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17 The LCGC Blog: Automated Dynamic Liquid–Liquid 
Microextraction (DLLME)—Improve Sample Extraction, Buy 
Some Time, and Reduce Environmental Footprint
Tony Taylor, CHROMacademy and Crawford Scientific 
The improved performance of chromatographic detectors, most notably mass  
spectrometers, has enabled many advances in analytical science, however, one 
such advance may be given less prominence than perhaps it should.

13 Achieving Highly Sensitive Dioxin Analysis with Novel 
GC–MS Methods
PCDDs, PCDFs, and PCBs are toxic compounds categorized as POPs and are  
ubiquitous throughout the world. Detecting trace levels of PCDD and PCDF is 
important to monitor food supplies and to ensure industrial emissions meet  
regulatory standards. In line with the ongoing innovation in dioxin analysis  
technology, the US EPA is currently evaluating a new method—APGC–MS/ 
MS—for PCDD and PCDF confirmatory analysis. Joe Romano and Douglas  
Stevens from Waters Corporation discuss the benefits of this new method.
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Silica Versus Polymer-Based Columns
Daniela Held and Kirsten Oleschko, PSS Polymer Standards Service GmbH 
The chemistry of samples analyzed using gel permeation chromatography/size‑ 

 exclusion chromatography/gel filtration chromatography (GPC/SEC/GFC) is very  
diverse. Different chemistries of stationary phases are required to allow for true  
size separation. Several types of materials are available, all of which have their  
advantages and limitations. While silica‑based stationary phases are most common 
in HPLC, for macromolecules polymer‑based phases are popular. 

22  Training Courses and Events
24  Staff

2    Three-Dimensional Chiral HPLC Analysis of 
Extraterrestrial Amino Acids in Carbonaceous 
Chondrites
Aogu Furusho from the Graduate School of Pharmaceutical  
Sciences in Kyushu University, Fukuoka, Japan, spoke to  
us about his development of a highly selective three‑dimensional  
chiral HPLC system for the determination of extraterrestrial amino 
acids in carbonaceous chondrites. 

Determining extraterrestrial amino acids in 
carbonaceous chondrites
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Three-Dimensional 
Chiral HPLC Analysis of 
Extraterrestrial Amino 
Acids in Carbonaceous 
Chondrites
Aogu Furusho from the Graduate School of Pharmaceutical Sciences in 
Kyushu University, Fukuoka, Japan, spoke to us about his development 
of a highly selective three-dimensional chiral high performance liquid 
chromatography (HPLC) system for the determination of extraterrestrial 
amino acids in carbonaceous chondrites. 

is still unclear. Various amino acids have 
been found in the extraterrestrial samples 
(meteorites), and their enantiomeric 
excesses of L-forms have been reported. 
Amino acids from the cosmos could be 
the primitive substances of life, so chiral 
amino acid properties in the extraterrestrial 
samples are gathering attention. However, 
the amount of sample is limited and the 
amount of amino acids in the cosmic 
samples are trace-level. In addition, 
various structural isomers are present, so 

Q. How did the idea of this research 
project arise and what are the aims of 
this research?
A: Amino acids have their enantiomers,  
D- and L-forms, and they are thought 
to have been synthesized by chemical 
reaction on the primitive Earth. Though 
the D/L ratio of amino acids on the 
primitive Earth might be racemates, higher 
organisms now mainly use L-amino acids 
as bioactive substances. This situation is 
called homochirality and the origin of this 
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a highly sensitive and selective analytical 
method is required. We have developed a 
three-dimensional (3D) high performance 
liquid chromatography (HPLC) system 
combining three different separation 
modes, reversed-phase, anion-exchange, 
and enantioselective separations. Amino 
acids in the samples were first derivatized 
with 4-fluoro-7-nitro-2,1,3-benzoxadiazole 
(NBD-F) for a sensitive fluorescence 
detection and introduced into the 3D-HPLC 
system. We have determined chiral amino 
acids in various biological samples including 
clinical samples. Since the 3D-HPLC system 
has high sensitivity and selectivity, we 
thought it would be a suitable tool for the 
determination of chiral amino acids in the 
cosmic samples. The aim of this research 
was to develop a novel 3D-HPLC system 
for the enantioselective determination of 
extraterrestrial amino acids in carbonaceous 
chondrites.

Q. What are you doing in this poster 
that is novel?
A: This is the first work determining 
chiral amino acids in the extraterrestrial 
samples using a 3D-HPLC system. For 
the determination of chiral amino acids 
in the extraterrestrial samples, gas 
chromatography (GC) and LC methods 
have been used. We previously developed 

a two-dimensional HPLC system combining 
reversed-phase and enantioselective 
separations. However, it was sometimes 
difficult to precisely determine the trace 
amounts of chiral amino acids because  
of the disturbance by uncountable 
nontarget compounds. In this research,  
we added an anion-exchange separation 
in the second dimension. With an anion-
exchange column, compounds were 
separated by the difference in the anionic 
strength, which is quite different from 
reversed-phase mode. The interfering 
compounds not separated from amino 
acids in the reversed-phase column were 
separated in the second dimension, 
and the selectivity of the system was 
significantly improved. The present 
3D-HPLC system could separate the target 
amino acids from interfering compounds 
in the extraterrestrial samples, and the 
peaks of the target amino acids were 
clearly observed without interferences in 
the third dimension. The determination 
of chiral amino acids in the Murchison 
meteorite and the Antarctic meteorite were 
successfully accomplished.

Q. What were the main analytical 
challenges you had to overcome?
A: The most difficult challenge was the 
chiral separation of isovaline (iVal). iVal  

Booth: 1632

…with the GERSTEL MPS: Highly efficient and reliable 
sample preparation and -introduction at your fingertips.

No programming - ever: Pick prep steps, pick method, 
setup sequence, RUN. Your MPS works day and night, 
without anyone watching over it.

GERSTEL Solutions for GC/MS and LC/MS with  
Application Support at your Service.

What can we do for you?

Agitation, quick MIX

MAESTRO  
PrepAhead Productivity

Evaporative concentration 
(mVAP)

Centrifuge

Extraction, derivatization, 
addition of standards

Solid Phase Extraction 
(SPE), Filtration
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where the meteorites fell could affect the 
contamination of the L-forms.

Q. How are you planning to develop 
this research further?
A: To avoid the contamination of amino acids 
on the Earth, sampling in the cosmic space 
is one of the best ways. The two sample 
return missions Hayabusa2 and OSIRIS-REx 
are ongoing, and our team belongs to the 
Hayabusa2 project. We will apply the current 
3D-HPLC system to the samples collected in 
the cosmic space to clarify the enantiomeric 
excess of amino acids. In addition, some 
amino acids that were not the targets of 
this research have been found in the cosmic 
samples. Therefore, we would like to add 
other amino acids to the analytical targets.

