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LCGC online
Selected highlights of digital content from 
LCGC Europe and The Column.

Connect with LCGC: Stay in touch with LCGC and  
keep updated with the latest news. Follow us on social 
media to keep up to date with the latest troubleshooting 
tips and technical peer-reviewed articles featured 
on our website. Follow @LC_GC on Twitter, join our 
LCGC Magazine LinkedIn group, or Like our page on 
Facebook. You are also free to post your questions or 
discussions for other members to view and comment on!

VIRTUAL EVENTS

Separation Science: The State of The Art
A highlight in the virtual symposium calendar with 
key opinion leaders revealing how they are making 
cutting-edge separation science techniques a reality.  
Find out where the future lies and register here.
Read more: https://bit.ly/3oakhWq

INTERVIEW

Rising Stars of Separation Science
Emanuela Gionfriddo from the University of Toledo,  
Ohio, USA, discusses her work quantifying per-  
and polyfluoroalkyl (PFAS) in water using SPME– 
LC–MS/MS and the evolving field of sample preparation.
Read more: https://bit.ly/3zQIhAa

SUPPLEMENT

Advances in Food and Beverage Analysis
A special supplement on food and beverage analysis 
organized by the head chairpersons of RAFA— 
Jana Hajšlová and Michel Nielen—focusing on innovative 
research projects in food and beverage analysis.
Read more: https://bit.ly/3GtqOCi

VIRTUAL EVENT

Current Trends in Biopharmaceutical and 
Pharmaceutical Analysis
Join this special two-day symposium focusing on the latest 
cutting-edge advances in small- and large-molecule analysis  
Find out more about this unmissable event and register here.
Read more: https://bit.ly/3mkYIBg

November Update
In this issue of LCGC Europe, Fabrice Gritti expounds 
on his recent work on isocratic semi-preparative 
twin-column recycling liquid chromatography 
(TCRLC), extending it to gradient (GTCRLC) elution 
mode. High-resolution separation problems are now 
resolved, and this is demonstrated by the isolation 
of a single polycyclic aromatic hydrocarbon (PAH), 
chrysene, present in a complex PAH mixture.

LC Troubleshooting presents the concluding 
part of our series on extracolumn dispersion in 
LC. Here, we focus on the impact of elution mode 
and postcolumn flow splitting on the total level 
of extracolumn dispersion in an LC system.

Do you treat your gas chromatography (GC) 
instrument in the same way that high-performance 
car owners do? No? If you look after it, it will provide 
years of loyal service. GC Connections discusses  
how we can make our workflows more efficient,  
our detection limits lower, and our instruments cleaner.

Questions of Quality reviews a qualification 
protocol for high performance liquid 
chromatography (HPLC). It discusses a selection 
of the tests from the perspective of scientific 
soundness and usefulness to industry and then 
reveals the source. It may surprise you. 

Often, sampling is not included as part of the 
training for analysts, and as a consequence is often 
misunderstood. This instalment of Sample Preparation 
Perspectives discusses the various sample types and 
takes a look at the devices and processes that can 
be used to obtain samples outside of the laboratory.

LCGC is a multimedia platform that helps 
chromatographers keep up to date with the latest 
trends and developments in separation science 
and supports them to perform more effectively 
in the workplace. Keep updated with our print 
and digital content by visiting the global website 
(www.chromatographyonline.com), subscribing to 
our newsletters, and attending our wide range of 
educational virtual symposiums and webinars.

Mike Hennessy Senior,  
Chairman and Founder, MJH Life Sciences™
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In a recent article published by LCGC Europe (1), an isocratic semi-preparative 
separation process based on the old concept of recycling liquid chromatography 
(LC) (2–6) was described, optimized, and tested for the isolation and identification 
of unknown impurities present in drug products (7). It is important to recall that 
recycling chromatography enables the user to virtually increase the length 
of conventional and insufficiently efficient columns (as a result of system 
pressure limitations) and is exclusively operated under isocratic conditions 
to maximize the resolution factor between the few critical compounds to be 
separated. The twin-column recycling liquid chromatography (TCRLC) process 
has been applied successfully to solve various separation and purification 
problems, including small molecules, proteins, polymers, and monoclonal 
antibodies (mAbs) (8–16). The main purpose of the isocratic TCRLC process 
is to finally prepare a large enough amount (usually around 1 mg) of targeted 
compound(s) at a high enough purity level (typically above 95%) for further 
physicochemical characterization by nuclear magnetic resonance (NMR), 
X-ray, differential scanning calorimetry, and/or infra-red spectroscopy (1).

However, the current version of the TCRLC process presents an important 
weakness. When the initial sample mixture contains late impurities, these elute 
long after the elution of the target compound and they cannot be fully eliminated 
from the classical isocratic recycling process. In the end, they echo later 
during the recycling process and may contaminate the collected fractions of 

Automated High-Resolution  
Semi-Preparative Gradient 
Recycling Liquid Chromatography: 
Principles, Design, and Applications
Fabrice Gritti, Waters Corporation, Milford, Massachusetts, USA

A semi-preparative twin-column recycling liquid chromatography (TCRLC) process was extended from  
isocratic to gradient elution mode. The main separation challenge is when the sample mixture contains early,  
nearly coeluting, and late impurities, all at the same time. To further improve classical isocratic TCRLC, the gradient 
TCRLC (GTCRLC) process was implemented with a 2-position 4-port valve in order to better shave the targeted 
sample from all these impurities. Prior to fully resolving the target compound(s) from the closest impurities by 
classical isocratic TCRLC, the added valve enabled full elimination by gradient elution mode of not only the early 
impurities but also any highly retained late impurities that could contaminate the collected fractions of the target 
compound(s). This GTCRLC process was entirely automated regarding the initial gradient applied, the recycling 
conditions, and the actuation times of the two valves. The GTCRLC process was applied for the isolation of a single 
polycyclic aromatic hydrocarbon (PAH), chrysene, present in a complex PAH mixture. In addition, the GTCRLC 
process was successfully applied to clean vitamins D2 and D3 from a milk extract and to baseline resolve them.

KEY POINTS
• Gradient twin-column recycling 

liquid chromatography 
is first developed.

• High-resolution separation 
problems can now be resolved.

• Semi-preparative chromatography 
was applied with 7.8 mm i.d. columns.

• 100% yield and 100% purity levels 
were achieved with this process.
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the targeted compound already separated from its closest 
impurities. Overall, this considerably reduces the purity level 
achieved and the TCRLC process may fail. For instance, this 
problem was recently encountered during the collection of 

an unknown impurity of the main drug estradiol, as revealed 
by two-dimensional 1H-13C NMR experiments (1,7).

Therefore, the goal of this work is to present a practical 
solution to the above-mentioned problem by eliminating all 
late impurities prior to running the isocratic recycling process. 
This added feature of the TCRLC process is very similar to that 
applied in multi-column solvent gradient purification (MCSGP). 
The main differences between GTCRLC and MCSGP is that 
the former process enables extremely challenging separation 
problems to be solved (selectivity factors as low as 1.01) with 
both 100% yield (nothing is lost) and 100% purity (zero impurity 
in the collected fraction). The price to pay is the run time and 
that it operates best under semi-preparative conditions, that is, 
under moderate column loading to maintain the integrity of the 
band shapes. A 1-mg measure of purified impurity compound 
is typically obtained overnight using 7.8-mm internal diameter 
(i.d.) columns and a 1-mL injection volume. Therefore, the 
benefit of MCSGP over GTCRLC is a higher production rate. 

The classical TCRLC process was improved and automated 
with an initial gradient step to shave not only the early impurities 
but also any late impurities initially present in the sample mixture. 
In the first part of this work, the different chronological steps of 
the semi-preparative GTCRLC process are explained in detail. 
All the information and resources regarding the fundamentals 
(adsorption thermodynamics) and the automation (timetable of 
events) of the GTCRLC process have already been reported 
in great detail in reference 17; they are then briefly recalled 
in a second part. In the last part, two applications of the 
automated GTCRLC process are presented: 1) the isolation 
of a single polycyclic aromatic hydrocarbon (PAH), chrysene, 
present in a very complex PAH mixture, and 2) the isolation 
and separation of vitamins D2 and D3 from a milk extract. 
Finally, based on the observations made, the performance 
and limits of the proposed GTCRLC process are discussed.

Experimental
Gradient Recycling Setup: The arrangement of the different 
equipment and the six successive steps performed during  
the GTCRLC process are schematized in Figures 1(a–f).  
The two twin columns packed with the same batch of particles 
were 7.8 mm × 150 mm Sunfire-C18 columns (Waters).  
Both columns were connected to a home-made 2-position 
6-port recycling valve (right valve), which enables the transfer of 
the separation zone, including the targeted compound (green 
colour) and fractions of the nearest impurities (blue and red 
colours) during the isocratic recycling process. One twin column 
(column 1) was also connected to a second home-made 
2-position 4-port collection valve (left valve) implemented to 
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Step 3 - Remove late impurities (gradient elution)

Step 5 - Remove nearest impurities (isocratic elution)

Step 2 - Transfer target compound (gradient elution)

Step 4 - Recycling process starts (isocratic elution)

Step 6 - Collect pure targeted compound
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Isocratic zone

Isocratic zoneGradient zone

Gradient
zone

Gradient zone Gradient zone

Impurity 1 + target + impurity 2

Isocratic zone

Isocratic zone
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FIGURE 1: Principle, fluidics, and sequence of events of the 
gradient twin-column recycling process: two twin columns and two 
valves are inter-connected to shave by gradient elution the targeted 
compound(s) from early and late impurities and to baseline 
resolve the same target compound by isocratic elution from 
nearly coeluting impurities initially present in the sample mixture. 
(a) Early impurities removal (gradient), (b) target zone transfer 
(gradient), (c) late impurities removal (gradient), (d) beginning of 
the recycling process (isocratic), (e) nearest impurities elimination 
(isocratic), and (f) collection of target compound.
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FIGURE 2: Automated GTCRLC process applied to the sub-2-h 
preparation of the pure PAH chrysene initially present in a complex 
PAH mixture, including several early, late, and two nearly coeluting 
impurities. For more details on the experimental conditions 
(instrument, column, mobile phases) see the experimental 
section and Table 1.
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eliminate the totality of the early (during the initial gradient 
step), late (during the initial gradient step), and nearly 
coeluting (during the subsequent isocratic cycles) impurities.

The high performance liquid chromatography (HPLC) 
system used to inject the large sample volume (up to 1 mL), 
to deliver the programmed mobile phase composition as 
a function of time, to actuate the two valves, and to detect 
the different compounds (either discarded or collected) 
downstream of the left valve was the Acquity Arc LC system 
(Waters). This LC system is equipped with a quaternary 
solvent delivery pump, a gradient proportioning valve, a 
30-µL injection loop connected to four 250-µL extension 
loops assembled in series, a sample manager, a two-column 
oven compartment, and an optical detector located 
downstream of the left valve and upstream of the fraction 
collector used to either discard the undesirable impurities 
or collect the targeted compound(s). The whole system was 
automated by the software Empower version 3.0 (Waters).
Application 1: PAH Mixture: The PAH mixture was ordered 
from Chem Service, Inc. It was prepared by dissolving 10 
PAH compounds in pure acetonitrile. The 10 PAH analytes 
were: 1-naphthalene (purity > 99.5%), 2-phenanthrene (purity 
> 99.3%), 3-anthracene (purity > 99.0%), 4-triphenylene (purity
> 99.4%), 5-chrysene (purity > 99.4%), 6-1,2-benzanthracene
(purity > 99.5%), 7-pyrene (purity > 98.5%), 8-benzo(a)
pyrene (purity > 99.5%), 9-coronene (purity > 98.9%), and
10-1,12-benzoperylene (purity > 99.3%). Their respective
concentrations were measured at 100.8, 100.7, 100.8, 100.2,
101.5, 101.0, 100.5, 100.0, 100.9, and 100.5 ± 0.1 µg/mL.

The target compound to be isolated and prepared was 
chrysene. Triphenylene and 1,2-benzanthracene were the 

two nearest impurities. Naphthalene, phenanthrene, and 
anthracene were three early impurities. Pyrene, benzo(a)pyrene, 
coronene, and 1,12-benzoperylene were four late impurities to 
be eliminated by gradient elution before starting the isocratic 
recycling process. The constant flow rate was fixed at  
2.5 mL/min, and the temperatures of the two-column ovens 
and of the two active solvent preheaters were set at 55 ºC. 
The injected sample volume was fixed at 1000 µL. The UV 
wavelength was set at 254 nm. The twin column 2 was first 
equilibrated with the recycling mobile phase mixture of 83.2:16.8 
(v/v) acetonitrile–water. The added and recycling valves were 
in positions A and B, respectively. The recycling valve was then 
switched to position A and the twin column 1 was equilibrated 
with the initial gradient 88.1:11.8 (v/v) acetonitrile–water mixture. 
The gradient consisted of a linear increase of the volume fraction 
of acetonitrile from 88.1% to 96.2% during 5.32 min. The volume 
fraction of acetonitrile was then suddenly decreased from 
96.2% to 83.2%, allowing for the equilibrium of twin column 
1 before the recycling process started a time, t = 7.78 min. 
All the events regarding the mobile phase composition and 
the positions of the added and recycling valves are listed in 
Table 1 as a function of time. This table was used to automate 
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FIGURE 3: Automated GTCRLC process applied to the sub-1.5-h 
separation and preparation of the pure vitamins D2 and D3 initially 
present in a complex milk extract mixture, including several early 
and late impurities. For more details on the experimental conditions 
(instrument, column, mobile phases) see the experimental section 
and Table 2. 

457www.chromatographyonline.com

GRITTI

http://www.teknokroma.com


the whole GTCRLC process for the 
isolation and baseline separation of 
chrysene from two nearly coeluting PAHs, 
triphenylene and benzo[a]anthracene.
Application 2: Isolation and Separation 

of Vitamins D2 and D3: Vitamins A1, 
D2, D3, and E2 (purity > 96%) were 
purchased from Millipore Sigma. The 
vitamin mixture was prepared from four 
separate stock solutions (1 mg/mL) of 
vitamins A1, D2, D3, and E2. About 4 mg of 
each solid chemical was dissolved in the 
corresponding volume of pure methanol. 
A 100-µL measure of each vitamin 

solution was pipetted and transferred 
into a 20-mL vial. A 100× dilution was 
made by adding the necessary volume 
of pure water to reach a final solution 
volume of 10 mL. The final concentration 
of the four vitamins in the sample mixture 
was then equal to 10 ppm (g/g). The 
volume fraction of methanol in the sample 
mixture was then only equal to about 4%. 

