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Liquid Chromatography at  
Room Temperature: When Should the Column 
Temperature Be Specified in a Method? 
In reversed-phase liquid chromatography, increasing the column temperature usually results in a decrease in analyte 
retention. Will this cause problems if a method does not call for control of the column temperature, but the room 
temperature of the laboratory environment changes?

Dwight R. Stoll

I n the early days of liquid chroma-
tography (LC), precise control of the 

column temperature was not a primary 
consideration in many instrument set-
ups. Unlike gas chromatography (GC), 
where the column temperature is the 
single most important experimental 
variable that dictates retention, in LC 
the column temperature has a smaller 
influence on retention compared 
to the mobile-phase composition 
(that is, the organic:aqueous ratio 
for reversed-phase and hydrophilic-
interaction chromatography [HILIC]
separations, or cation:anion con-
centration for charge-based separa-
tions). As the community’s knowledge 
about the effects of temperature on 
LC separations has increased, the 
need for accurate and precise control 
of column temperature has increas-
ingly been recognized. For example, 
we now know much more about the 
effects of column temperature on the 
retention of different analyte types 
(1), the importance of matching the 
temperature of mobile phase at the 
column inlet to the temperature of 
the column itself (2), and the effects 
of heat flow in columns on appar-
ent column efficiency (3). As a result, 
users generally pay attention to con-

trol of temperature in their LC instru-
ments (and the designs of instrument 
modules for doing so), and specify a 
particular temperature or temperature 
range when developing and validat-
ing a method. However, there are still 
many methods in use that have been 
developed for use at “room tempera-
ture,” where there is no provision for 
the LC instrument to control the col-
umn temperature, and in some cases 
no precise specification of what is 
meant by “room temperature” in the 
method. This leads to the obvious 
question: With such a method, can 
one reasonably expect to obtain the 
same separation in Anchorage, Alaska, 
as in Mumbai, India? In this install-
ment of “LC Troubleshooting,” I dis-
cuss some of the basics of the effect 
of temperature on retention in LC, and 
then discuss some experimental data 
that help us understand when some 
variation in room temperature might 
be okay, and when it might seriously 
affect the performance of a separation.

Basics of the Effect of  
Column Temperature on 
Retention in Reversed-Phase LC
In reversed-phase LC, the influence of 
temperature on retention is most com-

monly described using a Van ’t Hoff 
type of relationship, like that shown in 
equation 1: 

ln (k) = A + B * 1T
[1]

where k is analyte retention factor, 
and T is temperature (in K). The vari-
able A is a condition-specific param-
eter related to the entropy of transfer 
of the analyte from the mobile phase 
to the stationary phase and the phase 
ratio (the relationship of stationary 
phase volume to mobile phase vol-
ume), and B is related to the enthalpy 
of transfer of the analyte from the 
mobile phase to the stationary phase. 
Figure 1 shows experimental retention 
data for several neutral small mole-
cules obtained with a C18 column, an 
acetonitrile:water mobile phase, at dif-
ferent temperatures. The data follow a 
roughly linear trend, as predicted by 
equation 1. Recent work by the Weber 
group has examined a large body of 
experimental measurements of this 
type, and concluded that a non-linear 
version of equation 1 frequently pro-
duces a better fit of the data than a 
linear one (1). Other researchers have 
argued that the apparent linearity of 
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the data is more of a happy accident 
than a thermodynamic inevitability (4).

The slope of each line in Figure 1 
is related to the enthalpy of transfer 
of the analyte from the mobile to the 
stationary phase. For molecules that 
are chemically similar, the slopes are 
numerically similar, as shown by the 
data for toluene, ethylbenzene, and 
propylbenzene in Figure 1a. In a sep-
aration of a mixture of molecules like 
these, increasing the column temper-
ature will decrease retention, but the 
relative spacing of the peaks (that is, 
the selectivity) will not change much, 
because all of the peaks move in the 
same direction at about the same 
rate. However, for molecules with dif-
ferent functional groups, the slopes 
can be quite different, as shown in 
Figure 1b for the analytes p-nitroben-
zyl chloride and anisole. In a case like 

this, increasing column temperature 
will decrease retention for both ana-
lytes, but at different rates, such that 
selectivity and resolution will change. 
In extreme cases this can even lead to 
a reversal of elution order (5). Read-
ers interested in exploring these 
phenomena on their own can do so 
easily using our web-based simulator 
that allows the user to change mobile- 
phase composition and column tem-
perature, and observe the impact on 
retention and resolution (www.multi-
dlc.org/hplcsim). 

Let’s Look at Some 
Experimental Data
In preparation for writing this install-
ment of “LC Troubleshooting,” I cre-
ated a microenvironment for one of 
the LC instruments in my laboratory. I 
first disconnected the column from the 

flow path going through the column 
thermostat compartment we normally 
use to control the column tempera-
ture, such that the mobile phase flow 
went directly from the autosampler to 
the column, and then directly on to 
the detector. Then, I heated or cooled 
the microenvironment to simulate the 
impact of changing room temperature 
on my separation, and measured the 
ambient air temperature near the col-
umn inlet using a small thermocouple. 
Finally, I recorded the chromatograms 
for separations of a simple mixture of 
small molecules (one acid, one base, 
and two neutrals) at different “room 
temperatures” after equilibrating the 
system for about 30 min for each tem-
perature. Three of these chromato-
grams—recorded with “room tem-
peratures” of 24, 28, and 42 °C—are 
shown in Figure 2. The vertical dashed 
line is added as a visual aid, to help 
quantify the shift in retention that 
occurs as the temperature is increased. 
Although there is a shift that is discern-
ible by eye, it is instructive to plot the 
resulting data as a function of tem-
perature to more precisely understand 
the effect, particularly for changes in 
selectivity. Figure 3 shows the effect of 
temperature on the retention factors 
of all four probe compounds. In Figure 
3a, I have plotted the absolute values 
of the retention factors, and, in Figure 
3b, I have plotted the percent change 
in retention relative to average reten-
tion for each compound over the 
range of temperatures measured. As 
expected, the retention of all com-
pounds decreases as temperature 
increases, and here we have our first 
important point from this experiment. 
That changes in “room temperature” 
can definitely be enough to cause a 
change in retention on the order of 
2% for small molecules, even over a 
modest range of laboratory room tem-
peratures that might be experienced 
in the United States. The data point at 
42 °C is admittedly a bit extreme, but 
there are LC laboratories across the 
globe that do experience this type of 
extreme condition.
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FIGURE 1: Effect of changing column temperature (T ) on retention factor (k) for sev-
eral neutral small molecules obtained using a C18 column and mobile phase of 50/50 
(v/v) acetonitrile/water: (a) shows toluene, ethylbenzene, and propylbenzene, while (b) 
shows p-nitrobenzyl chloride and anisole. Dashed lines are linear regression lines. Data 
are from the PhD dissertation of Yun Mao (6).
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LCGC: You are the product manager for 
FFF products at Wyatt Technology—
why is Wyatt investing in FFF?

Christoph: Wyatt’s MALS detectors are 
widely utilized in conjunction with size-
exclusion chromatography (SEC) to analyze 
the molar mass, size, and conformation 
of macromolecules. However, SEC has a 
limited upper size range, and it prevents 
using SEC-MALS to characterize larger 
species such as very high-molecular-weight 
polymers, liposomes, viruses, large protein 
aggregates, and similarly sized analytes. 

On the other hand, FFF is a separation 
technique that covers a range of 1 to 
1000 nanometers, and it can be coupled 
to Wyatt’s online instruments. FFF-MALS 
determines with high-resolution the absolute 
and fully quantitative size distribution for 
various nanoparticles and macromolecules, 
which is not possible with SEC. Yet, it’s not 
subject to the limitations of small particle 
numbers that affect other methods such as 
nanoparticle tracking techniques. 

So, FFF greatly expands the range of 
applications for our light-scattering 
detectors, and we see some really important 
markets opening up for these products.

LCGC: Although FFF has been around 
for more than 50 years, it’s still not 
a mainstream method. What are 
your expectations for the future 
development of FFF?

Christoph: Flow FFF is used in food, 
pharmaceutical, environmental, and 
polymer applications, but it has been 
perceived as a complex method and 
adoption has not been comparable to 
GPC. I believe it’s ready to break into a 
wider market as a result of two key factors: 
the advent of nanoparticle drug and gene 
delivery technologies that require the 
capabilities of FFF coupled to MALS and 
dynamic light scattering (DLS) to bring 
the promise of these medical advances 
to patients; and upcoming instrument 
and software improvements that will 
eliminate the issues of complexity and 
user intimidation, so the method can be 
transferred easily from R&D scientists to 
quality-control labs. 

LCGC: Where do you see the increasing 
need for FFF in the pharmaceutical 
industry?

Christoph: There are two parallel and similar 
paradigm shifts going on at full speed. In 
traditional small-molecule pharmaceuticals, 
more drugs are formulated as nanoparticles, 
whether as emulsions, nanosolids, or 

encapsulated in liposomes or other nanocarriers, including 
lipid nanoparticles, polymer micelles, polymersomes, 
albumin particles, polyplexes, etc. 

In the biopharmaceutical world, commercialization of 
gene therapies—the delivery of DNA or RNA by viral or 
non-viral gene vectors—is in high gear. SEC-MALS is 
suitable for small vectors like adeno-associated virus, 
but larger vectors such as lentivirus or adenovirus require 
separation by FFF. Non-viral vectors are very similar to 
small-molecules nanodrug-delivery systems, e.g., lipid 
nanoparticles or polymersomes. In both cases, the trend 
is to deliver therapeutic payloads in carrier vehicles that 
are in the size range of 30 to 300 nanometers, which is 
very different from the size of current drugs based on small 
molecules, peptides, proteins, or microparticles.

The standard tools in place for characterizing these new 
modalities—whether batch DLS or nanoparticle tracking 
analysis for nano drug delivery systems (DDS) or qPCR 
and ELISA for gene vectors—are simply insufficient to 
meet the challenges and analytical needs presented by 
these complex therapeutics. FFF with MALS, DLS, and 
spectroscopic detectors provide a powerful and versatile 
characterization platform that is perfectly matched to 
these products.  

LCGC: What is new with Wyatt’s Eclipse flow  
FFF products?

Christoph: I am really excited about the next-generation 
Eclipse NEON. It was redesigned to incorporate Wyatt’s 
advanced NEON platform in order to meet critical 
requirements for usability, robustness, and performance. 
All of Wyatt’s online detectors, including the DAWN, 
Optilab, and ViscoStar, have already been released in 
this platform and the benefits have been enormous in  
the marketplace. 

The most prominent new feature is a front-panel 
interface with built-in intelligence implemented on a 10-
inch multitouch display. The system health indicators 
eliminate the guesswork—they let the user know whether 
the instrument is ready for an optimal run, or it provides 
guidance on what to do to achieve ready status. What’s 
more, the new interface enables manual control of the 
Eclipse flow FFF controller directly from the instrument 
display, eliminating the need to use the software for basic 
setup, cleaning, and maintenance. Our aim is to ensure 
a perfect analysis each time, with a streamlined workflow 
and maximum reliability.

On top of that, we have two new hardware features, the 
dilution control module (DCM) and the Eclipse Mobility. 
DCM reduces the sample dilution that normally occurs 
at the outlet of the channel. The dilution can be reduced 
by the DSM module with a corresponding increase of 
the detector signal by a factor of up to 10X for higher 
sensitivity. Fractions that are collected downstream of the 
last detector, using a standard fraction collector, come out 
with the same increase in concentration, so the process is 
much more effective.

Eclipse Mobility combines flow FFF with an electrical 

field by adding two electrodes to the channel. Applying 

an electric field changes the retention time of sample 

components according to their charge, in addition to size-

based retention. From the resulting shift in retention time, 

the electrophoretic mobility and zeta potential can be 

calculated. We have shown in a peer-reviewed publication 

that the values are consistent to those obtained by 

electrophoretic light scattering (ELS). 

The advantage of the Eclipse Mobility over standard ELS is 

that the charge of several populations within a mix can be 

determined. In a semiquantitative way, it can be established 

whether the charge is uniform within a broad distributed 

sample or whether it isn’t homogeneous. This helps to 

understand interactions between nanoparticles that have 

different or opposing charges. One example is a conjugation 

of RNA or DNA with a positively charged lipid nanoparticle.

LCGC: How does the new model relate to your 
previous offering?

Christoph: The Eclipse NEON replaces the Eclipse 

Dualtec and Eclipse AF4; they supported different types of 

separation: center-downstream injection and tip injection. 

With the Eclipse NEON, both center and tip injection are 

supported for analytical, semi-prep, and frit-inlet AF4 

channels, and tip injection for hollow fiber (HF5) channels or 

SEC. An automated dual-channel switching configuration 

is still available. 

LCGC: Where is FFF-DLS-MALS in terms of acceptance 
by chemistry, manufacturing, and controls (CMC) 
departments and regulatory agencies?

Christoph: The need for FFF-MALS-DLS in characterization 

for regulatory filings of drugs, and eventually quality 

control of nanomedicines, is fully recognized by 

regulatory agencies and the institutions and organizations 

developing standards for the pharmaceutical industry. 

These organizations have been developing protocols 

and technical documents, as well as publishing reviews 

and introspection papers, to support the adoption of this 

method across the pharmaceutical industry. I can say with 

confidence that it will become an essential characterization 

tool for nano DDS and gene vectors. The improvements we 

are making to performance, simplification, robustness, and 

GMP compliance should meet the needs and expectations 

of CMC departments, regulatory agencies, as well as 

quality-control departments.

Field-flow fractionation (FFF) offers a solution for the characterization of sub-
micron particles and macromolecules. To discuss flow FFF, multi-angle light 
scattering (MALS), and more, LCGC sat down with Christoph Johann, global 

product manager at Wyatt Technologies. In this thought-leader series, Johann talks 
about Wyatt’s history with FFF products and methods, what the technology means for 
the company, and his expectations for FFF. He also discusses the benefits of coupling 
light scattering online, FFF’s role in the pharmaceutical industry, its acceptance by 
regulatory agencies, the company’s new model Eclipse NEON, and more. 
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In Figure 3b, we see that the slopes 
of the trends (% change in k vs. T) are 
pretty similar, with the exception of 
nortriptyline, which exhibits a much 
steeper slope. As discussed earlier, 
if the retention of all compounds 
changed at the same rate in response 
to a change in temperature, this 
would not be too much of a problem 
for method implementation, because 
resolution would not be affected too 
much. However, it appears from Fig-
ure 3b that the rate of retention for 
nortriptyline is on the order of two-
fold higher than that of the other com-
pounds. By plotting the selectivity of 
the separation against temperature 
we can obtain a more precise view of 
these changes in relative retention. 
Figure 4a shows α values for several 
pairs of the probe compounds, and 
Figure 4b shows the percent changes 
in these values vs. temperature. Here 
we see that there is no obvious 
change in the selectivity of the sepa-
ration toward the neutral compounds 
(acetophenone and butyrophenone) 
as the temperature is increased from 
24 to 42 °C. Even the selectivity of the 
separation for butyrophenone and 
n-butylbenzoic acid does not change, 
despite the fact that these are chemi-
cally quite different molecules. Even 
though the acid is ionogenic, at pH 
3.2 it is mostly protonated and neu-
tral. On the other hand, we see that 
the selectivity of the separation 
toward nortriptyline changes substan-
tially over the range of temperature 
studied here. The alpha values for 
nortiptyline and butyrophenone (red 
circles) or butylbenzoic acid (blue cir-
cles) change by almost 5%.

Implications for Method 
Development and 
Implementation
So far, we have observed that a 
change in room temperature can have 
a significant effect on the selectivity 
of a reversed-phase separation for 
some, but not all, types of molecules. 
The practically important question, 
then, is: Under what circumstances 
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do changes of this kind really mat-
ter? The molecules I chose for this 
study are well separated (Figure 2), 
and even a 5% change in selectivity 
is not enough to bring them close 
enough together that they are no 
longer separated. Obviously, this will 
not always be the case. For separa-
tions where two neighboring peaks 
are just barely resolved at one room 
temperature, changing to a different 
room temperature could have a big 
effect on the resolution of that pair. 
We can quantify this effect using the 
Purnell equation for resolution, shown 
in equation 2.

RS =
N
4
α-1
α

k
1+k

[2]

If we consider a situation with a 
plate number (N) of 15,000, a reten-
tion factor (k) of 5 for the later eluted 
of two peaks, and an α of 1.1, the 
resolution (RS) of the two peaks will 

be about 2.3. We can use equation 
2 to calculate the effect of a change 
in α on the resolution. Figure 5 shows 
how the resolution decreases as α 

decreases by up to 5% (that is, from 
1.1 down to 1.045). Whereas a reso-
lution of 2.3 corresponds to a nice 
separation where the valley between 
the peaks goes to baseline, at a reso-
lution of 1.1 there is significant peak 
overlap. This overlap can significantly 
compromise quantitative accuracy of 
the method, particularly when one of 
the members of the peak pair is pres-
ent at a concentration much higher 
than the other.

Summary
In this installment of “LC Trouble-
shooting,” we have examined the 
impact of a change in room tem-
perature on the performance of 
reversed-phase LC separations when 
the column temperature is not con-
trolled, such that the column takes 

on the temperature of the ambient 
room air. In most cases, an increase 
in temperature leads to a decrease in 
retention for reversed-phase separa-
tions. This will not affect resolution of 
neighboring peaks too much as long 
as the degree of shift in retention is 
similar for both peaks. However, this 
is not always the case, and signifi-
cant changes in the selectivity of the 
separation on the order of several 
percent can occur. These changes in 
selectivity can in turn lead to a sig-
nificant decrease (or increase) in the 
resolution of closely eluting peaks, on 
the order of 50%! Taken together, this 
means that:
1. Specifying what constitutes “room 

temperature” during the method 
development will help prevent prob-
lems during method implementa-
tion, particularly if the method will 
be deployed in different laboratory 
environments where actual room 
temperatures may be very different.

http://www.photonis.com
http://www.photonis.com
mailto:science@photonis.com
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2. During method development, the 
robustness of the method should 
be characterized to help under-
stand what the sensitivity of the 
method performance is to changes 
in column temperature.

3. Controlling the column tempera-
ture with some means of thermo-
statting can help avoid these prob-
lems altogether, albeit at the cost 
of adding an instrument module for 
this purpose.
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SAMPLE PREP  
PERSPECTIVES

New Sample Preparation Products and Accessories
This yearly report on new products introduced in the preceding year, since April 2019, covers sample preparation 
instrumentation, supplies, and accessories.

Douglas E. Raynie

New sample preparation technolo-
gies introduced in the past year 

were more bountiful than in previous 
years. Most product introductions were 
aimed at improved performance of exist-
ing technologies, or aimed at specific 
applications. Sorbents and accessories for 
solid-phase extraction (SPE) led the way, 
as did automated, multiplatform integra-
tion of sample preparation.

 Our annual review of sample preparation 
products covers the previous year. In late 
2019, the LCGC staff submitted a survey to 
vendors of sample preparation products. 
Responses to this survey are compiled in 
this review, as are new product introduc-
tions observed during the past 12 months. 
Additionally, after a keyword search (using 
the terms “sample preparation equip,” 

“extraction equipment,” “blend/grind/mix/
shake/stir,” “evaporators/evaporation,” 

“filtration and purification,” and “pipets/
pipetters”) of the on-line Pittcon 2020 ven-
dor list, each of these vendors were visited 
during the conference.

