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The Truth about the 
Global Helium Shortage
Incognito dons his deerstalker to investigate the truth behind the headlines.

Anyone using gas chromatography (GC) in 
Europe or the US will have noticed that helium 
(the most popular carrier gas for capillary gas 
chromatography) prices continue to rise, and 
most providers are limiting the volumes that 
can be bought. This, as usual, has led to much 
speculation about a “helium crisis”.

This is the third “helium crisis” since 2010 
(1), and speculation is rife over the future of 
the carrier gas, leading to many articles in the 
popular press (2–5) on conversion from helium 
to hydrogen carrier gas, which can be produced 
in the laboratory through the electrolytic 
decomposition of water or pressure swing 
adsorbtion technology.

I decided to do a little more digging into 
the supply issues we continue to suffer, in the 
hope that we can make an informed decision 
whether to call our local hydrogen or nitrogen 
gas generator manufacturer. I’ll start by saying 
that my research has brought forth some widely 
differing information, however, I believe what is 
written below represents a true picture of the 
situation that we face.

Helium Sources and Extraction
The main source of helium production is 
via the radioactive decay of uranium and 
thorium, which gives rise to alpha particles that 
subsequently gain electrons to form helium 
atoms. As shown in the reaction scheme, He-4 
is the most abundant isotope.

238
92

234
90

4
2U→ Th + He

 
[1]

However, the half-life of U-238 is around 
4.5 billion years, and given that the Earth is 
estimated to be 4.7 billion years old, the uranium 
we have on Earth presently has taken since the 
dawn of time to produce and accumulate. Put 
another way, only a vanishingly small amount 
of “new” helium is produced on an annual 
basis and therefore, helium is rightly accorded a 
“non-renewable resource” status.

The helium-4 formed through underground 
radioactive decay is typically released into the 
atmosphere (and subsequently quickly lost 
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into space) through permeable rock; however, 
where the rock is impermeable, the helium is 
trapped alongside natural gas deposits. The 
concentration of the helium in natural gas 
deposits varies widely from 0.01% to 10% v/v, 
and a field containing as little as 0.3–0.5% v/v 
helium is considered economically viable for 
helium recovery. 

Natural gas needs to have key impurities 
(typically nitrogen, water vapour, carbon dioxide, 
helium, and other non-combustible materials) 
removed in order to increase its potential 
heat energy and enable its use in combustible 
applications. When the natural gas contains 
more than around 0.4% v/v helium, it is first 

sprayed with monoethanolamine to remove CO
2
 

and is then passed through a molecular sieve 
to remove water vapour followed by activated 
charcoal to remove any heavy hydrocarbons. 
This process removes all species that may solidify 
and plug the cryogenic processing equipment 
used to extract the helium.

Cryogenic high-pressure fractional 
distillation is then used to separate helium 
and nitrogen from methane and subsequently 
cooled in a condenser to separate the crude 
helium (which contains 50–70% helium, 
1–3% residual methane, small quantities 
of hydrogen and neon, and the remaining 
balance is nitrogen).

Cryogenics (including MRI 
Scanners) (30%)

Diving (4%)

Leak detection (5%)

Pressurising and
purging (6%)

Semiconductor manufacturing 
and controlled atmosphere (9%)

Engineering/scientific
applications (6%)

Welding (9%)

Analytical and labratory 
applications (14%)

Lifting gas (17%)

Figure 1: US helium consumption by application area 2015. (US Geological Survey Minerals 
Yearbook - Helium 2015).
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This crude helium is then cooled to -315 ºF 
where the nitrogen and remaining methane 
condense and are drained off. Air is then added 
and warmed in the presence of a catalyst, 
causing hydrogen to react with oxygen from 
the air to form water vapour, which can be 
condensed through cooling and drawn off. 

A pressure swing adsorption (PSA) unit is 
then employed to separate high purity helium 
(99.99%) from any remaining impurities by 
selective removal using microporous adsorbents 
(6).

Where helium concentrations within the 
natural gas deposits are low (typically below 
0.3% by volume), companies use more 

advanced, multi-bed PSA technology to recover 
the helium in an economically viable manner (7).

There is an equilibrium concentration of 
5.2 ppm in the Earth’s atmosphere, however, at 
this level the economics of large-scale recovery 
(via air liquification) of industrial quality helium 
are challenging; estimates of 10,000 times more 
expensive than refining from natural gas sources 
have been postulated (8).

It should be noted that alternative opinions 
exist on the source of helium production and 
there is a school of thought that production is 
mantle-driven, coming from much deeper in the 
Earth, rather than being formed in rock deposits 
nearer the surface, and because it’s so light it’s 

Canada
2.0 billion cubic metres

Qatar
10.1 billion cubic metres

Russia
6.8 billion cubic metres

Algeria
8.2 billion cubic metres

China
1.1 billion cubic metres

USA
20.6 billion cubic metres

Figure 2: Global helium resources (U.S. Geological Survey, Mineral Commodity Summaries, 
February 2019, data correct as of 2018).
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able to make its way up to the surface where it’s 
stored with natural gas (9).

Helium must be cooled to almost absolute 
zero (-425 ºF) if liquefication is required for 
storage, shipment, or use. 

As you will know, there is no way to 
chemically manufacture helium.

Uses of Helium
Figure 1 shows the main uses of helium in the 
United States (it should be noted that the relative 
percentage usage figures from other information 
sources vary significantly).

In magnetic resonance imaging (MRI) 
medical applications, helium is used as a 

coolant for the superconducting magnets 
that are used to produce high resolution 
images of internal organs. Most of us will also 
be aware that nuclear magnetic resonance 
(NMR) laboratory spectrometers also use 
superconducting magnets, which also require 
helium for cooling.

Helium is used in large airships and of course 
for party balloons. It is also used alongside fuel 
within rockets and to pre-cool liquid hydrogen 
in the fuel tanks of space vehicles. The Saturn 
V rocket is estimated to have used 370 
thousand cubic metres of helium to launch.

Helium is used extensively in the manufacture 
of silicon wafers used in semiconductor chip 

250.0

200.0

150.0

100.0

50.0

0.0
2020 2021 2022 2023 2024 2025 2026 2027

Demand (million cubic metres)Supply (million cubic metres)

Figure 3: Helium supply and demand projections 2020–2027 (U.S. Geological Survey, Mineral 
Commodity Summaries, February 2019, data correct as of 2018) (data adapted from reference 10).
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manufacture due to its highly inert nature. It is 
also used for cooling in quantum computing and 
is reported to increase the storage capacity of 
computer hard drives by up to 50% when used 
to fill the drive housing.

Helium is used as a shielding gas in tungsten 
arc welding for applications where, at high 
temperatures, the weld joint will be weakened by 
the presence of nitrogen or oxygen. Even though 
the use of argon as a shielding gas would be less 
expensive, materials with higher heat conductivity, 
such as aluminium or copper, benefit from the 
increased heat conductivity of helium during the 
welding process. 

Because helium diffuses through solids three 
times faster than air, it is used as a tracer gas to 
detect leaks in high-vacuum equipment (such as 
cryogenic tanks) and high-pressure containers. 
The tested object is placed in a chamber, which 
is then evacuated and filled with helium. Any 
escaping helium is detected by a sensitive helium 
mass spectrometer (MS), even at very small leak 
rates. Handheld devices are also available for this 
process.

Helium is used to reduce the proportion of 
nitrogen and oxygen to below those of air in 
breathing gas mixtures used by deep sea divers. 
A lower proportion of nitrogen is required to 

300
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Figure 4: Crude helium prices ($ per 30,000 cubic metres, 1 million cubic feet) achieved by US 
Bureau Land Management 2016–2019 (Helium – Macro View Update, February 2019, Edison 
Investment Research).

reduce nitrogen narcosis and other physiological 
effects of nitrogen at depth.

The large hadron collider at Conseil 
Européen pour la Recherche Nucléaire (CERN) 
in Switzerland uses 1000 superconducting 
magnets to bend high energy particles around 
its 16-mile circumference. In order to maintain 
a high electrical current with zero electrical 
resistance, the magnets need to be cooled 
to -452 ºF. To achieve this, 130 metric tons of 
liquid helium are required, which is equivalent to 
768,000 cubic metres of helium gas.

Of course, of primary interest to readers, is 
that we use helium as the carrier gas of choice 
for capillary gas chromatography applications.

Geographic Locations and Production
Figure 2 shows estimated major helium 
resources as of 2018. 