The separation goal consisted of 
isolating vitamins D2 and D3 from other 
vitamins and impurities (gradient elution 
mode) and in baseline resolving them 
(isocratic conditions) to prepare a 

sufficiently large mass of pure vitamins 
D2 and D3. During the entire GTCRLC 
process, the flow rate was fixed at 
2.5 mL/min, the two column ovens and 
the two active solvent preheaters were 
set at a fixed temperature of 65 ºC.  
The injected sample volume was fixed at 
300 µL. The UV wavelength was set at 
254 nm. The added and recycling valves 
were in positions A and B, respectively. 
The twin column 2 was first equilibrated 
with an eluent mixture containing 98.7:1.3 
(v/v) methanol–water. The recycling 
valve was then switched to position A 
and the twin column 1 was equilibrated 
with a mixture of 92.8:7.2 (v/v) methanol–
water as the starting gradient mobile 
phase. During the gradient, the volume 
fraction of methanol increased linearly 
from 92.8% to 98.3% during 7.88 min. 
The volume fraction of methanol was 
then suddenly increased from 98.3% 
to 98.7%, allowing for the equilibrium 
of twin column 1 before the recycling 
process started at t = 10.33 min. All 
the events regarding the mobile phase 
composition and the positions of the 
added and recycling valves are listed 
in Table 2 as a function of time. 

Results and Discussion
Extending the Classical Isocratic 

TCRLC Process to Gradient Elution 

Mode: Principle: TCRLC remains a 
very successful approach to prepare 
relatively small quantities (around 1 mg for 
a 7.8 mm i.d. column and 1 mL injection 
overnight for about a dozen injections) 
of targeted impurity compounds that are 
extremely difficult to separate from nearly 
coeluting analytes (7). Nevertheless, 
whereas early impurities (those that elute 
way before the target compound) can 
easily be removed from the classical 
isocratic recycling process by simply 
actuating the 2-position 6-port recycling 
valve before transferring the targeted zone 
from the twin column 1 to the twin column 

TABLE 1: Timetable events for the isolation of the PAH chrysene (target) from nine other PAHs 
including two nearly coeluting PAHs (triphenylene and benzo[a]anthracene) during the GTCRLC 
process. %CH3CN is the volume fraction of acetonitrile in water. n is the number of isocratic 
cycles. See text and the experimental section for more experimental details.

Time 
(min)

%CH3CN (v/v)
Added Valve 

Position
Recycling 

Valve Position
Event and Cycle # 

n Completed

0.00 88.1 A A Inject sample

3.63 91.9 B A Target transfer start

4.60 92.9 A A Target transfer end

5.32 96.2 A A Gradient end

5.33 83.2 A A Isocratic start

7.78 83.2 B B Recycling start

15.02 83.2 B A n = 2

20.39 83.2 B B n = 3

25.76 83.2 B A n = 4

31.13 83.2 B B n = 5

36.50 83.2 B A n = 6

41.87 83.2 B B n = 7

47.24 83.2 B A n = 8

52.61 83.2 B B n = 9

57.98 83.2 B A n = 10

63.35 83.2 B B n = 11

68.72 83.2 B A n = 12

74.09 83.2 B B n = 13

79.46 83.2 B A n = 14

84.83 83.2 B B n = 15

90.20 83.2 B A n = 16

95.57 83.2 B B n = 17

100.94 83.2 B A n = 18

106.31 83.2 B B n = 19

111.68 83.2 B A n = 20

118.05 83.2 A A Collect chrysene start

123.24 83.2 A A Collect chrysene end
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2, this is not the case for late impurities 
(those that elute way after the target 
compound), which may echo during 
the recycling process and contaminate 
the collected fractions of the isolated 
target. As a result, all late impurities 
should also be eliminated prior to starting 
the recycling process. It is the same 
principle as that used in MCSGP. This 
is the main reason why it was proposed 
to start the separation process with a 
gradient run. The different equipment 
(pump, valves, columns, detector, and 
fraction collector), their inter-connection, 
and the six different steps involved 
during the complete GTCRLC 
process are presented in Figure 1. 
• Step 1, Figure 1(a): The sample 

mixture (containing the target 
compound represented in green and 
the two nearest impurities in blue and 
red) is injected into the twin column 1 

followed by the gradient run. All early 
impurities and a fraction of the least 
retained nearly coeluting impurity are 
then discarded while both the added 
left valve (green) and recycling right 
valve (yellow) remain in position A.

• Step 2, Figure 1(b): The added valve 
switches to position B, enabling the 
transfer of the target compound 
and of the two nearest impurities 
from the outlet of the twin column 
1 to the inlet of the twin column 
2. Note that this transfer occurs 
under gradient elution mode.

• Step 3, Figure 1(c): The added 
valve switches back to position A, 
allowing a fraction of the most retained 
nearly coeluting impurity and all late 
impurities to be discarded during 
the gradient. Once the gradient is 
completed on the twin column 1, this 
latter is washed and equilibrated with 

the isocratic mobile phase before 
starting the classical recycling process.

• Step 4, Figure 1(d): Both valves 
switch back to position B, the 
isocratic recycling process begins, 
and the targeted zone (nearest 
impurities + targeted compound) 
migrates along the twin column 2. 

• Step 5, Figure 1(e): As the recycling 
process is progressing by switching 
alternately the recycling valve 
between positions A and B, the band 
widths of the two nearest impurities 
broaden and separate from that of 
the targeted compound until they 
are truncated and fully eliminated 
after the required number of cycles.

• Step 6, Figure 1(f): After complete 
elimination of the two nearest impurities 
during the isocratic recycling 
process, the lone and pure targeted 
compound is finally collected. 
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Process Automation: One important 
goal of this work was to automate the 
GTCRLC process so that the user 
can easily repeat it as many times as 
necessary to collect the required amount 
of pure targeted compound. A single 
instrument method was then prepared by 
establishing unambiguously the timetable 
for 1) the volume fraction of the strong 
solvent delivered by the pump, 2) the 
successive actuations of the left added 
valve, 3) the successive actuations of 
the right recycling valve, and 4) the 
starting and end times of the fraction 
collection. This automation was made 
possible by gathering the minimum but 
relevant thermodynamic information 
pertaining to the sample mixture injected. 

The variation of the retention factors of 
some analytes (the earliest and latest 
impurities, the two nearest impurities, and 
the target compound) as a function of 
the volume fraction of the organic solvent 
in water was needed experimentally. 
This relationship was obtained from 
a series of four consecutive scouting 
gradient runs (four gradient times tg 
increasing from tg = 2t0 to 6t0, 18t0, and 
to 54t0, where t0 is the hold-up column 
time) and the inverse method of gradient 
chromatography (7). The classical 
gradient and isocratic equations were 
then directly applied to express the 
elution times of these relevant analytes 
as a function of their best respective 
thermodynamic parameters. It then 

became straightforward to anticipate: 
1) the positions of the analyte bands 
along either the twin column 1 or 2 at 
any given time and 2) their elution times 
from any axial location along the twin 
columns 1 and 2. For more details on 
the complete automation of the GTCRLC 
process, the reader is referred to 
reference 17. In the end, a timetable was 
unambiguously built and implemented 
in the final instrument method. 
Application 1: PAH Mixture: The 
results of the above-mentioned process 
automation are presented in Table 1.  
Both valves were initially in position 
A. All the other details concerning the 
experimental conditions are given in 
the experimental section. After the 
experimental validation of the predicted 
elution times of the bands of the target 
compound and of the two nearest 
impurities, it was found empirically that up 
to 20 cycles were necessary to complete 
the baseline separation between the band 
of benz[a]anthracene (the most critical 
nearest impurity) and that of chrysene 
(target compound). The full chromatogram, 
including the initial gradient step (to 
shave the target compound from all early 
and late impurities) and the subsequent 
isocratic recycling steps (to baseline 
resolve the target compound from the 
nearly coeluting compounds), is shown 
in Figure 2. The optical detector located 
immediately after the left added valve 
allowed the practitioner to control and 
confirm the elimination of all the early 
impurities (an intense absorbance 
signal was recorded), the transfer of 
the target zone from the twin column 1 
to the twin column 2 (no UV–vis signal 
was recorded), and of all late impurities 
(again, an intense absorbance signal 
was observed) as designed in this 
work by applying this initial gradient 
run. Figure 2 also reveals the cycle after 
cycle and progressive removal of the 
least critical, nearly coeluting impurity, 

TABLE 2: Same table as in Table 1, except for the isolation and baseline separation of vitamins 
D2 (target 1) and D3 (target 2) from other vitamins (A1 and E2) initially present in a milk extract. 
%MeOH is the volume fraction of methanol in water. See text and the experimental section for 
more experimental details.

Time 
(min)

%MeOH (v/v)
Added Valve 

Position
Recycling 

Valve Position
Event and Cycle # 

n Completed

0 92.8 A A Inject sample

7.88 98.3 A A Gradient end

7.89 98.7 A A Isocratic start

8.35 98.7 B A Target transfer start

9.02 98.7 A A Target transfer end

10.33 98.7 B B Recycling start

18.13 98.7 B A n = 2

23.50 98.7 B B n = 3

28.87 98.7 B A n = 4

34.24 98.7 B B n = 5

39.61 98.7 B A n = 6

44.98 98.7 B B n = 7

50.35 98.7 B A n = 8

55.72 98.7 B B n = 9

61.09 98.7 B A n = 10

66.46 98.7 B B n = 11

71.83 98.7 B A n = 12

77.20 98.7 B B n = 13

82.57 98.7 B A n = 14

87.53 98.7 A A Collect vitamin D2 start

89.75 98.7 A A Collect vitamin D3 start

92.78 98.7 A A Collect vitamin D3 end
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triphenylene, which was fully discarded 
to waste after a total of about 13 cycles. 
There were another seven isocratic 
cycles needed to fully eliminate from 
the two twin columns the most critical 
of the two nearest impurities, benz[a]
anthracene. Beyond t = 115 min,  
the band of the target compound, 
chrysene, was fully shaved from the 
initially overlapping bands of triphenylene 
and benz[a]anthracene and was ready 
to be collected during about 5 min, from 
t = 118.0 min to t = 123.2 min. The 
very same run could then be repeated 
after conditioning the twin column 1 
with the starting gradient mobile phase 
and the same sequence (process run 
+ conditioning) performed multiple 
times in a row to achieve the desired 
amount of the pure target compound. 
Application 2: Isolation and Separation 

of Vitamins D2 and D3: In this second 
application, not one but two target 
compounds, vitamins D2 and D3, were 
considered, initially present in a complex 
milk extract containing other vitamins  
(A1 and E2) and unknown impurities.  
The challenge was not only to shave the 
bands of these two analytes from those 
of the early, late, and nearest impurities 
but also to baseline separate these two 
vitamins along the twin columns 1 and 
2. This meant that the spatial width of 
the collected zone would reach the 
column length for a smaller number of 
cycles than that required for a single 
target compound. This application 
stressed out the inherent limitation 
of recycling chromatography:The 
practitioner could not target more than 
a few nearly coeluting compounds 
in order to pursue a sufficiently high 
number of cycles, otherwise the bands 
of these targeted compounds would 
be truncated cycle after cycle and 
the process yield would decrease. 

Table 2 summarizes the unambiguous 
series of events for this automated 

GTCRLC process after running the 
thermodynamic calibration experiments 
explained above and in reference 7. As 
can be seen in Figure 3, only a maximum 
of 14 cycles could be programmed. For 
larger numbers of cycles, it happened 
that the front part of the least retained 
vitamin D2 was truncated and diverted to 
trash before collection. Still, the baseline 
resolution could be achieved in less 
than 100 min. It is noteworthy that the 
initial gradient step enabled the user 
to completely remove all early and late 
impurities (including vitamins A1 and E2, 
as well as many other unknown impurities), 
which eventually did not contaminate the 
collected fractions of vitamins D2 and D3 
after the maximum number of 14 cycles. 

Conclusions
This research work has demonstrated 
experimentally that the classical 
isocratic TCRLC process can be easily 
extended to a gradient TCRLC process 
after simple addition of 2-position 
4-port valves and by running an initial 
gradient method. The gradient run 
eventually eliminated any undesirable 
late impurities that could cause failure of 
the classical isocratic TCRLC process 
by missing the purity levels desired. 

Advantageously, the GTCRLC 
process can be fully automated in terms 
of the temporal programming of the 
delivered mobile phase composition 
and actuations of the two valves. A 
maximum of four scouting gradient 
impulse experiments are needed for 
calibration prior to running the entire 
GTCRLC process. In the end, the 
process is very user-friendly and can 
be repeated sequentially as many times 
as necessary to collect the necessary 
mass of the pure target compound(s) for 
further physicochemical characterization.

The presented GTCRLC process 
can also be suggested for various 
applications. We are currently 

investigating the cases of 1) the 
identification of multiple unknown 
impurities in a drug sample, 2) the 
identification and purification (> 99.5%) 
of isomeric oligosaccharides following 
automated synthesis, and 3) the 
extension of the liquid recycling process 
to supercritical fluid chromatography 
(SFC), which is well adopted in 
the pharmaceutical industry.
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Polymers for life-science applications have different 
attributes from traditional applications such as automotive 
and packaging. These attributes have their own set of 
challenges in the characterization requirements of such 
complex molecules. Multi-angle light scattering (MALS) 
technology provides a more insightful tool. 

LCGC EU: What is the importance of polymers in the life-science field?
ROUZEAU: Polymers are gaining more importance in life science for biomedical applications, 
not only for face masks and medical-grade packaging but also for use in surgical sutures, tissue 
engineering, prosthesis, and implants such as stents. They’re also used in drug delivery where 
biodegradable polymers are used for targeted and controlled release of active molecules in 
applications such as cancer treatments and vaccines.