This review is presented in three sections. 
First, SPE sorbents and products are dis-
cussed. Next, advances in automated, mul-
tiplatform systems are presented. Finally, 
attention is turned to other sample prepa-
ration accessories and supporting technol-
ogies. To assist the reader with some of the 
details behind these new products, each 
section presents a tabular summary of the 
associated products. In all cases, the new 
products we uncovered are presented in 
the annotated table, while the text high-
lights particularly worthwhile products.

Solid-Phase Extraction
Mixed-mode SPE has been gaining in popu-
larity in recent years. Phenomenex intro-
duced a new product in that space, under 
its Strata line, combining reversed-phase 
sample cleanup and matrix removal. The 
Strata-X Pro SPE is available in cartridge (1, 3, 
and 6 mL) and 96-well plate or microelution 
formats. The company claims time savings of 
up to 40% via elimination of the conditioning 
and equilibration steps. Table I summarizes 
the Strata-X Pro, and other SPE products. 

Orochem introduced two families 
of SPE products. The Agility Deluxe 
line of polymeric ion-exchange prod-
ucts is based on divinylbenzene (DVB) 
with strong- or weak- cation- or anion-
exchange capabilities, and is available in 
cartridge, plate, and microelution formats. 
The company also introduced a series of 
SPE disks, featuring its Panthera Deluxe 
reversed-phase DVB. The thin disks with 
high sorbent capacity allow fast flow rates 
and use less elution solvent. The disks 
are designed for pesticides, herbicides, 
polychlorinated biphenyls (PCBs), polycy-
clic aromatic hydrocarbons (PCAHs), and 
total petroleum hydrocarbons (TPHs) from 
aqueous samples. 

Restek introduced several new prod-
ucts in its Resprep SFE line for method-
specific performance. The Resprep PLR 
SPE is available in cartridge and well-plate 
formats, with proprietary material for sam-
ple cleanup. SPE materials feature graphi-
tized carbon for organochlorine pesticide 
cleanup in soil and water, CarboPrep 
adsorbent for general utility use, EPH 

silica for petroleum hydrocarbons, florisil 
for pesticides, and a multipurpose silica. 
A novel co-sintered frit design, with the 
proprietary sorbents immobilized into the 
rigid, porous structure, allows a stabilized 
sorbent with high manufacturing control 
and performance uniformity. 

CDS Analytical acquired the Empore 
line from 3M during the past year. Sty-
rene-DVB ion-exchange disks and car-
tridges and 96-well plates with C8, C18, 
styrene-DVB ion exchange, and a univer-
sal resin are available. The key feature of 
the original disk format is trapping of the 
sorbent particles within an inert matrix 
of polytetrafluoroethylene (PTFE) for a 
denser, more uniform extraction bed. 

Biotage developed the Atlantic Rea-
dyDisk as single-use (disposable) disks 
with silica or DVB base material and 
trifunctional C18 or DVB for absorption 
or sample cleanup of aqueous samples 
according to the EPA 500, 600, or 8000 
series methods. 

Porvair Sciences announced the Micro-
lute PLR as a next generation microplate 
for phospholipid and protein removal 
from plasma and serum samples. 

Trapping columns for liquid chroma-
tography and mass spectrometry (LC–
MS) analysis were introduced in a variety 
of dimensions by Optimize Technologies. 
Opti-Lynx Micro, Opti-Trap, Exp 2 Nano, 
and Exp 2 Stem traps are placed into LC 
injector valves for sample concentration 
or purification. Various sizes accommo-
date a range of load rates and a number 
of phases are available. 
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With the growing interest in cannabis test-
ing, due to legalization of medicinal marijuana 
and industrial hemp, Agilent developed can-
nabis pesticide and mycotoxin testing kits 
consisting of 6-mL SPE cartridges and asso-

ciated consumables. The kits includes con-
sumables for processing 400 samples and  
method guidelines.

In addition to SPE products, instru-
mentation to support or perform SPE 

was also introduced throughout the year. 
With the acquisition of the Empore SPE 
products, CDS Analytical introduced 
a number of related SPE processing 
equipment. For example, for working 

TABLE I: Solid-phase extraction products

Vendor Name Product Name Description

Phenomenex Strata-X Pro

SPE cartridges (1, 3, or 6 mL tubes), 96-well plates, or microelution plates featuring polymeric base 
material that works with matrix-removal technology and proprietary functional groups for 
application to acidic, basic, polar, or apolar analytes. Removal of phospholipids reduces ion 
suppression in mass spectrometric analysis.

Orochem

Agility Deluxe
Polymeric-based ion-exchange particles have narrow-size distribution, and accommodate the full 
range of pH from 1 to 14. The high capacity material allows use of small amounts of sorbents and 
correspondingly lower elution volumes.

SPE Disks
Panthera Deluxe DVB, C8, and C18 phases for analysis of drinking water, ground water, and 
wastewater by EPA methods. Flow rates of 1 L in 10 m, with over 90 % recovery.

Ezypress Positive 
Pressure 

Processor

Modular rack design allows quick exchange of 48, 96, or 144 cartridge format or 96-well plate 
format, with collection into 75 or 100 mm test tubes.

Restek

Resprep PLR SPE
1-mL cartridges and 2-mL 96-well plates with 25 mg proprietary sorbent for sample cleanup 
through removal of phospholipids and proteins

Resprep 
CarboPrep Plus

Graphitized carbon, 95 mg x 3 mL, cartridges for organochlorine pesticides. Treatment of 
carbon allows consistent selectivity.

Resprep 
Polymeric

Numerous formats of cartridges and 96-well plates in hydrophilic-lipophilic balance (HLB), 
mixed- and weak- anion- and cation-exchange. Bonded polymeric material is free of silica 
interactions, and is water wettable and stable from pH 1–14, with higher loading capacity 
compared with silica sorbents.

CDS Analytical Empore
A variety of configurations, including 47- and 90-mm disks with 12 µm particles, 1, 3, and 6 
mL cartridges, and 96-well plates. A variety of processing accessories, including manifolds, 
centrifugation, and liquid handling, are available.

Thermo Scien-
tific – Dionex

AutoTrace 280
Single instrument automates all steps of EPA method 537.1 for determination of polyfluoroalkyl 
substances in drinking water. Can be configured to accommodate cartridges with 1, 3, or 6 mL 
plungers or 47 mm disks.

Biotage

Atlantic 
ReadyDisk

Preassembled, disposable disk holder, with 47 mm extraction disks with silica or DVB base 
material, and trifunctional C18 or DVB for analysis of pesticides, herbicides, bisphenol A, 
carbonyls, dioxins, furans, phenols, polyfluoroalkyl substances, and other pollutants from 
large volume water samples.

VacMaster Disk
Hardware modularity is the key feature, with a simple three-way valve to separate aqueous, 
chlorinated, and organic solvent waste and collection into 125 mL Erlenmeyer flasks or 40 mL 
VOA vials. Either 47 mm or 90 mm SPE disks may be used.

Extrahera GLP 
Software

Software with LAN or LIMS connectivity, for sample tracking in combination with the 
Extrahera automated extraction system. Multiple layers of system control, management, and 
security are featured.

Porvair Microlute PLR
Even pore distribution in a solid network allows consistent flow of biofluids through 
microelution plate.

Optimize 
Technologies

Opti-Lynx Micro
Opti-Trap

EXP 2 Nano
EXP 2 Stem

Online sample purification and concentration of LC–MS with load rates from 0.005 to 
20 mL/min. C4, C8, C18, hydrophobic interaction, phenyl-hexyl, cyano, amide, ion exchange, 
and bioanalysis specific phases available.

Agilent 
Technologies

Cannabis 
Pesticides and 
Mycotoxins Kit

Encapped C18 cartridges (6 mL) and all accessories for processing up to 400 samples are 
provided in one kit.

Fluid Manage-
ment Systems

EZprep123
Automated, high-throughput extraction of dioxins, polychlorinated biphenyls, and 
polybrominated diphenyl ethers from toluene, hexane, or dichloromethane extracts, with 
simultaneous fat removal
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with 96-well plates, positive pressure and vacuum manifolds, 
centrifuges, and liquid handling robots are available. Orochem 
also introduced a family of positive-pressure processors under 
the Ezypress name. Sorbent bed drying, as well as faster ana-
lyte processing, are the advantages of this processing mode, 
especially with viscous samples. 

At the end of March 2020, Thermo Scientific-Dionex came out 
with the AutoTrace 280 per- and polyfluoroalkyl substances (PFAS)
SPE instrument. The system is designed to simultaneously process 
up to six water samples according to EPA method 537.1 in 2 to 3 
h, with only about 15 min of manual intervention. Minimization of 
PTFE-coated components reduces the risk of interferences. 

The Biotage VacMaster Disk is an SPE unit with a single port vac-
uum manifold to assist extraction of aqueous samples. Multiple units, 
up to eight, can be combined in parallel. Existing vacuum pumps can 
be used, and any disk holder or cartridge with luer fittings are allowed. 
Suggested applications of the VacMaster include EPA methods 625.1, 
1664B, and 8270. Biotage also developed the Extrahera GLP software 
to manage the good laboratory practice (GLP) workflow with audit 
trail tracking. 

The EZprep123 from Fluid Management Systems processes six 
samples in parallel in less than 45 min for the isolation of dioxins, poly-
chlorinated biphenyls, and polybrominated diphenyl ethers (PBDEs). 
This system is a companion to the EZSPE for water and waste water 
analysis, and the EZPFC for the extraction of polyfluorinated com-
pounds in water and waste water. 

Automated, Multiplatform Instrumentation
Given the number of steps in a typical sample preparation scheme 
(1), the role of automated, multiplatform instrumentation is of strong 
interest to suppliers of chromatography and sample preparation 
materials, and to the end users working at the laboratory bench. 
However, defining which sample preparation steps to include, and 
development of such equipment at an affordable cost, remain sig-
nificant hurdles in this area. As such instrumentation continues to 
emerge, issues of reproducibility, labor intensity, and laboratory 
safety are addressed. The past year saw important new products 
in this area.

Last year, Markes International introduced the Centri, a multi-
platform sampling and concentration system for gas chromatogra-
phy. This year, an expansion of the Centri platform was presented. 
Trap-enabled preconcentration, extraction, and enrichment makes 
the system attractive to a wider range of laboratories. High capacity 
sorptive extraction, headspace sampling, thermal desorption, and 
solid-phase microextraction (SPME), including the SPME Arrow, allow 
collection and concentration of a broad range volatile and semivola-
tile organic compounds. On-board diagnostics accommodates sys-

TABLE II: Automated, multi-platform products

Vendor Name
Product 
Name

Description

Markes International Centri

Extension of the Centri platform features intelligent diagnostics for valve operation and leak 
detection, sampling accessories for headspace, SPME, and related techniques, automated 
liquid handling for addition of derivatizing reagents or internal standards, and automated gas 
chromatography injection.

CTC Analytics PAL3

Extensions to the GC autosampler-like sampling platform include microprocessor monitoring 
of total number of strokes, temperatures, date of installation, and preventive maintenance 
warnings for syringe, SPME fiber, and SPME Arrow configurations, resulting in increased 
productivity and process safety. PDMS, acetate, DVB, and carbon SPME fiber coatings and a 
range of film thicknesses are available.

Sirius Automation MicroTasker
High-speed (6 s from sample to weighing) automation platform handles mini-tubes, standard 
test tubes up to 40 mL, and up to eight microplate racks. Syringe volumes from 50 µL to 5.0 mL 
can be used. Weighing uses a four-place Mettler-Toledo analytical balance.

http://www.reflexusa.com
mailto:reflexusa@att.net
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tem self-checking. Table II presents a com-
pilation of the automated, multiplatform 
product introductions. Improvements are 
also noted in the CTC Analytics PAL3 system, 

particularly in the area of automation. Smart 
SPME fibers contain a microchip to moni-
tor extraction parameters and usage history. 
Polydimethylsiloxane (PDMS), acetate, DVB, 

and carbon fiber coatings are available. The 
Smart chip is also used in SPME Arrow and 
liquid handling syringes. The Sirius Automa-
tion MicroTasker is a modular platform with a 

TABLE III: Sample preparation accessories and related products

Vendor Name Product Name Description

Phenomenex
BioZen Streptavidin 
Coated MagBeads

Iron-coated 1-µm beads blocked with tosyl-activated hydrophilic copolymer, and coated with 
streptavidin. Product has biotin binding capacity of >200 pmol biotin/mg, and is available in 25, 
50, and 500 mg formats.

MicroSolve 
Technology

Vial Centrifuge
Centrifugation at 1000 to 16,800 xg for up to eight samples per batch. Timed for 1 to 99 min. 
Cold room safe and air flow design keeps samples cool. Footprint is 9 x 12 x 7.75 inches.

Gerstel PyroVial
Fully automated pyrolysis at up to 800 °C when coupled with the Gerstel MultiPurpose Sampler. 
Headspace vapors can be sampled for GC–MS determination and less volatile pyrolysis 
products can be analyzed by GC–MC or LC–MS.

Restek Triple-Phase SPME
DVB–wide-range carbon–PDMS SPME coating for standard fused-silica fibers or SPME 
Arrow. Available in a number of dimensions.

Agilent  
Technologies

SPME Fibers
Fiber-based SPME with PDMS, polyacrylate, DVB/PDMS, C-WR/PDMS, and DVB/C-WR/
PDMS coatings.

Chem Elut S
Supported liquid extraction with synthetic sorbent to replace traditionally used 
diatomaceous earth. Available in 200-µL, 400-µL, 1-mL, 3-mL, 5-mL, 10-mL, and 20-mL 
tubes, 96-well plates, and bulk formats.

Captiva Filter Vials
Polypropylene filter vials of 1 mL volume with nylon, PES, PTFE, and RC filter in 0.2 µM or 
0.45 µM pore sizes.

Advion
Touch Express 

Open Port 
Sampling Interface

Combines SPME with a solvent-swept port coupled to electrospray ionization MS with a 
resulting broad spectrum of application areas.

Orochem
OroQuest 

QuEChERS Kit

QuEChERS consumables are packed directly into 2, 15, or 50 mL centrifuge tubes for 
pesticide residue and food ingredient analysis. Primary-secondary amine, graphitized 
carbon, C18, are other sorbents are utilized for AOAC compatible analysis.

Shimadzu
Micro Volume 
QuEChERS Kit

Small volume kits for rapid analysis of biological samples. Extraction salts (100 mg) are 
preloaded into 2.0 mL vials.

MilliporeSigma Millicup FLEX
Disposable propylene vacuum filtration unit with 250-mL sample capacity. Uses 47-mm 
membrane filters.

Polymer Char
External 

Filtration System
Designed to clarify polymer samples for gel permeation chromatography. 
Accommodates six 10- or 20-mL vials in the dissolution oven prior to the automated filtration.

Pall
Acrodisk 

Syringe Filters
Available in 13-, 25-, and 32-mm diameter water-wettable PTFE filters with an optional 
asymmetric glass-fiber filter for higher particulate samples.

Cornerstone 
Scientific

Antarisz 
Filter Media

Binderless glass microfiber disks, 2.1 to 30 cm, with a unique multidepth surface for high 
throughput.

Ecodyst
Ecochyll High-

Speed Evaporators
Fast solvent evaporation and recovery under mild conditions. Units can handle solvent 
volumes of 5 to 200 L.

DWK Life 
Sciences

Kimble 
volumetric 
glassware

Borosilicate glass volumetric flasks featuring heavy-duty, wide-mouth openings, 
conformed to ASTM E438 standards for ease of liquid transfer, including calibration 
and regulatory compliance.

Fritsch Milling 
and Sizing

Pulverisette 14 
Premium Line

Impact and cutting milling up to 22,000 rpm, with high airflow cooling allows particle 
fineness below 40 µm with sample throughput on the order of 15 L per h. Accessories 
support applications in biology, chemistry, agriculture and forestry, foods, plastics, and 
pharmaceuticals.

SPEX 
Sample Prep

Genolyte
Homogenization of up to three 2-mL vials, with temperatures of 0 to 10 °C maintained. 
Three speeds (2000, 2500, and 3000 rpm) and optional lysis vials are available, with a 
variety of grinding media.

Organomation
Nitro-Gen 

nitrogen generator

Hollow-fiber membrane based generation of 95–99% pure nitrogen from compressed 
air for blanketing, gas blowdown, LC–MS, and other uses. The generator runs off of 
compressed air; no electricity is required.
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laboratory information management system  
interface featuring vial sorting and weigh-
ing, liquid handling, capping and uncapping, 
and barcode reading.

Sample Preparation Accessories
and Related Products
The field of sample preparation is very 
broad, and, coupled with the fact that there 
are any number of established and emerg-
ing technologies identified as sample prep-
aration, commercial developments and new 
product introductions are often in seem-
ingly scattered areas. An attempt is made 
here to unify these varied product offerings.

Magnetic Bead Extractions
Isolation of analytes via dispersion of an SPE-
like particle is widely used and enhanced 
when magnetic particles are used. Phe-
nomenex introduced bioZen streptavidin-
coated paramagnetic beads, as depicted 
in Figure 1. The bead is activated with a 
biotinylated capture antibody to prepare 
for immunocapture of monoclonal anti-

body targets. After analyte isolation, the 
beads are recovered from the liquid sample 
by magnetic attraction. Table III provides an 
overview of the sample preparation acces-
sories and related products.

Centrifugation
While standard centrifuges are available 
for test tubes and well-plates, MicroSolve 
Technology developed the Vial Centrifuge 

for use with 12 x 32 mm glass autosampler 
vials for applications in metabolomics, LC–
MS, and bioanalysis. Heavy-walled glass 
vials have 1.2 or 1.8 mL capacity, and an 
air-flow system keeps the sample cool 
during centrifugation.

Pyrolysis
The Gerstel PyroVial was introduced to the 
European market this past year, and is slated 

Polymeric shellPolymeric shell

Streptavidin coating

Blocked with hydrophilic
copolymer and coupled
with biotinylated BSA

Iron oxide paramagnetic
nanoparticles and
polymeric core

FIGURE 1: Overview of bioZen streptavidin-coated magnetic beads introduced by Phe-
nomenex. A summary of the product composition is presented in Table III.

http://www.unitedchem.com
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for release in other geographies. The Pyro-
Vial performs at up to 800 °C, and can be 
used as a microscale reaction chamber prior 
to LC–MS or GC–MS analysis.

Solid-Phase Microextraction
While SPME featured prominently in the 
automated, multiple-platform instruments 
previously discussed, stand-alone SPME 
products were also featured this year. Restek 
developed a triple-phase coating with DVB, 
carbon, and PDMS in standard fiber and 
SPME Arrow formats. A broad selectivity 
range allows analysis via headspace sam-
pling or direct immersion. 

Agilent also developed a family of SPME 
fibers to complement its SPME Arrow line. 
Applications include the determination of 
a variety of environmental pollutants from 
water samples using a wide selection of 
stationary phase coatings. 

Advion worked with Oak Ridge National 
Laboratory to create the Touch Express 
Open Port Sampling Interface, which uses 
a low volume, open port of continuously 
swept solvent that flows directly into the 
its Expression compact mass spectrom-
eter. Direct assays, screening, and large 
molecule determinations are possible.

QuEChERS 
QuEChERS, the quick, easy, cheap, rugged, 
and safe extraction technique originally cre-
ated for the screening of pesticide resi-
dues  in produce, continues to spawn new 
product introductions for food safety and 
other applications. Orochem developed 
a family of QuEChERS products designed 
for AOAC method 2007.01 products or 
specialty areas like fruits, pigmented pro-
teins, hemp, and stevia. 

