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The Gold Standard for Protein, Monoclonal Antibody and Antibody Drug
Conjugate Analysis by Size Exclusion Chromatography

TSKgel UP-SW3000 offers higher resolution 
of both the high molecular weight (HMW) 
species and the Fab/c on the low molecular 
weight side.

TSKgel UP-SW3000 improves ADC tailing, 
even with conditions as high as 500 mmol/L 
arginine.

TSKgel UP-SW3000:

High Resolution Analysis of a mAb Detection of Heterogeneity in ADC

Columns:  A. TSKgel UP-SW3000, 2 µm, 4.6 mm ID × 30 cm
  B. SEC column, 5 µm, 7.8 mm ID × 30 cm
Instruments: A. UltiMate 3000RS UHPLC System
  B. Agilent 1260
Mobile phase:  0.2 mol/L potassium phosphate/0.25 mol/L KCl, pH 6.2 
Flow rate:  A. 0.35 mL/min
  B. 0.5 mL/min
Detection:  UV @ 280 nm
Temperature:  A. 40 °C
  B. 25 °C
Injection vol.:  A. 10 µL
  B. 50 µL

A: TSKgel UP-SW3000

B: 5 µm SEC column
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TSKgel and Tosoh Bioscience are registered trademarks of Tosoh Corporation.
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Column Information
Packing Material Dimensions P/N

PRP-X300 (7 µm) 150 x 4.1 mm 79464

Chromatographic Conditions
Gradient Isocratic

Temperature Ambient

Injection Volume 20 μL

Detection Refractive Index

Eluent A Sulfuric Acid

Eluent A Conc 3.0 mN

Eluent B Acetonitrile

Flow Rate 1.0 mL/min

Mobile Phase 95:5

Most natural waters contain natural organic matter (NOM), which is 
primarily composed of humic and fulvic acids. Natural waters are 
used both as potable and non-potable sources and both need to 
be disinfected with an oxidant to deactivate pathogens from either 
use. The disinfection of NOM with an oxidant produces disinfection 
by-products (DBP). The disinfection of NOM can be achieved through 
the use of various oxidation sources, such as: UV, ozone, chlorine, 
or chloramination. Depending on the oxidant and the source water, 
various halo DBPs can be formed.1 Each source generates multiple 
DBP’s. One of the main components to the nearly 600 identifi ed 
DBP’s are haloacetic acids (HAA) which have been detected in our 
ecosystem and affect overall human health. As utility companies 
utilize more infl uent waters containing higher salinity or desalinated 
sea/brackish groundwater, a growing concern has mounted for 
HAA’s. The higher concentrations of bromide and iodide converted in 
these waters change the speciation of DBP’s toward their brominated 
and iodinated analogues rather than their more recognized 
chlorinated species.2,3 These species have been documented 
as more toxic than the chlorinated analogs and are not routinely 
tested for by regulatory administrations.4

NOM in general contains healing properties, however, oxidation of 
NOM generates toxicity when the HAA’s react with themselves to 
form halocitric acids. When ingested, halocitric acids bind calcium in 
the citric acid cycle. The sequestered calcium leads to hypocalcemia 
through the inhibition of the citric acid cycle. Accurate detection 
of HAA’s is paramount for the prevention of over oxidation, while 
still managing enough water sanitation to eliminate water borne 
pathogens. As such, a need for a fast and repeatable method for the 
quantifi cation of HAA’s is of great demand for sanitation departments 
to accurately and quickly determine if their eluent is environmentally 
friendly. This method isolates fl uoro, chloro, bromo, and iodoacetic 
acids from water samples which highlights the effectiveness and 
robustness of the Hamilton PRP-X300, 7 µm ion exclusion column (150 
x 4.1 mm). The simple isocratic method utilizes a mobile phase of 3 mN 
H2SO4 and acetonitrile (95:5) to make reproducibility fast and easy. 

1 ) Li, X.-F., M, W.A.  Environ. Sci. Technol. 2018, 52, 1681−1689.

2 ) Zhao, Y.; Qin, F.; Boyd, J. M.; Anichina, J.; Li, X.-F. Anal. Chem. 2010, 82 (11), 4599−4605.

3 ) Hua, G.; Reckhow, D. A.; Kim, J. Environ. Sci. Technol. 2006, 40 (9), 3050−3056.

4 ) Wagner, E. D.; Plewa, M. J. J. Environ. Sci. 2017, 58, 64−76.

Compounds:
1: Fluoroacetic acid

2: Chloroacetic acid

3: Bromoacetic acid

4: Iodoacetic acid
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Separation of Halo Acetic Acids by Ion Exclusion
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Analyze AAV attributes with SEC-MALS-DLS
Size-exclusion chromatography combined with 
multi-angle and dynamic light scattering (SEC- 
MALS-DLS) is a standard tool for biophysical  
characterization of biopharmaceuticals. Recent  
developments have highlighted its importance  
for adeno-associated viruses as vectors in gene 
therapy, where SEC-MALS-DLS determines  
multiple critical quality attributes, simultaneously.

SEC-MALS-DLS combines size-based separation, 
using standard HPLC equipment, with independent 
determination of molar mass and size by a DAWN® 
light scattering instrument. In combination with UV 
absorbance data, the system characterizes key 
CQAs: aggregation, relative capsid content and  
AAV physical titer.

To learn more about Wyatt’s unique solutions for AAV 
characterization visit wyatt.com/GeneTherapy wyatt.com  |  info@wyatt.com

Solutions for  
Viral Vector  

Characterization

AAV-LCGC-Full-Page-Ad-2-20.indd   1 2/13/20   9:22 AM

http://www.wyatt.com/genetherapy
http://www.wyatt.com/genetherapy
http://www.wyatt.com
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mailto:info@wyatt.com
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205 LC TROUBLESHOOTING
Selectivity in Reversed-Phase Liquid Chromatography:  
20 Years of the Hydrophobic Subtraction Model
Dwight R. Stoll
The hydrophobic subtraction model has been very successful. Nevertheless, the 
accompanying public database, which has parameters for 750 commercially available 
columns, is an underutilized column characterization tool. Here is some guidance on how 
to use both the model and the free database.

211 COLUMN WATCH
New Chromatography Columns and Accessories for 2020
David S. Bell
We explore what’s new in the liquid chromatography columns and accessories 
commercially released over the past year.

220 PERSPECTIVES IN MODERN HPLC
New HPLC Systems and Related Products Introduced in 2019–2020: A Brief Review
Michael W. Dong
Our annual review of new high performance liquid chromatography and mass 
spectrometry instruments, chromatography data systems (CDS), and related products, 
including a summary of their significant features and user benefits.

229 FOCUS ON ENVIRONMENTAL ANALYSIS
Advancing Nontargeted Analysis of Water
Laura Bush
LC–MS techniques, particularly those using high-resolution MS and nontargeted 
analysis, are advancing many areas of water research. Here, Imma Ferrer of the University 
of Colorado shares some of her recent work in this field.

250 FUNDAMENTALS
Preparing for GC Analysis— A Definitive Checklist
Tony Taylor
In-depth knowledge of GC setup is a significant advantage for the user. Here, a 
checklist is provided for preparation of a GC or GC–MS system prior to analysis work—
referencing the actions, checks, tools, and consumable items that might be required.

FEATURED ARTICLE  

233 Understanding the Lifecycle Approach for Analytical Procedures
R.D. McDowall
A key component for data integrity is having accurate and precise analytical procedures 
that are validated for intended use. Changes in the way that procedures are specified, 
developed, validated, and operated are coming. Here is what you need to know.

PEER-REVIEWED ARTICLE  

241 Overview of Methods and Considerations for Handling Complex Samples
Jamie L. York and Kevin A. Schug
When working with complex samples, we need effective approaches to deal with 
matrix interferences. Here, we outline methods of sample preparation, on-line sample 
treatment, and instrument tools that can help. We also provide examples of applications 
and guidance for how to evaluate the best option for your complex sample.

DEPARTMENTS

249 Ad Index
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Color Coded for Pore Size and Membrane

Reduce Errors 

AQ™ Syringe Filters are made for laboratories that require 
consistent, high performance results with ease of use especially 
during high volume work. An excellent choice when laboratories 
cannot a� ord poor chromatographic results.

AQ™ Syringe Filters are compatible with aqueous or organic HPLC 
solvents and have been designed to be extremely low adsorbing 
even for charged molecules. Most commonly used in analytical 
laboratories, they have relatively low extractable levels compared 
to some other laboratory membranes. No pre-wetting is required to 
use these with aqueous solutions.

» Manufacturing Process Certifi ed to ISO 9001

» Ideal for Pharmaceutical Grade HPLC & Dissolution 
Testing, Tissue Culture Media Filtration, Beverage and 
Other Liquids and Microelectronic Filtering

» Each Order Supplied with a Lot Certifi cate of Analysis

Available in nylon, PTFE, PVDF, regenerated cellulose, PES, PP,  
or cellulose acetate membranes or nylon with glass pre-fi lters. 
Choose from 4mm, 13mm or 25mm polypropylene devices. 

A Change for the Better
Without Changing Your Data 
(or Damaging Your Instruments)
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Color Coded for Pore Size and Membrane

Reduce Errors 

AQ™ Syringe Filters are made for laboratories that require 
consistent, high performance results with ease of use especially 
during high volume work. An excellent choice when laboratories 
cannot a� ord poor chromatographic results.

AQ™ Syringe Filters are compatible with aqueous or organic HPLC 
solvents and have been designed to be extremely low adsorbing 
even for charged molecules. Most commonly used in analytical 
laboratories, they have relatively low extractable levels compared 
to some other laboratory membranes. No pre-wetting is required to 
use these with aqueous solutions.

» Manufacturing Process Certifi ed to ISO 9001

» Ideal for Pharmaceutical Grade HPLC & Dissolution 
Testing, Tissue Culture Media Filtration, Beverage and 
Other Liquids and Microelectronic Filtering

» Each Order Supplied with a Lot Certifi cate of Analysis
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LC TROUBLESHOOTING
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Selectivity in Reversed-Phase Liquid Chromatography: 
20 Years of the Hydrophobic Subtraction Model
How can I use the hydrophobic subtraction model of reversed-phase selectivity to help me in method development? A 
recent Pittcon symposium discussed the history and practical use of the model, as well as insights into recent research 
that may enable expanded use of the model in the future.

Dwight R. Stoll

For the 2020 edition of the Pitts-
burgh Conference (Pittcon) held in 

early March in Chicago, Professor Joe 
Foley of Drexel University organized 
a symposium entitled “To Selectivity 
and Beyond: Celebrating 18 Years of 
the Hydrophobic Subtraction Model.” 
It has been roughly 20 years since 
Lloyd Snyder, John Dolan, Peter Carr, 
and coworkers began work on what 
has become known as the hydropho-
bic subtraction (HS) model of selec-
tivity for reversed-phase liquid chro-
matography columns. In my view, this 
model, and the accompanying pub-
lic database of parameters for 750 
commercially available columns, has 
been remarkably successful, and this 
Pittcon symposium aimed to both dis-
cuss the impact of the model on con-
temporary method development, and 
provide some insights from recent 
research on the use of the model 
going forward. Choosing a column 
is an important decision, not only at 
the beginning of method develop-
ment, but also for the analytical life 
cycle of a method. In this installment 
of “LC Troubleshooting,” I first review 
the basic premise and features of the 
HS model and the column database, 
and then touch on highlights of the 
talks presented as part of the Pittcon 
symposium. From my point of view, 

and I think the other contributors to 
the symposium would agree, the HS 
model database is a column charac-
terization tool that is underutilized by 
the LC community, in spite of the fact 
that it is a free resource. Users can 
leverage the database to supplement 
information available from suppliers, 
and become more familiar with their 
columns. Separation performance can 
improve by locating and evaluating 
more than one column to optimize 
selectivity, and one can quickly locate 
replacement columns if problems 
develop. I hope that symposia like 
the one at Pittcon can both help other 
users understand how the model can 
benefit their work, and promote dis-
cussion about how we can improve 
this and other resources as we work 
into the future.

Basics of the Hydrophobic 
Subtraction Model of 
Reversed-Phase Selectivity
The basic principle of the HS model 
was first described in a journal arti-
cle by Snyder and coworkers in 2002 
(1). Since then, many articles have 
been published on the topic, but two 
resources are particularly notewor-
thy for readers interested in learn-
ing more about the model. First, in 
2012, Snyder and coworkers pub-

lished a book chapter in Advances 
in Chromatography that is still the 
most comprehensive discussion of 
the model and its application that 
has been published to date (2). Sec-
ond, a more recent article in LCGC 
provides more of an overview of the 
model and its application that may 
be an easier place to start for those 
that are completely new to the idea 
(3). The model, which was originally 
developed using retention data from 
alkyl phases (such as C4, C8, and 
C18) bonded to high purity type B 
silicas, assumes that reversed-phase 
selectivity (defined here as the ratio 
of retention factors for a compound 
of interest, and ethylbenzene) can be 
described using the sum of five pairs 
of column and solute parameters that 
are related to different physicochemi-
cal interactions between solutes and 
the reversed-phase stationary phase. 
A view of the nature of each of these 
interactions is shown in Figure 1.

The mathematical expression of the 
model is shown in equation 1, where 
the capital Roman letters H, S*, A, B, 
and C are column parameters, and 
the Greek small letters η, σ, β, α, and 
κ are solute parameters:

log = ŋ΄H - σ΄S* + ß΄A + α΄B + ĸ΄Ck
kEB

 

[1]
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The column parameters are deter-
mined experimentally by measuring 
the retention times of 16 carefully 
chosen probe solutes in a mobile 
phase composed of acetonitrile and 
potassium phosphate buffer at pH 
2.8, calculating the selectivity value 
for each compound (k/kEB) ,  and 
regressing those selectivities against 
the known solute parameters for 
the probe compounds (2). To date, 
parameters for 750 commercially 
available columns have been deter-

mined, and are publicly available 
for free through two websites: 1) a 
site maintained by the U.S. Pharma-
copoeia (https://apps.usp.org/app/
USPNF/columnsDB.html); and 2) a 
site maintained by my research group 
(www.hplccolumns.org). The two pri-
mary uses of this database are finding 
columns that have similar selectivities 
(for example, for identifying a backup 
column during method development), 
and finding columns that very dif-
ferent selectivities (for example, for 

identifying a set of columns to screen 
during method development). These 
applications will be discussed in more 
detail in the next sections.

Overview of the Symposium
The Pittcon symposium was composed 
of five podium presentations:
• Prof. Dwight Stoll (Gustavus Adol-

phus College) reviewed the early 
history of the development of the 
HS model, its physico-chemical 
basis, and shared some insights 
from analysis of the selectivities of 
reversed-phase columns recently 
introduced to database.

• Dr. Richard Henry (independent 
consultant) discussed use of the 
column parameters database from 
a practical perspective, with an 
emphasis on tools that can lever-
age the database to identify equiv-
alent columns.

• Dr. John Dolan (LC Resources) dis-
cussed recent efforts by himself, 
Paul Haddad, and coworkers to 
predict retention times in reversed-
phase LC (and other modes) start-
ing from physicochemical descrip-
tors of solutes of interest.

• Dr. Tony Taylor (Arch Sciences 
Group) discussed a recent study 
aimed at a retrospective refinement 
of the HS model, and the potential 
for a refined model to be used for 
retention prediction in reversed-
phase LC. 

• Prof. Joe Foley (Drexel University) 
described recent efforts by his 
research group to use the HS model 
to demonstrate the advantages of 
serially coupled columns from the 
HS model database, and ultimately 
predict which pairwise combina-
tions of columns might yield the 
best separations of different mix-
tures of real or synthetic solutes.

Use of the HS Model for 
Column Selection During  
Method Development
In the early stages of method 
development, it is common practice 
to choose a diverse set of stationary 
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FIGURE 2: Distribution of FS values from comparisons of each new column added to the 
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accounted for by the HS model, reprinted from reference (3). 



WWW.CHROMATOGRAPHYONLINE.COM APRIL 2020  LCGC NORTH AMERICA  VOLUME 38 NUMBER 4  207

phases that can be screened to identify candidate phases 
that exhibit the selectivity needed to separate the analyte 
mixture at hand (4). In this case, the HS model database 
can be used to identify a set of columns with sufficient 
diversity to be useful in this regard. Later in method 
development, when a leading candidate column has been 
identified and the method is refined prior to validation, 
it is also common to try to identify other columns with 
very similar, even “equivalent,” selectivity such that this 
column can be used as a drop-in replacement in the event 
that the manufacturer of the primary column stops making 
it, or has trouble manufacturing the column reproducibly. 
Here again, the HS model database can be used for this 
purpose, by generating a short list of columns to evaluate 
experimentally and assess their similarity to the primary 
column. For both of these purposes Snyder and coworkers 
advocated for the use of a “similarity factor, FS,” which 
is a weighted distance between two columns in five-
dimensional column parameter space. While this might 
sound complicated, calculating FS is very straightforward, 
as shown in equation 2, where H1 and H2 are the H 
parameters for the first and second columns in the 
comparison, and so-on.

FS=   [ χ H  ( H1  – H2 )]
2 + [ χ S* ( S*1  – S*2 )]

2 + [ χ A ( A1 – A2 )]
2 + [ χ B ( B1 – B2 )]

2 + [ χ C ( C1 – C2 )]
2

[2]

The weighting factors χH, χS*, and so on are user-adjust-
able parameters in the calculation, but usually taken as 
12.5, 100, 30, 143, and 83 for H, S*, A, B, and C, respec-
tively (2). Both of the web-based tools cited above do this 
FS calculation for you, and facilitate sorting the database 
to identify columns that are similar, or different, com-
pared to a target column you specify.

