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A Design for Life 
Sciences
The Column spoke to Robert Shaw, Steph Turnbull, and Sophie Bailes 

from AstraZeneca about their work in quality by design (QbD) in the 

pharmaceutical industry.

efficiently and can be applied in many 

different areas (1–10). It provides a 

structured approach, so that maximum 

information on experimental parameters (or 

factors) is obtained from a limited number 

of experiments. In concept, it allows many 

parameters to be varied simultaneously, 

enabling a fuller understanding of potential 

interdependency between parameters 

called interaction effects. Key benefits 

include improved efficiency (both in terms 

of reduced time and reduced materials) 

and increased robustness of the conditions 

developed. The approach encompasses 

logistical issues so that design plans are 

practical to perform.

There are some common misconceptions 

surrounding DoE. One of these is that 

using experimental design methods will 

mean doing more experiments than the 

analyst would normally do. DoE is actually 

an efficient process that, when applied 

well, will enable learning to be developed 

Q. Why is quality by design important 

in the pharmaceutical sector?

A: For the pharmaceutical industry to 

deliver efficacious and safe medicinal 

products to patients, we require robust and 

reliable manufacturing processes. These 

processes require accurate and reproducible 

analytical measurement systems. The 

principles of quality by design (QbD) enable 

a holistic and structured approach to 

developing our products and processes, 

building in reliability from the start. In this 

interview, we are focusing on analytical 

method life cycle QbD, which uses these 

principles, whether a full method operable 

design region (MODR) is required to be 

registered or not. 

Q. How would you define design of 

experiments (DoE) and are there any 

misconceptions surrounding DoE?

A: Design of experiments is a general 

technique for learning about processes 
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and decisions made in a shorter time with 

a lower cost for materials compared with 

a traditional one-factor-at-a-time (OFAT) 

approach. The OFAT approach may in some 

cases achieve a desirable result, however, 

the true optimum can be missed, and the 

experimentation does not yield useful 

information on interactions or a robust 

operating region.

Another misconception is when the 

analyst thinks that there are so few 

variables for a method that DoE is not 

worth applying. The practical steps 

involved make DoE a valuable approach 

regardless of how few or many parameters 

are involved.

Some analysts say they can’t understand 

the DoE output and prefer to run the 

experiments in their own way. In our 

experience the most important output is 

graphical and visually impactful and avoids 

the need to interpret complex statistical 

analysis.

Q. How does DoE relate to quality by 

design?

A: DoE is vital to QbD. The goal of QbD 

is to develop a process (or procedure) 

that operates reliably and robustly, every 

single time, without the need for repeats, 

re-runs, or re-testing. This is often referred 

to by designing quality into your process. 

To enable this, a thorough understanding 

of the method is vital. DoE provides 

this, by not only efficiently mapping 

all your key parameters to provide a 

robust operating region, but also by the 

process of identifying and categorizing 

all possible factors as one of Constant, 

Noise, or eXperimental factors (called CNX 

approach). This thought process alone can 

often yield improvements by identifying 

all possible sources of method variability, 

so the benefits DoE can bring to QbD 

can potentially occur even before any 

laboratory work has taken place.

Q. How can the analyst use DoE in 

practice to develop robust analytical 

methods for quality control (QC) 

environments?

A: An analytical method is a process 

that can also be optimized by DoE. 

Every analytical method will have many 

parameters that affect its performance; 

some of which are method controlled, 

for example, flow rate, gradient, eluent, 

and others which could be potential noise 

factors, such as operator, column age, 

sample preparation. 

DoE can provide the optimum conditions 

and understanding of critical method 

parameters (CMP) that need to be 

controlled. This control can be achieved 
www.gerstel.com
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through choosing specific critical method 

attributes (CMA) for the system suitability 

criteria to give a robust and stable method 

performance. A structured planning 

approach is recommended to ensure that 

the objectives of the DoE are met and to 

avoid ambiguous results and conclusions 

because of confounding effects of 

“nuisance” factors or incorrect sample sizes 

applied. 

Q. What approaches would you 

recommend to maximize benefi t from 

DoE?

A: A sequential approach to DoE allows 

building knowledge through a growing set 

of experimental data: scoping, screening, 

optimization. A small number of scoping 

trials run at variable conditions can identify 

you are running in the correct region. 

Screening trials will assess the CMP 

and their interactions with a few more 

experiments. The last set of experiments 

will target the optimum operating range, 

exploring the robustness of that region. 

As you progress through these stages, you 

can make small changes to the parameters 

and their settings, allowing a more flexible 

approach rather than a large “one-off” set 

of experiments.

Development of a DoE support strategy 

is also key. We have developed a working 

model including different layers of 

expertise and support including a) a small 

team of statisticians and chemometricians, 

b) technical support from subject matter 

experts, c) analyst “lead users”—amenable 

and capable with statistical principles and 

techniques, who have been trained in 

the software, and d) the general analyst 

population. We feel it is important to raise 

the statistical awareness and skill level 

of scientists, so they can carry out basic 

statistical analysis and data visualization, 

and know when to involve a statistician. 

To this end, we have developed a suite 

of short statistical workshops, which 

have been well attended by the analyst 

community.

In our experience, the most successful 

examples have been developed by bringing 

together the respective expertise of 

scientist and statistician.

Q. What other benefits can DoE offer 

chromatographers?

A: Since DoE is highly structured, it allows 

chromatographers to use a standardization 

approach to method development 

so that methods are developed more 

efficiently (10). By exploiting automated 

technologies, such as multiple column 

switching and quaternary solvent mixing 

on the instrument, DoE can provide 

Coupling powers
Pioneering new fields in ultra-trace analysis, the new
GCMS-TQ 8050 NX triple quadrupole couples the powers 
of a world-leading GC and a newly designed detector. 
Both provide outstanding sensitivity at femtogram and 
even sub-femtogram levels.

Superior performance of NX technologies
e.g. new flow controller and time management 
for maintenance

A wide variety of optional products supports 
trace analysis
such as autosamplers and inlets 

www.shimadzu.eu /coupling-powers

Comfortable, easy change of accessories 
through the advanced, illuminated GC oven

The GCMS-TQ 8050 NX complements the Shimadzu NX 
family, coupling the Nexis GC-2030 with the quadrupole
series TQ-8050, TQ-8040 or QP-2020. Shimadzu’s NX series
provides high-end GCMS solutions for every analytical 
challenge.
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further gains in efficiency. Furthermore, 

any troubleshooting further down the 

method life cycle would be able to refer 

to the DoE findings to facilitate faster 

root cause analysis and targeted method 

improvements. For example, if the buffer 

concentration was shown to be a critical 

parameter affecting method performance 

during the DoE, it would direct the analyst 

to first assess mobile phase preparation 

during a laboratory investigation of a 

failure of resolution of critical pair in the 

system suitability solution.

Q. Can you illustrate this with some 

“real-world” examples?

A: The following two liquid 

chromatography (LC) examples 

demonstrate the diverse application of 

DoE from early- to late-stage method 

development.

The fi rst illustrates the robustness of DoE 

as part of method development. During 

method development, it is recommended 

to perform a generic DoE to identify the 

critical method parameters and thereby 

introduce system suitability criteria that will 

adequately control the method throughout 

routine use. The parameters selected for the 

DoE are those commonly observed as critical 

parameters in chromatography methods: 

fl ow rate, Δ%B, temperature, buffer 

concentration, and wavelength. Through the 

use of automation, two different settings 

for dwell volume were incorporated into the 

DoE along with two different columns.