Shimadzu also created a QuEChERS 
kit designed for microscale analysis of 
biological or forensic samples. The Micro 
Volume kits use only 100 mg of extraction 
salts preloaded into 2.0 mL tubes.

Supported Liquid Extraction
Supported liquid extraction combines fea-
tures of liquid–liquid extraction with the 
surface area advantages of SPE. Agilent 
has been a major player in this field, and 
this year introduced Chem Elut S with a 
synthetic sorbent to replace diatomaceous 

earth supports. This more-consistent sup-
port material is available in 96-well plate, 
cartridge, and bulk formats. Applications 
include removal of salts and phospholipids 
from sample matrices.

Filtration
A number of filtration products were intro-
duced in the past year. Agilent produced 
the Captiva Filter Vials with nylon, PES, PTFE, 
and RC filters in 0.2 µm or 0.45 µm pore sizes. 
The product will allow easier and faster filtra-
tion of LC or GC samples than using syringes, 
syringe filters, or standard vials. 

MilliporeSigma created a disposable poly-
propylene vacuum filtration unit for sample 
processing. 

Polymer Char’s External Filtration System 
is an automated device for eliminating car-
bon black, catalyst residue, and other small 
particles in polymer samples. The apparatus 
extends the lifetime of in-line filters and gel 
permeation columns and reduces noise in 
light scattering detectors. 

Pall introduced water-wettable PTFE 
membranes in its Acrodisk syringe filter line 
designed to protect LC columns from par-
ticulate build-up. 

Cornerstone Scientific presented the 
Antarisz filter media, glass microfiber disks 
for botanical extracts.

Solvent Recovery
Ecodyst marketed a family of Ecochyll high-
speed solvent evaporators to aid solvent 
recovery in extraction laboratories. Mod-
els range from 5 to 200 L, and are energy 
efficient. Volatile or gaseous solvents, like 
butane or carbon dioxide, can be accommo-
dated along with traditional organic solvents.

Volumetric Glassware
We are all familiar with volumetric glassware, 
but Kimble advanced the state of the art with 
the first ever heavy-duty, wide-mouth flasks 
that reduce glass-to-glass contact during 
dilution workflows. ISO-certified manufactur-
ing and flasks covering the standard range 
of volumetric flasks are available, with tight 
tolerances for accuracy and precision.

Grinding and Homogenization
Particle size reduction is often needed in 
the preparation of solid and semi-solid 

samples to shorten diffusion pathways for 
extraction, and to increase sample homo-
geneity. Recent new products in this area 
include the Pulverisette 14 line from Frit-
sch. This new sample grinder combines 
impact and cutting mill processes, with 
uniform production of particles down to 40 
µm. The inclusion of pre-grinding and fine 
grinding into a single unit allows comminu-
tion of soft to medium hard, brittle, fibrous, 
and temperature-sensitive materials. 

SPEX introduced the Genolyte multi-
purpose homogenizer to accommodate 
plant and animal tissues, seeds, soils, 
minerals, and other samples in 2–12 mL 
vials. Sample temperatures between 0 
and 10 °C are maintained.

Gas Generators
Organomation introduced the Nitro-Gen 
nitrogen generator. This instrument uses 
a hollow-fiber membrane to convert com-
pressed air into 95–99% pure nitrogen gas. 
The generator couples with any of the com-
pany’s gas blowdown evaporators.

Conclusion and Future Directions
No clear trends in new product introductions 
were readily observed, which is unsurprising, 
given the diversity of the field. On that basis, 
one can only expect the trend in coming 
years to be some combination tool building 
and problem solving for bioanalysis, food, 
environmental, and related areas.
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exceptional recoveries in as little as 5 minutes.

EDGE
Automated Extraction System
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cem.com/EDGE
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GC  
CONNECTIONS

New Gas Chromatography Products for 2019–2020
“GC Connections” presents the column’s annual review of new developments in the field of gas chromatography seen 
at Pittcon and other venues in the past 12 months.
Nicholas H. Snow

I am pleased to present our annual 
review of new products in gas 

chromatography (GC), introduced 
between spring of 2019 and spring of 
this year. Many of these products were 
showcased at the 71st meeting of the 
Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy 
(Pittcon) at McCormick Place in Chi-
cago, Illinois, from February 29 to 
March 5, 2020. As has become tradi-
tion, the exposition lasted three days. 
Overall attendance was down signifi-
cantly, due to coronavirus COVID-19 
concerns. The exposition included 
542 exhibitors and there were over 
9000 attendees. Several international 
exhibitors canceled due to travel con-
cerns. Four major players in the GC 
market, Agilent Technologies, Perkin 
Elmer, Thermo-Fisher Scientific, and 
Waters, did not exhibit. 

Pittcon 2021 will be held from March 
6 to 10, 2021 in New Orleans, Louisi-
ana. I strongly encourage all readers 
to consider attending a GC-related 
conference or participate in your local 
or regional chromatography discus-
sion group in the next year. As you 
know, 2020 is a rough year for confer-
ence organizers and for all of the ven-
dors, contractors, and economies that 
conferences support. They need your 
help. Just as importantly, conference 
and meeting attendance is still the 
most effective and efficient way to train 
and educate yourself about GC, and 
improve your skills and performance. 

Again this year, the exposition 
included vendor booths display-
ing new instrumentation and prod-
ucts, along with educational exhibits 
including Pittcon Park, the Laboratory 
Gauntlet, a planetarium, demonstra-
tion spaces, and a TED-style presen-
tation theater on the exposition floor. 
Pittcon still has massive excellent 
content to offer to students and sci-
entists at all levels of expertise and in 
all roles. In the demonstration spaces, 
many vendors performed working 
demonstrations of their products. 

The technical program at Pittcon 
2020, which ran over five days from 
Sunday through Thursday, included 
a very strong GC presence. Pittcon 
continues to be a leading showcase 
for the latest GC and comprehensive 
two-dimensional gas chromatography 
(GCxGC) related research. Three major 
awards were presented to gas chro-
matographers this year. The Chroma-
tography Forum of the Delaware Val-
ley presented the Dal Nogare Award 
to Ron Majors, retired from Agilent 
Technologies and the former “Sam-
ple Prep Perspectives” and “Column 
Watch” editor for LCGC. Throughout 
his career, Majors made numerous 
GC-related contributions. The LCGC 
Lifetime Achievement Award went to 
Daniel W. Armstrong of the University 
of Texas at Arlington. Among Arm-
strong’s many accomplishments is the 
development of ionic liquid station-
ary phases for capillary GC. Finally, 

the American Chemical Society Divi-
sion of Analytical Chemistry Satin-
der Ahuja New Investigator Award in 
Separation Science was presented to. 
Katelynn Perrault from the University 
of Honolulu, Hawaii. Perrault is an up-
and-coming leader in GCxGC, and a 
renowned expert in the application of 
GCxGC in forensic science. 

In addition to the award sessions, 
there were several symposia, oral ses-
sions, poster sessions, and network-
ing events with significant GC pres-
ence, enough to keep attendees very 
busy on all days. Overall, sessions 
related to cannabis analysis, biofuels, 
food and beverages, forensics, and 
general applications of both GC and 
GCxGC were offered. 

The information presented in this 
article is based on vendors’ responses 
to questionnaires and additional 
information from press releases, web-
sites, and product literature, not on 
actual use or experience of the author. 
Every effort has been made to collect 
accurate information, but because of 
the preliminary nature of some of the 
material, LCGC North America cannot 
be held responsible for errors or omis-
sions. This column cannot be consid-
ered a complete record of all new 
GC products introduced in the past 
year, because not all vendors chose to 
respond to the questionnaire, and not 
all had a strong presence at Pittcon, 
nor is all of the submitted information 
necessarily included here, because of 
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Smarter Sample Preparation for 
Environmental ChallengesA Q&A

Dr. Claire Desbrow
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Analytical Consumables & Applications
Biotage

LCGC: Can you give us the history behind 
Biotage SPE cartridge products?

Desbrow: Biotage’s SPE product range 
originated about 30 years ago out of the UK 
company International Sorbent Technology, 
based in the South Wales Valleys. The 
company was started with one sole aim: to 
bring high-quality SPE products to global 
analytical scientists. At that time, SPE did 
not have a great reputation as a technique 
because of the less-than-desirable quality of 
the products on the market. But the founders 
of the company understood SPE’s potential 
and wanted others to recognize the benefits 
it could bring. About 10 years ago, Biotage 
bought the company and has maintained the 
quality control and focus ever since.

LCGC: What are the advantages of extracting 
water samples with SPE cartridges?

Desbrow: There are several key benefits 
associated with SPE cartridges. When 
compared to liquid-liquid extraction, for 
example, the mode of use and ease of handling 
of the cartridge bring great advantages.

There is a reduction in the amount of labor 
needed, as liquid-liquid extraction is a 

very manual process and cannot be easily 
automated, whereas SPE is much easier to do 
as a manual or automated process.

The design of the product means that the 
amount of solvent used can be reduced. 
With some liquid-liquid methods, there might 
be 100 mL of solvent to use and dispose of 
afterward. With SPE, there might be 20 mL 
for the equivalent extraction, which means 
savings in terms of solvent use.

Also, SPE does not leave users dependent 
on a partition between an immiscible organic 
solvent and an aqueous sample, so there are 
more types of analytes that can be extracted.

LCGC: What types of media are available in 
SPE cartridges from Biotage?

Desbrow: There is quite a wide range of media—
from the typical C18s, C8s, and DVBs, which 
are ideal for the extraction of semi-volatiles from 
water samples—to cleanup columns such as 
Florisils, Aluminas, and Silicas, which are used 
for removal of unwanted interferences from 
extracted samples.

Biotage also has application-specific 
columns, such as the extractable petroleum 
hydrocarbons (EPH) column for aliphatic/

aromatic hydrocarbon fractionation, as well as a range of ion-
exchangers and mixed-mode media that includes WAX phases 
for poly- and perfluoroalkyl substances (PFAS) extractions.

Essentially, Biotage has a wide range of products that have been 
packed into many different column sizes. Although we typically 
look at 6-mL columns for environmental extractions, there is 
usually a solution for almost every circumstance, depending on 
what solid type of sample is being extracted.

LCGC: How do SPE cartridges complement Atlantic disks 
for environmental water extraction?

Desbrow: The SPE cartridge is best used for clean water samples 
(e.g, drinking-water samples). The bed geometry—which, 
compared to disks, is narrower but taller—means that less solvent 
can be used, reducing solvent costs compared to SPE disks.

However, that narrow bed is less equipped to handle samples 
such as wastewater or groundwater where there is a lot of 
particulate matter; that is where the disks come in. To load 
samples at high flow rates, or if samples have high particulate 
levels, disks work exceedingly well. Therefore, the two different 
formats complement each other for environmental extractions.

LCGC: How do Biotage SPE products differ from other 
manufacturers?

Desbrow: One key differentiator is the focus on the product 
quality that the company was founded on.

For example, product cleanliness is an important factor in SPE 
because when dealing with high-sensitivity environmental 
extractions, the goal is to get to low detection limits. To avoid 
SPE devices contaminating the sample or extract, Biotage puts 
a great deal of effort into quality control (QC) testing. 

Not only do we make our own media, but we also mold cartridges 
from plasticizer-free, high-purity polypropylene. There are no 
release agents used in our molding process, as they are often a 
source of hydrocarbon contamination.

The frits are also important. Frits are the small filters that hold 
the media inside the SPE cartridge. They are very porous, which 
means they have the potential to contaminate the extracts because 
of their high surface area and contact with extraction solvents. As 
a result, each batch is cleaned and QC tested to ensure that there 
are no impurities, phthalates, or other contaminants.

Another important distinction associated with Biotage SPE 
products is media batch-to-batch reproducibility. We have been 
making media for about 30 years, and because we do not buy 
them from a third party, we have a lot of control over how media 
are made and their specifications. QC laboratories do a great 
deal of testing between media batches to ensure reproducibility, 
cleanliness, and suitability for the various applications the media 
will be used for.

Another aspect is the particle-size distribution (PSD) of the media. 
The actual particles not only need to be of a certain size, but in 
a tight range within that size; that makes a huge difference to the 
success of the SPE procedure. So again, because we make our 
own, we can easily control that.

One final aspect that sets us apart is application-specific media, 
(e.g., the ISOLUTE EPH column). With that product, every batch 
is tested in-house using a ‘real-life’ QC test in which we actually 
fractionate between the aliphatic and aromatic components. As 
a result, customers do not need to check when they receive the 
product, which removes some risk. In short, what makes Biotage 
different is our quality and deep understanding of SPE products.

LCGC: How can Biotage SPE cartridges be processed?

Desbrow: We use industry-standard dimensions for our cartridges, 
specifically the Luer tip outlet being the industry-standard size, 
which means they are compatible with all cartridge-processing 
devices. So from the manual systems using vacuum to process 
the samples—lower throughput methods—all the way up to fully 
automated systems for unattended sample processing.

LCGC: What SPE cartridges do you recommend for the US 
Environmental Protection Agency (EPA) methods 525.2 
and 549.2?

Desbrow: Method 525.2 is for a wide suite of semi-volatiles in 
drinking water with a gas chromatography–mass spectrometry 
(GC–MS) endpoint, so we are looking for compounds with 
different characteristics and quite a sensitive endpoint and we 
need clean extracts to meet the detection limits. Biotage always 
recommends the ISOLUTE® C18 1-g, 6-mL cartridges for that 
application because they meet EPA cleanliness requirements, 
which means they are phthalate- and adipate-free. The cartridges’ 
PSD allows them to meet the flow rate requirements to give higher 
recoveries across that wide suite of analytes.

EPA method 549.2 is a slightly different type of method, as it is 
for two polar herbicides that are highly charged and very water-
soluble. The method uses an ion-pair type of approach, which 
means that a C8 SPE media is used. It is recommended to use 
the ISOLUTE® C8 500-mg, 6-mL cartridges for this method. 
They work well with this approach, and the quality of the sorbent 
results in high recoveries consistently from batch to batch within 
the required 4.5-mL elution volume. We recently launched an 
application note describing the automated use of these cartridges 
for that method using our Biotage® Horizon 5000 system.

LCGC: What about PFAS compounds, which are such a hot 
topic at the moment?

Desbrow: They really are. It is a fast-changing landscape, and 
these compounds are of immense concern in the environment.

Biotage has a range of products for these compounds, and there 
are two key approaches to their extraction. One is the nonpolar 
approach using DVB-type cartridges, which is the original 
method. And the newer methods are based on polymeric WAX-
type cartridges—a combination of nonpolar and weak anion-
exchange media—and they are used for the EPA 533 method. 
We also need to make sure that the processing platforms, be they 
manual or automated, do not contribute any background. And 
for these types of compounds, anything that is fluorinated (any 
PTFEs) can contaminate the extracts. Hence, it is crucial that our 
processing kit and products are fluorinated-compound-free for 
this type of analysis.

An interview on solid-phase extraction with Dr. Claire 
Desbrow, Global Product Manager for Analytical Con-
sumables & Applications at Biotage.

T oday, solid-phase extraction (SPE) is a powerful analytical technique widely used 
for the extraction of semi-volatiles from water samples. However, there was a time 
when SPE products had something of a dim quality reputation—as did the quality of 

the results they gave. Fortunately, SPE cartridge technology has come a long way, and the 
advantages these products bring are now hard to disregard.

LCGC sat down for a master class with Dr. Claire Desbrow, Global Product Manager 
for Analytical Consumables & Applications at Biotage, on the types of SPE products 
available, their appropriate applications, and how to deploy these products in robust, 
reliable extractions that yield solid results every time.

https://www.biotage.com/
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LCGC: Can you give us the history behind 
Biotage SPE cartridge products?

Desbrow: Biotage’s SPE product range 
originated about 30 years ago out of the UK 
company International Sorbent Technology, 
based in the South Wales Valleys. The 
company was started with one sole aim: to 
bring high-quality SPE products to global 
analytical scientists. At that time, SPE did 
not have a great reputation as a technique 
because of the less-than-desirable quality of 
the products on the market. But the founders 
of the company understood SPE’s potential 
and wanted others to recognize the benefits 
it could bring. About 10 years ago, Biotage 
bought the company and has maintained the 
quality control and focus ever since.

LCGC: What are the advantages of extracting 
water samples with SPE cartridges?

Desbrow: There are several key benefits 
associated with SPE cartridges. When 
compared to liquid-liquid extraction, for 
example, the mode of use and ease of handling 
of the cartridge bring great advantages.

There is a reduction in the amount of labor 
needed, as liquid-liquid extraction is a 

very manual process and cannot be easily 
automated, whereas SPE is much easier to do 
as a manual or automated process.

The design of the product means that the 
amount of solvent used can be reduced. 
With some liquid-liquid methods, there might 
be 100 mL of solvent to use and dispose of 
afterward. With SPE, there might be 20 mL 
for the equivalent extraction, which means 
savings in terms of solvent use.

Also, SPE does not leave users dependent 
on a partition between an immiscible organic 
solvent and an aqueous sample, so there are 
more types of analytes that can be extracted.

LCGC: What types of media are available in 
SPE cartridges from Biotage?

Desbrow: There is quite a wide range of media—
from the typical C18s, C8s, and DVBs, which 
are ideal for the extraction of semi-volatiles from 
water samples—to cleanup columns such as 
Florisils, Aluminas, and Silicas, which are used 
for removal of unwanted interferences from 
extracted samples.

Biotage also has application-specific 
columns, such as the extractable petroleum 
hydrocarbons (EPH) column for aliphatic/

aromatic hydrocarbon fractionation, as well as a range of ion-
exchangers and mixed-mode media that includes WAX phases 
for poly- and perfluoroalkyl substances (PFAS) extractions.

Essentially, Biotage has a wide range of products that have been 
packed into many different column sizes. Although we typically 
look at 6-mL columns for environmental extractions, there is 
usually a solution for almost every circumstance, depending on 
what solid type of sample is being extracted.

LCGC: How do SPE cartridges complement Atlantic disks 
for environmental water extraction?

Desbrow: The SPE cartridge is best used for clean water samples 
(e.g, drinking-water samples). The bed geometry—which, 
compared to disks, is narrower but taller—means that less solvent 
can be used, reducing solvent costs compared to SPE disks.

However, that narrow bed is less equipped to handle samples 
such as wastewater or groundwater where there is a lot of 
particulate matter; that is where the disks come in. To load 
samples at high flow rates, or if samples have high particulate 
levels, disks work exceedingly well. Therefore, the two different 
formats complement each other for environmental extractions.

LCGC: How do Biotage SPE products differ from other 
manufacturers?

Desbrow: One key differentiator is the focus on the product 
quality that the company was founded on.

For example, product cleanliness is an important factor in SPE 
because when dealing with high-sensitivity environmental 
extractions, the goal is to get to low detection limits. To avoid 
SPE devices contaminating the sample or extract, Biotage puts 
a great deal of effort into quality control (QC) testing. 

Not only do we make our own media, but we also mold cartridges 
from plasticizer-free, high-purity polypropylene. There are no 
release agents used in our molding process, as they are often a 
source of hydrocarbon contamination.

The frits are also important. Frits are the small filters that hold 
the media inside the SPE cartridge. They are very porous, which 
means they have the potential to contaminate the extracts because 
of their high surface area and contact with extraction solvents. As 
a result, each batch is cleaned and QC tested to ensure that there 
are no impurities, phthalates, or other contaminants.