In his presentation, Henry emphasized the point that 
the task of identifying columns with similar selectivities 
has become more difficult over the past two decades, as 
the stationary phase offerings from manufacturers have 
become more diverse. The L-code system of the United 
States Pharmacopoeia is based on stationary phase types 
such as “C18” and “phenyl,” and compendial methods 
specify columns from a particular phase type. However, 
stationary phases with mixed chemistries are becoming 
more and more common (for example, phenyl-hexyl is a 
mixed chemistry phase with both aromatic and alkyl com-
ponents), and increasingly we are coming to understand 
that the properties of the underlying silica substrate (for 
example, metal impurities, and specific synthetic meth-
ods) can have a significant effect on selectivity, particu-
larly for complex solutes with many different types of func-
tional groups. The net effect is that, when exploring the 
HS model database, it is possible to find that the column 
most similar to a target column of interest as measured 
by FS belongs to a different phase type. On one hand, this 

means that we should be somewhat open-minded when 
scouting for similar columns, but, on the other hand, this 
creates challenges when identifying columns that can be 
used as replacements in a regulated environment.

Recent Efforts to Predict Reversed-Phase 
Retention Using the HS Model
In the process of establishing the HS model 20 years ago, 
it was demonstrated that the model described by equa-
tion 1 could accurately reproduce the retention factors of 
about 90 solutes obtained for 10 different alkyl stationary 
phases based on high purity type B silicas with an accuracy 
of about 2% (1). Since the large database of column param-
eters already exists, it is logical to think about using the 
model and the database to predict retention for new ana-
lytes that are not represented in the set of solutes used to 
establish the model initially. However, this requires determi-
nation of the solute parameters to use the model (equation 
1) for this purpose, and doing so experimentally is currently 
quite time- and resource-intensive. In his presentation, 
Dolan gave a summary of work by Paul Haddad, his group 
at the Australian Centre for Research on Separation Science 
(ACROSS), and other collaborators in recent years to pre-
dict HS model solute parameters from chemical structure 
that could in turn be used to predict reversed-phase reten-
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tion via the HS model. Readers inter-
ested in learning more about these 
efforts are referred to recent articles 
in LCGC and other publications where 
the details of the work are discussed 
(5,6). Briefly, Haddad and coworkers 
explored the use of computationally 
derived molecular descriptors pro-
duced by programs such as VolSurf+, 
and different approaches to construct-
ing local and global models, and eval-
uated their effects on reversed-phase 

retention prediction. Again, the basic 
premise here is that one would take 
the chemical structures for analytes 
they are trying to separate, calculate 
molecular descriptors based on those 
structures (for example, log D, polar 
surface area, and so forth), then cal-
culate HS model solute parameters 
based on those descriptors, and 
finally calculate retention factors for 
those compounds using equation 
1 and the column parameters from 

the HS model database. In principle, 
all of this could be done without 
doing a single laboratory experiment. 
Dolan reported that using molecular 
descriptors to calculate the η’ param-
eter alone (equation 1) for each sol-
ute was sufficient to make retention 
time predictions that were accurate 
to within 30 s for 70% of the 146 
solutes evaluated in their study (5). 
Although this obviously leaves room 
for improvement in the future, this 
kind of work should capture the imag-
ination of research groups around the 
globe to improve these modeling and 
retention prediction efforts.

Recent Additions to the Public  
Database of Reversed-Phase 
Column Parameters
In March of this year, we added 13 new 
columns (from three different vendors) 
to the HS model database, bringing 
the total number of columns in the 
dataset to 750. Whenever we make 
these additions, I am always curious 
to know what is being added; redun-
dancy in selectivity, or unique selec-
tivities? I don’t know the motivations 
of the manufacturers of these new 
columns, but, of course, there is value 
in both types of additions. It is helpful 
to have the redundancy in the selec-
tivities of column offerings to have a 
backup column to use, in case there is 
some problem with the supply of the 
column of first choice. On the other 
hand, LC users are always interested 
in new selectivities that might be able 
to solve their challenging separation 
problems. Figure 2 shows the FS val-
ues obtained from a comparison of 
each new column to its nearest neigh-
bor (in selectivity space) in the data-
base prior to the most recent addi-
tions. From these values, we see that 6 
of the 13 new additions are equivalent 
to some other column already in the 
database (FS < 3). Of the other seven, 
two of them are very similar to exist-
ing phases (3 < FS < 5), and only one 
of them has a nearest neighbor with 
an FS > 10, which we might consider 
somewhat unique. Here again, the 

http://www.develosil.com
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HS model is useful for assessing the 
characteristics of commercial offerings 
as these continue to grow. New addi-
tions to the database have grown at a 
remarkably consistent pace of about 
two to three columns per month over 
the last ten years!

Summary
In this installment of “LC Trouble-
shooting,” I have reviewed the basic 
concept of the hydrophobic subtrac-
tion model of reversed-phase selec-
tivity for liquid chromatography, and 
summarized some highlights from a 
recent Pittcon symposium organized 
to celebrate the success of the model 
over the last two decades. I encourage 
readers who are unfamiliar with the 
model to consider how it might ben-
efit method development work, and I 
think we can all look forward to further 
development as research groups con-
tinue to refine the model and expand 
its scope of application.
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COLUMN 
WATCH

New Chromatography Columns 
and Accessories for 2020 
Our annual review of new liquid chromatography columns and accessories, introduced at Pittcon and other events.

David S. Bell

T his article covers liquid chroma-
tography columns and accessories 

commercially released after Pittcon 
2019 through this year’s conference 
held in Chicago, Illinois. LCGC sent 
out a survey in late 2019 and early 2020, 
asking vendors to supply information 
on products launched after Pittcon 
2019. Other areas of interest such as 
gas chromatography, chromatographic 
instrumentation, and sample prepara-
tion will be covered in other articles 
published in this and next month’s 
issues. Information for this article is 
obtained over the course of many 
months, and thus it is possible that 
some information has been missed or 
misinterpreted. The reader is encour-
aged to check with specific vendor 
sites for additional products, as well as 
more detailed information on product 
usage and attributes.

The vendors that responded to the 
survey with high performance liq-
uid chromatography (HPLC) or ultra-
high-pressure liquid chromatography 
(UHPLC) columns and liquid chroma-
tography (LC) accessories are listed in 
Table I. The products launched over 
the past year vary in targeted analyte 
type, as well as mode of operation. 
The entries can be initially categorized 
as addressing small molecule or large 
molecule needs. Within these catego-
ries, the products can be further sep-
arated based on the specific modes 
of separation they employ, including 

reversed-phase, hydrophilic-interaction 
chromatography (HILIC), chiral, and 
ion-exchange (IEC) chromatography. In 
addition to new chromatography col-
umns, several vendors have released 
accessories, as well as new column for-
mats, to address the needs of separa-
tion scientists. Trends noted throughout 
the article are based on comparisons to 
yearly reports since 2016 (1–4).

Upon examination of Table I, it is 
immediately apparent that there was 
a low number of respondents in 2020 
compared to previous years. Table II 
shows this more clearly by providing a 
listing of the number of companies and 
the products they launched over the 
past five years aimed at specific cate-
gories. Please note that many products 
can be categorized in multiple areas, 
depending on usage. This is meant to 
be a loose interpretation to highlight 
trends only. The number of companies 
that provided new product information 
dropped from a high of 27 in 2017 to 
just 11 in 2020. Even more striking is 
that the number of total new column 
phases launched dropped from an 
average of about 60 columns per year 
over the past four years to just 22 this 
year. It will be interesting to see if these 
trends continue in the future.

Columns for Small Molecules
Reversed-Phase, HILIC, and IEC
The product offerings assigned to the 
small molecule category intended for 

reversed-phase, HILIC, and IEC are 
listed in Table III. A total of 11 new 
entries are shown. Within this broad 
category, ChromaNik Technologies 
has launched the most new prod-
ucts. SunArmor NH2 is described by 
the company as a highly stable and 
retentive aminopropyl phase with 
hydrophilic endcapping. The col-
umn is suggested for the analysis of 
sugars and other polar compounds. 
The company also released SunShell 
HILIC-S, described as a bare silica 
phase built on a superficially porous 
particle (SPP) that is suitable for polar 
compound analysis. Agilent Technolo-
gies also released a HILIC phase. The 
company applied their zwitterionic 
surface chemistry previously built on 
a 2.6-µm SPP to their 1.9 and 4 µm 
SPP sizes. These three phases consti-
tute all of the HILIC phases released 
this past year. As noted in the 2019 
edition of this article series, HILIC 
phase development slowed signifi-
cantly. This trend continued in 2020.

ChromaNik Technologies also 
developed two new columns based 
on a mix of octadecyl (C18) and pen-
tafluorophenyl (PFP) ligands. The 
SunShell PFP&C18 is constructed 
on a 2.6-µm SPP particle, whereas 
the Sunniest PFP&C18 column uses 
a 5-µm fully porous particle (FPP) 
architecture. The company reports 
that the combination of ligands pro-
vides increased retention and stability, Ic
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while maintaining much of the selec-
tivity of a PFP phase. In addition to 
the new phases noted, ChromaNik 
Technologies also released many of 
its SunShell line of phases in capil-
lary dimensions. The phases include 
C18, RP-Aqua, phenyl, C8-30HT, and 
C4-100 and are available in dimen-
sions from 50 x 0.075 mm to 150 x 0.5 
mm. Particle sizes of 2.0-, 2.6- and 
5-µm may be acquired.

Phenomenex launched an alkyl C18 
phase with a positive surface charge 
based on its 2.6-µm SPP particle. 
The Kinetex PS C18 is suggested for 
reversed-phase analysis of basic com-
pounds. The company notes that the 
phase exhibits multi-interaction selectiv-
ity and improved peak shape for bases. 
The phase is also purported to provide 
unique selectivity. Continuing the trend 
of modified C18 phases, Waters Corpo-
ration released the Atlantis Premier BEH 
C18 AX phase. The stationary phase is 
described as a “C18 and alkylamine,” 
and is suggested for separations con-
taining polar acids or where alterna-
tive selectivity to other C18 phases is 
required. The phase exhibits increased 
retention for polar acidic compounds 
as a result of a mixed mode (reversed-
phase/anion exchange) mechanism. 
The company also claims high batch-to-
batch reproducibility and a wide (2–10) 
pH stability range. 

TABLE I: Vendors responding to the 2020 LCGC new product survey

Company Product

Agilent Technologies, Inc.

Poroshell 120 SB-C18

Poroshell 120 SB-Aq

Poroshell 120 HILIC-Z

ChromaNik Technologies

SunShell Micro/Nano Columns

SunShell HILIC-S

Sunniest PFP&C18

SunShell PFP&C18

SunArmor NH2

ColumnTek
Enantiocel A6

Enantiocel C9

Develosil USA FlexFire Series

DWK Life Sciences Chromaflex

Optimize EXP 2 filters, fittings and adapters

Phenomenex
LUX-i-Amylose-3 (3 and 5 µm)

Kinetex PS C18

Regis Technologies Reflect I-Cellulose J Polysaccharide Chiral Column

Shodex SI-36 4D

Waters Corporation
Mobile phase additive - IonHance DFA

Atlantis Premier BEH C18 AX

YMC YMC-Triart Bio C18

TABLE II: Trending data in the numbers and types of liquid chromatography columns launched in the period 2016–2020

Year
Companies 

(Count)

Small-Molecule Columns (Count) Large-Molecule Columns (Count)
Total 

(Count)Reversed-
Phase

HILIC Chiral
Ion-

Exchange
SFC

Reversed-
Phase

HIC
Ion-

Exchange
SEC Affinity

2020 11 7 3 4 1 0 7 0 0 0 0 22

2019 17 25 5 5 5 0 5 1 2 2 1 51

2018 17 17 8 14 5 6 9 0 1 2 0 62

2017 27 17 8 8 4 4 17 0 0 5 0 63

2016 18 25 18 3 7 7 7 0 0 0 2 69
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TABLE III: Small-molecule reversed-phase, ion-exchange (IEC) and hydrophilic interaction liquid chromatography (HILIC) columns

Company Product Name
Stationary 

Phases
Chromatographic 

Mode

Particle 
Sizes 
(µm)

Particle 
Type*

Dimensions 
(mm)

Comments**

Agilent  
Technologies,  
Inc.

Poroshell 120 
SB-C18

C18 Reversed-Phase 1.9, 4 SPP
50 x 2.1 to 
250 x 4.6

Proprietary bonding 
technique allows  

operation in low pH 
(1–8) and at high  

temperatures (80 °C)

Poroshell 
120 SB-Aq

not  
disclosed

Reversed-Phase 1.9, 4 SPP

50 x 2.1 to 
150 x 2.1 (1.9 
µm) and 50 
x 4.6 to 250 
x 4.6 (4 µm)

Designed for the 
retention of polar 

molecules in reversed-
phase

Poroshell 120 
HILIC-Z

Zwitter-
ionic

HILIC/SFC 1.9, 4 SPP

50 x 2.1 to 
150 x 2.1 (1.9 
µm) and 50 
x 4.6 to 250 
x 4.6 (4 µm)

Unique selectivity for 
HILIC separations, 

outstanding pH 
stability range  

(pH 2–12)

ChromaNik 
Technologies

SunArmor NH2
Amino-
propyl HILIC/IEC 3, 5 FPP

150 x 2.0 to 
250 x 20

Hydrophilic
endcapping. 

Suggested for sugars 
and polar compounds. 
High stability and high 

retention.

Sunniest PFP&C18

Penta- 
fluoro-
phenyl 

(PFP) and 
C18

Reversed-phase 5 FPP
50 x 2.0 to 
250 x 20

Recommended for 
polar compounds 

and isomers. 
Increased stability 

and hydrophobicity. 
Long column life.

SunShell HILIC-S Bare silica HILIC 2.6 SPP
50 x 2.1 to 
150 x 2.1 

Suggested for polar 
compounds. 

Suitable for LC–MS.

SunShell PFP&C18
PFP and 

C18
Reversed-phase 2.6 SPP

30 x 2.1 to 
150 x 4.6

Recommended for 
polar compounds 

and isomers. 
Increased stability 

and hydrophobicity. 
Long column life.

Phenomenex, 
Inc. Kinetex PS C18

C18 with 
a positive 

surface 
charge

Reversed-phase 2.6 SPP
not 

disclosed

Multi-interaction 
selectivity and 

improved peak shape 
for basic compounds.

Shodex SI-36 4D Quaternary 
ammonium

Ion-exchange  
(IEC)

3.5

Poly-
meric - 

polyvinyl 
alcohol

4.0 x 150 Anion 
suppressor column

Thermo Fisher 
Scientific

Accucore 
Biphenyl

Biphenyl Reversed-phase 2.6 SPP
10 x 2.1 to 
100 x 2.1

For use in the 
separation of critical 
pairs and isomers.

Waters 
Corporation

Atlantis Premier 
BEH C18 AX

C18 and 
alkylamine

Mixed mode 
reversed-phase/
anion-exchange

1.7, 
2.5, 5

Hybrid
30 x 2.1 to 
250 x 4.6

Reversed-phase 
separation of mixtures 
containing polar acids; 
alternative selectivity 
vs. conventional C18 

columns; outstanding 
peak shapes for bases.

* FPP = fully porous (totally porous) particle; SPP = superficially porous particle; **Comments supplied by vendors
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Agilent Technologies also released 
two new phases on its 1.9- and 4-µm 
SPP for reversed-phase operation. 
The SB-C18, according to the com-
pany, possesses a proprietary bond-
ing chemistry that allows for operation 
down to pH 1 and is stable to tem-
peratures as high as 80 °C. Another 
phase denoted as SB-Aq is claimed by 
the organization to provide superior 
retention and peak shape for polar 
compounds that are poorly retained 
on traditional reversed-phase materi-
als. The SB-Aq phase is also touted 
as being stable at low pH and high 
temperatures.

To round out the reversed-phase, 
small-molecule offerings from this 
past year, Thermo Fisher Scientific 
introduced a biphenyl chemistry to 
its Accucore line of stationary phases. 
The company recommends the biphe-
nyl phase for use in the separation 
of critical pairs and isomers. The 
phase is touted as being suitable for 
the determination of drugs of abuse 

or steroids, providing unique selec-
tivity for aromatic and moderately 
polar analytes. The Accucore series is 
based on SPP technology. 

Ion-exchange chromatography (IEC) 
exploits strong interactions between 
opposite charges of a surface and an 
analyte. For the analysis of small ionic 
compounds, polymeric supports are 
often modified to carry permanent 
(strong cation- or anion-exchange) 
or variable (weak cation- or anion-
exchange) charge that can be used 
to interact with and separate analytes 
with the opposite charge. Only a single 
product was released this year in this 
category, the Shodex SI-36 4D column. 
The column is described as a qua-
ternary ammonium functional group 
attached to a polyvinyl alcohol particle 
of 3.5-µm, and is suggested for use as 
an anion suppressor device. Suppressor 
columns act to lower the conductivity of 
the eluent in an IEC system to enhance 
the signal from the conductivity of the 
analytes reaching the detector.

Chiral Chromatography
Table IV provides information on col-
umns introduced this year intended for 
chiral separations. As shown in Table II, 
the number of chiral stationary phases 
(CSPs) is similar to those released in 
the previous year, but substantially 
less than the number reported in 2018. 
Similar to last year, all newly released 
chiral phases were based on polysac-
charide stationary phases. In addition, 
like in 2019, all of the chiral phases 
released this past year were devel-
oped on fully porous particles, revers-
ing the trend noted in 2018 of CSPs 
based on SPP architecture.

A company new to the article series, 
ColumnTek, introduced two new CSPs. 
Enantiocel A6 is an amylose tris(3-
chloro-5-methylphenylcarbamate) 
phase built on 3-, 5-, and 10-µm FPP 
particles. The Enantiocel C9 offering 
is the identical ligand attached to a 
cellulose structure with the same par-
ticle size availability. Both phases are 
supplied from analytical to preparative 

TABLE IV: Chiral stationary phases

Company
Product 
Name

Stationary 
Phases

Particle 
Sizes (µm)

Particle 
Type*

Dimensions 
(mm)

Comments**

ColumnTek

Enantiocel A6
Amylose tris(3-

chloro-5-methyl-
phenylcarbamate)

3, 5, 10 FPP
Analytical and 

Preparative

Unique enantioselectivity, 
high column efficiency, 

and excellent peak shape.