The total estimate of global reserves of helium 
in 2018 were 51.9 billion cubic metres including 
minor deposits in Poland and Australia (not 
shown in Figure 2).

The US National (sometimes called Federal) 
Helium Program Reserve (currently administrated 
by the US Bureau of Land Management) is 
held at the Cliffside Storage Facility in a natural 
underground facility (often called the Bush 
Dome) located in the Texas Panhandle, near 
the natural gas fields around Amarillo. It was 
established in 1925 due to the high helium 
content (1.9% by volume) of the natural gas 

fields in the surrounding area. The reserve 
mainly stores crude helium, which is piped from 
several fields over many hundreds of miles, 
most notably from the Bushton reserves located 
425 miles away in Kansas.

A further large facility in La Barge, Wyoming, 
is a major producer of helium accounting for 
43% of US helium production and 31% of 
global production between 2000 and 2012 (10). 
Estimated production of helium in the US in 
2018 is 90 million cubic metres (10).

The Qatari production facility is based in Ras 
Laffan Industrial City 80 miles north of Doha, 
and is the largest of Qatar’s liquified natural 
gas production plants. Ras Laffan plants 1 and 
2 are reported to be capable of producing 
(19.8 + 45.9) 65.7 million cubic metres per 
annum. A further plant in Qatar (Ras Laffan 
3) is due to come on stream in 2021 with 
a production capability of 12 million cubic 
metres, bringing Qatar’s production capability 
to around 77 million cubic metres per annum 
(11). 

The Skikda and Arzew facilities in the north 
of Algeria have a production capacity of around 
8 million cubic metres of helium per annum, 
although this is regulated to an estimated 
total production capacity of 16 million cubic 
metres due to safety concerns after accidents 
at the facility (12). Recent new investment 
announcements (2018) were made to 
significantly increase Algeria’s helium production 
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capabilities, although estimates of the new 
production capabilities were not available (13).

The Orenburg helium production facility 
in south-east Russia is estimated to have a 
production capacity of 8.8 million cubic metres 
(14), although several new production facilities 
in Amur and Yaraktinsky with an estimated total 
production capacity of 67 million cubic metres 
are planned to come on stream between 2021 
and 2024 (15).

In 2016, interest was reinvigorated in very 
large deposits of helium in the Rift Valley region 
of Tanzania. This is principally due to the very 
high concentration of helium, up to 18% by 
volume, which is delivered by geothermal activity 
and is typically carried by nitrogen rather than 
being associated with natural gas deposits. In 
volcanic areas such as the Rift Valley, the trapped 
helium can be liberated through weaknesses 
in the Earth’s crust and bubble up through hot 
springs. The Tanzania deposits are estimated 
to contain as much as 3.5 billion cubic metres 
of helium and the latest reports estimate that 
production in the region may come on stream 
as early as 2020 (16).

Is There Really a Shortage? 
In the early- to mid-20th century helium was 
considered by the US Government to be of 
strategic military importance for dirigibles 
and barrage balloons, and latterly for cooling 
applications. The Mineral Leasing Act of the 

1920s reserved all helium production for 
US Government use, whilst the Helium Acts 
Amendment of 1960 allowed the US Bureau 
of Mines to arrange for five private plants to 
recover helium from natural gas, effectively a 
government purchase of the helium stockpile. 
By 1995 however, the National Helium Reserve 
was $1.4 billion dollars in debt and the Helium 
Privatization Act of 1996 mandated that the 
helium reserve should be sold off in order to 
pay down these debts. The hope was that by 
2015 the reserve would have been sold off 
and that private industry would establish new 
sources of helium to satisfy demand. Critically, 
the pricing for the auctions of the reserve were 
set below market value in order to ensure that 
the debt was paid off quickly, keeping global 
pricing relatively low, however, ongoing costs 
of production and maintenance of the reserve 
have led to unpredictable price adjustments 
up to market levels, affecting the helium price 
globally. The interest of private industry in helium 
production did match the 1996 expectations of 
the US Government, and in 2013 the Helium 
Stewardship Act was signed into law, allowing 
sales from the National Helium Reserve to 
continue to September 2021, effectively ending 
federal involvement with the reserve at that 
time. This act effectively slowed the sale of 
federal helium and allowed the Bureau of Land 
Management to auction the gas at higher prices. 
The bill prevented the federal government from 

undercutting private producers, thus encouraging 
more sources of helium production to go online.

In June 2017, several countries in the Middle 
East suspended their trading and political 
relationships with Qatar, due to its alleged 
support of terrorism. Qatar distributed its helium 
through a large port in the United Arab Emirates, 
which entailed it travelling through Saudi Arabia. 
Both countries were involved in the embargo 
of goods from Qatar and therefore production 
from the Ras Laffan facility was suspended for 
three weeks and the new distribution route—
once supplies became available due to plant 
recommissioning time—via Oman is more 
expensive.

The shortages of helium in 2017 caused the 
Russian Government to embargo all helium 
production for use within Russian territories.

Whist figures vary widely, here is a summary 
of the global helium situation as far as I can 
determine:
Consumption (Estimated):
157 million cubic metres per annum (2016) (17)
157 to 188 million cubic metres estimated for 
2019 based on various growth scenarios (18)
Production (Estimated):
160 million cubic metres (2018) (10)
Global Resource (Estimated):
51.9 billion cubic metres (10)

So, by these estimates, we have global reserves 
for the next 324 years of consumption based 
on recent usage, indicating that a catastrophic 
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However, dwindling reserves in the US and 
the geopolitical factors associated with helium 
production and distribution will mean that 
supply volumes versus consumption will be 
tight for the next few years, even if planned 
production increases in Qatar, Russia, and 
Algeria come online according to schedule. If 
production from the geothermal spring sources 
in Tanzania is successful, and depending upon 
the production capacity achieved, then this 
shortfall of supply may be alleviated.

Given ongoing uncertainty in the geopolitical 
landscape, the risk of new production facilities 
coming onstream according to schedule, and 
no prospect of helium pricing coming down in 
the near future, I may just give my gas generator 
manufacturer a call and start the conversion on 
my GC and GC–MS instruments. How about 
you?
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Knauer Aids Homeless Charity
Knauer employees have used their annual “Social Day” to work 
with the Berlin City Mission and support the city’s homeless. 
Armed with a check worth €1700 raised to financially support the 
institution and a large amount of clothing, the Knauer employees 
undertook a range of activities to support those living on the 
streets of the German capital during the cold winter season.

“As a City Mission, we emphasize the importance of meeting 
the needy at eye level and with respect. We are happy about any 
support for our work,” said Ute Rastert, Berlin City Mission.

Clothing donations were the focus for the Knauer employees as 
they continued their charity work at the “Textile Harbour” where 
they learned about the Berlin City Mission’s work first hand. In the 
“Textile Harbour“, the clothing donations for the needy are sorted 
and processed. It is here that they determine which textiles can be 
sold as second-hand goods for money, which can be used directly 
for, and which can be recycled or upcycled.

The group were involved in the recycling of textiles that can no 
longer be used directly. For example, upcycling old T-shirts into 
practical bags or potholders that can then be used again and sold 
by the Berlin City Mission.

“Homeless people often stay below radar level in everyday life. I 
learned a few new things there—including how to support those 
who work directly with homeless people on a daily basis,” said 
Corinna Johannisson, Knauer.

For more information on Knauer or the Berlin City Mission and 
their charity work, please visit: www.knauer.net or www.
berliner-stadtmission.de

Popular “Grass Roots” Event 
Goes Back to HPLC Basics
The Chromatographic Society (ChromSoc) have announced the return of their popular “Grass Roots” event series, and 
a return to the subject of “Liquid Chromatography Fundamentals” following many requests for another iteration of the 
original 2016 course. The event will be held in Ambleside at the University of Cumbria, UK.

The series was born out of the ChromSoc’s Diamond Anniversary celebrations back in 2016 and was aimed at graduate 
students and novice chromatographers from industry. Following the success of the initial course, held in Grasmere, in the 
Lake District, UK, the society has continued to hold the events, with each one focusing on a different topic, including small 
molecule method development and biopharmaceutical analysis.

The course will be a four-day event relevant to postgraduate students and novice industrial chromatographers, focusing 
on the fundamentals of liquid chromatography (LC) and how this can be applied practically in industry and academia. 
Lectures will include understanding the importance of molecular physicochemical parameters in chromatography, 
core approaches to manipulating chromatographic selectivity and resolution, chromatographic modes, understanding 
LC instrument operation (including hands-on activities with high performance liquid chromatography [HPLC] and 
ultrahigh-pressure liquid chromatography [UHPLC] instruments), fundamental sample preparation approaches, and gradient 
chromatography.