Another important distinction associated with Biotage SPE 
products is media batch-to-batch reproducibility. We have been 
making media for about 30 years, and because we do not buy 
them from a third party, we have a lot of control over how media 
are made and their specifications. QC laboratories do a great 
deal of testing between media batches to ensure reproducibility, 
cleanliness, and suitability for the various applications the media 
will be used for.

Another aspect is the particle-size distribution (PSD) of the media. 
The actual particles not only need to be of a certain size, but in 
a tight range within that size; that makes a huge difference to the 
success of the SPE procedure. So again, because we make our 
own, we can easily control that.

One final aspect that sets us apart is application-specific media, 
(e.g., the ISOLUTE EPH column). With that product, every batch 
is tested in-house using a ‘real-life’ QC test in which we actually 
fractionate between the aliphatic and aromatic components. As 
a result, customers do not need to check when they receive the 
product, which removes some risk. In short, what makes Biotage 
different is our quality and deep understanding of SPE products.

LCGC: How can Biotage SPE cartridges be processed?

Desbrow: We use industry-standard dimensions for our cartridges, 
specifically the Luer tip outlet being the industry-standard size, 
which means they are compatible with all cartridge-processing 
devices. So from the manual systems using vacuum to process 
the samples—lower throughput methods—all the way up to fully 
automated systems for unattended sample processing.

LCGC: What SPE cartridges do you recommend for the US 
Environmental Protection Agency (EPA) methods 525.2 
and 549.2?

Desbrow: Method 525.2 is for a wide suite of semi-volatiles in 
drinking water with a gas chromatography–mass spectrometry 
(GC–MS) endpoint, so we are looking for compounds with 
different characteristics and quite a sensitive endpoint and we 
need clean extracts to meet the detection limits. Biotage always 
recommends the ISOLUTE® C18 1-g, 6-mL cartridges for that 
application because they meet EPA cleanliness requirements, 
which means they are phthalate- and adipate-free. The cartridges’ 
PSD allows them to meet the flow rate requirements to give higher 
recoveries across that wide suite of analytes.

EPA method 549.2 is a slightly different type of method, as it is 
for two polar herbicides that are highly charged and very water-
soluble. The method uses an ion-pair type of approach, which 
means that a C8 SPE media is used. It is recommended to use 
the ISOLUTE® C8 500-mg, 6-mL cartridges for this method. 
They work well with this approach, and the quality of the sorbent 
results in high recoveries consistently from batch to batch within 
the required 4.5-mL elution volume. We recently launched an 
application note describing the automated use of these cartridges 
for that method using our Biotage® Horizon 5000 system.

LCGC: What about PFAS compounds, which are such a hot 
topic at the moment?

Desbrow: They really are. It is a fast-changing landscape, and 
these compounds are of immense concern in the environment.

Biotage has a range of products for these compounds, and there 
are two key approaches to their extraction. One is the nonpolar 
approach using DVB-type cartridges, which is the original 
method. And the newer methods are based on polymeric WAX-
type cartridges—a combination of nonpolar and weak anion-
exchange media—and they are used for the EPA 533 method. 
We also need to make sure that the processing platforms, be they 
manual or automated, do not contribute any background. And 
for these types of compounds, anything that is fluorinated (any 
PTFEs) can contaminate the extracts. Hence, it is crucial that our 
processing kit and products are fluorinated-compound-free for 
this type of analysis.

An interview on solid-phase extraction with Dr. Claire 
Desbrow, Global Product Manager for Analytical Con-
sumables & Applications at Biotage.

T oday, solid-phase extraction (SPE) is a powerful analytical technique widely used 
for the extraction of semi-volatiles from water samples. However, there was a time 
when SPE products had something of a dim quality reputation—as did the quality of 

the results they gave. Fortunately, SPE cartridge technology has come a long way, and the 
advantages these products bring are now hard to disregard.

LCGC sat down for a master class with Dr. Claire Desbrow, Global Product Manager 
for Analytical Consumables & Applications at Biotage, on the types of SPE products 
available, their appropriate applications, and how to deploy these products in robust, 
reliable extractions that yield solid results every time.

https://www.biotage.com/
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TABLE I: New instruments and systems in 2019–2020

Company Product Description

Agilent Technologies
Intuvo 990 
Micro-GC

Agilent 990 Micro GC systems provide features designed to deliver the quality and speed 
that are critical to gas analysis. Up to four channels of separation and detection, micro-
machined TCD detection, and use of only 10% of power and carrier gas compared to conven-
tional laboratory gas chromatography (GC) systems. This system is used for analysis of gas 
samples only, includes up to 4 channels of separation and detection, micro-machined TCD 
detection, a small footprint in dimensions and environmental. 
He, H2, N2, and Ar carrier gas options are included; a wide range of micro GC column 
phases are available as is a wide range of accessories, sample handling, reporting and 
result exporting tools.

Chromatotec
airmoScan 

Xpert

Due to the large number of volatile organic compounds (VOCs), there is a need to 
combine their separation and quantification by GC with flame ionization detection (FID) 
and their individual identification by mass spectrometry (MS). The airmoScan Xpert is a 
combination of two instruments: a dual GC-FID system for the monitoring of C2 to C16 
compounds and a process quadrupole MS instrument. The instrument allows the monitoring 
of at least 123 VOCs at ppt, ppb, ppm, and % levels in only 30 min. Thanks to this dual detector 
combination, users can avoid the risk of saturated signal on the FID. Thanks to its advantages 
(easy to use, fully automatic, intrinsically linear, precise and very stable system with data 
validation) this solution has been implemented in fixed and mobile laboratories for urban and 
industrial field analysis all over the world.

Gow Mac Series 5900 GC

The Series 5900 Isothermal gas chromatograph features a patented discharge ionization 
detector (DID) that detects trace gas impurities in the part per billion (ppb) range. 
This second-generation DID gas chromatograph features a patented detector, LCD 
touchscreen control, custom valve configurations, and a corrosion resistant option. 
Manufacturers, distributors, and users of specialty, electronic, and industrial bulk gases 
can rely on the Series 5900 for superior detection limits, reproducibility, and accuracy. 
Each Series 5900 GC is custom built to a particular application.

Spectra Analysis DiscovIR-GC

The new Spectra Analysis DiscovIR System is a solution for identifying the 
components in a complex mixture. Infrared spectroscopy provides each 
compound’s unique fingerprint, making it quick and easy to identify each peak by 
comparison to the extensive solid-phase IR libraries. The DiscovIR system is 
particularly useful in identifying structural isomers, which can be a challenging area 
for mass spectrometry. DiscovIR’s unique temperature controlled, vacuum 
deposition method ensures that results are accurate and reproducible. Eluted 
peaks are first deposited in a film onto a rotating IR-transparent disc. The disk 
rotates the concentrated spot into the infrared beam and the spectrum is collected.

Thermo 
Fisher Scientific

Dioxin Analyzer

The Thermo Scientific Dioxin Analyzer provides food safety laboratories with an 
advanced analytical workflow for the accurate detection of dioxins and other 
persistent organic pollutants (POPs) in food and feed. The new workflow brings 
together the TSQ 9000 triple quadrupole GC–MS/MS system with the advanced 
electron ionization (AEI) source, capillary GC column, system suitability check, 
standard solutions, software, and comprehensive user guidelines to create a simple-
to-use and cost-effective solution, specifically designed for the effective routine 
screening of dioxins and POPs. The new AEI source enables the sensitive detection 
of trace levels of dioxins and POPs in complex sample matrices, providing reliable 
analysis even with lower sample weights, reducing the cost of sample preparation 
and system maintenance. The workflow includes a comprehensive suite of software 
tools and pre-loaded acquisition, calculation, and reporting templates to help 
laboratories meet European Union requirements for the confirmatory analysis of 
food and feedstuff. The Dioxin Analyzer facilitates the analysis of a large variety of 
samples, delivering laboratories with a flexible system, and by providing setup 
guidance documentation and a quality check standard, it enables out-of-box 
implementation and reduced training needs.

Wasson-ECE and 
VUV Analytics

Monomer 
Analyzer and 
Eclipse E-VUV

The catalyst required to produce ethylene, propylene, and butadiene monomers is 
poisoned by common byproducts such as H2S, COS, mercaptans, oxygenates, arsine, and 
phosphine. These impurities also affect the final quality of the product and, consequently, 
the price that can be demanded for it. Wasson-ECE Instrumentation has designed a 
process GC system capable of detecting ppm to ppb levels of these analytes. To resolve 
and quantify such diverse analytes, Eclipse is configured with seven capillary columns 
housed in two temperature-programmable ovens and one isothermal oven. Two 
chromatography methods direct eluates to three multiplexed detectors (FID, PDHID, and 
MSD) for unambiguous compound identification and quantification in 30 min.

Continued on Page 282
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TABLE I: New GC instruments and systems in 2019–2020 (continued)

Company Product Description

Wasson-ECE and 
VUV Analytics

Monomer 
Analyzer 

and Eclipse 
E-VUV

Eclipse PGCs are sensitive and capable on-line analyzers. The cumulative effort between 
Wasson-ECE and VUV Analytics has resulted in the Eclipse E-VUV, the first ever process gas 
chromatograph (PGC) capable of delivering laboratory-quality chromatography with vacuum 
ultraviolet detection technology.  Eclipse PGC were specifically designed to perform laboratory-
quality capillary chromatography in hazardous or general-purpose process environments. The 
Eclipse E-VUV is also equipped with the VGA-100, the world’s first benchtop detector capable of 
vacuum ultraviolet (VUV) detection, from VUV Analytics. All gas-phase molecules absorb 
strongly in the vacuum ultraviolet region (125–240 nm). This strong absorption provides 
compound-specific spectra that delivers both quantitative and qualitative data.

Young In Chromass ChroZen GC

The ChroZen GC system is equipped with state-of-the-art technology in both hardware 
and software that enhances user convenience and data reliability.  The ChroZen GC features 
substantially enhanced sensitivity and reproducibility with new powerful UPC (ultimate 
pneumatic control) and an intuitive LCD display, enabling more reliable and accurate data.

Young In Chromass
YL 6900 
GC–MS

The YL6900 GC–MS system is a new powerful mass spectrometer developed for gas 
chromatography and mass spectrometry technologists backed by 22 years of experience in 
this field. This innovative GC–MS instrument supports a huge number of spectra with the 
highest scanning speed (20,000 amu/sec) across every GC peak, provides very wide mass 
range (1–1,200 u) and the lowest instrument detection limit (< 10 fg of OFN), and the highest 
sensitivity. This GC–MS instrument offers operational simplicity, powerful tuning protocols, 
and the highest productivity with automation.

Continued from Page 280

TABLE II: New GC columns introduced in 2019–2020  

Company Product Description

Abel Industries
AbelBonded 

Columns

AbelBonded (AB) GC columns are among the products of Abel Industries Canada Ltd. They 
offer complete stationary phase selections, including  polysiloxane, polyethylene glycol 
(PEG) and Plots; many dimensions (variations in length, internal diameter and film thickness), 
low bleed, high inertness, high efficiency, consistent retention times, repeatability, and 
competitive price.

MilliporeSigma (Supelco)
Columns for 
the Intuvo 
GC system

These are first GC column alternatives for use with the Agilent Intuvo GC system. From 
workhorse SLB-5ms and unique selectivity ionic liquid columns to specialty columns like the 
Chiraldex column, customers now have a full portfolio of alternatives to choose from when 
using the Agilent Intuvo GC system. Intuvo-compatible GC columns install in < 1 min with click-
and-run connections, require no maintenance or trimming, use leak-free connections, use high 
speed or high throughput GC with fast heating and cool downtime, and eliminate unplanned 
downtime, time-intensive tasks, and user technical limitations. The full line of GC columns is 
made specifically for use with the Agilent Intuvo GC system. These columns allow users to 
complete analyses faster, easier, and with more accuracy, sensitivity and reproducibility.

Phenomenex
ZB-PAH-EU 
and ZB-PAH 

SeleCT

Designed for PAH testing to the exceptional, the Zebron ZB-PAH-EU and ZB-PAH-SeleCT 
offer excellent performance through the power of targeted selectivity when analyzing 
polycyclic aromatic hydrocarbons (PAHs) in the food, environmental, electronics, and fuel 
industries. The ZB-PAH-EU column offers up to 70% faster PAH analysis, elevated 
temperature stability (340/360°C), excellent resolution, and accurate quantitation of 
European regulated EU 15+1 and EPA 610 PAHs. Zebron outperforms popular GC columns 
for the separation of EU 15+1 and EPA 610 PAHs and separates the 18 PAH isomers within 
12 min, resolving all critical pairs while demonstrating consistent column inertness. The 
ZB-PAH-SeleCT column offers enhanced resolution for chrysene and triphenylene (PAH 
Interferences) and increased Benzo[b,k]fluoranthene separation. The Zebron ZB-PAH-SeleCT 
column is designed to achieve complete resolution of chrysene from triphenylene along with 
other EU 15+1 PAH compounds. Its unique selectivity helps eliminate false positives while 
resolving PAH isomers, providing easy, fast and accurate quantification of PAHs in 
environmental and food samples.
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the limited available space and the 
editors’ judgment as to its suitability. 
The index in this article provides a 
listing of the vendors whose new GC 
products are covered in this review. 
For a more complete picture of the 
GC space today, I encourage you to 
review the two previous years’ reviews 
by Hinshaw (1,2). 

In new instruments, trends seen 
over the past few years toward smaller, 
more automated systems, systems 
that are more specialized, and spec-
trometric detectors continue with the 
product introductions this year. Table 
I shows a list of new instruments intro-
duced over the past year. 

Capillary columns continue to be 
updated by most of the column ven-
dors. The three vendors highlighted 
in Table II provide examples of three 
important trends in column develop-
ment: lower prices, specialized col-
umns for specific systems, and new 

column chemistries geared toward 
specific problems. 

Developments in new accessories 
and consumables trend toward simpli-
fying analysis, and include a range of 
devices from sample vials and sampling 
devices through data system software. 
For more information on sample prepa-
ration, see the specific sample prepa-
ration article by Raynie in this issue of 
LCGC North America (3). As with the 
GC reviews, it is worthwhile to review 
the past two years as well for a com-
plete picture of sample preparation 
products (4,5). Table III provides a list-
ing of accessories and consumables 
launched over the past year. 

Besides several short courses asso-
ciated with Pittcon, additional train-
ing and educational resources are 
available for 2020. Opportunities 
for in-person short courses, semi-
nars, and training are offered by 
most major instrument vendors and 

through many conferences and orga-
nizations, including the American 
Chemical Society, Eastern Analyti-
cal Symposium (Princeton, New Jer-
sey, November 2020) and local and 
regional chromatography discussion 
groups. LCGC’s on-line training part-
ner, ChromAcademy, has launched a 
completely revamped on-line plat-
form. A new edition of McNair and 
Miller’s classic book “Basic Gas Chro-
matography” with Nicholas Snow 
added as an author was published 
this year. New developments in train-
ing and education for 2019–2020 are 
shown in Table IV. 

As GC approaches 70 years since 
its invention, development and inven-
tion are still going strong. As seen 
here and in 2020, GC-related devel-
opments and innovations are ongoing 
and include all areas: sampling and 
supplies, new instruments, columns, 
detectors, data systems, and educa-

http://www.vici.com
http://www.vici.com
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TABLE III: New GC Accessories and Consumables for 2019–2020

Company Product Description

CTC Analytics
PAL 3 

Series II 
Autosampler

Fast, safe, and reliable sample preparation is a key factor for high productivity and reduced 
costs per sample. The PAL3 Series II with smart technology in combination with smart 
consumables provides the required process safety and effectivity. All PAL certified smart 
consumables are equipped with a unique smart chip containing parameters, ranges, and 
usage history enabling full traceability of sample preparation down to the syringe and 
perfectly matched with the PAL3 Series II.

Cerno Bioscience
GC/ID 

Version 1.1

GC/ID is fully automated data processing software that enables dramatic improvements for 
GC–MS qualitative analysis. By incorporating Cerno’s TrueCal calibration technology for 
accurate mass formula ID of the molecular and fragment ions, retention index (RI) 
confirmation utilizing NIST RI values, along with conventional NIST library search with 
mixture and background deconvolution of co-eluting peaks, a significant improvement in 
compound ID certainty is achieved on single quadrupole GC–MS systems.

Data Apex
Data Analysis 

Software

Clarity is an advanced chromatography data system (CDS) with optional software 
modules for data acquisition, processing, and instrument control. Its wide range of data 
acquisition interfaces (A/D converters, LAN, USB, RS232) allows connection to any GC or LC 
system. Up to four independent chromatography systems can be simultaneously connected, 
and each can acquire up to 32 signals. Languages include English, French, German, Russian, 
Spanish and Chinese localization. Control modules provide integrated control of selected 
instruments such as GC instruments, pumps, detectors, autosamplers.

Extensions provide functions for specific separation techniques such as PDA, GPC analysis, 
mass spectrometry, or SST. Clarity2Go in an iPhone or Android-powered mobile devices 
allows users to monitor running analyses from multiple installations of Clarity. Clarity comes 
with extensive free support from DataApex as well as from the growing community of users in 
the Clarity Forum. Unlike many large corporations, the DataApex Company is in close contact 
with its users.

DWK Life Sciences 
(Wheaton brand)

Wheaton 
BlueMag 

caps

The 9 and 18 mm magnetic screw caps replace any screw thread cap designed for 
magnetic vial handling for standard 9 mm GC screw top vials and 18 mm headspace vials. 
A new design solves poor magnetic capture and/or alignment that can result in automa-
tion interruption of off-centered vials or dropped vials.  Bimaterial design offers 
precision tactile feedback to help ensure user complete closure with less than one full 
turn! Used with X-Y-Z autosamplers with magnetics (HPLC, LC, GC, GC–MS) and all
headspace applications. Quantities available in packs of 10, 50, and 100 caps per bag.

HTA
GC 

Autosamplers

HTA offers different models of autosamplers for liquid or headspace techniques and 
all-in-ones (liquid, headspace, and SPME capabilities on the same instrument). Top mounted 
on instruments, they save valuable bench space.  HTA autosamplers fit every GC and 
GC–MS system, every brand, from oldest to newest models, by a dedicated interface; they 
ensure maximum compatibility and top performance.

Gerstel

Advanced 
Olfactory 
Detection 

Port ODP 4

The ODP sniff port allows the sensing of compounds by the human nose as they are eluted 
from the gas chromatograph. The effluent is split as it leaves the column so that it arrives 
simultaneously at the nose and at the detector. Additional information is gained on 
compounds that are responsible for specific odors. Parallel operation with most standard 
detectors, including MSD, is provided and a humidifier for convenient usage is included. 
Voice recording and voice recognition capability allow spoken comments to be transferred 
and added automatically to the chromatogram as peak annotations. The ODP 4 provides 
a heated mixing chamber in which humidified make-up gas and column effluent are mixed 
without risk of condensation.

Gerstel
MPS robotic
autosampler

As a new member of the MPS family, the MPS robotic is a highly efficient GC–MS 
autosampler with extended robotic functionality. The MPS robotic provides reliable 
processing of complex tasks. Syringe holders and syringes are integrated in special syringe 
modules, which can be exchanged automatically within a running sequence when using the 
MPS robotic pro for maximum flexibility. The MPS robotic is controlled by the Gerstel 
Maestro software in a simple and efficient manner. Maestro provides full flexibility by 
allowing an ongoing analysis sequence to be modified to incorporate priority samples. 
The built-in, context-sensitive help function enables simple sequence and method 
development and setup.