Enantiocel C9

Cellulose 
tris(3-chloro-
5-methylphe-
nylcarbamate)

3, 5, 10 FPP
Analytical and 

Preparative

Unique enantioselectivity, 
high column efficiency, 

and excellent peak shape.

Regis  
Technologies

Reflec I-
Cellulose J

Immobilized tris(4-
methylbenzoate) 3, 5, 10 FPP

Analytical and 
Preparative

Unique, immobilized "J" type 
selector, proprietary phase 

coverage provides excellent peak 
shape and improved resolution.

Phenomenex Inc.
Lux i-

Amylose-3

Amylose tris(3-
chloro-5-methyl-

phenylcarbamate)
3, 5 FPP

Analytical and 
Preparative

Strong solvent stability, broad 
enantioselectivity and 
robust reproducibility.

* FPP = fully porous (totally porous) particle; SPP = superficially porous particle
**Comments supplied by vendors
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dimensions, and are purported to pro-
vide unique selectivity, high column 
efficiency, and excellent peak shapes.

Phenomenex launched Lux i-Amy-
lose-3 CSP. The column is based on 
amylose tris(3-chloro-5-methylphe-
nylcarbamate) modification and is 

noted as having strong solvent sta-
bility, broad enantioselectivity, and  
robust reproducibility. 

Regis Technologies released a new 
line of CSPs called Reflect Polysaccha-
ride Chiral columns that was reported 
in the 2019 article. Adding to that line, 

the company launched Reflect I-Cellu-
lose J Polysaccharide Chiral Column 
this past year. The phase is described 
as a tris(4-methylbenzoate) ligand 
attached to a cellulose backbone. The 
immobilized stationary phase is note 
to be a “J” type selector. The columns 

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

TABLE V: Liquid chromatography columns for large-molecule separations

Company
Product 
Name

Stationary 
Phases

Chromatographic 
Mode

Particle 
Sizes (µm)

Particle 
Type*

Dimensions 
(mm)

Comments**

Develosil USA
FlexFire 
Series

C1, C4, C8, 
C18, C30, 

HILIC

Reversed-phase 
and HILIC 1.6, 2.6, 5 FPP not disclosed

Suggested for oligonucleotide, 
insulin and antibody 

separations. Scalability from 
analytical to semi-prep, HPLC to 
UHPLC, high temperature, high 

pH functionality.

YMC Co., Ltd.
YMC-
Triart 

Bio C18
C18 Reversed-phase 1.9, 3, 5

Hybrid, 
Poly-

merically 
bonded

not disclosed

YMC-Triart Bio C18 is a novel, 
organic-inorganic hybrid silica 
dervatized with C18 and based 

on wide-pore particles. The 
phase is designed for 

separations of proteins, 
peptides and oligonucleotides.

* FPP = fully porous (totally porous); SPP = superficially porous
**Comments supplied by vendors

http://www.restek.com/advantage
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are available in analytical and prepara-
tive dimensions and particle sizes. The 
company notes that a unique, propri-
etary, phase coverage provides excel-
lent peak shape and improved resolu-
tion versus leading chiral phases.

 
Columns for Large Molecules
New columns introduced since Pittcon 
2019 intended for large-molecule 
separations are provided in Table V. 
The categorization was done loosely 
based on the pore size of the base 
particles employed. Columns using 
particles with pore sizes of 300 Å  
and greater are often constructed 
to enable large molecules to easily 
access the internal structure of the 
particles. The data in Table II show that 
only phases in the reversed-phase cat-
egory of large-molecule separations 
were released this past year (included 
in this was one unique 300 Å HILIC 
phase). In previous reports, columns 
utilizing different modes of separa-
tion such as hydrophobic interaction 
chromatography (HIC), size-exclusion 
chromatography (SEC), IEC, and affin-
ity have been noted. The overall yearly 
number of large molecule offerings is 
down substantially from a height of 22 
reported in 2017.

Develosil released a new line of 
columns branded as FlexFire. The 

series includes bonded phases of C1, 
C4, C8, C18, C30, and HILIC based 
on fully porous silica particles rang-
ing from 1.6 to 5 µm with 300 Å pores. 
The company states that its value and 
performance lies in its high quality 
silica and 40 years of manufacturing 
experience. The new columns are 
suggested for oligonucleotide, insu-
lin, and antibody separations. Develo-
sil claims scalability from analytical to 
semipreparative dimensions, as well 
as high temperature and high pH 
functionality for its phases.

The other entry for this report is the 
YMC-Triart Bio C18. The column is 
based on a C18 polymerically bonded 
to a hybrid silica with a pore size of 
300 Å. The new phase complements 
a 300 Å C4 surface chemistry already 
introduced. The company states that 
the column is designed to separate 
proteins, peptides, and oligonucle-
otides, and is particularly suited 
for biomolecules with a molecular 
weight >10,000 Da. The unique bond-
ing and surface chemistry provides 
a wide usable pH range and high  
temperature durability.

 
Accessories
Accessories are important products 
that facilitate, and often enable, liq-
uid separations. Products introduced 

in the past year that fit this category 
are listed in Table VI. DWK Life Sci-
ences released a line of user–filled 
gel filtration columns under the brand 
name Chromflex. The reusable stan-
dard or jacketed columns range in 
volumes from 12 mL to 2 L. The boro-
silicate glass barrel offers purity and 
strength with flangeless high-density 
polyethylene (HDPE) endfitt ings. 
Accessories such as flow adapters, 
bed support frits, valves, fittings, and 
tubing adapters are available accord-
ing to the company. 

Optimize technologies launched 
several additions to its prefilter and 
connection lines of products. The 
EXP2 Stem Filter is described as a 
slim device ideally suited for the pro-
tection of expensive UHPLC columns, 
injectors, autosamplers, and mass 
spectrometer (MS) electrospray tips, 
without added extracolumn effects. 
The device may be hand-tightened, 
which seals up to 8700 psi, or wrench-
tightened, to withstand pressures up 
to 20,000 psi. The company’s new 
EXP2 Filters provide added protec-
tion at back pressures up to 20,000 
psi, with a redesign that offers more 
cost-efficient cartridges. In the cate-
gory of connection devices, the com-
pany released EXP2 Ti-Lok and EXP2 
Ti-Lok All-In-One (AIO) fittings. The 

TABLE VI: Accessories for liquid chromatogaphy 

Company Product Name Product Description Comments*

DWK Life Sciences Chromaflex User-filled gel filtration columns
Reusable standard or jacketed 

user-packed gel filtration columns for manual 
or automation-compatible applications.

Optimize 
Technologies, Inc.

EXP 2 Stem Filter, EXP 2 Filter, 
EXP 2 Ti-Lok fittings and 

adapters, EXP 2 AIO fittings

Filter systems and  
connection devices for HPLC 

and UHPLC equipment

Slim architecture, hand-tight or wrench 
tight fittings, filters and adapters.

Waters Corporation IonHance Difluoracetic Acid MS-grade mobile phase additive

MS-grade mobile phase additive that 
can be used for LC and LC-MS 

techniques, purified to achieve low metal 
content and high-quality standards.

*Comments supplied by vendors
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first mentioned product is noted by the company as ideal 
for making HPLC and UHPLC connections that easily fit 
into tight spaces. The fittings feature built-in PEEK fer-
rules and threaded nuts precision machined from titanium. 
The device allows for repeated use, adjustment of the tub-
ing to different port depths, and includes a removable, 
knurled torque driver for hand tightening and loosening. 
When more room is available for making connections, the 
company recommends the all-in-one (AIO) format, where 
the driver is permanently fixed.

Finally, Waters Corporation released IonHance Difluoro-
acetic Acid mobile phase additive. The MS-grade mobile 
phase additive can be used for liquid chromatography (LC) 
and LC–MS techniques. The product is reported to be puri-
fied to achieve low metal content and high-quality stan-
dards. The company notes that the product improves sen-
sitivity, retentively, and peak shapes, and is quality-control 
tested, to ensure low metal content and high purity. The 
material is available in approximately 1 mL quantities in 
chemically resistant vials to maintain high levels of purity.

Conclusions
Liquid chromatography columns that were introduced this 
past year were largely product line extensions or alter-
natives to offerings existing on the market. One trend of 
introducing alkyl phases with alternative selectivity that 
has been noted in the past several yearly reports contin-
ued in 2020 (C18/PFP mixed ligands and charge-modified 
C18 phases). The most striking learning from the effort this 
year, however, was the drastically reduced number of prod-
ucts released. The decline was observed in the number of 
companies that reported product launches, as well as in 
all categories generally used to parse and discuss inter-
esting aspects of the new releases. It will be interesting 
to see if the trend continues. What it may take is a break-
through technology or a new market trend to emerge. The 
development of SPP architecture, for example, drove LC 
product development for several years following its intro-
duction. Another recent product driver was the migration 
of the pharmaceutical market toward biotechnology. This 
resulted in many new product lines based on larger pore 
particle technology, as well as the resurgence of tech-
niques like IEC and SEC. Is there another innovation or 
market driver on the horizon? 
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PERSPECTIVES  
IN MODERN HPLC

New HPLC Systems and Related Products 
Introduced in 2019–2020: A Brief Review
This installment describes new high performance liquid chromatography (HPLC) and mass spectrometry (MS) instruments, 
chromatography data systems (CDS), and related products introduced at Pittcon 2020 or during the prior year. It 
summarizes their significant features and user benefits. 

Michael W. Dong

The Pittsburgh Conference on Ana-
lytical Chemistry and Applied 

Spectroscopy (Pittcon) is one of the 
world’s largest conferences on labo-
ratory science. The 71st Pittcon was 
held at McCormick Place in Chicago 
from February 29 to March 5, 2020, a 
week before to the semi-shutdowns 
of Europe and North America from 
the spreading Covid-19 virus. Chicago 
has been the most frequent venue for 
Pittcon in recent years, with previous 
Pittcons held in Chicago in 2014 and 
2017, in a three-year rotation. Chicago 
is an industrial, agricultural, financial, 
transportation, and communication 
center, as well as the third largest city 
in the Unites States. The city has 2.7 
million residents, and the Greater Chi-
cago area boasts a population of 9.5 
million. Chicago is home to 69 of the 
1000 most prominent companies in the 
United States, which include Boeing, 
Abbott Laboratories, Caterpillar, and 
Kraft Foods. Nevertheless, one poten-
tial issue for this location is the unpre-
dictable weather of this midwestern city 
near the Great Lakes in early March. We 
were lucky this year with moderate tem-
peratures and no precipitation, though 
the meeting attendance was reduced 
because of travel bans related to Covid.

The technical program remained 
strong this year with more than 200 

technical sessions, plenary lectures, and 
invited, contributed, or award sympo-
sia, as well as workshops, posters, and 
networking sessions, and approximately 
90 short courses. The 3-day exposition, 
however, was visibly smaller than in the 
past, with the number of exhibitors from 
the United States dropping from 630+ in 
prior years to about 400. The number of 
international exhibitors was also dramati-
cally reduced due to the travel bans from 
China and many European countries (1). 

New HPLC, MS, and 
Chromatography Data System 
(CDS) Product Introductions  
for 2019–2020
Although introductions of new ultra-
high-pressure liquid chromatography 
(UHPLC) systems appear to be slow-
ing down (1,2), manufacturers are turn-
ing their attention to HPLC system 
extensions and chromatography data 
systems (CDS), as well as mass spec-
trometers for liquid chromatography– 
mass spectrometry (LC–MS) or direct 
liquid and solid sampling.

Table I lists new products, ordered 
alphabetically by vendor, that were 
introduced at Pittcon 2020 or in the 
prior year, followed by descriptions and 
commentaries of each product, catego-
rized as systems, modules, CDS, MS, 
software, or accessories. 

HPLC and UHPLC Systems 
and Line Extensions
New UHPLC systems introductions 
have slowed in the last couple of years 
as manufacturers have appeared to 
focus more on HPLC line extensions 
and customized systems for specific 
applications (1). 

Agilent 1290 Infinity II Preparative 
Open-Bed Sampler/Collector 
Agilent offers a new extension to its 
InfinityLab Purification Solutions with the 
Agilent 1290 Infinity II Preparative Open-
Bed Sampler/Collector. This instrument 
combines analytical and prepara-
tive tasks in one instrument, to allow 
analytical-scale compound isolation 
through preparative-scale purifica-
tion from a few milligrams to multiple 
grams of material. It has the unique 
capability to sample from any posi-
tion of the fraction collector and allow 
purification and fraction reanalysis 
to be combined and homogenized 
before reinjections.

Knauer Automated  
Quality Control of LC Columns
Knauer introduced a dedicated HPLC 
system capable of generating test 
certificates automatically for HPLC 
and fast protein LC (FPLC) columns at 
a column manufacturing facility.
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TABLE I: New HPLC and MS instruments, chromatography data systems, and related products for 2019–2020

Manufacturer Product Description

908 Devices Rebel
An integrated online MS analyzer for fresh and 
spent media analysis in the biopharma industry

ACD/Labs ACD/method selection suite
New features include the generation of  

robust methods in silico and capability to 
predict the impact of method changes.

Agilent

1290 Infinity II preparative  
open-bed sampler/collector

An extension to InfinityLab Purification 
Solutions to allow analytical-scale compound 

isolation to multiple grams of material

InfinityLab LC companion
A mobile LC user interface to allow for remote 

control, monitoring, signal plotting, and 
diagnostics of Agilent 1260 and 1290 Infinity II LC systems

InfinityLab LC–MSD iQ
A compact mass selective detector (MSD) for 

HPLC with auto data acquisition and 
maintenance to track instrumental health

6495C TQ LC–MS
Agilent’s most sensitive triple-quadrupole MS sys-

tem with easy maintenance to reduce downtime

6546 LC/Q-TOF
This quadrupole-time-of-flight MS system has an  

accelerated workflow with high resolution and wide 
dynamic range to deliver data for quick review.

Antec Scientific
Decade elite  

electrochemical detector (ECD)

This ECD is compatible with UHPLC and micro-LC 
systems for sensitive detection of neurotransmitters, 

carbohydrates, and pharmaceutical compounds.

ARC (Activated  
Research Company)

Solvere carbon selective detector
A universal detector using a flame 

ionization detector that converts of carbon to 
methane for HPLC and UHPLC applications.

Clarity DataApex 8.2
A new version of web-based and 21 CFR part 11 compli-
ant CDS used by many smaller instrument manufacturers

Cornerstone Scientific SolvFil disposable filter degassers
A disposable, polypropylene device with 

90-mm membranes for filtering HPLC 
mobile phases directly into solvent reservoirs

Exum Instruments Massbox
The Massbox couples TOF MS with 
solid sampling using laser ablation

IDEX Film degasser
A flat film Teflon AF-based membrane online degasser for 
removal of dissolved air from typical HPLC mobile phases

Elga LabWater PureLab Quest
The Quest is a water purification unit that 

produces Type I, II, and III water with a small 
footprint and low lifecycle costs.

Knauer
Automated quality control  

of LC columns

A dedicated HPLC system capable of 
generating test certificates for LC and FPLC 
columns at a column manufacturing facility.

Optimized Technologies EXP2 All-in-One Ti-Lok
A hand-tight UHPLC fitting with integral 

ferrule capable of connections up to 18,000 psi

Pickering Laboratories Onyx PCX
An optimized post-column derivatization 

system with pulseless dual-syringe reagent 
pumps for many regulated analyses

S-Matrix Fusion QbD 9.9.0
This new version offers features in PeakTracker 

with MS, an enhanced resolution response map, 
and support for forced degradation studies.

Table I Continued on Page 224
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TABLE I: New HPLC and MS instruments, chromatography data systems, and related products for 2019–2020 (continued)

Manufacturer Product Description

Sciex Triple Q-TOF 6600+ system
A low-flow LC-MS instrument with ultrafast scanning  

acquisition and high-resolution data

Shimadzu

Nexera series LC-40

The ultracompact system incorporates 
innovative features of many auto functions, 

mobile phase and maintenance monitoring, and 
remote user control and service diagnostics.

Anion suppressor ion chromatograph (IC)
A compact 3000-psi PEEK-based IC system  

for quantitative analysis of anions

LCMS-9030 Q-TOF
A new high-resolution Q-TOF MS system with a 3-m 

internal flight path that supports many ionization sources

MALDImini-1 digital ion trap (DIT) MS.
This compact bench-top ion trap MS allows the user to 

check MS results right next to the sample preparation area.

Thermo Scientific

Vanquish Core HPLC

A new 700-bar HPLC system for routine analysis 
with features to enhance productivity, 

including fully automated solvent monitoring  
and integrated health checks

Vanquish UHPLC online 2D-LC
Now supports two independent workflows and 

several standardized 2D-LC configurations

An automated peptide mapping system
A smart digest automation system 
capable of reproducibility of ~3%

Orbitrap Exploris 480 MS
Includes advanced capabilities, day-to-day reliability, 
and a compact footprint for high-throughput protein 

identification, quantitation, and structural characterization

Orbitrap Eclipse Tribrid MS
Designed for a wide range of applications from small 

molecules to intact proteins for performing qualitative and 
quantitative analyses at low to high flow rates

Chromeleon 7.3 CDS
This new version offers enhanced features for the  

laboratory and the information technology department.

Waters

Select series cyclic  
ion mobility separation (IMS)

This IMS combines acyclic flight path design and 
a TOF MS that supports resolution >100,000.

Synapt XS
A tribrid (Q-IMS-TOF–MS) system with extended 

pathlength and improved sensitivity and flexibility.