Statistical analysis of the DoE quickly 

highlighted observed variation in the 

percentage area for one impurity, which 

was being caused through column 

selection. This variation was investigated 

further and was determined to be a result 

of on-column degradation, probably due 

to metal contamination on the surface of 

the column. The pH of the mobile phase 

was subsequently reduced to control the 

risk of degradation of this impurity in the 

presence of metals. 

Early adoption of this type of DoE 

approach to understand robustness of the 

method during development can be used to 

identify potential issues with the method. 

A risk assessment is then performed to 

understand whether this issue can be 

controlled during routine operation of the 

method or whether the method parameters 

should be redeveloped. Had the method 

not been assessed using this approach, the 

risk of out of specifi cation (OOS) would 

have been high and could have potentially 

sparked a long and ultimately futile 

investigation. The use of this structured 

DoE approach identifi ed the true root cause 

quickly and unambiguously.
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Robert Shaw is a 

Principal Scientist 

in statistics and 

Chartered Statistician 

at AstraZeneca 

working within 

pharmaceutical 

development and manufacturing. He 

has worked with AstraZeneca (formerly 

Zeneca, ICI) for nearly 30 years 

covering a variety of leadership 

and equipment allowing generation 

of vast amounts of data in a relatively 

short amount of time. DoE can capitalize 

on this by structuring the planning of 

experiments, resulting in spending less time 

in the laboratory whilst achieving greater 

understanding of your methods.

DoE provides benefi ts to 

chromatographers from early development 

right through to late-stage investigations. 

When applied early, intelligent experimental 

design will generate understanding of your 

separation mechanism and develop robust 

methods. Later-stage application enables 

knowledge transfer to QC laboratories 

in order to have full control and insight 

throughout the method life cycle.
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A second example illustrates how we use 

a DoE to validate an impurities method 

during preregistration. At AstraZeneca, 

we have adopted the Enhanced 

Method approach for validation of the 

MODR of commercial chromatography 

methods. Following the initial scoping 

and development work to identify the 

CMPs, a DoE was used to establish the 

ranges. Four factors were identified from 

previous experimental work; three factors 

(temperature, flow rate, and Δ%B) were 

controlled by the equipment, while one 

factor (buffer concentration) was more 

analyst-dependent. Responses included 

relative retention times for each peak, and 

the resolution between critical pairs. 

Although it had a smaller impact, the 

buffer concentration was more important 

to understand because this would be the 

hardest to control through the routine use 

of the method. Through understanding 

of the boundaries of failure for the buffer 

concentration, the preparation volumes of the 

mobile phase were defi ned in the method to 

reduce the likelihood of method failure when 

transferred into our QC testing sites.

Q. Are there any other take-away 

messages?

A: The laboratories of today are smarter 

than ever, with advances in automation 
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The characterization of nucleic acids and 

their modifi cations continues to reveal the 

complexities of biological systems as researchers 

in both academic and industrial laboratories 

push for an ever-greater understanding of the 

intricacies of biological systems 

Two particularly important areas of 

research include the characterization of 

post-transcriptional modifi cations to ribonucleic 

acid (RNA) and the development of synthetic 

antisense and aptamer-based nucleic acids for 

gene silencing experiments and therapeutics.

Currently liquid chromatography coupled 

to tandem mass spectrometry (LC–MS/MS) is 

the primary technique for direct detection of 

unmodifi ed and modifi ed oligonucleotides, with 

the “gold-standard” method for separation 

being developed over two decades ago.

This technique requires the use of ion-pair 

reagents to obtain optimal chromatographic 

performance and ionization. Although 

the use of these reagents can deliver high 

chromatographic performance, among other 

desirable advantages, these gains do not 

come without compromise. The technique 

requires the use of a modifi er, such as 

1,1,1,3,3,3-hexafl uoro-2-propanol (HFIP), 

to overcome the reduced MS sensitivity 

for electrospray ionization (ESI) (1,2). It has 

also been demonstrated that the choice of 

ion-pair reagent can affect the degree of ion 

suppression and that the optimal ion-pair 

reagent and modifi er system can depend on 

the type and content of the oligonucleotide, 

necessitating extensive screening for optimized 

chromatographic and ionization conditions (3). 

Furthermore, it is highly advisable to maintain 

a dedicated system for IP-reversed-phase LC 

because of contamination concerns that can 

result in the suppression of ionization for samples 

analyzed in positive polarity, adding extra costs 

and commitments to the technique (4).

Alternatives to the traditional IP-reversed-phase 

LC approach have been explored over the years, 

including studies on the use of hydrophilic 

interaction liquid chromatography (HILIC). These 

studies have focused on a variety of mobile 

and stationary phases, however, poor column 

stability, poor retention because of silanol activity, 

and a need for improved resolution of multiple 

component mixtures have been reported, among 

other issues (5,6,7). 

Despite these past setbacks, a newly 

developed HILIC stationary phase containing 

modifi ed diol groups on a polymer-based particle 

has offered renewed hope of an alternative to 

IP-reversed-phase LC. The column has been 

specifi cally developed for the separation and 

analysis of oligonucleotides. To test the viability 

of the column, researchers from the University 

of Cincinnati performed a full evaluation of the 

stationary phase with demonstration samples 

(4). The resulting method, which utilizes HILIC–

MS without the use of ion-pair reagents, was 

found to offer suitable retention, selectivity, and 

resolution for multicomponent oligonucleotide 

mixtures. The method used a commonly 

employed LC–MS mobile phase system 

containing water, acetonitrile, and ammonium 

acetate. In the case of oligodeoxynucleotides, 

analysis of a similar level of performance was 

shown for HILIC to that obtained from the 

IP-reversed-phase LC methods in common use. 

The method demonstrated suitable 

reproducibility for quantitative applications, 

however, chromatographic resolution of 

closely related phoporothioate impurities 

could not match that of a fi nely optimized 

IP-reversed-phase LC–UV method. Despite this, 

researchers suggest that the HILIC–MS method 

presents an attractive alternative to current 

Refi ning Nucleic Acid Characterization 
Using HILIC–MS

methods with additional work warranted to 

defi ne the extent to which the method could 

be used to improve the characterization of 

nucleic acids and their modifi cations.—L.B.
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News In Brief
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Thermo Fisher Scientifi c (Waltham, Massachusetts, 

USA) has agreed to buy a Cork based 

manufacturing plant from GlaxoSmithKline (GSK) 

for €90 million. The sale includes the transfer of all 

facilities, business operations, and approximately 

400 employees to Thermo Fisher.

“Due to strategic changes in the GSK portfolio 

and emerging pipeline, the Cork site had been 

signifi cantly underutilzed and it became clear that 

it was no longer a competitive fi t within GSK’s 

manufacturing network,” said Mike O’Sullivan, 

GSK’s Cork Site Director. “We believe this acquisition 

offers a more sustainable future for the Cork site 

and our highly talented employees.”

The Cork site has been in operation since 1975 

and currently produces active ingredients for nine 

GSK products, which will continue under the 

terms of a multi-year supply agreement. For more 

information, please visit: www.thermofi sher.com

PerkinElmer (Waltham, Massachusetts, USA) has 

opened a new manufacturing facility at the JTC 

MedTech Hub in Jurong, Singapore. The facility 

has a total of 321 employees and features two 

demonstration laboratories where customers can 

have a hands-on experience with PerkinElmer’s 

technologies.