Continued on Page 288
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HELPFUL HPLC COLUMNS YOU MAY NOT KNOW ABOUT

SPONSORED BY

Helpful HPLC Columns You  
May Not Know AboutA Q&A

Dr. Joe Pesek
Professor Emeritus

San Jose University

LCGC: Please describe your background, 
your research, and how it led to Cogent 
TYPE-C™ HPLC columns?

Pesek: I was Professor of Analytical 
Chemistry at San Jose State University for 
41 years, and during this time my research 
focused on the development of new 
stationary phases for HPLC and columns for 
capillary electrophoresis. It was this basic 
research that led to the development of the 
Cogent TYPE-C™ columns. 

Our research group has published more 
than 100 papers in peer-reviewed journals 
related to TYPE-C™ column technology 
and applications.

LCGC: What are TYPE-C™ Silica  
HPLC columns?

Pesek: TYPE-C™ columns are based on 
silica-hydride, as opposed to the ordinary 
silica used for most commercial HPLC 
columns. The stationary phase surface 
is populated with silicon hydride (SiH) 
moieties, while ordinary silica has silanols 
on the surface.

LCGC: What makes this column 
different from all other columns 
commonly used today?

Pesek: The silica-hydride surface is unique, 
yet not different to use. It is mildly hydrophobic 

with SiH groups instead of strongly polar 
because of the silanols on ordinary silica. 

The hydride surface acquires a negative 
charge as a result of the auto dissociation 
of water when the mobile phase has a high 
organic content. Thus, any column based 
on silica hydride can operate in both the 
reversed-phase and normal-phase modes, 
referred to as aqueous normal phase for silica 
hydride phase. 

Depending on the analyte, both 
mechanisms can operate simultaneously, 
thus allowing for the separation of polar 
and non-polar compounds in a single run. 
There is low water content on the surface 
so that columns equilibrate very rapidly, 
especially the aqueous normal-phase mode 
in comparison to hydrophilic interaction 
chromatography (HILIC) columns. This 
gives the scientists an array of new tools 
not possible before, or with, other columns 
in the market.

LCGC: Why should anyone spend time 
learning about this new way to separate 
hard to resolve compounds?

Pesek: The ability of these compounds 
can be acquired quickly. In the long run, 
the TYPE-C™ columns provide unique 
separation capabilities, have long lifetimes, 
and often result in faster analysis times. Better 
chromatography with faster development 

cycles can be achieved. Therefore, the time spent learning 
the technique is well returned in the long run.

LCGC: In addition to faster development cycles, can you 
expand on the advantages of using TYPE-C™ columns?

Pesek: It is well known that at low pH, other phases based 
on ordinary silica using organosilane chemistry hydrolyze 
because of the silicon-oxygen-silicon-carbon linkage at 
the surface. This is especially true of end-capping. The 
TYPE-C™ phases have a direct silicon-carbon linkage. 
Some phases even have a double silicon-carbon linkage. 
There is no need to adsorb and desorb water because 
there is less than one-half of a monolayer on the surface 
(requiring only two to five column volumes for the pull-up 
rate), while many HILIC phases have a substantial water 
layer on the surface and can often necessitate 15 to 20 
column volumes for equilibration.

Also, columns have long lifetimes. Data on individual 
columns are highly reproducible, usually less than 0.3% 
RSD for consecutive runs, and very reproducible from 
column to column.

LCGC: How might TYPE-C™ columns be used to 
support the development of greener methods?

Pesek: Less organic solvent is used for equilibration so 
that less mobile phase must be disposed of, thus making it 
greener. Lower amounts of additives are used in the water 
component of the mobile phase, making disposal easier. 
Longer column lifetime means fewer columns are discarded.

LCGC: Which specific applications would you say 
are best served by this column?

Pesek: The easy analysis of polar compounds is a prime 
advantage of TYPE-C™ columns. However, because many 
different surface modifications are available, there are 
many excellent applications in the reversed-phase mode. 
Another unique feature is the ability of one column, the 
Diamond Hydride, to analyze all peptides from the most 
hydrophobic to the most hydrophilic in a single run. 

Prep laboratories have found these columns especially 
useful with greater yield of polar compounds.

LCGC: Where is additional information about TYPE-C™ 
columns available?

Pesek: Further information can be found on the MicroSolv 
website, mtc-usa.com. 

Go to the tab in the upper right portion of the home 
page marked “Knowledge Space.” Under that heading, 
there will be additional links about the properties and 
advantages of TYPE-C™ silica, as well as a link to the 
more than 300 applications listed by company name, 
column type, and field of analysis (e.g., pharmaceuticals, 
food, and metabolites).

LCGC: Is technical support usually offered to onboard 
these columns into chromatography laboratories?

Pesek: Technical support is offered by a team of scientists 
with extensive experience using TYPE-C™ columns. It is 
always fun working with scientists for the first time and 
watching their pleasure when they achieve great results for 
the first time. 

The technical team enjoys interacting with customers and 
try to provide as much support as possible.

LCGC: Where can listeners buy these columns? And 
are they offered globally?

Pesek: These columns are available through MicroSolv 
Technology Corporation and through its North American 
dealer network, which includes—but is not exclusive to—
VWR and Fisher, as well as many local and independent 
dealers in almost every country.

C ogent TYPE-C™ (high-performance liquid chromatography) HPLC columns are 
considered by experts to be a great tool for chromatographers, yet remain unknown 
by many scientists. LCGC recently spoke with Dr. Joe Pesek, Professor Emeritus at 

San Jose University, about how Cogent Type-C Silica™ columns are suited for polar, non-
polar, and water-labile compounds and how using these columns can save time and money 
while providing great data not easily achieved with other columns.

“

”

Better chromatography with  

faster development cycles can  

be achieved.

 

MicroSolv Technology Corp. manufactures Cogent TYPE-C™ HPLC columns serving the chemistry, 

medical, clinical R&D, and biological laboratories. A worldwide distribution network includes VWR International in North 

America, Hichrom LTD, ML Sciences, PM Separations, and others.

https://mtc-usa.com/index
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TABLE III: New GC Accessories and Consumables for 2019–2020 (continued)

Company Product Description

Phenomenex
Zebron Gas 

Management
filters

Higher capacity filters extend  a GC column’s lifetime. The high adsorption capacity of the 
Zebron Gas Management filters removes contaminants from the mobile phase gases, which 
reduces potential column bleed, increases the column lifetime, and protects sensitive GC 
detectors from damage. With the new dual wall Zebron Gas Management filters, users get 
more protection, better safety, and less contamination. These plug-in GC and LC gas filters 
are easy to use, incorporate a dual filter housing to prevent diffusion and increase safety, have 
very high capacity, ensure high gas purity (99.9999 % pure), and are available in universal, 
moisture, oxygen, hydrocarbon, moisture, and hydrocarbon filters.  Zebron Gas Management 
trap cartridge systems make changing gas traps quick and easy. Spring-loaded check valves 
close when the filter is removed and open only when a new filter has been locked in place. 
With the Zebron gas traps there is no need for loosening or tightening fittings every time a 
trap is changed and one can eliminate contamination during the process.

Phenomenex
Zebron 

Inlet liners

Optimized for trace and active compound analysis, Zebron Plus GC liners undergo a unique 
chemical deactivation treatment resulting in a remarkably inert GC inlet liner. Zebron Essential 
liners undergo a vapor deposited deactivation process resulting in a thin film liner that is ideal 
for routine analysis. Though the upfront cost of self-packing your liner may seem attractive, 
the time and headaches caused by resulting tailing or irreproducible peaks can be sizable! 
Self-packed wool fibers commonly break during installation and any existing deactivation on 
the liner can also be scratched or damaged. Prepacked Zebron Plus liners undergo the 
deactivation process with the quartz wool already in place, which ensures that any active sites 
that form during packing are not exposed. Easy to install, touchless packaging allows users to 
protect themselves from cuts or breakage and eliminates contamination that may occur 
during the installation process.

Shimadzu
Carrier Gas 

Selector

Helium has been used as the standard carrier gas for GC for many years, but due to the recent rise 
in prices, alternatives such as nitrogen and hydrogen, which are inexpensive and readily available, 
have become the new standard. With the new Carrier Gas Selector option, a laboratory can not 
only reduce helium gas during standby and overnight operation by 70% or more, but also help to 
automate the switch to an alternative gas for method development or analysis with an alternate 
carrier gas. Because this gas switching is electronically controlled, it prevents gas switching work 
errors and achieves complete data integrity by recording parameters, including the type of gas 
used. The addition of Analytical Intelligence functions to automate switching of the gas makes this 
once challenging change simple enough for operators at any level. In addition, leaving the 
diagnosis of the equipment status to the software ensures greater system up-time and faster ROI.

Shimadzu
Packed 
Column 

Functionality

The Nexis GC-2030 can now be equipped with both a capillary column and a packed 
column at the same time, making it possible to construct systems for various 
applications. For example, combining it with the HS-20 headspace sampler makes it 
possible to realize a system in which headspace analysis is performed using a capillary 
column while also performing analysis using a sample introduced via a gas sample valve 
using a packed column. Switching between headspace analysis and different sample 
introduction techniques for continuous analysis despite the type of column required 
enables more efficient analysis by unattended operation.

Shimadzu
Click-Tek 
Tool Free 

Maintenance

When using GC, the most common tasks are maintenance of the inlet and 
replacement of the column. The Nexis GC-2030 using ClickTek takes the confusion 
of out installing liners and columns for operators of all skill sets, helping to eliminate 
the risk of installation errors and leading to more uptime. ClickTek was recently 
improved to standardize the fixed length of the ferrule on the column, which in the 
past needed to be changed based on the detector being used. Now, using one 
single length for all detectors, the confusion of what should be set is removed, 
making this the simplest Shimadzu system to maintain.

Continued from Page 284
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TABLE IV: New training and education opportunities for 2019–2020

Company Product Description

Axion Training Institute
HPLC/GC 

Bootcamps

From beginner to expert in one week. Axion Training Labs has had over 12,000 scientists 
trained in the HPLC and GC. Axion Analytical Labs, Inc. has provided scientific services to 
every major pharmaceutical, chemical, and petroleum company in the United States since 1997. 
They have also provided similar services to most of the larger government labs (FDA, FBI, DEA, 
USDA, CDC, DOE, DOD, Homeland Security), along with many other Fortune 500 companies.

LCGC Magazine’s 
ChromAcademy

New Platform

ChromAcademy as you’ve never seen it before. Learn on any device, with greatly improved 
functionality. With a vast scientific knowledge and a decade in providing e-learning, they know 
how to make learning easier. The new ChromAcademy features customizable learning 
pathways and advanced reporting tools, ensuring that employees only receive the training 
that they need. With an advanced user-experience design and infrastructure, enjoy seamless 
learning that’s intuitive and fresh. Find the content that’s relevant and learn when it suits, with 
improved responsiveness, navigation, search, and bookmarking.

LECO
GCxGC 

Symposium 
and Workshop

The 1st North American GCxGC Symposium & Workshop is a free three-day seminar 
sponsored by LECO Corporation from September 15 to 17, 2020 at the LECO Corporation 
Customer Experience Center in Saint Joseph, Michigan. Users who have a GC–MS 
analytical challenge will want to see what they have been missing! Attendees will learn from 
key opinion leaders in the field of GC and GCxGC technology as to how these solutions can 
seamlessly fit into their workflow and benefit their laboratory. This complimentary 
symposium and workshop will include two days of presentations featuring a diverse range of 
applications by global experts in GCxGC technology (LECO’s Pegasus brand of products, 
including the classic Pegasus 4D-C, BT 4D, and GC-HRT+ 4D). The third day will feature 
hands-on laboratory sessions using GCxGC solutions and allow for one-on-one 
conversations with LECO’s in-house experts. The speaker lineup includes Robert Synovec 
from the University of Washington, Christopher Reddy from Woods Hole Oceanographic 
Institute, and many more. A social program will also be included.

Pure Chromatography

ADVANTAGE
See What It Can Do for You and Your Lab

Sign up today to access Restek’s  
years of chromatography knowledge at
www.restek.com/advantage

Continued on Page 290
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tional opportunities. I look forward to 
more innovation and advancements 
as the decade progresses, and I hope 

to see many of you at EAS 2020 in 
my home state of New Jersey, or at 
Pittcon 2021 in New Orleans. 
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TABLE IV: New training and education opportunities for 2019–2020 (continued)

Company Product Description

JEOL USA, Inc
msFine-
Analysis 
version 2

GC–MS reporting software combines data from electron ionization (EI) and soft 
ionization to include database search, exact mass and isotope information for 
molecular ions and fragments into an integrated report.  Color coding indicates 
confidence levels for compound assignments.  Analysis can be carried out on EI data 
alone, or EI data together with field ionization, photoionization, or chemical ionization.

John Wiley and Sons

Book – 
Basic Gas 
Chroma-
tography, 

3rd. Edition

Basic Gas Chromatography, Third Edition, provides a brief introduction to GC following 
the objectives for titles in this series. It should appeal to readers with varying levels of 
education and emphasizes a practical, applied approach to the subject. This book 
provides a quick need-to-know introduction to gas chromatography—still the most 
widely used instrumental analysis technique—and is intended to assist new users in 
gaining understanding quickly and as a quick reference for experienced users. The new 
edition provides updated chapters that reflect changes in technology and methodology, 
especially sample preparation, detectors, and multidimensional chromatography. The 
book also covers new detectors recently introduced and sample preparation methods 
that have become much more easily accessible since the previous edition.

Continued from Page 289
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COVID-19 and Data Integrity:  
What Does Lockdown Mean for  
Chromatograph Qualification and Calibration? 
The manufacture of pharmaceutical products is classed as critical work, and thus is continuing during the COVID-19 
pandemic. With limitations of travel and requirements for social distancing, how should you maintain the calibration 
and qualification of chromatographs to ensure data integrity of results during this pandemic?

R.D. McDowall

Over the past three months, as 
coronavirus or COVID-19 has 

spread from China around the world, 
many counties have engaged in various 
forms of lockdown, social distancing, or 
travel restrictions to prevent the spread 
of the virus. The focus in the news has 
naturally been on the number of infec-
tions identified, the number of patients 
in hospitals, and, sadly, on the number of 
deaths. In the background, the pharma-
ceutical and medical device industries 
are still working to produce medicines 
such as acetaminophen (paracetamol) 
to alleviate the fever caused by the virus, 
developing potential vaccines, and con-
ducting research to see if any existing 
medicines can combat the disease. 

During this pandemic, it can be easy 
to forget that we are a regulated industry, 
and, in the laboratory, chromatographs 
must be qualified, calibrated, and main-
tained. To ensure that this is the case, 
inspections are carried out to ensure that 
laboratories are complying with regula-
tory requirements. However, the direct 
impact of the pandemic on regulated 
laboratories is an important subject 
that needs to be considered. In some 
instances, facilities are restricting access 
to sites to try to minimize potential risk of 
exposure for critical employees, while, in 
others, restrictions may prevent service 
engineers from traveling. Both issues 
have the potential to affect compliance 
in a laboratory. In the absence of inspec-
tions and service engineers, how will you 
keep your chromatographs operating 
reliably and ensuring data integrity?

Why Are Qualification 
and Calibration Important 
to Data Integrity?
A data integrity model has been pre-
sented and discussed in an earlier 

“Data Integrity Focus” article (1), and 
also in my book, Data Integrity and 
Data Governance (2). 

The model consists of four layers. 
The foundation layers consist of man-
agement leadership, quality culture 
and ethics, procedures, and training. 
Level 1 requires the right analytical 
instrument for the job. The impor-
tance of Level 1 to data integrity is 
if you don’t know how an instrument 
performs, how can you trust the results 
it generates? Therefore, at Level 1, 
analytical instruments must be quali-
fied under USP chapter <1058> on 
Analytical Instrument Qualification (3), 
and comply with the requirements of 
21 CFR 211.63 and 160[b](4) (4) and EU 
GMP Chapter 3 clauses 3.34 and 3.35 
(5). As the FDA issued 17 (211.63) and 
37 (160[b][4]) 483 observations against 
these two CFR codes in 2019, these 
areas are on an inspector’s radar (6). 
We discuss two of these regulations 
later in this article. 

What Happens Now?  
Inspections
Let us have a look at what is happen-
ing with two regulatory agencies: the 
Food and Drug Administration (FDA) in 
the United States, and the Medicines 
and Healthcare Products Regulatory 
Agency (MHRA) in the United Kingdom.

In a press statement issued on 
March 10th of this year, the FDA 
announced that they were postponing 
all foreign inspections due to travel 
advice from the State Department that 
prohibits foreign travel by U.S. gov-
ernment employees. In addition, there 
are actions by non-U.S. governments 
that require overseas travelers to self-
isolate for 14 days on arrival, or pro-
hibit any foreign travelers arriving at 
all. Therefore, given that the FDA are 
unable to physically inspect foreign 
companies, they will gather informa-
tion under Mutual Recognition Agree-
ments with other regulatory authori-
ties, and revert to physical inspection 
and possible testing at the U.S. bor-
der, as they have done since the start 
of the outbreak in China when inspec-
tions were halted there (7).

Later,  the FDA announced on 
March 18th that domestic routine 
surveillance inspections were being 
postponed for the safety of the 
inspectors, and also due to indus-
try concerns about visitors. How-
ever, for-cause inspections would be 
risk assessed, and only critical ones 
would be carried out (8). 

In the United Kingdom, the MHRA 
posted a statement on the web site 
on March 20th, stating that they are 
only conducting essential good prac-
tice (GxP) inspections associated with 
the UK’s response to COVID-19, and 
all other inspections will be deferred 
to a later date (9). The same post 
noted that:
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We are expecting organizations to 

maintain GxP compliance, and will sup-

port the industry and NHS to focus on 

service continuity by using alternative 

approaches for routine regulatory over-

sight, such as office-based assessment 

and the sharing of information within 

the international regulatory network.

On March 30th, there was explicit 
advice posted with specific guidance for 
GLP studies (10):

There will be office based inspections.

Still important to maintain compliance 

with principles of GLP.

David Churchward expanded the 
overall approach in an MHRA blog 
explaining that inspectors were work-
ing from home as much as possible. 
Office-based inspections consisted of a 
request of documents from a company 
by e-mail, and, after review, an inspec-
tor would follow up with either e-mail 
questions or a teleconference (11).

Although you may not see an 
inspector for a time, which in some 
circles may be a cause for celebration, 
there is still the regulatory expecta-
tion that you remain in compliance. 
So that is all well and good.

However, consider what happens if 
you have a chromatograph that is due 
for a preventative maintenance (PM) 
visit and annual operational qualifi-
cation (OQ), and the engineer can’t 
get to you, or your company won’t let 
them come on-site. Grace periods for 
instruments typically only last for one 
to four weeks. Let’s look closer at the 
details of two regulations to help us.

Regulations for  
Qualification and Calibration
The first of the key regulations is 21 CFR 
211.160(b)(4):

The calibration of instruments, appa-

ratus, gauges, and recording devices 

at suitable intervals in accordance 

with an established written program 

containing specific directions, sched-

ules, limits for accuracy and precision, 

and provisions for remedial action 

in the event accuracy and/or preci-

sion limits are not met. Instruments, 

apparatus, gauges, and recording 

devices not meeting established 

specifications shall not be used 

(4).This means that the specifi-
cations of the chromatograph 
should be documented in a user 
requirement specification (URS) 
or equivalent under GMP, as well 
as required by USP <1058> (3).

