length, 
smaller internal diameter (i.d.) of 0.25 mm 
and fast mass transfer of analyte in and out 
of the stationary phase with a 0.20-µm thin 
film of stationary phase. Alternate column 
length 40 m × 0.18-mm i.d. and 1.4-µm 
film stationary phase with scalable phase 
volume ratio can be employed for faster run 
time without compromising resolution.

Selectivity for Resolution 
Improvement
Improved resolution in chromatography 
can be influenced by three different 
factors: efficiency term, selectivity term, 

and retention term as shown in Figure 
2. Of these three terms, selectivity is the 
most influential.

Experimental 
To evaluate the theoretical concept, multiple 
stationary phase selectivity were tailored to 
realize optimal resolution for critical pair, and 
were compared against traditional 5% phenyl 
phase. The optimal dioxin selectivity that 
provides complete resolution of 2,3,7,8-TCDD 
from its neighbouring isomer is presented 
in Figure 3. This novel dioxin phase has high 
recognition of small change in electron 
density around the aromatic ring and hence 
brings in complete resolution of 2,3,7,8-TCDD 

abd 2,3,7,8-TCDF from its isomers.
Figures 3 and 4 compare selectivity of 

TCDD critical pairs on a novel dioxin GC 
column (5) and a traditional 5% phenyl phase. 
As seen in the chromatogram, the stationary 
phase selectivity is able to bring higher 
resolution between 2,3,7,8-TCDD from its 
neighbouring isomers. The stationary phase 
equipped with higher aromatic recognition 
provides better selectivity for closely related 
dioxins and resolves them apart.

A Single Column Solution and Critical 
Pair Resolution
The EPA-1613 and EPA-8290 methods 
(6,7)mandate certain resolution criteria 

for 2,3,7,8-TCDD and 2,3,7,8-TCDF. As 
per EPA-16131, isomer specificity for 
2,3,7,8-TCDF cannot be achieved on the 
a 5% phenyl phase, hence the method 
recommends a confirmation column with 
cyano functional group, if the sample 
shows presence of 2,3,7,8-TCDF. The 
isomers to be confirmed on the secondary 
column are 2,3,4,7-TCDF, 2,3,7,8-TCDF, 
1,2,3,9-TCDF. Figure 5 shows the separation 
of 2,3,7,8-TCDF from its isomers. As seen 
in the chromatogram, all the isomers 
2,3,4,7-TCDF, 2,3,7,8-TCDF, 1,2,3,9-TCDF 
are baseline resolved from 2,3,7,8-TCDF 
on the GC column tailored for dioxin 
separation. The resolution and selectivity of 
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used is a method‑specific phase that 
undergoes extensive cross‑linkage of the 
stationary phase to provide low bleed and 
MS‑compatible column to facilitate dioxin 
separation.. In addition, MS compatibility 
ensures low baseline noise and eventually 
increases signal‑to‑noise (S/N) ratio to 
improve sensitivity.

Reproducibility for Dioxin Analysis
Column‑to ‑olumn reproducibility is 
extremely important for dioxin separation. 
Table 1 shows the reproducibility of dioxin 
isomers from column to column on the 
column used in this article. The low % 
relative standard deviation (RSD) for relative 
retention time signifies minimal variability 

by acting as retention gap, and  also a leak‑
free connection.

Mass Spectroscopy/Spectrometry  
Compatibility
Modern dioxin testing involves HRGC 
followed by HRMS or MS/MS. In GC–MS 
methods, the transfer line is often kept 
at a constantly elevated temperature to 
avoid reverse condensation of vapours. 
So, it is absolutely essential to have a GC 
column that is MS‑compatible. Figure 1 
represents the cross section of a GC where 
the inner‑most layer stationary phase needs 
to have adequate cross‑linkage and proper 
surface de‑activation of the middle layer 
in order to get lower bleed. The column 

length and smaller inner diameter, such 
as 40 m × 0.18 mm, 0.14‑µm, can be 
used to reduce run time and still maintain 
equivalent resolution. This option might 
apply to certain regulations and not to 
others as some regulations require a 
minimum retention of specific dioxins. 
Also, understanding the principles of 
chromatography, retention, and resolution 
are not directly related and hence a shorter 
retention can still provide better resolution 
utilizing the stationary phase selectivity.

Peak Focusing Effect and Column 
Protection for Dioxin Testing
Common extraction mode for dioxin testing 
involves liquid–liquid extraction (LLE) 
followed by preconcentration of the extract. 
This technique is partially selective and can 
bring in matrix contaminants. While there 
is a requirement for low‑level detection 
and sensitivity, it is common to see large 
volume injection in dioxin analysis. Due 
to the extraction and preconcentration, 
semi‑volatile matrix can also enter and settle 
on the GC column head. 

The column used contains an integrated 
guard column, which prevents non volatile 
contaminants from entering the analytical 
column, prevents excessive trimming of the 
analytical column, extends GC column life 
time, improves peak focusing of early eluters 

TCDF isomers on novel dioxin GC column 
(5) eliminates the need for a secondary 
column confirmation and serves as a 
single column solution for this method. In 
addition, the method calls for a minimum 
resolution of 2,3,7,8‑TCDD of less than 25% 
valley. As seen in Figure 2, the stationary 
phase that identifies small difference in 
the aromatic electron density exceeds 
method requirements by providing baseline 
separation of 2,3,7,8‑TCDD.

