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The Challenges of 
Climate Change for 
Wine Production
Heatwaves are signifi cantly affecting the consistency and quality of 

wine production. The Column spoke to Julia C. Gouot from the National 

Wine and Grape Industry Centre in Australia about the importance of 

chromatography to understand the effects of temperature change on grape 

physiology and composition.

—Interview by Lewis Botcherby

impacted on phenolic composition of the 

subsequent wine, highlighting the importance 

of bunch microclimate on wine quality. In 

addition to this project, previous studies in 

Australia and around the world have examined 

the effect of light and interactions between 

light and temperature on grape composition 

(1). A few recent studies have reported the 

sole effect of temperature on grape physiology 

and composition, but to date, research 

focusing on short and intense exposure to 

temperature above 40 °C is rare (2).

In Australia, such temperatures are 

becoming more common and an increase in 

frequency and severity of heatwaves during 

Q. Where did the original idea to 

study the effect of heatwaves on 

grape physiology and composition 

come from? 

A: During my master’s internship at the 

National Wine and Grape Industry Centre at 

Charles Sturt University, in Australia, I worked 

on a study looking at grapevine physiology 

and berry composition in Shiraz, the most 

planted red variety in Australia. The fi eld trial 

lasted three years and vines were treated by 

removing leaves or fruit to generate different 

fruit-to-leaf ratios. Leaf removal, early in the 

growing season, exposed grapes to increased 

light and temperature and signifi cantly 
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the spring and summer months has been 

recorded. For example, summer 2018–19 

was scorched by heat with three weeks 

of record-breaking temperatures ranging 

38–46 °C in the Riverina in New South 

Wales in Australia. It is therefore important 

to understand the impact of such stressful 

events for Shiraz grapevines, planted in warm 

and hot grape growing regions, to be able to 

mitigate detrimental effects and predict grape 

composition at harvest to maintain wine 

quality.

Q. Are there specifi c compounds in 

the grapes that you are investigating?

A: My Ph.D. project focuses on grape berry 

tannins, also known as proanthocyanidins, 

which are present in the skin and seeds. 

These compounds are polymers of 

fl avan-3-ols and are part of the fl avonoid 

family together with anthocyanins (red 

pigments) and fl avonols (UV-protectors). 

They are important contributors to grape 

and wine quality, enhancing wine colour 

by copigmentation with anthocyanins and 

mouthfeel (astringency and bitterness). 

Despite several decades of research on 

fl avonoid biosynthesis and biochemical 

responses to abiotic factors, knowledge 

is still lacking around tannin biosynthesis, 

particularly in relation to polymerization and 

galloylation (addition of a gallic acid moiety). 

Data on the direct effect of temperature, free 

from water stress and light alterations, on 

tannin accumulation and composition are also 

still limited (3).

Q. What is novel about your research?

A: Recent studies on temperature have not 

found any, or consistent, effects on tannins. 

My Ph.D. project provides a comprehensive 

study of the effect of high temperatures 

on detailed grape tannin composition. 

The project is revisiting the sole effect 

of temperature using potted vines in a 

controlled environment to see whether tannin 

accumulation is impacted or not. Experiments 

are conducted free from light interactions 

by using a UV-transparent glasshouse and 

system heating whole vines and bunches 

without affecting their exposure. Within 

the project, several temperature intensities, 

timing (day versus night), duration of 

exposure (three hours to three days) are 

tested at different phenological stages, 

with a focus on early berry development, 

when tannin biosynthesis is at its maximum. 

These experimental conditions, combined 

with the use of complex designs (biometrics 

and chemometrics) and analytical methods 

(targeted and untargeted metabolomics), 

contribute to the novelty of the project. 

Another aspect of my experiments is the 

study of whether the effect of more than one 
www.gerstel.com
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heatwave is additive (4). To our knowledge, 

this concept had only been studied once on 

wheat (5).

Q. What do your early results indicate 

is happening to the grape physiology 

and composition during these 

heatwaves?

A: Two physiological responses were 

observed depending on the maximum 

temperature reached by the berries, leading 

to distinct biochemical changes. Above a 

certain threshold, all parts of the bunch 

(bunch stem, pedicel, and berries) were 

visibly damaged with browning/necrosis 

appearing within a few hours of heating 

and complete berry desiccation within a few 

days. Green berries (before véraison, when 

berries soften and turn red) seemed to be 

more sensitive (maximum of 40–43 °C) than 

more mature red berries, which were injured 

at a more extreme temperature (50–53 °C). 

When berries were damaged, all fl avonoids 

were signifi cantly reduced, but proportions 

differed, suggesting biosynthesis deregulation 

or degradation.

On the other hand, berries that did not 

exhibit visible damage were still affected, 

with berry growth delayed and signifi cant 

modulation of berry pulp, skin, and seed 

metabolism. For example, compounds from 

the myo-inositol pathway were all increased 

after three days of heat exposure when 

berries were green and small (20 days after 

fruit set). Acidity was reduced as a result of 

the sensitivity of malic acid to high day and 

night temperatures. Tannin accumulation 

was more affected in seeds than skin when 

heating was applied prior to véraison; 

however, after véraison, the opposite was 

observed and skin tannins signifi cantly 

decreased in desiccated berries while 

seed tannins were preserved. Changes in 

composition and parameters were also found 

for heated treatments, with an increase in 

skin galloylation and longer seed tannins prior 

to véraison.

Q. What techniques are you using in 

this research?

A: Methods previously developed by the 

polyphenol platform at INRA, in Montpellier, 

France, were adapted to our samples 

and liquid chromatography–electrospray 

ionization-triple quadrupole-mass 

spectrometry (LC–ESI-QQQ-MS) equipment. 

One method examines tannin composition 

after chemical depolymerization (using 

phloroglucinolysis) and provides the 

concentration of terminal and upper/

extension subunits (6). A second method 

targets a wide range of polyphenols including 

anthocyanins, free fl avan-3-ols, and fl avonols 

(7). Both methods are conducted on the same 

C18 column with the same solvents and use 

UV and MS detection, the latter confi gurated 

with multiple reaction monitoring (MRM) 

mode.

Untargeted metabolomic analyses are also 

conducted by gas chromatography (GC)–

MS (quadrupole) for sugars, amino acids, 

and organic acids among a wide range of 

compounds (8). Benchtop spectrophotometry 

methods are also used for the rapid 

assessment of grape and wine colour and 

phenolic content throughout maturation and 

ageing.

Q. What analytical challenges did you 

encounter? 

A: Grape and wine samples are very 

complex matrices and metabolite 

concentrations vary within a given class of 

compounds, with tissue (skin, seed, pulp), 

and throughout ripening. Metabolites also 

vary whether in grape or wine, with some 

compounds only present in one or the 

other. To overcome these problems, berry 

sample preparation was adjusted based on 

tissue and ripeness by varying the tissue–

extraction solvent ratio. Additional analytical 

adjustments included dilutions, different 

injection volumes (LC–MS), or use of spitless 

or different split ratios (GC–MS). The use 

of LC coupled with specifi c and sensitive 

detection modes, such as MRM, allowed 

the quantifi cation of minor compounds not 

previously studied.

In addition, the high number of samples 

to process is challenging as each berry 

sample is divided into three sub-samples 

of skin, seeds, and pulp, each multiplied by 

the number of treatments and biological 

and analytical replicates. For each 

experiment, large data sets are generated 

as thousands of samples are analyzed using 

several methods to gain a comprehensive 

picture, with the total number of targeted 

compounds averaging at around 200. To 

ensure data robustness, methods were 

developed to be as short as possible and 

samples were run together for each tissue 

and experiment. Data were meticulously 

processed to ensure reproducibility 

over the duration of the analyses using 

quality controls to overcome instrumental 

instability (9).

Q. How could your results infl uence 

how grape growers and winemakers 

produce wine in the future?

A: We hope the project will help with 

immediate and long-term economic benefi ts 

for growers and winemakers. In the short 

term, understanding the physiological 

responses of berries to high temperature 

may inform when berry survival is at risk. 

Growers already have several methods 
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to mitigate heatwave effects, such as 

hydrocooling, berry sunscreen, and shade 

cloth. However, the timing of application 

for these methods must be fi ne-tuned for 

optimal and cost-effective protection.

In addition, understanding and predicting 

the effect of temperature on berry fl avonoid 

composition and extractability at harvest may 

allow adaptation of winemaking protocols. 

In the long term, the work will assist with 

strategic planning for established and 

developing regions by providing insights into 

the temperature extremes or events that may 

be at the upper limit for grape production 

viability.

Q. Are there plans to extend this 

research further?

A: Some of the changes in tannin 

accumulation can be explained by a 

disruption of berry development (delayed 

with less skin surface and smaller/greener 

seeds). Changes in composition could 

also either be a result of a potential 

deregulation of some genes involved 

in tannin biosynthesis, or enzymatic or 

chemical degradation. To confi rm the 

fi rst hypothesis, further molecular biology 

work is needed as most genes regulating 

tannin galloylation and polymerization are 

still unknown. For the second hypothesis, 

identifying degradation compounds, 

which is complicated because of their 

small concentrations, will help elucidate 

mechanisms of degradation.

Heat stress tolerance is known to vary 

with grape variety and the same study 

could be expanded to others, either planted 

in warm to hot grape growing regions 

(for example, Malbec, Grenache), or on 

widespread varieties, such as Cabernet 

Sauvignon.
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and started her Ph.D. with Dr Barril on 

the effect of high and extreme high 

temperatures on Shiraz grape tannin 

composition.