The event will be delivered by a number of chromatographers with extensive training and industrial experience including 
Mel Euerby (Shimadzu), Tony Taylor (Crawford Scientific), Tony Edge (Agilent), and Paul Ferguson (AstraZeneca). While 
the meeting will be primarily educational, there will also be extensive opportunities for networking and a walk in the 
countryside of the Lake District, which is a World Heritage Site.

Funding from the ChromSoc, Shimadzu, YMC, and the Royal Society of Chemistry Separation Science Group has been 
made available to provide full funding for a limited number of UK-based postgraduate researchers (PhD/D.Phil) to attend. 
Additionally, ChromSoc are providing industrial bursaries for postdoctoral researchers, lecturers, and chromatographers 
working in small- and medium-sized companies.

Further information and the event registration link can be found on The Chromatographic Society’s website at https://
chromsoc.com/event/grass-roots-2020/
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LCGC is proud to 
announce that Ryan 
T. Kelly is the winner 
of the 2020 HTC 
Innovation Award. 
Kelly was honoured 
at the International 
Symposium on 

Hyphenated Techniques in Chromatography 
and Separation Technology (HTC-16) in 
Ghent, Belgium, on 31 January 2020 for 
his outstanding contributions to the field 
of microcolumn separations involving 
considerable hyphenation.

“Kelly is truly an exceptional separation 
scientist. He has made outstanding 
contributions to the field of microcolumn 
separations, developing innovative 
hyphenated separation techniques,” said 
Mike Hennessy Jr, president and CEO of MJH 
Life Sciences, the parent company of LCGC 
Europe. 

Kelly joined Brigham Young University, 
in Utah, USA, as an associate professor in 
2018 in the Department of Chemistry and 
Biochemistry. He also serves as a scientist 

in the Environmental Molecular Sciences 
Laboratory at Pacific Northwest National 
Laboratory in Richland, Washington, USA. 

His research is focused on the development 
of new technological solutions in separations, 
microfluidics, and molecular science 
for improved biochemical analyses. He 
has developed ultrasensitive nano liquid 
chromatography–mass spectrometry  
(LC–MS) using narrow-bore (20 µm) 
separation columns in combination with 
MS for bioanalysis, 2D-LC–MS, and LC-ion 
mobility spectrometry-MS for proteomic 
analysis of trace samples including single 
cells. He also develops microfluidic sample 
preparation strategies for these trace samples. 

“I am truly honoured to receive the 
prestigious HTC Innovation Award. It is such 
a privilege to see the efforts of my research 
team in ‘nano LC–MS and multidimensional 
separations as applied to trace biological 
samples’ receive this recognition from experts 
in the field,” said Kelly.

In addition to Kelly’s research, he is 
an author of nearly 90 publications, 
with a combined 3300 citations, and an 

inventor of 11 issued and pending patents, 
several of which have been licensed and 
commercialized by companies, including: 
Bruker Corp., BaySpec Inc., and Ardara 
Technologies. His work has also been 
recognized with two R&D 100 Awards 
from R&D Magazine, a Federal Laboratory 
Consortium Award for Excellence in 
Technology Transfer, and the 2019 Georges 
Guiochon Faculty Fellowship Award from the 
HPLC Symposium.

While discussing the future Kelly described 
his team’s plans to “work on improving 
measurement sensitivity and proteome 
coverage for single cells through further 
improvements in sample processing, 
separations, and mass spectrometry.”

“We are also working to increase 
measurement throughput and to develop 
lower cost solutions for preparation and 
analysis of trace samples to facilitate broad 
dissemination of the technology,” continued 
Kelly.

For more information on HTC-16 or the 
HTC Innovation Award, please visit: https://
kuleuvencongres.be/htc16 

LCGC Europe Announces 2020 HTC 
Innovation Award Winner

Waters Announces 2020 
Biopharma Events

Waters Corporation (Milford, 
Massachusetts, USA) has announced 
a series of biopharmaceutical 
events for 2020, beginning with the 
Biopharma Roadshow Series. The 
events will focus on a number of 
short talks from Waters customers, 
and their guest partners Wyatt 
Technologies and ProteinSimple as 
well as Waters own specialists.
Topics include:
• An Introduction to Analytics of 

Cell and Gene Therapies  
• Direct Ion Exchange Mass 

Spectrometry—User Experiences 
• Troubleshooting Carryover in 

Biomolecule Separations 
• New Workflows for 

Oligonucleotide Analysis 
• Case Study in High Throughput 

Intact Mass Screening

The first event dates have been 
announced as Wednesday 18 March 
2020 at the Babraham Research 
Campus, Cambridge, UK, and 
Thursday 19 March 2020 at the York 
Railway Museum, York, UK. For 
more information on these events 
and future events, please visit: 
www.waters.com

News
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•  The LCGC Blog: Thinking Out of the Box on Headspace Sampling for Gas Chromatography—I’m 
frustrated with static headspace sampling! There have been several instances recently when my 
groups have been faced with challenges in which static headspace has not been able to deliver an 
analytical solution or has taken an inordinate amount of time to optimize. Read Here>>

•   The Basics of HPLC Peptide Analysis—To fully characterize a protein biopharmaceutical, 
it must be broken down into smaller segments (peptides). Several high performance liquid 
chromatography (HPLC) techniques can be used to provide a wealth of information on everything 
from post-translational modifications (PTMs) to the glycoprofile to information on similarity when 
characterizing biosimilars. Read Here>>

•    Determination of Seventeen Phytocannabinoids in Various Matrices by UHPLC–HRMS/
MS—A simple UHPLC−HRMS/MS method to determine seventeen phytocannabinoids was 
developed and validated for Cannabis plants, resins and their extracts, and oils. The analysis was 
challenging because of the complexity of matrices, the large differences in the concentration of 
phytocannabinoids and their pattern in various cultivars, and the structural similarity of these 
analytes. Read Here>>

•    Gas Chromatography Tips & Tricks—Is your gas chromatography system functioning as well as 
it could be? Are you taking advantage of the latest innovations in this analytical technique? In this 
e-book, experts explore troubleshooting tools and resources for GC users. 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>>

•    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. Read Here>>
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News In Brief
Restek Accepts Trailblazers Award
Restek Corporation (Bellefonte, Pennsylvania, 
USA) has accepted “The Trailblazers–Team 
Award” during the IFS World Conference for its 
implementation of IFS Applications Software.

“This is a wonderful recognition for a team 
that worked very hard over the last three years,” 
said Nathan Gerst, Restek operations project 
manager, who accepted the award.

IFS Applications is a cloud-based enterprise 
resource planning (ERP) solution that helps 
businesses integrate data and processes across 
multiple departments and locations.

For more information, please visit: www.
restek.com

Shimadzu Hosts Free Cannabis Seminar
Shimadzu are running a free Cannabis Testing 
Seminar at the Shimadzu UK Centre of Excellence 
in Milton Keynes, UK, on 27 February 2020. The 
seminar will cover insights into: 

• Sample Preparation in Complex Matrices
• The Importance of Cannabis Potency   

 Testing
• Terpene and Residual Solvents Analysis
• Comprehensive Pesticides Testing 

For more information, please visit: www.
shimadzu.co.uk/cannabis-seminar
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A Simplified Method 
to Determine Total 
Sulphite Content in 
Food and Beverages via 
Ion Chromatography

Sulphite is a preservative added to a vast range of foods and beverages to 
prevent browning or oxidation. Some individuals are sensitive to sulphite 
additives and may experience a range of allergic reactions. Therefore, both 
the U.S. Food and Drug Administration (FDA) and European Union (EU) laws 
require that the presence of sulphites be declared on food labels when the 
concentration exceeds 10 mg/L. Several analytical methods exist to measure 
sulphite in food and beverages, however, they suffer from repeatability 
issues, and can be quite cumbersome to perform. A patent has been filed 
for an innovative, fast, and accurate ion chromatographic (IC) method based 
on direct current (DC) mode electrochemical detection. This article explains 
more.