Fast Analysis and High Throughput
Traditional dioxin analysis with HRGC‑HRMS 
occupies two HRMS instruments and two 
different columns. The run time on both 
GC columns together can be up to 90 min. 
This would result in analysis of around 16 
samples a day. Fast analysis of dioxins can 
be achieved in multiple steps. Primarily, 
choosing a selectivity that offers separation 
of critical pairs on a single column without 
the necessity for additional testing will 
cut down the analysis time. In addition, 
it will also free the additional instrument 
and facilitate processing a greater number 
of samples each day. As a second step, 
with highly efficient columns and optimal 
selectivity, the ramp rate can be increased 
to reduce the overall run time as short as 
40 min. Thus, 32 samples can be processed 
in one day. GC columns with a shorter 
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Table 1: Percentage relative standard devaiation (RSD) of some identified compounds

Compound
Relative Retention Time (RRT)

% RSD
ZB‑Dioxin Column 1 ZB‑Dioxin Column 2 ZB‑Dioxin Column 3

2,3,7,8‑TCDF 1.000 1.000 1.000 ‑

1,2,3,7,8‑PeCDF 1.098 1.097 1.097 0.05%

2,3,4,7,8‑PeCDF 1.127 1.127 1.128 0.05%

1,2,3,4,7,8‑HxCDF 1.220 1.223 1.223 0.14%

1,2,3,6,7,8‑HxCDF 1.225 1.227 1.228 0.12%

2,3,4,6,7,8‑HxCDF 1.248 1.249 1.248 0.05%

1,2,3,7,8,9‑HxCDF 1.280 1.277 1.277 0.14%

1,2,3,4,6,7,8‑HpCDF 1.321 1.319 1.319 0.09%

1,2,3,4,7,8,9‑HpCDF 1.382 1.381 1.381 0.04%

OCDF 1.482 1.485 1.485 0.12%
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at Phenomenex in 2004 as a Quality 
Control Specialist, then joining 
the Manufacturing Engineering 
Technology department as a Team 
Project Coordinator in 2006.
Richard Jack is the Global Market 
Development Manager for the food 
and environmental markets with 
Phenomenex. Richard has been in the 
analytical industry for many years 
as a product manager, in market 
development with several companies, 
and has also been active in the 
development of global regulations, and 
involved in several method validation 
projects. His participation with the 
US EPA office of ground water and 
drinking water resulted in co-authoring 
EPA methods 557; 557.1. Richard is the 
second vice chair for the ASTM D19 
water committee and drafted several 
ASTM methods including D4327 and 
D6919. Richard received his M.S. 
in Ecology from the University of 
Tennessee, Knoxville, Tennessee, USA, 
and his Ph.D. in Biochemistry from 
Virginia Polytechnic Institute and State 
University, in Blacksburg, Virginia, USA.

years. He earned a Masters and PhD 
degree in analytical chemistry from 
Seton Hall University, New Jersey, USA, 
with specialization in microextractions, 
multidimentional GC and tandem MS 
techniques. He has developed and 
validated several regulatory-compliant 
methods for the pharmaceutical, food, 
and environmental industries and 
incorporated method improvement 
and troubleshooting across a range 
of GC techniques. Ramkumar joined 
Phenomenex in 2014 and he serves 
as the Global Product Manager—Gas 
Chromatography at Phenomenex, 
USA. In addition to managing the 
GC product line, Ramkumar presents 
on innovations in GC at various 
chromatography conferences.
Rola Elabaji is the Product Marketing 
Manager for gas and flash 
chromatography at Phenomenex. 
Rola has a Project Management 
Certificate (PM) from UCLA, a Master’s 
in Chemistry from the Lebanese 
University (LU) Faculty of Science, 
Lebanon, and an Experimental 
Science Baccalaureate from Elite 
College, Lebanon. She has over 10 
years’ experience in chromatography 
products and processes. Prior to 
Marketing, Rola began her career 
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Ramkumar Dhandapani has been in the 
chromatography industry for over 15 

from column to column. As noticed, it is 
very important to consider a stationary 
phase that is specially tailored for dioxin 
testing. Generic phases can be optimized for 
polarity only, and may not provide adequate 
resolution of matrix from critical pair every 
time. On the other hand, method specific 
solutions are tailored to meet and exceed 
method requirements.

Conclusion 
Dioxin separation is complex because of the 
presence of multiple positional isomers. In 
order to meet and exceed modern method 
requirements, it is essential to take advantage 
of advances in GC to achieve fast analysis, high 
selectivity and resolution, single run method, 
peak focusing aspects, MS compatibility, and 
column to column reproducibility.
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Analysis of Volatile 
Organic Compounds in 
the Environment Using 
TD-GC–MS

Air pollution is monitored by measuring the concentration of volatile 
organic compounds (VOCs) in a wide variety of environments. Multiple 
tubes are typically used to collect back samples or thermal desorption 
(TD) restore functionality is used, VOCs are trapped in a trap tube, the 
components in the sample gases that were split off before injection into the 
column are then trapped again. Consequently, the restore function ensures 
the sample can be re-measured even if a problem occurs during analysis. A 
newly developed thermal desorption (TD) method can help avoid the 
risk of wasting precious VOC samples, while enabling simultaneous analysis 
of compounds with a wide range of boiling points with sensitivity and high 
restore rates.