Wyatt Technology
Dawn, miniDAWN and microDAWN 
multi-angle light scattering (MALS) 

systems

A new generation of MALS with updated 
optical, electrical, and mechanical components 

and enhanced interfacing for ease-of-use.

Young In Chromass 
(YL Instruments)

ChroZen UHPLC

A slimline UHPLC system with a binary pump 
(18,800 psi), equipped with UV-vis or PDA 

detector (2.4-µL flow cell), autosampler, and 
column oven (4 to 90 oC, three 15-cm columns

Table I Continued from Page 221

Shimadzu Nexera Series LC-40 
Shimadzu Nexera Series LC-40 employs 
concepts of artificial intelligence (AI) and 
the internet of things (IoT) to incorporate 
innovative features such as auto-start, 
auto-purge, auto-shutdown, flow pilot, 
mobile phase and maintenance monitor-
ing, multiplexing with dual injectors, and 
remote user control and service diagnos-

tics. The ultracompact system consists of 
these modules: a system controller SCL-40, 
CBM-40; an absorbance detector, SPD-40 
/ SPD-40V; and a photodiode detector, 
SPD-M40; a solvent delivery unit LC-40 
series (XS, XR or X3, with pressure rating 
of 80, 105, and 130 MPa respectively); an 
autosampler SIL-40 series/plate changer; 
and a column oven, CTO-40 series.

Shimadzu Anion Suppressor  
Ion Chromatograph (IC)
Shimadzu’s entry into the ion chroma-
tography market is a compact and low-
dispersion 3000-psi PEEK IC system 
designed for quantitative analysis of 
anions. It is controlled by the LabSo-
lutions CDS with auto-shutdown, data 
processing, and report generation.
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Thermo Scientific Vanquish Core  
HPLC System
Thermo Scientific introduced the new 
700-bar HPLC system to complement 
its family of Vanquish HPLC instruments 
(Flex, Duo, and Horizon with pressure 
ratings ranging from 1000 to 1500 bar). 
The Vanquish Core HPLC system targets 
routine analysis and quality control lab-
oratories with a selection of quaternary, 
binary, dual-gradient, or isocratic pumps 
paired with a full line of detectors includ-
ing UV-vis, diode array, fluorescence, 
charged aerosol, and MS detectors. The 
Vanquish Core HPLC system integrates 
SmartInject with additional intelligent 
features such as a fully automated sol-
vent monitor and integrated automatic 
system health checks. Transitioning to 
this system from other HPLC systems is 
made simple with customizable injec-
tion programs, a fully tunable gradient 
delay volume, and enhanced method 
translation or transfer tools.

Thermo Scientific Vanquish
UHPLC Online 2D-LC
This customizable 2D-LC system sup-
ports two independent workflows and 
several standardized 2D-LC configura-
tions. It can also function as two indepen-
dent HPLC without manual replumbing.

Thermo Scientific Automated 
Peptide Mapping
Thermo Scientific introduced an auto-
mated peptide mapping system capable 
of performing online digestion of a pro-
tein sample with reproducibility of ~3 %.

Young In Chromass
ChroZen UHPLC System
Young In Chromass (YL Instruments from 
Korea) introduced a slimline ChroZen 
UHPLC system with a binary pump (18,800 
psi), equipped with UV-vis or photodiode 
array detector (2.4 µL flow cell), autosam-
pler (injection volumes up to 10 µL), and 
column oven (4–90 °C which accommo-

dates up to three 15-cm columns). It can 
be controlled by Clarity’s DataApex CDS.

HPLC Modules
Antec Scientific Decade Elite  
Electrochemical Detector (ECD)
Antec Scientific introduced an electro-
chemical detector (ECD) that is com-
patible with UHPLC and micro-LC for 
the selective and sensitive detection of 
neurotransmitters, (poly)phenols, car-
bohydrates, and many pharmaceutical 
compounds. It is capable of a wide linear 
dynamic range of six orders of magnitude.

ARC (Activated Research Company) 
Solvere Carbon Selective Detector
The Solvere carbon selective detector  
from Activated Research Company (ARC) 
is a universal detector using a flame ion-
ization detector that converts compounds 
with carbon atoms to methane for HPLC 
or UHPLC applications. It is capable of a 
linear dynamic range of 5 orders of mag-

http://www.fused-core.com
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nitude from 10 ppm to 100% and allows 
an absolute calibration using a reference 
standard such as sucrose. The detector is 
compatible with most organic or volatile 
buffer mobile phases at flow rates of 0.3–
0.5 mL/min. It is applicable to proteins, 
polymers, sugars, and other non-volatile 
carbon-containing analytes.

Pickering Laboratories Onyx PCX
Pickering Laboratories introduced a 
new optimized post-column derivatiza-
tion system with pulseless dual-syringe 
reagent pumps for targeted analysis of 
amino acids, glyphosate, carbamates, 
toxins, antibiotics, and cannabinoids.

Wyatt DAWN, miniDAWN,
and microDAWN Multi-Angle
Light Scattering Detectors (MALS)
Wyatt Technology introduced a new gen-
eration of multi-angle light scattering 
(MALS) detectors designed with updated 
optical, electrical, and mechanical com-
ponents and enhanced interfacing for 
ease-of-use. 

DAWN is a size-exclusion-MALS 
detector for absolute molecular mass 
and size measurement of 200 Da to 1 
GDa with 18 angles measurements 
and temperature control. This detec-
tor is indispensable for use with gel-
permeation and size-exclusion chroma-
tography to obtain reliable molecular 
mass distributions and information on 
molecular conformation, branching 
ratio, fragments, and aggregates. 

MiniDAWN and microDAWN have 
a 200 Da to 10 MDa range with three 
angles of measurements that oper-
ate at ambient only. MicroDAWN is 
equipped with a microflow cell and is 
compatible with most UHPLC systems 
and an optional microOptilab refractive 
index detector. It uses an ultrastable 
laser with a sensitivity performance of 
1.0 µg/mL of bovine serum albumin or 
50 ng/mL 100 kDa polystyrene.

Mass Spectrometers
The marketing landscape for mass 
spectrometry (MS) instruments has 
been described elsewhere (1). There is 
no slowing down of new MS introduc-

tions this year as manufacturers contin-
ued to upgrade their product offerings 
in high-resolution, hybrid, and tribrid 
MS—such as time-of-flight (TOF), quad-
rupole-TOF (Q-TOF), and orbital  trap 
systems. Also, there are more offerings 
in compact MS instruments with unit 
resolution such as single-quadrupole 
(SQ), triple-quadrupole (TQ), and ion-
mobility MS (IMS) (1,3). There are also 
newer startup companies focusing on 
unique application systems such as 
analyzers for fermentation media or 
solid sampling.

908 Devices Rebel
The Rebel from 908 Devices is an inte-
grated online MS analyzer for fresh and 
spent media analysis in the biophar-
maceutical industry. It is capable of a 
7-min assay of 32 analytes (amino acids, 
bioamines, vitamins, dipeptides) with 
a 10-µL sample volume. The system is 
good manufacturing practices (GMP) 
compliant and can include automated 
sample preparation steps such as filtra-
tion and dilution.

Agilent InfinityLab LC–MSD iQ
One of three new MS systems intro-
duced by Agilent Technologies in 2019–
2020, the iQ is a compact single-quad-
rupole mass selective detector (MSD) 
for HPLC with auto data acquisition 
and reporting in auto-acquire mode, 
which automatically establishes opti-
mal MS parameters with automatic tun-
ing. The instrument can also help with 
maintenance tasks through its ability to 
track instrument health. It can be con-
trolled by OpenLab CDS or a simpler 
open-access software. It is designed 
for small-molecule drug development 
and quality control, food and materials 
laboratories, and academic, chemical, 
or food industries. The iQ has a mass 
range of 2 to 1450 m/z, ~1 pg sensi-
tivity, a maximum scan speed of 10,400 
Da/s, unit resolution, and mass accu-
racy of 0.13 Da.

Agilent 6495C TQ LC/MS
The 6495C triple quadrupole (TQ) is 
a third-generation design as Agilent’s 

most sensitive TQ-MS instrument with 
easy maintenance to reduce downtime. 
The system is ideally suited for peptide 
quantitation as well as applications that 
require part-per-trillion sensitivity. It 
has a mass range to 3,000 m/z allowing 
flexibility to handle any MRM transition.

Agilent 6546 LC/Q-TOF
This quadrupole time-of-flight (Q-TOF) 
MS instrument has an accelerated 
workflow with high mass resolution and 
wide dynamic range to deliver high-
quality data for quick and simplified 
data review. With a mass resolution 
over 60,000 (for high masses) and over 
30,000 (for low masses), sub-ppm mass 
accuracy, and isotope fidelity within 5%, 
it can provide quick answers for com-
plex samples in metabolomics research, 
food safety, food authenticity, and envi-
ronmental screening.

Exum Instruments Massbox
Exum introduced the new Massbox, 
which couples a TOF MS instrument 
with a mass range of 1000 to 14,000 
with an innovative laser ablation ioniza-
tion system for solid sampling.

Shimadzu LCMS-9030 Q-TOF
Shimadzu introduced a high-resolu-
tion Q-TOF MS system with a resolu-
tion up to 30,000 and a mass accu-
racy ~1 ppm. It has an internal 3-m 
flight path for better thermal stabil-
ity and can maintain a mass accuracy 
of 1 ppm with calibration every 48 h. 
It is controlled by LabSolutions CDS 
and supports many ionization modes, 
including a dual source.

Shimadzu MALDImini-1
Digital Ion Trap (DIT) MS
The MALDImini-1 is a compact bench-
top ion trap MS system that allows the 
user to check MS results right next to 
the sample preparation area. The sys-
tem’s digital ion trap uses rectangular 
wave radio frequency to enable ion trap-
ping up to 70,000 Da. Furthermore, the 
MS/MS and MS3 functionality of the DIT 
allows researchers to perform compre-
hensive structural analysis.
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Thermo Scientific Orbitrap Exploris 480
The new Orbitrap Exploris 480 is designed to ensure sound  
data with high-resolution accurate-mass (HRAM) selectivity 
(resolution up to 480,000), high scan speed (up to 40 Hz), and 
high mass spectral quality, all within a compact footprint. The 
standard mass range for the instrument is m/z 40–6000 and up 
to m/z 8000 with the BioPharma option. 

Thermo Scientific Orbitrap Eclipse Tribrid
This newest Orbitrap Tribrid MS platform includes advanced 
ion management technology (AIM+) with the new QR5 seg-
mented quadrupole mass filter, real-time search, enhanced 
vacuum technology, optional proton transfer charge reduction 
(PTCR), and optional high mass range MSn (HMRn) mode. Col-
lectively, these features make this instrument uniquely suited for 
accurate and high-throughput full-proteome quantitation, char-
acterization of complex mixtures of protein or small-molecule 
drugs, and deciphering higher-order protein structures.

SCIEX Triple TOF 6600+ System
This TQ-TOF system supports low-flow applications with 
ultra-fast scanning acquisition and high-resolution MS data.

Waters Select Series Cyclic Ion Mobility Separation (IMS)
This IMS system combines innovative design with a circular 
98-cm flight path capable of multiple recycling, and a TOF-
MS that supports resolution >100,000 for lipids, oligosaccha-
rides, and other isobaric compounds.

Waters Synapt XS
The Synapt XS is an extended platform of the Synapt line of 
MS, which a tribrid (Q-IMS-TOF-MS) system with an extended 
pathlength, improved sensitivity, and flexibility in supporting 
multiple ion sources and acquisition modes for solving chal-
lenging analytical problems.

Chromatography Data System (CDS) 
and Software Products
The marketing landscape of chromatography data systems 
(CDS) has been described in an article published in LCGC 
North America’s December 2019 issue (4). The four leading 
chromatography manufacturers dominate the global CDS mar-
ket with their current CDS product offerings of workstations 
and client-server systems (Waters Empower 3 feature release 
5, Thermo Fisher Scientific Chromeleon 7.3, Agilent OpenLab 
versions 2.4, and Shimadzu LabSolutions version 5.3).

ACD/Method Selection Suite
The new version of this software from ACD/Labs for HPLC 
method development offers improvements such as the genera-
tion of robust methods in silico and the capability of predicting 
the impact of method changes. The software is based on prin-
ciples of quality by design (QbD) with multivariate analysis and 
can utilize databases of archived physicochemical properties.

Agilent InfinityLab LC Companion
This software platform is a mobile LC user interface which allows 
for remote control, monitoring, signal plotting, and diagnostics 
of the Agilent 1260 and 1290 Infinity II LC systems. It resides on 
any mobile device (tablet or smartphone) using a compatible 
web browser.

Clarity DataApex 8.2 CDS 
Clarity introduced a new version of its web-based and 21 CFR 
Part 11 compliant CDS used by many instrument manufactur-
ers. The CDS offers an improved user interfaces with many 
new instrument control drivers (up to 600), MS extension, com-
pound search, and options for good laboratory practices (GLP) 
environments. It provides control and data handling for Advion 
MS and speciation analysis by PerkinElmer NexIon inductively 
coupled plasma–MS (ICP-MS) instruments.

S-Matrix Fusion QbD 9.9.0
S-Matrix introduced a new version of its popular HPLC 
method development software based on the principles of 
QbD and design of experiments (DoE) as well as new fea-
tures of PeakTracker (with Waters QDa SQ-MS), an enhanced 
resolution response map (vs. overlaid graph) for method 
robustness evaluation, and automation support for forced 
degradation studies.



 

--
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Thermo Fisher Scientific
Chromeleon 7.3 CDS
Thermo Scientific introduced Chromeleon 
7.3 CDS which offers enhanced features 
for both the laboratory (streamlined user 
interface with up to 33% higher perfor-
mance, system health diagnostics for the 
new Vanquish Core HPLC system, supe-
rior auditing, review, query, and support, 
and improved e-workflow procedures), 
and the information technology (IT) 
department (scalable enterprise solutions 
for global and in-cloud deployment with 
improved data security and stability) (4).

Other Accessories
Cornerstone Scientific
SolvFil Disposable Filter Degassers
A disposable, polypropylene device 
with 90-mm membranes for filtering 
HPLC mobile phases directly into sol-
vent reservoirs.

IDEX Film Degasser
IDEX introduced a flat film Teflon AF-
based membrane on-line degasser for 
removal of dissolved air from HPLC 
mobile phases. It is adaptable to any 
HPLC system up to 10 mL/min and has 
either 2 or 4 channels.

Elga LabWater PureLab Quest
Elga LabWater introduced PureLab 
Quest, a diverse water purification 
unit that can produce Type I (HPLC), 
II (reagent preparation), or III (rinsing) 
water with a small footprint and low 
lifecycle cost.

Optimized Technologies
EXP2 All-in-One Ti-Lok
The EXP2 is a hand-tight UHPLC fitting 
with an integral ferrule capable of con-
nections up to 18,000 psi. It has a slim-fit 
nut and a wing nut for hand tightening.

Summary and Commentary
Pittcon 2020 will be remembered as the 
chemistry conference which squeaked in 
just before more severe measures were 
taken in North America and Europe to 
combat the spread of the devastating 
coronavirus Covid-19. Less than a week 
later, the World Health Organization 

declared the spreading virus a global 
pandemic, and U.S. President Trump 
announced a state of national emergency 
for the United States. The country was in 
a semi-shutdown with travel bans, school 
closings, and indefinitely cancellation of 
all major public gatherings. The American 
Chemical Society (ACS) National Meeting 
in Philadelphia for late March was canceled, 
and the Analytica Conference in Munich 
was postponed from March to October. 
Still, Pittcon did suffer significantly from 
many cancellations of exhibitors and con-
ferees, resulting in lower attendance and 
fewer exhibitors.

One disturbing trend unrelated to the 
coronavirus was the skipping of Pittcon 
this year by two major manufacturers 
(Waters and Thermo Fisher Scientific). 
Although Pittcon, as a premier event for 
new product introductions, has been 
declining in size in recent years as a result 
of competing conferences and other com-
munication channels, it remains the largest 
general analytical chemistry conference in 
North America with global draws for buy-
ers and sellers alike. It is my opinion that 
skipping Pittcon is a drastic and unpopu-
lar move in the eyes of many conferees 
who wish to compare new products on 
the exhibition floor. The opportunities to 
meet with friends and colleagues, learn 
new technologies, and see new instru-
mentation on the exhibition floor are what 
inspire many analytical chemists to come 
back to Pittcon year after year. 

This installment summarizes new HPLC 
and MS products introduced at Pittcon 
2020 and during the prior year and 
describes the pertinent features of these 
products. Personally, this is my 19th con-
secutive year of giving Pittcon HPLC short 
courses, which had a record attendance 
of 44 this year. My busy schedule included 
attending symposia, networking sessions, 
and the exhibition, interspersed with many 
meetings and social events, such as board 
or dinner meetings of LCGC and the Chi-
nese American Chromatography Associa-
tion (CACA), the Separation Community 
Mixer of the Chromatography Forum of 
the Delaware Valley, and the Pittcon Party 
at the Museum of Science and Technology. 

In this unusual time of severe disrup-

tions of conferences and travels, we are 
all hopeful that the world will survive the 
calamity and that our analytical chemistry 
community will return to some normalcy 
for Pittcon 2021 in New Orleans. 
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Advancing Nontargeted Analysis of Water
Environmental analysis of water presents many challenges, one of which is the potential presence of unknown 
contaminants. Nontargeted analysis seeks to address that challenge, but has its own complications. Imma Ferrer, 
an associate research scientist at the University of Colorado, has spent the last 22 years developing methods for 
emerging contaminants using liquid chromatography–mass spectrometry (LC–MS) techniques, including nontargeted 
approaches. Here, she discusses some of her recent research on nontargeted analysis of water, including water from 
wastewater treatment plants, hydraulic fracturing wastewater, and environmental water samples. 