Alyson Lanciki1 and Miguel Espinosa2, 1Metrohm AG, Herisau, Switzerland, 2Metrohm 
Hispania, Madrid, Spain

Sulphite (SO
3
2-) is a widely used preservative 

added to prevent browning or oxidation to 
a vast range of food and beverage products 

including meat, fish, legumes, soft drinks, 
wine, and beer (1,2). Sulphite is also a 
naturally occurring substance produced A
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during fermentation processes (2). Generally 
speaking, sulphite is an oxygen scavenger, 
resulting in formation of either sulphate (SO

4
2-) 

or sulphur dioxide (SO
2
) after the oxidation 

process, depending on the conditions (3).
Many individuals are sensitive to sulphite 

additives and some have experienced mild to 
severe allergic reactions, however, the exact 
mechanism behind this remains unknown, 
despite several hypotheses tested. Therefore, 
both U.S. Food and Drug Administration 
(FDA) and European Union (EU) laws require 
that the presence of sulphites be declared on 
food labels when the sulphite concentration 
is higher than 10 mg/L (4). For certain people, 
sulphite exposure in food has been reported to 
induce asthmatic episodes (5), though further 
tests have been performed to determine 
how this affects the asthmatic population 
specifically, as this sensitivity may have been 
overestimated in previous studies (6). 

Methods of Sulphite Measurement in 
Foodstuffs
Traditionally, the optimized Monier-Williams 
(OMW) Official Method 990.28 was 
used for quantification of sulphite in 
most matrices (7), but this method is 
time-consuming, labour-intensive, and 
has a method detection limit (MDL) at 
the regulatory labelling threshold. More 
efficient and accurate methods have been 
tested in the meantime using stabilizers 
to overcome sulphite chemical instability 
in aqueous solution followed by different 
detection techniques. Such techniques 
are based on ion chromatography (IC) 
with conductivity detection (8,9), as well 
as chromatographic methods based on 
ion-exclusion chromatography with DC 
mode electrochemical detection (10), and 
ion-exclusion chromatography with pulsed 
amperometric detection (PAD) (11).

Table 1: List of solutions needed for total sulphite analysis in foodstuffs via IC

Eluent
Sodium hydroxide 300.0 mmol/L
Sodium acetate 300.0 mmol/L
CO

2
 free ultrapure water

Rinsing solution Ultrapure water

Stock stabilization solution
Formaldehyde 1.00 mol/L
Sodium hydroxide 0.20 mol/L

Working stabilization solution
(dilution 1:1000 of stock solution)

Formaldehyde 1.00 mmol/L
Sodium hydroxide 0.20 mmol/L

Automated discrete analysis methods 
have been reported for sulphite analysis 
(12). These methods mainly focus the 
sulphite analysis on specific sample matrices 
such as wine, beer, dried fruits, and so 
on. Nevertheless, laboratories where 
sulphite analysis is required for a wide 
variety of food and beverage products 
need a single, robust analytical method 
to provide a solution. Methods based on 
IC with conductivity detection offer a lack 
of selectivity combined with an extended 
analysis time due to the need to separate 
sulphite from sulphate, as well as  
from many other coeluting organic 
interferents. 

A newer method developed by AOAC 
(Method 990.31) shifted away from 
gravimetric titration to focus on the use of 
ion-exclusion chromatography followed by 
electrochemical (amperometric) detection 
of samples after extraction in an alkaline 
medium (10). However, AOAC Method 
990.31 is not applicable to dark-coloured 
foods or ingredients because the sulphite 
is so strongly bound. The added sulphite in 
food products can bind irreversibly to the 
aldehyde groups in sugars, and therefore 
the preservative effect is reduced, especially 
in dark foods where the Maillard reaction 
has taken place (13). Some types of caramel 
coloured food additives are made with 

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 
as multiresidue applications that require ppt 
sensitivity. The combination of utmost sensitivity, 
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.

www.agilent.com/chem/6495C

LCTC0719 Agilent 1-Col Ad pr2f.indd   1 2019-08-02   8:03 AM
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other methods opt for disposable electrodes 
to avoid this step altogether (11).

Sulphite Analysis, Simplified
This article describes an innovative, fast,  
and robust IC method for the determination 
of total sulphite in food and beverage 
samples based on electrochemical detection 
(DC mode). A range of food and beverage 
products were analyzed, with sulphite 
recovery values near 100% in all cases  
under the defined method conditions.  
Using a single, robust chromatographic 
method, samples can be treated identically, 

sulphites (Caramel Colour II / Caustic Sulphite 
Caramel, and Caramel Colour IV / Sulphite 
Ammonia Caramel) (13,14), which can cause 
problems for this method. Another issue 
involves the sensitivity of the detector. After 
a few injections, fouling from contaminants 
rapidly decreases the electrode sensitivity. 
Frequent reconditioning of the working 
electrode is necessary due to a rising 
background and baseline noise, and can be 
accomplished in a couple of ways. Manual 
polishing and utilizing PAD pulse sequences 
are the most common choices to recondition 
the surface of the working electrode, while 

Method
The general analytical procedure developed 
consists of an alkaline extraction of the 
sample, then anion exchange separation via 
IC using a high-capacity stationary phase 
and a high-strength sodium hydroxide–
sodium acetate eluent, followed by DC 
mode electrochemical detection. Working 
electrode reconditioning was performed 
fully automatically after each analysis using 
a combination of techniques. A recovered 
electrode surface is automatically available 
at the beginning of every analysis, which is a 
first for LC/HPLC analysis of sulphite in these 
types of samples. 

Several foodstuff matrices (both solid 
and liquid) were tested against this method 
including chickpeas, mustard, cherries, 
capers, canned garlic, chili pepper, and red 
wine. Each sample was measured via IC 
after dilution with a stabilization solution 
(Table 1) in a 1:30 ratio (w/w), as well as 
spiked with a known amount of sulphite 
standard to determine recovery. Automatic 
integration using peak areas was evaluated 
with software. 
Stabilization Solutions: Sulphite is a highly 
unstable ion in solution. To prevent rapid 
oxidation to sulphate, it is always necessary 
to work with a stabilization solution. Fresh 
solutions must be prepared daily in order to 
achieve the most accurate and reproducible 

saving time and making laboratory work 
much easier.
Background: Sulphite analysis is a  
necessity for foods and beverages to  
be compliant with various food labelling 
regulations. Most foods and beverages 
contain residual sulphite concentrations  
within a range of approximately  
10–2000 mg/kg. For this article, a request 
arrived from two different laboratories with 
the goal of measuring total sulphite in all types 
of foodstuffs within 10 min per sample. The 
first laboratory was using high performance 
liquid chromatography (HPLC) followed by 
conductivity detection, where interferences 
from organics created several challenges. This 
method showed both a lack of selectivity 
and long analysis times due to the need to 
separate sulphite from sulphate, as well as 
from coeluting organic interferences. The 
second laboratory was using the optimized 
Monier-Williams (OMW) Official Method 
990.28 (7). Long and tedious sample 
preparation meant that two analysts could 
complete only five sample measurements 
per day. Other analytical methods also 
involve demanding sample handling steps, 
with results disadvantaged by sensitivity and 
recovery issues. Therefore, a robust, selective, 
sensitive, and fast determination method 
was needed to overcome the drawbacks of 
conventional procedures.
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Figure 1: Red wine (diluted 1:30) – original sample 86 mg/kg (black) and sample spiked with 
20 mg/kg sulphite resulting in 110 mg/kg (red), with a total recovery of sulphite calculated at 104%.
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Solid Samples: 
Solid samples should be processed by 
chopping and crushing until homogenized. 
A 1 g portion of sample was measured 
into a tared vortex tube, then the diluted 
stabilization solution was added until the 
total weight equaled 30 g (sample dilution 
1:30 w/w). After covering, the solution 
was blended in the tube for 1 min using 
an Ultra-Turrax homogenizer from IKA (or 
similar equipment), then mixed manually 
with a vortex shaker or automatically with 
high-throughput plant and animal tissue 
homogenizer. Approximately 3 mL of the 
supernatant was aspirated from below the 
lipid layer, and the sample manually passed 
through a 0.2 µm filter into a 2 mL HPLC 

results. The ultrapure water must be degassed 
prior to eluent preparation as well as for all 
other working solutions and standards. The 
stabilization stock solution can be prepared 
from commercial reagents, and then diluted 
1:1000 with degassed ultrapure water to 
obtain a working stabilization solution 
(Table 1).
Sample Preparation: All samples and 
standards were prepared with fresh working 
stabilization solution. After preparing the 
fresh stabilization solutions and preparing 
the sample extracts, samples were then 
passed through a 0.2 µm filter to prevent 
bacteria from influencing the results before 
completely filling 2 mL sample vials covered 
with a septum. 

sample vial. The sample vial was completely 
filled to avoid leaving any headspace, which 
could lead to sulphite oxidation.
Liquid Samples: 
A 1 g aliquot of sample was measured 
into a tared vortex tube, then the diluted 
stabilization solution was added until the 
total weight equaled 30 g (sample dilution 
1:30 w/w). The solution was mixed manually 
with a vortex shaker for 15 min after 
covering the tube. Approximately 3 mL 
of the supernatant was aspirated and the 
sample was manually passed through a 
0.2 µm filter into a 2 mL HPLC sample vial. 
The sample vial was completely filled to 
prevent further sulphite oxidation from the 
headspace.
Analysis: Eluent and stabilization solutions 
were prepared from degassed ultrapure 
water directly before launching the analytical 
sequence (Table 1). The sample exposure 
to air was minimized to prevent (further) 
sulphite oxidation. This includes covering the 
completely filled sample vials with a septum, 
which leads to higher recovery values and 
better reproducibility of the results. For 
longer sample series, it is recommended to 
use an autosampler that includes a cooling 
function, as this can extend the stability of 
the prepared samples to at least 24 h.