“Opening this new site in JTC MedTech Hub 

reaffi rms PerkinElmer’s commitment to operating 

our business and growing our customer base here 

in Singapore and throughout Southeast Asia,” 

said Robert Friel, Chairman and Chief Executive 

Offi cer of PerkinElmer. For more information, 

please visit: www.perkinelmer.com

•  The LCGC Blog: Commercial Sample Preparation Materials for Isolation of Intact Proteins from 

Biological Samples are Absent in the Marketplace—We have been working to develop the use of 
liquid chromatography–triple quadrupole–mass spectrometry (LC–MS/MS) for quantifi cation of intact 

proteins from biological fl uids. Read Here>>

•   Looking into Lipids—Lipidomics is one of the youngest branches of “omics” research. Maria 

Fedorova from Leipzig University, in Leipzig, Germany, discusses the latest trends and challenges 

in lipidomics research and highlights how innovative bioinformatics solutions are addressing data 

handling issues in this evolving fi eld. Read Here>>

•    New HPLC Systems and Related Products Introduced in 2018–2019: A Brief Review—This 
instalment describes high performance liquid chromatography (HPLC), mass spectrometry (MS), and 
related products introduced at Pittcon 2019 and during the year prior. It reviews new HPLC and MS 
systems, modules, chromatography data systems (CDS), and other related software and summarizes 
their signifi cant features and user benefi ts. A brief description of instrumentation trends and the 

current market is also included. Read Here>>

•    Tips & Tricks GPC/SEC: Column Issues with Light Scattering Detectors—The addition of a light 
scattering detector dramatically increases the capabilities of gel permeation chromatography/
size-exclusion chromatography (GPC/SEC) analysis. However, the complexity of the system also 
increases. This instalment of Tips & Tricks discusses column issues when working with light scattering 

detectors. Read Here>>

•    The Rise of the Robots—With respect to further enhancements in analytical automation and 
sample preparation robotics, we either evolve or die! Read Here>> 
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Need a New Instrument 
to Innovate?
Calling all innovators (or anyone seeking to justify a new instrument 

purchase)!

A comprehensive list that appears to contain 

all the attributes of innovation, which if you 

are in a well-funded research department or 

institute would be relatively easy to comply with 

or, at least, aspire to. But what does this mean 

for an ambitious analytical chemist who isn’t 

working in a high-end (“blue-sky”) analytical 

environment, who is fed up with the status 

quo, or who may see a better way of doing 

things? Someone who is fed up with constantly 

pushing workaday equipment to its limits to 

squeeze every last drop of performance to 

meet method performance specifi cations. This, I 

postulate, would be the situation in which many 

innovative analysts fi nd themselves. What needs 

to change to encourage innovation in these 

situations?

Frankly, some users of chromatography 

lack the creativity, curiosity, or knowledge to 

be the perfect innovator. But no one comes 

to work to do a bad job, and I’m sure many 

of these people will fi t into the category of 

“dissatisfaction with the status quo”, so who 

are we to limit their ambition to drive change? 

Those who are interested in developing and 

implementing new ideas or methods may not 

Innovation is defi ned by the Cambridge 

Dictionary as “(the use of) a new idea or 

method”—and I truly believe we all need to be 

more innovative.

As I see it, innovation takes many forms 

within the analytical chemistry laboratory, and, 

driven by some recent experiences in new 

instrument purchases, I wanted to explore the 

concept of innovation in our industry and why 

it is so often associated with the more negative 

words “risk” and “change”.

A 2015 report titled “Educate to Innovate” by 

the US-based National Academies of Science, 

Engineering, and Medicine identifi ed a list of 

common traits of true innovators as follows (1):

• Creativity

• Dissatisfaction with the status quo

• Intense curiosity

• The ability to identify serendipitous moments

• Willingness to take risks and to fail

• Passion

• Knowledge of their fi eld

• The ability to identify good problems and ideas

• The ability to work at the interfaces of 

disciplines

• The ability to sell an idea.T
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be willing to take risks or fail, and if they are 

willing their management may not be. We are, 

in my experience, an intensely conservative 

industry. I’ve lost count of the number of times 

I or my colleagues have been asked, when 

seeking to change a method or purchase 

new equipment: “Who else is doing this?” or 

“What applications have been published which 

are relevant to our work?” These are sensible 

questions, but they do say: “We are not putting 

our career on the line to take this risk”. Stifl ing 

innovation? Well not really, perhaps just being 

pragmatic and looking ahead to the ream of 

justifi cation documents that loom large on the 

horizon.

Let’s face it, the number of individuals who 

are able to tick all of the boxes in the innovator 

attributes are few and far between, which is 

why, during my recent instrument purchase 

exercise, I pulled together a small team and tried 

to undertake the process in a new way. This has 

thrown up some interesting insights into how to 

get things done. I share these with some frank 

insights into the barriers that I have faced (in 

my present or past companies) in the hope that 

they may be useful in your own laboratory:

1) Knowledge of what else is out there or 

who else has solved the problem: We are 

not all blessed with the time, curiosity, or the 

travel budget to allow us to interact with other 

groups, travel to conferences, or undertake 

extensive literature searches to give us the 

bigger picture insights. However, there is usually 

someone within a friendly vendor organization 

who has this “Big Picture” view. The key is to 

fi nd someone who will not try to shoehorn 

you into one of their own vendor products 

and who is honest and helpful enough to be 

“straight” with you. I can tell you that these 

people do exist and can be immensely helpful. 

Alternatively, if you know of an industry 

expert in the application area of interest, they 

can also be very insightful, even though they 

may work for a different, even competitive, 

organization. Have the courage to reach out to 

them, you’ll be amazed at how many folks will 

freely share their insights and experiences; we 

love to talk about our successes and company 

confi dentiality doesn’t always stand in the 

way of the higher level strategic conversations 

that are often required in these situations. 

Remember also that there may be academics 

willing to share insights and experience, usually 

unfettered by confi dentiality restrictions.

2) Be clear on current limitations and 

project these into the future: Prospect 

theory (2) broadly tells us that we are naturally 

risk averse and that we will typically seek a 

less risky solution that is “good enough”, 

rather than go for a major gain with a greater 

associated risk. However, this theory also tells 

us that people are more likely to increase 

the degree of risk to avoid a loss because 

loss-aversion outweighs equivalent gains. 

Kromasil anniversary
30 years of chromatography

Beyond expectations

30 years has gone since Kromasil was first
introduced to the market and changed the
performance expectations on preparative HPLC
packing materials.

Today, Kromasil is offering a full-range product
line for analysis and production by
UHPLC/HPLC and SFC, and stands ready to
support your future separations.

We are Nouryon

AkzoNobel Specialty Chemicals is now Nouryon,
your partner in essential chemistry for a
sustainable future.

www.kromasil.com
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Your justifi cation should therefore include 

the possible downside associated with not 

purchasing the equipment. Will you be unable 

to meet future analytical requirements or 

regulatory requirements? Will instrument 

maintenance costs increase signifi cantly? Will 

project outcomes be compromised? Will you 

fall behind competitors? This modelling of a 

future downside will help to reduce the risk 

adversity and, when combined with the upside 

of all the benefi ts and advantages that the 

new technology might afford, may get your 

justifi cation across the line.