Laura Bush

In a recent study, you used 
nontargeted analysis of water 
samples f rom was tewater 
treatment plants (WWTPs) to 
assess whether the treatment 
methods were effectively removing 
not only the toxic substance 
N-Nitrosodimethylamine (NDMA), 
but also its precursors (1). Why did 
you undertake this study and why is 
it important?
NDMA is known to be a carcinogen, 
and many states have regulations in 
place for drinking water. Over the 
course of many years, efforts have 
been made to understand what causes 
the formation of NDMA in water treat-
ment plants, and one of the estab-
lished theories is that some precursor 
compounds (such as pharmaceuticals 
and pesticides) have the ability to form 
NDMA, after source water is treated 
with chloramines. Thus, to be able 
to screen for these potential precur-
sors, mainly by high-resolution mass 
spectrometry (HRMS) techniques, is of 
essential importance.

In 2014, we had a project with the 
Water Research Foundation (WRF) 
where we partnered with colleagues 
from Arizona State University. We had 
screened for compounds that were 
potential precursors of NDMA, and we 

successfully identified a few of them 
using our HRMS techniques. There-
fore, that same approach was used for 
a second project involving the drink-
ing water treatment technologies used 
by Orange County in California. In this 
study, we were able to see the effect 
that chloramination had in the forma-
tion of NDMA, and also investigate 
the role of precursors present in water 
samples before and after treatment.

What approach did you use to 
qualify significant environmental 
analytes of importance?
The approach we used is based on 
nontargeted screening for a whole 
variety of compounds. Currently, we 
have a database of more than 200 
compounds, including pharmaceuti-
cals, pesticides, and surfactants. The 
data gathered by the high-resolution 
instrument (in this case an LC–quad-
rupole time-of-flight MS [LC–QTOF-
MS]) system is then compared to the 
database, and possible identification 
hits are then scrutinized in terms of 
accurate mass and fragmentation pat-
terns. In my opinion, there is no gold 
standard for this type of approach. 
Many papers in the literature have 
tried to come up with a universal and 
single way to carry out this step, but 

there are still a lot of variables that 
make each approach unique depend-
ing on the focus of the study. For 
example, experience analyzing hun-
dreds of compounds and looking 
meticulously at their fragmentation 
data is no substitute for any large 
database or mass bank information 
on the web. I can look at mass spec-
tra and quickly identify an analyte 
without the need for these tools; that 
saves a lot of time, and people usually 
do not account for this type of skill.

You also looked at neutral losses 
of dimethylamine using auto 
MS-MS. Can you briefly explain 
this approach?
The idea behind this process was that 
a precursor compound able to form 
NDMA will also have a common moiety 
related to chemical structure. In this 
case, the dimethyl-amine group, very 
common in pharmaceuticals and pes-
ticides, would be the one susceptible 
to be fragmented from a precursor ion. 
So, by performing MS-MS fragmenta-
tion and identifying compounds that 
have this same group in the chemical 
structure, we would find out a list of 
potential NDMA precursors. 

At the time of the study, commer-
cial software for this type of screening 
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was not available in the instrument. 
So, we imported the data to MatLab, 
and looked for the neutral losses that 
would indicate the presence of pre-
cursor compounds with that exact 
common moiety. This feature is now 
included in many software packages 
from instrument manufacturers, so it 
makes the process easier. That is why 
it is important that bench scientists 
like myself collaborate and talk to 
the big instrument companies to ask 
them to include those essential tools 
that make research much easier.

In what databases did you 
search for matches with your 
results? How important is the 
development and maintenance 
of such databases for nontar-
geted screening in environmen-
tal analysis? Are you involved 
in any database development 
yoursel f? Where might one 
f ind informat ion about the  
available databases?
The development of databases for 
nontargeted screening is extremely 
important, in my opinion. I have used 
a relatively small database based 
on standards that we have analyzed 
throughout the years. But there are 
also commercial ones, such as Chem-
spider, Comptox-EPA, and PubChem. 
The main problem is to sort through 
these huge and extensive databases. 
Having a link (pathway) between 
instrument data and databases is 
the key. These two interfaces have to 
talk to each other. I just submitted a 
paper where we use a novel approach 
that combines MS-MS fragmenta-
tion data with a large database. The 
software we used is called MathSpec 
(www.mathspec.com), and takes into 
account not only accurate mass and 
formula generation, but also frag-
mentation data and fragmentation 
pathways. The idea behind it is that 
each fragment mass has to be inter-
preted in the context of other masses. 
What we learned is that good data 
will lead to successful identifications, 
even when no standards are available.

What results did you f ind in 
terms of the presence of NDMA 
precursors in treated wastewater 
treated with reverse osmosis or 
more advanced treatments? Can 
those results help us understand 
how to better manage treatment?
We found out that reverse osmosis and 
advance treatment processes, such as 
UV, are very effective to remove NDMA 
precursors. If no NDMA precursors 
are present, the formation of NDMA 
itself will be diminished. So, in general, 
these are good treatment techniques 
that can be used to minimize the pres-
ence of NDMA in our drinking water, 
and these results will help to deter-
mine what courses of action to take 
and better manage treatment.

What did you find in terms of the 
ability to detect NDMA precur-
sors, either using auto MS-MS 
analysis or through nontargeted 
analysis using databases?
The approaches we used were suc-
cessful in identifying a few NDMA pre-
cursors. But many of these precursors 
do not have the ability to form NDMA, 
or the yield is very small. However, in 
a previous study, we found the pres-
ence of methadone as an important 
precursor for NDMA. Prior to that 
date, the focus had been on raniti-
dine (a common pharmaceutical), so 
that finding broadened the focus to 
include other compounds.

How important is the role of non-
targeted analysis is water qual-
ity investigations? How widely is  
it used?
Nontargeted analysis is widely used 
by everyone using HRMS techniques. 
I would say that is the main reason 
behind using this type of instrumen-
tation, to be able to see beyond a 
targeted list of contaminants. As I 
mentioned above, there are lots of 
papers dealing with workflows, or uni-
versal ways to carry out this approach. 
Each one is unique, and focused on 
the type of application the researcher 
is conducting, and sometimes even on 

the instrument used. We still have a 
long way to go to make this approach 
universal and successful for everybody.

I personally do not like other terms, 
such as suspect analysis. Your analysis 
is either targeted (you know what you 
are looking for), or nontargeted (you 
are not looking for it, but the instru-
ment can see it). With newer and 
more accurate instruments, the data-
bases, including accurate mass and 
fragment ions, will definitely continue 
to grow and expand.

In another paper, you studied the 
identification of proprietary com-
pounds, including poly(ethylene 
glycol)s , amino-poly(ethylene 
glycol) carboxylates, and amino-
poly(ethylene glycol) amines, 
in hydraulic fracturing waste-
water using LC–QTOF-MS with 
solid-phase extraction (SPE) (2).  
Why did you choose these ana-
lytical techniques? 
SPE is one of the most important 
steps in sample preparation, and yet 
sometimes gets forgotten. We have 
been studying hydraulic fracturing 
waters for over eight years now, and 
all we had to do is directly inject the 
sample, because usually the main 
additives were in very high concen-
trations. However, there are always 
those compounds present at very 
trace levels that are invisible even to 
the most sensitive instrument, and 
those compounds can be enhanced 
by SPE techniques. In this case, we 
were able to identify new proprietary 
compounds that we had not seen 
before. Another issue is the high salt 
content usually present in this type 
of samples. This salt usually masks 
the detection of compounds by mass 
spectrometry. By using SPE, salt can 
be removed and detection can be 
enhanced, and instrument life will 
also be lengthened.

The reason for using LC-QTOF-MS 
is to be able to see beyond the list of 
targeted contaminants, as explained 
above. Moreover, these compounds 
were not in any database, so we used 
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our knowledge in accurate mass and 
fragmentation to be able to identify 
them. The instrument sees every-
thing that is ionizable; it is the human 
eye that has to do the ultimate work  
of identification.

How is this study different from 
others that you or others have 
done on the analysis of hydraulic 
fracturing compounds in environ-
mental samples?
This study combined the use of SPE 
and TOF for the analysis of hydrau-
lic fracturing waters, which to date, 
was one of the first to combine 
these two techniques for this type of  
water samples.

What compounds were you able 
to identify, and with what level 
of confidence, in terms of their 
identification or link to hydraulic 
fracturing? Had these compounds 
been detected in other studies? 
Overall, what does this study tell 
us? What was your most surpris-
ing discovery of the compounds 
you detected, with masses in the 
range of m/z 120−986?
The level of confidence in the identifi-
cation of these compounds was 100%, 
as we also purchased pure standards 
and confirmed retention time, accu-
rate mass, and fragment ions (which 
is consider the gold standard in iden-
tification). These compounds had 
never been detected in other stud-
ies related to hydraulic fracturing. In 
fact, there are no known reports of 
the addition of these compounds to 
hydraulic fracturing fluids. The terms 
the oil and gas industry uses to refer 
to these compounds are general 
and do not include specific chemical 
names for additives. Therefore, their 
identification is an important step in 
understanding the chemistry, treat-
ment, and possible toxicity of hydrau-
lic fracturing wastewater.

You recently published a review 
paper on the occurrence of opi-
oids in environmental water 

samples (3). For how many years 
have researchers been conduct-
ing such analyses? How many dif-
ferent opioids and their metab-
olites have been studied? Are 
there any important gaps in the 
data so far? 
The reason behind publishing a 
review paper on the occurrence of 
opioids in environmental waters is the 
importance of the topic: Each year, 
thousands of deaths occur as a result 
of the consumption of these drugs. I 
also realized that not all opioids were 
accounted for, and, in fact, only a 
small group of them had been moni-
tored over the years. One exchange 
student from abroad came along to 
spend a few months in our labora-
tory, and I thought that would be the 
perfect topic to work on. From what 
we found in the literature, it seemed 
that only 20% of the total number of 
opioids (>200 total) and their metab-
olites had been studied. One of the 
reasons for this is the difficulty to find 
pure standards, so scientists usually 
choose only a few targeted analytes 
to study. Our approach was to take 
advantage of the screening capability 
of accurate mass analysis to be able 
to see beyond that reduced group of 
analytes. In a second study we car-
ried out, we detected the presence of 
some opioid metabolites that had not 
been reported to date.

What methods—including both 
sample preparation and ana-
ly t ical techniques—are most 
researchers using for these stud-
ies, and why? Are the chosen 
methods the most suitable ones? 
Has the thinking about which 
approaches are best changed 
over time?
The methods most researchers are 
using for these studies involve SPE 
and LC–MS techniques (both tar-
geted and nontargeted approaches). 
Depending on what you are looking 
for, you might choose one approach 
or another. For example, if looking 
only at a relatively reduced number of 
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compounds (say, 20–30 compounds), 
then a targeted approach with tandem 
mass spectrometry techniques would 
be the best in terms of sensitivity (one 
can see down to the low ng/L most of 
the time). If a researcher is looking to 
expand the scope and look also for 
metabolites or degradation products, 
then a nontargeted approach using 
accurate mass techniques would be 
the ideal method. Lately, in the lit-
erature, there is a slight preference 
for the latter method, because instru-
ments that do accurate mass have 
become more and more sensitive, so 
you see your chosen analytes of inter-
est but also other contaminants that 
might be present in the sample, so 
that is an added bonus. Also, do not 
forget, there is always the possibility 
to perform retrospective data analy-
sis with accurate mass techniques; the 
data gathered with the instrument will 
always be there.

What do the data so far show 
about the occurrence of opi-
oids or transformation products 
of concern in different classes 
of water—wastewater, surface 
water, and drinking water?
The data showed that wastewater is 
the source of these contaminants in 
water, as we already knew from past 
studies. It also revealed that the 
concentrations in surface water were 
much lower, but it also showed that 
some compounds and their metabo-
lites persist in water, and have the 
potential to end up in drinking water 
if not treated properly.

What is known so far about the 
presence of opioid metabolites 
and transformation products in 
environmental waters? You have 
mentioned that a few nontargeted 
studies have used high resolu-
tion accurate mass to determine 
the transformation products or 
metabolites. Why is this an impor-
tant topic for future research?
Pharmaceutical compounds such as 
opioids are metabolized in the human 

body and excreted as metabolites. 
Once they reach surface waters, other 
processes, such as degradation, might 
occur and transformation products 
can be formed as well. These metabo-
lites and transformation products are 
often omitted from targeted studies, 
and here is when high resolution mass 
spectrometry can aid to the detection 
of these compounds, by doing a full-
spectrum scan of the whole sample. 
Not much is known about the toxicity 
of metabolites or degradation prod-
ucts, so that is an important topic for 
future research.
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Understanding the Lifecycle Approach 
for Analytical Procedures 
Accurate analytical analysis requires robust and validated analytical procedures. Change is underway in the approach 
to developing, validating, and using analytical procedures. Are you ready for the changes coming your way?

R.D. McDowall

All analytical procedures should be fit 
for their intended use with appro-

priate measurement uncertainty (preci-
sion and accuracy), selectivity, and sensi-
tivity. In this installment of “Data Integrity 
Focus,” we look at the impact of an ana-
lytical procedure on the integrity of data 
produced in regulated good manufactur-
ing practices (GMP) and good laboratory 
practices (GLP) laboratories. Within the 
framework of the Data Integrity Model (1, 
2), there is the right analytical procedure 
for the job at Level 2. The use of an accu-
rate procedure is built on the foundation 
layer of data governance with manage-
ment leadership, quality culture, proce-
dures for data integrity, and training. This 
is applied to getting the right analytical 
instrument and application software that 
are qualified and validated respectively. 
Both levels now need to be applied to 
the development, validation, and use of 
any analytical procedure. 

Analytical Procedure or Method?
You will notice that the title of this article 
uses the term analytical procedure, and 
not analytical method. The reason is that 
an analytical procedure covers all stages 
from sampling, transport, storage, prep-
aration, analysis, interpretation of data, 
calculation of the reportable result, and 
reporting. An analytical method is a sub-
set of this, and is typically interpreted as 
the instrumental analysis phase. After a 
discussion of the applicable regulations 
and guidance, I will focus on the analytical 
method portion of a procedure. After all, 
this is LCGC! 

GMP Regulatory Requirements 
for Analytical Procedures
In 21 CFR 211.194(a), there is the follow-

ing requirement for analytical methods 
used in pharmaceutical analysis:

(a) Laboratory records shall include 
complete data derived from all tests 
necessary to assure compliance with 
established specifications and standards, 
including examinations and assays,  
as follows: …..
(b) A statement of each method used in 
the testing of the sample. 
The statement shall indicate the location 
of data that establish that the methods 
used in the testing of the sample meet 
proper standards of accuracy and reliabil-
ity as applied to the product tested…..

The suitability of all testing methods 
used shall be verified under actual 
conditions of use (3). 

What does this mean in practice? Any 
laboratory must know where the valida-
tion was carried out so that an inspec-
tor can access the data plus any method 
transfer protocol that was performed 
with the associated report to show that 
the procedure works in a specific labora-
tory. This interpretation is mirrored in EU 
GMP Chapter 6 on Quality Control, where 
clause 6.15 states:

Testing methods should be validated. 
A laboratory that is using a testing 
method and which did not perform 
the original validation, should verify 
the appropriateness of the testing 
method. 
All testing operations described 
in the marketing authorization or 
technical dossier should be car-
ried out according to the approved 
methods (4).

Reinforcing the European requirement, 
there is also EU GMP Annex 15 on Quali-
fication and Validation, a very generic set 
of requirements covering all possible pro-
cesses and equipment, where Section 9.1 
notes for test methods:

 
All analytical test methods used in quali-
fication, validation or cleaning exercises 
should be validated with an appropriate 
detection and quantification limit, where 
necessary, as defined in Chapter 6 of the 
EudraLex, Volume 4, Part I (5).

However, these regulations give broad 
direction, but not much detail. What do 
we need to do to validate an analytical 
procedure or test method? 

GMP Regulatory Guidance 
for Validation
Currently in GMP, there is ICH Q2(R1) for 
method validation (6) that outlines the 
requirements for method validation for 
quality control (QC) testing. The emphasis 
in the document is mainly on chromato-
graphic methods of analysis with param-
eters such as repeatability, intermediate 
precision, limits of quantification (LOQ),  
and limits of detection (LOD). There is no 
mention of method development in the 
guidance. However, there is an almost 
ritualistic approach to interpreting ICH 
Q2(R1): “If it says it, do it.” 

Therefore, we can find the stupid 
situation when validating a method for 
an assay of active component between 
say 90 and 110% of label claim, that 
the method also includes determina-
tion of LOQ and LOD. Why determine 
such parameters when the method will 
never be used near them? It is in ICH 
Q2(R1)” is always the answer. This is 
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mirrored in EU GMP Annex 15, where 
at first reading all analytical proce-
dures appear to require LOQ and LOD 
determination. However, the require-
ment does say “as appropriate.” Does 
anyone ever engage the brain and 
think in these situations?

In 2000, the FDA issued a draft  
guidance for industry on Analytical 
Procedures and Methods Validation 
(7) that outlined the FDA expecta-
tions for validation. The main problem 
is that this guidance did not address 
one of the most critical stages of the 
whole process: method development. 
In 2015, the FDA replaced the 2000 
draft guidance with yet another draft 
guidance entitled “Analytical Pro-
cedures and Method Validation for 
Drugs and Biologics” (8), where there 
is a little, but insufficient, section on 
method development. 

Bioanalytical Method 
Validation Guidances
In the bioanalysis field, there are guid-
ances issued by the EMA and FDA. The 
European Medicines Agency Guideline 
on Bioanalytical Methods Validation 
from 2011 states in Section 4.1 (9):

A full method validation should 
be performed for any analytical 
method whether new or based  
upon literature.

The main objective of method valida-
tion is to demonstrate the reliability of a 
particular method for the determination 
of an analyte concentration in a specific 
biological matrix, such as blood, serum, 
plasma, urine, or saliva. Moreover, if an 
anticoagulant is used, validation should 
be performed using the same anticoag-
ulant as for the study samples. Generally, 

a full validation should be performed for 
each species and matrix concerned.