TABLE I: Possible LC instrument failures and the ability to detect them in OQ or PQ (15). 

Module Possible Failure OQ
PQ

SST Instrument
Extra 
SST

Pump

Wrong flow rate ✓ ✓ 1 ✓

Variable flow rate ✓ ✓ 1 ✓

Gradient error ✓ ✓ 1

Instrument leak ✓

Injector

High temperature ✓ ✓

Low temperature ✓ ✓

Carryover ✓ ✓ 2

Poor injection precision ✓ ✓

Poor injection linearity ✓

Column 
Oven

Wrong temperature ✓ ✓

Variable temperature ✓ ✓ 3 ✓

Detec-
tor

Poor detector response ✓ ✓ 4

Wrong wavelength ✓ ✓ 7

Low energy ✓ 5 ✓ 8 ✓ 9

Poor signal to noise ✓ ✓ 6

System 
(Holistic) 
Test

Integrated test of all  
system components

✓ ✓

Notes to Table I: Numbers shown in the table above against various failures are discussed below.
1. A variable flow rate would affect the precision of peak retention time and a significant flow rate or gradient 

error might give peaks outside the expected retention windows.
2. Carryover would only be detected if a blank injection is included in a system suitability test (omission of a 

blank may occur in a Lean six sigma laboratory SST versus a scientifically sound SST)
3. Variable temperature of the column oven would give variable chromatography or retention times
4. How different would the detector response need to be so that it can be detected?
5. If lamp energy is checked as part of a PQ that is not just focused on SST results
6. Needs a blank injection or a suitable area in a chromatogram where S/N can be determined
7. This depends on the instrument and how it is used.  Many instruments now include a diagnostic wavelength 

test using the deuterium emission lines when the detector turns on.
8. Some instruments may way warn if the lamp energy falls below a certain level.
9. Manual check of detector lamp energy is required

Pump Injector Column 
Oven Detector

•    Wrong flow rate
•    Variable flow rate
•    Gradient error
•    Instrument leak

•    High temperature
•    Low temperature
•    Carry over
•    Poor injector
      precision
•    Poor injection
      linearity

•    Wrong
      temperature
•    Variable
      temperature

•    Detector linearity
      poor
•    Wrong
      wavelength
•    Low lamp energy
•    Poor signal to
      noise

FIGURE 1: The main possible failures for each module of an HPLC instrument (15). 
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Also pertinent is EU GMP Chapter 3, clause 3.35: 

Repair and maintenance operations should not present any haz-

ard to the quality of the products (5). 

If any repairs or maintenance are made to a chromato-
graph, then it must be partially or fully requalified to 
demonstrate fitness for purpose for analysis during the 
production of investigational medicinal products (IMPs) or 
pharmaceutical products.

What Happens to Service and  
Qualification in Lockdown? 
Apocryphally, the way companies perform qualification 
and maintenance breaks into two groups. Approximately 
two thirds of companies will use a third party to service, 
maintain, and qualify their analytical instruments. Larger 
sites with a lot of instrumentation from a single supplier, or, 
more likely with a service provider able to service, main-
tain, and qualify a range of instruments from different sup-
pliers, may have a service engineer stationed permanently 
on-site. In this case, the engineer is known, and may be 
treated differently from one who travels to the site. The 
remainder of companies (approximately one third) use 
a combination of in-house engineering and metrology 
groups to service and qualify their instruments, and only 
use the original supplier if there are major breakdowns (for 
example, if the instrument cannot be used). 

The problem with the inspectors now comes to service 
engineers. Are they counted as essential workers when a 
state or country is in lockdown? Even if they could travel, 
would an organization allow them on-site, where they could 
potentially infect staff? Normally, companies may only con-
sider risk to the patient from the impact of errors, mistakes, 
or problems (which is covered later in this article). In this situ-
ation, batches are not released where there is unacceptable 
risk. However, in this pandemic, failure to supply may repre-
sent a greater risk to the patient, than the risks identified if 
instruments are used with limited compliance. For example, 
in March 2020, the FDA issued guidance for industry remind-
ing companies of the requirement to notify the FDA of per-
manent discontinuance or interruption in manufacturing (12). 
Failure to do so could result in the FDA issuing a noncompli-
ance letter. While failure to supply is a risk to patient, how 
should firms balance the potential risks of noncompliance? 
Where does ethics come into this equation? 

Consider what happens if you have a chromatograph 
that requires a PM followed by an OQ now. 

Balancing and Managing Risks
We must consider a number of risks, and the management 
of them, in this unusual situation.

Typically, a laboratory has multiple chromatographs at 
its disposal. If the PM/OQ dates of the instruments are 

spread throughout the year, it might be possible to switch 
from one instrument to another to mitigate the risk associ-
ated with the lack of maintenance and qualification. How-
ever, some organizations may synchronize their mainte-
nance and qualification visits over a short period of time, 
to save on an engineer’s travel time and costs. In this situ-
ation, all chromatographs can be out of maintenance and 
qualification at virtually the same time. 

However, if the lockdown continues, it is likely that the 
dates of maintenance and qualification of all chromato-
graphs will become overdue. Understand that, at the 
expiry of a PM or OQ due date and any associated grace 
period, it does not necessarily mean that a qualification 
pixie waves a magic wand and all chromatographs are no 
longer calibrated or qualified and they must not be used. 
However, there is a deviation from the maintenance and 
qualification schedule that must be documented. 

If chromatographs are dedicated to specific methods, 
one way to increase flexibility could be to use an instru-
ment for any analysis. If this is the case, a laboratory 
should check the ranges of qualification performed on 
the instrument to ensure that they are not exceeded with 
the new analysis. If this is the case, a laboratory must 
ensure that the liquid chromatography (LC) system is 
thoroughly washed and flushed through between differ-

http://www.sonntek.com
http://www.sonntek.com
http://www.sonntek.com
mailto:sales@sonntek.com
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ent analyses, including autosampler 
needle washes; otherwise, problems 
may occur.

These gaps and the associated risks 
must be assessed, evaluated, controlled, 
and, above all, documented. As part of 
the risk control strategy, overdue main-
tenance and qualification might be justi-
fied and based on data, such as: 

• If an LC instrument is not used fre-
quently, it might not require main-
tenance even if overdue. 

• The total number of sequences 
and injections might increase or 
decrease the overall risk. 

• The type of therapeutic product 
being analyzed on the instruments 
in question (and the product’s 

therapeutic range, range of indi-
vidual parameters measured, route 
of administration, age of patients 
treated, and so on) might also 
have an impact on the severity of 
an over- or understrength product 
being released to the market (if 
the instrument used to ensure the 
products’ quality were out of cali-
bration at the time of analysis).

• Trending of test results, as required 
by EU GMP Chapter 6.9 (13), might 
also support any risk acceptance. 
The risks associated with any action 

are dependent on the context from 
which the actions are considered. So, 
in this instance, the risks to the patient 
associated with failure to supply phar-
maceuticals must be balanced against 
the risks that result from instruments 
that cannot be fully maintained or 
qualified. If the instruments are not 
in use, and will remain so, the only 
risks are the possible noncompli-
ance with procedures, such as grace 
periods associated with maintenance, 
and qualification and consideration 
of how to return the instruments 
to use in a compliant way after the 
period of disruption. It is probable 
that, in the post COVID-19 period, 
the demand for service personnel 
will spike and will exceed capability. 
Companies with a service contract will 
be prioritized over those that request 
on-demand services. If your labora-
tory falls into the latter category, be  
prepared for a long wait for service 
and requalification.

If a decision is made to continue 
using instruments outside of mainte-
nance and qualification grace periods, 
the principal types of risk associated 
with this action include:
• Breakdown: Instruments not main-

tained are more likely to break 
down during use.

• Regulatory :  Just i f i cat ion  of 
actions when the next inspection 
occurs. This can include defend-
ing the decision to continue using 
the instruments, and document-
ing scientifically that using instru-
ments without maintenance and 

No Preventative
Maintenance (PM)

No Operational
Qualification (OQ)

No Performance
Qualification (PQ)

Poor System
Suitability Tests

Impact
Of

Action

Increased risk of
catastrophic

failure
No Impact No Impact No Impact

FIGURE 2: Impact of a catastrophic failure of a chromatograph if there is no preventative 
maintenance.

Reduced likelihood 
of detecting 

performance failure

Increased 
regulatory risk – 
during an audit

Poor System
Suitability Tests

Inability to detect
performance drift

Increased 
regulatory

risk – during 
an audit

No Preventative
Maintenance (PM)

No Operational
Qualification (OQ)

No Performance
Qualification (PQ)

Increased risk of
performance

drift

Impact
Of

Action

Reduces risk of 
detecting 

performance failure

Increased 
regulatory risk – 
during an audit

FIGURE 3: The increased risk that performance drift of a chromatograph will not be detected 
if there is no preventative maintenance, operational qualification, or performance qualification.

Performance
Qualification

(PQ)

Supplier
Assessment

Design Qualification

Use Outside Existing Qualification Limits or
Major Instrument Upgrade

OQ
Verifies

URS

Regular or
Move or

Major Repair

Initial
Qualification

On-Going
Re-Qualification

Retirement
and

Removal

Labratory User
Requirements
Specification

Risk
Assessment

Updated User
Requirements and

Configuration
Specifications

Operational
Qualification

(OQ)

Instrument
Retirement
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Qualification

(IQ)

PQ SST

Qualification Continuum

FIGURE 4: AIQ continuum from the laboratory user requirements specification (URS) to 
performance qualification (PQ), adapted from (17).
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full qualification were under control and did not impact  
analytical results.

• Patient: Potential risk that substandard or over-strength 
pharmaceutical may be released.
Any decision to use an instrument with overdue mainte-

nance or qualification must be documented carefully, and 
in a transparent manner. The worst possible way to docu-
ment a sensitive decision such as this would be to try to 
hide it. Historically, companies may have issued a minia-
ture risk assessment or file note that documented sensitive 
decisions, but hiding where the document is buried with 
no traceability to it within corporate quality systems. Such 
action would now be interpreted as running a secondary 
quality system from a data integrity perspective (14).

What Can Go Wrong with an HPLC Instrument?
If your laboratory cannot obtain service, and you decide 
to continue using your chromatographs, you must perform 
an enhanced risk assessment to support this decision. You 
need to try to identify problems with a chromatograph 
before and during any analysis. In 2015, Paul Smith and 
I published a “Questions of Quality” article in LCGC 
Europe that is the basis of this section about risk assess-
ment of a high performance liquid chromatography (HPLC) 
instrument (15). The starting point of our discussion was 
what can go wrong with an operational HPLC system. The 
risk assessment article was written from an HPLC perspec-
tive, but the principles outlined here (such as, for exam-
ple, considering how an instrument may fail, and taking 
appropriate actions to minimize the potential risk associ-
ated with the failure) apply equally to other instruments. 
Because failure modes can be different between different 
analytical technologies, it is likely that risk assessments for 
each analytical technique may be needed. 

The HPLC risk assessment from 2015 is shown in Figure 
1, where a liquid chromatograph consists of four modules: 
the pump, the injector (autosampler), the column oven, 
and the detector. The column has been omitted from the 
figure, as the aim is to look at an LC instrument’s qualifi-
cation rather than method performance. Underneath each 
module are listed the main failures that could occur. Note 
that this list is not exhaustive, and some of the failures 
could be broken down further. However, to keep the dis-
cussion simple, the problem is looked at from a high level. 
Some failures may not happen if the instrument in your 
laboratory does not have a particular feature. For example, 
for an isocratic pump there will not be gradient errors, or 
with a fixed wavelength detector the wrong wavelength 
will not be used.

Having listed the main failures, we now need to consider 
the circumstances under which these might be detected 
in an OQ or performance qualification (PQ), as shown in 
Table I. The PQ is broken down into three areas where a 
failure could be detected: during a system suitability test 

(SST), by the instrument itself, and during what is called 
SST extra, where parameters can be measured if the SST 
is designed to include them, and these can be traced back 
to the instrument’s user specification. 

I’m Overdue for a PM and OQ,
But No Engineer is Available
So let’s consider a scenario in which your instrument is 
overdue for a PM and OQ, and there is no service engineer 
available for the foreseeable future. Who are you going 
to call? At this point, the Ghostbusters are probably not a 
viable option. What are you going to do? 

If no PM occurs then and there, one potential impact is 
an increased risk of a catastrophic failure of the chromato-
graph, as shown in Figure 2. This is the simplest situation; 
the instrument becomes inoperative, and there is no fur-
ther work possible until it has been repaired and requali-
fied. There is, therefore, no impact if there is no OQ, no 
PQ, or even if there is a poor SST for the method. 

A more difficult situation arises if there is no PM visit, 
but the instrument is still operating, because there could 
be a change in instrument performance over time. Vari-
able performance could result in variable chromatogra-
phy. Such variability might be detected, but a slow drift in 
performance that results in method values being outside 
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TABLE II: MHRA options for calibration and service support during the COVID-19 pandemic

Option MHRA Suggestion

If an engineer is available to attend site

A risk assessment should be performed to assess COVID-19 transmission risks in line with 
government advice. Company health and safety procedures should be deployed so the 
engineer can ensure social distancing and be supervised adequately during his or her time 
on site.

Calibration and maintenance protocols may be reviewed prior to the engineer visiting the 
site per routine requirements. However, approval may be given electronically. Site visit 
documentation may also be signed electronically.

If an engineer cannot attend site but is  
available by either telephone or video call

A suitably trained employee may perform the calibration or maintenance task under the
remote supervision from the engineer providing the site has all the required materials, parts, 
and tools to perform the task. The risks of this should be assessed and if required, the next 
maintenance or calibration task brought forward once current restrictions are lifted.

If an engineer is not available to attend site  
and remote supervision is not possible

A quality system record (change control or deviation) should be raised and the delay to the 
calibration or maintenance task should be risk assessed, considering:

• the criticality of the equipment and its intended use
• frequency of the calibration/maintenance
• whether it is an interim or annual recalibration or maintenance task
• prior performance, including “drift” between previous calibration or maintenance 

visits and recent breakdown history
• performance checks that are performed on the equipment prior to use
• if alternative equipment is available to perform the task and is within its calibration/

maintenance period

The risk assessment should also consider additional performance checks and verifications 
that should be performed to monitor the compliance status of the equipment. The delay 
to a calibration or maintenance task should be documented and managed by the quality 
management system. The documentation should be transparent to allow the person 
responsible for releasing product or making a regulatory claim of compliance to make a full 
and accurate assessment.

The calibration or maintenance task should be performed at the earliest opportunity when 
current restrictions on movement are removed. Equipment taken out of service following 
risk assessment should have outstanding maintenance or calibration work completed prior 
to being put back into use.

Off-site calibration and maintenance

There may be an option for maneuverable equipment to be shipped off-site for calibration or 
maintenance to be performed. If this is not standard practice then the change should be 
assessed, detailing the risks of equipment leaving the site and the impact on the 
calibration or maintenance once the equipment has been returned and an assessment made 
as to whether it is fit for the intended use.

Substitution of laboratory equipment

Any analytical methods that may have been validated on a specific make or model of 
equipment may be transferred to an equivalent instrument after assessment of the impact 
on the validation status of the method. If required, method validation may need to be 
performed to ensure the validity of the results generated.

set points and limits tested during 
qualification would be much harder 
to detect, and potentially more seri-
ous. As is typical in many laboratories, 
PM is usually followed by an annual 
OQ. But in the scenario we are con-
sidering, there is no service engi-
neer available, your grace period has 
expired, probably along with most of 
the QA department, and no OQ has 
been performed. This is the situation 
shown in Figure 3. 

The first issue with no qualification 
or calibration, per 21 CFR 211.160[b]

[4], is there is now an immediate regu-
latory gap with a likelihood of a cita-
tion. In addition, given that there is 
no confirmation that the system is 
working as intended, there is a risk of 
not detecting any instrument perfor-
mance failure. The next fallback would 
be if the PQ can demonstrate that the 
instrument meets its intended use as 
defined in the laboratory URS. 

As shown in a recent “Focus on 
Quality” column that I wrote with Paul 
Smith, where we discussed PQ for 
infrared instruments (16), and in the 

third part of a “Questions of Quality” 
series on USP <1058> in LCGC Europe 
for liquid chromatographs (17), PQ is 
defined by USP <1058> as follows:

PQ is the documented collection of 

activities necessary to demonstrate 

that an instrument consistently per-

forms according to the specifications 

defined by the user, and is appropri-

ate for the intended use. 

The PQ verifies the fitness for purpose 

of the instrument under actual condi-
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tions of use. After IQ (instrument qualification) and OQ have 

been performed, the instrument’s continued suitability for 

its intended use is demonstrated through continued PQ (3).

You will see, from the definition above, that the PQ is 
linked back to the URS. Therefore, in the absence of a 
PM and a current OQ, demonstrating that your instrument 
still meets its intended use, as defined in the URS, is now 
your only way for you to check that a chromatograph is still 
functioning correctly. 

We will come back to discuss this after finding out what 
is involved in a PQ. The PQ is one part of the analytical 
instrument qualification (AIQ) continuum that is shown in 
Figure 4 to demonstrate that the user specifications are 
being met throughout the use of an instrument. 

Under USP <1058> PQ consists of several elements: 
• a PQ test plan covering the scope of work to be per-

formed (ideally also risk assessed)
• maintenance activities
• repairs as required
• holistic or method SST with acceptance criteria (3).

Of the items in the list above, only the SSTs can be used 
to check that the instrument performs as required by the 
user specifications. 

Performing a gap analysis between instrument failure 
modes and potential detectability of the failure (based on 
the possible impact on SST) should highlight which failure 
modes will not be detected with current ways of working.

Performance Qualification Comes to the Fore
In the situation of a missed or delayed OQ due the non-
availability of an engineer, the PQ takes on increased sig-
nificance, as can be seen in Table I and discussed above. 
Many of the parameters that would be measured directly 
in the OQ can be indirectly measured in the PQ, as long as 
the PQ tests applied are related to the laboratory URS, as 
shown in Figure 4 (17,18). If a laboratory has invested the 
time and effort in designing appropriate instrument life 
cycle processes as an integrated AIQ continuum shown in 
Figure 4, that work will help them remain compliant. For 
example, if meaningful SST parameters can be linked to 
the user requirements for the instrument, these compa-
nies will be in a stronger position to defend and justify that 
the potential compliance risks associated with continu-
ing to use instruments outside of grace periods, or even 
where an OQ is not performed. 

Companies that historically perform what might be con-
sidered the bare minimum may find themselves facing 
interesting times when inspections resume. For example, 
a company that performs an SST measuring only column 
plate count will find it difficult to provide scientifically 
sound evidence to support an impact assessment because 
they simply don’t have appropriate data to support  
this decision.
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If your approach to SST leans 
toward the minimum, then, for the 
period of time the instrument is 
going to be used outside of grace 
periods, you should very seriously 
consider enhancing both chromatog-
raphy (method) based SST, such as 
allowed limits on named peaks, and 
also consider adding non-method-
specif ic  point-of-use instrument 
tests, such as flow rate and tempera-
ture measurements.