3) Sell the idea: First I want to tackle 

something I call the reality paradigm. Frankly, 

if the laboratory roof is leaking, if there are 

plans for laboratory expansion, if there are 

other strategic purchases aligned to high 

priority projects, or if there is a budget freeze, 

the chances of you getting something shiny 

and a little risky into the capital budget are 

low. The question you may want to ask your 

line management is “What are the chances 

of this purchase getting into the top three on 

the annual capital spend priority list?” If the 

answer puts you anywhere below fi fth in line, 

save your efforts or seek a different opinion. 

If it is in the top three, go for it, if fourth or 

fi fth in line, I’ll leave it up to you to decide if it 

is worth taking a punt. In terms of “selling the 

idea” you need to work with someone who 

can build and present a compelling case. This 

may be you, but think carefully if someone else 

may be better. This may include a number of 

folks who you don’t typically seek assistance 

from including purchasing personnel, health 

and safety representatives, or environmental 

sustainability staff. I bet there will be sections 

on the justifi cation document that cover all of 

these topics so make sure to cover these topics 

off before you even get to the initial stages of 

justifi cation. It is like developing an analytical 

method with the validation exercise in mind—a 

little upfront work always results in a more 

confi dent submission. A further tip here is 

that the instrument vendor will have assisted 

other companies to complete these justifi cation 

documents—they may have killer facts or 

fi gures to really rocket fuel your submission—

so don’t be afraid to ask or even get them to 

complete sections of the justifi cation for you! 

4) Killer creativity: This encompasses a 

number of tips that have worked well for me in 

the past, and include:

a) Remain rooted in facts: Instruments do not 

typically pay for themselves in less than a year, 

business gains are not usually stellar in the fi rst 

few months after purchase, and throughput is 

rarely increased by a factor of 10. Don’t oversell 

the upside, it will lead to suspicion.

b) Use anchor pricing: This relates to an innate 

behavioural bias in which the perception of 

value is relative rather than absolute. The way 

to sell more $2000 watches is to put them 

in a tray alongside some $10,000 watches 

rather than a bunch of $1000 watches. Your 

justifi cation review committee will typically 

have a mental anchor price that relates to 

instruments already within your laboratory, 

which may have been purchased several 

years ago, and which is almost always lower 

than the cost of your proposed equipment. 

Instead, compare your purchase to other new 

instruments that may be nominally capable of 

the same measurements, but which carry a 

higher price ticket.

c) Avoid fully listed quotations: Many vendors 

produce quotations with long lists of 

components within a system (down to the 

power cords in some instances), in the false 

belief that this long list of what you are getting 

helps to justify the big price ticket. This is 

absolutely incorrect. “Bundle pricing” is very 

successful in the motor industry, where the XL 

or SuperXL models have replaced the need to 

carefully specify if you need leather seats, xenon 

headlamps, satnav, high-end stereo equipment. 

Have the vendor bundle all of the options into a 

“productivity pack” if this is possible—it makes 

a huge difference in overcoming the emotional 

barrier to commit to a purchase as well as 

reducing the complexity of choice.

d) Sweat the return on investment (ROI) detail: 

When we consider ROI, we very rarely take into 

account all of the factors that can be affected, 

and this is folly. Take care to consider seemingly 
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minor contributors, such as sample preparation 

time, solvent usage, associated consumables 

costs, cost of laboratory services (gases, heating, 

lighting, fume cupboard power), and any other 

small costs that you can think of. You would 

be surprised how high these costs can be on a 

cumulative basis, and by how much they can 

shorten the ROI period.

e) Make sure your demo data are bombproof: 

I often see colleagues entering instrument 

demos with absolutely the opposite mindset 

from what is required—combative rather 

than collaborative. The natural position is 

to send “diffi cult” samples for the vendor 

apps chemists to deal with and to adopt the 

mindset that they will never be able to get 

the results we need for these samples. This 

is somewhat driven by the fact that we have 

not been able to derive the required data 

ourselves and why should anyone else be any 

better than we are? But think carefully, who 

is going to want to see a justifi cation where 

the data are barely good enough or has just 

failed to attain what we desire? Whilst we 

do want to ensure that the instrument is 

capable of delivering against our specifi cation, 

submitting your worst case is not always 

wise. If you have three possible vendors to 

evaluate, drop your natural prejudice against 

the two whose instrument you don’t want to 

buy, always remain open to being surprised, 

and always work positively with vendors to 

ensure a successful outcome for yourself and 

your justifi cation.

I realize that innovation doesn’t always 

end up with a new instrument purchase; 

however, it is a pretty good surrogate to the 

other forms of innovation that might include 

developing a new analytical method, changing 

a process, or switching from one method 

of analysis to another (high performance 

liquid chromatography [HPLC] to capillary 

electrophoresis [CE], for example). I have 

typically found that many of the principles 

involved with purchasing a new instrument are 

also applicable when persuading colleagues 

or management that time invested into 

investigating new methods or updating old 

ones are just the same. Remember that all 

innovation attributes lists are rarely held by 

one person, collaborating with others often 

produces much better outcomes, and that the 

more you can reduce present risk and mitigate 

future risk, the more successful you will be!

Go on, get innovating!
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A Universal Generic 
(U)HPLC Reversed-Phase 
Gradient Method for 
Quality Assessments of 
Multiple Small Molecule 
Drugs

This is the third in a series of articles exploring current topics in separation 

science that will be addressed at the HPLC 2019 conference in Milan, Italy, 

from 16–20 June.

Michael Dong, MWD Consulting, Norwalk, Connecticut, USA

Wouldn’t it be nice if a single generic 

high performance liquid chromatography 

(HPLC) method could be used for all small 

molecule drugs—not only for potency 

assays but also for International Conference 

on Harmonization (ICH)-compliant 

stability-indicating assays? 

The use of generic HPLC methods in 

pharmaceutical analysis is not new. For 

at least two decades, generic HPLC/UV/

mass spectrometry (MS) methods using 

1–2 min ballistic gradients have been used 

successfully for high-throughput screening 

of combinatorial libraries and new drug 

candidates (1). Similar generic methods are 

also used in in-process control (IPC) analysis 

to support organic synthesis or in quality 

control of raw materials (2).
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The latest advances in ultrahigh-pressure 

liquid chromatography (UHPLC) systems 

and column technologies have enabled 

the development of a versatile, generic 

reversed-phase method(s) amenable to 

multiple small-molecule new chemical 

entities (NCEs) with an analysis time of 2 min 

for cleaning verifi cation (3–4). The same 

universal methodology was found applicable 

for rapid characterization (3–6 min) of 

many drug substance samples with peak 

capacities over 200 and provides a useful 

starting point for the development of 

ICH-compliant stability-indicating assays of 

most small-molecule NCEs. 

In this upcoming keynote presentation 

in HPLC 2019 in Milan, I will describe the 

development of this universal generic 

method(s) by selecting the best column 

technologies with optimized operating 

conditions for pharmaceutical analysis 

(superfi cially porous particles with bonding 

chemistries most compatible to highly basic 

compounds with simple mobile phases) 

(see Figure 1). The rationales used in the 

justifi cation of the selection of various 

parameters will be disclosed. 

Case studies to illustrate the versatility 

of this generic method approach by simple 

adjustments of gradient range and time 

in the development of stability-indicating 

assays will be presented. These examples will 

include quality assessments of many NCEs 

including complex drug molecules 

with multiple chiral centres as shown in 

Figure 2. 
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Figure 2: The separation of a retention marker solution containing a complex NCE with 
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diastereomers). The 5-min method was obtained by adjustments of gradient parameters from 
the universal generic method, which took only one hour. 
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Figure 1: The separation of 12 NCEs using the proposed universal generic gradient HPLC 
method.
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The Benefits of 
a Liquid-Electron 
Ionization Liquid 
Chromatography–Mass 
Spectrometry Interface

 This is the fourth in a series of articles exploring current topics in separation 

science that will be addressed at the HPLC 2019 conference in Milan, Italy, 

from 16–20 June.