Waldemar Weber, Shimadzu Europa GmbH, Duisburg, Germany

atmosphere, multiple tubes are typically 
used to collect back samples, or thermal 
desorption (TD) restore functionality is 
used to reduce the risk of failing to analyze 
the VOCs.

The TD restore function thermally desorbs 
the sample gases trapped inside the sample 

Measuring the concentration of volatile 
organic compounds (VOCs) in the 
air serves as a means of determining 
air pollution and is applied to 
monitor pollution in a wide variety of 
environments. However, because the 
method requires a long time to sample the 
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tube and then restores the split sample 
gases in the tube before injection into the 
GC–MS system. Specifically, as shown in 
Figure 1, volatile components thermally 
desorbed from the sample tube are trapped 
in a trap tube (Figure 1, top). the trap tube 
is then heated to desorb the components 
and inject them into the column.

The components in the sample gases 
that were split off before injection into 
the column are then trapped again in 
the sample tube (Figure 1, bottom). 
Consequently, the restore function 
ensures that the sample gas can be re-

measured easily, even if a problem occurs 
during analysis.

However, it is difficult to restore low 
boiling-point compounds while the 
sample tube is still hot immediately after 
desorption. This means that the sample 
tube must be cooled quickly before 
restoring low boiling-point compounds 
and that the sample line temperature 
setting must be as low as possible.

On the other hand, if the sample line 
temperature is too low, it could increase 
the likelihood of carryover for high 
boiling-point compounds. To address 

these concerns, the thermal desorber 
pretreatment unit moves the sample 
tube away from the heat source while 
blow-cooling the sample during restoring, 
enabling faster cooling than previously 
possible. In addition, the possibility of 
analyzing compounds with a wide range 
of boiling points with high sensitivity and a 
high restore rate was investigated.

Method
Measurement Sample Gas Preparation: 
Components from one to four litres of 
air from the atmosphere (the sample gas) 

were trapped by an adsorbent in a sample 
tube. Carboxen (Merck) was used as the 
adsorbent. It was analyzed within 30 days 
(stored at 4 °C max.) after trapping the 
sample gas components. Toluene-d8 was 
added as an internal standard substance 
before analysis. Sample gas components 
trapped in the tube were dry-purged with 
carrier gas before injection into the GC–
MS system.
Analytical Conditions: A GCMS-QP2020 
NX SQ was used as the GC–MS system. 
The thermal desorption (TD) method with 
a TD-30R pretreatment unit was used for 

Table 1: GC–MS analytical conditions

System Configuration GC Conditions

GCMS GCMS-QP020 NX Carrier gas Helium

Pretreatment unit TD-30 R Control mode Pressure

Column
SH-Rth-624 

(60 m × 0.32 mm, 
1.8-μm)

Pressure 69 kPa
Injection mode Split 1:10
Column oven  
temperature

35 °C (5 min) – (5 °C/
min) – 230 °C (5 min)

TD-30 R Conditions MS Conditions

Tube desorption temperature 250 °C Ion source temperature 230 °C

Tube desorption flowrate 70 mL/min Interface temperature 200 °C

Trap cooling temperature -25 °C Measurement mode Scan/SIM

Trap desorption temperature 250 °C (2 min) Scan mass range m/z 20 – 600

Joint temperature 74 °C Scan event time 0.2 sec

Valve temperature 185 °C
Scan speed 3,333 u/sec

Transfer line temperature 220 °C

Sample tube Trap tube

(1) Tube desorption

(2) Trap desorption

Inject

Heating

Restore Split

Heating

Column

Column

Cooling

Cooling

Figure 1: TD Restore Function.

Weber
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sample gas injection. Detailed analytical 
conditions are indicated in Table 1, that is, the 
final optimized TD-30R analytical conditions.

Analysis Results
Study of Trap Tube Cooling 
Temperature: Due to the higher volatility 
of low boiling-point compounds, they 
are more likely than high boiling-point 
compounds to remain untrapped if the trap 

tube is not sufficiently cooled, resulting in 
poor analytical sensitivity. The relationship 
between trap tube cooling temperature 
and sensitivity for analyzing low boiling-
point compounds was considered at three 
trap tube cooling temperatures: 0, -20 and 
-25 °C. Chromatograms for the compounds 
with particularly low boiling points detected 
in the given sample (a) chloroethene and 
(b) ethyl chloride are shown as examples 

in Figure 2. Chloroethene has a very low 
boiling point of -13 °C, but it can be 
detected with high sensitivity by lowering 
the trap tube cooling temperature to -25 °C.
Study of Sample Tube Desorption 
Temperature: For thermal desorption, the 
sample tube and adsorbent can be reused 
as many times as desired by reconditioning 
the sample tube. However, if the sample 
tube thermal desorption process is 