LCGC EU: To what extent are polymers for life science different from polymers in more 
traditional applications?
ROUZEAU: They are not fundamentally different, although they are often more complex than 
polymers for plastic, for example, in terms of composition and structure. But polymers for medical 
applications, since they’re used in the human body, require different properties—they need to be 
fully biocompatible, meaning they are not toxic for the human organism, and they need to be either 
biodegradable for applications such as drug delivery or durable for implants. But most important, 
polymers for biomedical applications must be extensively characterized for safety reasons, and they 
must meet all regulatory requirements.

LCGC EU: What are the challenges in characterizing these polymers?
ROUZEAU: First, these polymers are used in very complex media—the human body—and they 
typically degrade in physiological conditions. So, for example, extracting the polymer from blood 
or tissues during in vivo studies is very challenging and requires a very complicated sample 
preparation. We then need to understand and monitor their degradation mechanism, the kinetics 
of this reaction, and how the byproducts are formed. Second, polymers for biomedical applications 
are used in very small quantities or very diluted concentrations compared to other applications of 
polymers. As such, we have small amounts of material available for any analytical characterization.

LCGC EU: How does Tosoh Bioscience tackle these challenges?
ROUZEAU: Tosoh is known as a specialist in liquid chromatography. More specifically, size-exclusion 
chromatography (SEC), also known as gel-permeation chromatography (GPC). We have a wide range 
of TSKgel® GPC/SEC columns that cover all types of polymers and solvents and provide high resolution 
for accurate molecular-weight distribution analysis. We also have a dedicated GPC system, the EcoSEC 
Elite®, that is fully optimized for the analysis of polymers by SEC. And we recently introduced the LenS3® 

MALS detector. (Light scattering is typically used with GPC/SEC to obtain the true molecular weight of 

Polymers for Biomedical Applications  
Deserve a Better Light

Dr. Sébastien Rouzeau
Product Manager of GPC/SEC Systems
Tosoh Bioscience

polymers without any column calibration.) We created a new design  
in our detector that extends the capabilities of light scattering  
measurements significantly.

LCGC EU: How can the LenS3 MALS technology support scientists 
working on biomedical applications of polymers?
ROUZEAU: Tosoh took an innovative approach in the design of our 
detector: the goal was to overcome common limitations of traditional 
MALS detectors, mainly the undesired stray light in the flow cell and the 
noise generated that affects overall sensitivity and usability. The new 
design eliminates noise from stray light and maximizes the signal collected 
at the three angle where we observe the scattered light. This results in a 
much higher sensitivity of light scattering measurements.

Why is this important to have more sensitivity? Because more sensitivity 
means you can inject less material, which is perfect when the available 
quantities or concentrations of samples are very small. It also means you 
can see less visible samples, for example, samples that have a low response 
to light scattering, and it means you can measure smaller polymers or 
degradation products, which, by definition, since they are small, will scatter 
less light. You also gain more insight into your polymer structure because 
light scattering also provides size and shape information.

LCGC EU: Can you share examples of polymers for which this 
technology is particularly well-suited?
ROUZEAU: We recently analyzed a low-molecular-weight dextran—a 
polysaccharide widely used in pharmaceuticals, including eyedrops, 
vaccines, and excipients—down to 2 kDa and 3 nm in radius of gyration, 
which is a first. With higher molecular weight dextrans, we have been able 
to show the presence of small amounts of highly branched material that 
may affect the quality of the product.

We also measured polylactic-co-glycolic acid (PLGA), a biodegradable, 
biocompatible polymer used in therapeutic devices for controlled delivery. 
PLGA has a very low optical response, unfortunately, for light scattering 
measurements, which makes it challenging, especially for low-molecular-
weight samples or small quantities of samples. But we’ve been able to 
measure accurate molecular-weight distributions of PLGA samples of just a 
few kilodaltons, on average.

And lastly, PEGylated proteins, which are proteins attached to polyethylene 
glycol (PEG) molecules to improve their solubility, safety, and efficiency in 
therapeutics. It’s important to detect and quantify the presence of free PEG, 
free protein, and measure how much PEG is attached to the protein. With 
the LenS3 MALS detector, we have been able to obtain a full profiling of a 
PEGylated antibody fragment despite the very small quantities of sample 
available for this analysis.

Tosoh Bioscience offers reliable and advanced liquid chromatography solutions for the separation and characterization of biomolecules and polymers.  
The product portfolio includes a comprehensive line of TSKgel®, TOYOPEARL®, and Ca++Pure-HA® bulk media, SkillPak prepacked process development columns, 

TSKgel U/HPLC columns and SEC/GPC analytical columns, as well as EcoSEC GPC and LenS3® MALS instrumentation. These products satisfy the needs of biotech, 
biopharmaceutical, and polymer applications, from R&D to downstream processing, and quality control.

http://www.chromatographyonline.com
http://www.tosohbioscience.com
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measurements significantly.

LCGC EU: How can the LenS3 MALS technology support scientists 
working on biomedical applications of polymers?
ROUZEAU: Tosoh took an innovative approach in the design of our 
detector: the goal was to overcome common limitations of traditional 
MALS detectors, mainly the undesired stray light in the flow cell and the 
noise generated that affects overall sensitivity and usability. The new 
design eliminates noise from stray light and maximizes the signal collected 
at the three angle where we observe the scattered light. This results in a 
much higher sensitivity of light scattering measurements.

Why is this important to have more sensitivity? Because more sensitivity 
means you can inject less material, which is perfect when the available 
quantities or concentrations of samples are very small. It also means you 
can see less visible samples, for example, samples that have a low response 
to light scattering, and it means you can measure smaller polymers or 
degradation products, which, by definition, since they are small, will scatter 
less light. You also gain more insight into your polymer structure because 
light scattering also provides size and shape information.

LCGC EU: Can you share examples of polymers for which this 
technology is particularly well-suited?
ROUZEAU: We recently analyzed a low-molecular-weight dextran—a 
polysaccharide widely used in pharmaceuticals, including eyedrops, 
vaccines, and excipients—down to 2 kDa and 3 nm in radius of gyration, 
which is a first. With higher molecular weight dextrans, we have been able 
to show the presence of small amounts of highly branched material that 
may affect the quality of the product.

We also measured polylactic-co-glycolic acid (PLGA), a biodegradable, 
biocompatible polymer used in therapeutic devices for controlled delivery. 
PLGA has a very low optical response, unfortunately, for light scattering 
measurements, which makes it challenging, especially for low-molecular-
weight samples or small quantities of samples. But we’ve been able to 
measure accurate molecular-weight distributions of PLGA samples of just a 
few kilodaltons, on average.

And lastly, PEGylated proteins, which are proteins attached to polyethylene 
glycol (PEG) molecules to improve their solubility, safety, and efficiency in 
therapeutics. It’s important to detect and quantify the presence of free PEG, 
free protein, and measure how much PEG is attached to the protein. With 
the LenS3 MALS detector, we have been able to obtain a full profiling of a 
PEGylated antibody fragment despite the very small quantities of sample 
available for this analysis.

Tosoh Bioscience offers reliable and advanced liquid chromatography solutions for the separation and characterization of biomolecules and polymers.  
The product portfolio includes a comprehensive line of TSKgel®, TOYOPEARL®, and Ca++Pure-HA® bulk media, SkillPak prepacked process development columns, 

TSKgel U/HPLC columns and SEC/GPC analytical columns, as well as EcoSEC GPC and LenS3® MALS instrumentation. These products satisfy the needs of biotech, 
biopharmaceutical, and polymer applications, from R&D to downstream processing, and quality control.

http://www.tosohbioscience.com


Where Has My Efficiency Gone? 
Impacts of Extracolumn Peak 
Broadening on Performance,  
Part 4: Gradient Elution,  
Flow Splitting, and a Holistic View
Dwight R. Stoll1, Thomas Lauer2, and Ken Broeckhoven3,1LC Troubleshooting Editor, 2Gustavus Adolphus College, St. Peter,  

Minnesota, USA, 3Vrije Universiteit Brussel (VUB), Brussels, Belgium

Dispersion (broadening, or spreading) of analyte zones (peaks) outside of chromatography columns can 
seriously erode the resolution provided by good columns. In this final instalment of the series we focus on the 
impact of elution mode (isocratic or gradient) and postcolumn flow splitting on the total level of extracolumn 
dispersion (ECD) in a liquid chromatography (LC) system, and demonstrate the use of a free, web-based 
calculator that can be used to guide decision making aimed at reducing ECD during method development.

In the three instalments of “LC 
Troubleshooting” published in May, 
June, and July 2021 we reviewed 
the basic concepts of extracolumn 
dispersion (ECD) (1), and discussed 
the contributions of the injection step (2), 
connecting tubing, and spectroscopic 
detectors (3) to the total observed 
variance in some detail. In this month’s 
instalment, we conclude our discussion 
of specific contributions to the total 
variance by addressing how elution 
mode (that is, isocratic or gradient 
elution) affects the total level of ECD, 
and how postcolumn flow splitting can 
affect the observed variance. Finally, 
we demonstrate the use of a free, 
web‑based calculator that leverages the 
theory discussed in these instalments to 
enable quick and easy estimation of the 
magnitudes of the different contributions 
to the total observed variance.

Extracolumn Dispersion under 
Gradient Elution Conditions
Figure 1 illustrates the different 
contributions to the total observed 
peak variance σ 2

obs. Equation 1 is 
most relevant when isocratic elution 
is used, and the solvent composition 
of the sample matches that of the 
mobile phase. When this is not the 
case, then variants of equation 1 are 
more relevant, where the magnitude 
of specific contributions to the total 
variance are either increased or reduced, 
depending on the specific conditions. 

σ 2              =
observed σ 2                      +

tubing,pre–col σ 2                        +
tubing,post–col σ 2

detectionσ 2          +
columnσ 2             +

injection

[1]

For example, in Part 2 of this series,  
we discussed how the impact of the  
σ 2

injection term can be reduced by employing 
different “tricks” during the injection 

step, including preparing the sample 
with a low concentration of “strong 
solvent” compared to the mobile 
phase composition, and so‑called 

“sandwich injection”. When gradient 
elution conditions are used, there is the 
potential to significantly reduce all of 
the precolumn contributions to the total 
variance, including the injection and 
precolumn tubing components. This 
effect is especially pronounced in cases 
where the gradient is started at a mobile 
phase composition that is “weak” relative 
to the mobile phase composition that 
an analyte is eluted in (for example, in 
reversed‑phase LC, a low concentration 
of organic solvent in the mobile phase), 
and the injected sample also contains a 
low concentration of “strong” solvent.  
In these cases, the precolumn 
contributions to the total variance are 
very small because any dispersion of the 

464 LCGC Europe  November 2021

LC TROUBLESHOOTING



analyte that occurs upstream from the 
column inlet is effectively “undone” as 
the analytes all adsorb to the stationary 
phase at the column inlet and form a very 
narrow analyte band in the column. This 
is typically referred to as “focusing” of 
the analyte at the column inlet. Although 
this is a fortunate outcome when the 
separation conditions allow it, this type of 
outcome is not inevitable, and there are 
certainly cases where a relatively large 
injected volume of a sample containing 
a high concentration of strong solvent 
can lead to serious peak broadening, 
even if gradient elution is used (4).

When conditions are favourable for 
reduction in the precolumn contributions 
to ECD, the postcolumn contributions 
suddenly become more important. 
This is both because the precolumn 
contributions to ECD are minimized, 
and because peak volumes in gradient 
elution tend to be smaller and more 
uniform compared to those observed 
in isocratic separations (see equation 
3 of Part 1 of this series [1]; for gradient 
separations, k is replaced with ke, the 
local retention factor at the column exit, 
which is about 1–3 for most separations). 
In the case of connecting tubing in 
particular, reducing the tubing diameter 
is especially tempting because of the 
strong fourth‑power dependence of this 
variance contribution on the diameter, 
and reducing the tubing length is often 
limited by the physical proximity of 
instrument components such as the 
column and detector. However, we 
should choose tubing diameters carefully, 
because the pressure required to drive 
mobile phase through these small tubes 
also increases strongly with decreasing 
tubing diameter. Under conditions 
of optimal particle size and column 
length, a total pressure of 1500 bar, 
and gradient elution, Broeckhoven 
and Desmet found that the optimal 
postcolumn tubing diameter roughly 

doubled from 60 to 120 µm internal 
diameter (i.d.) for target efficiencies of 
10,000 or 500,000 plates, respectively (5). 

Effect of Postcolumn Flow 
Splitting on Dispersion
Postcolumn flow splitting is common in 
contemporary LC work, especially when 

a mass spectrometric (MS) detector 
is coupled with an LC separation 
executed at a higher flow rate than the 
MS instrument can tolerate. Important 
applications that involve these conditions 
are high‑throughput methods, and 
two‑dimensional LC where flow rates 
in excess of 0.5 mL/min are frequently 
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used in the second dimension to 
improve the throughput of that part of 
the separation. Although sophisticated 
active splitting devices are sometimes 
used to control the split ratio, the most 
common approach is to use a simple 
tee‑piece with different lengths and 
diameters of tubing at the two outlet 
branches of the tee to control the split 
ratio. However, in spite of the importance 
of these applications, the contribution 
of the flow splitting step to ECD has 
been the focus of only a few systematic 
studies published in the literature. We 
have recently published one of these 
studies, which was motivated by 
our frequent observation that peaks 
were wider than we expected when 
using postcolumn flow splitting (6).

During the course of this study, 
our principal realization was that 
postcolumn flow splitting can lead to 
peak volumes exiting the split point 
that are very small (for example, 
much less than 1 µL) compared 
to those encountered in all other 
analytical‑scale LC separations. This 
concept is illustrated in Figure 2. These 
low‑volume post‑split peaks are then 
highly susceptible to broadening by 
dispersion in all of the system elements 
downstream from the split point, which 
are typically connecting tubing and the 
detector. In our work, we did not find 
any evidence that the splitting process 
(for example, what happens in the tee 
piece itself) contributes significantly to 
the overall variance. Thus, estimation of 
the impact of the post‑split elements is 
pretty straightforward. The volume of a 
peak exiting the split point  
( σ         v,post–split) is determined by the ratio 
of the flow rate through the column 
(Fcolumn) and the flow rate exiting the 
split point (Fpostsplit ), as in equation 2. 
Then, the total variance observed at the 
detector (σ    =σ 2       ∙ F 2        v,obs t,obs post–split ) is the sum 
of the post‑split tubing and detector 
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1:1 1:4

100 mm x 75 µm
100 mm x 120 µm
400 mm x 50 µm
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FIGURE 3: Effect of post-split tubing dimensions and split ratio on dispersion in the post-split 
tubing. The values plotted are percent increases in total variance relative to the case where 
the split point is connected to the detector using a 100 mm × 50 µm i.d. capillary. The peak 
volume entering the split point was about 2.5 µL. Adapted from reference 6. Please see 
reference 6 for other details.