Achille Cappiello, University of Urbino Carlo Bo, Urbino, Italy

(a mandatory requirement of EI) because LEI 

tolerates sub-microlitre-per-minute fl ow rates 

only, and so the use of a nano-LC 

(nLC) system is highly recommended. 

Higher fl ow rates would impact the ion 

source vacuum, which reduces sensitivity 

and fi lament lifetime. An excess of solvent 

vapours would also induce chemical 

ionization (CI) reactions with the formation of 

(M+H)+ ions that would affect the quality of 

the mass spectrum. 

From its development in 2016, the 

liquid-electron ionization (LEI) liquid 

chromatography–mass spectrometry 

(LC–MS) (1) interface has demonstrated a 

high versatility, offering the identifi cation 

advantages of library-searchable, electron 

ionization (EI) spectra from samples in a 

liquid phase.

The LEI concept is an innovative approach 

that effi ciently manages the problematic 

conversion of a liquid phase into a gas phase 
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LEI represents a step forwards in LC–EI–

MS performance (2), offering reliable and 

straightforward solutions for small-molecule 

applications. Identifi cation of unknowns 

is of increasing importance in food safety, 

environmental, forensic, and many other 

applications where the complexity of the 

matrix is a troubling factor. The advantage of 

EI for tentative identifi cation is unparalleled 

and provides an attractive alternative to 

high-resolution and high mass accuracy at a 

much lower cost. 

A simple interfacing process and negligible 

solvent consumption makes LEI compatible 

with different types of liquid-phase 

introduction, including ultrahigh-pressure 

liquid chromatography (UHPLC), normal 

phase, and buffer-assisted separations, and 

is capable of detecting a large number of 

compounds, regardless of their polarities. 

The gas-phase ionization process and the 

negligible matrix effects allow real-time 

detection of target compounds without a 

sample preparation step (when possible). 

In particular, the new approach offers 

strong matrix effects mitigation, full-scan, 

library-searchable EI spectra, and sensitive 

detection of nonpolar compounds, which 

are usually excluded by other LC–MS 

methods. None of the other available 

ionization techniques can analyze mixtures 

of substances in a range of polarities that 

spans from sugars to hydrocarbons in the 

same analysis. 

Notably, the less-polar species would require 

a separate gas chromatography (GC)–MS 

analysis, with additional costs, complexity, and 

time. Despite the complex interfacing process, 

LEI is carefully designed not to introduce 

modifi cations in the chromatographic profi le, 

and its presence is completely unnoticeable 

and does not induce peak broadening. The 

quality of the mass spectrum is not infl uenced 

by mobile phase residues and matches the 

one obtained with GC–MS instruments.

A specially designed vaporization chamber, 

called a vaporization micro-channel, 

physically separates the vaporization from 

the ionization step, allowing independent 

optimization of both processes without any 

particular compromise. The micro-channel 

is the core of the interface. Here the liquid 

sample is smoothly converted to the gas 

phase. The narrow and long shape of the 

chamber ensures a fast conversion and quick 

transfer of the sample vapours to the ion 

source, reducing the chances of thermal 

decomposition to a minimum. The transfer 

block that holds and guides the vaporization 

micro-channel to the ion source can be heated 

up to 400 °C, depending on the boiling point 

of the analytes. Nonvolatile sample residues 

remain as deposits inside this channel, 

reducing ion source contamination from 

Sponsored by Presented by

EVENT OVERVIEW: 

Owing to the impact on drug efficacy and safety, glycosylation has 

long been recognized as a critical quality attribute that requires in-

depth characterization and close monitoring throughout the product 

lifecycle of biotherapeutics. Glycosylation is generally assessed at a 

released glycan level using fluorescence (FLR) detection to overcome 

the challenges in structural complexity and broad concentration 

range. While sensitive optical detection alone often lacks the specificity 

needed for unequivocal glycan structural determination/assignment, 

orthogonal technologies, such as high-resolution mass spectrometry 

(HRMS), can provide additional structural information. These technolo-

gies, however, face great difficulty to deploy in process development 

and manufacturing environments due to instrumentation and analyti-

cal methodology complexity. 

In this webcast, participants will learn about:

■ An easy-to-use workflow developed on the compact and integrated 
LC-MS System that can be efficiently deployed across organizations 

■ An end-to-end streamlined workflow for released N-glycan analysis 
from sample preparation to liquid chromatography (LC)-FLR-MS 
analysis thru reporting

■ Improved productivity and reproducibility with automated sample 
preparation 

■ Case studies demonstrating how the simplified analytical workflow 
transforms high quality LC/FLR/MS data into meaningful results for 
released N-glycan analysis

For questions contact Kristen Moore at KMoore@mmhgroup.com
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complex samples. The fused-silica vaporization 

micro-channel is chemically inert and performs 

very well; it is easy and cheap to replace when 

needed for a hassle-free and inexpensive 

periodic maintenance of the system.

Our recent work has been oriented to 

explore the versatility of LEI in various 

directions: i) enhancing the performance 

towards high-molecular-weight compounds; 

ii) rapid detection applications without LC 

separation; and iii) real-time monitoring of 

reactions and processes.

Despite the reliance upon gas-phase 

ionization, the range of substances that can 

be effectively ionized by LEI is more extensive 

compared with GC–MS. The combination of 

fast heat transfer to the analyte and effi cient 

vaporization drastically reduces the chance 

of thermal decomposition, allowing the 

detection of many GC- and LC-amenable 

analytes (3). The effect of different surface 

materials in the vaporization micro-channel 

is under investigation. Recent preliminary 

results demonstrate that glass-like ceramic is 

a promising alternative to stainless steel and 

fused silica as a vaporization surface. Poorly 

volatile compounds are readily available in 

the gas phase when ceramic is used. High 

cost and fragility still limit its use as a valid 

substitute for fused silica. 

LEI has been successfully combined with 

condensed phase membrane introduction 

mass spectrometry (CP-MIMS) for on-line 

measurements in complex samples (4). 

Semipermeable membranes, such as 

polydimethylsiloxane (PDMS), are used to 

transfer neutral analytes by a condensed 

(liquid) acceptor phase to an MS system for 

real-time detection and quantitation. Ions 

and heterogeneous compounds cannot cross 

the membrane and do not reach the MS 

system. LEI paired with CP-MIMS allows the 

kinetics of organic reactions to be monitored 

on-line: neutral molecules can permeate the 

hydrophobic silicone membranes and are 

ionized under EI conditions. A chronogram 

allows the amounts of reagents and products 

over time to be monitored. 

Food safety, forensic analyses, and quality 

control are analytical fi elds where MS plays 

a fundamental role, especially when focused 

on a targeted approach. Most protocols are 

based on LC–ESI–MS; however, the broad 

variability of these matrices needs a dedicated 

method for every sample, with an increase in 

complexity, time, and material consumption. 

LEI offers a technical solution that is not 

affected by matrix effects. This critical aspect 

may open the door to high-speed analytical 

protocols based on a “dilute-and-shoot” 

approach for semiquantitative, fast detection 

of specifi c analytes without chromatography. 