Celia Barril is Julia 

Gouot’s supervisor 

and was also involved 

in this research. 
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education in France, 

Ireland, England, and 

Australia, graduating with a B.Sc. 

in chemistry, a master’s in organic 

and analytical chemistry, and a PhD 

on “The chemistry of ascorbic acid 

and sulfur dioxide as an antioxidant 

system relevant to white wine”. Celia 

is now a senior lecturer in chemistry 

and Course Director for the B.Sc. and 

wine and viticulture courses at Charles 

Sturt University. Her research focuses 

on grape and wine composition, 

using analytical techniques—mainly 

chromatography—to understand the 

impact of vineyard practices, abiotic 

factors, or wine production/storage 

conditions on grape and wine quality.
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First Analytica Lab Africa Held in South Africa

The fi rst Analytica Lab Africa took place this July at the Gallagher 

Convention Center in Johannesburg with 148 exhibitors from 15 

countries presenting their products and solutions for the African 

market.

“The past three days have shown that there is a high market 

demand for the technology and know-how we bring together 

at Analytica Lab Africa. Exhibitor and visitor expectations were 

exceeded. The exhibitors noted the high quality of visitors to their 

stands, especially from market end-users,” said Reinhard Pfeiffer, 

Deputy CEO of Messe München.

Analytica Lab Africa emerged from Lab Africa following their 

acquisition in 2017 by Messe München, known for their biannual 

Analytica trade fair. The acquisition of Lab Africa allowed the 

company to expand their regional trade fairs to include at least 

one on the Africa continent.

“Analytica Lab Africa is reaching European standards of 

excellence. We have seen more customers than expected and the 

quality of visitors has been very good,” said Nikolai von Knauer, 

General Manager of Sartorius, South Africa.

Following the success of the event, Messe München plan to 

continue the series with the next event to be held from 

13–15 July 2021, at the Gallagher Convention Centre in 

Johannesburg.

For more information, please visit: www.analytica-africa.com, 

www.fdt-africa.com, and www.ifat-africa.com

New LC–MS Detection Method 
for Short Peptides
Researchers from the University of Rome have developed a strategy for the identifi cation of underivatized short peptides in urine 

using graphitized carbon black (GCB) solid-phase extraction (SPE) and liquid chromatography–mass spectrometry (LC–MS) (1).

From biomarkers to bioactives, short peptide sequences have emerged as analytes of interest across a variety of different 

research fi elds with possibilities in the food traceability fi eld coinciding with potential as disease biomarkers. Health-promoting 

bioactivities, such as antioxidant, antihypertensive, and antimicrobial properties (2–5), also continue to show promise. 

Despite this potential, short peptides are under-investigated because of the challenges surrounding direct analysis, 

including the low abundance of peptides compared to other molecules, which can cause extensive ion suppression during 

electrospray ionization (ESI) (6). Extensive clean-up protocols can circumnavigate some of these issues, however, the nature 

of short peptides complicates sample cleanup dramatically. Further issues exist when attempting to use high-resolution mass 

spectrometry (HRMS) or tandem mass spectrometry (MS/MS) for identifi cation as most software developed for proteomics 

cannot identify sequences shorter than fi ve amino acids (7), with metabolomic databases currently being insuffi cient.

To address this lack of investigation, researchers developed a strategy for the identifi cation of short peptides in urine, a 

commonly studied biofl uid. Separation was achieved through ultrahigh-performance liquid chromatography (UHPLC), both 

reversed-phase and hydrophilic interaction chromatography (HILIC) with HRMS. An enrichment strategy utilizing GCB SPE was 

used to isolate and clean up the short peptides from the complex urine matrix.

Overall 101 peptides were identifi ed from the reversed-phase runs and 111 peptides from the HILIC investigations, with 60 

common identifi cations. According to the researchers, these positive results indicate that the method could be used to address 

the shortfall in short peptide research, but further work is still required to increase the method’s ease and move towards 

automation. Additionally, it is believed the GCB enrichment procedure could be utilized for alternative biofl uids such as plasma.—

L.B. 
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most certainly be of much interest…Words are 

defi nitely not enough in my gratitude towards 

yourself and the others on the teaching team.”

“I would highly recommend future 

ChromSoc ‘grass roots’ educational events 

to all with an interest in chromatography, 

whether they work in academia or in industry. 

The revision of fundamental chromatography, 

extensive method development, and the 

excellent advice on interviews and applications 

are extremely applicable to the assessment 

centres and interviews provided by large 

pharmaceutical companies and instrument 

vendors. The event fi nds a great balance 

between an intensive lecture course and a 

professional networking experience set within 

the relaxed environment of a remote country 

house.” 

To register, click here: http://bit.ly/2L1Jsqa

The Chromatographic Society (ChromSoc) will 

be hosting the 4th “Grass Roots” educational 

event at the Longmynd Hotel in the beautiful 

market town of Church Stretton from the 

4–7 October 2019. This course is another in 

a series of highly successful events organized 

by ChromSoc. The upcoming course will 

focus on the understanding and application 

of biopharmaceutical workfl ows, with a focus 

on the chromatographic workfl ow applied to 

monoclonal antibody (mAb) characterization. 

It will focus on all aspects of the workfl ow 

including:

• Charge variant analysis by ion-exchange 

chromatography (IEC)

• Preparation and analysis of glycans using 

hydrophilic interaction liquid chromatography 

(HILIC)

• Analysis of aggregates and protein fragments 

by size-exclusion chromatography (SEC)

• Analysis of intact proteins using 

reversed-phase liquid chromatography (LC)

• Protein digestion and peptide separation

Sessions will also be dedicated to 

electrophoretic separations applied to 

protein analysis and the use of mass 

spectrometry (MS) in the fi eld of protein 

analysis 

Training will be led by practising separation 

scientists who are also long-standing leaders 

in their respective fi elds: Paul Ferguson 

(AstraZeneca), Tony Taylor (Crawford 

Scientifi c), Tony Edge (Agilent), and Ken Cook 

(Thermo Scientifi c). While the meeting will 

be primarily educational, there will also be 

extensive opportunities for networking, and a 

social programme that includes walks in the 

picturesque Shropshire countryside.

Given the educational nature of the event, 

and to increase its accessibility, ChromSoc will 

provide a limited number of bursaries to cover 

the cost of accommodation, meals, registration, 

and a limited travel allowance for the three-day 

event. These include bursaries for post-graduate 

students, academic researchers, and Ted Adlard 

bursaries for industrial scientists from SMEs. The 

bursaries will allow all researchers, regardless 

of their fi nancial ability, to access what we (and 

previous attendees) believe will be an exceptional 

learning experience.

If you are analyzing mAbs and want a 

better understanding of the full workfl ow and 

how to improve individual assay performance 

from UK leading separation scientists, then this 

event is essential.

The following are testimonials from previous 

courses: “I honestly had the most amazing 

time and have been completely overwhelmed 

by the information thrown at me whilst being 

in a place that was truly magical…There’s 

nothing better than listening to people who 

truly know and LOVE their subject!…You can 

imagine coming into work today has been a 

struggle and explaining to my bosses you can 

also imagine how jealous they feel! They love 

my own enthusiasm so are happy that I came 

away with so much from the course—the 

course folder is something they are very happy 

in seeing and it would seem I’ve certainly lost 

it for a while as they realize the information 

they could have gained for themselves. It will 

ChromSoc Return to “Grass Roots” 
with Biopharmaceutical Event

News
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News In Brief
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Peak Scientific has relocated their 
Singapore-based office to a larger building 
to bolster their workforce and meet the 
growing demand for their services in the 
region. “Since the opening of the first office 
in Singapore, Peak Scientific has continued 
to grow from strength to strength,” said 
Jonathan Golby, CEO Peak Scientific. “In 
the face of rapid growth, expanding the 
range of our facilities was the natural next 
step for Peak Scientific. It’s an exciting 
time for the company. We are looking 
forward to a bigger team, as we continue 
to work together to our customers’ needs” 
For more information, please visit: www.
peakscientific.com/

Restek has been honoured by the Healthiest 
Employer Awards for their commitment to 
creating a healthy workplace. Restek was 
selected as part of the Greater Philadelphia 
region, with the company also in the running 
to be selected as one of the 100 Healthiest 
Workplaces in America. Restek employs three 
full-time wellness professionals who operate 
out of a recently-built 17,000-square-foot 
facility for employee-owners and their 
family members to enjoy fitness, basketball, 
volleyball, soccer, badminton, yoga, and 
many other activities. “We are proud to be 
able to offer employees and their families 
opportunities to improve their health and 
wellness, and grateful to have the support 
of our leaders in doing so,” Mike Perlozzo, 
Restek’s Wellness Coordinator, said. For more 
information, please visit: www.restek.com 
or www.healthiestemployers.com

•  The LCGC Blog: Emerging and Future Growth Concepts at the Interface between 

Analytical Chemistry and Medicine—Recently, I was honoured to attend the 2019 Shimadzu 
Global Innovation Summit, hosted by Shimadzu Corporation in Kyoto, Japan. The focus of this 
meeting was to highlight innovation at the interface between analytical chemistry and medicine.

Read Here>>

•   Temperature Programmed GC: Why Are All Those Peaks So Sharp?—This instalment of “GC 
Connections” dives into temperature programming, examining several points including the 
differences in peaks between temperature programmed and isothermal chromatograms, and its 

requirement in splitless injections. Read Here>>

•    Tips & Tricks GPC/SEC: High Temperature GPC versus Ambient GPC—Gel permeation 
chromatography/size-exclusion chromatography (GPC/SEC) is the standard technique to determine 
the molar mass distribution of synthetic macromolecules. However, some kinds of polymers (for 
example, polyolefi ns) are often only soluble in special solvents and require high temperatures to be 
used during the analysis to keep the sample completely dissolved. Therefore, for the analysis of these 
polymers, dedicated high temperature GPC systems are used. This article will discuss the pros and 

cons of both high temperature GPC/SEC and ambient GPC/SEC. Read Here>>

•    Understanding Data Integrity in Your Laboratory Operations—Data integrity has become a 
critical issue in the pharma industry as a result of increased regulatory scrutiny stemming from data 
integrity-related violations. This e-book provides insight on a variety of important topics within this 

space. Read Here>>

•    Diagnosing Multiple Sclerosis Using Breath Biomarkers and GC–MS—Researchers from the 
University of Huddersfi eld present new data and announce further studies that show great potential 

for the development of a noninvasive multiple sclerosis diagnostic tool which uses GC–MS. Read 

Here>>

Peaks of the Month
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The 9th International 
Symposium on Recent 
Advances in Food 
Analysis (RAFA 2019) 
The 9th International Symposium on Recent Advances in Food Analysis 

(RAFA 2019) will take place in Prague, Czech Republic, on 5–8 November 

2019. This preview offers a glimpse of what to expect at the conference.
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Asia, America, Australia, and Africa, and 

supported by more than 50 sponsors, 

exhibitors, and media partners.