insufficient, sample gas components can 
carry over from the previous measurement 
and affect the next measurement results. 
Consequently, the sample tube desorption 
temperature and flowrate have to be 
considered. Chromatograms for two 
compounds (a) 1,2,4-trichlorobenzene and 
(b) hexachloro-1,3-butadiene that carried 
over from among all the compounds 
detected in the given sample gas are 
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Figure 2: Sensitivity comparison for low boiling-point compounds using different trap tube 
cooling temperatures.
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Figure 3: Differences in carryover due to different desorption temperatures and flowrates in the 
sample tube.
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shown in Figure 3. 
Before optimization, the sample tube 

desorption temperature was 250 °C (5 min) 
and the tube desorption flowrate was 
30 mL/min. After optimization, the sample 
tube desorption temperature was 250 °C 
(10 min) and the tube desorption flowrate 

was 70 mL/min. Given the conditions 
before optimization, the carryover value 
for (a) 1,2,4-trichlorobenzene was 5.4%. 
In contrast, by specifying a longer thermal 
desorption time and a higher flowrate 
during desorption, as specified in the 
conditions after optimization, sufficient 

Table 2: Reproducibility for 1 μg standard sample gas

I.D. Component

Mean Calibration 
Curve Value % RSD (n = 6) Linarity

Inital  
Analysis Restore Inital  

Analysis Restore Inital  
Analysis Restore

1 Freon 114 1.04 1.03 3.55 4.04 0.9991 0.9993

2 Chloroethene 1.01 1.00 4.81 4.57 0.9999 0.9997

3 1,3-Butadiene 1.03 1.03 4.90 3.95 0.9995 0.9987

4 Methyl bromide 0.94 0.99 3.56 4.88 0.9962 0.9957

5 Ethyl chloride 1.04 1.09 3.69 9.18 0.9986 0.9996

6 Freon 11 1.03 1.04 3.41 3.80 0.9994 0.9995

7 1,1-Dichloroethene 1.03 1.03 3.39 3.71 0.9991 0.9991

8 Freon 113 1.02 1.03 3.03 3.75 0.9992 0.9993

9 3-Chloro-1-propene 0.98 0.99 4.34 3.94 0.9999 1.000

10 Methylene chloride 1.04 1.02 3.32 3.84 0.9990 0.9995

11 Acrylonitrile 0.96 0.93 5.03 5.10 0.9991 0.9981

12 1,1-Dichloroethane 1.03 1.02 3.10 3.77 0.9995 0.9995

13
cis-Di-1,2- 

Dichloroethylene
1.02 1.01 2.88 3.78 0.9995 0.9995

14 Chloroform 1.04 1.07 4.64 6.45 0.9997 0.9999

15
1,1,1- 

Trichloroethane
1.03 1.04 2.85 3.50 0.9997 0.9998

16 Carbon tetrachloride 1.03 1.03 3.00 4.16 0.9997 0.9998

17 Benzene 1.05 1.04 2.32 2.68 0.9999 0.9999

18 1,2-Dichloroethane 1.02 1.01 2.76 2.37 0.9995 0.9995

19 Trichloroethylene 0.86 0.75 3.45 6.26 0.9998 0.9999

20 1,2-Dichloropropane 1.02 1.02 2.09 2.39 0.9996 0.9996

21 1,3-Dichloropropene 0.95 0.90 9.60 9.87 0.9999 0.9997

22 Toluene 0.96 0.89 1.80 2.80 0.9999 0.9998

23
1,1,2- 

Trichloroethance
1.02 1.02 1.57 1.15 0.9999 0.9999

24 Tetrachloroethylene 0.90 0.84 2.19 2.96 0.9995 0.9996

25 1,2-Dibromoethance 1.01 1.01 1.66 0.54 0.9998 0.9999

Table 2: Reproducibility for 1 μg standard sample gas

I.D. Component

Mean Calibration 
Curve Value % RSD (n = 6) Linarity

Inital  
Analysis Restore Inital  

Analysis Restore Inital  
Analysis Restore

26 Chlorobenzene 1.01 0.99 1.73 2.09 1.0000 0.9999

27 Ethylbenzene 1.03 1.03 1.48 2.20 0.9999 0.9999

28 m-Xylene 1.01 1.02 1.20 1.86 0.9998 0.9998

29 p-Xylene 1.01 1.02 1.20 1.86 0.9998 0.9998

30 o-Xylene 1.02 1.02 1.34 1.60 0.9998 0.9997

31 Styrene 1.01 1.01 1.04 0.51 0.9998 0.9997

32
1,1,2,2- 

Tetrachloroethance
0.95 1.03 1.71 1.90 0.9994 0.9993

33
1,3,5- 

Trimethylbenzene
1.01 1.01 0.80 1.20 0.9995 0.9994

34
1,2,4- 

Trimethlybenzene
1.02 1.01 1.02 1.37 0.9994 0.9992

35 4-Ethyltoluene 0.97 1.01 3.41 3.74 0.9995 0.9992

36 m-Dichlorobenzene 1.00 1.01 1.50 0.51 0.9995 0.9993

37 p-Dichlorobenzene 0.99 1.01 1.52 0.63 0.9995 0.9993

38 o-Dichlorobenzene 1.00 1.01 2.07 0.40 0.9992 0.9990

39
1,2,4- 

Trichlorobenzene
0.85 0.82 7.55 6.30 0.9993 0.9988

40
Hexachloro-1,3-

butadiene
1.03 1.00 4.97 4.17 0.9983 0.9983
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Waldemar Weber started his studies 
as a chemist in 2005 at the University 
of Münster, Germany. There, after 
graduating as a chemist, he achieved 
his Ph.D. in 2011 and completed 
a postdoc in 2013 at the Münster 
Electrochemical Energy Technology 
(‘MEET’) Research Center. From 2012 
to 2013 he was employed as an 
Application Specialist at JAS in Moers, 
Germany. In November 2018 he joined 
Shimadzu Europa as Product Manager 
for GC–MS.

rates between ethyl chloride and toluene-d8, 
used as an internal standard substance 
during restoring, than for other substances.