Aogu Furusho is at the 
Graduate School of 
Pharmaceutical Sciences, 
Kyushu University, 
Fukuoka, Japan.

by Dr Naraoka, who is a professor at 
the Department of Earth and Planetary 
Sciences, at Kyushu University. Amino 
acids in the samples were extracted with 
hot water and derivatized with NBD-F. 
All five target amino acid enantiomers, 
alanine (Ala), valine (Val), 2-aminobutylic 
acid (2AB), norvaline (nVal), and iVal, 
were found in both meteorites. The 
amount of amino acids in the meteorites 
were determined, and %L values were 
calculated. In the Murchison meteorite, 
the D/L ratios of non-proteinogenic amino 
acids (2AB, nVal, and iVal) were almost 
equal. In the Antarctic meteorite, the D/L 
ratios of all target amino acids were almost 
equal. Regarding the proteinogenic amino 
acids, Ala and Val, the amounts of L-forms 
were higher than those of D-forms in the 
Murchison meteorite. It might be caused 
by the contamination of L-amino acids, 
which are abundantly present on the Earth. 
The Murchison meteorite fell at Murchison 
village in Australia, while the Antarctic 
meteorite fell in the Antarctic. The place 

has two similar side chains, a methyl 
group and an ethyl group at α-carbon. In 
this research, we used the original Pirkle 
type enantioselective column, which has 
L-leucine at the chiral centre. This column 
can separate all proteinogenic amino acid 
enantiomers, and D-forms always elute 
faster than L-forms. The mixed solution of 
methanol and acetonitrile containing formic 
acid was selected as the mobile phase, 
and various mobile phase conditions were 
tested. We tried different concentrations of 
formic acid and different ratios of methanol 
and acetonitrile, however, the separation 
was not sufficient. So, we tandemly 
connected the same two enantioselective 
columns, and the best separation was 
finally obtained.

Q. What were your main findings and 
why are they useful?
A: By using the developed 3D-HPLC 
system, the Murchison meteorite and 
the Antarctic meteorite were analyzed. 
These meteorite samples were provided 

For more Rising Stars of Separation Science 
please click here
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Sepsolve Analytical Relocates Headquarters
SepSolve Analytical Ltd has successfully relocated its 
headquarters to a new and larger premise in Peterborough, 
UK. 

“Having grown so rapidly over the last two years in 
particular, we’re very relieved to have the extra space, not 
just to accommodate our growing staff numbers, but also to 
enable us to more comfortably host the numerous workshops 
and training courses, which are part-and-parcel of our product 
and service offering,” said Bob Green, Director of SepSolve 
Analytical.

The new site is three times larger than the previous 
Cambridgeshire, UK, site, and follows the opening of a new 
SepSolve Analytical site in Waterloo, Canada.

“This has been an exciting year of growth for SepSolve, 
evidenced by a totally new site opening and now expansion 
into larger premises for its Peterborough head office. With 
its new Cambridgeshire site’s easily accessible location and 
larger offices, SepSolve is looking forward to increasing its 
UK workshops and networking events,” said Andy Hardwick, 
Commercial Director, Schauenburg Analytics Ltd.* 

For more information, please visit www.sepsolve.com

* Schauenburg Analytics Ltd is the umbrella name for SepSolve 
and partner brand Markes International.

Early Alzheimer’s Diagnosis 
Using HSGC–IMS
Researchers have developed a headspace gas chromatography-ion mobility spectrometry (HSGC–IMS) method to detect 
volatile organic compounds (VOCs) linked to Alzheimer’s disease in faeces and urine (1).

As average life expectancy has risen across the globe so too has the rate of diseases for which age is a known risk factor. 
Dementia in particular has grown dramatically, with the most common form of dementia being Alzheimer’s disease (AD). 
Most individuals with AD are 65 and older with the risk of Alzheimer’s doubling every five years, and reaching nearly 
one-third after the age of 85 (2). There are, of course, many other factors in the development of AD ranging from genetics 
to environment, but ultimately there are roughly 50 million AD sufferers across the world, equivalent to countries such as 
South Korea or Spain (1).

AD sufferers show a gradual loss of cognitive function, an often slow and painful degradation that leads to the eventual 
failure of bodily functions (3). It is currently believed that the disease is caused by the abnormal aggregation of the protein 
beta-amyloid (Aβ) and tau proteins. An early diagnosis of AD helps significantly in slowing the disease’s progression 
because drugs can be used to intervene before serious brain damage can occur, but this is often not possible with current 
diagnostic methods. In fact, it is believed that cell degeneration in AD patients may occur many years before the onset of 
clinical symptoms and the diagnosis of AD much too late than would currently help with disease treatment.

Analysis of VOCs has proven to be an effective diagnostic tool in other diseases and, with more knowledge regarding 
AD suggesting metabolic pathways, it would seem to be worth investigating. Researchers analyzed VOC profiles in the 
faeces and urine of AD model mice using headspace solid-phase microextraction gas chromatography–mass spectrometry 
(HS-SPME-GC–MS) and HSGC–IMS.

Both techniques successfully identified VOCs in the faeces and urine of AD-model mice distinguishing between VOCs 
among different groups. The partial least squares discriminant analysis (PLS-DA) models developed by HSGC–IMS and 
HS-SPME-GC–MS could identify AD, however, the GC–MS model was not as accurate as that of GC–IMS. Researchers 
concluded that because of the low time cost and high predicative accuracy of the technique, GC–IMS could be used as a 
supplementary technique for GC–MS to achieve an accurate diagnosis quickly.—L.B.

References
1. H. Tian et al., J. Chroma. A DOI.10.1016/j.chroma.2019.460717 (2019).
2. https://www.alz.org/alzheimers-dementia/what-is-alzheimers/causes-and-risk-factors
3. Z. Nagy et al., Dementia 6, 21–31 (1995).
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Food safety scientists have validated a 
new method to detect neurotoxins in 
seafood products using ultrahigh-pressure 
hydrophilic interaction liquid 
chromatography with tandem mass 
spectrometry (UHPLC–HILIC–MS/MS) 
(1). The international study was a joint 
four-year effort between the Centre for  
the Environment, Fisheries, and 
Aquaculture Science (Cefas), in the UK,  
and the Cawthron Institute, in New 
Zealand.

The method to detect toxins in bivalve 
mollusc shellfish, such as clams, mussels 
and oysters, was developed to include 
the highest range of paralytic shellfish 
poisoning (PSP) toxin analogues, symptoms 
of which include numbness of the mouth, 
vomiting, and in some cases death, as 
well as to address the emerging threat of 
tetrodotoxin, the toxin associated with 
fatalities from eating pufferfish.