A Holistic HPLC PQ Test
As part of an overall approach to PQ, 
there should be a holistic test that 
can show the user requirements are 
still being met. Analytical procedures 
should routinely be designed to be as 
robust as possible (19). However, the 
principle of a good holistic PQ test 
is to design an analytical procedure 
that is sensitive to instrument per-
formance (which is the opposite of 
normal analytical science). This is the 
approach used for performance veri-
fication testing (PVT) of dissolution 
instruments, which is universally inter-
preted as a PQ for these instruments. 

Ideally, the procedure must use 
stable model compounds, with sim-
ple, stable, and robust chromatog-
raphy to minimize analytical vari-
ance from the reference materials 
or use (17). Standard solutions and 
mobile phases should be prepared 
gravimetrically, again to reduce vari-
ance, so that instrument problems 
have a greater probability of being 
detected. The performance of the 
procedure is therefore dependent 
on instrument performance, and can 
then be related to user requirements, 
as shown in Figure 4 and Table I. 
These overall holistic standards allow 
limits to be set for: 
• detector reproducibility and linearity
• autosampler precision
• the combination of the pumping 

system and thermostatic control of 
the column.
Unlike an analytical balance, where a 

calibrated mass set is used to confirm 
the instrument performance directly 

with laboratory specifications, this is 
not possible with a liquid chromato-
graph. Tests to show that the pump 
is within specification with a holistic 
PQ test should ideally be conducted 
immediately after an OQ, so that the 
holistic PQ test can be equated with 
the OQ that can be related directly to 
the laboratory specification, as shown 
in Figure 4. Consistency of retention 
time over a sequence implies that 
the pump and the oven (if used) are 
working consistently. All parameters 
will be measured with the instrument 
under actual conditions of the chro-
matograph use, and relate back to  
laboratory specifications.

Self Service for Minor Repairs
Minor repairs, such as replacement of 
pump seals, can be carried out by a 
laboratory quite easily. However, this 
requires that these repairs are covered 
in a standard operating procedure 
(SOP), and this includes requalification 
such as measurement of flow reproduc-
ibility directly if you have a calibrated 
flow meter or referencing analytical 
work such as system suitability criteria 
recorded to demonstrate the instru-
ment is working appropriately after 
the repair. During the COVID-19 pan-
demic, where engineers are not able 
to come on-site, many service com-
panies will have implemented emer-
gency measures to provide additional 
support to customers, such as video 
calls to show customers in real time 
how to perform instrument diagnosis 
or repair tasks that previously only 
engineers did. Although these show 
excellent flexibility and initiative and 
provide essential help, it is important 
that regulatory requirements related 
to training records be considered, or 
the work performed may be hard to 
defend during the next audit.

The problem, resolution, and requal-
ification work must also be recorded 
in the instrument log book in chrono-
logical order as required by 21 CFR 
211.182 [4], EU GMP Chapter 4.31 (20) 
and discussed in a “Focus on Quality” 
column in Spectroscopy (21).

Online Supplier Help
Don’t forget that there are suppliers 
who provide on-line technical support 
and forums where remote assistance 
and discussions or troubleshooting 
guides to diagnose problems, some 
of which are shown below: 
• https://community.agilent.com 
• https://sciex.com/community/ 
• https://support.waters.com/ 
• https://www.shimadzu.com/an/sup-

port/index.html 
• https://web.vscht .cz/~schulzov/

HPLC/Troubleshooting%20HPLC.pdf.

Update Your  
Qualification Procedures
Grace periods can only be extended 
for so long, as mentioned earlier in 
this article. Therefore, your proce-
dures will need to be updated and 
justified to perform any extension 
without a PM service and requali-
f icat ion of your chromatographs. 
W h a t e v e r  i s  d o n e ,  re m e m b e r 
that under 21 CFR  211.160(b) (4)  
and  ICH Q7/EU GMP Par t  2  
clause 11.12 (22), any work must be 
scientifically sound. 

A Late Addendum:  
MHRA Advice for Calibration and 
Service Support During COVID-19
After this article was submitted for pub-
lication, the MHRA published advice on 
its website about what to do if it is not 
be possible for service personnel or 
external engineering support to oper-
ate as normal. A number of options 
are available to manufacturers and GxP 
laboratories (23), and these options 
are reproduced in Table II. Most of the 
options, except shipping an instrument 
to the supplier or service agent, were 
discussed above. With a module swap, 
it is essential that records and docu-
mentation are updated and, if appli-
cable, a change control initiated. When 
the chromatograph has been shipped 
back to the supplier for service and 
qualification, the laboratory needs 
to test the instrument with appro-

Continued on Page 307
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Determination and Validation of  
a Single Laboratory Method for  
Coenzyme Q10 (Ubiquinone) by UHPLC 
A single laboratory validation study (SLV) was performed using an ultrahigh-pressure liquid chromatography 
(UHPLC) for the determination of coenzyme Q10 in a variety of formulations (raw materials, soft gel capsules, 
and in-process blend). The authors first developed an efficient extraction procedure to obtain coenzyme Q10 
from finished products, and then used UHPLC to analyze the ingredient. Compared to the traditional high-
performance liquid chromatography (HPLC) method, the UHPLC method reduced the total run time from 15 
min to less than 2 min. The total amount of solvent usage was also reduced by 90%, which is a big contribution 
to green chemistry. The established UHPLC method exhibits good linearity, reproducibility, accuracy, recovery, 
and specificity. The limit of detection (LOD) and limit of quantification (LOQ) were also captured in the study, 
and have been proven suitable for monitoring the coenzyme Q10 in complex matrices.

Louisa Manasyan, Fang Xia, Mohamed Koroma, Thomas Hines, and Martin Dennison

Coenzyme Q10 (Co Q10) is a 
nutrient that the body produces 

naturally for cell growth and mainte-
nance. Research have shown that Co 
Q10 can lower blood pressure slightly 
(1). Co Q10 is also used to treat heart 
failure and other heart conditions 
(2). It acts as an antioxidant that pro-
tects cells from the effects of aging, 
and it is found inside the mitochon-
dria of most cells; it is also believed 
that Co Q10 improves the tolerabil-
ity of cancer treatment, and reduces 
liver toxicity (3). In addition, Co Q10 
is used in prevention and treatment 
of cardiovascular disease, particularly 
hypertension, hyperlipidemia, coro-
nary artery disease, and heart failure 
(4). Other research has reported that 
Co Q10 helps support the production 
of cellular energy (5–7). In nature, Co 
Q10 is found in meat, fish, and whole 
grain. However, the amount of Co Q10 
found in these dietary sources is not 
high enough to significantly increase 
the Co Q10 levels in the body. There-
fore, it is considered beneficial to 
take Co Q10 as a dietary supplement. 

Co Q10 can exist in three oxidation 
states: the fully reduced ubiquinol form, 
the radical semiquinone intermediate 
form, and the fully oxidized ubiquinone 
form (8). The structures of each form 

are shown in Figure 1. Unlike conven-
tional Co Q10, ubiquinol is a very pow-
erful antioxidant by virtue of its two 
extra electrons. Those electrons are 
important because they hold the key to 
neutralizing free radicals (9). Therefore, 
ubiquinol is a preferred supplement 
and is used in our products. 

Ultrahigh-pressure l iquid chro-
matography (UHPLC) is a modern 
technique that has advanced liquid 
chromatography (10–17). In 2004, 
separation science was revolutionized 
with the introduction of UHPLC. Sig-
nificant advances in instrumentation 
and column technology were made to 
achieve dramatic increases in resolu-
tion, speed, and sensitivity in liquid 
chromatography. For the first time, a 
holistic approach involving simultane-
ous innovation in practice, technology, 
and instrument design came together  
to meet and overcome challenges in 
the analytical laboratory.

Method validation is the process 
used to confirm that an analytical 
procedure employed for a specific 
test is suitable for its intended use. 
Results from method validation can 
be used to judge the quality, reli-
ability, and consistency of analytical 
results. Therefore, it is an integral part 
of good analytical practice. The U.S. 

Food and Drug Administration (FDA), 
the International Council for Harmoni-
sation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH), 
the Environmental Protection Agency 
(EPA), and other regulatory agencies 
and industrial committees have clear 
guidelines on how and when to vali-
date and revalidate a method (18–23).

In the work presented here, the 
authors have developed a UHPLC 
method for quantitatively analyzing 
Co Q10 raw materials and finished 
products. This UHPLC method has 
been validated to prove that it is suit-
able for its intended use regardless 
of the matrix. An efficient extraction 
method was developed to extract Co 
Q10 from various complex matrices.

Validation was performed accord-
ing to USP chapter <1225>, Validation 
of Compendial Procedures. Specific 
calculations were used for accuracy, 
precision, linearity, limit of detection 
(LOD), and limit of quantification (LOQ) 
through various Excel functions.

Materials and Methods
Materials
Coenzyme Q10 reference standard (Cat# 
1705301) was purchased from USP. The 
coenzyme Q10 200 mg USP sample (A640, 
lot# 2253063) and coenzyme Q10 raw 
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material (394403, lot# 1704102-1) were 
from Pharmavite LLC. Reagent alcohol 
(HPLC Grade), acetonitrile (HPLC grade), 
and hexanes (HPLC grade) were pur-
chased from EMD Millipore Corporation. 

A Kinetex C18, 2.1 mm X 50 mm, 
2.6-µm column (Cat # 00B-4462-AN) 
was purchased from Phenomenex, Inc.  
The mobile phase is a mixture of 30% 
acetonitrile and 70% reagent alcohol. 
The mobile phase flow rate was 0.5 

mL/min. Total run time was 2 min.
All solvents were filtered before use 

through a 0.45 µm GMF filter from GE 
Healthcare Whatman.

Instruments
A Waters Acquity UHPLC system with 
a PDA or TUV detector was used. The 
UHPLC system was operated using 
Waters Empower 3 software for data 
acquisition and storage.

Sample Preparation
The coenzyme Q10 standard was dis-
solved in hexane (25% of the flask volume) 
by shaking with a wrist shaker. The sam-
ple was further diluted with reagent alco-
hol to a final concentration of the stan-
dard and sample of 0.04 mg/mL. Sample 
and standard were then filtered through 
a 0.45 µm GMF filter before injection 
into the UHPLC instrument. The sample 
preparation method for raw materials, 
in-process blends, and soft gel capsules 
were the same as for the standard.

Results and Discussion
Specificity
The column efficiency for coenzyme 
Q10 was >2000 theoretical plates. The 
USP tailing factor was ≤1.2. 

The following samples were injected: 
blank, placebo, standard, and sample. 
Retention time of the Co Q10 was 0.62 
min in the chromatogram, which corre-
sponds to those in the chromatogram 
of the standard solution, and no inter-
fering peaks were present at the reten-
tion time of the active peak in the blank 
and placebo (Figure 2). 

Linearity
The linear dynamic range established 
covers a concentration of the standard 
from 0.02 mg/mL to 0.08 mg/mL, which 
is 50% to 200% of the sample concentra-
tion used in the analyses. The linearity 
data is presented in Table I and Figure 
3. The R2 is not less than 0.9995. The 
calibration curve was constructed by 
the plotting peak area of the standard 
versus concentration (50%, 75%, 100%, 
150%, and 200%). 

Limit of Detection
Detection limit was shown to be suf-
ficiently low, with known concentration 
above and below the required detection 
level. The lowest concentration for coen-
zyme Q10 was 0.0005 mg/mL.   

Limit of Quantitation
The quantitation limit was shown to be 
sufficiently low, with known concen-
tration above and below the required 
detection level. The limit was deter-

TABLE I: Coenzyme Q10 concentration vs. response linearity data

Concentration
(mg/mL)

Area 
Response

Average Response 

0.02015 73970

741680.02015 74136

0.02015 74397

0.03023 113533

1135630.03023 113125

0.03023 114030

0.04030 152149

1533130.04030 153429

0.04030 154361

0.06045 225797

2269890.06045 228272

0.06045 226898

0.08060 304199

3033590.08060 303781

0.08060 302098

Ubiquinol
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FIGURE 1: The molecular structures of different redox forms of coenzyme Q10.
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TABLE II: Coenzyme Q10 limit of quantitation concentration vs. response linearity data

Concentration (mg/mL) Area Response

0.00406 15696

0.00608 23600

0.00811 31764

0.01014 39449

0.02028 80379

0.04056 159843

0.06084 239745

0.08112 319868

0.1014 400163

0.12168 481258

R2 0.999995327

(a)

(b)

(c)

(d)
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FIGURE 2: UHPLC chromatograms of (a) standard, (b) sample, (c) blank, and (d) placebo.
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mined by injecting 10 different con-
centrations of the standard. The 
lowest concentration by this method 
was 0.004 mg/mL (Table II, Figure 4), 
which is within the linearity range of 
this testing method.   

Precision
Precision was determined by analyz-
ing six separate samples prepared 
from a homogeneous sample matrix 
under the prescribed conditions. The 
results are presented in Table III for 
raw materials, and Table IV for fin-
ished products. The percent  relative 
standard deviation (% RSD) of six rep-
licate injections for four sets of preci-
sion results were from 0.63% to 2.30%, 
which were well within the acceptance 
criteria for precision of <3% RSD. 

Accuracy
The accuracy study was performed 
with nine samples containing three 
concentration levels (50%, 100%, and 
150%). A placebo containing all excip-
ients in the dosage form except for 
Co Q10 was spiked with freshly pre-
pared concentration levels, accord-
ing to the sample preparation proce-
dure. The placebo sample was also 
analyzed to ensure that there was no 
interference (Table V). The average 
recovery of Co Q10 from the sample 
matrix was 99.2%–101.5%, which is 
within the acceptable range of 90  
to 110%.
  
Ruggedness
A ruggedness study is a good indi-
cation of analytical method’s robust-
ness.  It is the ability of the method to 
remain unaffected by small variations 
in method parameters (such as, but 
not limited to, mobile phase compo-
sition, column age, column tempera-
ture, and the instrument used) and 
environmental factors (such as room 
temperature and air humidity), or the 
performance of any individual analyst. 
Table III and Table IV present the raw 
material and finished product preci-
sion data that were generated by dif-
ferent chemists on different days in 

TABLE III: Raw material ruggedness test data

Sample No.
Analyst 1

Co Q10 (%)
Analyst 2

Co Q10 (%)

1 100.4 100.7

2 99.3 99.9

3 97.9 99.5

4 99.7 100.8

5 100.4 100.9

6 98.2 99.7

Mean 99.3 100.2

Std. Dev. 1.1 0.63

% RSD 1.1 0.63

Mean of 12 99.8

Std. Dev. of 12 0.89

% RSD of 12 0.89

TABLE IV: Finished product ruggedness test data

Sample No.
Analyst 1

Co Q10 (mg/cap)
Analyst 2

Co Q10 (mg/cap)

1 218.3 210.6

2 215.1 211.7

3 225.7 214.7

4 220.6 215.1

5 227.2 211.9

6 215.7 214.0

Mean 220.4 213.0

Std. Dev. 5.1 1.84

% RSD 2.30 0.86

Mean of 12 216.7

Std. Dev. of 12 5.32

% RSD of 12 2.46
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FIGURE 3: Coenzyme Q10 concentration vs. response linearity plot (R2 = 0.999758).
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different laboratories. The samples 
used were from the same lot of the 
materials. The % RSD for each 12 
sets of data was 0.89% for raw mate-
rial, and 2.46% for finished product. 
Our results showed that this analyti-
cal method is very reproducible from 
laboratory to laboratory, and from 
chemist to chemist. 

Stability
In this study, a stock standard solu-
tion was prepared and kept at 4 °C. 
To mimic the real working conditions, 
the stock standard solution was taken 
out of the refrigerator and allowed 
to come to room temperature every 
day, and the cap was opened for 2 
min to take out stock standard to pre-
pare the working standard, even if the 
standard was not tested on that day. 
On days 1, 3, 7, and 14, the standard 
was injected in the UHPLC instrument, 
and peak retention time and peak 
area were compared to their initial 
values (Table VI).  The Co Q10 stock 
standard at day 14 showed 98.9% of 
peak area compared to the initial 
analysis, which is <3% of acceptance 
criteria of the stability study.   
   
Forced Degradation Studies
A stressed degradation study was 
conducted on the coenzyme Q10 
sample with the following conditions: 
1 N HCl was added and the solution 
was heated for 1 h at 60 °C; the 1 N 
NaOH was added and the solution 
was heated for 1 h at 60 °C; then 30% 
H2O2 was added and the solution was 
left for 1 h at room temperature; the 
sample was placed under the light 
for 8 d (Table VII). The effect on peak 
area, as percent of initial area, was 
measured and reported for these vari-
ous degrading conditions.   