The RAFA 2019 symposium will provide 

an overview of contemporary trends in 

analytical and bioanalytical strategies in food 

quality and safety control and will discuss 

challenges and novel approaches in food 

and natural products analysis. The following 

areas related to recent and emerging 

issues will be addressed within the RAFA 

2019 sessions: mycotoxins, marine, and 

plant toxins; migrants from food contact 

materials; processing contaminants; pesticide 

and veterinary drug residues; industrial 

contaminants; allergens, antinutrients; 

metals, metalloids, and speciation; healthy 

nutrients and vitamins; fl avour signifi cant 

The RAFA organizers, the University of 

Chemistry and Technology, Prague (UCT 

Prague, Czech Republic) and Wageningen 

Food Safety Research (WFSR), part of 

Wageningen University and Research (The 

Netherlands), would like to invite food 

scientists from academia and industry, 

and representatives of national and 

international agencies, control authorities, 

and governmental and commercial 

laboratories to attend this event. The 

conference is chaired by Jana Hajslova and 

Michel Nielen, who are affiliated with the 

respective organizers. 

RAFA has grown since the conference 

was launched in 2003. Previous events 

were attended by over 750 participants 

from more than 60 countries in Europe, 
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compounds; QA/QC, chemometrics, and 

big data handling; authenticity and food 

fraud; omics in food analysis; food forensics; 

microplastics in food; novel food bioactives 

and supplements; organic crops and 

foodstuffs; human biomonitoring; portable 

on-site food analysis.

Workshops, Seminars, and Tutorials

The conference programme will be 

accompanied by several satellite events 

alongside workshops, seminars, and 

tutorials on novel analytical strategies, 

including workshops on “Vibrational 

Spectroscopy and Chemometrics for the 

Monitoring of Food and Feed Products 

and Contaminants Detection”, “Human 

Biomonitoring in Food Quality and Safety”, 

“Microplastics in the Food Chain”, and 

“Portable Food Analysis and Citizen 

Science”. Other sessions include “Data 

Quality and Smart Data Handling in Food 

Analysis” and “METROFOOD-RI: Workshop 

on Metrology in Food and Nutrition”. 

An interactive seminar will discuss “Step 

by Step Strategies for Fast Development 

of Smart Analytical Methods”, and will 

be moderated by Vit Kosek (UCT Prague), 

Hans Mol (WFSR), and Katerina Mastovska 

(Eurofins US). 

The EU Reference Laboratories 

Colloquium will include a workshop 

on “Experiences, Achievements, and 

Challenges Addressed by EU Reference 

Laboratories”. 

The Food Authorities’ Summit—EU and 

Beyond will include a seminar from the 

United States Department of Agriculture 

(USDA) on “Food Safety Issues Beyond the 

EU” as well as workshops on “Food Safety 

in China: Past, Present, and Future” led by 

the China National Center for Food Safety 

Risk Assessment (CFSA). 

An open day from the EU-China-Safe, 

Delivering an Effective, Resilient, and 

Sustainable EU-China Food Safety 

Partnership, will focus on the latest 

developments and strategies in food 

safety and authenticity control and will 

demonstrate the best practices for a joint 

EU-China food safety control system. 

Showcasing the FoodSmartphone and 

PhasmaFood projects, RAFA Smart Lab 

will demonstrate smart analyzers and 

applications for on-site testing of food 

quality and safety. Another session will 

discuss the collaboration challenges within 

the EU framework programme for research 

and innovation.

Vendor Seminar and Exhibition

Vendor seminars provide the opportunity 

for leading companies to introduce 

recent instrumentation and analytical 

strategies for advanced food quality and 

safety control. An exhibition of modern 

instruments, laboratory equipment, 

reference materials, and consumables used 

in food analysis will be an important part 

of the symposium. 

Young Scientist Opportunities

A platform for young scientists will 

be offered to present their scientific 

work; typically, 20% of the contributed 

oral presentations is assigned to the 

next generation. RAFA 2019 Student 

Travel Grants have been provided. The 

best poster presentation(s) by a young 

scientist(s) will be awarded with the 

prestigious RAFA Poster Award and 

sponsored poster award(s).

In summary, RAFA 2019 will offer a 

high-quality scientific programme with 

top-quality presentations followed by 

stimulating discussions, a series of satellite 

events, a large state-of-the-art exhibition, 

and an attractive social programme. 

Scientific contributions will be presented 

by leading scientists through keynote 

lectures and by contributed oral and 

poster presentations. The RAFA 2019 

programme will be tailored to provide a lot 

of opportunities for networking as well as 

exploration of the latest results of the food 

analysis community. 

More details can be found on the RAFA 

2019 website: www.rafa2019.eu.

LCGC Europe will be publishing an 

Advances in Food Analysis supplement 

in October, which will feature content 

that will be discussed at RAFA 2019.

E-mail:  RAFA2019@vscht.cz
Website:  www.rafa2019.eu

high-quality scientific programme with

top-quality presentations followed by 

stimulating discussions, a series of satellite

E-mail:  RAFA2019@vscht.cz
Website:  www.rafa2019.eu

RAFA Preview
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Employing Mechanistic 
Model’s Flexibility to 
Create Robust UHPLC 
Method Design: Case 
Study on Industrial 
Cannabis sativa Sample

With the era of new complex drug products there is an increasing demand 

on multivariate modelling tools to integrate robust analytical method 

design, facilitate effi cient and science-based change management, and 

improve communication between regulators and industry. Mechanistic 

models provide several advantages in terms of modelling effi ciency, 

versatility, and high predictive power. The following case study will 

demonstrate a robust method design for industrial Cannabis sativa.

Arnold Zöldhegyi, Imre Molnár, Hans-Jürgen Rieger, and Halina Katsialevich, 

Molnár-Institute for Applied Chomatography, Berlin, Germany

biopharmaceuticals, and the renaissance 

of plant-derived pharmaceutical products 

brings new challenges to analytical fi elds. 

At the same time, the changing analytical 

The market entry of new multi-active 

pharmaceutical ingredient (API) drug products 

designed for drugs authorized as orphan 

medicinal products, expiring patents of 
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environment with persistently higher 

regulatory standards, divergent interpretations 

of industry guidelines, and various method 

development strategies leads to even more 

complications—an accumulated burden 

on the analysts’ shoulders. To clarify these 

differences, the proposed ICH Q14 chapter 

recommends a straightforward framework 

for analytical processes by advocating 

solid science, multivariate models, and 

risk-based approaches. The main benefi ts 

would be enhanced regulatory fl exibility 

with post-approval changes, as already 

proposed by ICH Q12, and higher method 

transparency—a faster review cycle and 

batch-release (1). Also, the new United States 

Pharmacopeia Chapter <1039> advocates 

multivariate modelling tools to ensure 

consistent method performance—accuracy 

and precision—over the life cycle of the 

Figure 1: The most successful design of experiments (DoE) and resulting 3D t
G
-T-t

C
 model. For 

the model, simple linear gradient runs were performed (20 g 100%B either in 20 or 60 min) 
at two temperatures (30 °C and 60 °C) and at three different organic eluent compositions 
(0, 25, 50% methanol in acetonitrile), compiling 12 input runs. The arrows represent the best 
order of implementing the experiments and the fi ne-printed numbers identify the runs in the 
software (11). The regions in red depict combinations of method parameters with better than 
baseline separation (R

s,crit
 ≥1.50). Cold-coloured regions indicate partial peak overlaps (yellow 

and green) and blue indicates coelutions. 
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The collective power  

of chromatography
Whether you are working to achieve the next breakthrough in research  

or looking to have full confidence and precision in your routine results,  

Thermo Fisher Scientific chromatography products can offer you a complete 

workflow solution. Drive innovation, improve your productivity and achieve 

operational excellence to deliver a maximum return on your investment.  

With the largest portfolio of chromatography solutions, we remain a steadfast 

and committed partner in your endeavor to improve the world around us.

Zöldhegyi et al.
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method (2). Although the chapter exemplifi es 

statistical approach, it also highlights the use 

of mechanistic models, if available.

The main question here is: what are the 

advantages of mechanistic models over 

statistical approaches?

First, mechanistic models possess the 

scientifi c understanding “fi rst principles” of 

processes to accurately describe the behaviour 

of system components. Second, mechanistic 

models conceptually allow for high effi ciency 

and unparalleled fl exibility (3). 

Certainly, the main hurdle in liquid 

chromatographic (LC) separation is to 

gather the essential scientifi c knowledge to 

accurately describe the underlying complex 

phase system containing multivariate 

interactions between sample, mobile, 

and stationary phases. Among many 

chromatographic theories explaining the 

reversed-phase retention mechanism, 

the solvophobic theory of Csaba Horváth 

was proven to be the golden standard, 

also showing practical uses in most LC 

modes (4,5,6) Computational modelling 

of designated method parameters (%B-T) 

stretches back to 1980 when Lloyd R. 

Snyder designed an algorithm to predict 

retention dependencies on a commercial 

instrument’s programmable calculator 

(7). Working together with John W. 

