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The Road to a 
Successful Contract 
Research Organization 
(CRO) Relationship
Incognito navigates the potentially precarious path to a successful 

relationship with a contract research organization (CRO).

level. Further, the nature of the actual “point 

to point” relationships, that is, those folks who 

must regularly communicate, solve problems, 

and deliver the results from both parties, are very 

poorly covered.

As someone who has, at various times in my 

career, had a foot in both camps, I wanted to 

offer some practical advice on how to establish 

and strive for a highly productive working 

relationship with your analytical outsourcing 

provider. This almost always comes down 

to good diligence, good communication 

and transparency, the ability to challenge 

constructively, the humility to accept that 

sometimes we are wrong (both sides!), and a 

willingness to adopt a co-operative mindset.

From experience in delivering projects 

from both sponsor and outsourcing provider 

perspectives, I categorize the keys to productive 

The global healthcare analytical testing services 

market is estimated to grow at a compound 

annual growth rate (CAGR) of 11.3% from 2016 

to 2021, reaching $4.13 billion by 2021 from 

$2.42 billion in 2016 (1).

As the statistics show, many of us will face the 

situation where we need to outsource analytical 

work. It’s very important that we select the most 

appropriate provider, manage the relationship 

well, and achieve the desired outcomes in the 

most time- and cost-effi cient manner.

The internet is littered with articles advising on 

how this might best be done—see references 

2–6 for just a few examples—however, this 

advice, for the most part, lacks the practical and 

pragmatic aspects of how to get things done 

properly at the “bench” level. Much of it focuses 

on the quality, fi nancial, and staff audit, with the 

technical aspects considered at a very cursory 
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“bench-level” contract research organization 

(CRO) relationships into the following broad 

categories:

• People 

• Culture and communications

• Scientifi c capability

• Documentation, process, and delivery.

People

The advice given in a lot of the articles I have 

read is very wide of the mark on the aspects 

of the people relationships that need to be 

established and maintained.

Frankly, whilst we can’t like everyone we work 

with in an outsourcing relationship, it really does 

help if we do, and you can tell a lot about the 

outsourcing provider by the people that you 

meet when engaging with or undertaking your 

project.

I have read a lot about the importance of the 

“client relationship manager” or that having 

a “single point of contact” is important. I fi nd 

the latter to be a hinderance rather than an 

enabler in most cases. It will certainly slow down 

communications and progress, but more on that 

later.

Some CRO’s don’t treat their bench-level 

chemists very well; one worker has described 

themselves to me in the past as “an advanced 

autosampler who is sometimes allowed to 

process data”. When selecting a partner, one 

should be very careful to assess the “mood” 

of those folks who will ultimately be preparing 

your samples, and acquiring and processing your 

data. If they appear to be downtrodden, only 

allowed to see part of the big picture, constantly 

assigned to mundane tasks and given very little 

opportunity for development, then alarm bells 

should be ringing.

One of the most destructive problems in any 

CRO relationship is staff turnover. I’ve seen many 

projects signifi cantly delayed or even fail because 

key staff have left or there are insuffi cient suitably 

qualifi ed staff to carry out the work placed 

with them. This needs to be carefully evaluated 

when selecting a partner and monitored as 

you move forwards with project work. Whilst 

you wouldn’t expect to always have “Bob” or 

“Mary” carry out your analyses, the number of 

different people you must communicate with, 

and their knowledge of your analyses, will give 

an indication of the focus your CRO is putting on 

your projects.

The ability to develop closer personal ties 

can also very much help to foster a spirit of 

emotional investment in your CRO partners, 

and I have established relationships with CRO 

partner staff that enable discussions on sport, 

family members, and holidays. This doesn’t get 

in the way of productivity, although protracted 

conversations of this nature would obviously be 

frowned upon by senior management on both 

sides, and it very much helps to create a bond of 

common purpose and should not be overlooked.

Day in …    Day out …

Something you can rely on

The GERSTEL MPS handles Your Sample Preparation 

and Introduction efficiently and reliably. Our solutions 

are intelligently automated to your specifications.

No programming, just Setup and Start by mouse-click. 

Your MPS works day and night, using less solvent and 

without anyone watching over it.

GERSTEL Solutions for GC/MS and LC/MS with  

Application Support at your Service.

What can we do for you?

Agitation, quick MIX

MAESTRO  
PrepAhead Productivity

Evaporative concentration 
(mVAP)

Centrifuge

Extraction, derivatization, 
addition of standards

Solid Phase Extraction 
(SPE), Filtration
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Culture and Communications

These link closely to people considerations and 

describe how “alike” the CRO is to your own 

working environment. Whilst it is unlikely that 

the CRO is a mirror image of your own business, 

there are certain traits that one can assess in 

order to highlight any potential issues going 

forwards.

Culture describes the management style and 

working practices adopted by the outsourcing 

provider and can include aspects such as:

People Development: What training and 

development opportunities does the CRO 

provide to their staff and is there budget and 

time available for these? What non-technical 

training is provided? This is a good measure 

of how the organization cares for their people 

outside of them being “work units”.

Flexibility: The modern zeitgeist within the CRO 

is to enable a fl exible workforce who can move 

across techniques and disciplines as the workload 

shifts. Whilst this is a generally very positive 

approach, one must ensure that the knowledge 

and skills of the workforce are suffi cient to 

generate high-quality outputs.

Management Style: How “inclusive” is the 

management style? Do the folks at the bench 

have the “whole picture” of the projects 

on which they are working or is there a silo 

mentality in which the “jigsaw” of data is pieced 

together by someone more senior? This can 

often to lead to subtle implications in the way 

data are generated or interpreted being missed 

and can be highly detrimental.

Workload: Are there enough people to do the 

work you require and are they suitably qualifi ed? 

If planning and workload management are not 

fi rst class, then you may fi nd projects are delayed 

or work is carried out to a lower standard as 

uniformed or inexperienced analysts are drafted 

in as extra pairs of hands. No one likes the 

plumber or builder who “has to slip away for a 

couple of hours to go and look at another job” 

whilst still working on yours—the same is true 

with the staff working on your analytical project!

Staff Contracts: What type of contracts do 

the analytical staff have? Are they similar to 

the terms and conditions within your own 

workplace? Do they seem pejorative, or are they 

fl exible and provide benefi ts beyond monetary 

compensation? Are salaries in line with other 

CROs or businesses in the local area?

Non-Disclosure Agreement/Confi dential 

Disclosure Agreement (NDA/CDA): Whilst 

seemingly esoteric, the nature of the standard 

non-disclosure or confi dentiality agreement 

supplied by the laboratory can tell you a lot 

about the business’s openness and attitude 

to risk. If the agreement contains a host 

of defensive clauses, then this will tell you 

something of the company culture. In general, 

outsourcing partners will ask for the NDA to be 

generated on your side, however, I always ask for 

the CRO standard documents to review in the 

The LCMS-9030 quadrupole time-of-flight (Q-TOF) mass spectro -
meter integrates the world’s fastest and most sensitive quadrupole
technology with TOF architecture. It delivers high resolution accu-
rate-mass detection with incredibly fast data acquisition for routine
applications.

Greater accuracy and higher sensitivity
based on patented Ultra-Fast technologies

Identify and quantify more compounds with greater confidence
in food applications, forensics, drug identification, proteomics and
metabolomics

Effortless performance 
with less recalibration and easy switching between ionization units

Small footprint
due to a simple and compact floor-standing design

www.shimadzu.eu /effortless-performance

Effortless performance

LCMS-9030

Quadrupole Time-of-Fl ight
Liquid Chromatograph Mass Spectrometer

Incognito

444

Incognito2 IIInnncccoooggggnnniiitttooo News9 Moreau12 Tips & Tricks17 TTTiiippppsss &&& TTTrrriiiccckkksss99 NNNeeewwwsss 122 MMMooorrreeeaaauuu

RAFA Preview22 RRRAAAFFFAAA PPPrrreeevvviiieeewww The LCGC Blog24 Training & Events31 Staff33 SSStttaaaffffff242 TTThhheee LLLCCCGGGCCC BBBllloooggggCCC 313 TTTrrraaaiiinnniiinnngggg &&& EEEvvveeennntttsss

http://www.shimadzu.eu/effortless-performance
https://www.shimadzu.eu/
https://ifworlddesignguide.com/
http://www.chromatographyonline.com


 The Column    www.chromatographyonline.com

fi rst instance, just to see how risk averse they are, 

and how carefully they are promising to treat our 

confi dential information, and how they propose 

to handle the data and information during, and 

crucially after, the project.

Of course, the items above can be diffi cult 

to quantitatively measure, but there should be 

no hesitation when evaluating a provider or 

asking for interviews or a chat with bench-level 

scientists, and I have often sought to review 

typical staff contracts to assess the way in 

which the provider compensates staff at various 

levels within the business, as well as training 

records to review how much non-technical 

staff development is available. As one begins 

project work, you will quickly come to realize the 

satisfaction or dissatisfaction of staff regarding 

their working environment, management, level 

of inclusivity, and workload during day-to-day 

conversations. It is much better to attempt to 

assess this ahead of time wherever possible.

In this regard, larger, more widely experienced 

organizations don’t necessarily fare better than 

smaller outfi ts.

Culture and communications meet when 

there are issues that need to be resolved, and we 

need to ensure that honesty and transparency 

are of value. It is always good to test the water 

in this regard by arranging a situation in which 

constructive challenge can be raised in order to 

evaluate how the provider deals with it. This can 

be raised as part of the initial audit process, the 

quoting, or initial project engagement phases.