Conclusion
The authors developed a TD method capable 
of simultaneous analysis of compounds with 
a wide range of boiling points, high sensitivity 
and high restore rates. With the optimized 
analytical conditions, VOCs were analyzed 
using restore with accuracy levels equivalent 
to initial analysis. This approach can help 
to avoid the risk of wasting precious VOC 
samples, but also to enable simultaneous 
analysis of compounds with a wide range 
of boiling points, while also achieving high 
sensitivity and high restore rates.

sample quantitation values. Quantitation 
values were calculated from the calibration 
curve based on the peak area ratio for 
each concentration obtained by adding 1 
to 50 μg of the standard sample. Table 2 
shows the linearity of the calibration curve 
and the relative standard deviation (% RSD), 
which is within 10% for all substances, and 
the % RSD value was about the same for 
both the initial analysis and restoring for 
most substances, indicating good analytical 
reproducibility even when using the restore 
function. The difference between the % RSD 
value for the initial analysis and restore was 
large only for ethyl chloride (I.D. number 5 in 
Table 2). This large difference was presumably 
caused by the larger difference in recovery 

sample gas desorption occurred, and the 
carryover value decreased to 0.7%.
Reproducibility and Restore Rate of 
Restore Function: Optimal analytical 
conditions were determined from the 
studies described above. Reproducibility and 
restore rates for the restore function were 
then determined for those conditions. First, 
a standard sample gas (mixture containing 
1 μg each of 40 substances) was added to 
six sample tubes to determine whether or 
not adequate measurement reproducibility 
was achieved based on initial analysis and 
restore results. These measurement results 
are shown in Table 2.

Mean values from measuring the six 
sample tubes were used as the standard 

E-mail: shimadzu@shimadzu.eu
Website: www.shimadzu.eu
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Tips & Tricks GPC/SEC: 
Alternatives to Narrow 
Standard Calibration in 
GPC/SEC

Molar mass determination by GPC/SEC requires column calibration. This is 
usually performed using narrowly distributed polymer standards of known 
molar mass. However, by this procedure true molar masses result only, if 
the chemical structure of the analyte matches the one of the standards 
used for calibration. As narrowly distributed standards of appropriate 
chemical structure are often not available, this instalment of Tips & Tricks 
describes alternative approaches to narrow standard calibration.

Daniela Held and Wolfgang Radke, PSS Polymer Standards Service GmbH, Mainz, Germany

are not available. In such cases GPC/SEC 
with expensive detectors such as on‑line 
light scattering (GPC/SEC‑LS) or viscometry 
(GPC/SEC‑visc.) detectors might be 
applied (1,2). Apart from methodological 
challenges with such instrumentation, 
the availability of such instrumentation is 
not given in every laboratory. Therefore, 
affordable and easy‑to‑use alternatives 
to narrow standard calibration are often 
sought after.

GPC/SEC is a powerful separation 
technique allowing determination of 
molar mass distributions and molar mass 
averages of macromolecules. However, 
GPC/SEC is a relative method requiring 
molar mass reference materials, standards, 
for calibration. To obtain true molar 
masses the calibration standards have to 
be of identical chemical structure and 
topology as the samples. However, often 
appropriate narrowly distributed standards 
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Calibration in GPC/SEC
In GPC/SEC a sample is separated 
according to the size—more precisely the 

hydrodynamic radius—of the individual 
chain. Separation occurs in columns filled 
with porous particles. Molecules of a size 

larger than the pores of the particles cannot 
enter the pores and are pushed forward by 
the flowing eluent. Smaller molecules may 
diffuse into the pores, where they reside 
before diffusing out of the pores back into 
the flowing mobile phase. Therefore, smaller 
molecules elute behind larger ones. 

In order to relate the elution volume to 
the molar mass of the sample, a calibration 
needs to be established. This is typically 
done by injecting a series of narrowly 
distributed standards of identical structure 
and known molar mass at peak maximum of 
the distribution (M

P
). By plotting the elution 

volume of the peak maximum versus molar 
mass, M

P
, the calibration curve is established. 

This can be easily performed for narrowly 
distributed standards, as the number and 
weight average molar masses, M

n
 and M

w
, 

closely agree with M
P
 (Figure 1). However, 

this approach is not feasible for broadly 
distributed samples. For such samples broad 
chromatographic peaks arise and it is not 
possible to unambiguously assign a molar 
mass to the maximum of the chromatogram 
for the following reasons. First, for broadly 
distributed samples, only average molar 
masses are typically provided. These molar 
masses usually differ from the maximum 
of the molar mass distribution (Figure 1). 
Second, even if the maximum of the molar 
mass distribution is known, the molar mass 

at the peak maximum of the molar mass 
distribution usually does not coincide with 
the molar mass at the chromatogram’s 
peak maximum, because the shape of the 
chromatogram is a function of both, the 
molar mass distribution and the slope of 
the GPC/SEC calibration curve. For these 
reasons, narrowly distributed standards are 
usually employed.