Extra-virgin olive (EVO) oil is one of the main 

components of the Mediterranean diet, 

thanks to its micronutrients content; phenols 

such as hydroxytyrosol and tyrosol are two 

of the most representative ones. We tested 

LEI–MS on several oil samples that were 

diluted and injected directly in the interface 

without any pretreatment. The two phenols 

of interest were detected and quantifi ed. The 

complex olive oil matrix neither interferes with 

the quantitation of the analytes nor with the 

performance of the nLC–MS system, ensuring 

several consecutive analyses without loss of 

sensitivity or need of maintenance procedures.
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Tips & Tricks GPC/SEC: 
How GPC/SEC Can 
Help to Reduce PET 
Plastic Waste

One of the major problems with plastics is recycling. Only a few materials 
can be recycled and the acceptance of recyclates is sometimes low. Gel 
permeation chromatography/size-exclusion chromatography (GPC/SEC) can be 
applied to investigate the quality of materials containing recycled portions.

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

production process itself, will be different for 

recycled material (recyclate) and new material.

A common way to obtain suitable material is 

feeding recycled material into the production 

stream (raw material recycling). This requires 

chemically homogeneous (separated) materials 

that are not often easily available.

PET Recycling

An almost perfect example of feeding 

plastic waste into the production stream is 

poly(ethylene terephthalate) (PET), which 

dominates the drinking bottles market. 

PET waste bottles are collected and cleaned for 

recycling. As gel permeation chromatography/

One of the major problems with the 

worldwide success of plastic products is 

the dissipation of plastic waste into the 

environment. Microplastic is currently in the 

news because huge amounts of plastic waste 

have accumulated in the oceans. 

Amongst the few plastics that are currently 

recycled in larger quantities are polyamides 

and polyolefi ns. Recycled raw material is only 

accepted when it offers high-aesthetic quality 

and a performance similar to new materials. 

However, polymeric chains tend to degrade 

each time they are processed. Thus, the molar 

mass distribution (MMD), which is important 

for the properties of the product and for the 
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EVENT OVERVIEW: 

Since 2014, EU regulations have permitted gas chromatography–triple 

quadrupole mass spectrometry (GC–MS/MS) to be used as an alternative to 

GC–high resolution MS (GC–HRMS) for the control of maximum levels (MLs), 

action levels (ALs), and confirmatory analysis of dioxins and dioxin-like com-

pounds in food and feed samples. Even though the utilization of GC–MS/MS 

for this application has been shown in principle, there is a lack of robust data to 

validate the suitability of this technique, especially for the long-term routine 

analysis of hundreds of samples, of different types, and with full compliance 

of quality performance criteria at the low pg/g concentrations. In addition to 

the deficiencies in validation data, there is a need for software packages to 

deal with the complexities of the calculations required to process and report 

data using isotopic dilution. This webcast illustrates the development and 

capability of a new Dioxin Analyzer using Advanced Electron Ionization (AEI) 

for ultra-high sensitivity to deliver:

■ Successful validation of method performance criteria (LOQ, precision, 
accuracy, and calibration) at values as low as 0.15 (for a 2 g sample intake 
weight) expressed as upper-bound WHO-PCDD/F-TEQ (pg/g), meeting the 
1/5th maximum level requirements

■ Maximum uptime and sample throughput ensured by minimizing 
maintenance required (such as source cleaning, liner replacement, tuning, or 
analytical column trimming) even for batch sequences running continuously 
for two weeks

■ Simplifying the user experience using an integrated software platform with 
the ability to automatically setup, seamlessly acquire, process and report 
compliant data in a fully regulated environment

Key Learning Objectives

■ Discover a fully integrated dioxin analyzer with pre-loaded acquisition, 
calculation and reporting templates that simplifies user training and enables 
increased productivity soon after installation

■ Learn how this analytical method is easily implemented into laboratories 
and able to monitor EU performance criteria to support the validity of data 
generated for dioxin analysis

■ Understand how GC–MS/MS with enhanced sensitivity enables users to lower 
sample weights, reducing both the cost of sample preparation and system 
maintenance

Who Should Attend 

■ Analysts and lab managers in reference and 
contract testing laboratories

■ Scientists and chemists at the government 
agencies, universities and food manufacturers

■ Analysts performing dioxin analysis using 
GC–HRMS

For questions contact Kristen Moore at KMoore@mmhgroup.com

Dioxin Analysis with Triple 
Quadrupole GC–MS/MS: 
 How to Simplify Complexity While Ensuring   
 Compliance with the Latest EU Regulations

Presenters
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Richard Law
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Chromatography and 
Mass Spectrometry
Thermo Fisher Scientific
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Special Projects
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LIVE WEBCAST:  Wednesday, June 5, 2019 at 11am EDT | 8am PDT | 4pm BST | 5pm CEST

size-exclusion chromatography (GPC/SEC) is a 

standard technique to assess product quality, 

it is also applied to investigate recycled PET 

materials.

Besides the MMD determined using GPC/SEC, 

the intrinsic viscosity, IV, is an important parameter 

for processing. This can either be calculated 

from the molar masses using Mark–Houwink 

coeffi cients or can be measured using GPC/SEC 

equipped with an online viscosity detector (1). 

Typically the IV is different for specifi c product 

applications. While bottle-grade PET materials 

range between IV 0.70–0.78 dL/g for water 

bottles and 0.78–0.85 dL/g for soft drink 

bottles, fi bre-grade materials for textiles cover IV 

ranges from 0.40–0.70 dL/g (2). 

In the following example, the material 

properties of virgin PET and bottle waste 

products were investigated by GPC/SEC to 

measure the molar mass and MMD.

GPC/SEC Characterization of PET

As a result of its partial crystallinity, PET is only 

soluble in a few solvents suitable for GPC/

SEC analysis. Typically separation is performed 

in 1,1,1,3,3,3-hexafl uoro-2-isopropanol (HFIP) 

with the addition of potassium trifl uoroacetate 

(K-TFAc) to suppress sample aggregation. Other, 

Figure 1: Overlay of the molar mass distributions for virgin PET, extruded PET, and recycled 
PET. As a result of degradation during processing, the extruded and recycled PET have lower 
molar masses and a broader distribution. 
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less robust, options are the use of m-cresol at 

higher temperatures, such as 100 °C, or the use 

of chloroform/HFIP mixtures. 

Calibration is often performed using polymethyl 

methacrylate (PMMA) reference materials. This 

yields molar mass results based on PMMA. 

Typical detectors are differential refractive index, 

RI, but UV–vis detection at 260 nm and online 

viscometry for branching analysis is also possible.

Figure 1 shows an overlay of bottle-grade PETs. 

Virgin PET is shown in red, the extruded PET in 

pink, and a recycled PET from a bottle in green. 

As expected, the recycled PET has a lower 

weight average molecular weight and a 

broader polydispersity index, PDI. Consequently, 

differences in the macroscopic properties, such 

as toughness, have been observed. As expected, 

the intrinsic viscosity of the recycled product is 

signifi cantly smaller (Table 1). 

Thus, a recycled previously bottle-grade PET 

could be used to produce fi bres while it would 

not be suitable to produce bottles with accepted 

product properties (Table 1).

How Much Recycled Material Can be 

Added to Reduce New PET Use?