Injector Column Detector

Pre-Column
Tubing

Post-Column
Tubing

σ 2
σ 2 σ 2

injection

tubing,pre–col tubing,post–col

σ 2
column σ 2

detection

FIGURE 1: Illustration of the contributions of several LC system components to the 
total variance of peaks observed at the detector, σ 2

observed  as in equation 1. We note that 
equation 1 is valid using either time- or volume-based variances.

Column Detector

Waste or Other
Detector

1:4 Split

× σv,col

× σv,col
4
5

σv,col
1
5

FIGURE 2: Illustration of the idea that analyte mass (indicated in blue) is conserved exiting 
the split point, which means that the volume of the analyte peak entering the split point is 
split into portions dictated by the split ratio. The convention used here is that a split ratio of 
X:Y means that the fraction X/(X+Y) of the peak goes to the detector, and the fraction  
Y/(X+Y) goes to waste or a second detector. Adapted from reference 6. 
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variances (see [2] for tubing and 
detector variances), where the pre‑split 
variance includes contributions from the 
injector, and pre‑ and postcolumn tubing.

σ           = (             ) ∙ σ
F post–split

F column
v,post–split v,pre–split  [2]

σ 2    =[(             ) ∙ σ       ]2

+ σ 2                +σ 2
F post–split

F column
v,obs v,pre–split v,post–split,tub v,det  

[3]

Figure 3 shows a selection of 
experimental results from our study.  
The values plotted are percent increases 
in the observed variance when using 
different lengths and diameters of 
post‑split tubing and different split 
ratios, relative to the case where a 
short (100 mm), narrow (50 µm i.d.) 
post‑split tube is used (which contributes 
very little to the variance under these 
conditions). When there is no flow 

split (that is, 1:0 case), the increases 
in variance because of the different 
post‑split tubes are modest, with just 
30% in the worst case of the 500 mm 
× 120 µm i.d. tube. However, even at a 
split of 1:1, the variance increases are 
significant even when using 75 µm i.d. 
tubes. In the more challenging case of 
a 1:4 split, even using a 400 mm length 
of 50 µm i.d. increases the observed 
variance by about 35%, robbing the 
analyst of one‑third of the efficiency they 
expect for their separation. Subsequent 
comparison of predicted increases in the 
total observed variance using equations 
2 and 3 above with experimental results 
showed that the predictions are accurate 
enough to guide method development, 
with a median error of about 10% of 
the total variance. This work shows 
that, when the analyst has a choice, the 
split point should be located as close 

as possible to the detector, so that the 
length of post‑split tubing is minimized. 
Then, once the length has been set, the 
diameter of the post‑split tubing should 
be decreased as far as possible without 
significantly increasing the pressure 
drop across this tube (see next section 
for more discussion of this point).

Putting It All Together
In this series of instalments on ECD, 
we have aimed to discuss individual 
contributions to the total observed 
variance in some detail. Recent 
research over the last decade has 
deepened our understanding of some 
of these contributions, including the 
injection step, and the contribution 
of postcolumn flow splitting. What 
matters most to the analyst, though, is 
how all of these contributions taken 
together impact the quality of their 
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separations. To facilitate use of the 
theory discussed in these instalments, 
we have built a web‑based calculation 
tool that allows users to visualize the 
magnitudes of different contributions 
to the total observed variance. Figure 4 
shows a screenshot of the interface 
for this free tool. We note that in 
their free Microsoft Excel‑based LC 
simulator, Guillarme and coworkers 
also estimate some of these values 
based on similar input parameters (7).

Figure 5 provides examples of 
how our calculator can be used 
to guide decisions about different 
system components (for example, 
what diameter of postcolumn tubing 
should be used) during method 
development. In Case A, we start with 
a relatively large column packed with 
5 µm particles, operated in a system 
equipped with “standard” injection, 
detection, and tubing values. In this 
case, we see that the total observed 
variance is dominated by the column 
contribution (~97%), and the pressure 
drop across the tubing is modest 
at 36 bar (that is, 10% of the total 
available pressure drop in a 400 bar 
system, or about 3% in a 1200 bar 
system). In the event that one were to 
think that replacing all of the tubing in 
the system with 75 µm i.d. capillaries 
would help squeeze more performance 
out of the large column used in Case A, 
Case B is instructive. Here, we see that 
reducing the injection and detection 
volumes and reducing the capillary 
diameters does indeed reduce the 
total level of ECD, but only by about 
2%; also, this comes at the cost of 
a significantly higher pressure drop 
across the tubing (236 bar). Indeed, 
on a 400 bar system, this separation 
may not even be possible, because 
there would not be enough pressure 
left to drive the mobile phase through 
the column under these conditions.
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FIGURE 4: Screenshot of web-based calculator for estimating contributions to ECD from 
different LC system components. http://www.multidlc.org/dispersion_calculator.

(a)
150 mm × 4.6 mm i.d., 5 µm
F = 1 mL/min.
Ncol = 15,000
All tubing: 120 µm i.d.
Vinjection: 2 µL
Vcell: 2 µL
No split
∆Ptubing = 36 bar

(b)
150 mm × 4.6 mm i.d., 5 µm
F = 1 mL/min.
Ncol = 15,000
All tubing: 75 µm i.d.
Vinjection: 0.5 µL
Vcell: 0.5 µL
No split
∆Ptubing = 236 bar

(c)
50 mm × 2.1 mm i.d., 1.8 µm
F = 0.4 mL/min.
Ncol = 14,000
All tubing: 75 µm i.d.
Vinjection: 0.5 µL
Vcell: 0.5 µL
No split
∆Ptubing = 94 bar

(d)
50 mm × 2.1 mm i.d., 1.8 µm
F = 1.0 mL/min.
Ncol = 14,000
All tubing: 75 µm i.d.
Vinjection: 0.5 µL
Vcell: 0.5 µL
Split – 1:1
∆Ptubing = 258 bar

Contributions to Total Variance

Injection

Tubing, Post-
Column/Pre-Split

Tubing, Pre-Column

Tubing, Post-Split

Tubing, Heat Exchanger Column

Detector

% Column ~ 97% % Column ~ 99% % Column ~ 62% % Column ~
47%

FIGURE 5: (a through d) Comparison of contributions of different components of ECD in 
different chromatographic scenarios. All precolumn and postcolumn tubing lengths are 
400 mm except in case (d). All heat exchanger tubing lengths are 250 mm. All reduced 
plate heights are assumed to be 2. Isocratic elution with a retention factor of 2 is assumed 
in all cases. Dynamic viscosity of the mobile phase is assumed to be 1 cP (appropriate for 
water at room temperature). Case (d): Post-split tubing is 200 mm × 75 µm i.d.
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Things become a bit more interesting 
when we get to Case C. Here, even 
though we’ve retained “low dispersion” 
conditions of smaller injection and 
detection volumes, and smaller 75 µm 
i.d. capillaries, the contributions of 
ECD to the total observed variance 
are about 35%. In other words, the 
analyst is only realizing about 65% of 
the expected efficiency of the column 
because of dispersion in other parts 
of the system. The pie chart makes 
it clear that this situation could be 
improved by reducing the length and/
or diameter of the pre‑ and postcolumn 
tubing, since these are the major 
contributors to the ECD in this case.

Finally, in Case D, we illustrate 
the seriousness of the impact of 
postcolumn flow splitting when using 
small columns. This case is the same 
as Case C, except that: 1) the flow rate 
through the column is increased slightly; 
and 2) a 1:1 split has been added with 
post‑split tubing of 200 mm × 75 µm 
i.d. With these changes, the level of 
ECD rises to 53% of the observed 
variance. This is because of the new 
contribution from the post‑split tubing 
(magenta pie slice), but also to the 
increased relative contribution from 
the detector (because the pre‑split 
peak volume is much smaller while the 
detector volume is unchanged). In this 
case, the most impactful changes that 
could be made would be to 1) decrease 
the detector cell volume (although, 
this is hard to decrease further 
without sacrificing signal‑to‑noise 
ratio [3]); and 2) decrease the lengths 
or diameters of the post‑split tubing, 
although this must be done very 
carefully, given that the pressure drop 
across the tubing is already 258 bar.

Summary
In this instalment of “LC 
Troubleshooting” we have wrapped up 

our discussion of details associated 
with the contributions of specific LC 
system components to extracolumn 
dispersion by discussing the impact 
of elution mode and postcolumn 
flow splitting. More importantly, we 
have demonstrated the use of a free 
web‑based calculator that can be 
used to estimate the magnitudes of 
contributions to ECD from different 
system components, and shown 
how these estimates can be used 
to guide decisions during method 
development about which system 
components to use and which can be 
modified for maximal performance 
improvement. We hope that this series 
of instalments helps to deepen readers’ 
understanding of the contributions of 
specific system components to the 
total level of ECD, and ultimately avoid 
surprising apparent efficiency losses 
because of mismatches between 
column and LC system characteristics 
that have nothing to do with the 
performance of the column per se.

Erratum
In Part 3 of this series (3), equation 4 
was incorrect. The correct version of 
this equation is given in equation 4 here. 

σ 2    =  � 2·L 2  ·d 4

48+384∙� ·L    ·      
v,tub

tub tub

tub
D m
F

 [4]

This has been corrected in the website 
version of Part 3 of this series.

References
1) D.R. Stoll and K. Broeckhoven, LCGC 

Europe 34(5), 181–188 (2021).

2) D.R. Stoll and K. Broeckhoven, LCGC 

Europe 34(6), 232–237 (2021).

3) D.R. Stoll and K. Broeckhoven, LCGC 

Europe 34(7), 277–280 (2021).

4) D.R. Stoll, R.W. Sajulga, B.N. Voigt, E.J. Larson, 
L.N. Jeong, and S.C. Rutan, J. Chromatogr. 

A 1523, 162–172 (2017). https://doi.
org/10.1016/j.chroma.2017.07.041

5) G. Desmet and K. Broeckhoven, TrAC Trends 
Anal. Chemi. 119, 115619 (2019). https://
doi.org/10.1016/j.trac.2019.115619

6) C. Gunnarson, T. Lauer, H. Willenbring, 
E. Larson, M. Dittmann, K. Broeckhoven, 
and D.R. Stoll, J. Chromatogr. A 
1639, 461893 (2021). https://doi.
org/10.1016/j.chroma.2021.461893

7) D. Guillarme, B. Bobaly, and J.L. Veuthey, 
LCGC North Am. 39(3), 144–145 (2021).

ABOUT THE AUTHORS
Ken Broeckhoven received 

his Ph.D. in 2010 from the Vrije 

Universiteit Brussel (VUB) in 

Brussels, Belgium. Following 

postdoctoral research at VUB 

and work as a visiting researcher 

in the separation processes 

laboratory at ETH Zurich, in 

Switzerland, he became a 

research professor at VUB in 2012. 

He was subsequently promoted 

to assistant professor and then 

to his current position as an 

associate professor in 2017. 

Thomas J. Lauer is currently 

a student researcher working 

in Dwight Stoll’s laboratory at 

Gustavus Adolphus College in 

St. Peter, Minnesota, USA. 

ABOUT THE COLUMN EDITOR
Dwight R. Stoll is the editor 

of “LC Troubleshooting”. Stoll is 

a professor and the co-chair of 

chemistry at Gustavus Adolphus 

College in St. Peter, Minnesota. 

His primary research focus is on 

the development of 2D-LC for both 

targeted and untargeted analyses. 

He has authored or coauthored 

more than 75 peer-reviewed 

publications and four book 

chapters in separation science 

and more than 100 conference 

presentations. He is also a member 

of LCGC’s editorial advisory 

board. Direct correspondence to: 

amatheson@mjhlifesciences.com

469www.chromatographyonline.com

LC TROUBLESHOOTING

mailto:amatheson@mjhlifesciences.com
https://doi.org/10.1016/j.chroma.2017.07.041
https://doi.org/10.1016/j.trac.2019.115619
https://doi.org/10.1016/j.chroma.2021.461893


Gifts for the Gas Chromatograph 
Owner Who Has Everything
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

As we approach the holiday gift-giving season, it seems timely to think about gifts for the gas 
chromatographer that can make our workflows more efficient, our detection limits lower, and our instruments 
cleaner. In preparing this list, we have considered some aspects of our work in gas chromatography 
(GC) that deserve a second look as we approach 2022. Our discussion includes tools and consumables 
to help us operate and maintain a GC instrument, manage and maintain gas supplies, and confirm 
instrument performance. We also consider how to put our emerging freedom from travel restrictions 
to good use—to learn new techniques and to enjoy our community of chromatographers again. 

Although gas chromatographs (GC) 
have become easier to operate because 
of digital controls, columns that can be 
changed easily without using tools, and 
automated pneumatic controls, they are 
still complex instruments that can perform 
complex separations with high speed,  
high efficiency, and high resolution. Like a 
high-performance automobile,  
a gas chromatograph requires upkeep, 
maintenance, and attention. The coming 
holiday season provides an opportunity 
to think about upgrades for the gas 
chromatographer who appears to have 
everything. First, it is important to think 
of your gas chromatograph similarly 
to how an ardent car enthusiast thinks 
about a high-performance vehicle. 

Keep Your Garage Stocked
A few years ago, in one of his final columns, 
former “GC Connections” editor John 
Hinshaw provided a comprehensive 
list of consumables and spare parts 
that every gas chromatographer should 
have handy in the laboratory (1). This 
article demonstrated that running a gas 
chromatograph is much like driving and 

working on a performance car, especially 
when it comes to maintaining it at peak 
efficiency. The first gift for your gas 
chromatograph is a tool and supplies 
kit, as described by Hinshaw and listed 
in Table 1. The list in Table 1 includes 
tools, supplies, and consumables. I 
recommend keeping a separate, fully 
stocked kit with each instrument. In 
my own laboratory, we have several 
instruments from different manufacturers 
and of different vintages, from instruments 
built in the early 1990s to today. They all 
use slightly different consumables and 
slightly different tools, such as wrench 
sizes. When you need a tool, a septum, or 
a ferrule, you really need it. Save the time 
hunting for them around the laboratory 
and keep the necessary tools and 
supplies with each individual instrument. 