By far the most effective way I have found 

is to arrange a presentation or “What’s your 

approach to…” type session where staff from 

the provider are asked to present on a particular 

topic relevant to the work that you intend 

to subcontract, or a meeting is arranged to 

review laboratory documentation (procedures 

or instrument standard operating procedures 

[SOPs]). It is usual to be able to fi nd topics on 

which one might question the laboratory staff 

on scientifi c or quality aspects and press them 

to justify their science, process, or regulatory 

knowledge, making it easy to assess the honesty 

and transparency of their responses. It is also 

reassuring when staff admit that they do not 

know the correct answer, but that they have a 

colleague who would know the answer. Always 

allow them to seek the correct answer—this 

also assesses the internal communications and 

interoperability within the business.

Project briefi ng meetings can also tell you a lot 

about the commitment of the CRO to your work, 

and you should note the level of questioning 

coming from the partner organization, especially 

around the nature of the samples, project 

background and work undertaken so far, 

expected analytical outcomes, potential pitfalls 

you anticipate, unusual aspects of sample 

preparation, data acquisition conditions, and 

data processing. The more questions that are 

asked, the more engaged and inquisitive the 

partner and the more experienced they tend to 

be in scoping and identifying possible problems 

from the outset. Also be wary of groups who 

appear to know more than they do. I always 

fi nd questions starting with “Can you explain 

further”, “We have not come across that 

before”, “What do you mean by…” reassuring 

as, provided these aren’t about basic concepts, 

they demonstrate an openness to admitting 

what is known or unknown and the ability to 

seek clarifi cation without concerns over losing 

face in front of the customer.

The more mundane aspects of communication 

are also important to establish. How will meetings 

be conducted? Is video conferencing available? Is 

screen sharing a possibility? What is the project 

review cadence? Who will attend project review 

meetings? What format will the meetings take 

and how will interim data be presented? However, 

other less mundane communication scenarios 

can also be pressure tested early in a CRO 

evaluation or relationship. How will bad news 

be communicated to you? Are there escalation 

processes in place? What circumstances would 

generate a call to discuss out-of-specifi cation 

or unusual results and how quickly will this be 

done? What is the dispute management policy? 

How open is the organization to troubleshooting 

visits by the sponsor? How easy is it to get access 

to senior management at the CRO? Very often, 

dispute management is needed when issues 

around unacceptable performance arise. Here it 

is very helpful to defi ne issues that you believe fall 

into this category and to work through these in 

order to assess how the provider would handle 

these specifi c instances. 

Invariably, problems will arise when 

outsourcing analytical work and it is of vital 

importance to establish how these will be 

resolved as early as possible. If these processes 

resemble your own internal approaches, then so 

much the better.

Scientifi c Capability

This is typically the area that receives the most 

focus when evaluating a supplier or when 

establishing and reviewing ongoing project work. 

However, there are aspects that are often not 

considered, and evaluations tend to be focused 

at a high level, when more esoteric, practical 

factors can often be the marker for a successful 

project outcome.

Life can be so much more straightforward when 

the CRO uses the same equipment as you do, 

especially when transferring methods. However, 

even when the equipment is nominally the same, 

there can be subtle differences. I always ask the 

CRO laboratory if they measure the dwell volumes 

of their high performance liquid chromatography 

(HPLC) systems in order to compare with my 

own and hence intercept any possible issues with 

gradient separations. I feel that this is a marker of 

a laboratory who are really on top of their game. I 

also ask for the instrument or method SOPs to see 
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method variables and the degree of clarifi cation 

sought on information not included but that could 

be key (secondary or esoteric variables as described 

above). Here, the key is level of engagement and 

inquisitiveness based on their previous experiences 

of method transfer.

Don’t be afraid to set up meetings where 

technical questions may be asked, much like a 

technical interview, based on problem methods, 

poor chromatography, or issues with quantitative 

analysis, in order to really dig into the scientifi c 

knowledge within the business. Undoubtedly, 

the CRO will offer their “expert” for these 

sessions, but push back and get a selection 

of personnel into the room to assess levels of 

understanding from the bench upwards. Of 

course, the organization’s willingness to offer 

up multiple staff in such a meeting will depend 

upon the amount of work (and money) you are 

offering; however, it is the sponsor’s responsibility 

to ensure they are comfortable with the technical 

credibility of the CRO staff!

I also try to insist on a laboratory tour and 

some time to linger to observe working practices. 

I do feel that watching operations, such as 

weighing and pipetting, give me a sense of how 

good the project work will be.

Where method development or validation 

is being undertaken, I always insist on the 

production of a protocol for the work ahead of 

the project meeting. The approach taken to this 

type of work is again very revealing about the 

if there is any treatment of secondary parameters 

such as pump compressibility settings, diode-array 

detector (DAD) bandwidth, and slit width settings.

For gas chromatography (GC), the differences 

in inlet liners used, settings for the detector 

supply gases, and splitless times are all worthy 

of consideration, and an evaluation of CRO 

personnel knowledge of the possible effects of 

“unwritten” differences between the sending 

and receiving laboratory protocols is important. 

When transferring a method, I often ask for a 

critical review of our methods, including issues that 

they might face in implementation or questions 

they may have over the scientifi c approach and 

method variables, to assess the organization’s 

ability to spot issues ahead of time and how they 

would seek to address them. Discussions such as 

these can also tease out potential misinterpretation 

of methods and help to get everyone on the 

same page. Remember that adage of “Our 

practice is not necessarily their practice”? Just 

because it’s written in an SOP doesn’t mean it 

will be interpreted or indeed implemented in the 

same way. A favourite of mine is to remove the 

units from a trifl uoroacetic acid (TFA) solution 

in the analytical conditions summary, just to 

see if anyone asks if the 0.1% TFA is weight/

weight or weight/volume prior to getting to the 

experimental section. Again, a good mark of a 

laboratory who can intercept problems before 

they occur. Note in project kick-off meetings the 

numbers of questions raised by the CRO around 

UNITY LAB SERVICES
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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.
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all sponsor personnel involved in the project are 

given the opportunity to comment, considering 

not only the specifi c technical and scientifi c 

details but also the fl ow and layout and how 

they compare to your own documentation. By 

the way, don’t be surprised if the documents are 

of a higher standard than your own. Swallow 

your pride and learn what you can. Some CRO 

organizations are highly professional and can 

often teach sponsors a lesson or two!

If you are involved in the documentation 

review process, be prepared to adapt your 

own internal assessment and evaluation criteria 

documents to be specifi c to the project that you 

are working on. Often these documents and 

their criteria are broad or more generic and it 

is important that this stage does not become a 

pro forma exercise; you should be able to fl ag 

specifi c technical issues that may be troublesome 

further down the line.

There are several key aspects that can help to 

quickly identify red fl ags, some of which I have 

summarized below:

System Suitability Testing: Are the correct 

aspects being measured to ensure the system 

is fi t for the purpose of producing high quality 

data? What, if any, subjective criteria are 

included? How are the pass/fail criteria defi ned? 

What action criteria are there in the event of a 

test failure? 

Out-of-Specifi cation (OOS) Data: How are 

these defi ned? How are they fl agged? What are 

ask, where appropriate, for information on 

how many regulatory submissions have been 

successfully made using the data that the CRO 

has generated, what questions were asked by 

the regulator, and how these were addressed.

The ultimate question one is trying to answer 

here is “Can I trust the data?” and it is your 

responsibility to ensure that you can. I’ve often 

heard the phrase “We would have expected you 

to be doing that’ in sponsor–CRO discussions 

and it is my fi rm belief that this is a sponsor 

diligence oversight!

Documentation, Process, and Delivery

Here again, advice and guidance tend to be at 

a fairly high level and based on “management 

evaluation” of the provider. However, the areas 

of documentation, process, and delivery can be 

of crucial importance in the day-to-day working 

relationships with your CRO and can lead to an 

easier and more productive working relationship.

Of course, the “working” documentation 

provided should be carefully checked when fi rst 

evaluating the supplier and should include SOPs 

and procedures relating to the general laboratory 

operations and anything specifi c to projects that 

you are planning, including the instrument SOPs. 

However, there are many instances where these 

are checked only as part of an audit, and those 

involved in the day-to-day work are not given 

the opportunity to review these documents. This 

is a dangerous situation and it is important that 

capabilities of the people and their resources. 

If I’m spending company money outsourcing 

a project, I’d certainly like to know that there 

are effi cient processes in place to expedite the 

work as quickly as possible whilst retaining the 

highest quality. Do they have a column switching 

HPLC system that can run screening analyses 

overnight? Are they equipped with method 

development software to help model and predict 

the optimum separation conditions from these 

screening runs? Is there any statistical design for 

robustness testing during method validation? 

What is their approach to emerging initiatives, 

such as analytical life cycle management, and 

do they have redacted examples of analytical 

target profi les developed for other clients? Again, 

these considerations can be highly informative 

regarding the experience and abilities of the 

laboratory undertaking the work. 

In general, I fi nd that the more redacted 

reports for similar types of work the CRO are 

willing to share, the more comfort one might 

take that the work will be performed to suffi cient 

high technical standards, and that the partner 

organization has the depth of understanding 

to deliver the data and understanding that 

you require to take your projects forwards. 