“This new method gives the user the 
ability to detect more toxin analogues 
than any other detection method and also 
includes detection of tetrodotoxin. As 

such, it will be well suited to ensuring food 
safety is maintained well into the future,” 
said Andy Turner, Project Study Director 
and Principal Chemist in the Food Safety 
Group at Cefas.

The project was an international  
effort, incorporating 21 participating 
laboratories from five continents, 94  
study materials utilized to prepare 34  
study samples sourced from six continents, 
and 15 different shellfish species grown  
in areas impacted by all known species of 
PSP toxin-producing phytoplankton. The 
end result is a new protocol that reduces 
the labour required for analysis compared 
to current methods and also provides a 
higher accuracy and a shorter processing 
time.

“We’ve already realized the benefits of 
this testing method in New Zealand by 
providing our seafood industry with faster, 
more accurate results. This was particularly 
evident during two recent harmful algal 
bloom events where we were able to 
respond quickly to our industry partners to 
provide them with assurance their products 

were safe for market,” said Tim Harwood, 
Cawthron Institute Marine Toxin Chemist 
and New Zealand Seafood Safety Research 
Platform Leader.

Discussions will now start regarding the 
potential use of the method for future 
regulatory testing.—L.B. 

Reference
1. A.D. Turner et al., J. AOAC Int. 

DOI.10.5740/jaoacint.19-0240 (2019).

Internationally Developed Seafood Safety 
Protocol for Toxin Analogues
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News In Brief

The Column    www.chromatographyonline.com

•  The LCGC Blog: Ammonium Acetate Woes—I’ve been dealing recently with issues in the laboratory 
when using ammonium acetate buffers, including surprising rises in HPLC–MS back pressures when 
starting the instrument after overnight storage, as well as difficulties with MS sensitivity. Read 
Here>>

•   Can We Continue to Draw the Line?—Chromatographic peak integration continues to be a major 
regulatory issue. Is the approach to manual intervention and manual integration outlined previously 
still acceptable in the light of recently published regulatory citations and guidance documents  
Read Here>>

•    Tips & Tricks GPC/SEC: “Green” GPC/SEC and Solvent Alternatives—The “greenest solution” 
is certainly using no solvent but gel permeation chromatography/size-exclusion chromatography 
(GPC/SEC) as a liquid chromatography (LC) technique requires the use of a mobile phase. The 
growing awareness of the need for more sustainable (greener) solutions has focused attention on 
environmentally- and health-friendly solvents and solutions. Read Here>>

•    New Techniques for Optimizing Food Safety Testing—The analysis of food—for pesticides, heavy 
metals, or food origin—requires fast, efficient, and highly accurate analytical methods. This e-book 
explores how certain sample prep and extraction steps can improve analyses. Read Here>>

•    Rising Stars of Separation Science—Download this exclusive digital supplement to read in-depth 
interviews with the next generation of separation scientists and the research projects they have been 
focusing on. Read Here>>

•    The 2020 LCGC Awards Winners are...—LCGC is proud to announce that Daniel W. Armstrong 
and Szabolcs Fekete are the winners of the 13th annual LCGC Lifetime Achievement and Emerging 
Leader in Chromatography Awards, respectively. Read Here>>

Peaks of the Month
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Tosoh 30th Anniversary
Tosoh Bioscience has announced the 30th 
anniversary of its European subsidiary. 
Established in Stuttgart, Germany, under 
the company name of TosoHaas GmbH, the 
company was originally a joint venture between 
Tosoh Corporation, Japan, and Rohm and 
Haas, USA, with the aim of better serving 
European customers in the life sciences and 
pharmaceutical industries. “I am amazed how 
dedicated and passionate everybody at Tosoh is. 
Customer centricity comes as a natural behaviour 
and is part of the DNA of the company,” said 
Christian Rohrer, Tosoh Sales and Marketing 
Director. www.tosoheurope.com/

Waters Acquires Andrew Alliance
Waters Corporation (Milford, Massachusetts, 
USA) has announced that it has entered into 
a definitive agreement to acquire Andrew 
Alliance (Geneva, Switzerland), who provide 
specialty laboratory automation technology, 
including software and robotics. “The 
acquisition of Andrew Alliance broadens our 
technology portfolio to include advanced 
robotics and software that will positively 
impact our customers’ workflows across 
pharmaceuticals, life sciences and materials 
science markets,” commented Chris O’Connell, 
Chairman and CEO of Waters Corporation. 
“We are thrilled to join the Waters family,” 
commented Piero Zucchelli, CEO of Andrew 
Alliance. “We have found the right partner to 
bring our vision of connected laboratories to 
life.”www.waters.com

News
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Tips & Tricks GPC/
SEC: Silica Versus 
Polymer‑Based Columns

The chemistry of samples analyzed using gel permeation chromatography/
size‑exclusion chromatography/gel filtration chromatography (GPC/
SEC/GFC) is very diverse. Different chemistries of stationary phases are 
required to allow for true size separation. Several types of materials 
are available, all of which have their advantages and limitations. While 
silica‑based stationary phases are most common in high performance liquid 
chromatography (HPLC), for macromolecules polymer‑based phases are 
popular. 

Daniela Held and Kirsten Oleschko, PSS Polymer Standards Service GmbH, Mainz, Germany 

• Good stability (mechanical, chemical, 
thermal) and high solvent compatibility

• Minimal shear degradation and hindrance 
to diffusion

• Minimal or no interaction between 
stationary phase and sample.

Very often these expectations cannot 
be fulfilled equally. For example, a high 
resolution over a wide molar mass range 

Gel permeation chromatography/
size‑exclusion chromatography/gel filtration 
chromatography (GPC/SEC/GFC) users face 
the challenge of selecting the optimum 
stationary phase for their applications. 
The expectations regarding the column 
performance are high. GPC/SEC columns 
should provide:
• High resolution over a wide molar mass 

separation range
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can be achieved by using column banks. 
However, this increases the overall back 
pressure and hence the mechanical  
stability (column lifetime) can be reduced. 
Adjusting the conditions by adding 
modifiers or by setting a specific pH,  
so that no or minimal interactions are 

present, can also influence the chemical 
stability.

An understanding of the basic 
differences of typical stationary phase 
materials can help predict which 
expectations can be easily met and which 
are hard to achieve with a specific material. 