Rereading John Hinshaw’s article also 
reminds me of some not-so-common 
tools and ideas that may make perfect 

“gifts” for the already well-equipped GC 
instrument and may change the thinking of 
even experienced GC users. For example, 
over the years I have made much use of 
a digital pressure gauge with a syringe 

needle attached. It is interesting to perform 
the simple experiment that John Hinshaw 
describes, and I have done that many 
times over the years with this tool. The 
digital pressure gauge with a syringe 
needle attached works as follows: Insert 
the needle into the inlet through the septum 
and compare the reading to the gauge on 
the GC instrument or the readout from  
your electronic pneumatic controller.  
The readings may not match. Understand 
that because of the placement of sensors 
and the geometry and temperature of 
inlet components and tubing, the actual 
pressure inside the glass sleeve may 
not exactly match the pressure indicated 
by the controller. In past years, with 
manual pneumatics, the pressure gauge 
reading on the instrument could only 
be considered an estimate. There are 
many other tools and ideas in this article 
that you may not have considered and 
that can help you to both operate and 
understand GC on a higher level. 

Ensure Your Fuel Supply
As cars require fuel, or a big battery to 
run, a gas chromatograph requires gases. 
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Depending on the chosen detector, one to three (sometimes 
four) gas supplies may be required. Gases may be carrier 
gases, which transport the analytes along the column, or detector 
gases to allow the detector to operate. At a minimum, one gas 
supply is required for most simple GC–mass spectrometry (MS) 
systems, three for flame ionization detector (FID) systems, and 
additional gases may be needed for specialized techniques, such 

as chemical ionization-MS or tandem mass spectrometry (MS/
MS). If cryogens are used to cool the column below ambient 
temperature, this is yet another needed supply. Gases that 
are used as carrier or detector gases must be highly pure. 

Traditionally, gases have been supplied for GC using 
compressed gas cylinders or facility-wide supply systems, 
which themselves must be supplied by a gas supplier. Over 
the past few years, there have been several gas shortages 
and ongoing supply chain and delivery problems that may 
affect the ability, especially for smaller laboratories like mine, 
to obtain the highly pure gases needed for GC. Because 
of recent supply chain shortages and higher costs, there 
is increased interest in replacing traditional helium with 
nitrogen or hydrogen for the carrier gas in capillary GC (2). 

Regardless how you source gases, it is a good time to check 
your gas purity and, if you are not purchasing the highest purity 
gases, to check and replace your scrubbers, and also inspect 
your system for leaks. Carrier and detector gases should be free 
of impurities, especially oxygen (from both the gas source and 
the ambient air) and water, which may be reactive to stationary 
phases and may eventually oxidize detector components. 
LCGC’s ChromAcademy provides excellent advice on using 
inline scrubbers between the gas tank and the instrument, and 
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FIGURE 1: Mass spectrum showing an air and water check on  
a GC×GC–MS system that failed for water only. The peak at  
m/z = 18 indicates the presence of water in the gas flow entering 
the mass spectrometer.

TABLE 1: Tools and supplies for the gas chromatography laboratory

Critical Tools and Supplies to Keep 
with Each Instrument

Critical Tools and Supplies  
for the Whole Laboratory

Cool Tools and Fun Things to Have

Gas for measuring hold-up time Lint-free gloves Diagonal cutters (for cutting wires only)

Correction fluid Phillips, slotted, and star-head 
screwdrivers

Flexible magnetic pickup  
(for picking up dropped small metal parts)

Septum puller Needle-nose pliers, tweezers, and 
hemostats (for grasping small objects)

Glass wool insertion tool  
(if you are still inserting glass wool into liners)

Septa (keep plenty of extras handy) Vial crimper and de-crimper Inlet liner removal tool

Glass inlet liners (keep plenty of  
extras handy)

Adjustable wrench (a big one for 
changing gas tank regulators)

Paper clips (for closing off the inlet or detector to check 
flows without influence of the column)

Autosampler vials (keep one handy to fill 
with solvent to check column flow)

Open end wrenches (full set of both 
English and metric wrenches)

Press-fit connectors  
(for temporarily re-connecting a broken column)

Ferrules, nuts and fittings for inlets  
and detectors

Electronic flowmeter with  
adapters for instrument outlets Inlet pressure gauge

Fused-silica column cutter (for columns) 
and tubing cutter (for gas lines) Electronic leak detector Static pad or wrist wrap  

(if removing boards or electronics)

Magnifying glass (for checking column  
or tubing cuts)

Hexagonal key set (star fittings are 
also becoming more common) Manual syringe (for measuring unretained peak times)

Mini-flashlight (for inspecting  
interior areas of the instrument) Column and detector test mixtures

Ruler (for measuring column lengths when 
installing fittings) Dental mirror (for looking in tight spaces)

Open end wrenches sized for the fittings 
on the instrument

Dental pick and needle files or pin vise and drills (for 
removing septa and debris or coring out ferrules)

Vendor-specific tools
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an electronic leak detector is another 
gift you can buy for your instrument 
if you do not possess one (3). 

Once the scrubber media are replaced 
and the gas lines are reassembled and 
pressurized, use an electronic leak detector 
(do not use “Snoop”, soap, or other soap 
solutions) to test all the connections to 
ensure they are leak-free. In his article, 
John Hinshaw suggested using a volatile 
alcohol, such as isopropanol, and a 
dropper to test for leaks in compressed 
gas fittings. Making gas line fittings 
secure and leak-free, while making sure 
they are set up safely, was discussed in 
previous “GC Connections” columns (4,5). 

Figure 1 shows the mass spectrum 
from a failed air and water check on a 
comprehensive two-dimensional gas 
chromatography–mass spectrometry 
(GC×GC–MS) system. In electron 
ionization (EI)-GC–MS, air and water 
checks are performed by comparing 
the signals for air (N2, m/z = 28 and O2, 
m/z = 32) and water (H2O, m/z = 18) 
to the signal at m/z = 69, which is 
the base peak for perfluorotributyl 
amine (PFTBA), the classical electron 
ionization mass spectrometry calibration 
compound. The presence of water 
indicates contamination of the gas flow 
reaching the detector. The absence of 
air indicates that the contamination is 
most likely not coming from a leak to the 
atmosphere and that the carrier gas itself 
is contaminated with a small amount of 
moisture. The absence of air is also an 
indication that a water adsorbent trap is 
either needed or needs to be replaced. 

Recently, there has been a significant 
uptick in interest in gas generators for 
both carrier and detector supply gases, 
especially for nitrogen and hydrogen as 
carrier gases and hydrogen and air as 
flame ionization fuel and oxidant gas. Gas 
generators today are smaller, require less 
maintenance, and provide larger volumes 
of more highly pure gases than their 

recent counterparts. Gas generators are a 
significant initial capital expense, but in the 
long run, they generally produce high purity 
gases at low cost with straightforward 
maintenance. When making a 
purchasing decision, sufficient gas purity, 
delivery volume, and cost are primary 
considerations. In my own laboratory, we 
use hydrogen and nitrogen generators and 
a house air supply that is surprisingly clean. 

Take Your GC for a Spin
If you work in a regulated industry, you most 
likely conduct performance qualification 
of your instruments on a regular basis, 
according to standard operating 
procedures. Many laboratories are not 
so heavily regulated, so performance 
qualification may have happened only 
once—when the system was installed. 

Treat maintaining your instrument like 
maintaining your car. A well-maintained 
gas chromatograph can provide decades 
of service. Modern instruments have 
automated functions for monitoring 
basic maintenance requirements 
and conditions, such as number of 
injections on the septum, inlet liner, and 
column; gas flows; and temperatures. 

For performance monitoring, some 
simple experiments and tests can assist 
you in ensuring that the instrument is 
performing as well today as when it was 
installed. The first performance qualification 
is one of your own standards, or a column 
test mixture, run using one of your in-house 
methods. It is best that the standard be 
reflective of the analyses that you routinely 
perform. Establish a schedule of running 
that standard at regular intervals (daily, 
weekly, or monthly, depending on your 
own sample throughput) and compare the 
most recent run to previous runs. If you see 
changes with time, such as a reduction in 
peak area of some or all peaks, or changes 
in peak shape, these can be indicators 
of the need for maintenance or an overall 
reduction in performance. In a previous 
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column, we discussed specific techniques 
for preventing problems in GC–MS, many 
of which apply to traditional GC as well (6).

Take Yourself for a Spin
Now that we are beginning to travel 
again and growing tired of Zoom 
meetings, consider attending in-person 
chromatography meetings. As a professor, 
I can share from experience that in-person 
is still the best way to get trained and 
increase knowledge and skills. From my 
point of view, it is also the best way to 
teach. Think of an online conference or 
class like a rental car that you might use 
while your high-performance car is not 
available. It is a good car, but it is simply 
just not the same as your personal vehicle. 
Many of our favourite conferences for 
GC are coming back in-person in 2022; 
conferences are already moving to a mix 
of in-person and online offerings and, of 
course, you can peruse their websites for 
sessions and speakers of particular interest.

I personally have vivid memories 
as president of the Eastern Analytical 
Symposium (EAS), which met in Atlantic 
City, New Jersey, USA, in October 2001, 
shortly after the September 11 attacks. 
Along with many conferences following 
the attacks, EAS struggled in the wake 
of travel restrictions and fears, and it 
needed its loyal conferees to survive and 
ultimately thrive. As we emerge from the 
Covid-19 pandemic, conferences will 
again struggle to redefine themselves or 
survive in a new marketplace. Attending 
in-person is a win-win: You will get the best 
training and education at the conference, 
and its venue will get the economic 
benefit of your travel and attendance. 
Conferences that are meeting in-person 
continue to require varying degrees of 
Covid-19 prevention measures, including 
vaccination requirements, face coverings, 
and social distancing, so check the 
website and be sure you are comfortable 
with the protocols before you register.

Also, consider engaging or re-engaging 
with a local chromatography discussion 
group. Chromatography has a 
long-standing tradition, going back 
to the earliest days of our discipline, 
of local discussion groups where 
chromatographers meet regularly in an 
informal setting to network, discuss, and 
share ideas (7). Usually, these meetings 
include a distinguished speaker, along 
with a dinner and informal networking 
session with the usual refreshments. Some 
groups, such as the Chromatography 
Forum of the Delaware Valley, founded 
in 1966, have an international footprint, 
sponsoring sessions and awards at major 
conferences (8). These local groups are 
an excellent way to network and expand 
your knowledge of GC without making a 
major commitment to travel. Many have 
been meeting online during the Covid-19 
pandemic and will likely continue their 
online presence going forwards, in 
addition to re-starting in-person meetings. 
Having attended both, I much prefer 
the in-person meeting: You can arrive 
after work, enjoy some socializing and 
networking, and listen to an outstanding 
lecture before concluding the evening 
with more discussion and networking.

As we head into the holiday season 
and approach the end of a second year 
filled with unusual experiences and 
uncertainty, it is a good time to think about 
how we can move forwards with some 
new thinking about GC and our own 
professional development and knowledge. 
Just as the high-performance car owner 
lovingly maintains and adds accessories 
and capabilities to a car, we can lovingly 
care for our instrument and, with the 
holiday season approaching, stock up 
our “garage” with tools and accessories to 
make our work easier and more enjoyable, 
and to encourage our thinking. Just as a 
high-performance car owner might travel 
to a car show or hang out with a local auto 
club to catch up on the latest accessories 

and tools, a chromatographer should 
attend a conference or engage with a 
local chromatography discussion group 
to learn the latest advances and see the 
latest tools and instruments. Treat your gas 
chromatograph as a high-performance 
instrument, like a high-performance 
car, and it will provide years of fast, high 
resolution results and excellent science. 
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VENDOR TIPS & TRICKS

Filtration is key to ensuring accurate, reproducible HPLC results. 

Samples often contain particulates that can clog columns or 

generate contaminant peaks (“ghost peaks”) on chromatograms.  

It is therefore critical to filter samples prior to analysis, typically using 

membrane‑based syringe filters.

Filtration is one of the simplest sample preparation techniques. 

Regardless, little attention is paid to filter selection, which can 

negatively impact results. When selecting a filtration membrane for 

HPLC, consider the following:

1. Chemical Compatibility: The filter material must be compatible

with the sample or solution being filtered. This will minimize the

risk of structural failure during filtration. Hydrophilic membranes

are typically used with aqueous samples. Membranes used in the

filtration of organic solvents or corrosive liquids must be resistant to

those chemicals. Most manufacturers offer compatibility charts for

proper selection.

2. Pore Architecture: Pore structure and morphology influence particle

retention and flow rate. The pore architecture within the filter membrane 

affects how quickly a solution can be filtered as well as which size

and shape molecules can pass through the membrane. The density

of pores within the membrane also impacts flow rate. Polycarbonate

membranes have the lowest porosity (5–20%), significantly limiting

flow rate. Other membranes with high levels of porosity (60–80%)

show improved flow characteristics. It is important to remember that

membranes from different vendors are manufactured and tested

differently—a given 0.2 µm filter from one manufacturer might display 

different particle retention behaviour and flow rate compared to the

same membrane from a different manufacturer.

3. Membrane Extractables: Extractables are low‑molecular‑weight

compounds that originate in the filter or filter device. They can

dissolve into the sample or solvent during filtration and manifest

as contaminants during HPLC analysis. The resulting impurity

peaks in the chromatogram can lead to inaccurate and variable

results. Most vendors offer syringe filters that are certified for low

extractable impurities; however, filters should always be evaluated on

a case‑by‑case basis.

4. Analyte Binding: Analyte binding to the filter membrane surface can

result in analyte loss. Hydrogen bonding, hydrophobic interactions,

and electrostatic interactions are the main causes for analyte binding.

In general, nylon membranes show much higher binding for certain

analytes when compared to membranes such as PTFE and PVDF.

Analyte binding can be reduced by first saturating the membrane

with sample; as the filter surface becomes saturated, less analyte is 

adsorbed to the filter. A common mitigation strategy involves discarding 

a certain volume of filtrate before collecting the sample for analysis. 