This is especially true when the work you are 

outsourcing becomes more “specialist” in 

nature. Some types of analyses take years of 

experience to properly plan experimentation 

and generate data fi t for purpose for. One may 
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them, much angst, time, and money can be 

saved. Whilst we are all under great pressure 

to generate data and analytical insight to help 

take our projects forwards, it is always the case 

that more haste leads to less speed. Having a 

scientifi cally competent partner with whom you 

can communicate regularly and honestly will 

make your analytical outputs better and your life 

so much easier.
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Data Access: What facilities are there for you to 

access either test results or raw data remotely? Is 

there an opportunity for you to “walk through” 

a data analysis exercise with the CRO staff? (This 

can help enormously when troubleshooting 

issues.)

Many sponsor organizations take the attitude 

that once the initial audits have been successfully 

completed, then a study of lesser value or 

importance will be given to the new CRO to test 

their mettle. I would strongly advise against this 

and, wherever possible, one should place a study 

using a know reference material or, preferably, 

samples that have been previously tested, either 

internally or at another CRO. This will really help 

to build confi dence in your new partner and may 

even, as has happened to me on at least one 

occasion, prove that the initial testing was not 

properly carried out.

At the very least, one should be asking the 

provider to produce a protocol for the work 

that is to be carried out to assess the scientifi c 

approach taken.

As per my earlier comment, I have worked on 

both sides of the sponsor–CRO relationship and 

I can say with absolute certainty that the more 

diligence work that is carried out when selecting 

a partner or defi ning a new project, the more 

successful the outsourcing will be. By setting 

clear expectations on both parties across all the 

areas outlined above, and by properly defi ning 

the outcomes and the routes taken to achieve 

the action criteria? What are the re-test criteria? 

How are OOS results reported?

Quantitative Analysis Protocols: How is 

instrument calibration defi ned and implemented? 

How are calibration curve data handled? 

What testing is done to verify linearity or 

heteroskedasticity beyond the usual r2 regression 

coeffi cient? How are nonlinear instrument 

responses handled? How is bias verifi ed? What 

checks are in place to ensure the instrument 

response is not drifting or changing over time 

and are these verifi ed using statistical signifi cance 

tests? What criteria are defi ned for the omission 

of data points in calibration curves? How sensible 

is the approach to calculation of the results and 

is this mainly done within the computer data 

system or are there manual steps, typically using 

Microsoft Excel? Could your sponsor take the 

raw numbers from the sample preparation and 

the peak areas and manually carry out the result 

calculation, that is, how well does the CRO know 

exactly how the result is derived?

Method Development/Validation Protocols: 

How well defi ned are the analytical outcomes? 

How clear are the proposed tests and their pass 

or fail criteria? How systematic is the fl ow of the 

protocol? What statistical design or verifi cation 

elements are there and how appropriate are they?

Reporting Formats: How amenable is the CRO 

to reporting data and outcomes using your own 

templates to avoid transcription errors on your 

side?

Contact author: Incognito
E-mail the editor: kjones@mmhgroup.
com
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Maximizing your chromatography productivity and achieving reproducible 
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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 
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Knauer Joins Industrial Sustainability Research Project

From September 2019, Knauer Wissenschaftliche Geräte GmbH 

(Berlin, Germany) has joined the European Union Funded IMPRESS 

research programme, whose goal is to advance the sustainable 

production of raw chemistry materials.

The research project, whose acronym stands for “Integration of 

effi cient downstreaM PRocessEs for Sugars and Sugar alcohols”, 

is driven by a consortium of 10 member companies and research 

institutions receiving a total grant of 13 million euros to date.

Over the course of four years, the IMPRESS team aims to 

demonstrate a new kind of biorefi nery, which allows converting 

plant-based non-food materials into important base chemicals, for 

example, the production of monoethylene glycol without fossil 

source materials. This would allow the sustainable production of 

in-demand polyesters.

Knauer’s role in the IMPRESS consortium is to contribute with 

its expertise and liquid chromatography purifi cation technology, 

including the effi cient continuous separation technology simulated 

moving bed (SMB) chromatography.

Other research areas in the project include: 
• Biotechnology to break up the plant material into sugars
• The use of sustainable catalytic process technology for the 
creation of important base chemicals
• The development of new separation methods to purify 
intermediates and end products.

For more information, please visit: www.knauer.net

Improving Food Quality Control 
Using UHPLC–MS
Researchers from the Technical University of Munich (TUM) and the Leibniz-Institute for Food Systems Biology have 

developed a new method for the simultaneous analysis of odorants and tastants using ultrahigh-performance liquid 

chromatography–mass spectrometry (UHPLC–MS).

The taste of a food is highly dependent on the odorants and tastants that it possesses, and its interactions. With 

consistency being one of the hallmarks of quality food produce, the challenge of controlling those odorants and tastants is 

vital. Manufacturers want to know and control the characteristic odour and taste profi les of their products, but in order to 

do this they need precise food analysis.

In this regard, one of the major challenges facing scientists is the amount of analytes available. A few trillionths of a gram 

for each kilogram of food is enough to perceive some odorants while tastants can only be identifi ed as signifi cantly high 

concentrations. Furthermore, tastants and aroma substances differ greatly in their chemical and physical properties. This 

results in the need for multiple methods to determine the nature and amount of the target analytes in the raw foods and 

materials. Aroma analyses in particular are very time-consuming and expensive, limiting the high-throughput analysis of 

numerous samples.

“We have now developed a new, innovative methodical approach that will enable us to examine food simultaneously 

for both odorants and tastants in a time-saving high-throughput process. It is based on an ultrahigh-performance liquid 

chromatography–mass spectrometry method typically used for taste analysis,” said Thomas Hofmann, Director of the 

Leibniz-Institute for Food Systems Biology and Professor of Food Chemistry and Molecular Sensory Science at the TUM

One particular feature of the new approach allows volatile odorous substances to be analyzed by means of an upstream 

enrichment or substance conversion step, which is otherwise not used for aromatic substances, saving valuable analysis 

time. According to the scientists, the new method makes it possible for the fi rst time to analyze a large number of samples 

in a very short time with regard to their taste and odour giving ingredients.

The researchers hope to be able to further develop the method so that it can be used by food manufacturers in the 

future to quickly and easily monitor the fl avour of food along the entire value chain and, if necessary, optimize it.—L.B.

Reference
1. C.K. Hofstetter, A. Dunkel, and T. Hofmann, J. Agric. Food Chem. 67, 8599–8608 (2019). doi: 10,1021/acs.jafc.9b03466
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Markes International Ltd (Llantrisant, Wales, 

UK) were officially awarded two Queen’s 

Awards for Enterprise in September 2019. 

Markes is one of only 10 Welsh companies 

to receive an award and one of only six 

British companies to be recognized in two 

categories.

“I was absolutely delighted to present 

the Awards on behalf of Her Majesty 

The Queen,” said Lord Lieutenant of Mid 

Glamorgan, Professor Peter Vaughan, QPM, 

CStJ, DL, as he presented the awards. 

“It truly is a pleasure to see such an 

innovative, hard-working, and successful 

company be given the acknowledgement 

they deserve.”

Markes received the prestigious awards 

in the “Innovation” and “International 

Trade” categories, on the back of their 

valving technology used in its instruments, 

as well its continued achievement in 

growing overseas sales. The pair of 

awards follow on from success in 2015, 

when similar business growth led to them 

receiving a Queen’s Award for International 

Trade.

The switch-valve, which is the subject 

of the Innovation Award, was developed 

and patented by the company in the late 

1990s, and is used to regulate flows of 

gas into and out of a precision-engineered 

“focusing trap”, with the ultimate aim of 

collecting, concentrating, and identifying 

the volatile chemicals present.

The combined operation of the valve 

and trap allows tiny amounts of chemicals 

(as low as parts per billion) to be detected 

routinely, making Markes’ instruments 

applicable to a wide range of situations. 

These include forensics and security 

applications, the monitoring of breath for 

disease diagnosis, analysis of food and 

perfume aromas, and testing for toxins in 

everyday materials and the environment.

The Llantrisant workforce went to the 

presentation ceremony, which was held at 

nearby Hensol Castle. “Winning these two 

awards simply couldn’t have been achieved 

without the dedication and hard work of 

all our employees, so we wanted to be 

sure as many as possible were part of the 

formal presentation,” said Tim Hawkins, 

Markes’ Managing Director.

For more information, please visit: www.

markes.com 

Markes Receives Two Queen’s 
Awards for Enterprise

Thermo and Cedar-Sinai Announce 

Collaboration

Thermo Fisher Scientifi c (Waltham, 

Massachusetts, USA) and Cedars-Sinai 

(Los Angeles, California, USA) have 

announced a collaboration to develop a 

pathway to precision medicine through 

the development of robust, reliable, and 

sensitive liquid chromatography–mass 

spectrometry (LC–MS)-based workfl ows 

for clinical research applications.

“Thermo Fisher shares our vision for 

helping clinical research teams set new 

standards for excellence and innovation in 

patient care through precision medicine. 

The goal is to develop advanced 

LC–MS-based workfl ows for the 

untargeted screening and targeted 

quantitation of protein-based biomarkers 

for critical disease states, which hold 

the potential to benefi t not only our 

own patients but also the wider clinical 

community,” said Jennifer Van Eyk, 

Ph.D., Principal Investigator for Research 

and Director of the Advanced Clinical 

Biosystems Institute in the Department of 

Biomedical Sciences at Cedars-Sinai.