When it comes to processing the material into 

consumer goods, there is the question of how 

much of the recycled material can be added to 

a virgin PET without sacrifi cing bottle-grade PET 

product properties. GPC/SEC can help to assess 

possible mixing ratios and predict the properties 

www.chromacademy.com
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Table 1: Intrinsic viscosity and weight average molecular weight for different PET batches and grades

PET IV (mL/g) Mw (g/mol)

Virgin 85 98200

Extruded 80 89500

Recycled 73 78900

Blended 79 88700

Target bottle grade 80 ± 1 90000 ± 2000

Target film grade 65 ± 5 68000 ± 2000

Target fibre grade 50 ± 10 47000 ± 5000

Figure 2: Overlay of the molar mass distribution for the virgin PET and the recycled PET with 
a simulated molar mass distribution showing that a mixture can tolerate 18% recyclate to 
obtain a material with acceptable properties.
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of the blended PET without doing any initial 

laboratory experiments. 

This can be done by blending the GPC/

SEC traces of the corresponding materials 

followed by the determination of the molar 

mass distributions and molar mass averages or 

intrinsic viscosities. Software solutions to blend 

the chromatograms of the respective blend 

components with up to 26 different blend 

constituents are available. 

In this PET blending case only two 

components will be mixed:

Chromatogram A: virgin product

Chromatogram B: recycled product

The computer-aided blending process used 

the following fractions of materials:

0.82*A + 0.18*B

This generated the MMD of the 

computer-simulated PET material blend, which 

exhibits the following PET blend properties 

shown in Table 1. The 82:18 blend is well within 

the quite narrow product specifi cations for 

bottle-grade PET (acceptance limits are shown as 

“±” maximum deviation values).

The overlay of raw materials and the 

computer-optimized PET blend are shown as 

an MMD in Figure 2. Formation of PET drinking 

bottles from this PET blend of virgin and 

recycled PET created a product that passed all 

mechanical, stability, and food quality tests.

This example impressively shows that 

analytical science represented by GPC/SEC can 

help to save the environment and can create 

economic benefi ts as well.

Summary

• GPC/SEC is a powerful technique to compare 

virgin products and recyclates for plastic 

products.

• Intrinsic viscosities can be determined based 

on the molar masses and Mark–Houwink 

coeffi cients, or can be measured using a 

viscosity detector. 

• Chromatograms of raw and recycled materials 

can be used to determine the amount 

of recycled material to be fed into the 

production stream. 
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The LCGC Blog: Forensic Drug Analysis:
GC–MS versus LC–MS

If given the need to determine drug A or its metabolite in blood, 99% of the time I would choose to start with liquid chromatography–mass 

spectrometry (LC–MS).

Kevin A. Schug, Department of Chemistry and Biochemistry, The University of Texas (UT) at Arlington, Arlington, Texas, USA

Anecdotally, it sounds like there is not 

a lot of variation in forensic drug analysis 

across the country. My students in their crime 

laboratory appear to be in the minority (and 

ahead of the curve). One lawyer in our course 

indicated that in the state they practice, 

their laboratories use GC–fl ame ionization 

detection (GC–FID) for blood drug analysis. If 

that does not make you worry, then it should. 

I am so fl abbergasted by this, I don’t even 

want to mention the state—luckily, it is not a 

heavily populated one.

GC–FID is much less sensitive and specifi c 

compared to GC–MS. In combination with 

headspace sampling, GC–FID is still used to 

a great degree for blood alcohol content 

(BAC) determinations. BAC measurements 

do not require a great deal of sensitivity, 

and there are very few volatile interferences 

in blood. Even so, GC–MS would still be 

preferred. GC–FID can only identify a 

compound based on its retention time, 

When I asked a couple of former students 

who work in a forensics crime laboratory 

the same question, they said they were 

split about 50/50 on the methods they 

use for drugs of abuse that feature liquid 

chromatography–mass spectrometry (LC–

MS) versus gas chromatography (GC)–MS. 

It was actually a relief to hear that there 

was only a 50% skew towards GC–MS. For 

the past two years, my group has run a 

blood drug analysis course at UT-Arlington 

for defense lawyers through the National 

College for DUI Defense (NCDD). During the 

courses, I gave an introduction to LC–MS. 

Last year, not a single lawyer attending the 

course had previously come across LC–MS 

forensics analysis in the courtroom. In fact, 

the vast majority had not heard of liquid 

chromatography before. This year, two out of 

24 lawyers in the course indicated they had 

heard about LC–MS, but they had still not 

faced such evidence in a case.
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whereas GC–MS also provides mass spectral 

information for each peak. When you get 

to the trace levels of drugs and metabolites 

in biological fl uids, you need sensitivity and 

specifi city; these are readily provided by an 

MS detector.

In our short course, I asserted to the 

lawyers that the use of LC–MS for drug 

analysis is on its way. Eventually, it will show 

up in the courtroom—but why is it taking so 

long to get there? It is obvious that GC–MS 

is a more established technique in forensics 

laboratories. It also appears that forensics labs 

are generally resistant to change. Why should 

they change if the way they are currently 

generating data is acceptable to the courts? 

I could easily argue that the courts do not, 

in general, know any better, but maybe it is 

instructive to make a little comparison.

Table 1 provides some points for 

comparison of GC–MS, for an electron 

ionization (EI) source and a single-quadrupole 

mass analyzer, with LC–MS, using 

electrospray ionization (ESI) and tandem mass 

spectrometry (MS/MS) on a triple-quadrupole 

instrument.

Without diving in too deeply, there are 

a few aspects that make LC–MS better 

amenable for determination of drugs in 

biological fl uids. First and foremost, LC–MS 

is ideal for applications involving drugs, 

which generally are polar and nonvolatile 

molecules. Effi cient separation and ion 

generation can be accomplished using 

LC–MS without derivatizing the analyte. 

For GC–MS, derivatization is necessary to 

chemically modify the drug and make it 

more GC-amenable (that is, more volatile). 

Underivatized drugs analyzed by GC–MS 

will generally exhibit poor peak shapes 

(reduced resolution) and reduced sensitivity. 

A derivatization step can also add signifi cant 

uncertainty. In general, sample preparation 

steps are more prone to error than other 

parts of an analytical method. More sample 

preparation steps equate to increased error in 

determinations, and chemical derivatization 

is an intensive process that can be prone to 

uncertainties, such as the quality and age 

of reagent, presence of interferences in the 

sample, variability in laboratory conditions, 

and so on. LC–MS generally requires less 

sample preparation. For a urine analysis, one 

can often just dilute with water and inject the 

sample.

With LC–MS, using ESI, an intact molecular 

ion is generated and enters the mass 

spectrometer. Using GC–EI-MS, the signal for 

Table 1: Comparison of GC–MS and LC–MS for trace analysis of drugs in biological fl uids

Aspect GC–EI-MS LC–ESI-MS/MS

General application

Volatile, thermally stable molecules 

(low- to mid-polarity); low-volatility 

compounds need to be derivatized

Nonvolatile, polar and ionic molecules 

(mid- to high-polarity)

Cost ~$100k ~$200k

Available? Established? Yes, yes Yes, yes

Sample preparation for 

biological fluids

Liquid–liquid extraction; solid-phase 

extraction; derivatization (to make 

polar compounds more volatile); finish 

in volatile solvent

Dilute-and-inject (urine); Protein 

precipitation; liquid–liquid extraction; 

solid-phase extraction; finish in polar 

solvent (water ideal)

Limits of detection and 

quantification

Nanogram (10-9 g) to picogram 

(10-12 g)
Picogram to femtogram (10-15 g)

Specificity?