Dolan, the fi rst industrial modelling 

software was soon developed (1986) to 

correlate experimental data with known 

dependencies fi rst principles, supported 

by modelled chromatograms and graphics, 

called resolution maps of the critical peak 

pairs (8). This allowed effective modelling 

of eluent strength in isocratic elution, 

gradient steepness and profi le, and 

temperature infl uence, based on only two 

input experiments. Furthermore, nonlinear 

factors, such as pH, additive concentration, 

or ternary composition, required three input 

experiments.

Current systematic three-dimensional 

(3D) designs (gradient time, temperature, 

ternary eluent composition, pH, additive 

concentration) compile 12 input experiments 

to accurately pinpoint continuous changes 

of method parameters—visualizing more 

than a million set points in the design space 

(DS). Using this knowledge and taking into 

account the instrument’s tolerances, routine 

robustness and success rate for the chosen 

set point is assessed, including the evaluation 

Figure 2: Method operable design region (MODR) of the model. The displayed region 
indicates better than baseline resolution (R

s,crit
 ≥1.50). The areas in red display practically useful 

areas of the MODR, where baseline separation under a reasonable analysis time is possible.
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of chromatography

Your laboratory is defined by the way you work, which is why Thermo Fisher 

Scientific gas chromatography solutions are designed to be customized so 

they can fit any laboratory workflow. Drive productivity with our Thermo 

Scientific™ Instant Connect injector and detector modules;  

a unique approach designed to maximize uptime and flexibility. Connect to our 

highly-robust and performance-leading Thermo Scientific™ mass 

spectrometers to innovate your workflows even further and realize new levels 

of laboratory efficiency. With the largest portfolio of GC solutions,  

we remain a steadfast and committed partner in your endeavor to improve the 

world around us.
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Zöldhegyi et al.
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of critical separation parameters (CSPs). 

Other versatile options allow for fl exible 

modelling of other factors, such as fl ow rate 

(F), gradient time and steps, column, (L, ID, 

d
p
), and instrument properties (V

dwell
, V

ec
), 

without performing additional experiments 

(9).

The following case study will demonstrate 

a new robust method development for 

separating a complex Cannabis sativa sample 

that is a current focus of medical interest.

Experimental

Materials: The sample subjected to testing 

was an industrial Cannabis sativa plant, 

retrieved from Parenteral a.s.. The sample 

was extracted with ethanol, fi ltered through 

a 0.2 μm PTFE syringe fi lter, and diluted fi ve 

times with methanol before injection. All 

experiments were performed on a Shimadzu 

Nexera X2 system (Shimadzu Europe) 

equipped with a binary solvent delivery 

pump, an autosampler, and DAD detector. 

For the analysis, a 10 × 0.21 cm, 2.7-μm 

core–shell Halo C18 column was used, 

provided by Mac-Mod. The fl ow rate 

was set to 1.0 mL/min and the injected 

volume was 2 μL. Eluent A was water, 

buffered with 10 mM formic acid to pH 

2.9. Eluent B constituted of mixtures 

of acetonitrile (B
1
) and methanol (B

2
) in 

corresponding amounts of 0, 25, and 50% 

methanol in acetonitrile (t
C1

, t
C2

, t
C3

). The 

measured dwell volume was 0.2 mL and 

the extra column volume around 0.004 mL. 

Data acquisition and instrument control was 

performed by LabSolutions software (Ver. 

5.89) (Shimadzu Europe). Chromatograms 

were evaluated at 265 nm. Peak-matching 

and retention modelling was accomplished 

with DryLab 4 software (ver. 4.3., 

Molnár-Institute).

Design of Experiments: The main 

phytocannabinoid compounds of interest 

for industrial use are cannabidiol (CBD), its 

acidic precursor cannabidiolic acid (CBDA), 

tetrahydrocannabinol (THC), and its acidic 

precursor tetrahydrocannabinolic acid 

(THCA). Acidic precursors decarboxylate 

into their corresponding neutral forms (CBD, 

THC) during exposure to light, heat, or 

prolonged storage.

Although the compounds with the most 

pharmaceutical potential are reported to 

be CBD and THC, only the latter possesses 

psychoactive properties. There are, however, 
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Maximizing your chromatography productivity and achieving reproducible 

results requires optimizing the whole workflow from sample to knowledge. By 

choosing the right tools, from your sample preparation (manual or automated) 

to the highest selectivity column chemistry and cleanest vials, you maintain 

sample integrity and achieve the highest instrument efficiency and reduce the 

need for costly reanalysis. With the largest portfolio of sample handling; vials, 

plates and closures, column chemistries in a broad range of dimensions and 

sample preparation, we remain a steadfast and committed partner in your 

endeavor to improve the world around us.
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Figure 3: Initial set point using the input gradient programme. Although this point has already 
provided short analysis time and 100% robustness, the main aim was to further optimize the 
gradient profi le and minimize runtime, while maintaining 100% method robustness.

Zöldhegyi et al.
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1.50) and the robustness of the method 

because they are prerequisites for following 

consistent quantitative results (accuracy 

and precision). There are, however, other 

economic and ecological aspects, such 

as analysis time, choice of biodegradable 

solvents, mild method conditions, or other 

application-specifi c goals (for example, use 

of volatile buffers), which must also be taken 

into account. The visualized design space 

allows for easy evaluation and fl exibility about 

the set point selection, while also considering 

multiple method specifi c goals. 

in combination with gradient time (t
G
) and 

temperature (T). 

The implementation order for the 12 input 

experiments (DoE) needed to model the 

design space is shown in Figure 1 (11). 

Results and Discussion

In high performance liquid chromatography 

(HPLC) analysis there are several quantitative 

and qualitative goals (listed in the so-called 

method target profi le) to be met. The 

most important qualitative goals are 

baseline resolution of the peaks (R
s,crit 

≥ 

As the acidic precursors contain a single 

carboxyl group (-COOH), which is relatively 

small compared to the hydrophobic 

backbone, limited pH infl uence on the peak 

selectivities was expected and pH-control was 

established. Therefore, ternary composition 

(t
C
) was considered as a modelling parameter 

roughly 120 other related cannabinoid 

compounds that may have medicinal potential 

(10). In this case study, four main compounds 

of interest (CBD, THC, CBDA, and THCA) and 

10 others (numbered 1–10) were subjected 

to separation optimization and subsequent 

robustness testing.

Figure 5: Comparison between modelled and corresponding experimental run. Four peaks of 
interest (CBD, CBDA, THC, and THCA) were identifi ed and named, other peaks out-of-interest 
are also shown (1–10).

Figure 4: MODR (in red) of (a) t
G
-T-start%B, (b) t

G
-T-F-, and (c) t

G
-T-end%B. To speed up 

the analysis, gradient time was arbitrarily reduced to 14 min (closer to the Edge-of-Failure), 
resulting in insuffi cient robustness (success rate is about 93%). At the same time, visualized 
extended designs showed that moving deeper into broader regions of the MODR (slight 
increase of gradient start%B and decrease of end%B) would improve both critical resolution 
and robustness. Similarly, taking slightly higher values for the fl ow rate would mean further 
improvement of the results. This change, however, due to the increased pressure drop 
(>400 bar) and already achieved robustness (Figure 6), was discarded. 
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selected from the backside of the model, 

representing a more rugged binary system 

(pure acetonitrile as organic) (Figure 3). 

Initial set point conditions, before 

further optimization, were t
G
 = 20 min 

(20g100%B), T = 35 °C, t
C
 = 0 %, and 

F = 1.0 mL/min.

As shown in Figure 2, there were 

three potential parts of the method 

operable design region (MODR) where 

baseline separation under reasonable 

analysis time could be achieved. 

Considering method simplicity and 

robustness goals, the set point was 

Figure 6: (a) Robustness calculation of the updated set point. The slight adjustment of the 
gradient profi le led to shorter analysis time and better robust method design (success rate 
of 100%). The regression coeffi cients show single and combined contributions of method 
parameters on the separation. Here, the positive effect of the fl ow rate indicates that higher 
fl ow rate would most probably yield even better critical resolution. The signifi cant impact of 
fl ow rate and fl ow rate in combination with temperature (cross-effect) indicate the criticality 
of these method parameters (= critical separation parameters). (b) The six worst critical 
resolution cases of the calculated 35 (= 243) virtual runs are shown in the table with the 
corresponding calculation result tags. (c) The modelled chromatogram shown is the absolute 
worst case experiment. (d) The occurrences of certain critical resolutions are summarized in a 
distribution graph, showing the outcomes of all virtual experiments. As seen, the majority of 
experiments (approximately 88%) have more than R

s,crit
 = 2.0.
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vary, specifi ed by the individual instrument’s 

tolerance limits. The resulting systematic 

study in Figure 6 showed 100% robustness 

of the method under the specifi ed tolerance 

limits (t
G
 = 14 ± 0.5 min, start%B = 25 ± 1, 

end%B  = 95 ± 1, T = 35 ± 2 °C, t
C
 = 0%, 

F  = 1.0 ± 0.1 mL/min).

As part of the validation of the model, 

the six worst cases of the 243 calculated 

virtual robustness runs were selected and 

run. Again, model and corresponding 

experiments were in excellent agreement, 

as seen in Figure 7.

For the last, a quality-by-design 

(QbD)-compliant method development 

report, the “Knowledge Management 

Document”, was created, summarizing the 

complete project and method development 

steps, assigning responsible persons, and 

offering a step-by-step justification of 

method choices in a printable format. 

This report ensures a high standard for 

knowledge transfers between laboratories 

and facilitates regulatory submissions (12).