Measurements were performed on an 
ion chromatograph system (Metrohm 

930 Compact IC Flex) with a high 
capacity analytical column (Metrosep 
Carb 2 - 150/4.0 with a Metrosep Carb 
2 Guard/4.0 to protect the column [both 
Metrohm]) housed in a column oven to 
ensure a constant temperature for all 
analyses. An amperometric detector, utilizing 
a reference electrode (Ag/AgCl) and working 
electrode (Au), was utilized in DC mode for 
sulphite measurement. The detector was set 
to the same temperature as the column oven 
for the most accurate results.
Analysis Conditions for the Measurement of 
Total Sulphite via IC: 
Eluent flow: 0.5 mL/min; run time: 8 min; 
reconditioning of electrode: 2 min; detector 
mode: DC; channel measurement: current 
(nA); E(V): 300 mV; range: auto; damping: 
off; detector temperature: 35 °C; column 
oven temperature: 35 °C; sample loop 
(partial loop mode): 3 µL; sample cooling 
temperature: 6 °C.

After each chromatographic 
determination, the working electrode 
surface was fully reconditioned within 
2 min. No manual intervention was 
necessary, and there is no need to buy 
disposable electrodes. In this way, each 
analysis was performed in exactly the 
same manner, making this a robust, 
time-saving method with excellent 
reproducibility of results.
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Figure 2: Canned garlic – original sample 2 mg/kg (black) and sample spiked with 40 mg/kg 
sulphite resulting in 42 mg/kg (red), with a total recovery of sulphite calculated at 100%.
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foodstuff to be analyzed with the same 
method. Since the retention time for 
sulphite never changes with this method 
configuration, a range of samples can be 
analyzed concurrently without the need to 
modify anything.

A newly developed electrode treatment 
procedure enables this method to run 
quickly and efficiently for all kinds of 
complex matrices without fouling of the 
electrode surface, which would lead to 
non-repeatable, unreliable results. Utilization 
of an autosampler with cooling function 
extends the stability of prepared food 
samples to allow uninterrupted total sulphite 
determination for a full 24 h. With a complete 
analysis time of 10 min per sample, including 
the automatic reconditioning of the working 
electrode, this method offers the option of 
measuring total sulphite in up to 144 samples 
per day. This result is a vast improvement 
upon the current sample throughput of five 
samples per shift (or 15 samples every 24 h) 
at the contract laboratory, who were behind 
the original request to develop a new method 
for total sulphite analysis in foodstuffs.

References
1. B. Wedzicha, Chemistry of Sulphur Dioxide 

in Foods (Elsevier Applied Science Publishers, 

Barking, UK, 1984).

2. S. Taylor, N. Higley, and R. Bush, Advances in 

Results
Any kind of sample can be measured with 
this method without needing to change 
the parameters. With the newly developed 
electrode reconditioning step, a fresh working 
electrode surface is available after only 2 min, 
which fulfills the customer request of a 
complete total sulphite analysis within 10 min 
(including 8 min per chromatogram run).

It is important to remark that the 
combination of a very high capacity column 
and the eluent revealed an important 
improvement of peak resolution between 
formaldehyde and sulphite, reducing sample 
matrix effects as well as exhibiting very 
precise repeatability of retention times.

Not only is this method more robust 
than previous methods, it is also extremely 
sensitive to sulphite, as can be seen in 
Figure 1 and Figure 2. Retention times for 
these figures differ because the samples were 
analyzed in two separate laboratories with 
different setups.

Conclusions
This fast and accurate IC method overcomes 
several limitations encountered in total 
sulphite analysis based on the different 
analytical methodologies used to date and 
is valid for any kind of food or beverage 
products. The simplified sample preparation 
technique allows both liquid and solid 

E-mail: info@metrohm.com / ic@
metrohm.es
Website: www.metrohm.com/es-es 

Lanciki and Espinosa
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Chicago Bound

Chicago, Illinois, USA, will host the 71st annual Pittcon conference and exposition. Thosands of separation scientists from across the globe and from a wide 
spectrum of industries will gather at the McCormick Place convention centre to discuss, investigate, and assess the latest scientific advances in technology 
and instrumentation.

Rocco Pacella, The Pittsburgh Conference, Pennsylvania, USA

Pittcon’s host city of Chicago is more 
than just a destination for arts, culture, 
and commerce. The city boasts an 
exceptional science community, including 
over 100 academic medical centres and 
hospitals, two national laboratories, two 
science-related incubators, more than 40 
national medical and health association 
headquarters, and over 30 universities and 
colleges. The Chicago region also includes 
organizations that are integral to advancing 
the industries of energy, medical devices, 
life sciences, pharmaceuticals, information 
technology, and many more. 

Pittcon provides attendees with 
the opportunity for true academic 
collaboration with world-renowned 
researchers presenting their discoveries, 
best practices, techniques, and applications 
within the fields of liquid chromatography 
(LC) and gas chromatography (GC). This 

technical-educational programming begins 
on Saturday 29 February 2020 and the 
exhibition runs from Tuesday 3 March 
2020 until Thursday 5 March 2020.

Separation Science Symposium
A sampling of symposia with a focus on 
chromatography includes:
• Two-Dimensional Liquid Chromatography 

after 40 Years: State-of-the-Art and 
Future Prospects, organized by Dwight 
Stoll, this symposium will bring together 
experts from academic and industrial 
laboratories with experience in 2D-LC. 
Experts from pharmaceutical laboratories 
will describe ways that 2D-LC is 
impacting their workflows for small 
and large molecule analysis. Academic 
researchers will describe developments 
in instrumentation, and optimization and 
data analysis for 2D-LC.
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• To Selectivity and Beyond: Celebrating 
18 Years of the Hydrophobic Subtraction 
Model, organized by Joe Foley, will  
share the latest applications of the 
hydrophobic subtraction model, including 
(i) efficient method development in 
reversed-phase LC; (ii) orthogonal  
column selection in 2D-LC; (iii) 
accurate prediction of solute retention 
in reversed-phase LC; (iv) a critical 
comparison of phase-similar columns; 
and (v) the advantageous use of 
serially-coupled columns. 

• Implementation of Ultrahigh-Pressure 
Liquid Chromatography Methodologies 
in Drug Discovery and Development, 
organized by Michael Dong. This 
symposium will provide an overview 
of the UHPLC methodologies in 
high-throughput screening, purification, 
drug discovery research, and development 
of small molecule drugs.

• Extractables and Leachables Analysis, 
organized by Dujuan Lu, will discuss 
how extractables and leachables (E&L) 
from pharmaceutical packaging, medical 
devices, and process equipment can 
potentially pose risks to the safety, 
efficacy, and stability of pharmaceutical 
or medical products. This session will 
highlight multiple analytical techniques 
used to identify and quantify E&L, such as 

GC–mass spectrometry (MS), LC–MS, and 
inductively coupled plasma (ICP)-MS. 

Awards
Editorial director of LCGC, Laura Bush, will 
moderate the LCGC Lifetime Achievement 
and Emerging Leader in Chromatography 
Awards Symposia on the afternoon of 
Tuesday 3 March 2020. This session will 
feature major figures in the separation 
science field, including LCGC Lifetime 
Achievement awardee Daniel W. Armstrong 
and LCGC Emerging Leader awardee 
Szabolcs Fekete.