Soft Organic Gel Cross‑Linked 
Semi‑Rigid Organic Gel

Rigid Silica Particles

Typical SEC 
Applications

Preparative separations High performance 
separations

High performance 
separations

Availability Bulk (packed columns) Packed columns Packed columns

Typical Particle 
Sizes (µm)

> 20–300 3–20 1.7–10

Pressure 
Stability

Low, < 40 bar Medium, <150–200 bar Very high, >>200 bar

Solvent 
Compatibility

Mainly aqueous 
separations 

Wide solvent compatibility, 
often specific aqueous and 

organic columns

Wide solvent compatibility, 
often specific aqueous and 

organic columns
Solvent Change Slow, care must be taken 

to stay below the upper 
pressure limit, longer 

equilibration time

Fast

pH Stability 2–13 2–13 2–8(9)

Risk for 
Interaction

Medium Medium High due to unreacted 
silanol groups

Purity for 
Advanced 
Detection

‑ No metal ions, low‑
shedding columns 

available

Metal ions may disturb MS 
detection, low shedding 

columns available

Table 1: Comparison of GPC/SEC/GFC stationary phase types with their advantages and 
limitations

Switch + Go
Nexera UC/s allows measurements by liquid chromatogra-
phy (LC) as well as supercritical fluid chromato graphy (SFC)
on a single system. An increased range of compounds can
be analyzed as LC and SFC offer very different selectivities
for analytes of interest. Switching between LC and SFC per -
mits rapid screen ing for optimum separation conditions,
resulting in improved analytical efficiency. 

Improved analytical results and efficiency 
using two different separation techniques

Smaller footprint, reduced cost of acquisition
while benefiting from a full SFC/UHPLC setup

www.shimadzu.eu /nexera-ucs Nexera UC/s

Automated workflow 
to create LC/SFC screening sequence

Upgrade of existing LC to SFC functionality 
without the need to buy an additional instrument

Shimadzu_TheColumn_0717:Layout 1  20.06.17  10:44  Seite 1
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packed in columns with metal bodies. For 
some applications the metal body is coated 
so that metal ions will not influence the 
separation or disturb the detection. Highly 
cross‑linked polymer gels are synthesized 
with very different chemistries. Their 
polarities are optimized to match the 
polarities of samples and solvents (mobile 
phases).

By far the highest pressure stability is 
exhibited by rigid inorganic silica particles 
packed in columns. Again the goal of the 
analysis is a high performance separation 
to allow the determination of the molar 
mass distribution. As a result of the high 
pressure stability, very small particles 
can be synthesized. Different chemical 
modifications are available to match 
the different chemistries of the analytes 
involved, for example, the silanol groups 
present on the silica packing surface 
can be modified. Typical modifications 
are trimethylsilane for use in polymer 
separations and diol for separation of 
proteins and peptides in aqueous solutions. 

Based on their chemistry, specific organic 
gels and silica particles are often assigned 
to either i) the analysis of water‑soluble 
samples in water or buffer solutions or 
ii) to use with organic mobile phases. 

For some organic gels the use of the 
wrong mobile phase (for example, water 

only, often above 45 µm, and are extremely 
sensitive to high pressures. 

Detailed characterization and 
determination of the molar mass 
distribution is done using semi‑rigid highly 
cross‑linked organic polymer particles. The 
higher degree of cross‑linking allows for 
much higher pressure stability. Therefore 
small particles can be synthesized and 
be efficiently packed to allow for the 
highest resolution. While soft organic gels 
can also be obtained in bulk, semi‑rigid 
cross‑linked gels are delivered already 

Stationary Phases in GPC/SEC
Typical stationary phases in liquid 
chromatography (LC) are rigid porous silica 
particles (inorganic packings) and soft or 
semi‑rigid (highly cross‑linked) organic gel 
particles (1). Each of the packings has its 
advantages and limitations. 

Soft organic gel packings are mainly 
used for preparative separations of large 
water‑soluble macromolecules such as 
DNA, sugars, or proteins. The aim of the 
analysis is to achieve pure fractions. These 
materials are available in large particle sizes 

instead of an organic mobile phase) can 
destroy the packed bed of the column 
making it useless for separation. Others, 
such as polyester copolymer networks or 
specific silica phases, can tolerate water 
and organic solvents. However, this does 
not imply that the columns should be used 
because interaction‑free chromatography 
can only be achieved for balanced polarities 
of mobile phase, sample, and stationary 
phase (2). 

Advantages of Silica Materials 
Faster and Easier Solvent Change: 
Silica‑based phases offer a faster solvent 
exchange. Polymer‑based columns often 
need long equilibration times when being 
transferred from one mobile phase to 
another, while silica‑based materials need  
less time to (re‑)equilibrate. Also, due to  
their significantly higher pressure stability, 
silica columns require less care during  
the change from one mobile phase to 
another. 
High Resolution in a Narrow Molar 
Mass Separation Range: Compared to 
highly cross‑linked organic gel materials, 
silica‑based materials often exhibit 
calibration curves with a very shallow slope 
in a specific molar mass region. This results 
in excellent resolution for this region. 
Figure 1 shows a calibration curve of a 

Figure 1: Typical calibration curve of a silica material. The shallow region in the middle allows 
for highly efficient separation. The steep parts close to exclusion and total permeation limit 
make it hard to combine columns mismatch‑free.
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chromatographic artifacts can therefore 
be accomplished when using highly 
cross‑linked organic particles. 
Temperature Stability: Highly 
cross‑linked polymer particles exhibit 
better temperature stability than silica 
materials. This is particularly important 
when GPC/SEC has to be performed in 
high viscous solvents or when polyolefins 
have to be analyzed. Polyolefins require 
temperatures > 160 °C to be kept in 
solution. Highly viscous solvents require a 
higher temperature to reduce the solvent 
viscosity and to enhance mass transfer 
(and thus the resolution). The column 
lifetime of polymer‑based columns for 
such applications is much longer because 
polymer‑based materials can easily tolerate 
temperatures above 90 °C, even for long 
times. 
pH Stability: Polymer‑based columns 
can tolerate a very wide pH range, while 
silica‑based columns are often only 
(long‑term) stable in a limited range of 
2–8. For all applications that require a 
more extreme pH range polymer‑based 
columns are the better choice. Typically, 
the materials are stable between 2 and 
13. However, there are also columns that, 
although they can chemically tolerate the 
pH range of 2–13, are best operated in 
a specific range, for example, to analyze 

pore sizes are often combined to increase 
the molar mass separation range. Steep 
parts and sharp curvatures in calibration 
curves make it harder to combine columns 
and the risk for pore size mismatch is 
dramatically enhanced (3). Thus, it is  
much easier to combine polymer gel 
columns than silica columns. Polymer 
gel columns show shallower slopes 
and curvatures when approaching the 
limits (compare Figure 2). Very large 
molar mass separation ranges with still 
sufficient resolution and lower risk for 

silica material. Silica‑based materials are 
therefore ideal for applications that require 
only separation of narrowly distributed 
samples, for example, for protein 
aggregation/stability studies. 