For more information, please visit 

www.thermofi sher.com/BeSure

News
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Waters Corporation (Milford, Massachusetts, 
USA) has announced the retirement of Mark 
T. Beaudouin as Senior Vice President, General 
Counsel, and Corporate Secretary after 16 
years leading the company’s legal team. 
Current Vice President, Deputy General 
Counsel, and Assistant Secretary, Keeley A. 
Aleman, will be promoted to Senior Vice 
President, General Counsel, and Corporate 
Secretary, and a member of the Executive 
Committee. “On behalf of the board of 
directors and all Waters employees, I want to 
personally thank Mark for his immeasurable 
contributions to Waters’ success over the course 
of his distinguished career,” said Christopher J. 
O’Connell, Waters Corporation Chairman and 
CEO. For more information, please visit: www.
waters.com

Shimadzu (Kyoto, Japan) has opened up a 
new branch offi ce in Stockholm, Sweden. 
“We are proud to be present in the home 
country of Alfred Nobel and Swedish 
Laureates from chemical, physical, clinical, 
and engineering sciences,” said Lage Thaning, 
Managing Director of the Shimadzu Sweden 
Branch Offi ce. “Sweden has always been 
an early adopter of new technologies and 
open-minded towards new developments.” 
The Swedish offi ce will market Shimadzu’s full 
range of analytical instrumentation solutions 
covering chromatography, mass spectrometry, 
TOC (sum parameter), and spectroscopy. 
For more information, please visit: www.
shimadzu.se

•  The LCGC Blog: State of the Art in Microscale-LC Stationary Phase Formats—In an effort to 
better understand the current application potential of microscale liquid chromatography (micro-LC), 
I picked up a few recent review articles from the literature. What one immediately appreciates from 
glancing through the literature for such information is that there are a lot of different confi gurations 

and alternative formats, which can be placed under the micro-LC umbrella. Read Here>>

•   Essential GC Accessories—Most manufacturers ship gas chromatographs with a small collection 
of consumable parts and accessories, such as extra ferrules, inlet liners, or septa, and a few 
instrument-specifi c tools. In earlier times, some convenience items might have been included as well, 
like a bubble fl ow meter or a small set of tools, but now it’s rare to fi nd such things in the shipping 
boxes. This edition of “GC Connections” lists a number of essential items that should be on hand in 

every GC laboratory, their function, and how to use them effectively. Read Here>>

•   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. Read Here>>

•   Recent Developments in HPLC and UHPLC—In this special issue from LCGC, four leading 
researchers present key developments in high performance liquid chromatography (HPLC) and 
ultrahigh-pressure liquid chromatography (UHPLC), sharing concepts and visions that will dominate 

future research in liquid separations. Read Here>>

•   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). Read Here>>
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Automating Analysis of 
Antibiotics in Blood

Therapeutic drug monitoring (TDM) is an important method for 
determining both dose and optimal effective level of a drug in the blood, 
preventing side effects such as kidney damage. Using the antibiotic 
classes aminoglycoside and vancomycin as examples, an analysis method 
is presented that combines fully automated sample preparation with 
ultrahigh-pressure liquid chromatography–triple quadrupole-mass 
spectrometry (UHPLC–TQMS).

Stephane Moreau, Shimadzu Europa GmbH, Duisburg, Germany

combined therapy with aminoglycosides 

and vancomycin is increasingly being used 

to treat such infections. These are classes 

of antibiotics that were used in the past 

to treat resistant bacteria, but which have 

been phased out over the past 20 years 

because of their toxicological risks and the 

historically increasing importance of beta-

lactams. 

Combined LC and MS Method for 

Therapeutic Drug Monitoring

Today, aminoglycosides are among the few 

effective preparations for the treatment 

of serious bacterial infections because of 

growing resistance Aminoglycosides and 

vancomycin have a limited therapeutic 

range. In high dosages, the products are 

Aminoglycoside antibiotics and vancomycin 

are used to treat severe infections, 

especially gram-negative enterobacteria. 

Multidrug-resistant germs often lead to 

life-threatening issues, such as respiratory 

tract infections, urinary tract infections, 

bloodstream (sepsis), or post-surgical 

(wound) infection (1,2). Infections caused by 

multi-resistant Pseudomonas or Acinetobacter 

germs are especially problematic in intensive 

care units. In the context of infections, 

resistance to classical antibiotics, such as 

beta-lactams or (fl uoric) quinolones, is being 

increasingly observed (3). This translates into 

a longer stay for patients, a higher morbidity, 

and a higher mortality rate. 

As a result of the shortage and declining 

development of new antibiotic classes (4), D
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harmful to the kidneys, meaning that a 

patient’s blood level must be adjusted 

precisely and monitored for effective 

dosage. This so-called therapeutic 

drug monitoring (TDM) has become 

well-established in recent years, but the 

immunoassays used as standard can lead 

to false results caused by cross-reactivity. 

Analytes with a similar chemical structure 

cannot be measured reproducibly with this 

method.

An increasing number of processes 

using modern liquid chromatography 

(LC) coupled with mass spectrometric 

(MS) analysis have therefore been 

established as the gold standard for 

TDM. LC–MS/MS triple quadrupole 

analysis with its substance selectivity, high 

sensitivity, robustness of the system, and 

comparatively low cost per analysis has 

become the method of choice. However, 

tedious sample preparation has been 

limiting the use of LC–MS/MS in the clinical 

environment. An important development 

is coupling LC–MS/MS systems with 

automated sample preparation systems.

An automated LC–MS/MS method 

for the simultaneous analysis of seven 

aminoglycosides and vancomycin is 

described below. 

Materials and Methods

Reagents: The analytical standards used 

were the antibiotics amikacin, gentamicin 

(mixture of C1, C1a, and C2/C2a), 

kanamycin, neomycin B, paromomycin, 

tobramycin, and vancomycin from Sigma 

Aldrich, and hygromycin B from Wako 

Chemicals. Individual stock solutions of 

100 mg/mL concentration were prepared 

in water and diluted with blank plasma 

to prepare the calibration standards 

(seven concentration levels) and control 

samples (quality control [QC], four levels). 

The calibration range was between 0.1 

and 50 μg/mL (0.1 and 100 μg/mL for 

vancomycin). 

Since no arbekacin analytical standard 

is currently available on the market, a 

five-level + blank plasma calibration 

set from Microgenics Corporation was 

used. The highest calibration level was 

additionally diluted to extend the limit of 

the quantification range, which was then 

Table 1: Recovery rates

Amikacin
Gentamicin 

C1a
Gentamicin 

C1
Gentamicin 

C2
Canamycin Paromonycin Tobramycin Vancomycin

Neomycin 
B

Hygromycin 
B

Plasma QC Surface/Mean 10113056 3527104 43678905 8757317 9596851 2588488 20326679 3188732 2505853 6872652

%RSD 9% 2% 0.30% 9% 7% 12% 10% 0.40% 8% 2%

Solution QC Surface/Mean 10759507 3525507 44889021 8725000 10020195 2735816 18901937 3573458 2382767 7641951

%RSD 2% 4% 9% 4% 1% 0% 1% 1% 9% 1%

94% 100% 97% 100% 96% 95% 108% 89% 105% 90%

Figure 1: MS chromatograms in lower quantifi cation limits.

Moreau
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set at 0.1 to 30 μg/mL. All other reagents 

used by Sigma-Aldrich were of analytical 

quality. The LC–MS solvents were supplied 

by Wako Chemicals.

Sample Preparation: Automated sample 

preparation was performed with the 

CLAM-2030 sample preparation module 

coupled directly to the LC–MS/MS system 

(Shimadzu). All calibration standards, 

controls, and samples were analyzed using 

the same procedure. The fi lters of the 

sample preparation were activated with 

20 μL of a mixture of 1:3 water–isopropanol, 

and 100 μL of the precipitating reagent 

(trichloroacetic acid 100 g/L in water) 

was added. Subsequently, 20 μL of the 

internal standard (hygromycin B, 50 μg/mL 

in water) and 20 μL of the plasma sample 

were introduced. The samples were then 

mixed for 1 min and the precipitate fi ltered 

for 90 s. The extract was then transferred 

by the sample preparation system to the 

autosampler of the LC–MS/MS system. In the 

sample preparation process, the individual 

steps were nested to increase sample 

throughput accordingly.

Measurement parameters are described 

below.