The final version of the FDA Bioana-
lytical Methods Validation guidance for 
industry in 2018 contains in the section 
on Guiding Principles the following 
selected statements (10):

The purpose of bioanalytical method 
development is to define the design, 
operating conditions, limitations, 
and suitability of the method for its 
intended purpose and to ensure that 
the method is optimized for validation.

Before the development of a bioana-
lytical method, the sponsor should 
understand the analyte of interest 
(determine the physicochemical prop-
erties of the drug, in vitro and in vivo 
metabolism, and protein binding) and 
consider aspects of any prior analytical 
methods that may be applicable.

Method development involves opti-
mizing the procedures and condi-
tions involved with extracting and 
detecting the analyte. Bioanalyti-
cal method development does not 
require extensive record keeping  
or notation….. 

While this FDA guidance has started 
to include method development, it notes 
that documentation of this work does 
not need to be extensive. As we shall 
see later, this is the wrong approach 
to take, as method development is the 
single most important phase of an ana-
lytical procedure life cycle. Get this right, 
and the validation and operation of 
the method are easier to handle than a 
rushed development and validation. If a 
rushed approach is taken, then the ana-
lysts using the method pick up the tab 
with variable results and out-of-specifica-
tion investigations. 

In 2019, ICH M10 on Bioanalytical 
Method Validation reached step 2b and 
was issued for public consultation. Out of 
60 pages, method development receives 
a scant half a page mention along 

TABLE I: C, N, X classification of method variables

Method Variable Classification

Controlled (C)

Variable controlled by:
• Explicit instructions in the analytical procedure
• Setting the value of an instrument param-

eter, for example, detector wavelength

Noise (N)
Variable difficult to control or predict and may vary randomly:
• Common variations are investigated experimentally, for 

example, precision

Experimental (X)

Variable that can varied deliberately
• Impact is investigated by experiment, for example,  

stability and robustness
• Establish acceptable ranges of performance 

Redevelop
Procedure

Revalidate
Change

Method Development Method Validation Operational Use

Method Transfer

Verify Under Actual
Conditions Of Use

FIGURE 1: A traditional view of analytical method development, validation, and use.
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the lines of FDA and EMA above and  
noting that:

Bioanalytical method development 
does not require extensive record 
keeping or notation (11).

All the emphasis is on the validation, 
rather then the development of the assay. 
As we shall see, this is not the smartest 
approach, especially the majority of bio-
analytical methods can be measuring ana-
lytes in biological matrices at the LOQ of 
the method. You really need to know what 

factors you need to control in the method, 
rather than hoping for the best.

Traditional View of  
Development, Validation and Use
Continuing this theme, the traditional 
view of analytical method development, 

Continual
Improvement

Continual
Improvement

Continual
Improvement

Requirement

Analytical
Target

Profile (ATP)

Stage 1

Procedure Design
and

Development

Continual
Improvement

Stage 2

Procedure
Performance
Qualification

Stage 3

Procedure
Performance
Verification

FIGURE 2: Proposed USP <1220> process for analytical procedure lifecycle management. 

http://www.vici.com
http://www.vici.com
mailto:tech@vici.com


236  LCGC NORTH AMERICA  VOLUME 38 NUMBER 4  APRIL 2020 WWW.CHROMATOGRAPHYONLINE.COM

validation, and use is shown in Figure 1. 
The main emphasis is on a rapid method 
development phase and validation by 
an analytical development group. This is 
followed by a formal transfer to a quality 
control group to demonstrate that the 
method (possibly) works in their labora-
tory and then operational use by the QC 
staff. If changes are required, these need 
to be validated, and a method may need 
to be redeveloped in light of experience 
with use. As we shall discuss at the end of 
this article, most methods are regulated 
for the pharmaceutical laboratory, and 
need regulatory approval for any major 
change. How can this be simplified?

USP is Changing to
a Lifecycle Approach
For 10 years, USP expert panels and 
committees have been publishing 
stimuli articles on analytical procedure 
lifecycle management (APLM). This 
new approach comes from the FDA’s 
updated guidance on process valida-
tion that took a lifecycle approach to 
the topic, rather than “three validation 
batches and all is good.” In addition 
to the “Stimuli to the Revision Process” 
articles published in Pharmacopoeial 
Forum, there is also a draft USP <1220> 
on Analytical Procedure Lifecycle Man-
agement issued for public comment 
in 2017 (12). At the end of this year, a 
revised draft of USP <1220> is expected 
to be published for comment.

The principles outlined in the cur-
rent draft USP <1220> are a Quality 
by Design (QbD) approach to method 
development and validation (12) that is 
intended to deliver more robust analyti-
cal procedures. There is greater empha-
sis on the earlier phases of the lifecycle 
of an analytical procedure, such as 
defining the procedure specification in 
an Analytical Target Profile or ATP.

The overall process is shown in Figure 
2. Although the USP is focused primarily 
on compendial analytical procedures, the 
sound scientific principles outlined in the 
draft USP <1220> are, in my view, applica-
ble to bioanalytical methods as well. Shown 
also in the figure are the feedback loops 
from stage 3 to stage 2 and from stage 2 to 
stage 1, as well as to the ATP, representing 
continual improvement of the procedure. 
The key is continual improvement, as the 
pharmaceutical industry is regulated and 
some procedures that are part of a regis-
tration dossier might need to be modified 
under change control. 

Stages of the Analytical 
Procedure Lifecycle
The lifecycle of analytical procedure 
advocated by USP <1220> in Figure 2 
consists of three stages:
1. Procedure Design and Development 

(method development) derived from 
the ATP 

2. Procedure Performance Qualification 
(method validation)

3. Procedure Performance Verification 
(Ongoing assessment of the proce-
dure performance). 
We are not very good at method 

development or monitoring perfor-
mance of an analytical procedure in 
use. This new approach aims to provide 
a sound scientific basis throughout the 
whole analytical procedure lifecycle. We 
will discuss each stage of the lifecycle 
in overview; for a more detailed under-
standing of the USP <1220> process 
and best practices in analytical proce-
dure validation, the reader is referred to 
the book by Ermer and Nethercote (13). 

Define the  
Analytical Target Profile 
First, we need to define what are the 
objectives of the procedure and this is 
achieved by writing an Analytical Tar-
get Profile (ATP), as shown in Figure 
2. An ATP should be considered the 
specification or intended use for any 
procedure. This term was developed 
by a US and EU pharmaceutical indus-
try working group on Analytical Design 
Space and Quality by Design of Analyti-
cal Procedures, and has been incorpo-
rated by the USP into two Stimuli to the 
Revision Process articles on the ATP, as 
well as the draft USP general chapter 
<1220> (12–15).

The Analytical Target Profile (ATP) for 
an analytical procedure is a predefined 
objective of a method that encapsulates 
the overall quality attributes required of 
the method, including:
• sample to be tested
• matrix that the analyte will be mea-

sured in 
• analyte(s) to be measured
• range over which the analyte(s) are to 

be measured for the reportable result
• quality attributes such as selectivity 

and precision and accuracy of the 
whole procedure or total measure-
ment uncertainty (TMU).
This is the core of the lifecycle 

approach, as it defines the high-level 
objectives with no mention of any 
analytical technique used to meet the 
ATP as this could bias the analytical 
approach. 

Sampling

Sample
Preparation

Chromatographic
Separation

Method Development

Analytical
Target
Profile
(ATP)

Analytical Control Strategy

Method Optimization
(Method robustness)

Risk Assessment
Determination of Assay Performance

FIGURE 3: Method development workflow for an HPLC procedure (13).
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An example ATP could be:

To quantify analyte X over a range 
between a% and b% (or whatever 
units are appropriate) with X% RSD 
precision and Y% bias in a matrix of 
Z (or in the presence of Z).

This means that the requirements for an 
analytical procedure are defined before 
any practical work begins, or even an 
appropriate analytical technique has been 
selected. It provides the method devel-
oper with an explicit statement of what the 
procedure should achieve. This is a docu-
mented definition, and can be referred to 
during development of the procedure or 
revised as knowledge is gained.

Stage 1: Procedure Design 
and Development
This is most important part of an analyti-
cal procedure lifecycle, but it is missing 
from or minimal in the current regulatory 
guidance documents described above. 

Knowing how sampling, transport, stor-
age, instrumental analysis parameters, 
and interpretation of data impact the 
reportable value is vitally important to 
reducing analysis variability, and hence 
out-of-specification (OOS) results. The 
aim of a Quality by Design (QbD) 
approach is a well understood, con-
trolled, and characterized analytical pro-
cedure, and this begins with the design 
and development of the procedure.

Knowledge Gathering

From the ATP we need to gather infor-
mation and knowledge to begin the ini-
tial procedure design, such as: 
• chemical information about the ana-

lytes of interest, such as structure, 
solubility, and stability (if known) 

• literature search (if a known analyte) 
or discussions with medicinal chem-
ists (if a new molecular entity, or 
NME).
From this knowledge, coupled with 

the ATP, the most appropriate proce-

dure including the measurement tech-
nology can be derived, such as: 
• type of procedure (for example, 

assay or impurity) in an active 
pharmaceutical product or deter-
mination of an NME in animal or  
human plasma. 

• sampling strategy, such as the sam-
ple amount or volume required, how 
the sample will be taken, any precau-
tions required to stabilize the analyte 
in the sample, and other factors

• design of the sample preparation 
process to present the sample to  
the instrument

• whether there is any need to derivatize  
the analyte to enhance detection 
characteristics

• appropriate analytical technique to 
use based upon the ATP and the 
chemical structure of the analyte 
(including, but not limited to, LC-MS, 
LC-UV, and GC-FID)

• an outline of separation needs based 
on previous analytical methods with 
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analytes of similar chemical structure,  
if appropriate.
In addition, business factors such as 

time for the analysis and cost should be 
considered when developing a method. 
Quicker is better, provided that the ATP is 
met, and UHPLC may be a better alterna-
tive to conventional HPLC, as an example.

Initial Design of the
Analytical Procedure
Assuming that we are dealing with a liq-
uid chromatographic analysis, solid sam-
ples need to be prepared so that a liquid 
extract can be introduced into the chro-
matograph for analysis. Development of 
the sampling, sample preparation, and 
separation should proceed in tandem 
and iteratively as shown in Figure 3. Some 
considerations for this phase of the devel-
opment, covering all sample types and 
concentration or amount ranges defined 
in the ATP are:
• How much sample is required to 

achieve the ATP?
• Does the sample have to be dis-

solved, homogenized, sonicated, or 
crushed before sample preparation 
can begin?

• Does the analyte require derivatiza-
tion either to stabilize the compound, 
or to enhance limits of detection  
or quantification?

• Screening experiments are run to see 
how the analytes run on a variety of 
columns and mobile phases of vary-
ing composition of organic modified 
and pH value of the aqueous buffers. 
It is important to note here that the 
KISS (Keep It Simple, Stupid) principle 
applies here. Don’t overcomplicate a 
method, as it will usually need to be 
established in one or more other labo-
ratories, and unnecessary complexity 
makes method transfer more difficult.
A better approach for method screen-

ing is to automate it, using method devel-
opment software to design and execute 
experiments using a statistical design (for 
example, factorial design such as Plack-
ett-Burman). This is a more expensive 
option, but it will produce design space 
maps for optimum separation much faster 
than a manual approach. These design 

space maps provide the basis for a robust 
separation as the factors controlling the 
separation can be more easily identified 
and the optimum separation to meet the 
ATP can be predicted and then confirmed 
by experiment. 

The overarching principle in method 
development and optimization is to keep 
the method as simple as possible to achieve 
the ATP requirements. For example, a com-
monly available column and simple mobile 
phase preparation should be the starting 
point for most separations, depending, of 
course, on the type of analyte involved. Use 
isocratic elution to achieve the ATP rather 
than a gradient, as the latter will increase 
the overall analysis time.

Risk Assessment and Management
Management of risk is a key element 
in the analytical procedure lifecycle 
approach. This involves identifying and 
then controlling factors that can have a 
significant impact on the performance 
of the separation. Such factors may be:
• pH value of the aqueous buffer or 

proportion of organic modifier used 
in an LC mobile phase

• type or dimensions of the column used
• autosampler and column temperature 
• impact of light during sampling or 

sample preparation. 
A formal risk assessment can be under-

taken, such as Failure Mode Effects 
Analysis (FMEA), to identify the risk 
with the highest impact (13). The aim 
of risk assessment is to either mitigate 
or eliminate the risk posed by variables 
in the sample preparation, instrumental 
analysis, or operating practices. Method 
variables can be classified as controlled, 
noise, or experimental (C, N, or X), as 
shown in Table I. A discussion of how 
these variables are investigated is out-
side the scope of this article, and the 
reader is referred to Ermer and Nether-
cote’s book for more details (13). 

When key variables have been iden-
tified, then robustness studies can be 
started to understand the impact of each 
one on the overall analytical procedure. 
There will be a study design for robust-
ness experiments, and the results will be 
examined statistically. The aim is to iden-

tify the acceptable range of each key vari-
able; the greater the range means that the 
method is more flexible. Again, please 
see Ermer and Nethercote for more infor-
mation about this approach (13).

Analytical Control Strategy:  
Identifying and Controlling  
Risk Parameters
The analytical control strategy for each 
procedure is based on the outcome of 
the risk assessment and, where appro-
priate, in combination with the robust-
ness studies. This should provide a list 
of method parameters and variables that 
have significant impact on the method, 
and its performance as well as what to 
avoid when executing the analytical pro-
cedure. The outcome is the establish-
ment of controls for critical parameters, 
such as how to perform a specific task 
with sufficient detail to ensure consistent 
performance, the type of integration, 
conditions in the procedure that have 
significant effects, or steps to avoid cer-
tain situations where outside variables 
(light, for example) can affect the stabil-
ity of the analyte.

The outcome of the analytical control 
strategy is to have a set of instructions 
that are explicit and unambiguous when 
executing the procedure, such as:
• how to sample and the required  

sample size
• specification of sample containers, 

transport conditions to the laboratory, 
and storage conditions 

• preparation of the sample for analysis 
• preparation of reference standard 

solutions and mobile phases
• performance of the analysis, as well as 

integration and interpretation of data
• calibration method used
• identification of the system suitability test 

(SST) parameters to be used, and deter-
mination of the acceptance criteria for  
each one.

Procedure Development Report
The outcome of Stage 1 should be a com-
prehensive method development report 
describing the optimized procedure. It 
should also contain practical details for the 
procedure, including the robustness of the 
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analytical procedure, the analytical control 
strategy and the SST parameters to be 
used, and their acceptance criteria. 

This is in stark contrast with the FDA 
bioanalytical method and draft ICH M10 
guidance documents that suggest that bio-
analytical method development does not 
require extensive recordkeeping or nota-
tion (10,11). If you don’t have any under-
standing of how critical parameters impact 
the performance of an analytical procedure, 
then how can you control them? In my opin-
ion, method development needs a report 
that highlights those key parameters, and 
how they impact performance of the pro-
cedure. It is good analytical science, and an 
essential reference for all further work. 

Stage 2: Procedure 
Performance Qualification
Planning the Validation
Procedure Performance Qualification 
(PPQ) or method validation should be sim-
ply confirmation of good method develop-
ment and demonstrate that the analytical 
procedure is fit for purpose. PPQ demon-
strates that the developed analytical pro-
cedure meets the ATP quality attributes, 
and that the performance is appropriate 
for the intended use. To control the work, 
there will be a validation plan or proto-
col describing the experiments to be 
performed, with predefined acceptance 
criteria to demonstrate that the ATP has 
been met. This will depend on the type of 
procedure, such as active pharmaceutical 
ingredient (API), impurities, or bioanaly-
sis. The various experiments will depend 
on the criteria described in the ATP, and 
on the intended use of the procedure.  
For example:
• Linearity experiments should be used 

to support the use of the specific cali-
bration model used in the procedure 
(the calculations for which have been 
verified in Level 1 in the computerized 
system validation of the data system 
used for this work).

• Specificity or selectivity (depending on 
whether the instrumental technique 
is absolute or comparative) must be 
determined, including resolution for 
impurities and peak purity assessment 
for stability-indicating methods. 

• Precision (injection precision, repeat-
ability, and intermediate precision) 
should be set. The minimum number 
of runs could be two, but four or more 
provides better understanding of the 
intermediate precision for routine use 

• Accuracy can be run in the same 
experiments as precision.

• Analyte stability under storage, labo-
ratory, and instrument conditions 
must be determined.

• System suitability test parameters, 
and their acceptance criteria, will be 
verified during this work
It is important that the acceptance 

criteria be defined in the validation 
plan, and are based on the information 
gathered from Stage 1, the procedure 
design and development. The plan will 
also define how the data from the vari-
ous experiments will be evaluated sta-
tistically against the acceptance criteria.

Validation Report
Once the work is completed, a report 
is written that describes the outcome 
of the validation experiments and how 
the procedure meets the requirements 
of the ATP.. As the draft USP <1220> 
(12) notes:

The analytical control strategy may be 
refined and updated as a consequence 
of any learning from the qualification 
study. For example, further controls 
may be added to reduce sources of 
variability that are identified in the rou-
tine operating environment in an ana-
lytical laboratory, or replication levels 
(multiple preparations, multiple injec-
tions, etc.) may be modified based on 
the uncertainty in the reportable value.

The scope and the various parameters 
with the acceptance criteria for a bio-
analytical method validation report are 
defined extensively in the updated FDA 
Guidance for Industry on Bioanalytical 
Method Validation and the draft ICH 
M10 guidance documents (10,11).