Advantages of Polymer Gel 
Materials 
Broader Separation Range Achievable: 
Figure 1 also shows that calibration curves 
of silica materials often become very steep 
close to the exclusion and total permeation 
limit. In GPC/SEC, columns of different 

polycations (pH 2–7) or polyanions 
(pH 7–13). The stability over a wide pH 
range also means that different reagents 
can be used to clean and regenerate 
the columns after extensive use. This 
is particularly useful for prep‑scale 
chromatography.
Higher Purity for Advanced Detection: 
Multi detection is very common in GPC/
SEC. Hyphenation, for example, with light 
scattering or viscometry, is standard in 
many laboratories, and combining with 
mass spectrometry (MS) is also becoming 
more popular. Advanced detectors, such 
as light scattering detectors, are very 
sensitive to particle shedding (4). Mass 
spectrometers are sensitive to metal 
ions. Polymer‑based materials can often 
be obtained in a quality that allows for 
trouble‑free detection. Metal ions, which 
disturb MS detection, are not present 
and pre‑equilibration of columns for light 
scattering detection is available for many 
materials. 
Less Interactions: Last, but definitely not 
least, polymer‑based columns are important 
because they are less prone to interactions. 
Unreacted silanol groups on the silica surface 
can lead to interactions between sample 
and stationary phase, something that 
definitely should be avoided in size‑exclusion 
chromatography. Even optimized mobile 

Figure 2: Typical calibration curve of a highly cross‑linked polymer gel material. Combining 
columns is easier for polymer‑based columns
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phases with additives and modifiers can 
sometimes not fully suppress interactions. 

The presence of interactions should be 
investigated when one or more of the 
following observations are made: 
• no elution
• late elution after the system peak
• unexpected very high resolution
• peak tailing
• shifting retention times or elution volumes
• low reproducibility of retention times or 

areas.

Table 1 compares and summarizes the 
advantages and limitations of the different 
materials.

Conclusions
• Soft organic gel particles are available 

in bulk or packed in glass columns. They 
are used for separation of water‑soluble 
high molar mass samples at low or 
medium pressure.

• Molar mass determination is done  
with rigid porous silica materials 
(inorganic) and cross‑linked organic gel 
materials available in packed  
metal columns or specific bioinert 
hardware. 

• Silica‑based columns offer higher 
pressure stability and an excellent 
resolution in a narrow molar mass range.

• Polymer‑based columns have a wider 

pH and temperature stability, are less 
prone to interactions, and can be easily 
combined to cover a wider molar mass 
range. 
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Achieving Highly 
Sensitive Dioxin 
Analysis with Novel  
GC–MS Methods
Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans 
(PCDFs), and polychlorinated biphenyls (PCBs) are toxic compounds 
categorized as persistent organic pollutants (POPs) and are ubiquitous 
throughout the world. Detecting trace levels of PCDD and PCDF is 
important to monitor food supplies and to ensure industrial emissions 
meet regulatory standards. In line with the ongoing innovation in dioxin 
analysis technology, the United States Environmental Protection Agency 
(US EPA) is currently evaluating a new method—atmospheric pressure gas 
chromatography tandem mass spectrometry (APGC–MS/MS)—for PCDD 
and PCDF confirmatory analysis. Joe Romano and Douglas Stevens from 
Waters Corporation discuss the benefits of this new method.

long‑range transport, bioaccumulation in 
the food chain, and toxicity to humans 
and animals. Dioxins and furans belong to 
the group of POPs known as halogenated 
hydrocarbons, characterized by their low 
water solubility and high lipid solubility, 
which lead to the bioconcentration 

Persistent organic pollutants (POPs) are 
toxic compounds that are widespread 
throughout the environment. Organic 
substances characterized as POPs share 
a combination of physical and chemical 
properties, including long‑term persistence 
in the environment, capability for 
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of these contaminants in tissue and 
their accumulation in the food chain. 
Chlorinated POPs, including pesticides 
such as dichlorodiphenyltrichloroethane 
(DDT), unintentionally produced 
dioxins and dioxin‑like substances, and 
polychlorinated biphenyls (PCBs)—used 
in industrial applications—are all known 
to be damaging to human health and 
are restricted or banned under the 2001 
Stockholm Convention on POPs. 

Polychlorinated dibenzo‑p‑dioxins 
(PCDDs) and polychlorinated dibenzofurans 
(PCDFs) arise through natural events, such 
as forest fires and volcanic eruptions, and 
anthropogenic routes, for example, as a 
by‑product of industrial activities including 
waste incineration, decolorizing of paper 
pulp, and the manufacturing of some 
herbicides and pesticides. 

Q. What are the negative health 
impacts of dioxins and dioxin-like 
substances and how is the reporting 
of data adapted to help better 
understand the potential toxicological 
impact of a contaminated sample?
Joe Romano: The hazardous effects of 
dioxins and dioxin‑like substances to living 
organisms have been extensively studied 
and are well documented. They have been 
linked to a variety of conditions including 

DS: Prior to the 1970s, detection of 
dioxins was primarily obtained using 
packed‑column gas chromatography 
(GC) with electron capture detection 
(ECD) in the parts‑per‑million (ppm) and 
parts‑per‑billion (ppb) range (3). However, 
problems with specificity and detection 
limits, resulting from the technique’s 
inability to process highly complex 
environmental samples, spurred the 
development of gas chromatography– 
mass spectrometry (GC–MS) methods 
between the 1970–80s. Although 
GC–MS showed improvements and 
allowed many different sample types to 
be analyzed in order to determine the 
environmental distribution of dioxins, 
this method alone was insufficient and 
required intensive front‑end chemistry 
to separate trace analytes from potential 
interferences. Furthermore, during this 
period advances in both high performance 
liquid chromatography (HPLC) and high 
resolution capillary GC (HRGC) were 
applied to the separation of dioxin 
isomers. These developments were among 
some of the early steps aimed at enabling  
routine dioxin measurements to be 
conducted by relatively inexperienced 
analysts. 

In the early days of highly specific 
and sensitive dioxin analytical methods, 

PCDF is important to monitor food 
supplies, to ensure industrial emissions 
meet regulatory standards, to track 
sources of ongoing emissions, to 
identify contaminated sites, to inform 
risk assessments, and to contribute to 
human health assessment by measuring 
body burdens. However, as a result of 
their presence in trace amounts, highly 
sophisticated and sensitive analytical 
systems are required to measure them. 
These instruments require very low 
thresholds of detection, and are currently 
available only in a limited number of 
laboratories around the world. The analysis 
costs are also very high (2).
DS: Defining levels of tolerable exposure 
for preventative purposes is another 
challenge, and requires an assessment  
of current knowledge about the toxic 
effects of dioxins in animals and in 
humans. So improving understanding of 
how these compounds behave in the body, 
as well as developing increasingly sensitive 
analytical technology, are required to 
overcome the current challenges facing 
dioxin analysis. 