LC (HILIC) Conditions: System: Nexera 

X2 (Shimadzu); LC column: 50 × 2.1 mm, 

3-μm InertSustain Amide (GL Sciences); 

temperature: 50 °C; mobile phase: A: water 

Table 2: Precision and accuracy of the analysis

Amikacin Gentamicin C1a Gentamicin C1 Gentamicin C2 Canamycin

QC LOQ Measured oncentration/Mean (μg/mL) 0.0984 0.098 0.0968 0.0996 0.108

 %RSD 6.10% 10.40% 6.30% 9.50% 8.10%

Theor. conc. (μg/mL) 0.101 0.101 0.101 0.101 0.1

 Accuracy 97.40% 97.00% 95.80% 98.60% 108.0%

QC A (3×LOQ) Measured concentration/Mean (μg/mL) 0.283 0.303 0.269 0.308 0.273

%RSD 2.50% 3.90% 5.40% 1.90% 2.10%

Theor. conc. (μg/ml) 0.302 0.302 0.302 0.302 0.3

Accuracy 93.60% 100.0% 89.20% 102.0% 91.00%

QC B (mid-range) Measured concentration/Mean (μg/mL) 27.8 25.3 25.7 26.9 26.9

%RSD 3.3% 3.8% 1.0% 2.8% 2.5%

Theor. conc. (μg/mL) 25.0 24.9 24.9 24.9 24.8

Accuracy 111.0% 102.0% 103.0% 108.0% 108.0%

QC C (high-range) Measured concentration/Mean (μg/mL) 44.5 43.8 44.8 46.4 45.6

%RSD 1.8% 3.2% 1.3% 3.0% 1.2%

Theor. conc. (μg/mL) 42.7 42.6 42.6 42.6 42.4

Accuracy 104.0% 103.0% 105.0% 109.0% 107.0%

Paromonycin Tobramycin Vancomycin Neomycin B Arbekacin

QC LOQ Measured concentration/Mean (μg/mL) 0.11 0.114 0.102 0.105 0.0998

 %RSD 13.80% 13.80% 6.30% 10.30% 11.10%

Theor. conc. (μg/mL) 0.1 0.1 0.1 0.1 0.099

 Accuracy 110.0 % 114.0% 102.0% 105.0% 101.0%

QC A (3×LOQ) Measured concentration/Mean (μg/mL) 0.276 0.278 0.323 0.277 0.269

%RSD 10.30% 3.20% 6.00% 7.10% 4.10%

Theor. conc. (μg/mL) 0.3 0.301 0.3 0.301 0.3

Accuracy 92.10% 92.30% 108.0% 92.00% 89.50%

QC B (mid-range) Measured concentration/Mean (μg/mL) 27.8 26.8 51.8 27.4 16.0

%RSD 3.80% 2.50% 4.70% 4.90% 3.10%

Theor. conc. (μg/mL) 24.8 24.9 49.6 24.9 15

Accuracy 112.0% 108.0% 104.0% 110.0 % 106.0%

QC C (high-range) Measured concentration/Mean (μg/mL) 43.4 45.5 90.4 40.3 26.5

%RSD 1.00% 1.20% 2.10% 3.60% 1.00%

Theor. conc. (μg/mL) 42.4 42.6 84.9 84.9 25.2

Accuracy 102.0% 107.0% 106.0% 47.50% 105.0%
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250 mM ammonium formate 1% formic 

acid, B: acetonitrile; flow rate: 400 μL/min; 

injection volume: 0.5 μL; gradient: 75% B 

(0.2 min) to 55% B (in 1.3 min) - 55% B 

(for 1.5 min) to 75% B (in 0.1 min); total 

run time: 4.75 min.

MS/MS Conditions: System: LCMS-8060 

(Shimadzu); ionization: heated ESI; ESI voltage: 

+ 5 kV; temperature: interface: 300 °C, 

desolvation line: 150 °C, heater block: 

500 °C; gas fl ow: atomizing gas: 2.5 L/min, 

heating gas: 10 L/min, drying gas: 3 L/min; 

dwell time/pause time: 23 ms/1.5 ms; multiple 

reaction monitoring (MRM): amikacin: MRM 

quant., 586.3 > 163.3, MRM qual., 586.3 

> 425.2; arbekacin: MRM quant., 553.4 > 

163.1, MRM qual., 553.4 > 425.3; gentamicin 

C1a: MRM quant., 450.4 > 322.1, MRM qual., 

450.4 > 163.1; gentamicin C1: MRM quant., 

478.4 > 322.2, MRM qual., 478.4 > 157.1; 

gentamicin C2: MRM quant., 464.4 > 322.1, 

MRM qual., 464.4 > 160.1; hygromycin: MRM 

quant., 528.3 > 352.1, MRM qual., 528.3 

> 256.9; canamycin: MRM quant., 485.4 > 

163.1, MRM qual., 485.4 > 324.0; neomycin 

B: MRM quant., 615.4 > 163.1, MRM qual., 

615.4 > 163.0; paromomycin: MRM quant., 

616.4 > 293.1, MRM qual., 616.4 > 163.1; 

tobramycin: MRM quant., 468.3 > 324.1, 

MRM qual., 468.3 > 163.1; vancomycin: MRM 

quant., 725.4 > 1307.2, MRM qual., 725.4 > 

144.4.

Results

Calibration: Calibration lines were created 

with internal standardization using quadratic 

regression (weighting 1/X or 1/X2). For 

acceptance criteria, accuracy of between 

85% and 115% was assumed. Figure 1 

shows the chromatograms of the standards 

in the range of the lower quantifi cation limit.

Recovery Rate: The total recovery 

(combination of extraction and matrix effect) 

was determined by comparing the signal 

areas of the mean control samples in plasma 

to corresponding controls in solvent. The 

measurements were performed in triplicate. 

The results of the recovery are summarized in 

Table 1. Mean recovery rates were between 

89% and 105%, demonstrating a good 

extraction rate with a low matrix effect.

Precision and Accuracy: Precision and 

accuracy of the measurements were 

determined by measuring the concentration 

of the QC samples over four concentration 

levels in three independent runs (three days). 

Every day, fi ve replicates of each QC were 

processed and analyzed. Acceptance criteria 

were a relative standard deviation <15% 

(20% at LOQ) and an accuracy between 

80–120%. The results are shown in Table 2.

Conclusions

The combination of fully automated sample 

preparation with triple quadrupole 

Thriving in water

www.kromasil.com

Kromasil presents the new
wettable C18 phase specifically
engineered for bioseparations
and API manufacturing.
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aqueous conditions keeping
excellent efficiency.

Fully wettable HPLC phase

for your polar compounds
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46(4), 1155–1159 (2015). 

4. A.R.M. Coates, G. Halls, and Y. Hu, Br. J. 

Pharmacol. 163(1), 184–194 (2011).

Stephane Moreau obtained his diploma 

from INSA in fi ne chemistry and 

engineering with a specialization in 

chemical process engineering in 1994. He 

then started his professional career in 

laboratory equipment distribution before 

he joined the brand new Shimadzu 

France subsidiary in 2002. Since then, 

he has held various positions to develop 

the MS range business. Since September 

2013, he has been product manager for 

the MS range with Shimadzu Europe.

LC–MS/MS is an ideal platform to ease the 

use of mass spectrometry in the clinical 

environment and to improve TDM urgency. 

This article has demonstrated the benefit 

of using automated sample preparation 

with LC–MS/MS for automated and 

multiplexed analysis of aminoglycosides 

and vancomycin in blood plasma.

The automation, low susceptibility to 

errors, and simple operation improve 

the monitoring of therapeutic drugs 

significantly. Accurate quantification and 

good recovery rates are indispensable for 

robust and routine laboratory operation.
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Tips & Tricks GPC/SEC: 
Systematic Errors in 
GPC/SEC/GFC

The accuracy of a measurement describes how close the measured result 
is to the true value. Accuracy is infl uenced by systematic errors, which are 
diffi cult to detect even for experienced scientists. 

Daniela Held and Peter Kilz, PSS Polymer Standards Service GmbH, Mainz, Germany 

experimental details can infl uence the 

result and the fi nal analytical quality of an 

experiment. Random and systematic errors 

will result in deviations of the measured 

value from its true value (1). 

Random vs. Systematic Errors

Random errors are caused by unknown 

and unpredictable infl uences in an analysis. 

They have no specifi c pattern and are 

unavoidable. Typical sources for random 

errors are detector signal quality ([electronic] 

noise, drift, wander) and system stability 

(fl ow rate and temperature fl uctuations). 

Random errors limit the precision of a 

result meaning they determine how close 

measurements of the same property agree 

with each other. They can be determined by 

repeating a measurement. 

Gel permeation chromatography/

size-exclusion chromatography (GPC/

SEC) results and their validity are crucial 

in many applications, for example, as part 

of quality control/quality assurance (QC/

QA) tests in pharmaceutical applications, 

such as antithrombotic heparin, dextran, 

or hydroxyethyl starch in emergency care. 

Equally important are the registration of 

polymeric products or formulations with 

regulatory agencies, such as U.S. Food and 

Drug Administration (FDA) and European 

Chemicals Agency (ECHA), to ensure 

non-toxicity and safe and environmentally 

friendly product use. Obviously, the 

accuracy and precision of GPC/SEC results 

are an important issue.

However, every chromatography 

user knows from experience that many B
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Random errors cannot be avoided, 

but some of them can (and should) be 

monitored. Their influence on results 

has been thoroughly investigated (2). 

In addition, statistical models are very 

well suited to quantify random result 

deviations from the true (or generally 

accepted) value. Thus, a result 

uncertainty can be determined from 

random errors (3).

Systematic errors result in a consistent 

deviation, either a fi xed amount or a 

proportion such as 80% of the true value. 

Typical sources for systematic errors in GPC/

SEC are defective or incorrect equipment 

or an unsuited method. If an analysis 

is repeated, the same deviation will be 

obtained. 

Systematic errors limit the accuracy of a 

result meaning they determine how close 

the measured result agrees with the true 

value. They can be avoided if users have 

suffi cient training and time to perform their 

work. 

Figure 1 shows the weight average 

molar mass result, M
w
, for 20 GPC/SEC 

experiments of the same sample. The green 

line represents the true M
w
 value. The black 

squares are the results obtained using 

suitable, well-maintained equipment and a 

suitable GPC/SEC method with appropriate 

calibration. They show typical random 

errors. 

While systematic errors are consistently 

seen in the same direction, random 

errors produce different values in random 

directions. The blue triangles are the results 

using a method with a systematic error. 

The typical random errors are observed and 

cannot be avoided. The systematic error can 

be identifi ed because there is a deviation 

from the true result, a shift to lower molar 

mass averages.

The turquoise triangles show results that 

exhibit a systematic error, the random error, 

and a trend for the fi rst 15 data points.