The Pittcon 2020 technical programme 
also features two significant and very 
apropos evening lectures. On Monday 
2 March 2020, Pittcon will host John A. 
Rogers as the 2020 Wallace H. Coulter 
Lecturer, presenting “Soft, Skin-interfaced 
Microfluid Systems for Capture and 
Analysis of Sweat”, then, on Tuesday 3 
March 2020, Pittcon will host Ziva Cooper 
as the 2020 Plenary Lecturer, presenting 
“Cannabis Constituents as Novel Strategies 
to Tackle the Opioid Epidemic”. 

Short Courses
Pittcon also offers its popular short 
courses continuing education programme, 
where registrants have the opportunity to 
enhance their professional, technical, and 

Pittcon Preview
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The Pittcon 2020 mobile app  
augments the overall Pittcon experience 
by providing an avenue for attendees 
to navigate all that Pittcon has to offer. 
Available for free download in the Apple 
App Store and Google Play, the Pittcon 
2020 mobile app allows users to create 
agendas, take notes, and expand their 
Pittcon experience.

Contact: Rocco Pacella
E-mail: marketing@pittcon.org
Location: McCormick Place Convention 
Center, Chicago, Illinois, USA
Registration: www.pittcon.org/register

Stay Connected with LCGC
The LCGC team will be at Pittcon 2020 
(Booth 1211) bringing you the latest news 
and updates from around the event. 
Tweet us at @LC_GC to keep up-to-date 
or to send us your personal conference 
highlights.

instrumentation, participating in live 
demonstrations, and taking part in product 
seminars. The exposition is a collaborative 
environment where separation scientists 
are able to find effective solutions to their 
laboratory challenges. 

Pittcon also works to enhance 
cooperation between attendees and 
technical experts alike through networking 
sessions. Here, participants are able to 
attend moderated, round table discussions 
on particular topics of interest such as the 
following:
• An Introduction to Valve Gas 

Chromatography Systems
• A Lab Manager’s Networking Session
• Trends and Hot Topics in Cannabis and 

Hemp Analytical Testing
• Hot Topics and Use of Multidimensional 

GC (GC×GC)
• SPME Arrow: Dramatically Increase 

Throughput in GC–MS Analysis Utilizing 
a New, Robust Microextraction Sampling 
Technique

de Zeeuw. The goal of this course is to 
understand different injection techniques 
and the process of how to obtain a 
narrow injection band.

• Separations: Fundamentals of Advanced 
Gel Permeation and Size-Exclusion 
Chromatography Detection, instructed 
by Carrie Schindler. This course will 
highlight the theoretical and practical 
principles of GPC and SEC, reviewing the 
aspects of making high-quality GPC/SEC 
measurements and generating quality 
results.

Pittcon Exposition
The three-day Pittcon exposition starts 
on Tuesday 3 March 2020, and lasts until 
Thursday 5 March 2020. Here, exhibitors 
from over 90 countries will be displaying a 
variety of advanced instrumentation utilized 
in LC and GC. Attendees can apply their 
knowledge to get the most out of their 
interactions on the exposition floor, all 
while interacting with the latest laboratory 

scientific skill sets. There are numerous 
short courses from which to choose, 
starting on Saturday 29 February 2020, and 
lasting until Thursday 5 March 2020. 

Separation scientists may find 
interest in the following course offerings:
• Practical Ion Chromatography: Successful 

Method Development, instructed by 
Jay Sheffer. This course will introduce 
ion chromatography with practical, 
industry-based applications encountered 
in real-world samples from multiple 
industries.

• Characterizations of Biologics by Capillary 
Electrophoresis, Liquid Chromatography, 
and Mass Spectrometry, instructed by 
Li Tao and Ming Zeng. This two-day 
course will provide an overview of the 
fundamentals and current practices of 
biologics analyses supporting process 
development within the pharmaceutical 
industry.

• Injection Techniques in Gas 
Chromatography, instructed by Jacob 

Pittcon Preview
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Investigating Sulphur 
Components in 
Beer Using Gas 
Chromatography 
and Sulphur 
Chemiluminescence 
Detection 

Organosulphur compounds are important substances in the food industry 
because they can contribute to the flavour impression of a product. The 
human olfactory system’s sensitivity to sulphur leads to low flavour 
threshold values, making the analysis of these substances a challenging 
task. Gas chromatography (GC) with sulphur chemiluminescence detection 
(SCD) is a highly sensitive and selective technique for the analysis of sulphur 
compounds in various matrices. Using a range of different beers as an 
example, an approach is presented to reliably qualify and quantify sulphur 
components in beverages using headspace sampling and GC–SCD. 

Rebecca Kelting, Shimadzu Europa GmbH, Duisburg, Germany
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Sulphur has been known since prehistoric 
times as it exists in elementary form. 
However, many volatile sulphur 
compounds are known for their 
unpleasant odour, such as hydrogen 
sulphide (H

2
S), which smells of rotten eggs 

(1). Consequently, sulphur compounds 
like sulphides or thiols are important 
substances in the food industry as they 
can contribute to the flavour impression of 
a product. The human olfactory system is 
sensitive to sulphur, leading to low flavour 
threshold values, making the analysis 
of these components an important yet 
challenging task (2). 

Sulphur Chemiluminescence 
Detection
Selective sulphur detection is particularly 
essential for high matrix load samples 
because the hydrocarbon background 
cannot be separated chromatographically 
from the sulphur compound, which is 
typically present in low concentration. 
Sulphur chemiluminescence detection 
(SCD) is both a sensitive and selective 
technique and is therefore common in 
petrochemistry to study the sulphur 
content of diesel or gasoline. This 
detection technique can also be an 
alternative for less severe matrix cases  
(3). 

In food chemistry flame photometric 
detection (FPD) is widely used, although it 
suffers from hydrocarbon quenching and 
non-linearity of calibration curves. SCD 
offers increased selectivity and linearity 
when compared to FPD (3). SCD was 
therefore chosen for the analysis of beer 
samples regarding their sulphur content, 
as presented in this article.

Materials and Methods
Samples and Reagents: A matrix of 
5% ethanol in water was used to check 
instrument performance and sample 
preparation quality. 

Eighteen different beers were chosen 
randomly to test their sulphur content. To 
increase sample diversity, 10 came from 
Germany, while the remainder were of 
Dutch origin. Different types of beer were 
chosen from each country. 

The overall setup included Pilsner beer, 
wheat, alt, bock, lager, and dark beer, 
as well as the so-called Kellerbier, an 
unfiltered and unpasteurized type from 
Germany (4). To gain an impression of 
sulphur content change in the process 
of converting a regular beer into its 
non-alcoholic version, three wheat and 
one Pilsner beers from the setup were 
compared qualitatively against their 
alcohol-free counterparts.

INNOVATION YOU CAN TRUST – PERFORMANCE YOU CAN RELY ON

HALO® and Fused-Core® are registered trademarks of Advanced Materials Technology. Made in the USA

You Have Unique mAbs
Discover More With Fused-Core®

BIOCLASS 1000 Å 

fused-core.com    |   
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sample preparation effects contribute 
directly to deviations of the calibration 
curve, leading to a decrease in calibration 
quality. 

To avoid such negative effects, all 
standards and samples in this work 
were kept cold, and the vials were also 
precooled before filling to ensure the least 
possible evaporation during sampling. A 
10 g measure of beer was weighed into 
the cold headspace vial and spiked with 
the standard solutions at the respective 
concentrations. The internal standard was 
added as the last compound to ensure 
minimum deviation. To minimize losses 
of the already spiked standards, the vials 
were covered by caps between the spiking 
series of standards and ISTD.
Experimental Conditions: The beer 
samples were analyzed using a GC-2030 
system equipped with SCD-2030 
chemiluminescence detector and HS-20 
headspace sampler (Shimadzu). The 
beer samples were incubated at 80 °C 
for 15 min before being transferred 
to the GC system with a split of 1:5. 
Compound separation was achieved 
using a 30 m × 0.32 mm, 4.0-µm 
SH-Rxi-1MS column (Shimadzu), within 
a chromatographic run time of 15 min. 
Quantitation was based on a three-level 
standard addition of the standard 

Sample Preparation: Sulphur analysis 
is challenging, and not just in terms of 
analytical setup. Sample preparation steps 
need to be planned carefully as many 
sulphur compounds show high volatility, 
making efficient sample preparation 
necessary. Slow working during the 
sample preparation sequence decreases 
reproducibility when measuring a series 
of control samples. Furthermore, negative 

Ethyl methyl sulphide was used 
as internal standard (ISTD) for all 
measurements. Quantitation was 
performed on three sulphur compounds: 
dimethyl sulphide (DMS), S-methyl 
thioacetate, and dimethyl disulphide 
(DMDS). All sulphur standards were 
purchased as pure substances and 
weighed to create the respective standard 
solutions. 