Analytical Procedure Transfer
Analytical method transfer is not always 
easy or straightforward, because there 

are always items that are not well 
described in, or even omitted altogether 
from, an analytical procedure. Well-
documented method development (if 
existing) and validation reports will aid 
the transfer process immeasurably. The 
transfer must be planned, and a proto-
col developed, between the originating 
and receiving laboratories that includes 
predefined ways that the data will be 
interpreted with acceptance criteria. A 
report should be produced summariz-
ing the transfer results against the data 
generated by the receiving laboratory. 

To reduce the effort required when 
transferring an analytical procedure to 
another laboratory, a subject-matter 
expert could travel to the receiving 
laboratory to provide help and advice. 
Alternatively, an analyst from the 
receiving laboratory could go to the 
originating laboratory to learn the pro-
cedure. Management often looks at the 
up-front cost of this, but dismisses the 
hidden cost of time wasted in transfer-
ring the method without help from the 
originating laboratory.

When considering method transfer, 
one of the issues when using a contract 
research organization (CRO) laboratory 
is the quality of the written procedure 
used for method transfer. Often the orig-
inating laboratory (sponsor) may make a 
minimal effort at validation before pass-
ing the procedure to a CRO to complete 
the development and validation. This is 
not the best approach, and is planning 
for failure.

Stage 3: Procedure 
Performance Verification
Routine monitoring of an analytical proce-
dure’s ongoing performance is an impor-
tant element in maintaining control over 
the analytical procedure in operational 
use. It provides assurance that the analyti-
cal procedure remains in a state of con-
trol throughout its lifecycle, and provides 
a proactive assessment of a procedure’s 
performance. The aim of verification is 
that the reportable result is fit for purpose 
and can be used to make a decision.

Part of this verification can be trend-
ing of SST and sample replicates results 
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over time. However, there is a note of 
caution that SST results can also be used 
to measure instrument performance 
directly (Group B and some Group C 
instruments) or indirectly (some Group C 
instruments) as part of an ongoing per-
formance qualification. Data that could 
be collected and tracked are:
• SST test results including failures
• Trending of individual results and the 

reportable result including OOS and 
outputs from investigations.
These data should be monitored against 

limits, so that when there is a trend indi-
cating a parameter is out of control, an 
investigation can be started early, before 
the situation gets out of hand (a proac-
tive, rather than reactive, approach). When 
a root cause is identified in an investiga-
tion, it may be appropriate to update the 
analytical control strategy or to update the 
analytical procedure. 

Pharma Is Going Lifecycle
Why have I discussed this new approach? 
The pharmaceutical industry is going lifecy-
cle! ICH published in November 2019 a new 
guidance, ICH Q12, entitled “Technical and 
Regulatory Considerations for Pharmaceu-
tical Product Lifecycle Management” (16). 
This document provides a framework to 
facilitate the management of post-approval 
Chemistry Manufacturing Controls (CMC) 
changes in a more predictable and efficient 
manner and the key concept is Established 
Conditions (ECs) for analytical procedures:

ECs related to analytical procedures 
should include elements which assure 
performance of the procedure. The 
extent of ECs and their reporting cate-
gories could vary based on the degree 
of the understanding of the relation-
ship between method parameters and 
method performance, the method 
complexity, and control strategy (16)

Note that ECs are legally binding, as they 
will be part of a drug license application and 
changes will need regulatory approval. ECs 
are built up during the development and 
validation process of the lifecycle. 

In addition, to further support the 
analytical procedure lifecycle manage-

ment (APLM) approach, ICH is undertak-
ing two projects:
• An update and expansion of ICH 

Q2(R1) to include other analytical 
techniques with a possible release for 
public comment of Q2(R2) as early as 
the end of this year (17)

• ICH Q14 on Analytical Procedure 
Development, which is beginning to 
be developed (18). 

Common sense would suggest that com-
bining the two into a single document 
would be the best approach. However, 
putting common sense and regulatory 
compliance in the same breath would be 
a novel idea.

What this means in practice is that 
the more you know about your analyti-
cal procedure, the more predictable the 
analysis becomes, thanks to the lower 
variation. There should be a lower regu-
latory burden to change a registered 
method. Most importantly, with robust 
analytical procedures there should be a 
lower incidence of OOS results attrib-
uted to analytical variation and subse-
quent investigations. OOS will be the 
subject of an article later in our series. 

Summary
A key component for data integrity is 
accurate and precise analytical proce-
dures that are validated for intended 
use. Changes in the way procedures are 
specified, developed, validated, and 
operated are coming. This “Data Integ-
rity Focus” article should help prepare 
you for the changes.
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Overview of Methods and Considerations 
for Handling Complex Samples
Complex samples can be challenging, and there are many caveats that need to be considered to mitigate 
matrix effects. Matrix interferences can be detrimental to analysis, and the contents of a sample need to be 
evaluated to determine what could affect analysis. Approaches need to be tailored to remove or work around 
matrix interferences, to produce reproducible, reliable, and accurate methods of analysis. Here, methods of 
sample preparation, on-line sample treatment, and instrumental tools are outlined, and several examples of 
applications are discussed. Some general guidance is also outlined on how to evaluate the best option for 
your complex sample, and how to move forward. 

Jamie L. York and Kevin A. Schug

T here are many challenges related 
to complex sample matrices that 

analytical chemists have to overcome. 
These challenges can be met by skill-
ful sample preparation, on-line sam-
ple clean-up, sample pre-treatment, 
or the use of instrumental tools. Sam-
ple preparation is an evident place to 
start, and includes methods such as 
solid-phase extraction (SPE), liquid-
liquid extraction (LLE), salting-out, 
derivatization, filtration, and centrifu-
gation, among many others. Multiple 
approaches can also be combined, 
but doing so can quickly become 
cumbersome for large sample sets. 
Online sample cleanup can be a wel-
comed alternative to relieve some of 
the manual steps and allow automa-
tion from the instrument of choice, but 
is not always a viable option. Lastly, 
the instrument’s abilities should not 
be undervalued. Multiple reaction 
monitoring (MRM) transitions can be 
very useful to gain specificity when 
using a triple quadrupole mass spec-
trometer, but can sometimes fall short 
when analyzing similar compounds 
that do not produce unique MRM 
transitions. Instrumental tools that 
allow deconvolutions are also possi-
ble when chromatography falls short, 
as in the case of vacuum ultraviolet 
spectroscopic detection for gas chro-
matography. In addition to this, capa-
bilities like post-run spectral filters 
are a valuable tool to highlight cer-
tain classes of compounds in a con-

voluted complex matrix when analyz-
ing by gas chromatography–vacuum 
ultraviolet spectroscopy (GC-VUV). All 
of these options for sample prepara-
tion, clean-up, and analysis should be 
taken into consideration when deal-
ing with complex sample matrices, in 
order to retrieve meaningful, reliable, 
and reproducible data for the deter-
mination of target analytes.

Consider Your Sample
Before deciding on a technique to 
move forward with method develop-
ment, it is important to consider what 
is in your sample, and what could be a 
possible interference. Consideration 
needs to be given to whether the ana-
lyte can be analyzed by GC, and, if 
not in native form, if it can be deriva-
tized to be made more amenable to 
GC analysis. Derivatization can be a 
useful technique, but unless it can be 
automated, it is best to be avoided if 
the sample set is large, to save time 
and sanity. GC should not be written 
off too quickly, though, especially 
when dealing with complex samples. 
Headspace sampling can be a ter-
rific technique paired with GC to save 
time on the front end during sample 
preparation, and, in many cases, no 
other sample clean-up is necessary. 
The measurement of ethanol content 
in blood samples is a great example of 
this technique and requires no clean-
up of the matrix prior to injection (1). 
There are very few volatile substances 

that can be in a blood sample that 
will interfere with the measurement of 
ethanol, and if an appropriate column 
chemistry is used in conjunction with 
headspace sampling, no matrix clean-
up is required. 

Liquid chromatography (LC) is 
imperative for samples with higher 
molecular weight analytes, those that 
require extensive derivatization, or 
those that are otherwise non-volatile 
or thermally labile; these properties 
make them less amenable to GC 
analysis. Special attention needs to 
be given to cleanup of the sample 
matrix to ensure that the LC column 
is not compromised, that the lines do 
not get clogged, or that the system 
is not dirtied by the complex sample. 
Precipitation is also a concern for LC, 
so compatibility between the mobile-
phase solvents, mobile-phase addi-
tives, and samples should be taken 
into consideration. Supercritical fluid 
chromatography (SFC) continues to 
re-emerge for use over a wide range 
of sample and analyte types, as many 
instrument manufacturers continue 
to improve their offerings; SFC is not 
covered in significant detail in this 
work, but it is acknowledged to be 
an interesting technique to bridge 
the gap between GC- and LC-ame-
nable analytes. In recent work, online 
supercritical fluid extraction (SFE) was 
paired with supercritical fluid chro-
matography-mass spectrometry (SFE-
SFC-MS), to analyze polycyclic aro-
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matic hydrocarbons (PAHs) in soil (2). 
The coupling of these two techniques 
into one instrument and method 
allows for minimization of sample 
preparation, and reduction in loss of 
sample and sample contamination (3).

Food, environmental, and biologi-
cal samples are some examples of 

matrices that can be especially tricky. 
In the case of food analysis, the 
USDA Food Composition Databases 
are a great tool to use when evalu-
ating possible interferences (4). They 
can provide a general idea of what 
is expected to be in a sample, as far 
as components with different physi-

cochemical properties, such as fats, 
carbohydrates, and proteins. Environ-
mental samples can be challenging 
because of their non-uniformity, and 
will need tailored methods to mitigate 
any interferences, while still achieving 
as much consistency between sample 
sets as possible. Biological samples, 
and in some cases food samples, are 
plagued with large biomolecules 
and proteins that can greatly hinder 
analysis and make instrumentation 
dirty. In order to move forward, it is 
best to get a handle on what analytes 
to target and how to exclude or work 
around interferences.  

Matrix Interferences 
and the Effect They Can 
Have on Analysis
Interferences can occur within the 
sample matrix, and affect the sample 
analysis in a number of different ways. 
Matrix effects can mask, suppress, 
augment, or make imprecise sample 
signal measurements. This can occur 
chromatographically, as in the case of 
coelution, or during ionization, in the 
case of mass spectrometric detection, 
and result in highly variable or unreli-
able data. To correct for matrix effects 
encountered during electrospray ion-
ization, the use of stable isotopically 
labeled internal standards is recom-
mended. This is so that the internal 
standard is nearly perfectly coeluted 
with the analyte of interest, experi-
ences the same ionization suppres-
sion, or enhancement as the analyte, 
and, thus, can be more effectively 
used to correct analyte response. 

An example of this can be seen in 
previous research where estrogens 
were detected in phosphate-buffered 
saline-bovine serum albumin, gelded 
horse serum, and mouse serum (5). 
Internal standards were used to com-
pensate for any fluctuation during the 
sample preparation procedure and 
ionization, but because deuterated 
internal standards were used, a deu-
terium isotope effect was observed, 
resulting in slightly different retention 
times between the internal standard 
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and target analytes (5). The draw-
backs of using an isotopically labeled 
internal standard can be availability 
and cost. Often, isotopically labeled 
internal standards are not readily 
available or can put a dent in the bud-
get. If your laboratory is equipped, it 
might be advantageous to synthe-
size the internal standards. In previ-
ous research, a laboratory targeting 
the quantitation of lysosphingolipid 
bases was able to synthesize their 
own carbon-13 (13C) sphingoid bases 
to use as internal standards for their 
analysis by ultrahigh performance 
liquid chromatography electrospray 
ionization tandem mass spectrometry 
(UHPLC-ESI-MS/MS) (6).

It is worth noting that, when choos-
ing an internal standard, it is impor-
tant to find an internal standard that 
is physicochemically similar to the 
target analyte, but structurally unique, 
not present in the samples, and coe-
luted with your analyte but has unique 
MS transitions. Nitrogen-15 (15N) and 
13C labeled internal standards are 
often preferred over deuterated stan-
dards, to eliminate deuterium isotope 
effects (7). Deuterium isotope effects, 
in terms of altered chromatographic 
retention, will be exacerbated the 
longer the analyte, and its deuterated 
internal standard are retained in the 
column, especially in reversed-phase 
LC mode.

One concern of sample interfer-
ences can also be reactivity, especially 
in the case of reactive analytes. This 
can happen when the contents of the 
sample react with target analytes, and 
is often not reproducible, and can hurt 
precision. The best way to alleviate 
this would be to remove the interfer-
ence that is reacting, but this can be 
problematic, because it is not always 
clear what is reacting, especially in 
extremely complex or unknown sam-
ples. A specific case of this can be 
seen in the detection of formalde-
hyde, an extremely reactive analyte, in 
a sample of shale core and produced 
water. The formaldehyde originated 
from a resin-coating applied to a 

proppant, a hydraulic fracturing addi-
tive used in unconventional oil and gas 
extraction (8). The leaching of formal-

dehyde from the resin coating on the 
proppants was tested at laboratory 
simulated subsurface conditions by 
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heating to subsurface temperatures 
and with the addition of the shale 
core and produced water, two com-
ponents that these additives are likely 
to contact during hydraulic fracturing 
(8). When the shale core and produced 
water were added to the sample 
matrix, the concentration and some-
times precision in measuring the form-
aldehyde was diminished, likely due 
to competing reactions taking place 
from the matrix (8). An example of the 
results for these experiments can be 
seen in Figure 1, where the proppants 
were left to soak in different matrices 
for 20 h, and then analyzed for their 
formaldehyde content (8).  These data 
were obtained with the combined use 
of derivatization, to “trap” the reac-
tive formaldehyde, in combination 
with headspace-gas chromatography-
mass spectrometry (HS-GC-MS) analy-
sis. In this case, better precision of 
the HS-GC-MS method was observed 
compared to a traditional LC-based 
approach, because all of the reaction 
chemistry, derivatization, and sam-
pling could be performed in a sealed 
vial; this limited loss of the volatile 
analyte (8).

Sample Preparation
Ideally, sample preparation should 
be kept to a minimum to streamline 

sample throughput, but that is not 
always a viable option when handling 
complex samples. There are numerous 
techniques to choose from that can 
be implemented; the choices depend 
on the nature of your sample matrix 
and analyte. 

Solid-phase extraction (SPE) is a 
sample preparation technique that 
can be of use in preconcentrating 
samples, removing interferences, or 
desalinating samples. This can be 
especially useful in aqueous envi-
ronmental matrices, as in the case of 
detecting nonsteroidal anti-inflamma-
tory drugs (NSAIDs) in drinking water, 
surface water, and wastewater, where 
the analytes are present in low con-
centrations (9). The setup usually con-
sists of a manifold and cartridges that 
are used to trap and elute analytes. 
Large volumes of an aqueous sample 
can be loaded onto a cartridge, and 
eluted in a smaller volume, to pre-
concentrate the analyte. The system 
can use positive or negative pressure, 
and a variety of sorbents are available 
from which to choose.

S o l i d - p h a s e  m i c ro e x t r a c t i o n 
(SPME) can be used to extract vola-
tiles and non-volatiles from a liquid 
or gas matrix. SPME consists of a 
fiber coated with a stationary phase, 
liquid polymer, or both, on the end 

of a plunger of a syringe or needle 
(10). SPME can be used to sample 
from liquid by direct immersion or by 
headspace sampling. This method of 
sampling is ideal for offsite sample 
collection, because it is easily trans-
ported to and from the site and back 
to the laboratory for analysis. An 
example of the portable capabilities 
of SPME comes from a recent research 
article describing a method that was 
developed to sample a plant’s volatile 
organic compound profiles. This anal-
ysis was performed using SPME on-
site and subsequent GC–MS analysis 
in the laboratory (11). SPME can also 
be used as a sample cleanup tech-
nique. An example of this technique 
can be seen in a method developed 
for detecting short chain fatty acids, 
which are the end products of intes-
tinal bacterial fermentation, from an 
in vitro gastrointestinal model  (12). 
The model is made up of a very com-
plex chemical composition, but by 
sampling using SPME, no additional 
extraction was needed, and only a 
simple sample treatment was used 
(12). Both SPE and SPME techniques 
require special apparatuses includ-
ing cartridges, manifolds, and fibers 
that are available from manufacturers 
and can be somewhat costly. However, 
the selective extraction attainable 
through the use of these techniques 
can be very effective for eliminating 
unwanted matrix interferences prior 
to analysis.

Salting out can also be a useful 
technique for sample preparation. 
The addition of salts can help reduce 
the hydration of target analytes and 
make them more amenable to extrac-
tion. Salting out can be used to 
remove solid particles, fats, waxes, 
and even DNA from a sample. It can 
be used in combination with head-
space or liquid-phase extraction tech-
niques.  Salting out is an integral part 
of the popular method referred to as 
QuEChERS (quick, easy, cheap, effec-
tive, rugged, safe), which also often 
includes dispersive solid-phase extrac-
tion (dSPE) (13). QuEChERS has been 
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implemented in many different appli-
cations that would otherwise require 
more extensive cleanup of the matrix. 
One such application is the detection 
of pesticides in food samples, often a 
very complex sample matrix. In previ-
ous work, pesticides were detected in 
different fruit and vegetable samples 
using QuEChERS sample preparation 
followed by analysis with liquid chro-
matography–tandem mass spectrom-
etry (LC–MS/MS) (14).  

Salting out can also be advanta-
geous during sampling when using 
the headspace technique coupled 
to gas chromatography, to facilitate 
partitioning of analytes into the gas 
phase. This can be performed with 
the addition of traditional salts (NaCl) 
or even ionic liquids (15). Liquid-liq-
uid extraction (LLE) can also use salt-
ing out, called salting out-assisted 
LLE (SALLE), and is similar to QuECh-
ERS. In one example from previous 
research, SALLE was implemented to 
extract oxytocin in plasma samples 
(16). These analytes are often difficult, 
due to their extremely low concen-
trations and the interferences pres-
ent in the plasma. By using SALLE, 
the methods were able to overcome 
these challenges and obtain lower 
limits of detection. 