Since at a given molar mass the 
hydrodynamic sizes for polymers of different 
chemical structure are not identical (Figure 2) 
the molar mass determined by GPC/SEC 
for a polymer sample depends on the 
chemical structure of the analyte applied for 
calibration. That is why molar masses derived 
by GPC/SEC are often referred to as relative 
molar masses.

To obtain true molar masses, the analyte 
and the calibration standards need to be of 
identical chemical structure. 

Unfortunately, narrowly distributed 
samples are commercially available only for a 
limited number of polymers, resulting in the 
need for alternative calibration approaches.

Universal Calibration Based on 
Mark‑Houwink Equation
Benoit and Grubisic empirically showed 
that polymers eluting at the same GPC/
SEC elution volume have identical products 
of intrinsic viscosity, [n], and molar mass, 

Tips & Tricks: GPC/SEC
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Figure 1: Mw and Mn in relation to molar mass at peak maximum for a narrowly (top) and a 
broadly distributed sample (lower).
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M. This observation forms the basis for the 
concept of universal calibration. Applying 
the Mark‑Houwink equation, [n]=K×Ma the 
relation between two polymers eluting at 
the same elution volume can be written: 

  
[1]

where K
1
, K

2
, a

1
 and a

2
 represent the 

Mark‑Houwink parameters of the two 
polymers in the GPC/SEC eluent. 

Knowing the two sets of Mark‑Houwink 

parameters, Equation 1 allows transferring 
a calibration curve established using 
standards of one chemical structure 
(Equation 1, index 1) into a calibration curve 
of the analyte (Equation 1, index 2). 

Mark‑Houwink parameters for a large 
number of polymers can be found in 
literature, for example, in the “Polymer 
Handbook” (3). 

After entering the appropriate 
Mark‑Houwink parameters for the two 
polymers modern software tools calculate 

for each molar mass of the original 
calibration curve the corresponding molar 
mass for the analyte.

Broad Standard Calibration
If neither suitable narrowly distributed 
standards nor suitable Mark‑Houwink 
parameters are available, broadly 
distributed standards of the analyte’s 
structure can be applied, to convert 
a calibration curve established using 
narrowly distributed standards (base 
calibration) into the appropriate calibration 
curve for the analyte.

The basis for this approach is again given 
by Equation 1. If the individual parameters 
are unknown, Equation 1 can be recast as:

 
     [2]

where A and B are yet unknown 
parameters, which need to be identified. 
To do so, one or more broadly distributed 
samples with one or more known molar 
mass averages (M

n
 or M

w
, target values) are 

required. The broadly distributed samples are 
analyzed on the column set to be calibrated 
to obtain the corresponding chromatograms. 
By choosing an arbitrary test set of A and B 
the previously established base calibration 
is converted into a new calibration curve 
based on Equation 2 and the number and/

or weight average molar mass are calculated 
for each chromatogram. The relations 
between the test parameters A and B, the 
chromatogram (S(V)) and the calculated 
average molar masses are given by:

       
 [3]

 

 
   [4]

where M
w,i

(A,B) and M
n,i

(A,B) are the 
weight and number average molar masses 
calculated from chromatogram i, using a 
test set of the parameters A and B, while 
M

1
(V) is the molar mass at elution volume 

V of the base calibration. Obviously, the 
calculated average molar masses depend 
on the choice of the parameters A and B 
and will agree with the true molar mass 
averages of the samples only, if A and B 
are chosen correctly. Thus, by selecting 
different test sets of A and B molar 
mass averages are calculated for each 
chromatogram and are compared to the 
target values for the samples, until the best 
agreement between the calculated molar 
mass averages and the target values is 
obtained (see Figure 3). Obviously, a large 
number of calculations are required, which 
are tedious if to be performed manually. 

M2 = A × M1
B

M   (A, B) =w,i
∑ Si(V) × M2

∑ Si(V ) 
∑ Si(V) × A × M

∑ Si(V ) 
1
B

=

M   (A, B) =n,i ∑ Si(V) / M2

∑ Si(V) ∑ Si(V) 

1
B∑ Si(V ) / (A × M  )

=
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Polyisoprene
M = 15.000 Da

Polystyrene
M = 20.000 Da

PMMA
M = 24.000 Da

Vh(PI) = Vh(PS) = Vh(PMMA)

Figure 2: At a given hydrodynamic size polymers of different chemical structure may have different 
molar mass.



The Column    www.chromatographyonline.com

However, using commercial GPC/SEC 
software packages the calculations are user 
friendly performed within a few seconds.

The so obtained set of A and B can 
now be applied to convert the previous 
established base calibration curve into the 
appropriate calibration curve for the analyte. 

Moreover, the derived set of A and B can 
be used later on to convert base calibrations 
obtained for other columns or columns 
banks using the same eluent system. 

Since two parameters are to be determined, 
at least two target values of broadly 
distributed samples have to be supplied. 
These can be either M

n
 and M

w
 of a single 

broadly distributed standard or single or 
multiple averages of different broadly 
distributed standards. It is recommended, 
however, to use several standards covering a 
wide range of molar masses. 