Changing the ART of analytical chromatography 
with μPACTM capLC columns:

Designed for increased robustness and throughput
without losing sensitivity.

Micromachined reproducibility
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Figure 1: Typical chromatogram showing five sulphur components assigned qualitatively in the 
beer sample plus the ethyl methyl sulphide internal standard. 

Kelting
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compounds when following the sample 
preparation workflow and instrument 
setup reported above. For real beer 
samples poured from freshly opened 
bottles, the reproducibility of the internal 
standard was still found to be below 5% 
RSD. As each beer sample was weighed 
out to 10 mg, the increased RSD value 
indicates the impact of CO

2
 on sample 

preparation. 
A typical chromatogram of the beer 

samples is shown in Figure 1. Up to 
five sulphur compounds were assigned 
qualitatively in the beers: methanethiol, 
DMS, S-methyl thioacetate, DMDS, and 
dimethyl trisulfide. Of these components, 
DMS, S-methyl thioacetate, and DMDS 
were quantified.

Area reproducibility on the target 
compounds in beer was found to be  
below 5% RSD for dimethyl sulphide  
and below 7% RSD for the sulphur 
components present in trace levels. 
Detection (DL) and quantification (QL) 
limits were estimated from the beer  
sample measurements using 
signal-to-noise (S/N) values of 3.3 (DL) 
and 10 (QL), respectively. The detection 
limits obtained were 0.11 µg/L for DMS, 
0.49 µg/L for S-methyl thioacetate, and 
0.04 µg/L for DMDS. Quantitation limits 
were assigned as 0.33 µg/L for DMS, 

of the internal standard in a 5%  
ethanol in water matrix. This excluded 
possible effects from real beer samples 
and therefore gave a measure of the 
overall suitability of the approach.  
The area reproducibility of the ISTD  
was found to be below 2% relative 
standard deviation (RSD), offering 
a reliable measurement of sulphur 

compounds. The calibration range was 
chosen as 8 to 80 ppb for DMS, and 
1 to 10 ppb for S-methyl thioacetate and 
DMDS, as the latter two were suspected 
to be present in lower amounts than DMS.

Results
Reliability of the workflow was  
observed by checking reproducibility  
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Figure 2: PCA analyses of the beer samples. Top: Score and loading plots of the 10 German 
beers (P = Pilsner, A = alt beer, W = wheat beer, K = ”Kellerbier”, L = lager beer). Bottom: 
Score and loading plots of the eight Dutch beers (P = Pilsner, B = bock beer, D = dark beer, 
W = wheat beer).
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beers, alcohol-free versions were  
studied qualitatively. When comparing 
the sulphur component patterns of the 
regular beers with their non-alcoholic 
counterparts, dimethyl sulphide was 
decreased in all four alcohol-free samples. 
The biggest decrease was found to be 
nearly 90% in the Pilsner, whereas the 
wheat type samples showed a decrease 
of 50%, 60%, and 80%, respectively. 
Similarly, S-methyl thioacetate content was 
decreased, in three cases even below the 
detection limit. DMDS, on the other hand, 
was only present in one of the regular 
wheat beers and showed an increase 
of around 50% in the alcohol-free 
counterpart. 

Conclusion
Gas chromatography with sulphur 
chemiluminescence detection is a highly 
sensitive and selective approach for the 
analysis of sulphur compounds in various 
matrices. This article presents an adapted 
method for sulphur content analysis in 
food and beverages using the example 
of different beers. Up to five sulphur 
substances were assigned qualitatively, 
three of them being quantified to 
investigate a possible contribution to the 
flavour impression.

rotten vegetable character would impact 
the beer (6). For the German beers, only 
one alt and one wheat beer showed 
DMDS levels above the detection limit, 
with both levels being lower than those 
found in the Dutch beers. 

A principal component analysis (PCA) 
was performed to investigate variations 
within the two groups of beer samples. 
The resulting score and loading plots of 
German and Dutch beers are shown in 
Figure 2. 

Within the German beer samples, the alt 
beers differ significantly in their sulphur 
content pattern from the Pilsner, wheat 
beer, and Kellerbier, which all cluster. 
Interestingly, the lager beer also differs 
from the clustering beers including the 
Kellerbier, which by definition is a type of 
lager (4). 

The Dutch beers in contrast are 
generally more diverse and show no 
pronounced clustering. The four bock 
beers (B1 to B4) differ significantly from 
each other and from the other types, with 
B4 being the closest to the other groups. 
The two Dutch Pilsner on the other hand 
were found to be quite similar.

Sulphur Component Patterns in 
Non‑Alcoholic Beers
In addition to the alcohol containing 

1.50 µg/L for S-methyl thioacetate, and 
0.13 µg/L for DMDS. 

Sulphur Component Patterns in 
Alcoholic Beers
For all beer samples analyzed, dimethyl 
sulphide content was below 0.07 mg/L. 
In two cases, values above 0.06 mg/L 
were observed, whereas the other samples 
contained amounts between 0.012 and 
0.043 mg/L. The flavour threshold 
value for DMS is 0.03 mg/L; above 
this an undesired sweetish, onion-like 
contribution to the beer aroma becomes 
apparent (5). 

In eight beer samples, the dimethyl 
sulphide content was below this 
threshold, whereas four of the beer 
samples slightly exceeded this value with 
amounts between 0.030 and 0.035 mg/L. 
S-methyl thioacetate content was found 
to be below 0.02 mg/L in all beers, with 
only three samples showing more than 
0.01 mg/L. This is well below the flavour 
threshold of 0.05 mg/L, preventing a 
cooked cabbage flavour contribution  
(6). 

More than half of the beers tested 
contained no detectable levels of DMDS. 
The others were quantified as below 
1.9 µg/L, less than the flavour threshold 
value of 0.0075 mg/L, above which a 

E-mail:  shimadzu@shimadzu.eu
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Chromatographic 
Media Selection and 
Optimization for 
Hybrid LBA/LC–MS/MS 
Workflows

Traditional ligand binding assays (LBA) as a method for quantification 
of biotherapeutics in biologics matrices are being coupled with liquid 
chromatography tandem mass spectrometry (LC–MS/MS) to obtain more 
specificity and increase linear dynamic range (LDR), thus creating hybrid 
LBA/LC–MS/MS methods. This hybrid workflow is more sensitive and 
consistent than traditional methods, which is critical in efficacy and safety 
testing. Magnetic beads help to streamline the LBA portion of the protocol, 
which replaces enzyme-linked immunosorbent assays (ELISA). Additionally, 
chromatography optimization for the LC–MS/MS step can ensure a robust 
analysis. This article describes the importance of magnetic bead and 
chromatographic media selection for hybrid LBA/LC–MS/MS workflows.

M. Christina Malinao, Brian Rivera, and Chad Eichman, Phenomenex, Torrance, California, USA

During pre-clinical and clinical studies, 
researchers must establish the 
pharmacokinetic (PK) properties of 
biotherapeutics. The primary bioanalytical 

technique for large molecule quantitation 
historically utilized ligand binding 
assays (LBA), specifically enzyme-linked 
immunosorbent assays (ELISA). While Zf
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still the most employed technique for 
immunoassays, the shortcomings of ELISA 
methods, such as unreliable results and 
lengthy protocols, prompted researchers 
to seek alternative methods to accurately 
extract and quantitate biotherapeutics 
from biologic matrices. Mass spectrometry 
(MS)-based techniques provide more 
accurate results and give more detailed 

PK information than LBA methods (1,2). 
Employing these processes together, 
deemed hybrid LBA/liquid chromatography 
(LC)–MS/MS (3–5), allows for the 
development of a platform approach to 
establish PK properties of biotherapeutics, 
currently a challenge with ELISA alone 
(6,7). The chromatographic separation 
during the LC–MS/MS protocol provides 

additional intriguing components and 
this article will demonstrate how the 
optimization of monoclonal antibody 
(mAb) quantitation from biological matrices 
further leads to a streamlined LBA/LC–MS/
MS protocol. 