Q. Can you briefly describe the 
technological improvements over the 
last five decades that have facilitated 
dioxin analysis?

type 2 diabetes, ischemic heart disease, 
and an acne‑like skin disease called 
chloracne, which is a hallmark of dioxin 
exposure. The toxicity of PCDDs and PCDFs 
depends on the number and position of 
the chlorine atoms in the two benzene 
rings. Of the 210 congeners (75 PCDD 
congeners and 135 PCDF congeners), 
17 possess a steric conformation that 
promotes their binding to the intracellular 
aryl hydrocarbon (Ah) receptor, which is 
known to mediate chemical toxicity. 
Douglas Stevens: The toxic potential 
of the 17 congeners can be expressed 
relative to the most toxic compound, 
by the concept of toxic equivalence 
factor (TEF). The most toxic dioxin 
compound, 2,3,7,8‑Tetrachlorodibenzo‑
p‑dioxin (TCDD), is classified as a Group 
1 carcinogen by the World Health 
Organization’s (WHO) International Agency 
for Research on Cancer (IARC) (1). This 
classification is based on evidence that 
2,3,7,8‑TCDD is a multi‑site carcinogen in 
experimental animals and acts through a 
mechanism involving the Ah receptor.

Q. Why is the detection of these 
contaminants particularly challenging, 
and what steps have been taken to 
overcome this?
JR: Detecting trace levels of PCDD and 
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electron ionization (EI) GC–MS on a 
magnetic sector mass spectrometer  
was the key technology used for highly 
precise, accurate, high‑confidence 
quantitative environmental analysis, 
cementing its use for dioxin monitoring. 
However, despite the benefits of high 
resolution, magnetic sector instruments 
require a high degree of expertise and 
are expensive, limiting their widespread 
use. Current US EPA guidance recognizes 
HRGC/ high resolution mass spectrometry 
(HRMS) as the “gold standard” for dioxin 
and furan analysis in aqueous, solid, and 
tissue matrices under the EPA Method 
1613B (4). However, GC–MS/MS gradually 
gained popularity and is now increasingly 
considered an equivalent method to the 
gold standard.
JR: In addition, the evolution of  
ionization methods has driven 
improvements in dioxin analysis. 
Atmospheric‑pressure chemical  
ionization (APCI) sources with MS/
MS offer a number of advantages over 
EI on a magnetic sector, including the 
capability for targeted analysis and 
very low detection of target analytes 
in complex samples. Additionally, EI is 
a hard ionization source, and extensive 
fragmentation associated with this 
technique can impact the abundance of 

This method has already demonstrated 
that it is a robust and sensitive option 
for confirmatory analysis of PCDDs and 
PCDFs, in compliance with 589/2014/EU 
(10). The project aims to adapt Method 
1613B protocols and criteria to MS/MS, 
showing equivalency of results in terms of 
sensitivity, linearity, selectivity, accuracy, 
and precision. Approval of a new  
method that uses GC–MS/MS for 
determining dioxins would take advantage 
of the technological advances made in 
tandem quadrupole MS over the decades, 
and also has the potential to lower 
laboratory costs.
JR: The GC–MS/MS method was 
developed and validated (Tier 3 validation). 
The atmospheric pressure source resulted  
in less fragmentation and therefore  
more sensitivity and selectivity than  
an EI source. The results of this  
method validation study, which are  
being submitted as an Alternate Test 
Procedure (ATP) to the US EPA, meet the 
Method 1613B specifications for PCDD and 
PCDF analysis, and method detection limit 
(MDL) and initial precision and recovery 
(IPR) test results showed excellent data 
quality (4). 

Q. How will APCI combined with  
GC–MS/MS contribute to the 

regulatory control of dioxins, furans, and 
PCBs.
JR: Following the 1999 dioxin crisis in 
Belgium (8) and the Stockholm Convention 
for POPs in 2001, the European 
Commission implemented an official 
continuous control strategy for food 
and feed. At the time, no standardized 
methods for food were available, but GC 
coupled with (magnetic sector)  
GC–HRMS was widely accepted as the 
most sensitive and selective tool, especially 
in comparison with other MS analyzers 
such as time‑of‑flight (TOF) (9). The current 
US EPA guidance therefore recognizes 
HRGC/HRMS as the “gold standard” for 
dioxin and furan detection.

Q. A new method has been developed 
and is currently under evaluation  
by the US EPA. Can you explain  
how this method meets the 
requirements for dioxin analysis and 
its advantages over previous analytical 
approaches?
DS: In line with the ongoing innovation 
in dioxin analysis technology, the US EPA 
is currently evaluating a new method—
APCI coupled with GC–MS/MS (APGC–
MS/MS)—to develop and validate an 
alternative procedure for PCDD/PCDF 
analysis using MS/MS rather than HRMS. 

the molecular ion and compound specific 
spectra. APCI is a softer technique, where 
the molecule is ionized by either proton 
transfer or charge transfer, rather than 
by direct electron bombardment, thus 
providing a more abundant molecular ion.

Q. How has the regulatory 
landscape driven analytical method 
development?
DS: In 2014, the European Union (EU) 
passed legislation recognizing the use of 
triple quadrupole GC–MS/MS, with either 
EI or APCI, as a confirmatory tool for 
checking compliance with maximum levels 
of dioxins in food and feed (589/2014/
EU [5] and 709/2014 [6]). This was the 
result of an extensive validation study by 
an EU working group, and was the first 
official regulatory method that began the 
switch from magnetic sector technology 
and included APCI. The WHO conducted 
human‑based risk assessments, setting 
TEFs for dioxins (7), where the results 
of dioxin analysis in samples should 
be reported as lower bound, medium 
bound, and upper bound concentration, 
by multiplying each congener by their 
respective TEF and summing them to 
provide the total concentration, expressed 
as toxic equivalency (TEQ). This system was 
developed to facilitate risk assessment and 
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continuing effort to ensure the safety 
of the global food chain?
DS: The upcoming method evaluation 
from the US EPA that will allow APGC–MS/
MS as a confirmatory tool for checking 
compliance with minimum levels (MLs) 
of PCDD and PCDF will represent a key 
step in method development. Modern 
instrumentation is enabling laboratories 
in food, feed, and environmental 
industries to make increasingly sensitive 
measurements from complex samples, 
informing contamination incidences and 
allowing updated recommendations to be 
made on regulatory limits.
JR: Control measures within the food 
chain are needed to reduce human 
exposure to dioxins and furans, including 
air contamination and agricultural land and 
water. Today’s detection methods build on 
the early groundwork made in the 1970s 
and the subsequent optimizations made 
over the decades, and dioxin and furan 
research and detection methods have seen 
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continuous improvement over the past 
50 years. Compared with magnetic sector 
instruments, APGC–MS/MS has emerged 
as a more user‑friendly technology that 
is likely to make dioxin analysis more 
accessible to testing laboratories across the 
world, therefore helping to secure global 
food safety.
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The LCGC Blog: 
Automated Dynamic 
Liquid–Liquid 
Microextraction 
(DLLME)—Improve 
Sample Extraction, Buy 
Some Time, and Reduce 
Environmental Footprint

The improved performance of chromatographic detectors, most notably 
mass spectrometers (MS), has enabled many advances in analytical 
science, however, one such advance may be given less prominence than 
perhaps it should.