Yes, via EI mass spectrum (library 

matching; abundant diagnostic 

fragment ions from EI); lack of 

molecular ion is a problem

Yes, via MS/MS; monitor specific 

fragments of desired molecular ion 

using triple quadrupole; no universal 

library matching

Matrix effects? Minimal
Yes, require stable isotopically labelled 

internal standards for each analyte
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a molecular ion may not be readily apparent 

because of the extensive fragmentation 

generated by the 70-eV ionization energy. 

Even so, EI generates a nicely diagnostic mass 

spectrum that can be reproduced across 

different instruments, and only requires a 

single quadrupole mass analyzer. GC–MS 

is generally cheaper because it uses a less 

sophisticated detector. For LC–MS, one gains 

specifi city with the use of a triple-quadrupole 

mass analyzer. In the triple quadrupole, 

the initial ion of interest is isolated, then 

fragmented in a collision cell, and then unique 

ion fragments of interest are used to quantify 

the compound and confi rm identity.

In this MS/MS operation, signal-to-noise 

(S/N) levels are increased dramatically by 

reduction of noise. As a result, LC–MS 

determinations usually exhibit lower limits 

of quantifi cation (LOQs) than GC–MS 

determinations (although this may be 

application specifi c). These lower LOQs are 

important for forensics drug analysis because 

one does not want to be operating very 

close to the LOQ if it can be avoided. First, 

determinations made closer to the LOQ 

are usually subject to higher error. Second, 

when one operates close to the LOQ, it is 

possible to lose some of the specifi city of the 

determination. Confi rmation of the target 

can be made based on the presence of three 

or four ions (and a consistent intensity ratio 

between them); this statement is true for 

both GC–EI-MS and LC–MS/MS. Because 

LC–MS is more sensitive, there is a better 

chance for those ion ratios to be preserved 

when the compound is present at low levels, 

especially levels close to the LOQ for GC–MS, 

where some lower abundant ion fragments 

would not be observed.

To be fair, a place where LC–MS has 

problems relative to GC–MS is with matrix 

effects. The matrix is everything else in the 

sample besides the analyte. In biological 

fl uids, there are ample species in the 

matrix that can interfere with an analyte 

measurement. Matrix effects can cause 

unwanted changes in analyte response; 

they will compromise the accuracy of the 

determination if they are not properly 

accounted. For this reason, it is necessary 

to use stable isotopically labelled internal 

standards (SIL-IS) for each analyte of interest. 

This means that for each analyte, a pure 

isotopically labelled internal standard (a 

deuterated, 13C-labelled, or 15N-labelled 

version of the analyte) must be used to 

normalize matrix effects. This internal 

standard will be eluted with the analyte, but 

its signal will be differentiable from 

the analyte because it has a different 

mass, and it will yield different fragment 

ions. These compounds are expensive, but 

without their use, LC–MS determinations of 
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As global environmental regulations increase in scope and required monitoring 
levels move ever lower, the workload in environmental labs also increases. This 
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drugs from biological fl uids will be subject 

to signifi cant error and largely considered 

unreliable.

This topic could be discussed a great deal 

more. I expect to address it more in the 

future. The interface between the forensic 

and legal communities is one where getting 

the analysis right is more important than 

ever. People go to jail or pay massive fi nes for 

illegal actions involving drugs. It should be 

the responsibility of the crime laboratories to 

use the best technology for their analysis, to 

avoid error in their case assessments. If you 

are still wondering whether the evidence is 

strong enough favouring LC–MS over GC–MS 

for drug analysis from biological fl uids, go to 

any clinical laboratory and count the relative 

number of GC–MS and LC–MS instruments 

they have. GC–MS will lose. GC–MS simply 

cannot provide adequate performance 

across the large and growing range of illegal 

substances desired to be detected. On the 

contrary, one would not need to look far for 

demonstrations of LC–MS methodologies 

that can handle virtually all drug compounds 

of interest, using a single method with 

minimal sample preparation (1). LC–MS 

instrumentation and processes may be more 

complicated than GC–MS, and there might be 

a couple of different controls to have in place, 

but LC–MS should be the future of forensic 

drug analysis.
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Can’t make the live webcast? Register now and view it on-demand after the air date.

E-mail: kschug@uta.edu
Website: www.chromatographyonline.
com
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Training Courses
GC

The Theory of GC

Website: www.chromacademy.com/

gc-training.html

Hands-On GC & GC–MS 

Troubleshooting

13 September 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/handson-GC-GCMS-

troubleshooting

Advanced GC

10 December 2019

Chicago, Illinois, 

USA

Website: www.axionlabs.com/

courses/advanced-gc/

HPLC/LC–MS

The Theory of HPLC

On-line training from CHROMacademy

Website: www.chromacademy.com/

hplc-training.html

Absolute Basics of Metabolomics

12 July 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/

training-courses/basics-metabolomics

Fundamental LC–MS

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

mass-spec-training.html

HPLC Troubleshooter

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

hplc_troubleshooting.html

Introduction to Biopharmaceutical 

HPLC and LC–MS Analysis

Onsite training

Website: https://www.crawfordscientific.

com/training-consultancy/other-

chromatography-courses/introduction-

to-biopharmaceutical-hplc-and-lc-ms-

analysis

Hands-On HPLC Theory and 

Methods

30 September 2019

The Open University, 

Milton Keynes, UK

Website: www.anthias.co.uk/training-

courses/handson-LC-theory-methods

SAMPLE PREPARATION

Overview of Solid-Phase Extraction

On-line training from 

CHROMacademy

Website: www.chromacademy.com/

sample-prep-training.html

Solid-Phase Extraction

Onsite training

Website: www.crawfordscientific.

com/training-consultancy/other-

chromatography-courses/solid-phase-

extraction

MISCELLANEOUS

Basic Lab Skill Training

Website: www.chromacademy.com/

basic-lab-skills-training.html

Introduction to IR Spectroscopy

Website: www.chromacademy.com/

infrared-training.html
Please send your event and training 
course information to Kate Jones 
kjones@mmhgroup.com
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Agilent Technologies is offering five years complimentary access to 

CHROMacademy for all university students and staff.

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

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

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

resource offers separation scientists more live streaming events, a 

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

to navigate website.

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

form at www.chromacademy.com/agilent.

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

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

© Agilent Technologies, Inc. 2017

 FREE
CHROMACADEMY 
MEMBERSHIP

16–20 June 2019

48th International Symposium of High Performance Liquid Phase Separations 

and Related Techniques (HPLC 2019)

Milano-Bicocca University, Milan, Italy

E-mail: hplc2019@effetti.it

Website: www.hplc2019-milan.org

17–18 June 2019

Analytical Quality by Design

Naarden-Bussum, The Netherlands

E-mail: info@kantisto.nl

Website: www.kantisto.nl/index.php/agenda/30-agenda-items/38-analytical-quality-by-

design

18–20 June 2019

LABWorld China 2019

Shanghai New International Exhibition Center (SNIEC), Shanghai, China

E-mail: salesoperations@ubm.com

Website: www.pmecchina.com/labworld/en

7–10 July 2019
International Symposium on Preparative and Process Chromatography 

(PREP 2019)

Baltimore, USA

E-mail: janet@barrconferences.com

Website: www.prepsymposium.org/

http://www.chromatographyonline.com
http://www.chromacademy.com/agilent
mailto:hplc2019@effetti.it
http://www.hplc2019-milan.org
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mailto:janet@barrconferences.com
http://www.prepsymposium.org/
www.kantisto.nl/index.php/agenda/30-agenda-items/38-analytical-quality-by-design
http://www.chromacademy.com/agilent
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