Conclusion
In this paper, a fast UHPLC method 
was developed for Co Q10 analysis in 
raw materials and finished products. 
This method was shown to be accurate, 
precise, specific, and with a wide lin-
ear range. Compared to a traditional 

HPLC method, the UHPLC method 
is a faster and more efficient way to 
analyze the compound of interest. 
The UHPLC method also reduces 
more solvent consumption, which is 
more environmentally friendly.  
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TABLE VI: Co Q10 standard stability test data
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PRODUCTS & RESOURCES

Acrylamide LC columns
Restek’s acrylamide liquid chromatography columns are designed to 
meet method requirements for food and drinking water. According 
to the company, the 150 mm x 3.0 mm column provides a balance of 
larger capacity and MS-friendly flow 
rates for large-volume injection of 
drinking water samples, and the 50 
mm x 2.1 mm format provides faster 
analysis times and fewer column 
changes for food and drinking 
water when used with solid-phase 
extraction (SPE) sample preparation. 
Restek Corporation, Bellefonte, PA. 
www.restek.com/acrylamide

Ion chromatograph
The ICDS-40A ion chromatograph from Shimadzu is designed as an 
anion suppressor that features 
a built-in electrodialytic sup-
pressor. According to the com-
pany, the suppressor is rugged, 
provides stable functionality 
over long periods of operation, 
and had a compact design that 
requires less bench space. 
Shimadzu Scientific 
Instruments, 
Columbia, MD. 
www.ssi.shimadzu.com

Carbohydrate analyzer
Antec Scientific’s ALEXYS Carbohydrate Analyzer is designed as a high 
performance anion exchange chromato-
graph with an electrochemical detector 
(HPAEC-ECD) system for the analysis of 
carbohydrates in food and beverages, 
plant material, lactose-free labeled 
products, or any other sugar-containing 
products. According to the company, 
the system is carbonate-free, and has a 
detection limit of as low as 10 nmol/L.  
Antec Scientific, The Netherlands. 
https://antecscientific.com/
carbohydrates 

HILIC columns
Hilicon’s range of hydrophilic-interaction chromatography (HILIC) 
products are designed for the 
separation of polar compounds. 
According to the company, its 
four column chemistries in 
UHPLC and HPLC, iHILIC-Fusion, 
iHILIC-Fusion(+), iHILIC-Fu-
sion(P), and iHILIC-(P) Classic, 
provide customized and com-
plementary selectivity, durabil-
ity, and low column bleeding. 
Hilicon, Umeå, Sweden.
www.hilicon.com

Hydrogen generator
The HGA ST PRO Hydrogen generator from LNI Swissgas is designed 
to meet all gas chromatography 
(GC) OEM gas requirements. 
According to the company, the 
generator is the smallest on the 
market, and is able to generate 
up to 600 cc/min hydrogen with 
purity better than 99.99999%, 
and pressure up to 16 bar.  
LNI Swissgas US LLC,  
Boston, MA. 
www.lni-swissgas.com

Sample extraction system
Markes International’s Centri automated sample extraction and 
enrichment system is designed for 
the extraction of very-volatile, vola-
tile, and semi-volatile organic com-
pounds at ppt to percent levels from 
samples for gas chromatography–
mass spectrometry (LC–MS) analysis. 
According to the company, the 
system now includes additional func-
tionality, and the ability to increase or 
decrease the level of automation.  
Markes International,  
Llantrisant, UK. www.markes.com

Multi-gas generator
The ALIGN multi-gas generator from Parker is designed to fit 
under a bench and supply 
LC–MS-grade nitrogen, dry 
air, and zero air. According to 
the company, the generator 
uses a variable-frequency 
compressor, providing 
energy savings, reduced 
heat, and quiet operation.  
Parker Hannafin Corporation, 
Lancaster, NY. 
https://discover.
parker.com/align

LC columns
The µPAC capLC column from PharmaFluidics is designed to accom-
modate high throughput LC–MS, 
as required in clinical proteomics. 
According to the company, the 
micromachined column features 
identical stationary-phase support 
morphology as the 50 cm and 200 
cm long nanoLC µPAC columns. 
PharmaFluidics,  
Ghent, Belgium.  
www.pharmafluidics.
com/products/%c2%b-
5pac-caplc-column/

https://www.antecscientific.com/carbohydrates
http://www.hilicon.com
http://www.lni-swissgas.com
http://www.markes.com
https://www.discover.parker.com/align
http://www.pharmafluidics.com/products/%c2%b-5pac-caplc-column/
http://www.restek.com/acrylamide
http://www.ssi.shimadzu.com
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Autosampler syringes
Two brand-specific syringes from Hamilton are designed for use with 
CTC PAL liquid chromatography 
autosampler systems. Accord-
ing to the company, the direct 
attachment design of the C-Line 
syringe needle to the barrel 
eliminates contact between the 
sample solvent and adhesive. 
The X-Type syringes reportedly 
feature near-zero carryover. 
Hamilton Company, 
Reno, NV.
www.hamiltoncompany.com

Derivatization instrument
The Onyx PCX post-column derivatization instrument from Pickering is 
designed with reactor temperature and 
reagent flow control, an inert flow path, 
and a column oven with gradient capa-
bilities. According to the company, the 
instrument is suitable for laboratories 
involved in testing amino acids, glypho-
sate, antibiotics, mycotoxins, and other 
ingredients and contaminants.  
Pickering Laboratories, Inc.,  
Mountain View, CA.  
www.pickeringlabs.com

HPLC systems
Thermo Fisher’s Vanquish Core high performance liquid chroma-
tography systems are designed for the optimization of routine 
analysis and quality control (QC) 
workflows across food, industrial, 
and pharmaceutical laboratories. 
According to the company, the 
systems provide integration with 
many leading chromatography 
data systems and facilitate sim-
ple method transfer.  
Thermo Fisher Scientific,  
San Jose, CA.  
www.thermofisher.com

Pre-packed columns
SkillPak 1 mL and 5 mL pre-packed columns from Tosoh are designed 
for method development and 
resin screening of monoclonal 
antibodies, antibody constructs, 
oligonucleotides, proteins, 
and viruses. According to the 
company, the columns are 
pre-packed with TOYOPEARL, 
TSKgel, or Ca++Pure-HA pro-
cess chromatography media.  
Tosoh Bioscience, LLC, 
King of Prussia, PA. 
www.tosohbioscience.com

MALS detector
The DAWN multi-angle static light scattering (MALS) detector from 
Wyatt is designed for the absolute characterization of the molar mass 
and size of macromolecules and nanoparticles in solution. According 
to the company, the detector 
provides sensitivity, a range 
of molecular weight, size, and 
concentration, and a selection 
of configurations and optional 
modules for enhanced capabilities.  
Wyatt Technology 
Corporation,  
Santa Barbara, CA.  
www.wyatt.com/dawn

HPLC column
Benson Polymeric’s BP-700 H HPLC column is designed for the anal-
ysis of fermentation samples. According to the company, the column 
combines the ruggedness 
of ion-exclusion column with 
improved selectivity for many 
types of fermentation samples 
and separation of oligosaccha-
rides in fermentation samples 
also containing carbohydrates, 
organic acids, and alcohols.  
Benson Polymeric Inc.,  
Reno, NV.  
www.bphplc.com

Columns for UHPLC and HPLC
FlexFire columns from Develosil are designed for durability and 
flexibility with 1.6-, 2.6-, and 
5-μm particles (porous) for 
ultrahigh-pressure liquid chro-
matography (UHPLC) and high 
performance liquid chroma-
tography (HPLC). According 
to the company, endcapping 
technology allows the columns 
to withstand harsh conditions. 
Develosil, 
San Diego, CA.
www.develosil.us

GC–MS thermal desorption system
Gerstel’s MPS TD system is designed as a dedicated sampler for 
automated thermal desorp-
tion, thermal extraction, and 
dynamic headspace analysis. 
According to the company, 
the system can process up to 
240 samples, and is operated 
with one integrated method 
and one sequence table. 
Gerstel, Inc., 
Linthicum, MD.
www.gerstel.com

http://www.thermofisher.com
http://www.tosohbioscience.com
http://www.wyatt.com/dawn
http://www.bphplc.com
http://www.develosil.us
http://www.gerstel.com
http://www.hamiltoncompany.com
http://www.pickeringlabs.com
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Field-flow fractionation system
The Postnova EAF2000 simultaneous electrical and asymmetrical 
flow fieldflow fractionation system is designed to enhance separation 
and characterization of biopharmaceuticals, environmental com-
pounds, and nanomaterials. According to the company, electrical and 
crossflow fields are applied simultaneously, enabling separations by 
particle size and particle charge based on electrophoretic mobility 
for characterizing complex proteins, antibodies, and viruses, as well 
as environmental and charged 
nanoparticles or polymers.  
Postnova Analytics GmbH, 
Landberg, Germany. 
www.postnova.com

HPLC and SFC phases
Princeton Chromatography offers reproducible high performance 
liquid chromatography and supercritical fluid chromatography col-
umns in a variety of phases and dimensions to support analytical, 
prep, and ultrahighpressure liq-
uid chromatography workflows. 
According to the company, pop-
ular phases include C18, 2-Eth-
ylpyridine, Diol, and Cyano, and 
custom column packing services, 
including bulk chromatographic 
material, are provided.  
Princeton Chromatography Inc., 
Cranbury, NJ. www.pci-hplc.com

ß-Glucuronidase enzyme
Abalonase Ultra ß-glucuronidase enzyme from UCT is designed for 
real-time and room temperature 
hydrolysis for high-throughput 
screening. According to the 
company, the enzyme has 
activity levels at upwards of 
150,000 Fishman units/mL. 
UCT, LLC, 
Bristol, PA.
www.sampleprep.
unitedchem.
com/products/
reagents/abalonase-ultra

Syringes
VICI Precision Sampling Pressure-Lok analytical syringes are made
with polytetrafluoroethylene 
(PTFE) plunger tips. According 
to the company, the tips are 
designed to remain smooth, 
without the seizing or residue 
of conventional metal plunges, 
and have leak-proof seals. 
Valco Instruments Co., Inc., 
Houston, TX.
www.vici.com

Continued from 298

priate qualification tests, such as IQ 
and sufficient OQ, to confirm that the 
chromatograph is sited correctly and 
has not been handled poorly in transit.

Returning to Normal?
What happens when we return to 
normality? If a laboratory has devi-
ated from approved SOPs that are 
designed to ensure the safety and 
efficacy of drugs, without justifica-
tion, there will be a regulatory reck-
oning. Instead of blaming Covid-19 
for a lack of compliance, companies 
who have a well thought out policy 
of appropriate risk-based changes 
that justify controlled deviation from 
procedures will fare much better.
Inspectors expect to see compliance 
maintained (9) even in these difficult 
times. Therefore, relying on effective 
risk management and sound science 
is the only way to achieve this, espe-

cially if service engineers are con-
spicuous by their absence.

Irrespective of the risk control 
strategy (acceptance versus mitiga-
tion), a laboratory should commit to 
reassessing all data and analytical 
results generated on each instrument 
between the date of an OQ lapsing 
until the date when it was maintained 
and requalified. In addition, you 
might want to consider repeating 
some tests for critical products to  
confirm that results generated using 
an out-of-qualif ication chromato-
graph are similar to those obtained 
after requalification.

Summary
This is an unusual article for unusual 
times. I have spent most of my career 
writing about what needs to be done 
to comply with regulations; I’m now 
writing about what to do if you can’t 

fully comply. If an engineer cannot 
get to your site to service and qualify 
your chromatograph, the approaches 
described in this article provide a 
practical, risk-based best effort to 
comply until life returns to normal. 
Nothing in this article should be used 
to justify doing nothing to avoid com-
plying until the pandemic is over. It is 
essential to ensure that data integrity 
is maintained so that quality med-
icines can still be produced during 
these difficult times. 
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ADVERTISEMENT

When analyzing pigmented samples, some planar pesticides may be lost 
in sample preparation. To address this, a “Quick, Easy, Cheap, Effective, 
Rugged, and Safe” (QuEChERS) clean-up method has been developed 
using Supel™ QuE Verde, a sorbent combination containing an improved 
graphitized carbon black (GCB), Z-Sep+, and primary-secondary amine 
(PSA) to provide improved recovery of planar pesticides over current 
QuEChERS sorbents while maintaining sufficient color removal in high 
chlorophyll matrices.

Experimental 
QuEChERS extraction and cleanup was similar to that outlined in the 
AOAC International Official Method 2007.01 (1). Organic spinach and 
freshly picked oregano were extracted with acetonitrile. The procedure 
outlined in Figure 1 fully describes the extraction and clean-up procedure 
for use with 2-mL tubes. The acetonitrile extract was spiked with a mixture 
predominantly composed of planar pesticides in acetonitrile to a concen-
tration of 50 ng/mL. Extractions were performed in triplicate. Analysis of the 
final extracts was carried out by GC–MS as listed in Figure 1.

Results and Discussion 
A background spectrum was taken and evaluated by analysis of the final 
extracts by GC–MS in full scan mode. The analysis of the spiked extracts 
in selected ion mode (SIM) revealed that the Supel™ QuE Verde cleanup 
removed enough matrix interferences to easily identify and quantitate all 
12 residues in a mixture containing planar pesticides (Figure 1). 

Most of the green pigment from the spinach and oregano extracts 
was removed after clean-up with Supel™ QuE Verde. Total chloro-
phyll removal was evaluated using a spectrophotometer by measur-
ing absorbance at 664 nm, 647 nm, and 630 nm, and comparing 
the processed extracts to the initial acetonitrile extract of each plant 
material. In all cases, chlorophyll removal was 95% or greater.  

Average analyte recoveries obtained from 50 ng/mL spiked spin-
ach and oregano extracts using 2 mL Supel™ QuE Verde clean-up 
tubes are summarized in Figure 2. Recoveries were in the range of 
70% to 120% for all of the planar pesticides tested in both matrices. 
Reproducibility (%RSD for n = 3 spiked replicates) was very good for 
both matrices. Each pesticide exhibited a %RSD value less than 5% 
with the exception of chlorothalonil, which had a %RSD value of 20%.  

Conclusion 
The consensus among food analysts is that pesticide recovery should be 
between 70% and 120%, and chlorophyll removal to be 95% or greater. 

Because of the strong interaction between planar pesticides and the 
planar surfaces of GCB, there remains a compromise between color 
removal and analyte recovery, especially for the most planar pesticides 
such as hexachlorobenzene and chlorothalonil. Supel™ QuE Verde 
combines a novel carbon with zirconia-coated silica (Z-Sep+) to pro-
vide an optimum balance between planar pesticide recovery and color 
removal, as shown in this application where it was used prior to GC–MS 
analysis to provide sufficient chlorophyll removal while maintaining ex-
cellent recovery of planar pesticides from spinach and oregano matrices.

Reference
(1) AOAC Official Method 2007.01, Pesticide Residues in Foods by Acetonitrile 

Extraction and Partitioning with Magnesium Sulfa

The life science business of Merck KGaA, Darmstadt, Germany operates as 

MilliporeSigma in the U.S. and Canada.

Exceptional Recoveries of Planar Pesticides 
from Spinach and Fresh Oregano

MilliporeSigma
400 Summit Drive, 

Burlington, MA 01803
tel. (800) 645-5476

Website: SigmaAldrich.com/GC
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Figure 2: Average percent recoveries from spinach and oregano extracts 
spiked at 50 ng/mL after cleanup with a 2-mL Supel™ QuE Verde Tube (n = 
3). Note: Recoveries with traditional carbon sorbents are typically below 70%.
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Sample/Matrix: (a) Homogenized organic spinach, 10 g; (b) homogenized fresh oregano, 10 g
Extraction Tube: SupelTM QuE Acetate extraction tube
Extraction Process: Add 10 mL of acetonrile to homogenized spinach or oregano in 50 mL centrifuge tube (55248-U); add contents of SupelTM QuE
Acetate extraction tube; shake 2 min at 2500 rpm on automated shaker; centrifuge at 3500 rpm for 5 min; spike supernatant with a mixture of
planar pesticides in acetonitrile to a concentration of 50 nj/mL.
Cleanup Tube: SupelTM QuE Verde, 2 mL cleanup tube
Cleanup Process: Transfer 1 mL of supernatant to SupelTM QuE Verde cleanup tube; shake for 2 min at 2500 rpm on automated shaker;
centrifuge at 3000 rpm for 3 min; remove supernatant and place in amber low adsorption vial for GC-MS analysis.
Column: 20 m x 0.18 mm, 0.18-μm SLB®-5ms
Oven: 60 ˚C (1 min), 8 ˚C/min to 300˚C (10 min)
Injection Temperature: 250 ˚C
Detector: MSD, selected ion
MSD Interface: 325 ˚C
Carrier Gas: Helium, 0.7 mL/min constant
Injection: 1 μL, splitless (splitter open at 0.75 min)
Liner: 2.3 mm i.d., split/splitless type, single taper wool packed FocusLinerTM design (2879901-U)
 
 Figure 1: Chromatograms of planar pesticides in (a) spinach and (b) 

fresh oregano after cleanup with Supel™ QuE Verde. 

http://www.sigmaaldrich.com/gc
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L ast fall, I attended the 16th Inter-
national Interdisciplinary Meeting 

on Bioanalysis (CECE 2019) in Gdansk, 
Poland. I was absolutely delighted 
both by the city and the scientific qual-
ity of the meeting.  

One talk in particular caught my eye 
as something unique and different. A 
group in the Department of Analytical 
Chemistry at Jagiellonian University, in 
Krakow, Poland, recently developed a 
new means for a more holistic evalua-
tion of analytical methods (1). The so-
called RGB (red-green-blue) additive 
color model provides a way to more 
completely evaluate the effectiveness, 
safety, sustainability, and practicality of 
an analytical method.

We are all familiar with typical mea-
sures of the analytical performance of 
a method, sometimes referred to as 
analytical figures of merit—accuracy, 
precision, linear range, limit of detec-
tion, specificity, and so on. Guidances 
for these assessments are commonly 
provided by a range of governing bod-
ies, like the Environmental Protection 
Agency (EPA) or the U.S. Food and 
Drug Administration (FDA), depend-
ing on the application associated with 
the method. These figures of merit 
are very often explicitly tabulated and 
published for a new method. In fact, 
it would be nearly impossible to get 
a new quantitative method published 
without a full assessment of these 
method validation parameters.

Similarly, we are quite familiar with 
other aspects of a method, which 
can often be less transparent or less 
explicitly reported.  We know, to some 
degree, what is meant for a method to 

be “green,” as it pertains to a method’s 
safety for the user and the environ-
ment. Low energy consumption, low 
occupational risk, and minimal to no 
hazards related to reagents and waste 
are desirable characteristics of any pro-
cess. These are all concepts consistent 
with “green analytical chemistry.”

As a community, we are also keen 
to develop methods that are produc-
tive and practical. We value time- and 
cost-effectiveness, limited complex-
ity, low susceptibility to failure, and 
robustness, broadly defined. The 
RGB model provides a new means for 
assessing these less reported, but still 
inherently very important, aspects of 
an analytical method.

In the RGB model, analytical per-
formance is red, “greenness” of the 
method is green, and productivity and 
practical effectiveness of the method 
is blue. The study authors conceived 
an Excel sheet, allowing a quantitative 
assessment of multiple attributes in 
each color, in order to calculate a final 
composite color of the method. There 
are nine possible color outcomes, 
once all attributes are assessed. If a 
method ends up being red, green, or 
blue, then it lacks any benefit in the 
other two attributes. Of course, that 
would be rare. Besides a final color of 
red, blue, and green, the method can 
be characterized as white (ideal com-
bination of all), magenta, cyan, yellow, 
colorless (or gray), and black. Magenta, 
cyan, and yellow indicate some rea-
sonably good combination of multiple 
primary attributes. The authors also 
included a method “brilliance” mea-
sure, where certain attributes can be 

weighted according to user preference.
As you can imagine, there are many 

ways to interpret various measures 
of various performance metrics. The 
presenting author emphasized that 
this current model may not be per-
fect, but at least it is a start to build 
from—a flexible tool that could be 
adapted, altered, or augmented. Cur-
rently, there is very little in the way of 
such transparent holistic assessments 
available to the analytical community. 
The authors point out that this con-
cept need not apply only to analytical 
methods, but could also be applied 
to various other scientific processes. 
Kudos to the study authors for think-
ing outside of the box, and bringing 
some concrete attention and tools 
to things we all consider and value, 
but perhaps don’t explicitly express. 
In fact, we likely only express assess-
ments of greenness and enhanced 
productivity if there are clear advan-
tages to be conveyed. We might 
not be always fully honest about the 
drawbacks of our methods in these 
contexts; perhaps that is because we 
have lacked the appropriate tools to 
perform adequate assessments.

References
(1) P.M. Nowak and P. Koscielniak, Anal. 

Chem. 91, 10343–10352 (2019).

An RGB Additive Color Model for 
Analytical Method Evaluation
Kevin A. Schug

Kevin A. Schug is a Full Professor 
and the Shimadzu Distinguished 
Professor of Analy tical Chemistry 
in the Department of Chemistry & 
Biochemistry at The University of 
Texas at Arlington. Direc t corre-
spondence to: kschug@uta.edu



Follow us on social media for 
more updates on the field of 
chromatography industry

Join your colleagues in 
conversation and stay 
up-to-date on breaking 
news, research, and trends 
associated with the industry.

linkedin.com/company/lcgc

@lcgcmagazine

@LC_GC

LCGC LinkedIn Full page House ad 7.75x10.5.indd   1LCGC LinkedIn Full page House ad 7.75x10.5.indd   1 4/7/2020   3:20:38 PM4/7/2020   3:20:38 PM

http://www.linkedin.com/company/lcgc
https://www.facebook.com/lcgcmagazine
https://twitter.com/LC_GC


http://www.ssi.shimadzu.com

	LCGC0520_Cover
	LCGC0520_Mast_Staff
	LCGC0520_TOC
	LCGC0520_EAB
	LCGC0520_LC Troubleshooting
	LCGC0520_Sample Prep_new
	LCGC0520_GC Connections
	LCGC0520_McDowall
	LCGC0520_Manasyan
	LCGC0520_Products
	LCGC_0520_MilliporeSigmaAppNote
	LCGC0520_Viewpoints