Systematic Errors in GPC/SEC

GPC/SEC is a specifi c liquid chromatography 

(LC) technique for the characterization of 

natural and synthetic macromolecules. 

The primary goals in GPC/SEC are the 
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Figure 1: Random and systematic errors for the weight average molar mass, M
w
, based on 20 

repeated analyses. A systematic error (compare blue line) infl uences the accuracy, a deviation 
from the true value (green line) is observed. Random errors infl uence the precision and 
contribute to all data points shown. 
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determination of the molar mass averages, 

the molar mass distribution, and the 

investigation of sample purity. 

Typical systematic errors in GPC/SEC 

include:

• Selection of unsuited mobile phase and 

additives 

• Selection of improper stationary phase 

(chemistry, column dimension, particle 

size, pore size, and separation range) 

• Wrong sample preparation (sampling, 

sample treatment, concentration)

• Inadequate analysis conditions (fl ow rate, 

injection volume, temperature)

• Improper calibration (type and number of 

reference materials, data fi tting)

• Unsuitable detection method (UV: 

wavelength)

• Wrong meta data (dn/dc in light scattering 

detection, other evaluation parameters). 

Many of the Tips & Tricks instalments have 

dealt with avoiding such systematic errors and 

are a valuable source of information (4–8). 

National and international guidelines, such as 

ISO 13885 (-1 for THF, -2 for DMAc, and -3 

for water as mobile phase), also help to avoid 

many common errors with respect to column 

or instrument performance, sample handling, 

and preparation and calibration.

Participation in round robin tests, 

validation kits, and system qualifi cation 

can help to identify systematic errors in 

operations. 

For applications where the true molar 

mass is not required, systematic errors are 

sometimes known and can be accepted 

when they still allow for meaningful, 

reproducible, and long-term stable results. 

However, this requires following detailed 

and structured protocols and a consistent 

supply chain of all products is required for 

the chromatographic separation.

GPC/SEC Specialities

One of the most important aspects to keep 

in mind when discussing systematic errors 

in GPC/SEC is that this technique separates 

based on the hydrodynamic volume of a 

molecule in solution. 

The molar mass information is obtained 

from a chromatogram by either calibrating 

the elution volume axis with molar mass 

reference materials or by applying an 

on-line light scattering detector to allow 

the molar mass in every elution volume slice 

to be determined. Compared to other LC 

techniques, the molar mass calibration is a 

unique requirement for GPC/SEC. 

The calibration by reference materials 

of known molar mass is referred to 

as conventional GPC/SEC. Here, only 

Mass distribution <Overlay>
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Figure 2: Infl uence of chemistry of the calibration reference materials (systematic errors) in 
conventional GPC/SEC on the molar mass results. 
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concentration detectors, such as differential 

refractive index, DRI, or a UV detector are 

required. 

The second approach is referred to 

as GPC/SEC with molar mass sensitive 

detection and many different abbreviations 

are used (GPC/SEC–[MAL]LS, SEC–MALS, 

triple detection, and others). 

The contribution of systematic errors to 

these two approaches are very different.

Conventional GPC/SEC: The common 

practice in conventional GPC/SEC is to use 

reference materials with a narrow molar 

mass distribution. It is common practice to 

use calibrants of a different chemical nature 

to the analyte, although this introduces a 

systematic error. This approach will allow 

for reproducible (high precision) but not 

accurate results. 

The most common calibrants are: 

• Polystyrene (PS) for the work in organic 

solvents, such as tetrahydrofuran (THF), 

toluene, or dichlorobenzene, and 

polymethyl methacrylate 

• PMMA for medium polar organic 

solvents, such as dimethylacetamide 

(DMAc), dimethyformamide (DMF), or 

dimethylsulfoxide (DMSO) 

• Dextrans, pullulans, polyethylene oxide 

(PEO), and proteins in aqueous eluents 

It is important to remember that results 

from different laboratories can only be 

compared if the calibration materials exhibit 

the same chemistry and structure. Both 

properties infl uence the hydrodynamic 

volume. Special attention is required when 

dextran calibrants are used. Dextran from 

different sources exhibits different degrees of 

branching. Compared to a linear molecule, a 

branched molecule of the same mass exhibits 

a smaller hydrodynamic volume. It will elute 

later and thus a lower molar mass will be 

assigned. To avoid this additional parameter, 

a calibration with linear polysaccharides, such 

as pullulans, are preferred. 

Figure 2 shows the infl uence of the 

choice of calibration reference materials 

on the results for a conventional GPC/

SEC analysis in an aqueous mobile phase. 

The blue curve was obtained using protein 

standards for calibration, while the purple 

one was obtained using pullulan standards. 

As the hydrodynamic volumes of these 

substances are very different, the molar 

mass results are different (systematic error). 

GPC/SEC-Light Scattering: A static light 

scattering detector can help to overcome 

some limitations of conventional GPC/

SEC. A light scattering detector eliminates 

the need for establishing a calibration 

curve with narrow distribution molar mass 

reference standards. However, adding 

a light scattering detector increases the 

complexity of the setup and introduces 

different sources for systematic errors. 

These result from the requirement of using 

specifi c evaluation parameters for GPC/

SEC-light scattering (2).

One major difference between 

conventional GPC/SEC and GPC/SEC-light 

scattering is that the latter requires 

the precise knowledge of the slice 

concentration. Anything that will infl uence 

the concentration will infl uence the molar 

mass results. Thus, a wrong injection 

volume will lead to different results in GPC/

SEC-light scattering, but not in conventional 

GPC/SEC. Another very important 

evaluation parameter in GPC/SEC-light 
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Figure 3: Infl uence of incorrect evaluation parameters (systematic errors) in GPC/SEC-light 
scattering on the molar mass results. 
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While an internal standard or flow 

marker can help to identify the not fully 

equilibrated system case (2 and 4 from 

the list above), a very detailed standard 

operation protocol can help to overcome 

the effects described in 1 and 3 and 

can enhance the reproducibility of the 

results. 

Summary

• Results from any analytical method suffer 

from random and systematic errors.

• Random errors are unavoidable, 

unpredictable, and limit the precision. 

Systematic errors produce consistent 

errors and limit the accuracy. 

• Random errors should be monitored and 

the result uncertainty can be determined 

from that. 

• Typical sources for systematic errors in 

GPC/SEC are the choice of the column 

and calibration. 

• Conventional GPC/SEC is strongly 

influenced by the choice of reference 

materials. GPC/SEC–MALLS and triple 

detection are mainly influenced by 

concentration and dn/dc. 

1) Sample preparation issue: At the 

beginning of the injection sequence the 

molecules have not yet been fully dissolved. 

Therefore, they elute later and lower molar 

mass are assigned. Additional dissolution 

time would be required here. This is a 

likely error especially for high molar mass 

samples. 

2) Stationary phase is not yet fully 

equilibrated: Due to a change in 

temperature or mobile phase, the columns 

are not fully equilibrated so that the 

elution volume is not constant. A larger 

equilibration time is required here.

3) Sample components unintentionally 

change the stationary phase 

polarity: This is an effect sometimes 

referred to as column priming where 

reactive sites on the stationary phase need 

to be saturated by sample components 

before an interaction-free elution with 

constant elution volume is observed. Often 

such behaviour is observed with new 

columns. 

4) Flow rate change: At the beginning 

of the injection sequence the flow rate 

is not stable either because of a problem 

with the pump in general or because of a 

temperature change or air in the system. 

Again, waiting patiently for the system to 

be in equilibrium state helps to overcome 

the problem.

scattering is the refractive index increment, 

dn/dc (9). This is required for GPC/SEC-light 

scattering, but not for conventional GPC/

SEC. 

Figure 3 shows molar mass distribution 

results for the same sample analyzed with 

GPC/SEC-light scattering when applying 

different evaluation parameters. The green 

curve represents the true molar mass 

distribution obtained with the correct 

evaluation parameters. The other results 

are obtained after introducing systematic 

errors. Incorrect values for the dn/dc and 

the two detector constants have been used 

to demonstrate the influence on the final 

molar mass result. In conventional GPC/

SEC the incorrect parameters would not 

have influenced the results, the molar mass 

distribution results would have remained 

the same. 

Result Trends

Figure 1 shows an example of a data set 

(turquoise triangles) where (besides the 

systematic and random errors) a trend in 

the results can be observed. The weight 

average molar mass increases with the 

injection number until it reaches a plateau 

where only the random and systematic 

errors influence the result. 

There are several systematic errors that 

could explain such an observation:

E-mail:  DHeld@pss-polymer.com
Website:  www.pss-polymer.com
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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
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The LCGC Blog: Is Hydrogen the Only Viable Gas 
Chromatography Carrier Gas for the Long-Term?

As I receive reports from clients in Europe and the United States that helium prices are once again increasing, and warnings are being given 

regarding yet another laboratory-grade helium shortage, my thoughts turn once again to the use of hydrogen as an alternative carrier-gas for 

gas chromatography (GC).

Tony Taylor, Crawford Scientifi c, Strathaven, Scotland, UK, and CHROMacademy

Helium is refi ned from natural gas 

deposits using cryogenic fractional 

distillation in a relatively complex process 

and is not something we can easily obtain 

or produce. Four main reserves of helium in 

the United States (40% of global supply), 

Algeria, Qatar, and lately a new fi eld 

in Tanzania make up the global supply 

of helium, which is also used for party 

balloons, MRI scanners (from which the 

helium is largely recycled), deep sea diving, 

welding, and the Large Hadron Collider in 

Switzerland, and are becoming depleted. 