Dispersive solid-phase extraction 
(dSPE) is another sample preparation 
clean-up technique if water, polar, 
non-polar, or pigmentations need to 
be removed from the matrix. As the 
name implies, in dSPE, solid-phase 
extraction particles are dispersed in 
the sample (rather than being used 
in a column format) and removed by 
centrifugation. In previous work using 
QuEChERS and dSPE as a sample 
cleanup technique, nicotine and its 
metabolites were detected in catfish, 
tuna, salmon, and tilapia (17). It was 
found that the different types of fish 
required different dSPE components 
to optimize the methods, but with 
the optimized methods minimal or no 
matrix effects were present. The judi-
cious use of salts to aid phase parti-
tioning of desired analytes can be a 

simple and economical alternative to 
purchasing additional sample prepa-
ration materials. 

Various other simple and cost-
effective sample preparation tech-
niques can also be performed in the 
laboratory. Liquid-liquid extraction 
(LLE) is typically performed with two 
immiscible solvents, and can be used 
to extract certain analytes based on 
their relative solubilities in the two 
solvents. In one study, LLE was used 
to target chlorophenols from waste-
water (18). In this example, hydropho-
bic ionic liquids were tested for their 
extraction capabilities of the targeted 
class compounds from the water layer. 
One aspect of using LLE as a sample 
preparation technique that needs 
to be considered is the difficulty OF 
performing a multiclass compound 
extraction. This can be challenging, 
due to the differing degrees of solu-
bility from compound class to com-
pound class. 

Filtering and centrifugation are very 
important steps in the sample prepa-
ration process, especially for LC anal-
ysis. Centrifugation can help remove 
solids or small particulates from a 
sample, and ensure that an autosam-
pler and system do not become com-
promised. According to an old adage, 

“if you can dissolve it, you can HPLC it,” 
but, if you can’t dissolve it, it is going 
to clog your system.  When trying to 
remove proteins, precipitation is a 
quick and easy tool to use. Typically, 
a chilled organic solvent, such as ace-
tonitrile or acetone, can facilitate the 
precipitation of proteins, due to their 
limited solubility in these solvents. 
Finally, when targeting trace analytes 
from a complex matrix, concentration 
by dehydration can be used by dry-
ing down the sample with a stream 
of N2 and regenerating with a sol-
vent. This process also has the abil-
ity to be automated. Overall, many of 
these methods require materials that 
most laboratories are likely to already 
have (centrifuge, filters, glassware, 
gases, solvents), so they can be quite  
cost-effective. 

Derivatizing the sample is some-
times a necessity. Derivatization is 
not just a technique to facilitate GC 
analysis. It can also be performed 
for LC to make a small molecule 
(>100 m/z) larger and more ame-
nable for MS, or to give a molecule 
a UV- or fluorescence-active moiety. 
(19,20) In previous research, dan-
syl chloride was used to derivatize 
estrone, 17α-estradiol, 17β-estradiol, 
and estriol for their determination 
in human cerebrospinal fluid (20). By 
this method, no offline extraction or 
cleanup was necessary and levels in 
the pg/mL were able to be detected 
using LC–MS/MS (20). 

Derivatizing can also be useful 
when trying to differentiate chiral 
compounds. One useful applica-
tion of this is in the differentiation of 
amphetamines. D-methamphetamine 
is a Schedule II controlled substance 
whereas the enantiomer, L-metham-
phetamine, is the active ingredient 
in many over-the-counter medicines 
in the United States (21). A method 
was developed for methamphetamine 
and amphetamine chiral quantitation 
in blood plasma. Chiral differentiation 
of these compounds was achieved by 
the addition of Marfey’s reagent to 
derivatize these compounds into dis-
tinguishable analytes (diastereomers) 
by LC–MS/MS (21). If chiral columns 
are not available to differentiate chi-
ral compounds from each other, chi-
ral derivatization is a straightforward 
way to be able to differentiate com-
pounds when necessary. 

Three examples of common meth-
ods of derivatization techniques can 
be seen in Figure 2. When choosing 
which sample preparation technique 
is best for your complex matrix, it 
is important to consider your spe-
cific target analytes and the interfer-
ences you want to rid your sample 
of, in addition to how much time you 
want to spend handling each sam-
ple. Although derivatization is often 
referred to in a negative context, as 
a time-consuming step to justify an 
alternate approach, it is sometimes 
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actually quite straightforward.  Many 
derivatization methods have been 
developed to be fast and essentially 
quantitative for the conversion of tar-
get analytes to facilitate either GC or 
LC analysis. 

Online Sample Treatment
There are various other techniques that 
can be implemented online. Moving 
sample preparation and sample treat-
ment online can be advantageous, 
because online sample treatment 
requires less manual sample han-
dling, and provides increased recov-
ery, improved limits of detection, less 
human error, and reduced exposure 
of compounds to the environment, 
which can be useful for analytes that 
are photosensitive or reactive to oxy-
gen. One common method of online 
sample treatment is online SPE, which 
can be implemented to clean and 
preconcentrate target analytes in an 
automated fashion (9). Other forms of 
sample preparation that can be auto-
mated include the use of a continu-
ous stirred tank reactor (CSTR) for on-
line sample dilution. A CSTR contains 
a reservoir that allows fluid to travel 
through the apparatus. This device 
can be used to continuously dilute 
a sample injected into it. In previ-
ous research, a CSTR was used in the 
investigation of native carbohydrates 
to study the electrospray response 
factors by LC–MS/MS (23). By using 
the CSTR apparatus, analyte response 
data for a large range of analyte con-
centrations were able to be obtained 
with each single injection. 

Restricted access media (RAM) can 
be particularly useful when dealing 
with complex matrices, especially 
when targeting small molecules and 
trying to rid the sample of large bio-
molecule interferences, prior to LC 
analysis (24–30). RAM columns work 
on a similar principle to size exclusion 
chromatography. The outer surface of 
the stationary phase has a non-reten-
tive and size-restrictive layer, while 
the inner pores of the support mate-
rial have a bonded group, like C4, C8, 

C18, and so on. Only the small mole-
cules can access and interact with the 
inner-pore phase to be retained on 
the column, while the large molecules 
are largely unretained and washed to 
waste. This can be especially use-
ful when looking at small molecules 
in complex matrices, such as whole 
blood or plasma, where there is an 
abundance of protein interferences. 
This is a technique that can be put 
in-line, in the flow path before the 
analytical column, so that the extrac-
tion process is completely automated. 
This can provide a welcomed alterna-
tive to extensive sample preparation 
and sample handling. 

An example of this methodology 
was used in the quantification of lipid 
mediators in skeletal muscles using 
the RAM column coupled to LC–MS/
MS (28). This technique requires 
the use of one or two high-pressure 
valves in the column oven, and some 
extensive LC programming for load-
ing, eluting, and washing param-
eters. An example of LC settings 
and the valve setup can be seen in  
Figure 3. (29).

When dealing with trace analysis 
from complex samples, the RAM col-
umn can be loaded with large sample 
injections without affecting the peak 
shape. In addition to large sample 
volumes, the RAM can also be loaded 
with multiple injections to allow for 
ultratrace analysis to be performed. 
In previous research, bisphenol A was 
able to be detected in human saliva 
samples by using a RAM column in 
combination with LC–MS/MS (30). 
Parts per trillion levels of bisphenol A 
were detectable by performing mul-
tiple injections on the RAM column to 
concentrate the analyte and remove 
unwanted large biomolecules (30).

Instrumental Tools
Many instrumental tools can be very 
valuable and can save time and effort 
in sample preparation and method 
development. Instrumental tools can 
include things like multiple reaction 
monitoring (MRM), spectral filters, 

and programs that allow for decon-
volution of coeluted signals. In the 
case of mass spectrometry, precursor-
to-product ion MRM transitions allow 
for high sensitivity and specificity 
from complex matrices, as long as 
unique transitions can be acquired. 
Although useful for the differentiation 
of most compounds, this approach is 
not always an option when analyz-
ing isomeric compounds. In previ-
ous work on cannabinoids, a number 
of isomers were analyzed and it was 
found that some of the compounds 
had common fragmentation pathways 
when using MRMs in GC–MS/MS (22). 
In order to differentiate analytes with 
common fragmentation pathways, 
the compounds had to be chromato-
graphically separated. This was par-
tially achieved by silylating the can-
nabinoids; however, some potential 
interferences still existed. It was still 
necessary to monitor less sensitive 
secondary and tertiary precursor-to-
product ion transitions to provide 
adequate specificity. 

In complex matrices, there is likely 
to be a case where the target ana-
lytes are isomeric, are not resolved 
chromatographically, and do not pro-
duce unique MRM transitions when 
analyzed by the mass spectrometer. 
These can still be accurately quanti-
fied using instrumental tools with the 
right detector. The vacuum ultraviolet 
(VUV) detector measures in the 120 
to 240 nm range, where virtually all 
compounds have unique, compound-
specific absorbance spectra (31,32). 
The VUV can be used to differentiate 
isomeric forms of compounds, such 
as in the case of illicit drugs. In pre-
vious research four classes of com-
pounds were chosen that are listed 
in the Dutch drug legislation, as well 
as some of their uncontrolled isomers 
(33). These compounds were then 
analyzed and were able to be differ-
entiated by GC-VUV analysis. 

Coeluted compounds,  inc lud-
ing isomers, can be distinguished 
and quantitatively deconvoluted 
using a VUV detector. Since Beer’s 
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law is additive, the overlapping 
VUV absorption signals arising from 
coelution can be easily deconvo-
luted (31,34). A straightforward least 
squares approach can be used to dis-
cern individual component contribu-
tions to the overlapping signals (34). 
An example of deconvolution can be 
seen in Figure 4, where coeluted iso-
mers of dimethylnaphthalenes have 
been separated into their respective 
contributions to the coeluted peak.

In order to use this tool, the ana-
lytes have to first be amenable to 
GC, which can complicate things if 
the analytes are not volatile or ther-
mally stable. The similarity of spectra 
between the coeluted compounds is 
a governing factor of how accurately 
the compounds can be deconvoluted. 
The more distinct the absorbance 
spectra, the easier the compounds 
are to deconvolute over a wider range 
of relative abundance; the more simi-
lar the spectra are, the more difficult 
they are to differentiate. 

Spectral filters can also be a great 
tool in conjunction with VUV for com-
plex samples when certain classes of 
compounds are of interest. Post-run 
digital spectral filters can be applied 
to samples that are too complex to 
perform deconvolutions on because 
what compounds are coeluted with 
target analytes may not be known. 
In the VUV range, certain classes of 
compounds absorb more intensely 
in different wavelength ranges. Satu-
rated compounds absorb in the 125–
160 nm range, whereas unsaturated 
compounds absorb in the 170–240 nm 
range (34). This information can be 
used to build and apply a spectral fil-
ter to apply to a chromatogram post-
run. In the same set of experiments 
performed for coeluted isomers of 
dimethylnapthalenes, spectral filters 
were used on samples of diesel fuel 
and jet fuel, which are extremely 
complex, to show where naphthalene, 
methylnaphthalenes, dimethylnaph-
thalenes, and trimethylnaphthalenes 
elute (34). This was accomplished by 
experimentally determining where 

naphthalene class compounds absorb 
strongly (210–220 nm) and then apply-
ing a digital filter in that range to 
selectively identify where the naph-
thalenes are eluted without perform-
ing deconvolutions (34).

How to Evaluate Which 
Is the Best Option to 
Use for Your Analysis
A good place to start when deciding 
what is best to try for method devel-
opment in complex samples is to first 
take into account what you are tar-
geting and what you want to remove. 
Knowing your sample and the possible 
interferences can facilitate at least an 
educated guess as to what types of 
sample handling should be imple-
mented first and can save a lot of guess 
work, time, and money. Excessive fats, 
waxes, and proteins can dirty instru-
ments, so special attention needs to 
be given to remove these from the 
matrix. Next, decide how removal 
of problematic compounds can be 
performed. Does the sample need 
extensive clean-up on the front-end to 
remove matrix interferences or can the 
use of an instrumental tool or on-line 
sample treatment mitigate unsavory 
effects on sample analysis, while main-
taining reproducible results? 

A flow-chart of the topics covered 
in this article for sample prepara-
tion, on-line sample treatment, and 
instrumental tools discussed in this 
article can be seen summarized in 
Figure 5. When starting with a com-
plex sample, the first consideration is 
which method to choose, LC or GC. 
Once LC or GC is chosen, there are a 
number of different sample prepara-
tion and automated sample handling 
choices that are amenable for each 
technique. Finally, depending on the 
detector chosen, available tools may 
aid in the analysis of the complex 
sample and offer additional tools that 
can help with complex sample anal-
ysis. This flow chart is by no means 
exhaustive in its content, but can be a 
good starting point when considering 
the available options. 

Conclusions
When starting a new project, it can 
be overwhelming to try to anticipate 
the problems your newly assigned 
complex matrix may give you, but 
there are many solutions that can be 
implemented to save time and money. 
After the sample matrix is evaluated 
and a method of analysis is chosen 
(GC or LC), the type of sample clean-
up appropriate for the matrix can be 
determined. If the analytes are going 
to be analyzed via GC, headspace is a 
great option due to the limited need 
for sample clean-up; SPME sampling 
in solution or in the headspace might 
be the next best choice to consider. If 
using LC and excessive proteins are 
not a concern, a simple dilute, filter 
or centrifuge, and shoot with the right 
solvent might just do the trick. Ultra-
trace analysis in a complex matrix can 
be accomplished with the use of a 
RAM column and multiple injections. 
The most important thing when trying 
to develop a method for a complex 
matrix is to start with literature and 
make the best educated guess you 
can, and to not be afraid to try some-
thing new. In the end, the proof of per-
formance through method validation 
is key to acquiring reliable, reproduc-
ible, and accurate data. 
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My fellow LCGC author John Hinshaw 
recently published an excellent article 

on the items in the gas chromatography 
(GC) toolkit and the uses for those tools (1). 
Inspired by John’s article, I wanted to pro-
duce a checklist for preparation of a GC or 
gas chromatography–mass spectrometry 
(GC–MS) system prior to analysis, referenc-
ing the actions, checks, tools, and consum-
able items that might be required. I write this 
having recently been involved in several trou-
bleshooting exercises where more in-depth 
knowledge and a pragmatic approach to GC 
setup would have been a significant advan-
tage for the user.

Check that gases are of the correct 
purity (99.999%+)
Turn on the cylinders. If cylinder bottle pres-
sure is below 30 psi, replace it. If the line pres-
sure (second regulator stage or gauge at the 
bench) is below 80 psi, increase the line pres-
sure with cylinder or bench regulator.

Verify gas traps
Verify that the correct gas traps are installed, 
and not exhausted, and check when they 
were last replaced. 

Is the GC column fit for purpose?
Has it been properly stored (out of sunlight 
with column ends capped)? How did it per-
form last time it was used? Check records.

Remove the inlet septum cap
Ensure you have the correct septum in terms 
of bleed profile and temperature. Use pinch-
nose plastic tweezers to avoid scratching the 
metal surfaces of the inlet. Avoid applying 
excess torque pressure on the septum by fol-
lowing manufacturer’s guidelines for the inlet 
closure and septum nut tightening. Failure to 
do this will lead to septum coring and splitting.

Open the inlet 
Inspect the inlet liner and check for cleanli-
ness, including solid debris, discoloration, 

and dark patches of burned-on matrix con-
taminants. Ensure that inlet surfaces and 
seals are included in medium-term mainte-
nance and replacement schedules.

Replace nuts and ferrules  
on each end of the column
Quarter a used inlet septum and slide one 
quarter onto both detector and inlet ends of 
the column, carefully removing any septum 
shards retained in the head of the column. 
These will be used to maintain the correct 
distance between the ferrule and the tip of 
the column on installation. 

Trim and inspect column ends
Trim the ends of the column and inspect 
with a magnifier or low-power microscope 
to ensure the cut is straight and there are no 
rough edges. The quality of the column cut is 
directly related to peak shape and quantita-
tive reproducibility, therefore good column 
cutting technique is essential.

Note your manufacturer’s  
recommended column insertion  
distance (inlet and detector)
Wipe the outer column surface of the column 
ends with a solvent suitable for removing 
contamination from fingerprints (isopropyl 
alcohol is a popular choice). Adjust the nut 
and ferrule position and hold in place with 
the quarter septum from two steps earlier.

Insert the column into the inlet 
Tighten the ferrule and gently pull the column 
to check if the fitting is tight enough. Grip 
the column and continue to tighten about 
an eighth of a turn until the column can’t be 
moved. Repeat with the detector connection. 

Input key information
Input into the instrument: column dimen-
sions, carrier gas type, required flow rate, 
and whether constant flow or constant pres-
sure is to be used. Verify column flow at the 
detector using an electronic flow meter.

Switch on the inlet and detector  
heaters, and the detector gas flows 
Ignite the detector if it is flame-based.

Purge dissolved oxygen
Purge dissolved oxygen by allowing carrier 
to flow through the column at ambient tem-
perature for 10–30 min depending upon col-
umn dimensions. This step is important and 
should not be omitted. Failure to purge the 
phase may lead to unnecessary column dam-
age and increased thermal equilibration times.

Set the oven settings
Set the oven to the conditioning temperature 
–10 °C above the maximum oven tempera-
ture of your method or at the gradient upper 
temperature limit of the column, whichever 
is lower. Allow to thermally condition for the 
period recommended in the guide below

 
Cool the oven
Cool the oven to starting temperature of 
your analysis.

Load the test method  
into the GC and data system
Check the split flow at the split outlet port 
using an electronic flow meter. Check the 
septum purge flow using an electronic flow 
meter. Perform at least one full tempera-
ture program according to your analytical 
method.

Perform a test
Perform a test injection or system suit-
ability test to check method performance

Reference
(1) J.V. Hinshaw, LCGC North America, 37(9), 

676–683, (2019).
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