The described calibration procedure 
uses target values for one or more broadly 

distributed samples. The target values 
for the samples can be obtained from 
laboratories performing contract analysis 
on polymers. 

Sometimes modified approaches to 
broad standard calibration are applied 
in which the general shape, that is, a 
mathematical function which depends 
on some unknown parameters (such 
as a straight line), is assumed. The task 
is then to determine the parameters 
of the function such that the best 
agreement between the target values for 
the standards and the ones calculated 
based on the parameter dependent 
calibration curves is achieved. Such an 
approach is, for example, requested by 

European and US pharmacopoeias for the 
characterization of dextrans (4).

Integral (Cumulative) Calibration
Another alternative to overcome the 
issue of non‑available narrow standards 
of suitable chemical structure uses a 
single broadly distributed standard of 
well‑known molar mass distribution. 
The cumulative or integral molar mass 
distribution I(M) characterizes the weight 
fraction of chains having molar masses 
below M. The cumulative distribution can 
be provided tabulated, as given in Figure 
4, for example.

Here we see that, for example, 25% of 
the sample correspond to chains having 

10% 21000
25% 34000
50% 59000
75% 99000
90% 154000

Known molar mass distribution Chromatogram on column to be calibrated

Figure 4: Assigning an elution volume to the molar mass of a sample with known cumulative 
distribution. 
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10 15 20 25 30 35

Elution volume / mL

3

4

-

lo
g

 M

Target Molar Masses Mw/Da
 650000    70000

Calculated Molar Masses Mw/Da
4865000  361000
  219000    27400
  656000    68400

Figure 3: Calibration curves for different pairs of the parameters A and B. The numbers represent 
the molar masses derived from the calibration curves for the orange and grey chromatograms 
corresponding to true molar masses of Mw= 650,000 and 70,000 Da, respectively. A, B: 1,1 (base 
calibration, black); 10,1 (red); 6.3,1(green); 7.51, 0.87 (blue).The parameter set for the blue calibration 
results in a nearly perfect agreement of the calculated with the target molar masses.
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Application Note: “Molecular weight 

determination for Dextran 40/60/70 according 

to USP/EP Monograph”, PSS Polymer Standards 

Service GmbH (Mainz, Germany, 2018). https://

www.pss‑polymer.com/uploads/tx_pss/pdf/

publication/Pharma_Dextran_USP_EP_WinGPC.

pdf

5. D. Held and F. Gores, Application Note: “EP/USP 

GPC/SEC Molar Mass Determination for Low 

Molecular Weight Heparin (LMWH)”, PSS Polymer 

Standards Service GmbH (Mainz, Germany, 2017). 

https://www.pss‑polymer.com/fileadmin/pdf/

publication/PSS_App_Note_Pharma_USP_EP_

Heparin_2017.pdf

Daniela Held studied polymer 
chemistry in Mainz, Germany, and 
is working in the PSS software 
and instrument department. She is 
also responsible for education and 
customer training.
Wolfgang Radke studied polymer 
chemistry in Mainz, Germany, and 
Amherst, Massachusetts, USA, 
and is head of the PSS application 
development department. He is also 
responsible for instrument evaluation 
and for customized trainings.

structure than the sample to be analyzed. 
• If no appropriate narrowly distributed 

standards are available, an existing 
calibration curve might be converted 
using Mark‑Houwink parameters from 
literature sources.

• Alternatively, at least two molar mass 
averages corresponding to a single or 
several broadly distributed samples of 
the analyte’s chemical structure can be 
applied to convert a previous established 
calibration. 

• A single broadly distributed sample of 
known cumulative distribution can also 
be applied to establish a calibration curve 
for the analyte without before setting up 
a base calibration.
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Chromatography: Practice of Gel Permeation and 

Gel Filtration Chromatography, Second Edition 

(Wiley, Hoboken, New Jersey, USA, 2009).

2. “GPC/SEC Detection” (e‑book 3), PSS Polymer 

Standards Service GmbH (Mainz, Germany, 2019). 

https://www.pss‑polymer.com/en/about‑us/news/

news/e‑book‑3‑gpcsec‑detection.html

3. J. Brandrup, E.H. Immergut, and E.A. Grulke, 
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4. W. Radke, D. Held, H. Bock, and P. Kilz, 

step by step for a number of entries of 
the cumulative distribution, the calibration 
curve is constructed. Modern GPC/SEC 
software often allows reading in a cumulative 
calibration table from a file and automatically 
performing the required assignments. 

Clearly, the so‑constructed calibration 
covers only the range of molar masses, 
present in the broadly distributed standard. 
Therefore, the sample should cover the 
elution range and thus the molar mass 
range of the analytes. If a single broadly 
distributed sample is insufficient, several 
broad samples of known cumulative 
distribution might be applied.

The cumulative distributions of broadly 
distributed samples can be determined and 
provided by contract laboratories equipped 
with molar mass sensitive detection 
devices. This very elegant approach has 
become more popular in recent years and 
is applied in a number of Pharmacopeia 
methods, such as for Heparin (5). 

Summary
• GPC/SEC requires calibration for molar 

mass determination.
• The molar masses derived by GPC/SEC are 

molar masses relative to the calibration 
standards applied.