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

Depending on the sample preparation 
application, this limitation in sample 

Typically, the volumes of liquid handled 
by automation “robots” are limited. 
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volume, alongside speed with  
liquids, can be handled. The achievable 
sample enrichment factors mean that 
smaller‑scale liquid handling robots  
have been excluded from many important 
areas of analysis.

That has now changed significantly.  
We need to consider the positive 
implications that this may have on 
the quality, safety, and efficacy of our 
analytical measurement.

In the past decade, the sensitivity  
of mass spectrometric detectors (for 
example, triple quadrupole [QqQ]  
systems) has improved vastly, and an  
order of magnitude or greater increase  
in sensitivity has been achieved.  
Instrument manufacturers demonstrate 
sub‑femtogram instrument detection 
limits (IDL) for gas chromatography–mass 
spectrometry (GC–MS) systems, and  
even single quadrupole GC–MS  
instruments are now capable of IDLs  
in the single‑digit femtogram range. 
Triple quadrupole detectors used with 
high performance liquid chromatography 
(HPLC) that have electrospray atmospheric 
pressure ionization sources are stated  
to have IDLs in sub 100 femtogram  
with several claiming limits of half as  
much.

hazard to the operator
• Attendant dangers of flask droppage or 

spillage
• Manual shaking or even shaking with an 

orbital mixer produces variable results.

The extracting solution needs to be 
pre‑concentrated prior to injection, and 
this stage is highly prone to contamination 
and irreproducibility.

How Does this Enable the Use of 
Fully Automated, Online Sample 
Preparation Systems to Perform 
Trace Analysis?
The sample volume for typical, online 
sample handling robotics is usually  
less than 50 mL, because of the way  
in which syringes or low‑volume 
pipettes are used for sample transfer 
and manipulation. This affects the speed 
with which this can be achieved. The 
instrument needs to achieve either a very 
high sample enrichment factor or very 
low detection limits. The combination of 
the improvement in mass spectrometric 
detector sensitivity with the introduction 
of extraction techniques—primarily the 
so‑called microextraction techniques—
means that sample preparation is now 
possible using automated online systems. 
Previously, this could only be achieved 
using traditional liquid–liquid or large 
volume solid‑phase extraction (SPE).

So Why is This Important to Us?
Anyone who has laboured with manual 
sample extraction using shake flask 
techniques will know that these are fraught 
with issues, including the following:
• Large volumes of organic solvent 

are typically required, which is both 
environmentally damaging and a health 

Automated, online sample preparation 
is capable of overcoming all of these 
disadvantages and achieving very low 
detection limits with only limited sample 
volumes. When operated in parallel 
processing mode, it can reduce the 
required sample preparation time to below 
the duty cycle time of the chromatographic 
system—improving throughput alongside 
the benefits of improved reproducibility. 

Aqueous sample Add Dispersive solvent Add Extracting solvent Create emulsion

Remove extract and inject onto GC-MS Centrifuge to separate phases Mix to promote LLE

(Sample size: 6 mL) (IPA, MeOH, Acetone) (DCM, Chloroform, DCM/Pentane)

(Vortex 1 min @ 3000 rpm)(1 min @ 4500 rpm)(1 μL or LVI)

Figure 1: Schematic representation of the DLLME process.
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The benefits of improved accuracy, 
reproducibility, and reduced contamination 
are often associated with automated 
sample preparation.

Due to the increased detector selectivity 
associated with MS detection, where 
analyte signals may be selectively 
extracted using mass filtering, a general 
move towards simplification of sample 
preparation operations has been found. 
The number of applications published that 
use simple liquid–liquid extraction has 
markedly increased.

One such microextraction technique that 
is rapidly gaining in popularity is dynamic 

liquid–liquid microextraction (DLLME). The 
principle of the technique (which is distinct 
from traditional liquid–liquid extraction 
approaches), the facile sample processing 
paradigm, and the extraction and 
enrichment benefits are very impressive.

DLLME uses a small volume of immiscible 
extracting solvent to form an emulsion 
of micro‑droplets within the sample. 
This presents a very high surface area 
for analytes to partition into. In order to 
increase the “contact” between the two 
phases, a disperser solvent is used, which is 
highly miscible with both phases and serves 
to reduce the interfacial tension between 
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Figure 2: Typical responses from a simple design of experiments (DoE) approach to DLLME 
optimization.

6495C TRIPLE 
QUADRUPOLE 

LC/MS
The highest per formance LC/TQ avai lable 
with Agilent ’s third generation iFunnel design, 
ideally suited for peptide quantitation as well 
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extended mass range, and ease of maintenance 
with VacShield technology, and the power and 
flexibility of MassHunter, makes this the system 

of choice for demanding applications.

Agilent Technologies, Inc.
Santa Clara, CA.
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the sample and extracting solvent. After 
addition of the extracting and disperser 
solvents, the sample is vigorously mixed or 
vortexed to affect extraction. Importantly, 
due to the very high surface area contact, 
the time taken to reach equilibrium 
(maximum extraction) is relatively short. 
Following extraction, the sample is 
vortexed and the extracting solvent 
aspirated for subsequent analysis.

DLLME is used with aqueous samples and 
an organic extracting solvent. However, it is 
also possible with a slight adaptation to the 
approach, to extract analytes from organic 
samples with aqueous solvents. Crucially, 
the technique can achieve high enrichment 
factors as only a relatively small volume of 
extracting solvent is used and an increase 
in analyte concentration of 10–50× is 
typical.

A schematic representation of the DLLME 
process is shown in Figure 1.

Implementation of automated online 
DLLME has required the development 
of several novel robotic tools that are 
worthy of further note. In order to rapidly 
transfer fairly large amounts of sample, 
pipetting tools are required to achieve 
sample transfer in reasonable time frames. 
Vortex mixing is crucial in order to affect 
speedy and reproducible extractions, and 
therefore, an automated vial vortexing 
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tool is required. The development of a 
solvent‑safe automated centrifuge  
is required to break the emulsion and  
form extractant sediment within the well  
of a high‑recovery vial (where the 
extractant is denser than the sample). The 
final injection solution is aspirated from 
here.