Typical discard volumes range from 3–10 mL, but this strategy should 

be evaluated on a case‑by‑case basis.

To learn more about filtration, visit https://www.sigmaaldrich.com/

membrane‑center.

Tips for Sample Filtration for Successful HPLC
Vivek Joshi, Cat Lautenschlager, and Maricar Dube

Table 1: Comparison of membranes used in sample filtration

Membrane Advantages Disadvantages

Hydrophilic PTFE

• Compatible with
aqueous and organic
solutions

• Low extractables
• Low binding to

small‑molecule active
pharmaceutical
ingredients (APIs)

• Low to medium
protein binding

Hydrophobic PTFE
• Compatible with broad

range of organic
solutions

• Not suitable for
aqueous samples

Hydrophilic PVDF

• Compatible with
aqueous solutions

• Low extractables
• Very low binding to

protein analytes

• Limited
compatibility with
organic solvents

Nylon
• Compatible with

aqueous and organic
solutions

• High binding of
analytes

• Susceptible to
hydrolysis at low
or high pH

Polyether sulfone 
(PES)

• Compatible with
aqueous solutions

• Low protein binding

• Limited
compatibility with
organic solvents

Mixed cellulose 
ester (MCE)

• Compatible with
aqueous solutions

• Limited
compatibility with
organic solvents

• High protein
binding

Polycarbonate

• Cylindrical pores with
absolute pore size

• Smooth/glassy surface
suitable for microscopy

• Low porosity
• Low flow rate
• Limited mechanical 

strength

Polypropylene

• Compatible with
aqueous and organic
solutions

• Low extractables

• Low to medium
protein binding
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It’s Qualification, But Not  
As We Know It?
C. Burgess1 and R.D. McDowall2, 1Burgess Analytical Consultancy Ltd, Barnard Castle, Co Durham, UK, 2RD McDowall Ltd,  

Bromley, Kent, UK

Qualification and calibration of high performance liquid chromatography (HPLC) chromatographs 
is a regulatory requirement, but how proscriptive should guidance be? 

This column has discussed the 
qualification of chromatographs several 
times, particularly following the update 
of the United States Pharmacopeia 
(USP) General Chapter <1058> on 
Analytical Instrument Qualification 
(1–5). USP <1058> describes 
qualification in a number of stages:
• User requirements specification 

(URS)—writing a laboratory 
URS to define the intended 
use of the chromatograph;

• Design qualification (DQ) or the 
fit of the selected instrument 
to the laboratory URS;

• Installation qualification (IQ)—
installation and integration of the 
components including any software 
to control the instrument;

• Operational qualification (OQ) to 
demonstrate that the instrument meets 
the requirements in the laboratory URS;

• Performance qualification (PQ) 
to monitor the operational use of 
the instrument including checks 
that a chromatograph can still 
meet the requirements in the 
URS. PQ also includes repairs, 
maintenance, and requalification.

The overall process is shown in 
Figure 1. The key element is the 

laboratory URS, which should not be 
a copy of the supplier’s specification, 
and which is critical to define the 
intended use as required by USP 
<1058> (1) and EU GMP Annex 15 (6). 

Put simply, it is not possible 
to qualify a chromatograph 
without a URS. 

The reason is that the intended 
use is not defined and this is 
a noncompliance with 21 CFR 
211.63 (7), EU GMP Chapter 3.34 
(8), and Annex 15 clause 3.2 (6). 

A Qualif ication 
Protocol Dissected
You may wonder why we have 
quoted that well-known analytical 
instrument qualification (AIQ) expert, 
Commander Spock, in the title of this 
column. We have found a qualification 
protocol for high performance liquid 
chromatography (HPLC), but it is 
called Calibration of HPLC. In this 
column, we will discuss a selection 
of the tests from the perspective of 
scientific soundness and usefulness 
to industry and then reveal the source.

Qualif ication or Calibration?
The title of the protocol is Calibration 
of HPLC. The title of USP <1058> is 

Analytical Instrument Qualification. 
Is there a difference between 
qualification and calibration? 
The definitions below are from 
the EU GMP glossary (9):
• Calibration: The set of operations 

which establish, under specified 
conditions, the relationship 
between values indicated by a 
measuring instrument or measuring 
system, or values represented 
by a material measure, and the 
corresponding known values 
of a reference standard.

• Qualification: Action of proving 
that any equipment works correctly 
and actually leads to the expected 
results. The word validation is 
sometimes widened to incorporate 
the concept of qualification.

• Validation: Action of proving, in 
accordance with the principles of 
Good Manufacturing Practice, that 
any procedure, process, equipment, 
material, activity, or system 
actually leads to the expected 
results (see also qualification). 

From these definitions, calibration 
is essentially modular, focused on 
components of equipment, and 
qualification and validation are 
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holistic, focused on the whole system. 
However, there is a complication 
in that US GMP uses the term 
calibration as originally issued in 
1978 (10) and the term qualification 
in USP <1058> effective 2018 (1).

Where’s the URS?
Reading through the protocol shown in 
Figure 2, there is no mention of a URS 
for the instrument, which should define 
the operational parameters of the 
instrument, together with the range and 
tolerances for each. Suggestions for 
how to write a URS for an HPLC system 
were discussed in an earlier Questions 
of Quality column (11). The problem 
is that without a cross-reference to 
the URS you can’t qualify or calibrate 
the chromatograph as the intended 
use has not been defined (1,6–8). 
To be fair to the protocol, there are 
acceptance criteria for the tests being 
performed, but there is no mention of 
review, authorship, or quality oversight 
of the protocol before testing.

Documenting the Work
At the back of the protocol, there 
is a one-page summary report 
form for documenting the work. To 
misquote Commander Spock: 
it’s a report, but not as we know 
it. There are many problems:
• An uncontrolled blank form! 

Several regulatory guidance 
documents (12–16) require blank 
forms to be uniquely numbered 
and reconciled, and this column 
has featured our discussion on 
this topic previously (17). How 
many attempts will be made before 
passing results are obtained?

• No space to write results! There 
is no space to enter the replicate 
values for measuring pump flow 
rate. This is a classic design error 
and is a noncompliance with EU 

GMP chapter 4.6, which requires that 
handwritten entries have sufficient 
space for entry. Also, there is no 
space to calculate the mean flow 
rate from the two measurements 
performed at each flow rate (18).

• Where are the electronic records? 
There is no mention that some 
of the records generated when 

executing some tests will be 
electronic as a chromatography 
data system (CDS) is required to 
operate the chromatograph. This 
will acquire, process, and store 
the electronic records generated. 

• No traceability! There is no space 
to record any of the reference 
materials (for example, source and 

477www.chromatographyonline.com

QUESTIONS OF QUALITY

SOLUTIONS FOR THE SEPARATION OF OLIGONUCLEOTIDES

Talk to one of our chromatography experts bit.ly/OligoSolutions.

Market leader in purification of siRNA - TSKgel® SuperQ-5PW (20)

Highest resolution for DNA & RNA analysis - TSKgel® DNA-NPR

Best molecular weight profiling of oligonucleotides with UHPLC columns and 
MALS – TSKgel UP-SW2000 and LenS3® Multi-Angle Light Scattering detector

#CHROMATO
GRAPHY
EXPERTS

https://www.separations.eu.tosohbioscience.com/home/our-solutions-for-oligonucleotides


batch number of caffeine standard 
and its preparation details) or 
document the digital thermometer and 
calibrated probe used to measure 
the column oven temperature.

• No space for deviations! Will all 
tests be executed as planned? Will all 
results be within acceptance criteria? 
If the answer to either question is no, 
then where is the deviation recorded?

• No release statement! There is no 
statement that the chromatograph 
passes all tests and is released 
for operational use. Also, there are 
only performed by and verified 
by signatures for completion of 
the work, with no quality oversight. 
The second person verification 
process must include a critical 
review of the recorded values 
and documented evidence.

In the current data integrity 
environment, correction of all 
these mistakes is essential. 

Pump Flow Rate Accuracy
Keep in mind that the regulatory 
requirement is to show an instrument 
is fit for intended use. You would 

think that when qualifying the pump 
in isocratic mode, you would use a 
column to provide sufficient back 
pressure on the pump. Not with this 
protocol! We remove the column 
and measure the time to fill a 10 mL 
volumetric flask twice at 1.0, 2.0, and 
3.0 mL/min and use the time to fill 
the flask to determine the flow rate. 
There are one or two problems:
• No column = no pump 

qualification: As there is no back 
pressure as found in operational use, 
this test does not reflect intended use.

• Inaccurate timing: Timing should 
stop when the water reaches 
the meniscus of the volumetric 
flask. However, this approach 
is inaccurate and error-prone, 
especially at 3.0 mL/min with 
water cascading into a flask like 
Niagara Falls. The acceptance 
criteria are ±2.0%, but how 
much error is generated by 
the manual time measurement 
and looking at a meniscus? 

• Right flow rates? The other issue is 
how many laboratories run at 3 mL/
min? Not many in our experience. 
If you want a flow rate <1.0 mL/

min, there is no test available 
(with or without a column).

• Where’s the documented 

evidence? Where are the 
timings recorded of the two 
determinations recorded? 

If you analyze samples without a 
column this test is great. If not, this 
test should be flushed down the toilet 
bowl of scientific nonsense. Now can 
you see the reason for the title of this 
column? But wait, there’s more!

Flow Rate Consistency
This test uses a column! It uses 
the retention time consistency 
from six injections of a caffeine 
solution at a flow rate of 1.0 mL/
min. Problems with this test are:
• No mention how data should 

be stored in the CDS;
• The blank form only has space 

for the final result with no 
linkage to the source data;

• There is no mention of how the 
relative standard deviation (RSD%) is 
calculated by the CDS, spreadsheet 
(don’t!) (19,20), or calculator.

This is a data integrity 
nightmare waiting to happen.

Redesign the Flow Rate Tests
We suggest condensing the two tests 
into one. Use a calibrated digital flow 
meter and do the test at the upper and 
lower flow rates used by your laboratory. 
Measure each six times and obtain 
both a better measure of accuracy 
and precision. Oh, and make sure you 
connect a column before you start.

Testing the Gradient Profile 
This test occupies nearly three 
pages of the protocol and goes into 
much—probably too much—detail, 
with multiple changes in gradient 
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FIGURE 1: The 4Qs model shown as a V model to highlight the importance of the 
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mixing using acetone in one of the 
mobile phase components. Except 
there is no column and consequently 
no back pressure! There are 
two tests for gradient mixing:
1. A combination of channels A 
and B versus channels C and D
2. Channel A versus C

The problem with this proscriptive 
approach is that most laboratories do 
not use a quaternary gradient system 
this way. Channels A and B are used 
for mixing an isocratic mobile phase 
or the gradient, and channels C and D 
are used for post-analysis flushing of 
the system and preparing the column 
for storage. At the risk of boring you, 
test the system as you intend to use it!

Column Oven
The test is described in four bullet 
points. Forget any specification 

for intended use. You will test the 
column oven at 60 ºC, 50 ºC, 30 ºC, 
20 ºC, and 10 ºC. Where to start with 
this litany of unscientific rubbish?
• No probe placement: There is 

no instruction where to place the 
calibrated probe, you could end 
up measuring the air in the oven. 
What really matters is the column 
temperature, not the air temperature! 

• No column (again): As there is no 
column or flow rate defined, this 
is another meaningless test.

• Death by compliance: The basic 
principle of qualification and 
calibration is that you test at the 
limits of the documented operating 
range and interpolate. Here, there 
are single measurements at 10˚C 
intervals over the range of testing. 

• Single measurement: There 
is only a single measurement 

lasting 10 min after setting the 
temperature. Most sequences 
last much longer than this and 
there is no attempt to assess 
the consistency of the oven 
temperature over time.

Are You Lazy?
Rather than death by compliance, 
why not run tests in parallel to 
save time and effort? For example, 
by combining meaningful and 
scientifically sound flow uncertainty 
and oven temperature tests you can 
get a better understanding of how the 
oven temperature works over a longer 
time, with several measurements 
at intervals and the top and bottom 
of the predefined temperature 
range with a column. This will be 
closer to intended use than a single 
measurement of oven temperature.

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
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Detector Wavelength Accuracy 
Houston, we have a problem. The 
detector wavelength accuracy is 
measured using caffeine. What 
do we need from a wavelength 
standard? Needle sharp peaks 
and traceability of measurement 
is fine with a holmium solution. 

Caffeine? No. 
Traceable? Even with a 

pharmacopoeial standard, read 
the certificate of analysis. Does 
it say wavelength standard and 
traceability of measurement? No. 

It also fluoresces, which is not good 
news for absorbance-based detectors.

Two advantages of including caffeine 
in a wavelength accuracy check are the 
205 nm peak and that the broad shape 
of each peak will be closer in shape to 
the materials being tested. However, this 
needs to be offset by the need to also 
include a suitable metrology standard, 
such as a traceable rare earth solution.

The wavelength accuracy limits for 
a variable wavelength detector are 
±2 nm, but the stated limits for HPLC 
detectors in USP <621> are ±3 nm 
(21). Testing a detector with tighter 
criteria than the pharmacopoeial 
requirement is not recommended.

Furthermore, there is no 
sensitivity specification for a 
diode array detector (DAD). The 
practice of injecting solutions at 
different detector wavelengths 
is an attempt to automate the 
measurement. It should be noted 
that variation in the peak area will 
include contributions from both the 
autosampler and any wavelength 
dependent measurements.

Killing Three Birds 
With One Stone
Are you even lazier? Why do three 
experiments when one will do? Why 
use water and make approximations 
when it is not necessary? This 
combined test will check autosampler 
precision, linearity, and accuracy:
• Prepare a 1 mg/mL caffeine 

solution as directed. 
• Prepare a 10 ppm caffeine solution 

by dilution with the mobile phase 
(1:100 dilution) at laboratory 
temperature (1 mg/mL is 1000 ppm).

• Weigh a 25.0 mL aliquot of 
the mobile phase used and 
calculate the density, PMP. 

• Place the 10 ppm caffeine solution 
into a HPLC vial then seal and cap it.

• Weigh the vial, w1g, on a 4 
place analytical balance and 
put into the autoinjector. 