The process of extraction vs. market price 

makes the production of helium very 

economically ineffi cient. Estimates of the 

total depletion of the earth’s natural helium 

reserves vary widely, but some put this 

estimate at a decade from now (1), if we 

do not adopt a widespread programme of 

recycling.

There are many considerations in making the 

switch from helium to hydrogen, and I’ve 

outlined several of them below. However, 

from a practical perspective, the change is 

relatively straightforward. It’s also convenient 

not to have to deal with helium cylinders 

once one has overcome the fi nancial 

investment to purchase a hydrogen generator. 

Despite being the second most abundant 

element in the known universe, helium is 

rather rare on Earth. In fact, helium is a 

non-renewable source and most terrestrial 

helium has been created by the natural 

process of radioactive decay of heavy 

elements, such as thorium and uranium. 

238 UA 
234 Th + 4He [1]

Equation 1: Helium production by radioactive 

decay of uranium.
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So, as an alternative to helium, many 

chromatographers turn their attention to 

hydrogen, and it does carry many benefi ts 

when compared to helium, including:

• Reduced production costs: hydrogen is 

produced from renewable sources.

• Availability: hydrogen can be produced 

in situ in the analytical laboratory (via a 

Figure 1: Infl uence of carrier gas and linear velocity on theoretical plate height. The solid lines 
indicate the regions in which the plate height (H) are within 25% of the minimum plate height 
value (H

min
), which is often known as the optimum practical gas velocity (OPGV). Theoretical 

data for a 50 m × 0.25 mm column at 100 ºC for an analyte of k’ = 10.0.

hydrogen gas generator).

• Method translation: the translation 

from helium to hydrogen is relatively 

straightforward.

• High separation effi ciency: lower plate 

height at higher linear velocities than any 

other common gas chromatography (GC) 

carrier gas.

• Faster separations: hydrogen provides faster 

separations at lower pressures than any 

other GC carrier gas.

• Achieve lower temperature separations: 

At the faster elution times, it might not 

be necessary to increase the column 

temperature run rate. Lower maximum 

temperatures are needed for the analysis 

or remain at those temperatures for shorter 

periods.

• Longer column life: Lower temperatures 

lead to less column bleed and can increase 

column life. In addition, hydrogen is a 

reducing gas and can remove potential 

acidic sites inside the column. The 

removal of these sites leads to less sample 

absorption and less generation of phase 

breakdown (column bleed). The result is a 

longer usable life for the column.

Broadly speaking, hydrogen carrier gas is 

suitable for almost all GC methods, except 

of course for the analysis of hydrogen as a 

component in a mixture. The GC method 

must be converted to conditions suitable for 

hydrogen, and detectors may require special 

consideration. For example, a fl ame ionization 

detector (FID) also uses hydrogen as a 

support gas; total FID hydrogen fl ow should 

be kept constant and stoichiometric ratios 

optimized according to the manufacturer 

recommendations. Some electron capture 
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detectors (ECD) support hydrogen carrier gas 

while others may not; it is best to consult 

the manufacturer in this case. Thermal 

conductivity detectors (TCD) will function 

well, but the size of the peaks will not be the 

same as with helium carrier.

As can be clearly seen from van Deemter 

curves (Figure 1) of chromatographic 

effi ciency against carrier gas linear velocity, 

there is less dependency of column 

performance on the average carrier gas linear 

velocity with hydrogen compared to that 

with helium. The range of linear velocities 

over which column effi ciency lies close to 

the optimum (within 25% of the optimum—

minimum on the van Deemter curve—is the 

usual range considered) for any particular 

solute is broader than with helium.

Although hydrogen is a convenient 

replacement for helium as a carrier gas, 

many chromatographers still have questions 

about method translation and performance.

Our starting point is that you already have 

a helium-based GC method that produces 

satisfactory resolution (selectivity) and now an 

equivalent hydrogen-based method is required. 

A useful equation that describes the 

contributing factors to GC retention time and 

the ways in which the analysis speed might 

be altered is shown in equation 2:

t
R

x (k+1)
L

u
=

 
[2]

Equation 2: Factors infl uencing retention in 

gas chromatography.

Where t
R
 = retention time (as an indicator 

of analysis speed), L = column length 

(m), � = carrier linear velocity (cm/s), and 

k = retention factor.

When changing from helium to hydrogen as 

the GC carrier gas, changes in retention time 

can be expected. Reasons for this include:

• Hydrogen and helium separations optimize 

at different carrier gas velocities.

• The retention factor is infl uenced by the 

physicochemical properties of the gas 

(mobile phase).

• The best way to minimize those changes 

Figure 2: Relative viscosity of common GC carrier gases at various temperatures (2).
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is to keep the same carrier gas velocity 

and phase ratio (ratio of column internal 

diameter to stationary phase fi lm thickness) 

as in the original method.

In chromatographic terms, the appearance 

of the chromatogram (retention time, 

effi ciency, resolution, and selectivity) is 

infl uenced by the choice of mobile phase. 

In GC, however, this effect is much less 

important than in high performance liquid 

chromatography (HPLC), as the GC carrier gas 

rarely interacts chemically with the stationary 

phase or with the analyte. The role of the 

carrier gas is mainly to transport the analyte 

in the gas phase through the column and to 

act as the second phase in the partitioning 

mechanism.

Undoubtedly, two properties of a carrier 

gas play a major role in the GC process: 

diffusivity and viscosity. The diffusivity of 

hydrogen and helium are roughly equal, but 

hydrogen is a bit less than half as viscous as 

helium at the same temperature (Figure 2). 

For this reason, hydrogen requires a lower 

pressure drop to achieve the same average 

carrier gas velocity as for helium.

The relationship between linear 

velocity and pressure drop is somewhat 

nonlinear because of effects related to the 

compressibility of the carrier gas, but in 

general, the effect of switching from helium 

to hydrogen on retention time will be to cut 

retention times roughly in half if the inlet 

pressure is unchanged.

Retention times in GC are controlled by 

several factors: the distribution coeffi cient 

(K) of a solute in the column, which is not 

affected by the choice of carrier gas; the 

column dimensions (length, inner diameter, 

and stationary fi lm thickness), all of which 

we will keep constant in this discussion; and 

the average carrier gas linear velocity (�). 

As the linear velocity increases, isothermal 

retention times decrease in exact proportion, 

so doubling the velocity cuts retention times 

in half.

Hydrogen requires a lower pressure drop to 

achieve the same average carrier gas velocity 

as for helium or nitrogen. For example, 

Figure 3: Comparison of analysis of commercial paint remover formulation using hydrogen 
and helium carrier gas maintaining constant resolution. Using a 30 m × 0.25 mm, 0.5-μm 
column, the optimum carrier gas fl ow rate (helium) was 0.6 mL/min, and the injection volume 
was 0.1 μL (splitless injection). The separation was performed under isothermal conditions 
(T = 120 ºC).

Table 2: Original temperature program

Ramp Rate (ºC/min) Final Temperature (ºC) Final Time (min)

Initial  120 1.17

Ramp 1 25 160 0

Ramp 2 10 160 0

Ramp 3 150 300 40

Table 3: Translated temperature program

Ramp Rate 
(ºC/min)

Final 
Temperature 

(ºC)

Final Time 
(min)

Initial  120 0.76

Ramp 1 38 160 0

Ramp 2 15 160 0

Ramp 3 230 300 26

Table 1: Translating a separation

Original Original Translated

Column
30 m × 0.25 
mm, 0.5-μm

30 m × 0.25 
mm, 0.5-μm

Helium flow 
rate

0.6 mL/min 
(51 cm/s)

3.1 mL/min 
(79 cm/s)

Injection 
volume

0.1 μL (splitless) 0.1 μL (splitless)
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constant velocity and those at constant 

pressure. At 27 psig of helium, the column 

fl ow rate is going to be 1.43 cm3/min and 

the average velocity will be 29.4 cm/s. The 

hydrogen carrier pressure required for the 

same fl ow rate will be about 16.3 psig 

(112.4 kPa), but now the average velocity 

will increase to 37.5 cm/s. Therefore, in this 

example, retention times will decrease by 

a factor of 29.4/37.5 = 0.78 for hydrogen 

compared with helium at the same column 

fl ow rate.

In summary: for isothermal operation at 

constant average linear velocity, retention 

times are not affected by changing the carrier 

gas. At constant inlet pressure, hydrogen 

carrier will cause peaks to be eluted in 

about half the time, and at constant fl ow 

rate retention times will be about 78% with 

hydrogen compared with helium. Most 

modern GC systems are capable of adjusting 

inlet pressure to achieve a target average 

linear velocity once the carrier gas type has 

been specifi ed.

What if column temperature programming 

is used?

When changing from helium to hydrogen 

as the carrier gas, changes in retention time 

can be expected. The best way to minimize 

those changes when performing temperature 

programmed GC is to keep the same carrier 

gas velocity, temperature program, and phase 

(186 kPa) of hydrogen; the situation is similar 

for nitrogen. If the linear velocity is unchanged 

with a hydrogen vs. helium carrier, then 

retention times remain the same too, while the 

inlet pressure that is required with hydrogen 

will be about half as much as with helium.

Conversely, if the same inlet pressure 

were applied with hydrogen as with helium, 

then the hydrogen carrier gas would cause 

peaks to be eluted in less time because the 

linear velocity would be faster than with 

helium. In the previous example, helium 

at 27 psig would have an average linear 

velocity of 29.4 cm/s and so with hydrogen 

carrier at the same pressure, all peaks 

retention times would decrease in the 

proportion 29.4/60 ≈ 0.5.