Typically, the automated DLLME process 
can be performed in a comparable 

factors typically considered in this stage 
might include:
• The volume of sample (1–30 mL*)
• Nature** of volume of extractant  

(100–500 μL)
• Nature*** and volume of disperser  

(5–10× extracting solvent volume)
• Sample pH adjustment (to promote 

extraction from aqueous to organic 
solvents, pH may be adjusted to reduce 
the degree of ionization of target 
analytes)

• Effects of salt addition (increasing  
the electrolytic strength of an  
aqueous sample can help promote the 
partition of polar analytes from  
an aqueous phase into an organic 
extractant)

• Vortex or mixing (extraction) speed and 
time (typically a few seconds to a few 
minutes)

• Injection volume (note that large volume 
injection GC can be used to improve 
detection limits even further, with most 
modern GC system having the ability to 
injection up to 1000 μL of the sample).

Notes:
* The volumes shown above are typical but 
will vary depending upon the sample type, 
desired degree of enrichment etc.
** The full range of aqueous immiscible 

timescale to the chromatographic 
run time. With batch preparation or 
parallel processing modes, the sample 
preparation time for multiple samples is 
considerably shorter than the combined 
chromatographic analysis time for all 
samples.

This high‑speed aspect is also  
important when considering method 
development and optimization. The  

organic solvents are available to use as the 
extracting solution.
*** Typical disperser solvents include 
isopropanol, acetone, methanol, 
acetonitrile, and dichlorobenzene.

Due to the very fast sample extraction, 
it is possible to optimize the DLLME 
procedure using a one‑factor‑at‑a‑time 
(OFAT) approach. Several publications 
cite the use of this experimental design 
to more efficiently arrive at the optimum 
experimental conditions. A simple example 
is shown in Figure 2.

Alongside the parameters considered 
in Figure 2, length of extraction time was 
not found to be a significant factor in 
the range 0.6 s to 5 min, indicating, for 
this application, the high speed and the 
efficiency of the DLLME technique.

Figure 3 shows the MRM chromatogram 
and calibration curve produced following 
DLLME sample preparation of aldrin as 
part of a suite analysis of organochlorine 
pesticides (OCPs) and polychrorinated 
biphenyls (PCBs) from surface water, for 
which the figures of merit achieved are also 
shown.

Despite the judicious choice of extracting 
solvent, sample pH, and electrolytic 
strength optimization, the fact remains 
that liquid–liquid extraction is not a highly 
selective sample preparation technique. 

Figure 3: Results from the validation of OCP and PCB DLLME sample extraction and 
subsequent analysis with GC–MS/MS.
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sensitive, and fully automated online 
technique. To help justify the rather bold 
statements made in the title of this piece, 
Figure 4 shows a graphical representation 
of some proposed advantages of the 
DLLME technique for an application based 
on a manual liquid–liquid extraction 
using 50 mL of DCM and 400 μL for the 
automated method.

Automated DLLME is a technique 
that can exploit the improvements 
in mass spectrometric sensitivity and 
microextraction techniques to deliver 
benefits in speed, quality, and efficacy 
of sample extraction and enrichment. 
Significant solvent reduction, in comparison 
to traditional approaches, can positively 
impact the environmental footprint.

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 

combined in a rapid and automated 
fashion to produce highly selective and 
concentrated sample extracts. This may 
be an advantage when using LC–MS/MS 
techniques.

The DLLME process is versatile and can 
be applied to any situation in which liquid–
liquid extraction is typically used. It can 
transform a manual and time‑consuming 
sample preparation method into a rapid, 

However, as mentioned above, the use of 
the more highly selective triple quadrupole 
mass spectrometric detectors can help 
to mitigate this. It is also possible to 
combine the use of DLLME with more 
highly selective μSPE or molecularly 
imprinted sorbent (MIP) extraction, where 
the benefits of semi‑targeted sample 
enrichment and the more highly selective 
micro‑sorbent extraction can also be 

E-mail: tony@crawfordscientific.com
Website: www.chromatographyonline.
com

Figure 4: Comparison of manual liquid–liquid extraction and automated DLLME approaches 
to sample extraction.
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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, developing CHROMacademy 
as a means to provide high quality 
online education to analytical chemists. 
His current research interests include 
HPLC column selectivity codification, 
advanced automated sample 
preparation, and LC–MS and GC–MS for 
materials characterization, especially in 
the field of extractables and leachables 
analysis.
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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

Complete GC & GC–MS
27 April–1 May 2020
TBC
Website: www.anthias.co.uk/
content/1-day-absolute-basics-gc-
gc-ms-0

The GC & GC–MS Clinic
30 April–1 May 2020
TBC
Website: www.anthias.co.uk/
training-courses/hands-on-
advanced-injection

Absolute Basics of 
Chemometrics
14 February 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.
co.uk/training-courses/basics-
chemometrics

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

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

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

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

Hands-On HPLC and LC–MS 
Troubleshooting
28 February 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/handson-LC-
Maintenance

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

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

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

Please send your event and training 
course information to Kate Jones 
kjones@mmhgroup.com

http://www.chromacademy.com/gc-training.html
http://www.crawfordscientific.com/training-consultancy/gc-training/gc-troubleshooting-and-maintenance
https://www.anthias.co.uk/content/5-day-complete-gc-gc-ms
https://www.anthias.co.uk/content/2-day-gc-gc-ms-clinic-1
http://www.chromacademy.com/hplc-training.html
http://www.chromacademy.com/mass-spec-training.html
http://www.chromacademy.com/hplc_troubleshooting.html
http://www.crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
https://www.anthias.co.uk/training-courses/handson-LC-LCMS-troubleshooting
http://www.chromacademy.com/sample-prep-training.html
http://www.chromacademy.com/basic-lab-skills-training.html
http://www.chromacademy.com/infrared-training.html
http://www.anthias.co.uk/training-courses/basics-chemometrics
mailto:kjones@mmhgroup.com
http://www.chromatographyonline.com
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Event News
29–31 January 2020
16th International Symposium on Hyphenated Techniques in Chromatography 

and Separation Technology

Conference Center ‘Het Pand’, Ghent, Belgium

E-mail: htc16@kuleuven.be

Website: https://kuleuvencongres.be/htc16

31 March–3 April 2020
Analytica Conference 2020

Messe München, Munich, Germany

E-mail: info@analytica.de

Website: www.analytica.de

5–8 April 2020
36th International Symposium on Microscale Separations and Bioanalysis

Conference Center “Le Grand Large”, Saint-Malo, Brittany, France

E-mail: info@msb2020.com

Website: www.msb2020.com

24–29 May 2020
44th International Symposium on Capillary Chromatography and 17th GC×GC 

Symposium

Congress Centre, Riva del Garda, Italy

E-mail: meeting@rivafc.it

Website: http://iscc44.chromaleont.it

http://iscc44.chromaleont.it/slider.html
mailto:htc16@kuleuven.be
https://kuleuvencongres.be/htc16
mailto:info@analytica.de
http://www.analytica.de
mailto:info@msb2020.com
http://www.msb2020.com
mailto:meeting@rivafc.it
http://iscc44.chromaleont.it
http://www.chromatographyonline.com
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