Materials and Methods
Rituximab and trastuzumab were purchased 
from Myoderm. Trypsin was purchased 
from Promega Corporation. SiLuMab and 
Dulbecco’s Phosphate Buffered Saline  
(DPBS) were purchased from Sigma-Aldrich. 
bioZen MagBeads, a 150 × 2.1 mm 
bioZen Peptide XB-C18 column, and a 
150 × 2.1 mm bioZen Peptide PS-C18 
column are from Phenomenex. LC–MS/MS 
methods were performed on an Agilent 

1290 system equipped with a Sciex X500B 
QTOF. 
Immunocapture Protocol: Per the sample 
prepared, 20 µg of streptavidin-coated 
MagBeads were incubated with 1 µg 
of biotinylated goat anti-human IgG. 
After 1 h incubation, the beads were 
washed with PBS using a magnetic stand. 
Immunocapture beads were then incubated 
with rat serum spiked with a range of 
concentrations of target mAb and internal 
standard (SILuMab). Supernatant was 
discarded and the captured mAbs were 
eluted with 0.1% TFA.
Trypsin Digestion Protocol: The eluted 
samples were diluted with ammonium 
bicarbonate, ensuring pH >7.0. Samples 
were heat denatured to 95 °C. After 
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Figure 1: Correlation coefficient chart for different magnetic bead lots.
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Figure 2: XIC of the signature peptides of rituximab on a sterically hindered C18 column. 
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performance. Although generally providing 
higher peak capacities and superior 
peak shapes, C18 phases with a positive 
surface charge are overall less retentive 
than a non-charged surface. Conversely, 
a sterically-hindered C18 may increase 
retention and this can assist in sensitivity 
for particularly polar peptides. Figure 3 
shows the extracted ion chromatogram 
(XIC) for signature peptide VEIK from a 
trastuzumab digest using two different 
C18 phases. The positive surface C18 is less 
retentive and elutes VEIK earlier than the 
more retentive sterically-hindered  
C18 phase. Therefore, an optimal column 
media should be selected once the 

peptides of rituximab using a C18 column. 
The six signature peptides from digested 
rituximab were quantitated with excellent 
recovery and sensitivity at 1 µg injection. 

A critical aspect of the LC–MS/MS 
separation of digested peptides is the 
column selection. This includes both 
surface chemistry, which can impact peak 
shape and selectivity, as well as particle 
morphology, which can result in peak 
capacity—a measure of efficiency when 
running a chromatographic separation in 
gradient mode. 

For most peptide quant applications, a 
standard C18 chemistry is used, but not 
all C18 phases provide the equivalent 

For PK studies, signature peptides with 
high ionization potential and predictable 
fragmentation patterns are selected for  
LC–MS/MS analysis. Additionally, signature 
peptides must maintain their integrity 
throughout the sample preparation and 
MS analysis. Moreover, achieving optimal 
chromatographic retention and separation  
of these peptides is ideal for LC–MS/MS 
analysis because a peptide with more 
retention will typically result in better 
ionization. Optimal peak shape ensures 
correct quantitation and improves LDR. 
Finally, chromatographic selectivity of 
the chosen peptides is necessary and 
depends on the number of peptides being 
quantitated. Considering these factors, 
Figure 2 shows the analysis of the signature 

cooling to <50 °C, trypsin with 0.1% formic 
acid was added, and the mixture was 
shaken at 300 RPM for 1 h at 50 °C. After 
centrifugation, the sample was analyzed by 
LC–MS/MS.

Results and Discussion 
To ensure consistent immunocapture, 
two different lots of the magnetic beads 
were assessed (Figure 1). The correlation 
coefficients were greater than 0.99 for 
both lots providing confidence in the  
LBA protocol. This lot-to-lot reproducibility 
assessment is important to ensure 
consistency in biotinylated capture 
antibody, leading to potential variation  
in linear dynamic range (LDR) of the  
assay.
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Figure 4: XIC of rituximab digest at different flow rates.
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Prior to joining Phenomenex, Brian 
worked within the biotechnology 
industry, including positions focused 
on protein purification, analytical 
method development, and in-process 
analytical support. Brian has a 
bachelor’s degree from the University 
of California, Davis, USA.
Chad Eichman is the Global Business 
Unit Manager – Biopharmaceuticals at 
Phenomenex, Inc. where he develops 
and leads the strategic plans for 
Phenomenex’s biopharmaceutical 
business. He received his B.S. in 
chemistry from the University of 
Wisconsin-Madison (USA) and his 
Ph.D. in organic chemistry from 
The Ohio State University (USA). 
After a postdoctoral appointment at 
Northwestern University (USA) and 
an assistant professorship at Loyola 
University Chicago (USA), Chad joined 
Phenomenex in 2017.

6. Y. Zhang, T. Olah, and J Zeng, Bioanalysis 

6(13), 1827–1841 (2014).

7. A. Liu, A. Kozhich, D. Passmore, H. Gu, R. 

Wong, F. Zambito, V.S. Rangan, H. Myler,  

A.-F. Aubry, M.E. Arnold, and J. Wang,  

Journal of Chromatography B 1002, 54–62 

(2015).

Christina Malinao received her 
B.S. in neuroscience and biology 
from the University of California, 
Riverside (USA). She spent some 
time at Schering Plough performing 
biomarker characterization, and 
several years at Agensys performing 
antibody and antibody–drug 
conjugate characterization. She joined 
Phenomenex as a scientist in the 
Phenologix application laboratory 
performing method development. 
Christina currently works at Tae Life 
Sciences.
Brian Rivera is the Senior Product 
Manager – Biologics at Phenomenex. 
He has worked at Phenomenex for 
nine years, holding other positions 
including technical support and sales. 

article has demonstrated the importance of 
lot-to-lot reproducibility of magnetic beads 
for LBA as well as column selection for  
LC–MS/MS. In the results presented,  
core–shell particles with a sterically 
hindered C18 provided the best results for 
the mAbs selected; however, as mAbs vary 
in composition and biotherapeutics become 
more complex, assessment of appropriate 
column media should not be overlooked. 
Optimizing these components will increase 
confidence in platform methods in 
streamlined PK studies. 
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hydrophobicity of each mAb signature 
peptide is assessed. 

One other factor for column media 
selection is the particle morphology, 
particularly if sample throughput is of 
concern. Utilizing a superficially porous 
2.6 µm core–shell particle provides similar 
peak capacity to a sub-2-µm fully porous 
particle. However, because the 2.6 µm 
particle does not generate as high a back 
pressure, higher flow rates might be 
implemented. Figure 4 shows the increase 
in flow rate from 0.3 mL/min to 1.0 mL/
min of a rituximab digest. The peak 
capacity increases with the higher flow 
rate and allows a more rapid assessment 
of signature peptides. It is important to 
note that the higher flow rates are not at 
the expense of sensitivity; only a nominal 
decrease in counts per second (cps) is 
observed in the example (Figure 4). 

Conclusion
As hybrid LBA/LC–MS/MS methods gain 
more traction in the industry, a thorough 
assessment of each method parameter is 
important for method optimization. This 

E-mail: ChadE@phenomenex.com
Website: www.phenomenex.com/
bioZen
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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
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
content/5-day-complete-gc-gc-ms

The GC & GC–MS Clinic
30 April–1 May 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
content/2-day-gc-gc-ms-clinic-1

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-LCMS-
troubleshooting 

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
http://www.anthias.co.uk/content/5-day-complete-gc-gc-ms
http://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
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Event News
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

31 May–3 June 2020

33rd International Symposium on Preparative and Process Chromatography

Baltimore, Maryland, USA

E-mail: janet@barrconferences.com

Website: www.PREPsymposium.org

we create lab

NEW THINKING FOR THE LAB OF THE FUTURE.

Whatever the future may hold, you will first learn about it at analytica: 
the 27th world’s leading trade fair for laboratory technology, analysis, 
biotechnology and analytica conference points the way to the networked 
lab. Exhibitors, an expert audience and experts from all over the world 
present and discuss specific solutions, relevant product innovations and 
digital visions. Come to the world’s biggest lab: analytica.de/en

March 31–April 3, 2020  analytica
March 31–April 2, 2020  analytica conference

Connecting Global Competence

M4 E E T

I5 DE A S3

S3 MA R T

ana20_Anz_Ideas_184x211_LCGC_Europe_E.indd   1 09.12.19   15:24

http://www.analytica.de/en
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