Conclusions

Employing fi rst principles in method 

modelling allows complex chromatographic 

dependencies to be studied. It also allows 

fl exible choices according to the method 

target profi le in set point selection and fast 

quantifi cation of robustness already at the 

Using the fl exible graphical tool of the 

design space, the continuous changes and 

the effects of gradient start%B, fl ow rate, 

and end%B on the resolution map were 

displayed. As seen in Figure 4, a slight 

increase of start%B (20g25) and decrease 

of end%B (100g95) resulted in deeper 

penetration into the MODR, and thus 

improved robustness. Although decreasing 

fl ow rate and increasing gradient time 

would have had the same effect, due to 

elongated analysis time and suboptimal 

linear velocity of the column, this change 

was rejected. Similarly, increasing fl ow rate 

was rejected because of the development 

of high back pressures in the column. 

Considering the importance of fast 

analysis, however, gradient time was 

reduced (20g14 min), compromising some 

robustness potential over faster analysis. 

Finally, the set point was set to t
G
 = 14 min 

(25g95%B), T = 35 °C, t
C
 = 0% (B2 in B1), 

and F = 1.0 mL/min. The corresponding 

verifi cation experiment in Figure 5 shows the 

high predictive power of the model.

To ensure the consistent method 

performance over its life cycle, the knowledge 

provided by the MODR was directly used 

to model how the critical resolution (R
s,crit

) 

changes, if all relevant method parameters 

(gradient start-, end%B, step-time and %B, 

temperature, fl ow rate, ternary composition) 

Figure 7: Verifi cation of the six worst case experiments. Modelled chromatograms are shown 
in red and corresponding experiments in blue. The numbers in headers indicate the results tag 
of the robustness calculation from Figure 6(b).
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University of Berlin and specializes 

in HPLC modelling. Having spent two 

years as a postdoc in Freiburg, he 

joined Molnár-Institute in 1999 and 

has gained extensive theoretical and 

practical knowledge in the techniques 

of HPLC. As vice president, he oversees 

DryLab’s technical development. 

Together with Dr. Molnár, he develops 

new software modules for improved 

peak matching, multiple parameter 

optimization (3D resolution maps), 

robustness testing, and GMP-compliant 

method reporting.
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development phase. Based on 12 input 

experiments, the robust separation of four 

peaks of interest and another 10 related 

compounds of industrial Cannabis sativa 

extract was established and demonstrated. 

The vast reduction in development 

time, highly accurate results, and overall 

modelling versatility are advantages for both 

industry and regulatory bodies to improve 

communication and facilitate registration 

of new drug substances and drug products 

already being proposed in relevant 

guidelines.
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Gas Chromatography Detection of Nitrosamines 
in Food and Beverages

This article discusses the detection of N-nitroso compounds (NOC) in a range of different food and beverages. 

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

natural and man‑made compounds, 
with a nitrosating agent, such as nitrites. 
The second group are N‑nitrosomides, 
which have a carbonyl group attached 
to the nitrogen bearing the NO group, 
and include N‑nitrosocarbanates and 
N‑nitrosoureas. Conditions such as pH and
temperature can influence the formation
of NOCs in food, as well as some drinks
like beer. Some of the most frequently
observed NOCs in food and drink include
N‑nitrosodimethylamine (NDMA) and
cyclic nitrosamines, as well as nonvolatile
nitrosamines (NVNA).

The primary sources of human exposure 
to NDMA are tobacco, diet (cured meats, 
beer, fish, and cheese), detergents, and 
pesticides. It can enter the body by 
inhaling contaminated air or ingesting 
contaminated food and drink, and is 
broken down in the liver into other 
substances. 

There has been a surge in media attention 
in recent years surrounding the potential 
cancer‑causing properties of a number 
of foods, namely processed meats, such 
as bacon and sausages (1). In 2015, news 
stories broke linking the preservatives 
in these foods to an increased risk in 
developing cancer, and the International 
Agency for Research on Cancer (IARC) 
listed processed foods as a “probable” 
cause of cancer. The decision was based 
on the findings of 22 scientists from a 
cohort study on the carcinogenicity of the 
consumption of red and processed meat 
(2), which suggested that certain chemicals 
used to preserve meats, called nitrites, 
can lead to the generation of N‑nitroso 
compounds (NOC). 

NOCs can be placed into two broad 
categories (Figure 1). The first are 
nitrosamines, formed from the reaction 
of secondary amines, which are both M
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Detrimental Health Effects
Many NOCs are carcinogenic and 
genotoxic, some are not and their potency 
varies depending on their molecular 
structure (3). NDMA is a highly potent 
carcinogen, commonly detected in foods 
and often used as an indicator compound 
for nitrosamines. The carcinogenic 
properties of nitrosamines can vary 

dramatically: N‑nitrosodiethylamine 
(NDEA) is the most potent, while 
N‑nitrosodiphenylamine (NDP(h)A) is 
15,000 times less potent.

The metabolic activation of NOC 
produces intermediates that can react with 
DNA, proteins, and RNA. The carcinogenic 
hazard of NOC has been classified by a 
number of international organizations 
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Figure 1: The two broad categories of NOCs.

and regulatory authorities. The US 
Environmental Protection Agency (EPA) 
classifies NDMA as a “probable human 
carcinogen” (category 2B) and IARC 
classifies it as “probably carcinogenic to 
humans” (group 2A). 

There is a large pool of research on 
the carcinogenic impact of nitrosamines 
on animals. For example, NDMA has 

James

21

Q&A Gouot2 News7 RAFA Preview10 Zöldhegyi et al. James12 20
Schad25 Training & EventsKrepich 3430 Staff36

http://www.chromatographyonline.com
https://www.dataapex.com/?promotion=MKT1451


The Column    www.chromatographyonline.com

been shown to produce liver tumours 
in rats when administered in drinking 
water (4) and in the diet (5). NDMA 
also acts as a transplacental carcinogen 
when administered to pregnant rats, 
and increases the incidence of tumours 
in the lung, liver, and kidney of rats 
and mice exposed via inhalation (6). 
Information published by the World Health 
Organization (WHO) identifies the cancer‑
causing mechanism of NDMA as the 
biotransformation of the compound into 
reactive metabolites by liver microsomal 
enzymes. These metabolites then form 
DNA adducts, such as O6‑methylguanine, 
as carcinogenic agents.

In August 2018, the US Food and Drug 
Administration (FDA) issued the voluntary 
recall of several drug products containing 
the active ingredient valsartan, after it 
was found that there was a contamination 
risk with NDMA (7). It was then later 
discovered that, in addition to the 
pharmaceutical manufacturing process, 
these carcinogens can be detected across 
other markets, such as food and beverage.

Furthermore, in March 2019, the FDA 
revealed Hetero Labs Ltd. in India had 
recalled 87 lots of losartan potassium 
tablets because the impurity N‑Nitroso‑
N‑methyl‑4‑aminobutyric acid (NMBA) 
had been detected. Recent testing of 

these recalled lots of losartan potassium 
tablets showed NMBA levels higher than 
the FDA’s interim acceptable intake limits. 
This is the first angiotensin II receptor 
blocker (ARB) recall resulting from the 
presence of NMBA, which is the third type 
of nitrosamine impurity detected in ARB 
medicines (8).

NOC Detection 
As a result of limitations in analytical 
methodology, very little information is 
available on the levels of NVNAs and other 
NOCs in food and drink. However, their 
discovery has been greatly improved by the 
emergence of highly specific and sensitive 
gas chromatography (GC) detection, such 
as thermal energy analysis (TEA). TEA 
has long been an industry standard for 
nitrosamine analysis since its emergence in 
the late 1960s because it is able to quickly 
identify and analyze NOCs.

GC is used to initially separate 
components, and the effluent is then 
introduced into a pyrolyzer. Here, under 
vacuum, nitroso‑containing compounds 
cleave at the N‑NO bonds, releasing the 
nitrosyl radical, which then reacts with the 
ozone to produce electronically excited 
NO

2
. This rapidly decays, emitting near 

infrared light, which is then detected by a 
sensitive photomultiplier. 
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TEA relies on selective thermal cleavage 
of the N–NO bond and detection of 
the liberated NO radical, using the 
chemiluminescence signal generated by its 
reaction with the ozone. 

Food Testing
In the US, there are (nonfederal) limits 
for NDMA or total nitrosamines in bacon, 
barley malt, ham, and malt beverages, 
and in Switzerland there is a limit for 
total N‑nitrosamines in beer (0.5 µg/
kg). The current lack of other regulatory 
limits for NOC in foods in the EU spurred 
the initiation of a study sponsored by the 
Food Standards Agency, to identify and 
determine constituent amounts of NOC 
in foods formed as a direct result of the 
manufacturing process (9). 

Premier Analytical Services (PAS) 
developed a method to measure and 
validate apparent total N‑nitroso 
compounds (ATNC) to provide a measure 
of the total NOC in target foods (10). Since 
thermal processes could have a significant 
impact on NOCs, it was proposed that 
foodstuffs should be tested as consumed 
by cooking or preparing prior to analysis.

Most of the methods for determining 
NOC relied on the conversion of NOC 
to NO detected using TEA and chemical 
stripping (de‑nitrosation). PAS wanted to 
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validate the ATNC approach to determine 
how robust it was and how useful it could 
be in highlighting the potential risk of 
NOC contamination in all candidate foods 
and beverages. A rapid and selective (by 
extraction) ATNC method for screening 
retail foods was developed and validated 
with respect to the known dietary NOC 
of toxicological concern. During the 
course of the development it was noted 
that these methods, which rely on semi‑
selective chemical denitrosation reactions, 
can, in some instances, give false 
positive results and should therefore be 
considered as potential indicators for NOC 
contamination. Application of the ATNC 
method to target foods showed that 36/63 
samples gave a positive result for ATNC.

Further analysis of these samples by 
ATNC showed detectable (>0.7 µg/kg) 
VNA contamination in only two of the 25 
samples tested. These included NDMA in 
the dried shrimp (9.4 µg/kg, confirmed by 
GC–TEA) and N‑nitrosopiperidine (NPIP) 
in the pepperoni (1.3 µg/kg), present 
in amounts that were consistent with 
historical data for these products (11).