Then perform the following 
injection sequence: 
1. Six 20 µL injections as a 
system suitability test (SST) 
for precision determination of 
peak area (total 120 µL)
2. Two injections each at 5, 10, 50, 
and 100 µL (total 370 µg/mL) 
3. Perform linear least squares 
regression on mean peak areas: 
a. Don’t rely on R2 as it is not a measure 
of linearity, it is a measure of correlation; 
for an explanation see reference 22. 
b. Plot the residuals of all injections, 
there should be no pattern.
c. However, there are no 
acceptance criteria for differences 
between duplicate injections.
4. Reweigh the autosampler 
vial after the total injection 
volume of 490 µL, w2g
5. Calculate from the weight difference 
(w1-w2)g. From the density of the 
mobile phase, calculate the average 
volume of a 20 µL injection and 
compare with the acceptance criteria: 

(w1 – w2) 20
     ρMP       490

1000 µl

[1]

Modular Versus Holistic 
Qualification
The major failures of this protocol 
are that there is no holistic test of 
the chromatograph as discussed 
in an earlier column (5), and 
that calibration of modules is not 
considered from the intended 
use and appropriate SSTs for 
the analytical methods used (for 
example, defining appropriate 
retention windows for peak labelling). 
The tests in the protocol are modular 
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FIGURE 2: Scope of the HPLC calibration (qualification) protocol.
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tests on chromatograph components, 
but there is no overall holistic 
test of the instrument to show that 
the whole works as expected.

In the classic article on HPLC 
qualification, Furman et al. (23) 
presented the case for both 
qualification of the chromatograph 
modules and a holistic test for the 
whole instrument. The argument is 
that although individual modules may 
pass, the instrument may fail due 
to the sum of errors. This has also 
been our experience in practice (24).

Qui Sunt Auctores?
We now come to the source of this 
protocol. This was published by the 
Indian Pharmacopoeia Commission 
in September 2021 (25). Usually, any 
pharmacopoeial general chapter 
describes what is required in broad 
terms to allow an individual laboratory 
flexibility in interpretation. In this 
instance, it is proscriptive, and, even 
worse, it is not entirely scientifically 
sound. It is puzzling that the authors 
appear to lack understanding of 
current best practices for requirements 
for analytical instrument qualification 
and its adequate documentation.

Summary
It is concerning that an important 
source of information for the Indian 
pharmaceutical industry can publish 
such an error-strewn and unscientific 
approach to the qualification of 
liquid chromatographs. We hope 
that they revise and reissue the 
guidance to ensure that laboratories 
define their operating parameters 
together with the ranges tested 
with acceptance criteria. The tests 
must be scientifically sound as 
well as allow traceability of work. 
However, in the current format, it 
is magnificent training material to 

teach analysts what not to do when 
qualifying a liquid chromatograph. 
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Recent life-science technologies incorporate  
polymers and biopolymers as key component of  
their drug products. Polymers play essential roles 
in controlled drug elution and target drug delivery, 
therefore advanced analytical solutions are required to 
properly assess the safety and efficacy of these new  
life-science technologies. 

LCGC: What kind of life-science technologies does PolyAnalytik 
work with?
LANDRY: We analyze a wide range of polymer-containing medical 
technologies. In the medical device industry, medical-grade 
polymers such as polyesters are used as drug delivery components 
in implantable devices such as drug-eluting stents and drug-coated 
balloons used to treat heart disease. In the pharmaceutical industry, 
polymers are used as drug delivery vehicles, such as micelles, that 
target and deliver drugs to specific organs, and biopolymers are 
also used as excipients in pharmaceutical tablets. In the biopharma 
industry, biosimilars such as antibodies like immunoglobulin G are 
routinely analyzed to understand the composition, molecular weight, 
and presence of aggregates in the sample. 

LCGC: What kind of studies are typically conducted for these life-
science technologies? 
LANDRY: Comparative analysis from approved-drug products to 
generic versions is one kind of study that can be conducted, which 
provides information on the molecular differences between the 
two products. For implantable medical devices, an assessment 
of biocompatibility is required, which includes in-vitro and in-
vivo degradation studies. From a chemistry, manufacturing, and 
controls perspective, it is important to understand the effects of 
manufacturing stages. For example, the sterilization effects on the 
end molecular and thermal physical properties as the final drug 
product. The stability of the drug product also needs to be assessed 
thoroughly as part of the control manufacturing and controls 
characterizations as well as establishing specifications for the polymer 
used in the drug product. 

LCGC: What analytical technologies are typically used in these studies?
LANDRY: I used a wide range of analytical techniques in these 
studies, which spans from chromatography and thermal-
physical characterizations to spectroscopy and microscopy. Of 
particular importance for polymers is the use of gel-permeation 

Advanced Analytical Solutions  
for Life-Science Technologies chromatography (GPC), also known as size-exclusion 

chromatography (SEC). This technique allows 
us to measure polymers’ molecular weight and 
distribution as well as the concentration of polymers 
in the final drug product. In the case of in-vitro and 
in-vivo degradation studies, GPC is used to assess 
molecular weight loss and mass loss of polymers as 
a function of time. 

The crystallinity of polymers influences the 
drug-release profile due to changes in polymer 
degradation kinetics. A more crystalline polymer 
degrades slower, therefore crystallinity of polymers 
in final drug product is required. A few techniques 
can be used for this purpose, including X-ray 
diffraction and differential scanning calorimetry. 
Degradants, extractables, and leachables of 
medical-grade polymers are routinely analyzed 
by LC-MS and/or GC-MS. The surface morphology 
of medical implants as the polymer drug coating 
resorbs or degrades can be assessed clearly with 
scanning electron microscopy. 

Residual monomer levels in the polymers used 
in the drug products can be done by nuclear 
magnetic resonance (NMR) spectroscopy or gas 
chromatography. PolyAnalytik is equipped with 
all these techniques to provide a comprehensive 
chemical assessment of medical products. 
Moreover, PolyAnalytik has the access to platforms 
that develop advanced simulation analysis. 

LCGC: What kind of analytical information is 
provided to clients?
LANDRY: With GPC characterizations, the molecular 
weight averages, including number-average 
molecular weight and weight-average molecular 
weights, are provided. Conventional GPC is most 
widely used to obtain relative molecular weights 
by calibrating with carefully selected polymer 
standards. However, we can also utilize advanced 
detection methods to determine the absolute 
molecular weight of unknown polymer samples. 
While knowing the refractive index increment of 
the polymer, concentrations can also be calculated. 
These measurements are important to characterize 
the degradants products of the polymers in-vitro 
and in-vivo. 

Percent mass loss and molecular weight loss as 
a medical-device implant coating can then be 
calculated. These characteristics are important 

to assess the safety of the device. Furthermore, 
extremely sensitive methods must be developed 
to characterize a small quantity of polymers used 
in these drug coatings. PolyAnalytik has developed 
and validated the proper methods of GPC for this 
purpose. Also, we provide simulation techniques 
and advanced statistical design of experiments to its 
clients in various fields. 

LCGC: Can the studies be used for regulatory 
submissions?
LANDRY: Yes, many of these studies, including in-
vivo and in-vitro degradations, sterilization effect, 
and stability studies are used in the regulatory 
submission framework.  

LCGC: What are the main considerations in 
planning studies for life-science technologies?
LANDRY: First, we must understand the objective of 
the study. That is, is it for chemistry, manufacturing, 
and controls or for regulatory safety assessment? In 
the case of safety assessments, we must first obtain 
information on the quantities of the polymers in 
the final drug product to utilize a method with 
appropriate detection and quantification limits. 
For in-vitro or in-vivo degradation experiments, the 
time points must be selected to reflect up the 90% 
degradation of the polymer. To do this, we must 
understand the polymer chemistry and routes of 
degradation. For polyesters, such as poly lactic acid 
(PLA) and poly glycolic acid (PGA), the mechanism 
of degradation is primarily hydrolysis. 

We know that the higher crystallinity of PLA  
renders its degradation time to be within one to two 
years. Whereas PLGA, which is more amorphous, 
degrades within several months depending on the 
lactic acid composition of the polymer. Based on the 
quantities of the polymer in the final drug product, 
which may range from 50 to 1000 micrograms, 
we must decide at which time point the pooling 
of samples is necessary according to the methods 
of detection and quantification limits. Proper 
planning of the studies involves a comprehensive 
understanding of the polymer properties used in 
the final drug product. 

Many of our customers have used our state-of-the-
art facilities to provide them with accurate polymer 
properties prior to establishing full studies that they 
then complete with us and submit to regulatory 
bodies to gain their first in-human clinical trial.

Eric Landry
Director of Sales
PolyAnalytik

http://www.chromatographyonline.com
http://www.polyanalytik.com
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standards. However, we can also utilize advanced 
detection methods to determine the absolute 
molecular weight of unknown polymer samples. 
While knowing the refractive index increment of 
the polymer, concentrations can also be calculated. 
These measurements are important to characterize 
the degradants products of the polymers in-vitro 
and in-vivo. 

Percent mass loss and molecular weight loss as 
a medical-device implant coating can then be 
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to characterize a small quantity of polymers used 
in these drug coatings. PolyAnalytik has developed 
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purpose. Also, we provide simulation techniques 
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information on the quantities of the polymers in 
the final drug product to utilize a method with 
appropriate detection and quantification limits. 
For in-vitro or in-vivo degradation experiments, the 
time points must be selected to reflect up the 90% 
degradation of the polymer. To do this, we must 
understand the polymer chemistry and routes of 
degradation. For polyesters, such as poly lactic acid 
(PLA) and poly glycolic acid (PGA), the mechanism 
of degradation is primarily hydrolysis. 

We know that the higher crystallinity of PLA  
renders its degradation time to be within one to two 
years. Whereas PLGA, which is more amorphous, 
degrades within several months depending on the 
lactic acid composition of the polymer. Based on the 
quantities of the polymer in the final drug product, 
which may range from 50 to 1000 micrograms, 
we must decide at which time point the pooling 
of samples is necessary according to the methods 
of detection and quantification limits. Proper 
planning of the studies involves a comprehensive 
understanding of the polymer properties used in 
the final drug product. 
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Director of Sales
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Putting the Sample into 
Sample Preparation
Douglas E. Raynie, Sample Preparation Perspectives Editor

There are three aspects regarding samples that are of the highest importance in an analytical scheme:  
sample homogeneity (the distribution of an analyte in a matrix), the size distribution of the sample  
particles, and related physical considerations. Grinding, milling, mixing, and related techniques are used  
to improve sample homogeneity for statistical considerations. The sample size is also related to sampling  
accuracy and precision. Generally, larger samples improve precision and can generate more representative  
samples. Previously, we’ve discussed both sample size and homogeneity. However, sample collection is  
just as important. Too often, analysts are dependent on clients bringing the sample to the laboratory.  
This month, we take a look at devices and processes for obtaining samples outside of the laboratory.

Sample preparation is (obviously) 
dependent on the sample. However, 
in many cases, we do not collect our 
own samples but are dependent on 
clients to bring them to us (along with 
less than helpful requests like, “tell 
us what’s in here”, as opposed to 
engaging the analytical laboratory 
as a true partner in helping solve the 
issue at hand). Two years ago, we 
reported that sampling (and sample 
preparation, for that matter) is typically 
not a part of the training for most 
analysts (1). Key sample attributes for 
analysis include sample heterogeneity 
(which dictates sample treatment and 
sample size) and sample collection, 
both of which are addressed in this 
column. Sampling and the quality 
of analytical data go together, so 
the validity of the conclusion drawn 
from an analytical process are 
directly related to sample quality. 

Types of Samples
Not only does the analyst rarely get 
involved with collecting the sample 

for analysis, but the sample collected 
in the field, pipeline, or tissue is rarely 
the sample that gets analyzed. Hence, 
there are several types of samples, 
and different regulatory agencies and 
standard-issuing bodies may use 
different terminology. These sample 
types may include gross samples, 
random samples, systematic samples, 
representative samples, composite 
samples, laboratory subsamples, 
and passively collected samples.

Gross samples are one or more 
increments of material taken from 
a larger quantity (lot) of material.

Random samples are collected 
when there is an unknown body of 
data and unbiased information is 
needed. For example, an applicable 
scenario where a random sample 
would be collected is to access the 
distribution of contaminants across a 
field. As a result, random samples are 
useful when the system is unknown. 
Collecting random samples can be 
performed by establishing a grid 
pattern across the system under 

study and using a random number 
generator to establish which grids to 
sample. Random samples are most 
valuable when several samples are 
taken and analyzed individually.

Systematic samples are collected  
to test hypotheses on effects of  
changes in a system, such as before  
and after a treatment. For example,  
a systematic sample would be taken 
upstream and downstream of a point 
source of pollutant. One precaution is 
to avoid adding bias to the samples 
as they are taken. These samples 
are used when some information 
is known about the system.

Representative samples indicate 
when a single sample represents 
the properties of an entire system. 
They should represent not only the 
chemical composition but also the 
particle size distribution and other 
physical properties as well. Because 
truly representative samples are 
difficult to obtain, they are often 
defined by relevant regulatory and 
trade organizations, including the 
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U.S. Environmental Protection Agency (EPA), the U.S. 
Geological Survey (USGS), the U.S. Food and Drug 
Administration (FDA), American Society for Testing and 
Materials (ASTM) International, Association of Official 
Analytical Collaboration (AOAC) International, National 
Grain and Feeds Association (NGTA), Technical Association 
of the Pulp and Paper Industry (TAPPI), and others.

Composite samples are when two or more subsamples 
are obtained, combined, and mixed in an attempt 
to obtain a reasonably representative sample. 

Laboratory subsamples are what is generally used in 
the analytical procedure because only small samples are 
typically needed for analysis. The laboratory subsample is 
usually what is mixed, ground, diluted, or concentrated for 
uniformity. Care must be taken with solids to avoid sample 
segregation because of particle size or density.  
The general rule is that the more heterogeneous a 
substance is, the larger the sample amount needed to 
ensure a representative sample for a given level of precision. 
The laboratory subsample must contain the composition 
of the gross sample. Particle size reduction is often 
necessary when generating the laboratory subsample.

Passively collected samples, which are samples based on 
the flow of analyte from the system to a collection medium 
because of a difference in chemical potentials, will not be 
discussed in this column because, although this sampling 
mode is simple and inexpensive, it is limited to providing 
information like time-weighted exposure averages.