At constant fl ow rates, the situation 

is intermediate between the effects at 

a 50 m × 250 μm column will deliver an 

average velocity of 60 cm/s at 100 °C with 

58.6 psig (404 kPa) of helium or with 27 psig 

Table 5: GC combustion detectors

Detector Carrier Gas

Make-Up Gas

First 
Choice

Second 
Choice

FID

Hydrogen

Nitrogen Helium
Helium

Nitrogen

Argon

NPD
Helium

Nitrogen Helium
Nitrogen

FPD

Hydrogen

Nitrogen
Helium

Nitrogen

Argon

Table 6: ECD operation

Detector Carrier Gas

Make-Up Gas

First Choice
Second 
Choice

ECD

Hydrogen Argon / 
Methane

Nitrogen
Helium

Nitrogen Nitrogen
Argon / 
Methane

TCD

Hydrogen

*** ***Helium

Nitrogen

*** Must be same as carrier and reference gas.

Table 4: Typical maximum hydrogen 
fl ow rates encountered with most GC 
systems

Hydrogen Flow
Typical Upper Limit 

(mL/min)

Make-up gas 30

Fuel gas* 35

Carrier gas 10

Split flow 250

Septum Purge 10

* require oxidizing gas; usually air at flow rates 
not exceeding 400 mL/min.
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Consider the translation of a separation 

of target pesticide compounds using vendor 

software-based method translation (Tables 1, 

2, and 3).

The role of hydrogen in GC is not limited 

to use as a carrier gas but extends to 

participating in the detection process either as 

a fuel or make-up gas. The use of hydrogen 

as a make-up gas or fuel gas is somewhat 

detector- and application-dependent.

Table 4 lists typical maximum hydrogen 

flow rates encountered with most 

GC systems. This table also gives an 

indication of the gas flows that need 

to be considered when specifying the 

volumetric flow rate requirements for 

hydrogen generators. The maximum 

instantaneous flow rate requirements 

should be multiplied by the number of GC 

instruments being supplied.

Combustion Detectors: Before switching 

to hydrogen, you should bear in mind 

that GC combustion detectors (FID, 

nitrogen–phosphorus detector [NPD], and 

fl ame photometric detector [FPD]) work 

with hydrogen as the fuel gas, so any 

GC instrument equipped to work with 

such detectors is already fi t to work with 

hydrogen (tubing and safety measurements 

in place).

Combustion detectors use four different 

gases:

If the instrument is operated at a constant 

head pressure, as the temperature increases, 

then the column fl ow decreases due to 

an increase in the viscosity of the carrier 

(Figure 4, 17). By taking advantage of 

computerized inlet pneumatics (sometimes 

called Electronic Pneumatic Control or similar), 

then as the temperature increases, the 

instrument increases the carrier pressure to 

maintain constant column fl ow (increasing 

linear velocity), which results in earlier 

elution of the more highly retained sample 

components (Figure 4, 24).

For ease of method translation, one might 

use one of the many GC method translation 

software tools that are available from the 

major equipment and column vendors. These 

tools allow the translation of not only the 

carrier gas settings pressure/fl ow settings 

but can also recommended a temperature 

programme to preserve elution order/

resolution. Important: In order to use this 

software, the stationary-phase chemistry 

must remain the same for the old and 

translated methods.

Some useful translation tools can be found 

at the following links;

• https://www.agilent.com/en/support/gas-

chromatography/gcmethodtranslation

• https://www.restek.com/Landing-Pages/

EZGC-Calculators-and-Chromatogram-

Modeler-for-GC-Method-Development

the mobile phase. Further, large changes 

in carrier gas velocity during temperature 

programmed analysis can affect relative peak 

spacing (selectivity) and retention order may 

swap. If your instrument allows, chose to 

have the carrier programmed in “constant 

linear velocity mode”, which will help to avoid 

selectivity change issues.

ratio as in the original method. Please bear 

in mind that after method translation further 

optimization might still be required.

We should add the caveat that if the 

velocity is too high, solutes don’t spend 

enough time in the column for an effi cient 

separation; if the velocity is too low, solutes 

broaden excessively by diffusion through 

Figure 4: Translation of a pesticide method from helium to hydrogen carrier—conditions 
as stated above the fi gure. 1. Tetrachlorom-xylene (SS), 2. α-BHC,  3. γ -BHC, 4 β-BHC, 5. 
Heptachlor,  6. δ-BHC, 7. Aldrin, 8. Heptachlor epoxide, 9. γ -Chlordane, 10. α-Chlordane, 11. 
Endosulfan I, 12. 4,4’-DDE, 13. Dieldrin, 14. Endrin, 15. 4,4’-DDD, 16. Endosulfan II, 17. 4,4’-
DDT, 18. Endrin aldehyde, 19. Endosulfan sulfate, 20. Methoxychlor,  21. Endrin ketone, 22. 
Decachlorobiphenyl.
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uk/home-news/helium-supply-world-shortage-

run-out-recycle-mri-scanners-deep-sea-diving-

balloons-a8741081.html

2. J.V. Hinshaw, LCGC Asia Pacifi c 12(2), 1100 

(2009).

Tony Taylor is Group Technical Director 

of Crawford Scientifi c Group and 

CHROMacademy. His background is 

in pharmaceutical R&D and polymer 

chemistry, but he has spent the past 

20 years in training and consulting, 

working with Crawford Scientifi c Group 

clients to ensure they attain the very 

best analytical science possible. He has 

trained and consulted with thousands 

of analytical chemists globally and 

is passionate about professional 

development in separation science, 

developing CHROMacademy as a 

means to provide high-quality online 

education to analytical chemists. His 

current research interests include HPLC 

column selectivity codifi cation, advanced 

automated sample preparation, and 

LC–MS and GC–MS for materials 

characterization, especially in the fi eld of 

extractables and leachables analysis.

and the carrier gas. As a consequence, 

the use of hydrogen for TCD is 

application-dependent.

The sensitivity of a TCD, however, 

is affected by the carrier gas. TCD 

response depends on a change of thermal 

conductivity between pure carrier gas and 

a mixture of carrier gas and a peak as it is 

eluted. Since hydrogen has about 1.2-times 

higher thermal conductivity than helium, 

peaks other than hydrogen or helium would 

be expected to be that much larger with 

hydrogen carrier, as long as pneumatic 

conditions were adjusted so that the peak 

shapes and positions were the same as with 

helium.

ECD Considerations: For optimum ECD 

operation, the carrier and make-up gas 

should be ionizable. Neither hydrogen 

nor helium ionize under the normal ECD 

operating conditions and should not be used 

as the make-up gas (Table 6).

References

1. D. Cole-Hamilton, emeritus professor of 

chemistry at the University of St Andrews, UK, 

quoted in The Independent, Tuesday 22 January 

2019, https://www.independent.co.uk/news/

• Carrier

• Make-up (detector- and 

application-dependent)

• Fuel (usually hydrogen)

• Oxidizing gas (usually air)

The stoichiometry of combustion 

(hydrogen to oxygen ratio) is vital in 

determining the sensitivity of the instrument 

and can be optimized for each analysis. 

The use of hydrogen as a carrier gas and 

as a fuel will impose restrictions on the 

make-up gas; this means, for as long as the 

stoichiometry of the combustion (hydrogen 

to oxygen ratio) is not affected, hydrogen 

is a valid make-up gas; otherwise an inert 

gas (such as nitrogen or helium) would be a 

better choice (Table 5).

Non-Combustion Detectors: 

Non-combustion detectors, such as TCD 

and ECD, will only use carrier and make-up 

gases. The selection of make-up gas is again 

instrument- and application-dependent.

TCD Considerations: Due to its inertness 

and high thermal conductivity, helium has 

been traditionally used as the carrier gas 

of choice for TCD; however, other gases 

such as nitrogen, argon, and hydrogen 

can also be used. The important thing is 

that thermal-conductivity detectors work 

best when there is a large difference in 

thermal conductivity between the sample 
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Training Courses
GC

The Theory of GC

Website: www.chromacademy.

com/gc-training.html

Hands-On GC×GC

2–3 December 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/hands-on-GCxGC

GC–MS Training for the 

Chromatographer

Onsite training

Website: www.crawfordscientific.

com/training-consultancy/mass-

spec-training/gc-ms-training

HPLC/LC–MS

The Theory of HPLC

On-line training from 

CHROMacademy

Website: www.chromacademy.

com/hplc-training.html

basic-lab-skills-training.html

Introduction to IR 

Spectroscopy

Website: www.chromacademy.

com/infrared-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

Practical LC–MS Training

Onsite training

Website: www.crawfordscientific.

com/training-consultancy/mass-spec-

training/practical-lc-ms

Practical Essentials of HPLC & 

LC–MS

18–20 November 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/PE-LC

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

MISCELLANEOUS

Basic Lab Skill Training

Website: www.chromacademy.com/

Please send your event and training 
course information to Kate Jones 
kjones@mmhgroup.com
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http://www.chromacademy.com/sample-prep-training.html
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Event News

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

http://www.chromacademy.com/agilent
mailto:WMF@bastiaanse-communication.com
http://www.worldmycotoxinforum.org
mailto:info@swemsa.eu
http://www.swemsa.eu
mailto:registration@sasevents.co.uk
https://www.eiseverywhere.com/ereg/index.php?eventid=461404&
mailto:htc16@kuleuven.be
https://kuleuvencongres.be/htc16
http://www.chromatographyonline.com
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