Beer Analysis
In addition to numerous food products, 
the presence of NOC has been detected in 
beer. In the course of a malting operation, 

during the kilning of germinated barley, 
nitrosamines, namely NDMA, can form 
from the reaction of nitrogen oxide 
and the amines in the barley. Despite 
recent efforts to minimize the formation 
of nitrosamines, low levels of these 
carcinogens can still ultimately end up in 
the end product. The colour and flavour 
of beer is derived from malted barley, 
and it is also the source of sugars that 
are fermented into the beer. The malting 
process allows the barley to partially 
germinate, freeing the grain’s natural 
resources for the brewer. The production 
of NDMA during the malting process 
is a key risk for brewing laboratories. 
NDMA now features as part of the malt 
specification for many laboratories. 

ATNC levels can also be used as an 
indicator of cleaning efficacy of vessels 
used for brewing, for example, in the 
Safe and Local Supplier Approval (SALSA) 
guidance notes, providing micro‑breweries 
and bottlers with the key information 
required to manage their food safety 
management systems. Under the hazard 
analysis and critical control point (HACCP) 
and management systems section 
(2.1.2), the notes require the business 
to “identify any physical, chemical and 
biological hazards (including allergens) 
that must be prevented, eliminated or 

reduced to acceptable levels.” It identifies 
thermophilic, non‑spoilage bacteria, 
such as Obesumbacterium proteus, as a 
potential cause of ATNC production (12).

GC has long been used by large 
breweries for quality control and quality 
assurance, but it has not been a financially 
viable technology for smaller craft 
breweries until the recent development of 
easy‑to‑use, affordable equipment. The 
surge in popularity of  
GC–TEA for NDMA detection, in 
combination with the craft brewing sector 
growth, has seen a rapid uptake of this 
technology in brewing laboratories (13).

Melamine in Milk Powder
Melamine is an organic base chemical 
most commonly found in the form of 
white crystals. Rich in nitrogen, melamine 
is widely used in plastics, adhesives, 
countertops, dishware, and whiteboards. 
The addition of melamine into food is not 
approved by the Food and Agriculture 
Organization of the United Nations, 
the World Health Organization, Codex 
Alimentarius (food standard commission), 
or by any national authorities.

WHO and the European Food Safety 
Authority (EFSA) have set daily exposure 
limits to melamine at 0.2 mg/kg body 
weight each day. An estimation for 

relevant required detection limits can 
be calculated—an average 6‑month‑old 
baby weighs 7.5 kg and consumes 0.75 
litre of milk per day. Therefore, a 0.2 mg/
kg exposure would equate to solution 
concentrations of 2 mg/L (2 ppm). TEA 
can be used to test milk products for 
the presence of melamine to protect 
consumers against a harmful addition to 
milk powder.

Other Applications
Any item containing nitrites could 
potentially contain nitrosamines. In 
addition, any process that uses secondary 
amines, where the manufacturing process 
results in an introduction of atmospheric 
nitrous oxide, could produce nitrosamines. 
Therefore, N‑nitrosamines and nitrosatable 
substances from elastomer or rubber 
teats, soothers, and toys must be tested 
for nitrosamines. Current EU and U.S. 
legislation for nitrosamines recommend 
that baby products should contain less 
than 10 µg/kg of any individual and 20 µg/
kg of total nitrosamines per item sold (14). 

Whilst manufacturers continue to reduce 
the exposure risk, it is paramount to 
reduce babies’ and children’s exposure to 
these carcinogenic compounds through 
strict monitoring and control. 

James
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industry. Andrew has been in charge 
of the company’s marketing for 
the last eight years, working to 
continually grow both the Ellutia 
brand and company as a whole.

Andrew James is Marketing Director 
at Ellutia. Andrew has worked at 
Ellutia for over 20 years and has been 
involved with many aspects of the 
business from product development 
to strategic planning. This wide range 
of involvement has developed an 
extensive wealth of knowledge and 
experience in the chromatography 

8. Nikki Withers, 2019. FDA finds 

another carcinogenic impurity in ARB 

blood pressure drug: https://www.

europeanpharmaceuticalreview.com/

news/84516/carcinogenic‑impurity/ 

9. C.G. Hamlet and L. Liangi, An investigation 

to establish the types and levels of N-nitroso 

compounds (NOC) in UK consumed foods 

(Food Standards Agency, 2017). 

10. An Investigation to establish the types and 

levels of N‑nitroso compounds (NOC) in UK 

consumed foods A report prepared for the 

Food Standards Agency: https://www.food.

gov.uk/sites/default/files/media/document/

an‑investigation‑to‑establish‑the‑types‑and‑

levels‑of‑n‑nitroso‑compounds‑noc‑in‑uk‑

consumed‑foods.pdf

11. A.R. Tricker and R. Preussmann, Mutation 

Research/Genetic Toxicology 259(3–4), 277–

289 (1991).

12. SALSA Guidance Notes with Specific Guidance 

for the Beer Module, Issue 1, June 2015, 

https://www.salsafood.co.uk/downloads/

SALSA%20Plus%20Beer,%20Issue%202.%20

Guidance%20Notes.%20January%202017.pdf

13. A. James, The Column 14(11), 23–27 (2018).

14. Scientific Committee on Consumer Products, 

SCCP - OPINION ON the Presence and Release 

of Nitrosamines and Nitrosatable Compounds 

from Rubber Balloons: https://ec.europa.eu/

health/ph_risk/committees/04_sccp/docs/

sccp_o_121.pdf

Conclusions
Recent advances in GC–TEA technology, 
as well as simpler usability and lower 
costs, have improved nitrosamine 
detection capabilities for both small and 
large laboratories. Sensitive detection 
for organic nitrogen makes TEA a viable 
option for NOC detection in food and 
beverages. 

References
1. https://www.nhs.uk/news/cancer/processed‑

meats‑bacon‑may‑increase‑breast‑cancer‑risk/

2. V. Bouvard, D. Loomis, K.Z. Guyton, et al., The 

Lancet – Oncology 16(16), 1599–1600 (2015). 

3. N.E. Selin, Regulations for Nitrosamines: 

A Policy Summary: http://www.tcmda.

com/Global/Aminrapporter/MIT%20

nitrosamines%20report%20final.pdf

4. H. Druckrey, R. Preussmann, S. Ivankovic, and 

D. Schmaehl, Z. Kerbsforsch. 69(2), 103–201 

(1967).

5. B. Terracini, P.N. Magee, and J.M. Barnes, Br. 

J. Cancer. 21, 559–565 (1967).

6. U.S. Environmental Protection Agency (EPA) 

Integrated Risk Information System (IRIS) 

N-Nitrosodimethylamine; CASRN 62-75-9 (2002).

7. Jen Christensen, 2018. CNN ‑ FDA expands 

recall of blood pressure drug valsartan 

due to cancer concern: https://edition.cnn.

com/2018/08/08/health/valsartan‑recall‑fda‑

expanded/index.html.

E-mail: Andrew.James@ellutia.com 
Website: www.ellutia.com

James

24

Q&A Gouot2 News7 RAFA Preview10 Zöldhegyi et al. James12 20
Schad25 Training & EventsKrepich 3430 Staff36

http://www.chromatographyonline.com
mailto:Andrew.James@ellutia.com
http://www.ellutia.com
https://www.nhs.uk/news/cancer/processed-meats-bacon-may-increase-breast-cancer-risk/
http://www.tcmda.com/Global/Aminrapporter/MIT%20nitrosamines%20report%20final.pdf
https://edition.cnn.com/2018/08/08/health/valsartan-recall-fda-expanded/index.html
https://www.europeanpharmaceuticalreview.com/news/84516/carcinogenic-impurity/
https://www.food.gov.uk/sites/default/files/media/document/an-investigation-to-establish-the-types-and-levels-of-n-nitroso-compounds-noc-in-uk-consumed-foods.pdf
https://www.salsafood.co.uk/downloads/SALSA%20Plus%20Beer,%20Issue%202.%20Guidance%20Notes.%20January%202017.pdf
https://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_121.pdf


E
sk

y
m

a
k

s/
st

o
ck

.a
d

o
b

e
.c

o
m

Determination of Cannabidiol and Additional 
Cannabinoid Content in Hemp Tea 

Quantifi cation of cannabinoids is essential for the accurate labelling of hemp products, both for quality control and for establishing legality with 

regards to d9-tetrahydrocannabinol (THC) content. For this article, the cannabinoid content of several cannabidiol (CBD)-rich hemp tea samples was 

determined and was found to often deviate from the content stated on the packaging. Just like the cannabis fl ower, hemp tea can be analyzed 

easily and effectively for its cannabinoid content using high performance liquid chromatography (HPLC). The HPLC–UV assay of choice provided 

good linearity, low limits of detection (LODs), and high precision of retention time and peak area for the 11 cannabinoids under investigation. 

Gesa J. Schad, Shimadzu Europa GmbH, Duisburg, Germany

market for cannabidiol (CBD)-containing 

food and cosmetics products is also 

increasing.

The discussion about legalization of 

cannabis in Europe is widespread and 

lively, with a wide range of contrary 

positions. Spain and Portugal, for 

example, take a rather progressive 

approach not only on medicinal but also 

recreational use of cannbabis, while 

Italy’s highest court has just outlawed 

the sale of CBD products, which are 

legal in other European countries, 

stating it is a crime to market derivatives 

of cannabis. While the reasons for 

controversy are the psychoactive effects 

of only one of the cannabinoids, namely 

d9-tetrahydrocannabinol (THC), the use of 

Cannabis contains more than 500 unique 

compounds, including over 80 chemical 

alkaloids known as cannabinoids. 