Sample types and sampling protocols are often 
specific to a given regulatory or industry situation, as 
noted above. However, one treatment that is described 
in the U.S. EPA Guidance in the literature (2) presents an 
interesting discussion on judgmental sampling compared 
to probabilistic sampling. In judgmental sampling, personal 
opinion is used regarding where to take samples and 
statistical analysis cannot be used to draw conclusions 
about the system under study. Probabilistic sampling 
provides a quantitative basis for conclusions to be drawn 
from the analysis, and is discussed in the following sections.

Sampling Design
Several experts have developed the theoretical and 
statistical basis for sampling, notably Byron Kratovil 
(University of Alberta), John Taylor (National Institute 
of Standards and Technology), and Pierre Gy (French 
industrial consultant). Gy, especially, attempted to account 
for the effects of particle shape and size, composition, 
solute liberation from the sample matrix, heterogeneity, 

analyte loss, and myriad other factors in developing 
his sampling theory over about four decades (3). 
Several LCGC articles have summarized the statistical 
uncertainties associated with sampling (1,4–8).

Perhaps the major treatments of sampling concern the 
appropriate sample size to be collected to maintain a given 
level of uncertainty. The well-established Horwitz curve 
(9) demonstrates that, to achieve increasingly smaller 
measurement uncertainties, the sample size must increase 
exponentially. Although Horwitz was primarily concerned 
with food analysis, his findings appear to have broad 
applicability. Ingamells (10–12) developed approaches 
and applied sampling constants to geochemical analysis. 
Generally, the sample amounts to be collected can be 
determined by derivations of the Benedetti-Pichler equation:

n = p(1 – p) (         )2 (                      )2
d1d2

d2
ave

100(P1 – P2)
σsP  ave

         
[1]

where n is the number of particles to be sampled; p and 
1-p are the fractions of the two kinds of particles (analyte 
and nonanalyte); d1 and d2 are the densities of each particle; 
P1 and P2 are the percent of the desired component in each 

www.glsciences.eu
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Introducing our new Pyrolysis system
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sample; Pave is the overall composition 
of the sample; and σs is the 
sampling error (13,14). If we assume 
homogeneous particle size distribution 
and spherical particle sizes, the 
mass of sample to be collected can 
be determined as (4/3)pr3dn where 
r is the radius of a sample particle.

On a more practical note, once a 
sufficient sample size is collected,  
if we assume the variance of sample 
is larger than the variance of analysis 
(generally a safe assumption with 
modern instrumental methods), 

the overall results of a method are 
generally better when multiple samples 
are pooled, mixed, and replicate 
subsamples analyzed, which leads 
us back to the concept of composite 
sampling. With composite sampling, 
the individual samples should 
be approximately equal size and 
shape, and if two or more composite 
samples are to be compared, the 
number of samples comprising 
each composite should be equal.

Sampling design strategies not 
only provide a sound statistical basis 

for making comparisons or drawing 
conclusions, they have the added 
benefit of minimizing resource use 
during the sampling and analysis 
procedures. The U.S. EPA Guidance 
(2) describes six types of sampling 
design protocols: judgmental 
design, simple random sampling, 
stratified sampling, systematic 
and grid sampling, ranked set 
sampling, and adaptive clustering.

Judgmental design is predicated 
on knowledge of the features or 
conditions under study and on 
professional judgment. Conclusions 
are limited to the validity of 
the professional judgment.

Simple random sampling uses 
random number generators and 
treats all possible sampled subunits 
equally, which is most useful when 
the system is fairly homogenous 
and random sampling can provide 
statistically unbiased determinations.

Stratified sampling separates 
the system into nonoverlapping 
subpopulations, called strata, thought 

TABLE 1: Criteria for judging benefits of composite sampling (2)

Criterion Composite Sampling is Likely to be Beneficial if…

Analytical costs Analytical costs are high relative to  
sample acquisition or handling costs.

Analytical variability Analytical variability is small relative to  
inherent variability of the site or process.

Objective is to estimate population mean
Information on individual samples is not important.

Information on associations is not important (correlations between concentration levels of 
two contaminants).

Objective is to estimate proportion of  
population with a trait

Composite has trait if individual sample does.
Likelihood of misclassification is small.

Trait is rare.

Objective is to classify samples as having or not 
having a trait

Composite has trait if individual sample does.
Likelihood of misclassification is small.

Retesting of aliquots from individual samples is possible.
Trait is rare.

Objective is to  
identify the samples with the highest value

Measurement error is negligible.
Retesting of aliquots from individual samples is possible.

Range of analytical concentrations Concentrations of relevance are much larger than detection limits.

Physical barriers

Compositing does not affect sample integrity  
(expect no chemical reactions or interferences or  

analyte losses from volatility) or result in safety hazards.
Individual samples can be adequately homogenized.

(a) (b)
Pull up

Push Down

Sample

FIGURE 1: Liquid sampling procedures based on (a) laboratory pipettes or (b) valved 
collection tubes. 
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to be homogeneous, which is helpful 
for providing estimates when the 
target population is heterogeneous, 
but the system can be subdivided.

Systematic and grid sampling 
collects samples at regularly spaced 
times or geometric intervals in an 
attempt to determine the distribution 
of analyte across a system of interest.

Ranked set sampling is a two-phase 
method that identifies a set of field 
locations, screens to rank locations 
within each set, and then selects one 
location from each set for sampling, 
which provides more representative 
samples than simple random 
sampling. The ranking method and 
the analytical method should be 
strongly correlated. This design 
is useful when the cost of ranking 
locations in the field is low compared 
with the laboratory measurements.

Adaptive clustering results 
from a number of samples using 
simple random sampling, then 
collecting additional samples 
where the measurement exceed 
a threshold value. This is used to 
evaluate rare characteristics in a 

population and is appropriate with 
rapid, inexpensive measurements.

Composite sampling, as 
previously mentioned, physically 
combines and mixes individual 
samples in an attempt to form a 
single homogenous sample. It 

FIGURE 2: Demonstration of depth cores of soil collected with a coring device.
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reduces the number of analyses 
needed. The individual samples to 
be composited should be of equal 
size and the number of individual 
samples in each composite should 
be the same. Table 1 from the EPA 
Guidance shows when composite 
sampling is beneficial (2).

Other regulatory agencies may 
articulate similar sampling designs 
protocols. The EPA Guidance 

summarizes scenarios where these 
sampling design types may be 
appropriate (2), presented in Table 2.

Sampling Devices
Once the sample design and size 
are determined, how does one go 
about collecting the sample? Again, 
regulatory or trade organizations 
will often describe (or mandate) how 
samples are to be collected. Devices 

used to collect samples must be 
able to easily gather a sufficient 
sample size without introducing 
contamination or degrading samples, 
must be safe to use, and must be 
easy to clean. Sampling devices can 
be quite sophisticated, involving 
pumps, adsorbents, or complex 
flow paths. However, many devices 
are scaled versions of common 
laboratory equipment, including 

TABLE 2: Choosing the appropriate sampling design for your problem (complete the sentence)

HPLC Component Supplier’s Specification Supplier’s Specification Laboratory Requirements

Performing a screening phase of 
an investigation of a  
relatively small-scale problem

A limited budget or a limited 
schedule Judgmental sampling

Assess whether further investigation 
is warranted that should include a 
statistical probabilistic sampling 

design

Developing an understanding of 
when contamination is present

An adequate budget for the  
number of samples needed Systematic sampling Acquire coverage of the time periods 

of interest

Developing an understanding of 
where contamination is present

An adequate budget for the  
number of samples needed Grid sampling

Acquire coverage of the area of  
concern with a given level of  

confidence that you would have 
detected a hot spot of a given size

Estimating a population mean An adequate budget Systematic or grid sampling Also produce information on spatial 
or temporal patterns

Estimating a population mean
Budget constraints and 

analytical costs that are high 
compared to sampling costs

Composite sampling
Produce and equally precise or a 

more precise estimate of the mean 
with fewer analyses and lower cost

Estimating a population mean

Budget constraints and 
professional knowledge 

or inexpensive screening 
measurements to assess 

the relative amounts of the 
contaminant at specific field 

sample locations

Ranked set sampling Reduce the number of analyses 
needed for a given level of precision

Estimating a population mean or 
proportion

Spatial or temporal  
information on contaminant 

patterns
Stratified sampling

Increase the precision of the estimate 
with the same number of samples 
or achieve the same precision with 

fewer samples and lower cost

Delineating the boundaries of 
an area of contamination A field screening method Adaptive 

cluster sampling
Simultaneously use all  

observations in estimating the mean

Estimating the  
prevalence of a rare trait

Analytical costs that are high  
compared to sampling costs.

Random  
sampling and composite 

sampling

Produce an equally precise (or more 
precise) estimate of the prevalence 
with fewer analyses and lower cost

Attempting to identify  
population units that have a 
rare trait (for a finite population 
of units)

The ability to physically mix  
aliquots from the samples and 
then retest additional aliquots

Composite sampling and 
retesting

Classify all units at reduced costs by 
not analyzing every unit

Attempting to identify  
population units that have the 
highest contaminant levels (for a 
finite population of units)

The ability to physically mix  
aliquots from the samples and 
then retest additional aliquots

Composite sampling and 
retesting

Identify such units at reduced cost 
by not analyzing every unit
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spatulas, spades, syringes, and 
more. Some specific sampling 
devices are discussed.

Obtaining liquid samples often 
depends on the depth of the liquid 
and whether the analyst wishes to 
maintain a depth profile. Shown 
in Figure 1(a) is the schematic 
of a pipette-style device scaled 
appropriately and Figure 1(b) is 
a manual valve collection tube.

Simple devices are often used 
to obtain analytical samples. 
We’ve already mentioned items 
like spatulas and spades. Depth 
profiles of samples can be obtained 
with corers, essentially enlarged 
versions of apple corers used in 
the kitchen, as shown in Figure 2.

A special sample collection 
tool used with granulated solids, 
free-flowing powders, or liquids 
is the sample thief. The sampling 
thief, depicted in Figure 3, generally 
consists of a handle on a pocketed 
or slotted rod that is inserted into 
the sample. The barrel-shaped 
covering is twisted to expose the 
pockets. Single pockets allow 
collection at defined depths, 
whereas multipocketed devices 
allow depth profiling. Operation of 
these devices is shown in Figure 4.

Conclusions
Sampling is often not included in 
the professional training of analysts. 
Hence, it is often misunderstood. In 
this column, we discussed various 
sample types and the statistical 
treatment of sampling. Sample 
design protocols aligned with 
analytical scenarios. Finally, we 
presented a quick overview of the 
tools used to collect analytical 
samples. Armed with knowledge 
of sample types and sample 
collection, the analyst can become 

a better partner in the chemical 
problem-solving process.
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FIGURE 4: Operation of various types of sampling thieves. The thief is inserted into the 
sample and the handle is rotated to open the slots. After the sample is allowed to flow 
into the pockets, the handle is rotated to close the slots and the thief is removed from the 
sample. Finally, the sample is transferred to an appropriate container.

FIGURE 3: Examples of sampling thieves used for collection of samples from granulated 
solids, free-flowing powders, or liquids.
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Thermal Desorption
A powerful leap in sustainability for analytical technology—and reportedly a 
world’s first for thermal desorption instruments for GC–MS—Markes’ Multi-Gas 
enabled thermal desorbers can operate with three carrier gases—helium, 
nitrogen, and hydrogen, offering significant cost savings, coupled with 
enhanced productivity and superior 
analytical performance.

www.markes.com
Markes International Ltd., Bridgend, UK.

TOC Analyzer
Shimadzu’s TOC-1000e is the first analyzer in the eTOC 
series of online TOC analyzers designed for pure water 
applications. According to the company, the system has 
the world’s smallest and lightest cabinet and provides 
high-sensitivity detection, making it ideal for fields 
requiring high-purity water applications, such as precision 
manufacturing, pharmaceuticals, and semiconductors.

www.shimadzu.eu 
Shimadzu Europa GmbH, Duisburg, Germany.

GC Detector
VICI’s Model D-3-1-8890 is a plug-and-play 
pulsed discharge detector for easy installation and 
configuration on the Agilent 8890 GC. It is optimized 
for trace-level work in helium photoionization mode, 
and is a non-radioactive, low maintenance universal 
detector with a wide linear range, according to the company. It also utilizes  
the electronics and power supply of the host GC. 

www.vici.com
VICI AG International, Schenkon, Switzerland.

HPLC Column
Antibodies regulate their immune response by  
binding Fc receptors on immune cells. 
The TSKgel FcR-IIIA column analyzes this 
interaction: in screenings, quality control, and by 
providing fractions with different FcR affinities.

https://www.separations.eu.tosohbioscience.com
Tosoh Bioscience GmbH, Darmstadt, Germany.

Multi-Angle  
Light Scattering
The ultraDAWN measures MALS 
and reports the results—molecular 
weight, size, and particle 
concentration—in real time.  
With real-time multi-angle light 
scattering (RT-MALS), critical 
quality attributes can be monitored 
directly, for rapid feedback on 
product and process quality during 
the production of nanoparticles, 
biopharmaceuticals, and polymers.

www.wyatt.com
Wyatt Technologies, Santa 
Barbara, California, USA.

EAF4 System
Postnova’s simultaneous 
electrical and asymmetrical flow 
field-flow fractionation (EAF4) 
system is designed to enhance 
separation and characterization of 
biopharmaceutical, environmental, 
and nanomaterials. In an EAF2000 
system, electrical and cross-flow 
fields are applied simultaneously, 
enabling separations by particle 
size and particle charge based 
on electrophoretic mobility to 
characterize complex proteins, 
antibodies, and viruses, as well 
as environmental and charged 
nanoparticles or polymers.

www.postnova.com
Postnova Analytics GmbH, 
Landberg, Germany.
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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

https://www.chromatographyonline.com/view/connect-lcgc-social-media


http://www.hilicon.com
http://www.hilicon.com
mailto:info@hilicon.com

	LCE1121_Cover
	LCE1121_ContentsEAB
	LCE1121_OnlineHighlightsChairmansLetter
	LCE1121_PeerReview
	LCE1121_LCTroubleshooting
	LCE1121_GCConnections
	LCE1121_VendorTips&Tricks
	LCE1121_QuestionsofQuality
	LCE1121_SamplePrep
	LCE1121_Products