• To obtain true molar masses the 
standards must be of identical chemical 

molar masses of less than 34,000 Da, 
while the molar masses of 50% of all 
chains are lower than 59,000 Da. Clearly, 
the table can contain a much larger 
number of entries. The cumulative molar 
mass distribution is easily calculated from 
the differential molar mass distribution.

In order to calibrate the GPC/SEC 
column, a broadly distributed standard 
of known molar mass distribution having 
the same chemical structure than the 
analyte is analyzed on the column to be 
calibrated to obtain the chromatogram. 
The chromatogram is integrated from low 
to high elution volume and the integral is 
normalized to 100%. To assign a molar 
mass to an elution volume, a molar mass 
of the cumulative distribution table is 
selected, in our example we use the molar 
mass 34,000 Da. According to our table the 
fraction of material having a lower molar 
mass than 34,000 Da is 25%. Since chains 
of lower molar mass than 34,000 Da elute 
after the elution volume, of a chain of 
molar mass 34,000 Da, we need to identify 
the elution volume after which 25% of the 
sample elute, that is, for the last eluting 
25% of the chromatogram. In our example 
this corresponds to approx. 24.78 mL. Thus, 
a molar mass of 34,000 Da elutes on our 
column at 24.78 mL. By performing this 
assignment of elution volume to molar mass 

E-mail: DHeld@pss‑polymer.com
Website: www.pss‑polymer.com
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Training Courses
GC
The Theory of GC
Website: www.chromacademy.com/
gc-training.html

GC Troubleshooting and 
Maintenance
Onsite training
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-troubleshooting-and-maintenance

Applied Interpretation of GC–MS 
Mass Spectra
11–13 November 2020
On-line (5 days) or face-to-face 
(3 days) at The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/interpretation-mass-
spectra-gcms

The GC & GC–MS Clinic
19–22 November 2020
On-line (4 days) or face-to-face (2 
days) at The Open University,  
Milton Keynes, UK

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

Validation & Transfer of Methods 
for Pharmaceutical Analysis
14–17 December 2020
Live on-line training
Website: www.
mournetrainingservices.co.uk/course_
list#val_bio_pharm

Validation & Transfer of Methods 
for Biopharmaceutical Analysis
8–11 December 2020
Live on-line training
Website: www.
mournetrainingservices.co.uk/course_
list#val_bio_pharm

Website: www.anthias.co.uk/
content/2-day-gc-gc-ms-clinic-1

Hands-on GC×GC
1–2 December 2020
Face-to-face (2 days) at The Open 
University, Milton Keynes, UK
Website: www.anthias.co.uk/training-
courses/hands-on-GCxGC

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

Fundamental LC–MS
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
mass-spec-training.html

HPLC Troubleshooter
On-line training from CHROMacademy
Website: www.chromacademy.com/
hplc_troubleshooting.html

HPLC Fundamentals
Onsite training
Website: www.crawfordscientific.com/
training-consultancy/hplc-training/hplc-
fundamentals

Complete HPLC & LC–MS
16–20 November 2020
On-line (9 days) or face-to-face (5 days) 
at The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/training-
courses/completeLC

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

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

https://chromacademy.com/gc-training.html
https://www.crawfordscientific.com/training-consultancy/gc-training/gc-troubleshooting-and-maintenance
https://www.anthias.co.uk/training-courses/interpretation-mass-spectra-gcms
https://www.anthias.co.uk/content/2-day-gc-gc-ms-clinic-1
https://www.anthias.co.uk/content/2-day-gc-gc-ms-clinic-1
https://www.anthias.co.uk/training-courses/hands-on-GCxGC
https://www.chromacademy.com/hplc-training.html
https://www.chromacademy.com/mass-spec-training.html
https://www.chromacademy.com/hplc_troubleshooting.html
https://www.crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
https://www.anthias.co.uk/training-courses/completeLC
https://www.chromacademy.com/sample-prep-training.html
https://www.chromacademy.com/basic-lab-skills-training.html
https://www.chromacademy.com/infrared-training.html
http://www.mournetrainingservices.co.uk/course_list#val_bio_pharm
http://www.mournetrainingservices.co.uk/course_list#val_bio_pharm
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Event News
6–10 March 2021 

Pittcon 2021

Ernest N. Morial Convention Center, New Orleans, USA

E-mail: info@pittcon.org

Website: https://pittcon.org/pittcon-2021/

29 June–2 July 2021

26th International Symposium on Separation Sciences (ISSS 2020) and the 25th International Symposium for High-Performance Thin-Layer Chromatography 

(HPTLC 2020)

Grand Hotel Union, Ljubljana, Slovenia

E-mail: info@isss2020.si and info@hptlc2020.si

Website: https://isss2020.si/ and https://hptlc2020.si/

12–15 October 2021

The 18th International Symposium on Preparative and Industrial Chromatography and Allied Techniques (SPICA 2020)

Lisbon, Portugal

E-mail: janet@barrconferences.com

Website: www.spica2020.org

2–5 November 2021

Recent Advances in Food Analysis 2021 (RAFA 2021)

Clarion Congress Hotel, Prague, Czech Republic

E-mail: RAFA2021@vscht.cz

Website: www.RAFA2021.eu
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