Numerous health benefits have been 

reported that are attributed to their 

pharmacological characteristics, allowing 

their use in medical treatment. They 

can affect physiological processes, such 

as inflammation, pain perception, and 

seizures, all important reasons for the 

growing interest in “medical cannabis” 

(1,2). While use of cannabis for medicinal 

purposes is still subject to much debate 

in Europe, hemp products containing less 

than 0.3% of the psychoactive compound 

d9-tetrahydrocannabinol (THC) have 

long been legal in most countries. With 

growing interest in the cannabis plant, the 
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other phytocannabinoids in combination 

shows promising results in chronic pain 

therapy. Efficacy in the treatment of 

multiple sclerosis, arthritis, and other 

inflammatory diseases has been indicated 

(1,2). Pain mitigation and reduced severity 

of nausea and seizures are just a few 

of the therapeutic benefits reported. 

In addition, a large number of studies 

showed high safety with regard to a wide 

array of side effects, and no tolerance to 

CBD has as yet been demonstrated (3). 

CBD-infused food, food supplements, 

beverages, and cosmetic products have 

therefore become increasingly popular.

There are clear definitions of the 

differences between marijuana, cannabis, 

and hemp (4). While “cannabis” is the 

name of the plant itself, marijuana, in 

its correct use, refers only to the leaves 

and flowering portions of the plant that 

contain a wide array of cannabinoids, 

including > 0.3% of the psychoactive 

compound THC. On the other hand, 

hemp describes the sterilized seeds, 

stems, stalks, and roots of cannabis 

plants with <0.3% THC. Any product 

manufactured from these seeds and 

roots could therefore exhibit therapeutic 

benefits without the mind-altering “high” 

produced by THC (5). 

This article describes the application 

of a fast and simple high performance 

liquid chromatography (HPLC)–UV method 

for the separation and quantification 

of 11 important cannabinoids (Figure 1) in 

a variety of CBD-rich hemp tea samples, 

for quality control relating to the label 

claim of cannabinoid, as well as THC, 

content.

Experimental

Sample Preparation: Approximately 

200 mg of dry hemp tea samples were 

accurately weighed and placed in centrifuge 

tubes together with two steel balls. The 

leaves were homogenized using a 2010 

Geno/Grinder from SPEX SamplePrep 

(Figure 2) at 1000 rpm for 1 min, followed 

by extraction of the cannabinoids into 

20.0 mL of methanol. The samples were 

again shaken for 1 min at 1000 rpm, and 

the extract was centrifuged after a wait 

time of 15 min. The supernatant was then 
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Figure 1: Cannabinoids found in cannabis plants.

The micro-Chip Chromatography Company

Changing the ART of analytical chromatography

with μPACTM Pillar Array Columns:

Enhance the data productivity of your 

nano-LC/MS system for complex

biological samples. 

Discover our products on 

Excellent separation power
Due to the exceptional column length

Outperforming reproducibility
Due to the mask-based etching process

Unrivalled robustness
Due to the solid silicon backbone

The micro-Chip Chromatography Company

Changing the ART of analytical chromatography

with μPACTM Pillar Array Columns:

Enhance the data productivity of your 

nano-LC/MS system for complex

biological samples. 

Discover our products on 

Excellent separation power
Due to the exceptional column length

Outperforming reproducibility
Due to the mask-based etching process

Unrivalled robustness
Due to the solid silicon backbone

Schad

262266

Q&A Gouot2 QQQQ&&&AAA GGGooouuuooottt News7 RAFA Preview10 Zöldhegyi et al. James12 20ZZZöööllldddhhheeeggggyyyyiii eeettt aaalll. JJJaaammmeeesss7 NNNeeewwwsss 100 RRRAAAFFFAAA PPPrrreeevvviiieeewww

Schad25 SSSccchhhaaaddd Training & EventsKrepich 3430 Staff36 SSStttaaaffffff33433030 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsssKKKrrreeeppppiiiccchhh

http://www.chromatographyonline.com
http://www.pharmafluidics.com
http://www.pharmafluidics.com


 The Column    www.chromatographyonline.com

diluted with methanol before fi ltration and 

analysis by HPLC. 

HPLC–UV Analysis: A high-resolution 

HPLC method using the Shimadzu 

“Cannabis Analyzer for Potency” instrument 

was used to create calibration curves 

in a concentration range from 0.5 to 

50 mg/L that demonstrated good linearity 

(R2 > 0.9999) for each compound of interest. 

The relative standard deviation (RSD %) 

for retention time and peak area from six 

consecutive analyses was ≤ 0.018% and 

0.197%, respectively (Table 1). Furthermore, 

resolution (R), calculated according to the 

European Pharmacopoeia, for psychoactive 

cannabinoids d9-THC and d8-THC was 

obtained with R = 2.6 (6).

Results

Sample Analysis: Five different hemp 

tea samples were analyzed for CBD and 

cannabidiolic acid (CBDA) content. Figure 3 

shows an overlay of chromatograms for 

samples and a standard mixture with 10 mg/L 

for each compound. The CBD concentration 

in all samples was low or under the limit 

of detection (LOD) (sample C) compared to 

CBDA.

The total CBD content was calculated 

taking into account decarboxylation of 

Table 1: Results for precision (RSD [%], n = 6) of retention time and peak area for a 10 mg/L 
standard mixture

Cannabinoid Retention Time Peak Area

Cannabidivarin (CBDV) 0.018 0.131

Tetrahydrocannabivarin (THCV) 0.015 0.108

Cannabidiol (CBD) 0.012 0.098

Cannabigerol (CBG) 0.009 0.099

Cannabidiolic acid (CBDA) 0.009 0.119

Cannabigerolic acid (CBGA) 0.009 0.113

Cannabinol (CBN) 0.008 0.138

d9-Tetrahydrocannabinol (d9-THC) 0.007 0.108

d8-Tetrahydrocannabinol (d8-THC) 0.007 0.113

Cannabichromene (CBC) 0.007 0.104

d9-Tetrahydrocannabinolic acid (THCA) 0.009 0.197

Table 2: Concentration of CBD, CBDA, and total CBD content in hemp tea samples

Sample Label Claim (%) CBD Dry Weight (%) CBD Dry Weight (%) CBDA Total CBD (%)

A (leaves) not specified 0.11 0.41 0.47

B (leaves) not specified 0.06 1.47 1.35

C (buds) 0.014 – 1.87 1.64

D (buds) 3.7 0.31 1.22 1.38

E (buds) 0.014 0.57 1.24 1.67

Figure 2: Ground hemp tea samples and extract in methanol.

(a) (b)

the acid using the decarboxylation factor 

according to:

Total CBD [wt. %] = [% CBD] + 0.877 × 

[% CBDA]  [1]

Furthermore, a small amount of 

cannabigerolic acid (CBGA) (< 0.08%) 

was determined in bud samples C, D, 

and E. Psychoactive d9-THC could not be 

detected in any of the samples.
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Table 2 shows the results obtained 

in % w/w compared to cannabinoid 

content indicated on the packaging. Not 

all manufacturers make a label claim of 

cannabinoid content.

Conclusion

The method presented for determination 

of cannabinoids was suitable for the 

analysis of hemp tea from leaves and 

buds. The total content of CBD found in 

the dry tea samples was in the range of 

0.47–1.67%, with % CBDA significantly 

higher than CBD. The results showed a 

discrepancy between determined content 

and label claim. However, the label-stated 

uV(100,000)
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Figure 3: Chromatograms of 10 mg/L standard mixture and hemp tea samples.
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5. J. Johnson, Medical News Today, Newsletter

Dec 2017: https://www.medicalnewstoday.

com/articles/317221.php

6. General Chapter <2.2.46> in European

Pharmacopoeia (Strasbourg Cedex, France).
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Product Manager in the analytical
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Duisburg, Germany.

cannabinoid content relates to brewed 

tea and not dry sample. In a follow-up 

experiment, cannabinoid content will be 

determined in tea brewed according to 

label instruction (1.5 g in 200 mL hot 

water).

Sample D, found to contain less CBDA 

and CBD than stated on the packaging 

using the sample extraction described 

above, can be expected to have even 

less cannabinoid content in a brewed tea 

preparation, perhaps calling into question 

the type and accuracy of testing used to 

justify label claims.

All samples contained less than 0.3% 

d9-THC, as expected from hemp products. 

This study showed that the method 

presented offers a simple and fast assay 

for CBD and total cannabinoid content for 

improved quality control of hemp products.
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Per- and Polyfluorinated 
Alkylsubstances (PFAS) 
from Dairy and Fish 
Using QuEChERS, SPE, 
and LC–MS/MS

The analysis of per- and polyfl uorinated alkyl substances (PFAS) in food 

samples, along with an optional additional solid-phase extraction (SPE) 

clean-up for even more sensitive liquid chromatography tandem mass 

spectrometry (LC–MS/MS), is demonstrated in this article.

Scott Krepich, Phenomenex, Inc., Torrance, California, USA

requirements are very low to account 

for an expected lifetime of exposure (2). 

QuEChERS (quick, easy, cheap, effective, 

rugged, and safe) is a very popular 

extraction and clean-up technique 

to analyze multiresidue pesticides in 

agriculture and food samples (3). Applying 

the same principles to overcome similar 

challenges in PFAS analysis in food 

samples, along with an optional additional 

solid-phase extraction (SPE) clean-up for 

Per- and polyfluorinated alkyl substances 

(PFAS) are a group of synthetic, fluorinated 

carbon polymers used in various 

commercial products, such as firefighting 

foams, nonstick surfaces, and food 

packaging. These have been detected 

throughout the global environment, food 

products, and even human plasma (1). 

PFAS are associated with various adverse 

health effects. They are bioaccumulative, 

ubiquitous, and their analysis level 
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even more sensitive liquid chromatography 

tandem mass spectrometry (LC–MS/MS) 

analysis, is demonstrated in this article. 

Most of the analytical efforts have been 

in PFAS throughout the environment, 

stringent drinking water monitoring 

efforts, wastewater, and remediation (4). 

However, the estimation of PFAS exposure 

from food sources is rapidly increasing in 

food safety evaluation. Current initiatives 

in this area are in food contact materials, 

foods in regions directly impacted from 

environmental contamination, and certain 

food types that have a general increased 

potentiality of PFAS contamination. The 

11 June 2019 press statement (5) from 

the Deputy Commissioner of the USFDA 

reaffirmed findings that did not detect 

PFAS in the vast majority of foods tested 

and that these substances do not present a 

food safety risk from the limited sampling 

study. Further research is ongoing, with 

Figure 1: Samples after centrifuging the QuEChERS salt extracts. From left to right: blank, 
butter, cheese, egg, milk, fi sh.
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these data sets as a benchmark. In the 

following method, sample preparation 

techniques using a QuEChERS extraction 

for dairy (milk, eggs, butter, cheese) and 

fish samples are explored to achieve low 

parts-per-billion (ppb) sensitivities, and 

a subsequent SPE for further sample 

clean-up and parts-per-trillion (ppt) 

sensitivities.

Experimental

Sample Preparation: QuEChERS 

Extraction: One gram of homogenized 

sample was weighed into a 50-mL 

polypropylene centrifuge tube and spiked 

with internal standard and surrogates. 

A 10-mL measure of water and 10-mL 

measure of acetonitrile were added, 

followed by the QuEChERS salts (4 g 

MgSO
4
 + 1 g NaCl). The mixture was 

then shaken vigorously to break up any 

clumping, and then the subsequent slurry 

vortexed for 30 s and centrifuged.

After allowing the slurry to settle 

and separate into distinct acetonitrile, 

aqueous, and solid layers (Figure 1), 1 mL 

of the acetonitrile layer was removed 

for subsequent dispersive solid-phase 

Figure 4: PFAS recoveries in egg after QuEChERS + SPE clean-up (n = 4, 0.1 ng/g).

Figure 3: PFAS recoveries in egg after QuEChERS extraction (n = 4, 1 ng/g).

Figure 2: Chromatogram of a 0.05 ppb LLOQ.
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for 13 years and has given 

hundreds of presentations and 

onsite demonstrations on sample 

preparation, chromatography, and 

total workflow solutions around the 

globe.

extraction (dSPE). A 1-mL measure of 

the acetonitrile supernatant was then 

transferred to a tube containing a 

QuEChERS dSPE primary, secondary amine 

(PSA) sorbent.

Tubes were then vortexed for 30 s and 

centrifuged, and 500 μL of the acetonitrile 

layer was transferred to a polypropylene 

autosampler vial for LC–MS/MS 

analysis, or, applied to a reversed-phase 

SPE procedure on a mixed-mode 

reversed-phase/weak anion-exchange 

sorbent for further matrix clean-up.

Results

The system was calibrated from 0.05 ppb 

(Figure 2) to 1000 ppb with a 0.05 ppb 

lower limit of quantification (LLOQ) and 

a 0.5 ppb mid-level calibrator. Butter, 

cheese, egg, milk, and fish samples applied 

to the QuEChERS extraction and dSPE 

clean-up achieved a 1 ng/g sensitivity 

(Figure 3) in their respective matrices, and 

0.1 ng/g (Figure 4) with the additional SPE 

clean-up.

Conclusions

The modified QuEChERS method described 

is a very simple and effective method to 

determine PFAS in dairy and fish matrices, 

and the additional solid-phase extraction 

clean-up yielded even lower sensitivities 

that could be applied to less sensitive mass 

spectrometers for ppb analysis, or used for 

introducing less matrix to the system and 

reducing detector and chromatography 

cleaning and maintenance needs.

Even with decreased use of PFAS on 

commercial products, PFAS contamination 

will persist throughout the environment 

because of their bioaccumulative 

properties. Expanded demand for PFAS 

analysis to food for human consumption is 

increasing for food safety evaluation as a 

result of chronic exposure to PFAS in the 

environment. 

Acknowledgements

Special thanks to Weck Laboratories for 

their contributions.

References

1. H. Chang et al., Journal of Chromatography A 

1480, 1–10 (2017).

2. R.C. Buck et al., Integr. Environ. Assess. 

Manag. 7(4), 513–541 (2011).

3. M. Anastassiades et al., J. AOAC Int. 86, 

412–431 (2003).

4. M.F. Rahman, S. Peldszus, and W.B. Anderson, 

Water Research 50, 318–340 (2014).

5. www.fda.gov/news-events/press-

announcements/statement-fdas-scientific-

work-understand-and-polyfluoroalkyl-

substances-pfas-food-and-findings

Scott Krepich is the Global Industry 

Manager for Food and Environmental 

Testing at Phenomenex, with over 20 

years of chromatography experience. 

After studying biochemistry at the 

University of Illinois at Urbana-

Champaign, USA, he worked as an 

HPLC and GC method development 

scientist at American Pharmaceutical 

Partners in Melrose Park, Illinois. 

Scott has been with Phenomenex 

E-mail:  ScottK@Phenomenex.com
Website:  www.Phenomenex.com

Krepich

333333

Q&A Gouot2 QQQQ&&&AAA GGGooouuuooottt News7 RAFA Preview10 Zöldhegyi et al. James12 20ZZZöööllldddhhheeeggggyyyyiii eeettt aaalll. JJJaaammmeeesss7 NNNeeewwwsss 100 RRRAAAFFFAAA PPPrrreeevvviiieeewww

Schad25 SSSccchhhaaaddd Training & EventsKrepich 3430 Staff36 SSStttaaaffffff33433030 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsssKKKrrreeeppppiiiccchhh

http://www.chromatographyonline.com
mailto:ScottK@Phenomenex.com
http://www.Phenomenex.com
http://www.fda.gov/news-events/press-announcements/statement-fdas-scientific-work-understand-and-polyfluoroalkyl-substances-pfas-food-and-findings


 The Column    www.chromatographyonline.com Training & Events 

343344

Q&A Gouot2 QQQQ&&&AAA GGGooouuuooottt News7 RAFA Preview10 Zöldhegyi et al. James12 20ZZZöööllldddhhheeeggggyyyyiii eeettt aaalll. JJJaaammmeeesss7 NNNeeewwwsss 100 RRRAAAFFFAAA PPPrrreeevvviiieeewww

Schad25 SSSccchhhaaaddd Training & EventsKrepich 3430 Staff36 SSStttaaaffffff33433030 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsssKKKrrreeeppppiiiccchhh

Training Courses
GC

The Theory of GC

Website: www.chromacademy.

com/gc-training.html

Data Analysis and Sampling 

Techniques for GC and GC–MS

16 October 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/data-analysis-and-

sampling

GC Method Development

Onsite training

Website: www.crawfordscientific.

com/training-consultancy/

gc-training/gc-method-development

HPLC/LC–MS

The Theory of HPLC

On-line training from 

CHROMacademy

Website: www.chromacademy.

com/hplc-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

Hands-On Derivatization

19 September 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/derivatisation

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

Introduction to Biopharmaceutical 

HPLC and LC–MS Analysis

Onsite training

Website: www.crawfordscientific.

com/training-consultancy/

other-chromatography-courses/

introduction-to-biopharmaceutical-

hplc-and-lc-ms-analysis

Hands-On LC–MS Theory, 

Methods, and Maintenance

2–3 October 2019

Providion, Manchester, 

UK

Website: www.anthias.co.uk/

training-courses/handson-LC-theory-

methods

SAMPLE PREPARATION

DiLLME on Tour

8–17 October 2019

8 October—Holiday Inn, Darlington, 

UK

10 October—Holiday Inn, Edinburgh,  

UK

15 October—Alderley Park, 

Macclesfield, UK

16 October—Hilton Hotel, Cardiff, 

UK

17 October—Hilton Hotel, Reading, 

UK

Website: www.anatune.co.uk/

applications/events/dillme-on-tour/

Overview of Solid-Phase 

Extraction

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

sample-prep-training.html

Please send your event and training 
course information to Kate Jones 
kjones@mmhgroupcom
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Agilent Technologies is offering five years complimentary access to 

CHROMacademy for all university students and staff.

CHROMacademy is an intuitive, comprehensive e-learning and trouble-

shooting platform with more than 3,000 pages of content for HPLC, 

GC, sample preparation, and hyphenated techniques. No other online 

resource offers separation scientists more live streaming events, a 

knowledge base, practical solutions, and new technologies in one easy 

to navigate website.

Get your free five year membership worth US $1,995* by submitting the 

form at www.chromacademy.com/agilent.

* Five years free access to CHROMacademy only available to customers affiliated with an academic     

   or research institution, conditions apply. A valid university e-mail address if required.

© Agilent Technologies, Inc. 2017

 FREE
CHROMACADEMY 
MEMBERSHIP

14–16 October 2019

The 11th Conference of The World Mycotoxin Forum and the XVth IUPAC 

International Symposium on Mycotoxins (WMFmeetsIUPAC)

Belfast, Northern Ireland

E-mail: WMF@bastiaanse-communication.com

Website: www.worldmycotoxinforum.org

21–23 October 2019

Solutions and Workflows in (Environmental) Molecular Screening and Analysis 

(SWEMSA 2019)

Erding, Germany

E-mail: info@swemsa.eu

Website: www.swemsa.eu

29 October 2019

ChromSoc Event: Multi-Dimensional Chromatography

Syngenta, Jealott’s Hill International Research Centre, Bracknell, Berkshire, UK

E-mail: registration@sasevents.co.uk

Website: https://www.eiseverywhere.com/ereg/index.php?eventid=461404&

29–31 January 2020
The 16th International Symposium on Hyphenated Techniques in

Chromatography and Separation Technology

Ghent, Belgium

E-mail: htc16@kuleuven.be

Website: https://kuleuvencongres.be/htc16
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